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Historical Context

N S ¥ \ Our Historical Software Situation
\ N ~ \
\ P pdfx 7/ dwg
,\\ ;’\\ SN Separate software packages that export/import
O vodoc vy to/from standard file types.
\ 7N
CSV '\,

Disconnected Tools



Historical Context

Benefits
‘\\ Q e Flexible / Adaptable

vy SY e Extensible
\\ pdfx 7 “dwg e FEasy to iterate within one software package
v

s )4
e \ Drawbacks
O ‘
O e Redundant (remake your model for each tool)
e Inefficient
e Difficult to collectively iterate
Disconnected Tools e Siloed (segregated software packages)



Historical Context

Disconnected Tools Centralized Tool



Historical Context

Our “Contemporary” Software Philosophy

A central model that exports basic
information to other software interfaces.

Centralized Tool



Historical Context

Benefits

e Efficient
e Connected

Centralized Tool



Historical Context

Law of Inertia

The more mass within an object, the more energy it takes to move it.



Historical Context

Law of Inertia

The more mass within an object, the more energy it takes to move it.

Law of Design Inertia

The more information that is in a model, the more (human) energy it takes to
iterate with it.



Historical Context

Benefits

e Efficient
e Connected

Drawbacks
e |[nflexible
® Restricted
e Unidirectional (from BIM to others)
® Notiterative

Centralized Tool
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Centralized Tool



Neither of these philosophies realizes the full potential of computational design
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Neither of these philosophies realizes the full potential of computational design

Both focus on the tools themselves as the solution
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Neither of these philosophies realizes the full potential of computational design

Both focus on the tools themselves as the solution



... rather than the WOTrKflows or interconnection between tools



What makes software a part of a toolkit?




Principles of the toolkit

1.

2
3
4.
5

Do One Thing and Do It Well.

Build Interoperability with Other Tools.

Use Standardized Open Formats for Data Transfer.
Modularize the Tool.

Make it Easy to Start but Impossible to Master.



Principle 1 - Do one thing and do it well

Do one thing and do it well.



Principle 1 - Do one thing and do it well




Principle 1 - Do one thing and do it well

Specialization of tools within a toolkit




Principle 1 - Do one thing and do it well

ihat's New Check Email

X! Companion
NEW! get it nowl

( Know when friends are online! |
100!

Click to download Yahi

-
Bersonalize R

Yahoo! Mail
free email for life

Search |advanced search

Yahoo! Anctions - bid now! Satlor Moon, Beanies, Halloween, T Sync, Pokemon

Mail - Calendar - Messenger - Companion - My Yahoo! - News - Sports - Weather - TV - Btock Quotes - more..

Arts & Humanities
Literature, Photography.

News & Media
Full Coverage, Newspapers, TV

Business & Economy

Recreation & Sports

Companies, Finance, Iohs

Computers & Internet

Sports, Travel, Autos, Outdoors

Reference

Internet, WWAWW, Software, Games...

Libraries, Dictionaries, Quotations.

Education
College and University, K12,

Entertainment

Cool Links, Mowvies, Humor, Music. ..

Government
Elections, Military, Law, Taxes...

Health

Medicine, Diseases, Drugs, Fitness...

Regional

Countries, Regions, US States..

Science
Animals, Astronomy, Engineening ..

Social Science
Archaeology, Economics, Languages ..

Society & Culture

People, Environment, Religion..

In the News
- Military seizes powerin
Pakistan
- MBA great Wil
Chambetlain dies
- MLB playoffs - HHL
more.
Marketplace

- Computers, wideos, CDs,
toys, electronics and more

. Loan Center - auto loans,

mortgages, credit reporis
ST
Inside Yahoo!

« Yahoo! GeoCities - build
Four own home page

- ¥ahoo! Health - find a
doctor

« ¥l Games - spades,
canasta, chess

more.

World Yahoo!s Eurape : Denmark - France - Germany - [taly - Nonaray - Spain - Sweden - TTE & Treland

Americas : Brazil - Canada - Mexice - Spanich

Yahoo! Get Local LA - HVC - EF Bay - Chicagn - mote

Entet Zip Code |

Oiher Autos - Careers - Digital - Entertainment - Greetings - Health - Local Events - Met Events

Message Boards - Movies - WMusic - Eeal Estate - 3mall Business - ¥ Internet Life - Yahooligans!

