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Wikipedia

• Zen (禪 or 禅) is a school of Mahāyāna
Buddhism notable for its emphasis on 
practice and experiential wisdom —
particularly as realized in the form of 
meditation known as zazen—in the 
attainment of awakening. As such, it de-
emphasizes both theoretical knowledge
and the study of religious texts in favor of 
direct individual experience of one's own 
true nature. 



Ecological Design – City Scale

Ecology: the scientific study of systems of living organisms and the interactions
among organisms and between the organisms and their environment. 

Maluan Bay, Xiamen, China (Yang, 2007)



Eco-flows and Patterns

Air Flows

Water flows

Wildlife Flows

Patch elongation driven by natural 
forces, (Forman, 1995)

Maluan Bay, Xiamen, China (Yang, 2007)

Solar Availability



Building Industry InfrastructureBuilding Industry Infrastructure

Mattar S.G. "Buildability and Building Envelope Design". Proceedings, Second Canadian Conference on Building Science and Technology, Waterloo, Nov. 1983.



Knowledge IslandsKnowledge Islands

Coastline of 2000 Building
Product Models

Building Use and
Maintenance



Four-function model

Climate modifier
Container of activities

Cultural Symbol
Object of Investment

Building ModelBuilding Model



Total Building Performance & DiagnosticsTotal Building Performance & Diagnostics

  S
tru

ct
ur

al
 S

ys
te

m

  E
nv

el
op

e 
Sy

st
em

  I
nt

er
io

r S
ys

te
m

  M
ec

h 
&

 E
le

c 
Sy

st
em

s

  E
xt

er
na

l/L
an

ds
ca

pe

Total Building 
Performance 

Mandates

  P
hy

si
ol

og
ic

al

  P
sy

ch
ol

og
ic

al

  S
oc

io
lo

gi
ca

l

  E
co

no
m

ic
al

Spatial

Thermal

Indoor Air Quality

Visual
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Building Integrity

BUILDING DELIVERY PROCESS

Framework ensures 
comprehensive and 
integrative design 
consideration for high 
performance and sustainable 
solutions

Diagnostic 
methodology for 
measuring building 
performance, 
evaluating impacts and 
establishing 
benchmarksTB
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Knowledge-based Design Knowledge Production



http://cbpd.arc.cmu.edu/bidstrial
http://cbpd.arc.cmu.edu/bids

http://cbpd.arc.cmu.edu/ebids

Building Investment Decision Support (BIDS and eBuilding Investment Decision Support (BIDS and e--BIDS)BIDS)

Cost-Benefit Tools to Promote High Performance Components; Flexible Infrastructures 
and Systems Integration for Sustainable Buildings and Productive Organizations



Financial Cost/Benefits Indices/ International Baselines Financial Cost/Benefits Indices/ International Baselines 
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$45,000 
Salary1 

12.5% 
Productivity2 

$5,300 Turnover3 

$765 (1.7%) Abseenteism4 

$18,500 
Benefits1 

$5,000 Health1 

$10,000 
Technology 

$1,000 Connectivity 
(Forrester Group) 

$3,200 
Rent/Mortgage10 

$450 
Energy11 

$200 
Churn12 

$244 Lower Respiratory5

$101 Asthma6 

$95 Allergies6 

$92 Back Pain7 

$73 Headaches6 

$68 Cold8 

$24 MSD9 

$19 Throat Irritation6 

$18 Eye Irritation6 

$18 Sinus Conditions6 Worktime 
Loss

Potential Benefits of 
Quality Buildings 
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Potential Benefits of 
Quality Buildings



Design Performance ModelingDesign Performance Modeling

Reduce resources required to conduct performance simulation
Reducing time and effort required to prepare for simulations (applicable to all domains)

Drawings
Documentation
Etc. Geometry

Modeling

Variables Definition
E.g. Materials & Location

Simulation Parameters
Definition

Simulation

Results processing

Why should we 
spend time on this?



Significant time required to set up geometry – redundant tasks

Significant effort required to deal with semantics – expert knowledge

Bazjanac 2001

Information Needs During Design Process



.

.

Examples of BIM Schemas and Languages
Industry Foundation Class (IFC)
A schema with definitions, relationships and rules. 
Define a standard way of describing, representing, and interfacing
with A/E/C objects. Data representation in EXPRESS, data
exchange in STEP 21 format. 

EXPRESS
Language developed within ISO-STEP community for 
representing application interpreted models. 

EXPRESS-G
Graphical means of depicting EXPRESS

GbXML
An XML-based schema representing the building information
(geometry, material properties..) for energy simulation purpose,
and being extended to other simulations.



Design Performance Modeling 

Reduce resources required to conduct performance simulation
Reducing time and effort required to prepare for simulations (applicable to all domains)

Drawings
Documentation
Etc.

