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Masters Studio Series

The Academy’s multi-channel on-line approach provides
emerging professionals, journeymen, and master professionals
with convenient and economical opportunities to develop their
chosen area of interest.

Masters Studio Series sessions are tailored to provide
healthcare design professionals with sufficient exposure to
jump-start interest in wanting to learn more.
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Copyright Materials

This presentation is protected by US and International
Copyright laws. Reproduction, distribution, display and use of
the presentation without written permission of the speaker is
prohibited.

©2017 The American Institute of Architects
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Compliance Statement

“AlA Knowledge” is a Registered Provider with The American Institute
of Architects Continuing Education Systems (AIA/CES). Credit(s)
earned on completion of this program will be reported to AIA/CES for
AlA members. Certificates of Completion for both AIA members and
non-AlA members are available upon special request.

This program is registered with AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AlA of any material
of construction or any method or manner of handling, using,
distributing, or dealing in any material or product.
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AIA/CES Reporting Detalils

<MUlq,
All attendees will be eligible to receive:
1 AIA LU/HSW (AIA continuing education)

’703
In order to receive credit, each attendee must complete the webinar

survey/report form at the conclusion of the presentation.

WUy,

\

Follow the link provided:
* in the Chat box at the conclusion of the live presentation;

 in the follow-up email you (or the person who registered your

site) will receive one hour after the webinar.
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Questions?

Submit a question to the
moderator via the chat box.

Content-related questions will be
answered during the Q&A portion
at the end as time allows.

Tech support questions will be
answered by AlA staff promptly.

AIA Knowledge Community
Academy of Architecture for Health
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[=] Chat ][]

Welcome. Download the PDF: -
hitp:inetwork aia.org/Als/ResourcesNiewD [Z
ocument’?Documentiey=8008b06e-eeSb-

417 c-926e-0e9d6684belc

Organizers and Panelists Only w (| Send

BIG BIM Bang — Enterprise BIM and BIG Data —
Sharing Data (free)
Webinar ID: 445-§12-614
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AGENDA / LEARNING OBJECTIVES e o @ ’

Fundamentals of Computational Design
= Understand the basic concepts and principals of

Computational design and performance analysis ' ‘ g
Computational Design Applications . . -

= Discover the ways computational design can impact the
future of design and planning

Applied Research ’ g “
= Discuss ways to modify the programming and planning e - »

process to yield faster and more inclusive results

» |dentify research informing the use of new digital tools

and technologies as they relate to healthcare design and
planning g .

PERKINS+WILL

AIA Knowledge Community
Academy of Architecture for Health




FUNDAMENTALS

OF
COMPUTATIONAL

DESIGN




“Through the interplay of complex
iInformation with graphical
representation and programming,

new and fascinating visual worlds
are

emerging where the coincidental Is
shaped to help correlations become
VlSl ble . 7 - Hartmut Bohnacker
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COMPUTATIONAL DESIGN IS...
a paradigm shift

PREVIOUS PARADIGM

Designers must adjust their process
to the tools developed for them by

programmers

NEW PARADIGM

Designers use fabricated digital tools

to become the programmers of their

own individualized toolboxes

PERKINS+WILL




COMPUTATIONAL DESIGN IS...
Stakeholder Engagement, Computational Design, Impact and Value Analysis

OBJECTIVE ALTERNATIVE IMPACT VALUE
FORMULATION GENERATION ANALYSIS ASSESSMENT

SET
PREFERENCE

Stakeholder

> ASSESS
VALUE

Decision
Maker

ANALYZE
IMPACTS

Designer

> GENERATE
MENNNEGN 5| TERNATIVES 3

SET
CONSTRAINT

Gatekeeper

PERKINS+WILL
SOURCE: Haymaker, et al (2017)
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COMPUTATIONAL DESIGN IS...

Informed design exploration through the \dea
integration of simulation, analysis, and N
optimization.
Algorithm meodifies Rules
Usually comprised of Formalization and
(starting) parameters
= Adesign schema v
Source code D — Designer
= A means of creating variations source code x
Interpretation orparameters |
= A means of selecting desirable outcomes e |
‘ Output ‘ """"" Designerjudges
the output

SOURCE: Bohnacker, et al (2012)
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COMPUTATIONAL DESIGN IS...

