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Course Introduction



"Architects do not make buildings; they make
drawings of buildings.”

-- Robin Evans



The Architects’ Medium
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The Architects’ Medium
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The Architects’ Medium

Goanthepper - - Grasshopper
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Learning Objectives

55

Systemic Thinking

Transition from drawing static objects to

defining generative rules.

®

Material Agency

Bridge the digital-physical divide (gravity,

tolerance).

<[>
Algorithmic Logic

Employ data hierarchies and conditional

structures as drivers.

ad
Performative Justification

Use environmental simulation to validate

design decisions.

Co-creative Intelligence

Navigate collaboration between humans

and Al.

X
Y A
Representational Genealogy

Articulate the computational lineage of a

design.



Course Structure: The Three Modules

Module 1 Module 2 Module 3

The Logic of Form The Intelligence of Matter Advanced Form-Finding



Course Structure: The Three Modules

Week T

Week 2

Week 3

Week 4

WEDNESDAY

Lecture x.1

Lecture x.2

Lecture x.3

WORK SESSION

FRIDAY

Async Tutorial x.1

canvas submission on the following Friday

Async Tutorial x.2

canvas submission on the following Friday

Async Tutorial x.3

canvas submission on the following Friday

P I n u ps WIP Miro pin-up one day before this Friday
final canvas submission on this Friday



Course Structure: The Three Modules
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21

28

*
L1.1: COURSE OVERVIEW + DESIGN WITH PARAMETERS

*
L 1.2: RULE-BASED DESIGN

*
L 1.3: EMERGENT DESIGN

WORK SESSION |

9 T 1.1: HELLO, GRASSHOPPER

aaaaaaaa bmission due 1.16

1 6 T 1.2: GH: ATTRACTORS

aaaaaaaa bmission due 1.23

23  T1.3:GH:FIELDS DDS Opening Workshop

vas submission due 1.30

30 PIN-UPI

aaaaaaaa bmission due 1.30



Course Structure: The Three Modules
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*
L 2.1: AI-ASSISTED DESIGN

*
L 2.2: DIGITAL FABRICATION

*
L 2.3: ROBOTIC INTELLIGENCE

WORK SESSION II

13

20

27

6

T 2.1: Al FOR VISUALIZATION

canvas submission due 2.13

*
T 2.2: 3D PRINT DDS LAB VISIT
Group A
canvas submission due 3.6
*
T 2.3: Al FOR CODING DDS LAB VISIT
Group B
vas submission due 3.6
*
PIN-UP I

canvas submission due 3.6



Course Structure: The Three Modules

Buipui-wio4 pasueApy :|il IINAON

11  L3.1: DATA-DRIVEN DESIGN

1 8 : L 3.2: PERFORMANCE-DRIVEN DESIGN

*
25 L 3.3: EVOLUTIONARY DESIGN

1 WORK SESSION Il

*
8 PIN-UP Il

n due 4.8

1 3 T 3.1: SPATIAL DATA INJECTION

canvas submission due 3.20

20 T 3.2: ENVIRONMENTAL SIMULATION

canvas submission due 3.27

27  T3.3:EVOLUTIONARY SOLVERS

vas submission due 4.3



Course Structure: The Three Modules

Assignment 1: 20%

Assignment 2: 20%

Assignment 3: 25%

Exercises (9 total): 27% (3% each)
Participation: 8%



The Learning Ecosystem
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The Learning Ecosystem

Miro



The Learning Ecosystem

Tools:
Rhino 8 and Grasshopper: Latest version is required.

Adobe: Photoshop and lllustrator.



Technological Evolution in Architecture



Technological Evolution in Architecture

Before Computer: Modularity
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Before Computer: Modularity

Object-Oriented
Design

Dymaxion House
Buckminster Fuller, 1930




Before Computer: Modularity

Universal Code

The Modulor
Le Corbusier, 1946
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Digitization

Autodesk AutoCAD Eco Cabin_3D Model dwg

Dimensional ¥

The Explicit Era T R 2

Eco Cabin 3D Model® X +

CAD

Press ESC or ENTER to exit, or right-click to display shortcut: mens.




Digitization

Rationalization

Walt Disney Concert Hall
Frank Gehry, 2003




Digitization

Atomic Constraint

Sketchpad
Ivan Sutherland, 1963




Computation
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Computation

Parametricism

Kartal-Pendik Masterplan
Zaha Hadid Archiects,
Patrik Schumacher




Artificial Intelligence

Cybernetic

Fun Palace
Cedric Price, 1964

AV V :
high level screening



Artificial Intelligence

Hallucination

ArchiGan
Stanislas Chaillou, 2019

Y Hathroom Lormdor Kichen
Clear Transfer Randon




Concepts and Design Methods



Module 1: The Logic of Form

« Parametric
 Rule-Based Design
« Emergent Design



Concepts and Design Methods

1: The Logic of Form

Parametric Design

Continuous Differentiation




1: The Logic of Form

Parametric Design

Lafayette 148 Global Headquarters
Studio Gang




1: The Logic of Form

Parametric Design

Volumetric carvings bring light and air
to the core of the building

Horizontal fins provide
sunshading and faciliate
ventilation

Lafayette 148 Global Headquarters Weaving horizontal fins it vertica j
supports, much like a piece of % N
textile, we devised a series of \
TSZ Yan Ng twisted fins - concrete brise-soleil / T FXEDWN
- for systematic on-site fabrication. \ P orewi
=1 meom
/a> OFER WIN
A h——
Varied rotations of the fins respond 4/
to the carvings of the building,
controling the levels of permeability
ELEVEN-STORY MIXED-USE DETAILED SECTION OF SOUTH FACADE
BUILDING WITH FACADE OF Double-layered skin of concrete fins and