Yahoo (1998)

Google!

3 e

Search the web using Google!

i [ Google Search-] .[“I'mfeeling Iun::ky- ] i

Google (1998)



Principle 1 - Do one thing and do it well

Welcome to the zoo!
Specialization of plugins within the Grasshopper ecosystem




Principle 1 - Do one thing and do it well

Welcome to the zoo!
Specialization of plugins within the Grasshopper ecosystem

Kangaroo Kurambn Karamba
Structural Form Finding pasmercenaneeos—— Structural Solver

@ . gHowl VisualArq
Data formating/ Plan drawings from 3D
% translation

r Speckle Streams Ladybug
J Data broadcasting/ Climate Visualization/
sharing Analysis



Principle 2 - Build Interoperability with Other Tools

Build interoperability with other tools



Principle 2 - Build Interoperability with Other Tools

Interoperability is NOT...

.dwg




Principle 2 - Build Interoperability with Other Tools

Interoperability is...

Export and run using APl of Software 2

Import file type AND results of Software 2



Principle 2 - Build Interoperability with Other Tools

Plugin to available 3d modeling interfaces

Rhino Revit

* Does not apply when the “one thing you are trying to do well” is making a better interface or simulation engine.



Principle 2 - Build Interoperability with Other Tools

Plugin to available 3d modeling interfaces

Connect to validated simulation engines

Radiance EnergyPlus

* Does not apply when the “one thing you are trying to do well” is making a better interface or simulation engine.



Principle 2 - Build Interoperability with Other Tools

Plugin to available 3d modeling interfaces

Connect to validated simulation engines

Radiance EnergyPlus
Use existing Graphical User Interfaces (GUIs)

Grasshopper Dynamo
* Does not apply when the “one thing you are trying to do well” is making a better interface or simulation engine.



Principle 2 - Build Interoperablllty with Other Tools

Daylight
Glare + Visual Comfort
Electric Lighting

|
I
| I
OpenStudi
\ penStudio )

— e

\j

EnergyPlus

EnergyPlus )

an s o -

Radiance

N o 7

————\

Therm + Window

‘/' Construction R/U-Value
4 - Condensation Risk

Thermal Energy Use
HVAC sizing
Thermal Comfort




Principle 2 - Build Interoperability with Other Tools

Surface Sun Solar Radi- Window  Air Flow Air Heat Zone Air
Temperature Vectors ation Geometry ~ Volume Gain Temperature

= |
Surface X" solar Radiation Air Temperature Stratification B
Temperature on Occupants vg Air
Temperature



Principle 2 - Build Interoperability with Other Tools

Microclimate Maps

. ]
™" Solar Radiaion g Temperaturs Statifcation = :
on Occupants Awg Air
| | | Temperature
T o
- /_/]
S - ; /,// "
L -~ gl - e
: =" Radiant |~ S o Air
1 " Tamperature | Temperature
|

Degrees from Target Temperature

[ | [ [ [ [ l

-5 0C0 -39c o, +3°C 5%

Adaptive
Comfort (AC)



Hadiant Temperature

I ‘ Operative Tem]:lemlure Adaptive Comfort

Air Temperature

{  From Comfont Tempemaiue
..-:'fil

E Nl EE | .

22 24 -3 (] +3



http://www.youtube.com/watch?v=fNylb42FPIc&t=20

Principle 2 - Build Interoperability with Other Tools

Summer Day

fi

Winter Day
f I‘Ilr
o1 | g
_ @:) %}ﬁ%ﬁ Hogfoe 7= Winter Night
= s
“5%33 | ggi m % %TDD % —~—_ VS .
% —T = = = =

@WWPWWWQWQW?WQWWWWW

Summer Night




Principle 2 - Build Interoperability with Other Tools
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Principle 2 - Build Interoperability with Other Tools
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Principle 2 - Build Interoperability with Other Tools
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https://www.youtube.com/watch?v=G1s7Dda8OAY&list=PLruLh1AdY-Sj3ehUTSfKa1IHPSiuJU52A&index=2

Principle 2 - Build Interoperability with Other Tools



https://www.youtube.com/watch?v=G1s7Dda8OAY&list=PLruLh1AdY-Sj3ehUTSfKa1IHPSiuJU52A&index=2