Comprised of a

Feedback models:

= Use the model’s own output for input

» Incorporate routines for design evaluation \

Cyberflowers, by Roman Verostko (2009)
from Bohnacker, et al

,,,,,,,,,
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COMPUTATIONAL DESIGN IS...
repetition

Repetition allows the computer to work
on a problem until it has solved it, using
the manipulation of objects

THEVERYMANY, by Mark Fornes (2007) from Bohnacker, et al

PERKINS+WILL



COMPUTATIONAL DESIGN IS...
emergent

Process are emergent when their results
are not pre-determined.

The interaction of the elements leads to more than is
obvious from their individual properties

OR

Simple rules result in highly complex, unpredictable
behavior

PERKINS+WILL



COMPUTATIONAL DESIGN CAN BE...

performance-driven

Processes are performance-
driven when their results are
seeking to maximize value

Alternatives

N *
A EANSY &b

Experience Ecology Value

PERKINS+WILL
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COMPUTATIONAL DESIGN IS...

KNOWLEDGE

= ——— —————
-o - - o

machine \ contextual ‘.
\ learning I data /

EVALUATION I - . - INTENT

optimized \ option \
\ parameters generation /

e e sy

REPRESENTATION
SOURCE: Hauck (2016)
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COMPUTATIONAL DESIGN IS...
new possibilities

Some building blocks of

Computational design thinking:

= Grids
= Agents
= Attractors

» Tree Diagrams

S

Red Ambush, by Enzo Henze (2008) from Bohnacker, et al

PERKINS+WILL



EXAMPLE: USING GRIDS

Goal - create a random pattern of diagonal
lines

Method:

1. Randomly place “line A” or “line B” on a grid

[ id “B”

HlR|R|[H|O|H |

~—|lO|lO|lO|+H|O|O

o|lo|lo|r|o|o|o
»—AA o|lr|H|R|O|H
~H|lR|lO|lO|H|H|O
o|lo|o|+~ o ‘o“o
L

H|lOo|R|H|H|O|K

SOURCE: Bohnacker, et al (2012)
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EXAMPLE: USING AGENTS

Goal - achieve density by packing circles
as closely as possible

Circle position not
possible. Start over.

Method:
1. Generate a circle

2. Does the circle intersect another circle?

[yes]

3. Generate a new circle Poseibie iew cifcle: The

radius is maximized until

itbumps into its nearest
neighbor.

SOURCE: Bohnacker, et al (2012)
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EXAMPLE: USING ATTRACTORS

Goal — gradually deform a series of horizontal
lines

Method:
1. Create a grid of nodes
2. Connect nodes with horizontal lines

3. Apply an attracting or repelling force,..

JJ)/

OIS

SOURCE: Bohnacker, et a /(2012)
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DETERMINATION OF CONSTRUCTION COSTS
COMPUTATIONAL DESIGN IN L
EALTHCARE INPUT ouTPUT TRAFFIC
s Number of beds « Total hospital area
LL e Area per bed # Total construction cost FREQUENCY
. . s Unit construction cost ~ » Departmental areas AND COST MATRICES
A Methodology for Total Hospital Design » Number departments {percent and cos
- — in each class square feet)
by Gerald L. Delon
A procedure is described that integrates three techniques into a CORELAP — COMPUTERIZED LAYOUT
unified approach: a computerized method for estimating depart-
mental areas and construction costs, a computerized layout rou- INPUT OuTPUT
tine that produces a space-relationship diagram based on qualita- e Relationship chart = Initial layout
tive factors, and a second layout program that establishes a final » Departmental areas
layout by a series of iterations. The methodology described

utilizes as input the results of earlier phases of the research, with
the output of each step in turn becoming the input for the suc-
ceeding step. The method is illustrated by application fo a hypo-
thetical pediatric hospital of 100 beds. CRAFT — COMPUTERIZED LAYOUT

INPUT QUTPUT

all 1 O « |nitial layout + Final layout
# Travel frequency matrix * Total traffic cost

» Travel cost matrix

FINAL DEPARTMENTAL LAYOUT
AND COST EQUATIONS

Fig. 1. Flow diagram of methodology for total hospital design.
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Growth in Supercomputer Power

Logarithmic Plot

A Tianhe-2| @
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Upcoming Break for Questions and Comments

Submit a question to
the moderator via the
chat box.