Results processing

Automated
ProcessingAutomatic

XML-Based
Parser

Automatic
Default
Values Automatic

Engine
Selection

Automatic
Simulation
Files Creation

Improved
Analysis
FeaturesUser-editable 

Input



Shared
Location

Information
Database

Shared
Building

Information
Model

Shared
Construction

Properties
Database

SHARED OBJECT MODEL

LIGHTING SIMULATION
ASSUMPTIONS

-geometry abstractions
-material properties
(reflectance, specularity, etc.)
-luminare specification
-schedules

ENERGY SIMULATION
ASSUMPTIONS

-geometry abstractions
-material properties
(conductivity, specific heat, etc.)
-lighting design level
-schedules

Conflict?
Information Update?

Conflict?
Information Update?Building Modeler

Lighting Tool Energy Tool

Design Performance Modeling 

Efficiency and consistency in defining BIM and assumptions
Externalizing project shared information



Other domain apps Shared
Location

Information
Database

Design Performance Modeling 

Efficiency and consistency in defining BIM and assumptions
Externalizing project shared information

Shared
Building

Information
Model

Shared
Construction

Properties
Database

Lighting Simulation Tool

Parser Parser

Parser



Design Performance Modeling 

Obtaining Operative Information for Design Decisions
Lighting simulations address low-level objectives, not higher-level questions typical of primary design 
inquiries.

Is the lighting 
performance 
satisfactory in 
this building?

Is there sufficient 
illuminance on 
workplane in all 

occupied spaces?
Is there any glare 

problem?

Lighting
Simulation

What is the 
illuminance

distribution in this 
space?

Simulation 
Results

(Illuminance data)

Typical Lighting Simulation 

Check all occupied spaces 
if

illuminance > threshold 
on workplane

Check if number of 
satisfactory spaces 

compliant with regulationsSOLUTION

1. Design Question

2. Formulating well-formed 
problem by considering context 
and making relevant 
assumptions.

3. Formulating 
objectives solvable 
by lighting 
simulation

4. Analysis of results

5. Operative Information 
for design decision



Design Performance Modeling 

Obtaining Operative Information for Design Decisions
Providing post-processing analysis toolkit

Tone-mappers
Luminance data inspection and false-color 
analyses
Luminance ratios calculator
Data comparisons

LEED rating system Credit 8.1 & 8.2 calculators
Tabulation of results



N-Dimensional Mapping – BAPP Dymola Model



A product model for commissioningA product model for commissioning

Based on standards, products, designers, and commissioning authority

BIM Application in Continuous Commissioning



Future Challenge: Integrative Information Management



BIM Tools Development-Information Visualization



BIM Tools Development - Information Visualization

BOSCH Mote

iLON CO2

Aircuity



BIM Tools Development - Information Visualization



Sustainable Building Information Model

VirtualVirtual

CO2 vs. Time
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Wind speed: 3.28 fps (1 m/s) 

 
Wind speed: 9.84 fps (3 m/s) 

Wind speed: 16.40 fps (5 m/s) 

Wind speed: 32.8 fps (10 m/s) 

RealReal



What does your hard disk look like?

OR



Version controlBuilding Life Cycle Phases

Oculus 6 PillarsDesign Construction Commission Operation

Revision
Framework for collaborating with all project participants and 
the deposit/retrieval of all project life cycle documents

Performance
Real time tracking of results against requirements using 
performance metrics

Results
Capturing and managing all building performance 
measurements including simulation artifacts

Sequence
Framework for seamless integration with BIM tools

Concept
Definition and management of design alternatives

Requirements
Definition and quantification of “what is good?



BIM  Interoperability

BIM files & results are easily 
accessed, amended and 
resubmitted to models or 
programs.  Results are recorded 
against each respective run and 
may be compared visually for 
improvement or degradation.

Tag:   End of Phase 1
Description:  Pre-Design Complete
Revision: 32
Date:  Wed Jul 26 17:0029 EDT 2007
Author: JPatterson
Path: /metrics/tag/EndofPhase1
Performance metrics:

LEED Accreditation:      Gold / 53
ROI:                             30%
Annual Running Costs:   $100,000

‘Mouse Over’

The LEED Accreditation metric is an aggregate of all 
LEED credits (which may be viewed separately) and is 
displayed as a color and number of credits secured.

‘Double-click Mouse’ to display/access BIM files

• performance metrics are visible to all participants at all times
• effects on performance are displayed immediately

• branches ‘swim lanes’ enable concurrent              
exploration of design alternatives

Pre-Design



BIM - Design Phase

working copy

Commit Point

Performance Indicators

run simulations

commit

Architectural design branch

Repository

Detailed View of Repository

check out
1.

3.

2.

Files & 
Results



BIM - Building Operational Phase

working copy

 

Commit Point

Performance Indicators

 

 

run simulations

commit

Architectural operational branch

Repository

Detailed View of Repository

check out
1.

3.

2.

Files & 
Results



Information Needs Through Building Life Cycle (NBIMS 2007)
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Gone out...here is a computer simulation of your dinner
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