Principle 2 - Build Interoperability with Other Tools

_I_|—| Hybrid Topeo Shift Double-Height Common Space: Extruded Profile

i
:

ANERE
K
|

L

Central Topa Shift —

= |

L l ‘ l_ | Ktk /
I l_ Entry Hall
Common Spaces Common Space
I_I FRINATE PUBLIG
This helps self-shads, Incrasing Tha sfect This not anly rainforces a notion of apart- " -
of static shading, Frant COrmmunity by smphasizing the 5 M
Graduated Topo Shift Ir alse hersases buldng depth whis st commen space but also strengthens the W LT

alcadng srnilar alr ventilation, SEaces R Bersi [espedialy In maorning)



Principle 2 - Build Interoperability with Other Tools

Wrap Around
Vertical Circulation

Extruded Profile Subtract/Add + Secticnal Shift
to Add Privacy

Iterate the Systern




Principle 2 - Build Interoperability with Other Tools

W, .
3 s
\(7r



Principle 2 - Build Interoperability with Other Tools
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http://www.youtube.com/watch?v=WJz1Eojph8E&t=10

Principle 3 - Use Standardized Open Formats for Data Transfer

Use Standard Formats for Data Transfer



Principle 3 - Use Standardized Open Formats for Data Transfer

Annual Hourly Data Format _ _
(derived from .epw file format) Daylight Material Format

N
(%]
|

>

;01 @ (derived from .rad file format)

0 key:location/dataType/units/frequency

/startsAt/endsAt (o}

1 New York J F Kennedy IntL Ar NY USA void plastic
2 Dry Bulb Temperature goncrete

3le 05
4 Hourly 5 0.500 0.500 0.500
slqd, 1, 1) 0.000 0.050

6/(12, 31, 24)

7(-4.4

8/-4.4 .

0 3.3 Energy Material Format
s > (derived from .idf file format)
12|-3.9 01
Dl FEll Material,
14|-3.3 CONCRETE, IName
15(-2.8 Rough, 'Roughness

Bl I'Thickness {m}

L1622 g 173, IConductivity {W/m-K} D
17 =1 .1 2243, !Density {kg/m3}
18 -1.7 837, !Specific Heat {J/kg-K}
15l-2.2 0.9, !Thermal Absorptance

e 0= !Solar Absorptance
20]-3.3 0.7 !1Visible Absorptance
2 =2

.8

b
b




Principle 4 - Modularize the Tool

Modularize the Tool



Principle 4 - Modularize the Tool

Weather file
Time and date

A A

Daylight
Simulation

Code
compliance




Principle 4 - Modularize the Tool

Weather file
Time and date

Y

Sky

Daylight
Simulation

Y

Raw results

Code
compliance




Principle 4 - Modularize the Tool

Weather file
Time and date

_____________________

Daylight
Simulation

Visualize the
results

Code
compliance




Principle 4 - Modularize the Tool

Visualize the sky

Sunny with sun Intermediate with sun Cloudy

with no sun




Principle 4 - Modularize the Tool

Weather file
Time and date

_____________________

Daylight
Simulation

Visualize the
results

Code
compliance




Principle 4 - Modularize the Tool

Visualize the hourly results

20 JUN 5:00
Blinds Position: Open
Area with glare probability: 0.00% )

g CORE | Thornton Tomasetti



Principle 4 - Modularize the Tool

Materials Geometry

Running Analysis

Result Visualization

d —_—_
- readMe! ]

d _inputMesh
¢ heightDomain_ newMesh ]

d lowBoundColor_
d highBoundColor_ newlegend P
S [sosndRars legendBasePt D

d analysisTitle_
d legendTitle_ meshColors D

q bakelt_
VER 0.0.61 d layerName_ legendColors b

FEB_05_2017

VER 0.0.64

FEB_05_2017



Principle 4 - Modularize the Tool

With 2 lego bricks there are 24 different combinations.

With 3 lego bricks there are 1060 different combinations.

With 6 lego bricks there are different

combinations.
ol T

Reference: http://kotaku.com/calculating-lego-brick-combinations-is-ridiculously-tou-1720682129



Principle 4 - Modularize the Tool

With 2 lego bricks there are 24 different combinations.

