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Learning Objectives
•
•
•
•

Discover potential workflows for optimization
Learn how to compose Dynamo graphs ready for Generative Design in Revit
Learn how to implement Generative Design to optimize repetitive tasks
Learn how to adapt given examples to custom needs

Description
Generative design, machine learning, algorithm, neural network—these terms flood social
media and technical forums. But are you familiar with these concepts? If the answer is no,
welcome to the first generative-design class for non-geeks! There is no need to hold a degree in
computer science or to work on the most-innovative projects; everybody can optimize their
workflows using Dynamo software and Generative Design in Revit software. In this class you
will learn how to take your automations to the next level where you set the rules and select the
end solution among the fittest results. After this session, you will be equipped with a set of
samples to start optimizing your daily workflows.
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Introduction
In this class we will review the key concepts that you need to understand to successfully include
Generative Design in your daily workflows. We will show applications ready to use or adapt to
your needs.
Why do we say this is a “Non-Geeks guide”? First, we haven’t used any Python script in our
samples, neither third party packages, so you can run the studies with the Dynamo nodes out of
the box. We use some code blocks with DesignScript, but simply because we are somewhat lazy
not because you can’t do it with Dynamo nodes. Finally, we provide an easy to follow template so
you will quickly understand the graphs provided.

Key Concepts
In this section we will present key concepts around Generative Design.

Algorithm
Algorithm is a set of mathematical instructions or rules that, especially if given to a computer,
will help to calculate an answer to a problem (Cambridge Dictionary). Algorithms are the base
building block of any computer program.

Generative Design
Generative Design is a process that uses iteration to refine the potential solutions to a problem
against certain metrics and constraints.
Generative Design is a collaborative design methodology where designers and computers work
together to find optimal solutions.

Machine Learning
Machine Learning are computer algorithms that improve automatically through experience.
With Machine Learning algorithms, the programmer doesn’t set the rules and criteria, based on
past data and experience the algorithm can identify trends and predict results.

Generative Design Workflow
The generative design workflow starts with gathering the data about the problem to solve. The
result is like the problem DNA: it contains the essential traits used to define a surrogate model to
explore the design space.
In the Generate phase the "recipe" to create a potential solution to the problem is defined; in other
words, an algorithm that transforms inputs and variables into a candidate solution. At the
beginning, a number of candidates is generated randomly.
Each candidate solution is then Evaluated against a set of criteria or objectives so that can be
scored and ranked against the others.
The Generative Design enters in a cycle in which the genetic algorithm guides the exploration of
the design space. At each cycle, it collects information about the performance of the candidates
and over time it will refine the quality of the proposed solutions.

At the end of the study it is possible to navigate the results to gather a better insight of the problem,
uncovering the correlation between inputs and outputs to Select the combinations that produced
the more interesting results.
The surrogate model can then be used as a starting point to further the detailing of the selected
solution.

FIGURE 1 THE GENERATIVE DESIGN WORKFLOW

Surrogate Model
The surrogate model is an important part of the Generative Design Workflow. In fact, after a
careful analysis you might even change your point of view with regards on what kind of objects
you need to deal with, this happens quite often in real-world applications of Generative Design.
The surrogate model is an abstract representation of a real problem, a simplification if you will,
and as such it helps focusing on the key features.
This allows to turn down the “volume” of the other characteristics of the problem at hand, it helps
clarifying the relationships between the parts and it highlights inner hierarchies that otherwise
might not be immediately visible.
This is also a great support for visualization and effective communication of the results of a
Generative Design study.
At the end of this process, the other characteristics of the problem are still there, it is possible to
take them into account using critical thinking as a separate exercise when it is time to select the
solutions, or integrate them one by one and refine the computational strategies to create more
comprehensive studies.