CONCRETE FINS operable glazing



1: The Logic of Form

Parametric Design
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1: The Logic of Form

Rule-based Design

Shape Gramma

George Stiny and James Gips




1: The Logic of Form

Rule-based Design

Habitat 67
Moshe Safdie




1: The Logic of Form

Rule-based Design

Chi She

Archi Union
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Concepts and Design Methods

1: The Logic of Form

Rule-based Design

Top-down Strategy

Administrative Building Textilverband
Behet Bondzio Lin Architekten

1. Grid 2. Grid Brick Wall 3. End Poaints 4. Curve Pull Points

5. Move End Points 6. Construct Mesh 7. Weavebird's Mesh Thicken 8. Final
Parameter 1: Attractor Parameter 2: Brick Deformation

L/ XX




1: The Logic of Form

Emergent Design

Fractal Patterns in Nature




The Logic of Form
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1: The Logic of Form

Emergent Design

Swarm Intelligence

Craig Reynold
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1: The Logic of Form

Emergent Design

Swarm Intelligence

Roland Snooks




Module 2: The Intelligence of Matter

« Al-Assisted Design
- Digital Fabrication
* Robotic Intelligence



Concepts and Design Methods

2: The Intelligence of Matter

Al-Assisted Design

Visualiztion a

Nano Banana

VELDRELRERE




2: The Intelligence of Matter

Al-Assisted Design




2: The Intelligence of Matter
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2: The Intelligence of Matter

Add Context

Now | am going to start using natural language inputI

Al-Assisted Design  Agentcul - @ o3

Grasshopper MCP




Concepts and Design Methods

The Intelligence of Matter
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Concepts and Design Methods

igence of Matter
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2: The Intelligence of Matter

Robotic Intelligence

ICD Pavilion

Achim Menges

Material

Biology

Component system

Robot setup

Structure



Module 3: Advanced Form-Finding

« Data-driven Design
« Performance-driven Design
« Evolutionary Design
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3: Advanced Form-Finding

I 30 open places

= 1 5 open places

Data-driven Design |

City that Never Sleeps
KPF Ul, 2017
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3: Advanced Form-Finding

Performance-
driven Design

Frei Otto




3: Advanced Form-Find

Performance-
driven Design

Munich Olympic Stadium
Frei Otto, 1972
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3: Advanced Form-FindiR ‘_
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Performance-
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KnitCandela
ZHA/ETH Zurich, 2018



AN EVOLUTIONARY ARCHITE-CTURE

John Frazer

3: Advanced Form-Finding

Evolutionary Design

An Evolutionary Architecture

John Frazer
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3: Advanced Form-Finding

Evolutionary Design




3: Advanced Form-Finding

Evolutionary Design
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Grasshopper — What and Why



A Visual Programming TeA!

# Rhino Python Editor - C:\Users\Mode Lab_01\Documents\sine curve.py E]@
File Edit Debug Tools Help ﬂe Edit View Display Solution Help sine curve
R B gﬁ.ﬂﬁn‘p.‘ ’...|c§@q§ ‘Prrn\Mam Set ec Crv Sf Msh Int Tms Dis Wb PanelingTools Kangao L H K S R
Grasshopper is a plugin for gl famoemsr ] ] 92200000 i
. . f 1 i.mp::: ::i;xoscriptsyntax as rs - 4
Rhino that serves as a Visual g - e meuw ~ 350 %00
Programming Language 2 | | |
(VPL). b [ el | —
9 Yy = math.sin()v()
It transitions the design R L pp—
. . #Interpolate I onstruct points
process from manual clicking 1 curve = rs.addznterpourve (points) T T [epome]
to explicit logical construction. ‘ _k (2 | 0 Tiogn
qp
¢k Do

1| | Output | Variables | Call Stack | | ] O

0.9.0075 .:

Textual Programming Visual Programming

Traditional coding (Python, C#) uses Grasshopper uses a graphical interface.
abstract text. Syntax errors like a missing Instead of typing, you drag "Components"
semicolon can break the entire system, onto a canvas and connect them with
making it unintuitive for visual thinkers. "Wires" to build logic.

This image show the process for drawing a sine curve in python and in Grasshopper.



What is Grasshopper?
A Visual Programming Tool

Inputs: Data values or e s e ot ket e i e e 32304

geometry fed into the left side
of the component.

Function: The component box
itself representing an
operation (e.g., Draw Line).

