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Plan for Today

* What is Machine Learning
* From Data to Wisdom —
» A quick brush over typical ML algorithms -

-

- Example of analyzing large amounts of «
time-series data

* Lecture notes are based on the course
Smart Buildings & Cities from Spring 2017
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What is Machine Learning?
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Machine Learning

“Field of study that gives
computers the ability to learn
without being explicitly
programmed. “

- Arthur Samuel (1959)
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Machine Learning

“Field of study that gives ‘A computer program is said to
computers the ability to learn learn [...], if its performance on
without being explicitly a task improves with
programmed. experience.”

- Arthur Samuel (1959)

- Tom Mitchell (1997)
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“Instead of trying to
produce a programme
to simulate the adult
mind, why not rather try
to produce one which
simulates the child's? ”

Alan Thuring
Father of the Modern Computer
(1912-1954)
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What machine learning
algorithms do YOU know?
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Machine Learning
- Supervised Learning (qu') (Ki ! Xup )(5/';) T -

“Learn mapping from input to output “

. Classification & @& C’{a&g/ﬂ"oul)s
* Regression / Ranking O Nnumuc ACU"CL

Supervised Learning
Algorithms

http://machinelearningmastery.com
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Machine Learning = 9A%SRGE /N = GARIAGE

* Supervised Learning

e )

“ |

INTELLIGENT
Civil, Architectural and I =
Environmental Engineering —

“Learn mapping from input to output “
» C(Classification

* Regression / Ranking

* Unsupervised Learning

h

« “learn patternsin the input”
* Clusteringr—

*  Segmentation

Supervised Learning
Algorithms

http://machinelearningmastery.com

Unsupervised Learning
Algorithms
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Machine Learning

* Supervised Learning

“Learn mapping from input to output “
» C(Classification

* Regression / Ranking

* Unsupervised Learning

* "“Learn patterns in the input”

Supervised Learning
Algorithms

* C(Clustering

*  Segmentati

on n A
* Reinforcement Learning /@Qa'f) h

http://machinelearningmastery.com

! i w U ised Learni
Learn to act from rewards in the absence of examples” ™ g cihme

* Decision process

* Recommendation systems

Prof. Dr. Zoltan Nagy | http://nagy.caee.utexas.edu

10


http://nagy.caee.utexas.edu
http://machinelearningmastery.com
Zoltan Nagy


The University of Texas at Austin

INTELLIGENT
Civil, Architectural and

ENVIRONMENTS
LABORATORY

_
Environmental Engineering —
Cockrell School of Engineering

The DIKW Pyramid

fatscom
The
appropriate

applications
of knowledge

Knowledge

An orderly synthesis of
information

Information

That which leads to understanding
The meaning we assign to fact

Facts, which, by themsSelves, have no meaning

http://jbjs.org/content/82/6/888
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The DIKW Pyramid

Data

Facts, which, by themselves have no
meaning

Wisdom

The
appropriate
applications

of knowledge

Knowledge

An orderly synthesis of
information

Information

That which leads to understanding
e, NEANING WE ASSION 10 TACT e smaness:

Data

Facts, which, by themselves, have no meaning
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The DIKW Pyramid

Information

That which leads to understanding

Wisdom : :
! The meaning we assign to facts

The
appropriate
applications

of knowledge

Knowledge

An orderly synthesis of
information

Information

That which leads to understanding
The meaning we assign to fact

Facts, which, by themselves, have no meaning

http://jbjs.org/content/82/6/888
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The DIKW Pyramid

Knowledge

An orderly synthesis of information
Wisdom

The
appropriate
applications

of knowledge

Knowledge

An orderly synthesis of
information

That which leads to understanding
The meaning we assign to fact

Data

Facts, which, by themselves, have no meaning

http://jbjs.org/content/82/6/888
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The DIKW Pyramid

Wisdom (Insight)

The appropriate applications of knowledge
Wisdom

The
appropriate
applications

of knowledge

An orderly synthesis of
information

Information

That which leads to understanding
The meaning we assign to fact

Data

Facts, which, by themselves, have no meaning

http://jbjs.org/content/82/6/888
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Wisdom

The
appropriate
applications

of knowledge

-+ \\\
Knowledge ag . :
— . \
el T Yaee . \
An orderly synthesis of (@) Seal *\ \
information O Wiy KnOW|9d99 % "\

-

\ “
3 .; ) HOW7 \‘\ ‘\‘
Information LN \ \
__ Information. \ \
That which leads to understanding Rl N % \ '
The meaning we assign to fact . "3 Who, ! )
f“ What, \\ ‘
Data '

Data " when,

Facts, which, by themselves, have no meaning

Understanding
http://jbjs.org/content/82/6/888

http://www.theitsmreview.com
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Goal of Machine Learning

* A good ML algorithm / model should provide a good
generalization
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Goal of Machine Learning

* A good ML algorithm / model should provide a good
generalization

* Consistency with data is a necessary but not a sufficient
condition
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Goal of Machine Learning

* A good ML algorithm / model should provide a good
generalization

* Consistency with data is a necessary but not a sufficient
condition

* Important! All els/algori s have their own set of

assumptions: Inductive bias

Prof. Dr. Zoltan Nagy | http://nagy.caee.utexas.edu 19



http://nagy.caee.utexas.edu
Zoltan Nagy


ENVIRONMENTS
LABORATORY

Environmental Engineering
Cockrell School of Engineering

The University of Texas at Austin INTELLIGENT
Civil, Architectural and I =
|

Goal of Machine Learning

* A good ML algorithm / model should provide a good
generalization

* Consistency with data is a necessary but not a sufficient
condition

* Important! All models/algorithms have their own set of
assumptions: Inductive bias