With 3 lego bricks there are 1060 different combinations.

With 6 lego bricks there are 915,103,765 different

combinations.
sl T

Reference: http://kotaku.com/calculating-lego-brick-combinations-is-ridiculously-tou-1720682129



Principle 4 - Modularize the Tool

With 6 lego bricks there are 915,103,765 different
combinations.

How many different combinations can you make with 370
components?

ol T

Reference: http://kotaku.com/calculating-lego-brick-combinations-is-ridiculously-tou-1720682129



Principle 4 - Modularize the Tool

A craft to how modular components are
arranged to address different problems



Principle 4 - Modularize the Tool

Conventional Simulation Tools for Conceptual Design

Single Multiple
—Q >

engine d engines

Single L Several
o—( >

model - models

Simple o—QO > Detailed



Principle 4 - Modularize the Tool

Conventional Simulation Tools for Conceptual Design

Smgle —O > MulFiple
engine engines
Single q >  Several
model models

Simple o Detailed



Principle 4 - Modularize the Tool

[New] Simulation Tools for Conceptual Design

Single > Multiple
engine engines
Single o Several

model models
Simple

>  Detailed



Principle 4 - Modularize the Tool

Day to Day Practice

Single > Multiple
engine engines
Single > Several

model models
Simple

>  Detailed



Principle 4 - Modularize the Tool

Case Study 1
taDesignExplorer  cos

4 | ¥ | Reset Selection | Exclude Selection | Zoomto Selection | Save Selectionto File My Static Link  Tutorial | Info (8

?ﬁpth I Height [f) Orientation OVENR ] BS_HD Lot g[kUVh]
3004 2,000 5,000
40+ 54
250
a- 07 2,500
38 67| 4 5,000+
4 4 7 000
8 36 e —000
4,000+
344 160-] 2
7 054 1,500
324 . 504 T 3,000
1,000 4
6 3= o- 044 9
Attributes
Depth [f] : 10
Height [fi]

Orientation : 135
WWIR [%] : 0.6
SHD: 3

Cooling[kWh] : 1
Heating[KWh] : 5820.0
Lighting[kWh] : 38
EffDepth{m] - 5.25
DA [%] - 45
uDI [%] : 80
CDA [%] : 60

1062

1,000 | a

. 80|
200 -

24

00 60

&
40|

57 40-
200 - e

(i}
108%™

80,

604

40|

204

Setting L M|S P

A O
a0 -
80 80+
70+
0 60
50
N 40

O20®3p 32

=]

®

Building Performance Study - Demc

4 @ 2017 Thorntan Tomasetti »

1 + 100

80

13 SDA [Area]
™,

12: GDA [
3

405060708090100 40 60 80 100
12: CDA [%] 13 SDA [Area%]

OO0
23100,

O®OE
SOOI

CORE |T! Thornton 'l'omasettn
e db 1T T

Sort by, Depthifil |~ @

3

,7/



http://tt-acm.github.io/DesignExplorer/

Principle 4 - Modularize the Tool

Case Study 1
Single o > Multiple
engine engines
Single > Several
model models
Simple

>  Detailed



DS+R



Principle 4 - Modularize the Tool

Case Study 2
Single Multiple
engine engines
Single Several
model models
Simple

Detailed



0

rnt

on Tomasetti



Principle 4 - Modularize the Tool

Case Study 2

CORE | Thornton Tomasetti



Principle 4 - Modularize the Tool

Case Study 3
Single > Multiple
engine engines
Single > Several
model models
Simple o

Detailed



Principle 4 - Modularize the Tool

Case StUdy 3 Open Plaza

|
: Semi-Enclosed Entry
|
|

Narrow Alley | il gl
__________ . |
1 : |
e
] A P . U I
E ! i : : % |
z R ® I :
= R
g gi} Region of
e ? / | Comfort
7 ‘ o ) :
g7 ! — Analysis
7 . A
‘ ’ y |
B !
i" e °

/4 S 1 Shaded Plaza
1 I S w/ Trees

Mackey, Galanos, Norford, Roudsari. (2017) Wind, Sun, Surface Temperature, and Heat Island: Critical Variables for High-Resolution Outdoor Thermal Comfort.
Proceedings from the International Building Simulation Conference. https://drive.google.com/open?id=0Bz2PwDvkjov]Q25IZmtadXczakU