—

[=) chat [=][%]

Welcome. Download the PDF: ar
hitp:iinetwork.aia.org/Al&/ResourcesMNiewD [J
ocument’?Documentkey=2008b05e-ee9h- |ﬂ
4f7c-826e-0e0d8584belc

Me (to Organizers and Panelists Onbv):
Can you see this message?

-

-

Organizers and Panelists Onhy

BIG BIM Bang — Enterprise BIM and BIG Data —
Sharing Data (free)
Webinar ID: 446-318-614

GoTlo\\Vebinar
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RESEARCH IN
APPLICATIONS OF
COMPUTATIONAL
DESIGN




DESIGN
SPACE
CONSTRUCTION

-

J A MULTIDISCIPLINARY COMMUNITY OF

F AND PRACTICE

M L

CHALLENGES PAST PROJECTS HOW IT WORKS DSC ACADEMY
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SPACE PLAN GENERATOR
purpose / hypothesis

Create a visual programming-based tool for
generating multiple design ideas for evaluation and
testing.

42 b
SUBAJIT DAS

PhD Candidate
Georgia Tech

PERKINS+WILL



Why Dynamo?

visual programming interface (uses graphics to describe workflow rather than
code)

= more applicable to AEC industry problems

= direct link to Revit

PERKINS+WILL



o g kA~ w N PE

Quickly generate massing options

Understand program fitness to site

Validate program documents

Compare space plans by scoring against set goals
Generate space plan data to implement machine learning
Export labelled space plans to drawings (.dwg)

PERKINS+WILL



- Provide virtually unlimited options with rapid generation time
- Contribute to early massing and departmental adjacency studies

- NOT a final floorplan generator

PERKINS+WILL



SPACE PLAN GENERATOR WORKFLOW

ARCHITECT THE COMPUTER / CLIENTS &
WITH CLIENT MACHINE ARCHITECT STAKEHOLDERS
{ Redesign Program ]
|
Name, Area, Quantity
Constraints Building : Yes
=
Does
Site Line Dwg | No Fro%aarﬁgréeed
?
User Input or Upadte?
D
‘ No
Space Plan Designs
oot Dot A f
o '[ e &t o ] Generator ~ - Evaluated by gc‘;%i%‘aﬁ%
(SPG) Humans :

J

¥

Project Information from the
Client

List of Generated Designs :
Dwg, Area, Program Names, —
Spatial Location

Yes

Design submitted
to Client
X

®

SOURCE: Das, et al (2016)
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SPACE PLAN GENERATOR
case study

Academic Medical Center bed tower
addition on a restricted site

Client Goals:
= Maximize bed count
» Maximize connectivity

= Minimize view corridor impact

ﬁ/\
G~
w/\

X ‘\é"
Y
W | ‘h”‘»! '7( | ‘;Q:
5 \' ‘ % :
R

ooooooo
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SPACE PLAN GENERATOR
case study

What makes a plan efficient and
successful?

- Improve net-to-gross ratio / minimize
circulation

- Allocate shared support spaces by balancing
travel distance against redundancy

- Provide good accessibility to programmed
spaces

- Preserve access to daylight and views

PERKINS+WILL



SPACE PLAN GENERATOR
methodology

ASSIGN ENTRIES

\ 4

LOCATE
DEPARTMENTS @®

INFILL PROGRAM

PLACE
CIRCULATION

A

PERKINS+WILL



SPACE PLAN GENERATOR
methodology

WITHOUT FORM MAKER

WITH FORM MAKER

Ground Coverage : 65% Ground Coverage : 73% Ground Coverage : 42% Ground Coverage : 78%