Outputs: The resulting data
emerging from the right side..




What is Grasshopper?
A Visual Programming Tool

Inputs: Data values or
geometry fed into the left side
of the component.

Function: The component box

itself representing an @ =
operation (e.g., Draw Line). NG Cp={C
(County| 13 ot L LTI LI R o)
Outputs: The resulting data ’\\ |
emerging from the right side.. P )
| - \ 5 @ R
(8] 027
—

Program flow from left to right



A Visual Programming Tool

Algorithmic:
Designing a step-by-step procedure or “recipe” for form generation.

Parametric:

Defining relationships between variables rather than fixed, static objects.

Generative:

Setting up rule systems where complex results emerge from simple constraints.



Automation

i

/ R7D 1117
IIIIITIIITIIITIIITIII1111711]
if (ZoneDist == "R7D")

if (LotType) {LotCoverage
else LotCoverage = 0.65;

// FAR
if (IMIH ) (ResidentialFAR
if ( MIH ){ResidentialFAR
CommunityFAR = 4.2

- - BaseHeightMin = €0;
- & if (!QGF)
ZONING RESOLUT ¢
BaseHeightMax = 85;
if (MIH)

{
7 BaseHeightMax = 95;
A\
/ L)

B
BuildingHeightMax = 110;

¥

)

£ (QGF)
€

BaseHeightMax = 85;
BuildingHeightMax = 105;
if (MIH)
¢
BaseHeightMax = 95;
BuildingHeightMax

3
Reade

= "Contextual District. Tower option not applicable”;
V/1e =7D

JIIITTIIITIIITIITIIIT 111117
/ 1111
JIIITIITIILIIITI L1111
if (ZoneDist == "RTX")

i

if (LotType) {LotCoverage = 1;}
else LotCoverage = 0.7;

Zoning Code

Computational Code

3D Visualization



Why Use Grasshopper?
Automation

The "Boring Stuff”

Eliminate tedious tasks like
renumbering parking stalls or
unrolling facade panels. Write
the script once, execute
instantly.




Why Use Grasshopper?
Automation

The "Boring Stuff” B e e

Eliminate tedious tasks like = -vmw iy e e :-':?: =
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Why Use Grasshopper?
lteration

Design Space Exploration

Design Space Exploration.
Exploring thousands of
options by sliding a single
parameter (e.g., Tower Twist).




Why Use Grasshopper?
Encapsulation

Reusing Logic

Saving complex logic to reuse
later. Building your own library
of architectural intelligence.




Encapsulation

Reusing Logic

Saving complex logic to reuse
later. Building your own library
of architectural intelligence.

Name

- Window Generator

E; Basement_tool 2

& dynamic_closed_lines

%] Floor Slab Generator

E; Import GIS to Grasshopper
%) Mass Detailing

E; Meerkat

& Meerkat_BaseMap_Builder
E; Right_of Way_Builder

E; Shapefile_Extrusion

& SkyExposurePlane(Explained)
E; SkyExposurePlane(Explained)_dvb_edits
5 SkyExposurePlane

E; Skyscraper_Builder

P T S R S



Plugins’ Ecosystem

“The Zoo”

It is not just a tool; itis a
platform. Thousands of
plugins for Physics,
Environmental Analysis, and
Robotics.

= food4Rhino

Apps for Rhino and Grasshopper APPS EVENTS SUPPORT Log in or Register
o
New Tutorials Are Here — Start Learning Today! . -
[ ]
BROWSE
a
Sort by LunchBox L8 8.5.8
’ Do V‘ LunchBox is a plug-in for Grasshopper for exploring machine --591 e
learning, mathematical shapes, paneling, structures, and data-driven "= ‘ A

TYPE workflows.

App (1338)

O Resource (612)
1. 8.8 .8 8%

O Services (25) Ladybug Tools 527 votes
Ladybug Tools is a collection of open source computer applications

FREE/TRIAL ' that support environmental design and education. == ‘ A

O Free (1135)

O Trial (203)

PLATFORM
O Grasshopper (966)
O Windows (963)
O Version 7 (540)
O Version 6 (432)
)
(

Kangaroo Physics 1 8.8 8 64

2 ; . F : o . 389 votes
Kangaroo is a Live Physics engine for interactive simulation, form- - ‘ ”

finding, optimisation and constraint solving.

O Version 8 (347,
O Version 4 & 5 (260)

Pufferfish L8 8.8 8%
O Mac (224) ”: The Pufferfish is one of few animals which is capable of changing its -408 =
O Version 7 (143) ¢ shape.This plugin focuses on Tweens, Blends, Morphs, Averages & =- ‘ >
O Version 8 (122) Interpolations.
O Version 6 (77)
O Version 5 (38)
O Rhino (452) PanelingTools for Rhino and Grasshopper 1 8.8 8 84
O Windows (449) % Paneling solutions from concept to fabrication. Generate 2D and 3D :zvms
O Version 7 (263) cellular patterns over rectangular grids. -
O Version 6 (188)

O Version 8 (166)



Technology is the answer, but what
was the question?