Principle 4 - Modularize the Tool

Case Study 3 EPW Weather File Urban Geometry
| + Other Params

Met Rel | [Met Wind Met Air | [Met Solar| [Met Longwave
Humid Speed Temp Rad Sky Rad

|

36 CFD Urban
Studies Weather
Gen

E+ Model SolarCal
for Srf | 'for body-sky
Temp heat transf

l_l
Urban Rel | |Urban Air| |Urban Air Urban
Humid Speed Temp MRT
l | | |
|
UTCI Thermal
Comfort Model

Mackey, Galanos, Norford, Roudsari. (2017) Wind, Sun, Surface Temperature, and Heat Island: Critical Variables for High-Resolution Outdoor Thermal Comfort.
Proceedings from the International Building Simulation Conference. https://drive.google.com/open?id=0Bz2PwDvkjov]Q25IZmtadXczakU



Principle 4 - Modularize the Tool

Case Study 3

31 Wind Factors
30 Annual Avg. Surface Temperature (°C)
g 29
g
2
s 28 N
¥ A
= 29 S S N
25 Y
0 2 4 6 8 10 12 14 16 18 20 22 Y
Hour of the Day
Rural - Urban
Temperature Temperature

Mackey, Galanos, Norford, Roudsari. (2017) Wind, Sun, Surface Temperature, and Heat Island: Critical Variables for High-Resolution Outdoor Thermal Comfort.
Proceedings from the International Building Simulation Conference. https://drive.google.com/open?id=0Bz2PwDvkjov]Q25IZmtadXczakU



Principle 4 - Modularize the Tool

Case Study 3

UTCI (°C)
36

34

32

30

-

Cold Week Typical Week Hot Week

28

Mackey, Galanos, Norford, Roudsari. (2017) Wind, Sun, Surface Temperature, and Heat Island: Critical Variables for High-Resolution Outdoor Thermal Comfort.
Proceedings from the International Building Simulation Conference. https://drive.google.com/open?id=0Bz2PwDvkjov)Q25IZmtadXczakU



Principle 5

Bushnell’s Law



Principle 5 - Make it Easy to Start but Impossible to Master

“The games that were most successful
were those that were simple to learn but
impossible to master.”

- Nolan Bushnell
ATARI co-founder



Principle 5 - Make it Easy to Start but Impossible to Master

IKEA Effect

A feeling of ownership after one has spent time working on something and
customizing it.

“Dan Ariely: What makes us feel good about our work?”
Watch the full talk at: http://www.ted.com/talks/dan_ariely_what_makes_us_feel_good_about_our_work



Principle 5 - Make it Easy to Start but Impossible to Master

Required | t
equired Input

Inputs for

Customization

north_

_location

_timeStep_

analysisPeriod_

_centerPt_

-
_sunPathScale_

_sunScale_
_projection_

annualHourlyData_

conditionalStatement

legendPar_

_dailyOrAnnualSunPath_

_solarOrStandardTime_

bakelt_

N\
- |
4

VER 0.0.64

readMe!
sunVectors
sunAltitudes
sunAzimuths
sunSpheresMesh
sunPathCrvs
compassCrvs
altitudeCrvs
legend
legendBasePts
title

titleBasePt
sunPathCenPts
sunPositions
sunPositionslnfo
sunPositionsHOY

selHourlyData

MAY 05 2017



Principle 5 - Make it Easy to Start but Impossible to Master




Principle 5 - Make it Easy to Start but Impossible to Master

Plotting Unmet Hours
Customize Zone-Level

Customize Bldg-Level
HVAC Parameters or Floor- Level
Adjust Thermostat Setpoints HVAC Parameters
Set Up Zones ‘or Add Humidity Control

Choose from 14 HYAC Templates or
Use "-1. Thermostat Ony” to BuildiAssign
Your Own System in the penSiudio Interface

e —T

Mest HVAG Templates Suppart Alr Recirculation
To Model Spaces that Require Additional Air Filtering
Like Claan Raoms + Hospital Patient Rooms