PERKINS+WILL



GET SITE
CONTEXT

DRAW GRID
ON SITE

PLACE
BUILDING
ENTRIES

PLACE
DEPARTMENTS/
ZONES

PLACE
PROGRAMS
INSIDE
DEPARTMENTS

MAKE
CIRCULATION
NETWORK

FORM MAKER : scCULPTS FORM TO
ENHANCE SPATIAL TOPOLOGY

PERKINS+WILL
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SPACE PLAN GENERATOR

case study
STRATEGY 1 (Function follows Form) : STRATEGY 2 (Form follows Function) :
make wholesome blocks and use a combination of place inpatient blocks and check for external wall, if

the same to assign spaces found proceed, in the end remove unwanted areas

Border Cells from Cell Neighbor Finds Border Outline for any Curved Finds Wholesome (4 sided) polylines and merges
Matrix Site Outline them together to make building form

PERKINS+WILL



SPACE PLAN GENERATOR
inputs

PROGRAM DATA (.csVfile) :

Tabulation of program information
with adjacency and priority values

SITE OUTLINE (.SAT file)
Outline of site boundary from CAD

Bk 6
b | MR At Lot
O T
#romatvarser B T M A
o1 fe
1 srosn  swoctam

oy Lange.
1 Public Tollet
2 Comerence:
3 Patient fioom
4 Patient Ram sniatian
7 5 Patient fioam VI
6
7
8
°

8 Aicoue Charting Raom
g Team Work statlen
0 HUC Station

11

off stape Wark ives
0

1
1 12 Cican ity Suaplies

15 13 soiled urility

1 14 Chute Racm

1 15 £V Closet

1" 16 Nowrishment Room Pasisnt

1 17 Nowrishment Room Family

n 18 Mnication foam

2 10 ko Portabis Med Couip

2 0 i Sparifie Starags $er

2 21 Respiatony Tharapy Workion
2

A

bl

a1 29 suall Bespie Run

ADDME TR
erera)
§ %
ot A w

- [}
ZONE/ DEPARTMENT auant
Farmily Public Support

Farmily Public Support

Farmily Putlic Support

Inpatient Area

inpatiant Area

Inpstient Area

npatient area

linie Supgert

Clinic Suppart

clinic supgert

Clinic Suppart

clinic supger
Clinic Suppart

Clinie Support
Clinie Supar
e Support

Shared St Sugaar
Shared Stall Sugsert
Shared st supaor
Shareat Stall Sugert
Shared Staff Sugport
‘Sharet stall sugzert

1TEARER

Condi

fonal Format as

Formatting - Table -

PREFERENCE VALUE

Marmal

B B ) Ehwsta
i Hr-

[
et Delete Format

ADIACENT PROGRAMS
1450
24.5.15

.
ERIERE]
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.3.2.4.5
0.4.5
7.4.1.5.8.9
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5.3

PP ] N Y
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3 0L£.7.8.11.03
4 0.0
EEREIER Y]
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SPACE PLAN GENERATOR

R - —— —— // - _——-~
inputs ’ Y
I 1
I 1
A B C D E ! F !
1 |PROGRAM ID PROGRAM NAME ZONE/ DEPARTMENT QUANTITY AREA ; PREFERENCE VALUE :ADJACENT PROGRAMS
2 0 Family Lounge 48 1:5 3:3..4..5..8
3 1 Public Toilet 2 160 1,2.4.6.15
4 2 Conference 1 226 313..2
5 3 Patient Room Inpatient Area 26 34b 10:12..11.5..6..8
6 4 Patient Room Isolation Inpatient Area 2 340 8)2.3.5.7.8
7 5 Patient Room VIP Inpatient Area 2 34P 9:1..3..2..4..5
8 6 Alcove Charting Room Inpatient Area 16 35 8,0..4..6
9 7 Team Work station Clinic Support 2 288 817.4.3.5.8.9
0 8 HUC Station Clinic Support 1 37:1 7:2..4..6
1 9 Off stage Work Area Clinic Support 2 328 319.15.3
2 10 Crash Cart Alcove Clinic Support 3 3b 4:11..10..14..5
3 11 Equipment Storage Clinic Support 2 320 514..6..7..9..11..13
4 12 Clean Utility/ Supplies Clinic Support 2 20|b 9:2..3..5..7..8
Py : 5 13 Soiled Utility Clinic Support 1 30D 7;1.3.2.4.5
. 6 14 Chute Room Clinic Support 1 150 210.4..6
7 15 EVS Closet Clinic Support 1 Sb 7:7..4..3..5..8..9
8 16 Nourishment Room Patient Clinic Support 1 120 812.4..6
17 Nourishment Room Family Clinic Support 1 4b 5:2..4..6..15
18 Medication Room Clinic Support 3 150 6)3..2
19 Alcove Portable Med Equip Clinic Support 2 4|b 7:12..11.5..6..8
20 Unit Specific Storage Space Clinic Support 1 30p 6,2.3.5.7..8
21 Respiratory Therapy Workroom Clinic Support 1 120 511..3.2.4.5
22 Electrical Clinic Support 2 24b 6:0..4..6
\ n
N P - -

