BUILDING S
INNOVATION S

BUILDING SCIENCES
CONFERENCE & EXPO

National Institute of Building Sciences

Provider Number: G168

Tomorrow's Workflows Today: Augmenting BIM, Project Delivery
and Operations Workflows to Support Smart City Assets

Course Number

Joe Manganelli, AIA, LEED BC+C, PhD

Date

January 9, 2019



BUILDING S
INNOVATION S

BUILDING SCIENCES
CONFERENCE & EXPO

2019.01.09

Credit(s) earned on completion of this course will be reported to
AlA CES for AIA members. Certificates of Completion for both AIA
members and non-AlA members are available upon request.

This course 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 AIA
of any material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the
conclusion of this presentation.
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Course
Description

Buildings are designed, built and operated to support, enhance and optimize human and organizational
performance in pursuit of human and organizational goals in order to address human and organizational needs. Yet,
often the interrelationships between human and organizational performance and facility performance are
underdeveloped and based on unvalidated assumptions, leading to building performance misaligned with human
and organizational performance. This misalignment of human and organizational performance with building
performance causes inefficiencies and nuisances. But as we transition to creating and operating facilities as smart
city assets, with increasingly complex and interconnected layers of sensing, analytics, communication and self-
optimization, these misalignment challenges will become unacceptable and dangerous, just as semi-autonomous
vehicles with automated functions that are not aligned with the human and social dynamics of driving are useless
and dangerous. To address these misalignment challenges, architecture/ engineering/ construction/ owner/
operator (AECOO) professionals must augment their workflows to model information about human and
organizational performance in relation to building systems performance. This presentation will introduce constructs
and methods from the aerospace, defense and automotive industries that address these challenges. Attendees will
be introduced to modeling human and organizational performance, socio-technical systems, formal requirements
development and multi-objective optimization as parts of enhanced building information modeling (BIM), project
delivery and operations workflows.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Learn about modeling organizational and human performance in
relation to building performance.

2. Learn about sociotechnical systems and enhancing workflows by
modeling them.

3. Learn about requirements elicitation, development, and
validation and enhancing workflows to incorporate it.

4. Learn about multi-objective optimization and enhancing
workflows to incorporate it.
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Google's artificial intelligence can actually " 5
help the environment 0 &
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With the push of a button this spring -- Google was instantly using 8
40% less energy to cool a handful of its data centers. J %
& — e
Google said its data centers are toc complicated for traditional engineering and human intuition e %
to be able to manage as efficiently as DeepMind's algorithms. s
How do we design, build, and operate facilities we can’t understand? =,*
But for now, Google isn't turning its data centers totally over to machines. Human workers in the

ata centers are given the DeepMind recommendations, and they sometimes reject them. This
as most prevalent when the project began, as the artificial intelligence was still learning.

Manganelli, J., Brooks, J.0. (2015). "Comparing Two Model-Based, Human-

Centered Complex, Interactive Systems Modeling Methods: Lessons

Learned." Presentation at the Institute for Industrial Engineers Annual
Conference, May 30th, 2015, Nashville, TN. Retrieved from:

McFarland, M. (2016). “Google’s Artificial Intelligence can Actually Help the Environment.” CNN Tech News. Retrieved from: https://www.xcdsystem.com/iie2015/proceedings/index.cfm?pgid=34&sea

http://money.cnn.com/2016/07/20/technology/google-deepmind-data-center/index.html rch=1&qtype=Session&sid=10926&submit=Go
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Introduction: Phase Change in Design/Analysis Methods

1ISO 37106:2018 oreer
Sustainable cities and communities -- Guidance on establishing smart city operating models
for sustainable communities

.

Building a smart city is highly complex. Learn about how |SO
standards help to make cities smarter.

This document gives guidance for leaders in smart cities and communities (from the public, Download
private and voluntary sectors) on how to develop an open, collaborative, citizen-centric and

digitally-enahled operating model for their city that puts its vision for a sustainable future
into operation.

https://www.iso.org/standard/62065.html

https://www.iso.org/publication/PUB100423.htm|




BUILDING S
INNOVATION S

BUILDING SCIENCES
CONFERENCE & EXPO

Introduction: Phase Change in Design/Analysis Methods

IES-City Framework Release v1.0 September 30, 2018

A Consensus Framework
for Smart City

Architectures
IES-City Framework

(Internet-of-Things-Enabled Smart City Framework) Release v1.0 20180930

This IES-City Framework is the product of an open, international public working group seeking to reduce
the high cost of application integration through technical analyses of existing smart city applications and
architectures. This Framework documents the findings of the authors and provides valuable tools that
are based on the findings and that can lower barriers to an expanded smart city marketplace.