FIGURE 2: EXAMPLE OF SURROGATE MODEL, SOURCE TOWARDSDATASCIENCE.COM

Generative Design in Revit
To use Generative Design from Revit, we need to first create the logic in a Dynamo graph and
then export it with its dependencies for Generative Design. If there are any problems, the tool will
report the corrective actions to take. During the export it is possible to add a description and a
thumbnail to clearly identify the study and provide some high-level documentation.
From the Revit User Interface, under Manage, it is possible to launch Generative Design and
create a new study. A list of the available studies will appear, selecting one of them will open the
setup window from which it is possible to launch the study.
From Revit it is also possible to directly explore the outcomes of previously run studies. From
there it is possible to navigate the results and select the most appropriate to further the detail
sending the results back to Revit.

FIGURE 3: SCHEMATIC WORKFLOW FROM DYNAMO TO GENERATIVE DESIGN IN REVIT

Preparing Dynamo graphs for Generative Design
The logic to generate options in Generative Design for Revit needs to be defined in a Dynamo
graph. There are some requirements for prepping up a graph for Generative Design.
The inputs and variables can only be assigned to a number or integer slider, Boolean or Revit
selection nodes.
Also, these nodes need to have the “is input” property checked by clicking on top of them with the
right button. The input nodes must have a unique name.
On the other hand, only watch nodes with number variable can be assigned to outputs and it is
required to check the property “is output”. Similarly, to the inputs, the nodes must be renamed. It
is recommended to indicate in the new name if the value should be maximized or minimized in
the optimization.

FIGURE 4 - "IS INPUT" PROPERTY FOR DYNAMO NODES

The generation of options is executed only with Dynamo code, so no Revit commands would
execute. So that, to work with information from the Revit model, we need to serialize the data,
meaning store, using the Data.Remember node.

FIGURE 5 - DYNAMO DATA.REMEMBER NODE

The creation or modification of Revit elements once an option is selected must also be built in the
same Dynamo graph. When pushing the “Create in Revit” button, the node Data.Gate will change
to Open and the downstream nodes will execute.

FIGURE 6 - DYNAMO DATA.GATE NODE

To display geometry in the Generative Design dialog, it needs to be created with the Dynamo
graph. It is recommended to colour code the resulting geometry, so it is visually easier to compare
the options.

Applications
In the following section we introduced a list of common scenarios for which it is possible to apply
a Generative Design workflow to find optimal solutions.
To create abstract schemas of the processes we adopted the Business Process Modeling
Notation (BPMN 2.0) with the free online platform Cawemo.com.
As a convention, we adopted the following syntax to capture the key components of the process:
• Inputs: parameters that the designer can change but that are fixed for the duration of the
study:
o I: <name> = <value> (e.g. I: Width = 30m)
• Variables: what parameters are considered as part of the design space to explore with
Generative Design, specifying the ranges and the step and how they are affecting the
elements in the model:
o V:<name>: [<lower>, <upper>] | <step> (e.g. V: Rotation [0, 359] | 1)
• Generate: a high-level description of what constitutes a surrogate model, used to
validate an option with the necessary steps to create a candidate solution
• Evaluate: a collection of objectives used to measure as proxies for the fitness/quality of
the candidate options, specifying for each one if they should be minimized (minus sign)
or maximized (plus sign):
o e.g. Area [+], Cost [-]

Application 1: Pick apartment
In this example we bring a real-life multi-objective optimization to cover the basic principle of the
workflow and introduce the Generative Design technology.

Problem statement
The goal is to find the option from a list that has the most favourable combination of price, area,
number of rooms, management costs, energy costs, most recent year of construction, on an
intermediate level, with a lift and possibly with furniture.
To finalize the selection there is, of course, need to examine the pictures, visit the apartment,
evaluate the surroundings, etc. These qualitative aspects of the selection are not part of the
surrogate model, but they have a significant importance during the selection phase.

Process
Ideally, one would have access to the whole dataset of a real estate agency website but, for this
example, the search has been limited to only 50 apartments which characteristics have been
stored in a JSON file catalogue. Each apartment in the catalogue has the same kind of information
and the goal is to search for the best option based on the objectives such as:
• Price/ Costs [-]
• Area [+]
• Number of Rooms [+]
• Year of Construction [+]
• Intermediate level between the 2nd and 6th [+]
• Lift [+]
• Furniture [+]
The only variable is the index of the apartment in the catalogue. The following diagram represents
the logic used (link).