PERKINS+WILL
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SPACE PLAN GENERATOR

inputs

KEY PLANNING UNITS (KPU)

Hospital : patient rooms , exam rooms, research
labs,

School : classrooms, research labs

Hotel : guest rooms, suites, rooms

Offices : closed office space, meeting rooms
Shopping Malls : retail showrooms, anchor
showrooms , small shops

Convention Centers : exhibition halls,
conference rooms, banquet halls
Museums : galleries, exhibition areas.
Residential : apartments, bedrooms, suites

PERKINS+WILL



SPACE PLAN GENERATOR
inputs

CELL TRAVERSAL
Go Right, Then L
* GoUp,
* Go Left, and Left Right
* GoDown
Down

CELL AVAILABILITY

[01] : true
[02] : false
[03] : true

Weights for:
CELL WEIGHTA Acoustics
[01]:5 Daylighting
[02]:2 Views
[03]:1 Direction

Edge Cells

’ Pad Cells

Core Cells

M\. Corner Cells

Edge Pad
Cells Cells

2 neighbors 3 neighbors 4 neighbors 4 neighbors

with threshold distance

PERKINS+WILL



SPACE PLAN GENERATOR

data structure

ROOT
NODE

v

>

K-D TREE STRUCTURE
* Container

* Space

* Qutline

‘ CONTAINER

@ space

O «——— W

PERKINS+WILL



SPACE PLAN GENERATOR

data structure

CIRCULATION STRATEGY

1. Shared Edges Between Nearest 2. Shared Edges Between Neighbor 3. Combines the two circulation networks
Departments Programs inside Departments after redundancy check

PERKINS+WILL



SPACE PLAN GENERATOR

inputs — 3D visualization

BUILDING HEIGHT
Total available vertical height for
placing program departments

BUILDING LEVEL HEIGHT

Minimum floor-to-floor height

DEPARTMENTS PER LEVEL

Sets number of desired departments
per level

PERKINS+WILL
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SPACE PLAN GENERATOR

inputs

PROGRAM FIT TRAVEL DISTANCE

WEIGHT WEIGHT

Prioritize for accommodation  Prioritize to shorten average

of all program distance from support space
to KPUs

EXTERIOR VIEW

WEIGHT KPU PERCENT

Prioritize for KPUs having WEIGHT

exterior view Prioritize for what

percentage of the floor is
taken up with KPUs

Space Plan Analysis

Weights

Weights

Weights

Weights

deptData TotalScore ..-4
inPatientPoly ProgrampFitscore | S—g
cellList ExtViewKPUScore
siteArea TravelDistanceScore
programFitWeight PercentageKPUScore
extViewWeight TestBorderCells
[ traveDistWeight TestBorderPts @,
perckPUWeight TestData p—
InpatientDeptinfo  prm—
ExternalWallCheck  pem—
PolyFlatList
PolyCenterPts _—-_:

\/’— Code Block
i |=
55 > —

/

PERKINS+WILL



SPACE PLAN GENERATOR

outputs and scoring

PROGRAM FIT SCORE
Describes what proportion of
program was placed in the
site outline

EXTERNAL VIEW
SCORE

Describes what proportion of
KPUs have exterior view
potential

TRAVEL DISTANCE
SCORE

Describes average distance from
support space to KPUs

KPU PROPORTION
SCORE

Describes what percentage of
the floor is taken up with KPUs

KPU NUMBER

Describes total KPU count

PERKINS+WILL



SPACE PLAN GENERATOR
planning workshop

- Two person teams from across firm
- Healthcare Planner
- Computational Designer