Calculate Site End-Use Intensity (EUI)
B s

Assign Custom Ventilation Schedules to Model
Laboratory Fume Hoods or Other Scheduled Ventilation

Scals All Components of the HVAC
Customize Many of the Important and Specify Custom Design Days
Paramelers of the HVAG
(le. Heat Recovery, Economizers, COPs,

‘and Availability Scheduleg)

If You Don't Want One Central System for All HBzones,
‘Separate Zonos into Data Troo Branchos and
Tum Off the "Flatten” on the HBZonas Input
e Check to See that Your HVAG is Assigned
{Here, Each Floor Has a Separate VAV System)




Principle 5 - Make it Easy to Start but Impossible to Master




Principle 5 - Make it Easy to Start but Impossible to Master

Solar Radiation Benefit / Harm

Harmful Summer Sun (kBTU / ft2 of Facade)
T |
-50 0 50

harmful sun helpful sun



ALL GLASS - ONE STORY RENOVATION

14.6

kBTU /1t?

WORSE
than ASHRAE
Baseline

80%
GLAZ
RATIO

Solar Radiation Benefit / Harm

(kBTU [ f* of Facade)

|

-50
harmful sun

50
helpful sun
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http://www.youtube.com/watch?v=RrKQLCObMP0&t=71
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http://www.youtube.com/watch?v=zFnFqzI5sbY

Principle 5 - Make it Easy to Start but Impossible to Master

cool - 'm happy that you are getling heavily involved in

environmental modeling

anyway, thanks a TON. you are a life saver

not just tonight - your tools have totally changed my life :D

they are making me smarter

Credits: Mostapha Sadeghipour



Principle 5 - Make it Easy to Start but Impossible to Master

Qiscourse

[discussion] Sky View Factor ¢ 2,047

e p discussions

4 Feh 2016

@ Dear bee and bugs, Nt
I'd like to share and discuss with you my understanding of Sky View Factor, considering that it is an import v -
concept frequently misunderstood. St el 1 1 y 1 75
Sky View Factor is first and foremost defined from the discussion of radiation exchange between urban .
surfaces and the sky in urban heat island research (See Oke's literature list below). It will be affected by the re pl IeS
proportion of sky visible from a given calculation point on a surface (vertical or horizontal) as a result of the

obstruction of urban geometry, but it is not entirely associated with the solid angle subtended by the visible sky
patch/paiches.

So, | think using "geometry way" to approximate Sky View Factor is not correct. Sky View Factor calculation 49 8
shall be based on the first principle defining the concept: radiation exchange between urban surface and sky
hemisphere:
We may now define the sky view-factor ({;) for the comme nts
surface element A A4 as the fraction of radiant flux leav-
ing AA which is intercepted by the sky. Then i Y
1
-,ps = _zf OOStﬁdS. (8) - [ ] by 903
wTR* Js,
It may be helpful to note that i, is equal to the ratio peo p | e

of the radiant flux received by AA from the visible
sky, to that which would be received by A4 from an
unobscured sky. This is shown by replacing F, by F;
in (6) and integrating over .S,.

R ~ e Anas A B P



http://discourse.ladybug.tools/

Principle 5 - Make it Easy to Start but Impossible to Master

78.5% of the discussions get the first reply in less than a day.
95.0% of them will get the first reply in less than 3 days.

Ladybug Forum Response Time Distribution

S 100.0%
Q
Q.
@
o 75.0%
<
o
w0
(%]
3 50.0%
i
S
N
o
T 25.0%
= 3 "1'.‘/ M A0, 0/
§ _ i 24% 1.6% 0.6% 0.5% 0.5%
= 0.0% 8.8%
Less than a 1 day 2 days 3 days 4 days 5 days 6 days More than 7
day days

Number of days



Principle 5 - Make it Easy to Start but Impossible to Master

Glazing anlemter Comfort ~ Import wqgihva, F'datéf.' 4

Tool with Ener‘g'fﬁM@del ; <

A5V N o
'
' .)\“" o

Glazingjand,Winter Comfort
Tool - IP

' RadiatiopgBenefit On Siin -
Path % ’ -
! G e 5
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It’s not about tools. It’s about people.


http://bl.ocks.org/mostaphaRoudsari/raw/82f51f01b4619db2f09f/

Thank you!

It’s not about tools. It’s about people.
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