FIGURE 7 – APPLICATION 1 PROCESS DIAGRAM

FIGURE 8 – APPLICATION 1 RESULTS IN THE GENERATIVE DESIGN CLIENT

Similar applications
It is possible to use a similar approach to the one presented here when the Design Space requires
to select options from a catalogue or from a finite list of items such as:
• Equipment types
• Cross-sections
• Materials

Application 2: How to park your car
Problem statement
This application is trying to solve a container-containment problem. The goal it to Optimize the
position of the car inside a parking bay so the driver´s door can open, the vehicle is inside the
designated area, and there are no clashes.
To generate options, the inputs are the car dimensions, the parkin bay shape and size taken from
the model and the environment constraints: obstacles (walls, columns, etc.) and neighbouring
parking bays, if any. Also, there is an input to introduce a buffer distance from the obstacles to
the object, a car in this example, as it is unrealistic and a bad practice to park the car exactly
touching the obstacles.
The generation will vary the opening angle of the door from a minimum of 30 degrees to a
maximum of 90. The placement of the car geometry will depend on an origin point that will vary
from a grid of points created inside the parking bay. This grid will vary in density for the different

options. The last variable is the rotation of the car with regards to the main directions of the parking
bay.
All the options will be evaluated against three metrics:
• Intersection with neighbours, to be minimized
• Clashes with obstacles, to be minimized
• Area inside parking bay, to be maximized

Process
The process diagram below (link) outlines all the tasks in the optimization:

With the inputs for the car size and shape, a surface is created in Dynamo. After retrieving the
park car lines, obstacles and neighbouring bays lines from Revit, surfaces are created for all
those elements taking in account the offset introduced. All the data extracted from Revit is
stored in a Data.Remember node.
The generation of options starts by creating a grid of points in the main directions of the parking
bay surface with a variable density. Then, the car geometry is transformed using a Coordinates
System with origin in one of the points of the grid (also a variable) and rotated a certain angle
from the main directions of the bay.
The options are evaluated against the three objectives and coloured following this convention:
green, for the car surface inside the parking bay; red, for the car area clashing with obstacles;
and, orange, for the area on top of the neighbours’ parking bays.

FIGURE 9 - APPLICATION 2 RESULTS IN THE GENERATIVE DESIGN CLIENT

Similar applications
The problem in this example can be sum up as fitting an element inside a space with certain
constraints and setbacks. Similar applications are:
• Logistics planning
• Building outline in plot
• Tree planting in urban environments

Application 3: Shapes arrangement
This application is an exercise to try and understand what creativity really is and to underline once
more that Generative Design is not replacing the human in the driver seat, quite the contrary
actually: it is a valuable assistant that enhances the search process following our instructions and
preferences.

Problem statement
Investigate the use of Generative Design to find an arrangement of any number of shapes with
any number of sides so that there are no overlaps (or at least to minimize when this happens),
filter the most compact candidates and let the human select the combinations that are more
aesthetically pleasing.

Process
The assumption is to start from some Revit floor tile families and store their geometries in the
Dynamo graph. To generate a candidate solution, each shape is processed in sequence, the
order of which should vary to explore the possibilities of the Design Space.
For each shape, a variable index and parameter determine which side and point are used to orient
the shape and, a second, independent, parameter determines where to anchor the following
shape in the sequence.
To evaluate if a candidate is a good option it is possible to minimize the overlaps (it has to be
expected to have a lot of overlapping shapes at the beginning of the study, but the candidate
solutions should improve over time).
To have a compact pattern, it is possible to minimize the size of the encompassing bounding box,
the perimeter and the ratio between the perimeter and the footprint area of the configuration.
The selection process can be supported by the usage of the data in the outputs, but it is obvious
that the human has the final saying with regards to which candidate is most pleasing to the eye
based on personal taste.