- Two day workshop
- Training / Background
- Testing the tool
- Feedback / Next Steps

PERKINS+WILL



SPACE PLAN GENERATOR
planning workshop

BEST SPG P

PERKINS+WILL



SPACE PLAN GENERATOR

planning workshop
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SPACE PLAN GENERATOR

planning workshop
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SPACE PLAN GENERATOR
Software prototyped by Autodesk, tested on SPG

Desgrseed

DESIGNSEED 178

Design Options sort by | creation time v © Generate 1 Clear

Powered by Autodesk Dynama Studio

Autodesk PERKINS+WILL
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TAKE 2: SPACE PLAN GENERATOR
purpose / hypothesis

Explore further how to:

Address more complex building typologies,
Decompose the process into useful components,

Optimize.

Nirvik Saha

PhD Student
Digital Building Lab
Georgia Tech
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SPACE PLAN GENERATOR
optimization algorithms
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APPLICATION — URBAN FORM OPTIMIZATION
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URBAN FORM OPTIMIZATION

OO
OO

SISO,
SISO
CISIO

OO

OO
©HOO®
HOO®

OO
OOOS

o008

PERKINS+WILL



APPLICATION — TORONTO
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SPACE PLAN GENERATOR

Program Analyzer - Input Program
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SPACE PLAN GENERATOR
Program Analyzer - Force and Tree layouts

Input for Plotting connections Input for size of object
Weight of
Source :Name of Node Target : Name of connection Name of Node Head Count
connected Node (Value)

NodeObj A Node E 12 Node A 80
Node B 50

Node B Node C 20 Node C 12

Node D 7

Node C Node A 34 Node E 40
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Time for Questions and Comments

7 Z

Moderator
Rita Ho, LEED AP
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CES Credit

All attendees are eligible to receive:
1.0 HSW/CEU (AIA continuing education)

Attendees at your site can submit for credit by individually completing
the webinar’s survey and report form. The survey closes Friday,

November 10, 2017 at12:30 amepT

The URL to the webinar survey/form is:

https://www.research.net/r/AAH1710 wil be

emailed to the person who registered your site.

More continuing education questions? Email . . .
knowledgecommunities@aia.org.

AIA Knowledge Community
Academy of Architecture for Health



https://www.research.net/r/AAH1710
mailto:knowledgecommunities@aia.org

Join us at The Academy of Architecture for Health!

e Receive Academy Update newsletters

e Access to resources
v Knowledge Repository
v Webinars
v Award programs
v Scholarships, Fellowships
v Emerging professionals benefits
v National and regional conferences and events

AIA KnoeR e dia, publications, blogs and Twitter

Academy of Architecture for Health




To join us or update your account go to .

www.ala.org/aah

ATAKnowledgeNet ”'

AAH Home ~ Discussion Library Blogs Events ~ Directory Participate ~ Communities v

\TA Academy of Architecture for Health

Webinar Resources | 2016 Healthcare Design Awards | Member List | BRIK Knowledgebase tt_‘ ﬁ

AIA Academy of Architecture for Health

The AAH mission is to improve both the quality of healthcare design and the design of healthy
communities by developing, documenting and disseminating knowledge; educating design
practitioners and other related constituencies; advancing the practice of architecture; and
affiliating and advocating with others that share these priorities.

Meet the Board >

Congratulations to the 2016 AIA/AAH : .
Healthcare Design Award recipients!

AIA Knowledge Community
Academy of Architecture for Health

¥ Click here

AlA




Upcoming Webinars*

Date |Series Topic

12/19 |HC 101 Series Trends in Medical Planning, Part 1:
Following the Thread

02/13 |Case Study Series Enhanced Integration
- Changing and Improving Health Facilities
Design
03/13 |HC 101 Series Trends in Medical Planning, Part 2:
The Inpatient Unit, Weaving the Threads
Together
*Dates and topics are subject to change
Visit www.ala.org/aah for more information and to register.

AIA Knowledge Community
Academy of Architecture for Health
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