https://pages.nist.gov/smartcitiesarchitecture/
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Motivation: Market Need
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Reports* Services About Us> Insights ¥ Compass
GRAND VIEW RESEARCH

Home » Press Room » Smart Cities Market Size Worth $2.57 Trillion By 2025 | CAGR: 18.4%

Smart Cities Market Size Worth $2.57 Trillion By 2025 | CAGR: 18.4%

k
The global smart cities market size is anticipated to reach USD 2.57 trillion by 2025, = = i
. . . . o ) o . i . Reports *  Services» AboutUs~
View Research, Inc., registering a strong CAGR of 18.4% during the forecast period.| gpanp view RESEARCH
solutions is anticipated to be driven by factors such as growing urban population, né
. . . . . - Home » Press Room » Smart Transportation Market Size Worth $285.12 Billion by 2024
resources, and increasing focus on environmental sustainability.

https://www.grandviewresearch.com/press-release/global-smart-cities-
market

Smart Transportation Market Size Worth $285.12 Billion by 2024

Insights +  Compass

The global smart transportation market size is estimaled to reach USD 285.12 billion by 2024, according to a new study

rand View Research, Ine., registering a CAGR of :

.5% during the forecast period. T

vehicles and ineffective existing tansport infrastruclure are expected

ropel the neec

ing number of on-road

or elficient management

systems. Favorable government initiatives for building better infrastructure and smooth running of existing transport

systems are expected to boost industry growth.

https://www.grandviewresearch.com/press-release/global-smart-transportation-market
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http://www.westminster.edu/staff/brennie/wisdoms/eliot1.ntm

M. Prins, "Architectural value," in Architectural Management: International Research and Practice, S. Emmitt, M. Prins and A. den Otter, Eds., Oxford, Wiley-Blackwell, 2009, pp. 3-16.

Box, G. E. P. (1979), "Robustness in the strategy of scientific model building", in Launer, R. L.; Wilkinson, G. N., Robustness in Statistics, Academic Press, pp. 201-236.
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Box, G. E. P. (1979), "Robustness in the strategy of scientific model building", in [atiher, R. L.; Wilkinson, G. N., Robustness in Statistics, Academic Press, pp. 201-236.
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Challenge/Need: Smart Cities
(Connect & Optimize Performance of Lar

Present
Needs & Challenges

Reduce risk
Manage risk
Manage change
Reduce cost

Future
Needs & Challenges

Scale, Complexity, Integrated-ness
Real-time data sensing/processing
Trust/verification of data
Decentralization of data storage,
processing, & ownership

Manganelli, J. (2018). “BIM+Blockchain in the Smart City: Concepts, Early Work, and Potential Usefulness, National Institute of Building
Sciences Annual Conference, Washington, D.C., January 8-11, 2018

ger System of Systems)

. |
AdobeStock_173682208.jpeg

Existing Systems
+ Complexity & Interactivity

Emerging Systems
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Challenge/Need: Smart Cities

(Connect & Optimize Performance of Larger System of Systems)
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Manage change
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Scale, Complexity, Integrated-ness
Real-time data sensing/processing
Trust/verification of data
Decentralization of data storage,
processing, & ownership

Manganelli, J. (2018). “BIM+Blockchain in the Smart City: Concepts, Early Work, and Potential Usefulness, National Institute of Building
Sciences Annual Conference, Washington, D.C., January 8-11, 2018
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Northrop, L., Feiler, P., Gabriel, R., Goodenough, J., Linger, R., Longstaff, T., . . . Wallnau, K. (2006).
Ultra-large-scale systems: The software challenge of the future. Software Engineering Institute.
Pittsburgh, PA: Software Engineering Institute. Retrieved from
https://resources.sei.cmu.edu/asset_files/Book/2006_014_001_30542.pdf
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Challenge/Need: Smart Cities

(Connect & Optimize Performance of Larger System of Systems)
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Manage change
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Scale, Complexity, Integrated-ness
Real-time data sensing/processing
Trust/verification of data
Decentralization of data storage,
processing, & ownership

Manganelli, J. (2018). “BIM+Blockchain in the Smart City: Concepts, Early Work, and Potential Usefulness, National Institute of Building
Sciences Annual Conference, Washington, D.C., January 8-11, 2018
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Manganelli, J., Brooks, J.0. (2015). "Comparing Two Model-Based, Human-Centered Complex, Interactive Systems Modeling Methods:
Lessons Learned." Presentation at the Institute for Industrial Engineers Annual Conference, May 30th, 2015, Nashville, TN. Retrieved
from: https://www.xcdsystem.com/iie2015/proceeding:

index.cfm?pgid=34&search=1&qtype=! id=109268&submit=Go
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F. Xie, "Component-based cyber-physical systems," in NSF Workshop on Cyber-Physical Systmes, Austin, TX, 2006.