FIGURE 10 – APPLICATION 3 PROCESS DIAGRAM

The diagram (link) is capturing the high-level logic defined before. There is a selection of Revit
elements and they get stored in the Dynamo graph. For the generate section the upper bound of
some of the variable depends on the number of inputs and the number of sides, this will require
some degree of finesse in the implementation to make sure it is applicable to any number of inputs
and shapes. To rotate the shapes, it is enough to transform their geometries using Coordinate
Systems.
To measure the performance in the objectives it seems a good idea to join all the transformed
shapes into a single solid and extract all the properties to evaluate the fitness of the candidate
solution.
Finally, the visualization of these components during the study is critical to determine the
subjective feedback of the user.

FIGURE 11 – APPLICATION 3 RESULTS IN THE GENERATIVE DESIGN CLIENT

FIGURE 12 – APPLICATION 3 RESULTS IN THE GENERATIVE DESIGN CLIENT WITH DIFFERENT SHAPES

Similar applications
The same approach that arranges rigid shapes close to each other can be applied at different
scales of design for creating:
• Decorative patterns
• Floor planning
• Site layout

Application 4: Floor Tile Pattern
Problem statement
Reducing waste on site is one of the priorities to achieve a greener construction industry. By
optimizing paving pattern and location, less time and material will be required.
Taking in account optimization of material in early design stages, will increase the accuracy of
the bills of materials and estimations.
The inputs for this optimization are the paving unit dimensions and the constraints for the
pattern: distance between tiles or joint size, the overlap between consequent rows and the
minimum cut size allowed. Also, it is required to set up the shape and dimensions of the floor to
be paved.
The generation of options will vary the angle of the tiles in relation to the main directions of the
floor surface and the origin of the first tile. This origin refers to the point along the edge that will
be at the corner of the floor.
All the options will be evaluated against three objectives:
• Total number of tiles used, to be minimized
• Percentage of completed tiles from the total, to be maximized
• Percentage of tiles cut a length smaller than the minimum cut allowed

Process
The process diagram below (link) shows all the steps taken in the optimization:

FIGURE 13 – APPLICATION 4 PROCESS DIAGRAM

Given the size and shape of the tile, a surface is created in Dynamo. From Revit, the room is
selected, and its faces are extracted in Dynamo in order to find the floor surface. All data from
Revit is stored in a Data.Remember node.

The generation of options starts creating a Coordinates System on the origin of the floor surface
with a variable angle and origin in the global coordinates origin point. This angle can only vary
between 0 and 90 degrees at steps of 15 degrees as it is not realistic to set up tiles on site with
smaller differences.
Next, a bounding box in the new Coordinates System is created for the floor surface. This way it
ensures that all the surface will be filled with tiles regardless of its shape.
Now, a new Coordinates System is created parallel to the one created before but with origin in
the minimum point of the bounding box (minimum X and Y values). Then, the tile surface is
transformed using this Coordinates System.
Finally, the graph creates the paving grid taking in account the joint size, the overlap and the
origin point in the tile.
The options are evaluated against the three metrics and displayed with a colour code: green for
completed tiles, orange for cut tiles and red for cut tiles non-compliant with the minimum cut
size.
Once an option is selected and push to Revit, model lines following the pattern will be created in
the model.

FIGURE 14 - APPLICATION 4 RESULTS IN GENERATIVE DESIGN CLIENT

Similar applications
This problem can be sum up as a packing issue: fill in a surface with elements given certain
conditions between the items.
Similar applications are:
• Layout of wall and façade panels
• Archives or warehouse design
• Open office or classroom plan
For the last two similar applications the number of items will be an objective to maximize instead
of minimize as the use case presented.

