BSE Alumni Activity - CPD Lecture and Dinner Gathering on 21 November 2009

Jointly organized by the Department of Building Services Engineering (BSE) and the Alumni
Association of Building Services Engineering (AABSE), an alumni event comprising a CPD
lecture and a dinner gathering was held on 21 November 2009 (Saturday).

BSE Alumni with Prof. Chow at welcome reception

Commenced at 3:30 pm, the event was attended by over 100 alumni of BSE. After giving a
warm welcome at the beginning, Prof. W. K. Chow, Head of Department, shared with the
attendees the history and latest development of BSE including its academic programmes,
research activities and services to the community, followed by highlighting the opportunities for
and the supports needed from BSE alumni.

Welcome by Prof. Chow



Then, a CPD lecture on “Role of Artificial Intelligence in Thermal Science and Engineering as
applied to Building Services Engineering” was delivered by an honorable guest - Professor
Kwang-Tzu Yang, the Viola D. Hank Professor Emeritus of Engineering at Department of
Aerospace and Mechanical Engineering of the University of Notre Dame, USA.

CPD lecture by Prof. K. T. Yang

In the lecture, Prof. Yang explained the theory and principle of artificial intelligence and
presented some of its application examples on Thermal Science and Engineering analyses as well
as BSE-related problems. Finally, he highlighted the prospects of future research and
development in the area of artificial intelligence.

Souvenir presentation to Prof. Yang



Subsequent to the lecture, the former President of AABSE, Mr. Sunny Chan, briefed the alumni
about the objectives of AABSE, its recent development and the upcoming activities. The alumni
were encouraged to join as members of AABSE, participate in alumni activities and contribute to
the continuous development of AABSE.

Introduction to AABSE

After the briefing, nearly 60 alumni stayed behind to join the dinner gathering with some invited
guests and staff of BSE.

Dinner Gathering



This wonderful networking function was ended with plenty of joy at 8:00 pm.

Dinner Toasting

Powerpoint file of the CPD lecture










RATIONALE FOR CREATING AND
DEVELOPING ARTIFICIAL

INTELLIGENCE IN THE SCIENCE
AND ENGINEERING COMMUNITY

 Scientific computations based on rigid physical
laws are too different and cumbersome in
practice, even for simple physical problems

* Hard computing using modern-day computers is
still insufficient and not robust enough to deal
with ever-increasing complexities, such as, for
example, systems involving nonlinearities and
unavoidable uncertainties in real-world
problems

* New computational paradigms are critically
needed. Artificial intelligence (Al)
methodologies have shown very desirable
attributes and are sometimes referred to as
soft computing






SIGNIFICANT IMPACT ON Al
METHODOLOGIES ON

INTELLIGENT BUILDING SYSTEMS

* Much talk in the building industry about
intelligent building systems (IBS), worldwide

» Forgone conclusion that eventually IBS will be

integrated into building performance-based

codes, also worldwide

e The word “intelligent” in IBS only referring to
optimum building design, functions, operations,
and control, i.e., the “Green’ objective,

basically independent of Al per se

 Significance of Al lying in the future broad use of
the efficient Al methodologies to facilitate the
achievement of the “Green” objective, which is

very difficult to do at the present time
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Correlation Functional form
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INTERVAL METHOD

o A completely deterministic algorithm to achieve
global optima with computational certainty

» All real number analysis reduced to interval
counter parts based on truncated Taylor’s
series

* The interval Newton method based on the mean-
value theorem used to find all the roots of the
gradient of the objective function within each
interval containing the global optimum, which
Is then narrowed by driving the region into
subregions, and the search is continued until
the final solution is reached

 Limitations of the method including the
objective function to be at least twice
differentiable and the method is generally
Intensive computationally
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FUZZY LOGIC (FL) AND CONTROL (FLC)

e General Background

FL is now well-established mathematics and
computation based on linguistic, common sense,
inexact and uncertain rules, very different from
probability computations

Fuzziness measures the degree to which some
conditions exist

FL represents a computational methodology that
allows us to obtain solutions from vague,
ambiguous or uncertain information

FL can be used to model any continuous system
accurately, and the models are more useful in
practice

The only logical constraint on FL is that the degrees
of an object’s membership in complementary
groups must sum to unity

FLC performs better than conventional controllers
because of (a) simpler and faster, (b) simplistic
design paradigm,






FUZZY LOGIC CONTROL DEFINITIONS

» FLC steps consist of input fuzzy set, fuzzy rule base,
output fuzzy set, defuzzification, and crisp control
action

Fuzzy sets include input and output sets defined by
memberships and their respective fuzzy values,
where the input set contains fuzzified controlling
variables, while the output set contains the
fuzzified controlled variables

Membership functions are the assigned and
guantified membership values in a fuzzy set,
described by triangles, trapezoids, and others

Rule base refers to a set of IF-THEN statements
defining the fuzzy outcome of control actions.
Each fuzzy rule defines a fuzzy patch

Defuzzification refers to the way a crisp value is
extracted from the output fuzzy set as a
representative value, most commonly based
on the centroid method

An adaptive operation to tune or modify the rule
base may be needed to improve the controller
performance

Free choices in FLC are often based on expert
systems (yet another Al methodology) and
past experience






HYBRID Al ALGORITHMS
Rational for Hybrid Algorithms

Algorithms not competing, but complementary
Increased flexibility to improve Al performance
Functional and component optimization
Enhancement by better learning

Addressing the problem of free parameters

Examples of Hybrid Algorithms
« Automatic generation of ANN architecture
using GA

Adaptive dynamic ANN training using GA to
optimize energy consumption

Neural-fuzzy systems utilizing ANN as tools in
fuzzy models

Fuzzification of ANN in fuzzy-neural networks

Fuzzy-neural hybrid system of effectively
combining two separate systems into one

Use of expert systems and ANN to define initial
membership functions for FLC

Recent Development
» Concentrated in FLC for HVAC applications



PROSPECTS OF Al METHODOLOGIES

FOR TSE APPLICATIONS

» Al applications, with the exception of HVAC
FLC studies, are still relatively new in the
field of TSE. More exposure to the Al
methodologies and good results from them
will undoubtedly encourage others to follow

* In the meantime, TSE problems become
Increasingly more complex and problems that
are very difficult to solve by traditional
analysis are also increasing. It is possible that
approaches by Al analysis may become the
“only game in town”

e The migration of problems from single
phenomena to systems is a good example
where dynamic modeling and robust,
adaptive, and optimal control are badly
needed, and such problems are “natural”
for the Al approaches






CONCLUSION

* Despite the recent development in ANN, their
applications in TSE are still rather limited

The purpose of this talk is to call attention to the
exciting prospect of applying this class of
methodologies to increasingly more difficult
problems in TSE facing our community

| have tried to give very brief ingredients of some
of the ANN and touched on the very promising
results that have been obtained by our own
studies and those from others

Just to be fair, I have also tried to point out some
of the limitations and shortcomings

Finally, I would like to take this opportunity to
recognize the invaluable contribution of my
collaborator and colleague, Professor Mihir
Sen, in all our studies on Al

Thank you for coming
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