National Science Foundation, "Cyber-physical systems," National Science Foundation, [Online]. Available:
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503286. [Accessed 25 10 2013]

G. Fischer and T. Hermann, "Socio-technical systems: A meta-design perspective," /nternational
Journal for Socio-tec logy and Ki Development, vol. 3, no. 1, pp. 1-33, 2011

Northrop, L., Feiler, P., Gabri€l, R., Goodenough, J., Linger, R., Longstaff, T., Wallnau, K. (2006). Ultra-
large-scale systems: The software challenge of the future. Software Engineering Institute. Pittsburgh, PA
Software Engineering Institute. Retrieved from
https://resources.sei.cmu.edu/asset_files/Book/2006_014_001_30542.pdf

(Connect & Optimize Performance of Larger System of Systems)
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Manganelli, J., Brooks, J.0. (2015). "Comparing Two Model-Based, Human-Centered Complex, Interactive Systems Modeling
Methods: Lessons Learned." Presentation at the Institute for Industrial Engineers Annual Conference, May 30th, 2015, Nashville, TN.
Retrieved from:

https://www.xc

com/iie2015/pr index.cfm?pgid: ch=1&qgtype=Session&sid=10926&submit=Go
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J. Manganelli. Designing complex, interactive, architectural systems with CIAS-DM: A model-based, human-centered, design & analysis methodology. Retrieved on April 9, 2015 from:
https://tigerprints.clemson.edu/cgi/viewcontent.cgi?article=2250&context=all_dissertations
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Paradigm Shifts: Origins

Origins of constructs, measures, methods, and tools presented here

(2003-present—systems science, cognitive sdence, computer science, neuroscience, evolutionary biology, systems engineering, humanfactors, architecture)

CLiog
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and Regulation
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 Assistive Robotic Table eople and Systems
Healthcare Stakeholder

Literature Review Case Studies

J. Manganelli. Designing complex, interactive, architectural systems with CIAS-DM: A model-based, human-centered, design & analysis methodology. Retrieved on April 9, 2015 from:
https://tigerprints.clemson.edu/cgi/viewcontent.cgi?article=2250&context=all_dissertations

J. Manganelli, J. (2015, 10 04). Tending the Artifact Ecology: Cultivating Architectural Ecosystems. Retrieved from data:structure:form:design: http://datastructureformdesign.com/2015/10/04/tending-the-
artifact-ecology-cultivating-architectural-ecosystems/ .
J. Manganelli 26
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Paradigm Shifts: Human-Organization-Systems Integration

J. Manganelli. Designing complex, interactive, architectural systems with CIAS-DM: A model-based, human-centered, design & analysis methodology. Retrieved on April 9, 2015 from: https://tigerprints.clemson.edu/cgi/viewcontent.cgi?article=2250&context=all_dissertations
C. Millerand K. J. Vicente, "Comparison of display requirements generated via hierarchical task and abstraction-decomposition space analysis techniques," International Journal of Cognitive Ergonomics, vol. 5, no. 3, pp. 335-355, 2001.

N. Naikar, A. Moylan and B. Pearce, "Analysing activity in complex systems with cognitive work analysis: Concepts, guidelines and case study for control task analysis," Theoretical Issues in Ergonomics Science, vol. 7, no. 4, pp. 371-394, 2006.

W. Preiser and E. Ostroff, Universal Design Handbook, W. Preiser and E. Ostroff, Eds., New York, NY: McGraw-Hill, 2001
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Paradigm Shifts: Human-Organization-Systems Integration

Concepts and Constructs: Systems-Focused

How can we model/predict the performance of a factory if we cannot predict the
performance of a billiard ball?