Application 5: Bathroom Layout
Problem statement
Bathrooms have a set of rules to layout fixtures. However, these rules are not deterministic so
multiple options can satisfy the requirements. Generative Design can be a great ally in this
design problem as it can generate thousands of options following the rules and evaluate them
against certain metrics.
The inputs for this optimization are the type and size of the bathroom elements and their related
use are or the space around them that must be free from obstacles. Also, the space geometry
and conditions of the room, like windows, doors and radiators for example.
To generate options, the algorithm will vary the value of the permutation of the elements,
meaning the order of the fixtures along the perimeter walls, the origin point for the toilet and a
set of coefficients to set the distance between elements.
The options will be evaluated against the following metrics:
• Percentage of the elements’ area outside the room boundary, to minimize
• Number of clashes between elements, to be minimized
• Percentage of the use area of all the elements that is free of obstacles, to be maximized
• Percentage of the use area of all the elements outside the room boundary, to be
minimized
• Distance from the toilet to the waste pipe, to be minimized
• Perimeter curves of the resulting free area in the room smaller than 200mm long, to be
minimized

Process
This application follows the process diagram (link) below:

FIGURE 15 - APPLICATION 5 PROCESS DIAGRAM

After inputting the sizes of the elements, their use area and their names in a dictionary, surfaces
are created representing each of the fixtures and their use area. From Revit, the room, door and
waste pipe are selected, and their geometry stored in a Data.Remember node. The perimeter
curves of the bathroom, less the gap where the door is, are retrieved and the location of the
segment at distances less than 1 meter from the waste pipe is calculated for later generate the
location of the toilet.
For generating options, all the possible permutations of elements where the toilet is the first
element are determined and a variable value will indicate the order of the elements for the
option. Then distances between fixtures are calculated introducing variable coefficients that will
multiple the free perimeter, being total perimeter minus the sum of the width of the elements,
divided by the number of elements.
Then, the insertion point for the toilet is found with a variable that set its position between the
maximum and minimum point in the perimeter that satisfies the distance smaller to 1 meter to
the waste pipe.
Next, the insertion points for the rest of the elements are calculated and Coordinate Systems
created in each of the points. The final step in the option generation is to transform the elements
and their use areas using the Coordinate Systems created.
The results have a colour code to ease the visual comparison of options:
• Red area for the elements that are clashing with other fixtures
• Yellow area for the portions of use area clashing with other fixtures
• Orange area for the surface of elements outside the boundary
After selecting the best option given the data and the designers experience, elements can be
created in Revit just by pushing a button.

FIGURE 16 - APPLICATION 5 RESULTS IN THE GENERATIVE DESIGN CLIENT

Similar applications
Related applications that need to layout a space with different elements having different rules
are:
• Interior design
• Warehouse layout
• Planting plan
• Site planning
• Factory layout

Application 6: Scope Boxes for Masterplan
This is a quite common task for any project of a certain size that involves the subdivision of a
large site into regions for documentation purposes. In Revit this is achieved with the use of Scope
Boxes.

Problem statement
The problem is as follows: use Generative Design to find the orientation and distribution of scope
boxes that covers an entire site with the maximum dimensions compatible with the title block and
scale factor, minimizing the areas out of scope and total number of drawing sheets.
The goal is to make a balanced decision that can greatly benefit the organization of the project
for its entire lifecycle. Generative Design provides the analytical tools that can improve our
confidence in the decision-making process, it was not only right decision to make but it was the
best possible.

Process
Reasonable inputs for this exercise are the site boundary, the scale factor and the available plot
dimensions of the title block. The assumption is that it is preferable to have the drawing sheets all
with same dimensions without recurring to not standard sizes. I also considered the possibility to
introduce an overlap factor to leave room for match lines and tags in the plan views.
The variables are the rotation angle to distribute the scope boxes and a couple of yes/no
parameters to see if, relaxing the constraints of height and width, the scope boxes are still within
the limits of the plottable area of the title block.
The objectives are to cover the entire site whilst minimizing the number of scope boxes or drawing
sheets required, minimizing the area of the portion external to the site and trying to have the scope
boxes dimensions within the maximum allowed by the plottable area of the title block.

FIGURE 17 – APPLICATION 6 PROCESS DIAGRAM

The diagram (link) clarifies the inputs that are deriving from the model such as the site boundary
as well as the maximum height and width allowed by the title block. The designer can specify the
preferences for scale and overlap factors as fixed inputs: these affect the calculation of the
theoretical minimum number of sheets required to cover the entire site.
This data is stored in the Dynamo graph as it does not change for the duration of the Generative
Design study. The first variable is the angle that determines the orientation of a Coordinate
System used to transform all the geometries and simplify the calculations. The Yes/No variables
for height and width can be simulated with a couple of integer sliders with values between zero
and one. They impact the number of the scope boxes as well as their dimensions. The surrogate
model is a set of rectangles in Dynamo.
To Evaluate the performance of a proposed subdivision it is possible to count the number of
rectangles, maximizing the site area covered and minimizing the area out of scope that falls in
each rectangle. For the visualization, a rectangle that exceeds the maximum dimensions will turn
red, otherwise green.
Once the study is completed, the designer can still decide to use non-standard size for title blocks
if there are some particularly convenient orientations in the proposed solutions. The lesson to be
learned is that the ideal solution is not always the one that has the highest score.

FIGURE 18 – APPLICATION 6 RESULTS IN THE GENERATIVE DESIGN CLIENT

Similar applications
Similar applications to the one described here can include
• Parcelling
• Site planning
• Façade design

Tips & Tricks
In this final section, we would like to share with you some tips and tricks that we have
discovered while working with Generative Design for Revit.

Inputs
•

Only selection inputs can be changed from the Generative Design “Create Study” dialog

Variables
•
•

Narrow down the potential values to get meaningful results (repeat the studies as
necessary)
Use normalized values when possible (i.e. 0-1)

Metrics/Objectives
•
•

Explicit in the code name if the objective is to be maximized or minimized
Use normalized values (% or 0-1) so the study is valid for different use cases and
options are easy to compare

•

Some users like to combine all outputs into a value weighting each of them with a
coefficient

Study Settings
•

Balance between population size and number of generations (too small it converges
quickly; too large it takes longer to calculate)
Seed introduces randomness, it can be left at its default value

•

Graph
•
•

Use grouping and colouring to explain the process
Identify the portions of the graph used for Inputs, Variables, Objectives and Visualization

Dynamo Standards
As soon as Dynamo allowed the creation of node groups and colours in 2015 (0.8.1) Autodesk
Consulting developed a standard to unify the look and feel of Dynamo graphs (LINK).
The standard is based on a very simple fact: every automation on a model, regardless the
language used, is a sequence of functional tasks. I’ve associated a colour in the palette in
Dynamo, from left to right like reading a book, for these sequences of logical functions.
TABLE 1: AUTODESK CONSULTING DYNAMO STANDARD COLOUR CODING

#

Function

Colour

1

Gather data from the model or external sources

Purple

2

Gather user inputs

Pink

3

Process the inputs

Orange

4

Generate some key outputs

Green

5

Set property values of existing objects in the model

Blue Green

6

Display intermediate results or debug the automation logic

Blue

7

Provide comments and documentation for logic

Dark Grey

8

Identify portions of the logic under development

Light Grey

9

Generative Design Variables

Light Blue Green

Adopting a standard improves readability and supports adoption of the Dynamo graphs within a
company. Also leaving exhaustive commentary around the logic is an added value and best
practice that should always be applied in any development.

For node groups though it is better to be very concise and assign a short sentence to express the
task, something like Verb + Noun, something that forces the developer to convey a high-level idea
of what the collection of nodes in the group is supposed to do. That is why it is recommendable
to plan the development using, for example, a BPMN diagram to use as a draft for renaming the
node group in Dynamo.

Documentation and Sharing
•
•

For others to run the GD study, share the DYN file and Dependencies folder created in
the AEC Generative Design folder in your Documents folder
Highly recommended to add a video, process diagram and instructions

Resources
•
•
•
•
•
•

Generative Design Primer
Autodesk University classes
Dynamo Forum
Dynamo Blog
Revit 2021 Product Help
Revit Release Notes