“If you know a set of basic parameters concerning the ball at rest, can compute the
resistance of the table (quite elementary), and can gauge the strength of the impact,
then it is rather easy to predict what would happen at the first hit. The second impact
becomes more complicated, but possible; and more precision is called for. The
problem is that to correctly computer the ninth impact, you need to take account of
the gravitational pull of someone standing next to the table (modestly, Berry’s
computations use a weight of less than 150 pounds). And to compute the fifty-sixth
impact, every single elementary particle in the universe needs to be present in your
assumptions! An electron at the edge of the universe, separated from us by 10 billion
light-years, must figure in the calculations, since it exerts a meaningful effect on the
outcome. (p. 178)

Taleb, N. N. (2010). The black swan: the impact of the highly improbable. 2nd ed., Random trade pbk. ed. New York: Random House Trade Paperbacks

J. Manganelli 41
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J. Manganelli. Designing complex, interactive, architectural systems with CIAS-DM: A model-based, human-centered, design & analysis
methodology. Retrieved on April 9, 2015 from: https://tigerprints.clemson.edu/cgi/viewcontent.cgi?article=2250&context=all_dissertations
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Socio-Technical Systems

J

J. Manganeli. Designingcomplex; interactive, architectural systerms with CIAS-DIVI: A modekbased, humarn-centered, design& analysis methodology. Retrieved on April 9, 2015 from: hitps:/tigerprints demson.edulcgifviewoontent cgi?artice=2250&context=all_dissertations
G. Fischer and T. Hermann, "Socio-technical systems: A meta-design perspective," /nternational Journal for Socio-tec. logy and Knowledge Deve ent, vol. 3, no. 1, pp. 1-33, 2011
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J. Manganeli. Designingcomplex; interactive, architectural systems with CIAS-DIVI: A modekbased, humarn-centered, design& analysis methodology. Retrieved on Apiil 9, 2015 from: hitps:/tigerprints demson.edulcgifviewoontent cgi?artice=2250&context=all_dissertations
G. Fischer and T. Hermann, "Socio-technical systems: A meta-design perspective," /nternational Journal for Socio-tec. logy and Knowledge Deve ent, vol. 3, no. 1, pp. 1-33, 2011
F.W. Geels,"Fromsectoral systems of innovationto sociotechnical systems: Insights about dynamics and change from sociology andinstitutional theory,” Research Policy, vol. 33, no. 6-7, pp. 897-920,2004.
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Systems Modeling
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Requirements Development

Needs/ Use
Wants Goal(s) Cases Scenarios Tasks Requirements

1. Validation (are we building the right thing) vs Verification
(are we building the thing the right way)

1. building systems commissioning is the latter, not
the former

2. ASHRAE Guideline 0 OPR/BOD are AECOOQ tools
to structure and manage Validation process

2. Need to adopt more systematic approaches to
requirements elicitation, definition, and validation and be
more correct, consistent, and complete)

Need to stabilize requirements
Need to maintain traceability of requirements if possible
Need to link requirements to BIM/BEM/Systems models

AECOO Dnrn;éin Knowledge Filt
filtered through applicable codes,

AN

Cleaned up, shared, validated (trustable and useful) project constructs and measures
Larsen, B., & Buede, D. (2000, July). 7.5. 3 An Application of the CEaVa Method. In INCOSE International Symposium (Vol. 10, No. 1, pp. 688-694). Manganelli, J. (2018). AECNEXT BIMSTORM: Standards and Risk Presentation, Anaheim, CA, USA, June 5, 2018

J. Manganelli 64
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Needs/ Use
Wants Goal(s) Cases Scenarios Tasks Requirements

AECOO Domalin Knowledge Filter + requirements engineering best practices:

filtered through applicabile

Cleaned up, shared, validated (trustable and useful) project constructs and measures
Manganelli, J. (2018). AECNEXT BIMSTORM: Standards and Risk Presentation, Anaheim, CA, USA, June 5, 2018
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J.Manganeli. Designingcormplex interactive, architect.ral systerns with CIAS-DIM: A mode-based, humarrcentered design& analysis methodology. Retrievedon
April9, 2015 from: https:/igerprints. demson.edu/ogifviewcontent ogi?artice=2250&contexi=all_dissertations

Larsen, B., & Buede, D. (2000, July). 7.5. 3 An Application of the CEaVa Method. In INCOSE International Symposium (Vol. 10, No. 1, pp. 688-694)
R. F. Larsen and D. M. Buede, "Theoretical framework the Continuous Early Validation(CEaVa) method," Journal Systems Engineering, vol. 5, no.
3, pp. 223-241, 2002

Needs/ Use
Wants Goal(s) Cases Scenarios Tasks Requirements

AECOO Domz
filtered thrc

Cleaned up, shared, validated (trustable and useful) project constructs and measures
Manganelli, J. (2018). AECNEXT BIMSTORM: Standards and Risk Presentation, Anaheim, CA, USA, June 5, 2018
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R. F. Larsen and D. M. Buede, "Theoretical framework the Continuous Early Validation(CEaVa) method," Journal Systems Engineering, vol. 5, no.
3, pp. 223-241, 2002

Needs/ Use
Wants Goal(s) Cases Scenarios Tasks Requirements

AECOO Domz
filtered thrc

Cleaned up, shared, validated (trustable and useful) project constructs and measures
Manganelli, J. (2018). AECNEXT BIMSTORM: Standards and Risk Presentation, Anaheim, CA, USA, June 5, 2018
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Requirements Development

Needs/ Use
Wants Goal(s) Cases Scenarios Tasks Requirements

AECOO Domdin Knowledge Filter + rr:quirr.-n'l:rmts engineering best practices:

filtered through

Cleaned up, shared, validated (trustable and useful) project constructs and measures
Manganelli, J. (2018). AECNEXT BIMSTORM: Standards and Risk Presentation, Anaheim, CA, USA, June 5, 2018
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Project

Complex, Interactive, Architectural Systems

Design Methodology (CIAS-DM)

CIAS-DM explores, maps, and then focuses and refines the project scope

J.Manganeli. Designingcomplex, interactive, architect.ral systerms with CIAS-DIVI:A modie-based, humarn-centered, design& analysismethodology. Retrieved on April 9, 2015 from: https:/igerprints. demson.edu/cgiiiewoontent ogi?articde=2250&.contexi=all_dissertations
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Socio-Technical Information
Ecosystem

Requirements Development

Individual Role* and Define
Associated Technologies and Skills

5]
Physical-Cognitive-Interaction Niche Checklist

Activity Space Checklist ¥ Performance Design Checklist !
¢ problem constraints (subgoal  right people
structure implicit in a task) * right “artifact ecology”
» physical space of task ¢ simplicity (right stuff, right
» actions agent can perform in form) Performance Performance
space « locality (right place, right time) Design [3] Design [3]
* concepts, plans, other intellectual « tempo (right pace, right ‘
or representational resources duration)
avaialable in the environment « right information to make
e concepts, plans, other intellectual spatial
or representational resources * how to make right information
avaialable in agents spatial?

Manganeli,J. (2016). ‘Designingfor Complex, Interactive Architect.ral Ecosysterms: Developingthe EcologicalNiche Constuction Desigh Checdist”Posteratthe Academy of Neurascience for Architecture Corfierence 2016, La Jola, CA. Sept 2224, 2016,
Manganel, J.(2015). Tendingthe Artifact Ecology: Cultivating Architediural Ecosysterns:” Retrievedirom: hitp/datastructureformdesign.com’2015/1004/%ending-he-arfifactecology-cuttivaing-architeciural-ecosystems/

3-Kirsh, D.(2001).‘Changingthe rues: Architeciure andthe new millennium,” Convergence: ThelIntemational Joumal of Research into New Media Technologies, vol. 7, no. 2, pp. 113-125.

5-Kirsh, D. DesigninaWorid Gone Digital, San Diego, CA: ANFA, Interface Series Lectures, 2010.

Rasmussen, J. (1983). Skils, rukes, and knowledge; signals, signs, and symbals, and atherdistincions in human perfomance models. [EEE fransadtions on systems, man, and cybemetics, (3), 257-266.
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from Rasmussen's Abstract
Decomposition Space Diagram

from HFES definition of human factors

Manganeli,J. (2018). “Agents’ Cognitioninthe Smart City: Agent Architecture Assessment Framework.”Posterwith extended abstractat the Academy of Neurosciencefor Architecture Conference 2018, La Jolla, CA. Sept. 19-21,2018.
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Prototypes

Implementation
Look and Feel
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Optimization

Customel

satisfaction

- detailed
Attractiveness requirements - measurable

- adjustable
- latent needs
- big risk, big reward

L.

ol

requirement
not fulfilled

L=~

- Must-be requirements implied

- intuitively cbvious

- may be tacit

- intuitively cbvious once revealed

Customer

dissatisfied

Rasmussen, J. (1983). Skills, rules, and knowledge; signals, signs, and symbols, and other distinctions in human performance models. IEEE transactions on systems, man, and cybemetics, (3), 257-266.
Kano, M., Hasebe, S., Hashimoto, |., & Ohno, H. (2001). A new multivariate statistical process monitoring method using principal component analysis. Computers & chemical engineering, 25(7-8), 1103-1113.
https://en.wikipedia.org/wiki/MoSCoW_method
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Manganelli, J. (2018). AECNEXT BIMSTORM: Standards and Risk Presentation, Anaheim, CA, USA, June 5, 2018
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This concludes The American Institute of Architects
Continuing Education Systems Course

Joe Manganelli, AIA, LEED BD+C, PhD jmanganelli@xplrdesign.com

Architect, human factors consultant joe.manganelli@fluor.com

jmangane@kent.edu
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