1.Restriction bias: constrain learning to certain models

2.Preference bias: guide learning to prefer certain
models over others
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Supervised Learning

/\

Classification Regression

http://ipython-books.github.io/images/ml.png
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Supervised Learning - Algorithms
* Linear Regression

* Logistic Regression

+ KNN (k nearest neighbor)

* Naive Bayes Classifier ~

* Decision Trees ¢

* Support Vector Machines -~

* Ensemble Methods
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Linear Regression YefoX=(bo

— Truth
— Estimate
— (|
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Naive Bayes Classifier Probabiies

e —

prior X likelihood
evidence

posterior =
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Decision Trees  lufuehon %ewg
lu (;\,MQJ{');\ gallf\ [s it a mammal?

- es no
yes| IS S€X male? no Y \
/ \ Do people commonly

keep 1t as a pet? [s 1t a kind of bird
is age > 9.57 CSUN'VG(D yes
0.73 36%
no
4 \ a hamster a penguin
Is sibsp > 2 5? .
0.17 61% [s it a farm animal? Does it live

in the ocean?

yes no yes no
(survnved) / \
0-05 2% 0.89 2%

a goat an elephant a squid a spider
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Support Vector Mach\;nes
Y

Class 1 Class 2
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Ensemble Methods

N’° /l:fﬁe LV\MC/L
Thesreun
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Unsupervised Learning /upt

Original unclustered data Clustered data
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http://www.frankichamaki.com/data-driven-market-segmentation-more-effective-marketing-to-segments-using-ai/
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Unsupervised Learning - Algorithm

* k-means clustering
* (self organizing map)

* Similar to Human & Animal learning
* No need for data labeling

e Little information

When we're learning to see, nobody’s telling us what there might answers are - we
just look. (Geoffrey Hinton, 1996)
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K-means clustering

* k-means clustering
* Self organizing maps

http://ipython-books.github.io/images/ml.png
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Bias-variance tradeoff in ML &
* Bias: error due to assumptions

* High bias = underfitting
» Variance: error due to sensitivity of model

* High variance = overfitting
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Approach: Split input data

Training set (70 %) Validation set (30 %)

Underfit /

Generalization

\ (High bias) ror
a Note:
S If choosing between rival models,
L1} Overfit one often uses 3-fold split
' va(:;r%:e) Training: train
, Validation: compare models
l Training error Test: estimate accuracy (no model
tuning anymore here)
Model complexity
{f—>
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Cross-Validation: Split & Repeat
o o4

TestIdata | @~  Training data I——»’
Iteration 1 CC]’..C.OOQ”CQOQ

Iteration 2 I < " FIFFF - J . “‘

[ terstion 3| OO 909999920 0T099009

eration k-4 PO P VD990 9 999D DD DI
¢——— Alldata [——>
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Th

Limbo

Overselling

\V

Post-Hoc Storytelling J//‘/

P-Value Fishing @/

Creative Qutliers

Vi

Vii

VIIl

Plagiarism

Non-Publication

Partial Publication

IX

Inventing Datad/

. .caee.utexas.edu

4 out of 9 deal with
data analysis !!!

Perspectives on Psychological Science
Vol 7, Issue 6, pp. 643 - 644
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Automated daily pattern filtering of measured building performance data

Time of day
S 8 S = 8 Heat Map
S S = = & Discords Legend
B C —3 cc cchmmm ccba == S0 S Jan. 13 g 640
ach mmm acba omm IINEEEEEEEEEEEEN | EEEENEEEEEEER Jan. 3
abc= El e — NN an. ]2 480

_Jan2

e abb mmm AN —N

// Motifs
35 acc acca Jan. 4, 7-11
160

C. Miller, Z. Nagy, and A. Schlueter, Automated Daily Pattern Filtering of
Measured Building Performance Data, Automation in Construction, vol.
49, no. A, pp. 1-17, Jan. 2014.

(e
3]
o
kW Demand
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O Performance ‘ . .
Metric Heating Highting
o Sub-system O
Data ‘ Whole
| . Buildin
Detailed Cooling : .
Ventilation
Sensors Whole Building Level
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O Performance ‘ .

Metric Heating Lighting
® Sub-system O
Data ‘ Whole
. : Buildin
Detailed Cooling S .
Ventilation

Sensors Whole Building Level

Boilers.

Fixtures
P:ms O . Controls
Heating ‘
Heat O Lghting
'. Pumps Whole

O Building"  Ventilation

Cooling O .

Fans

‘ Pumps ‘ Terminal

Units
Sub-Systems Level
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Performance
Metric

O
®

Sub-system
Data

Detailed
Sensors

Pumps

@ O

Heating

Heat
‘ Pumps

Cooling

Pumps

O

Whole
Building"  Ventilation

Lighting

o 2

Cooling Building .
Ventilation

Whole Building Level

Heating

Boilers.

Fixtures

Controls

o
O

Lighting

O o

Fans

‘ Terminal
Units

Sub-Systems Level

Ostatus
Schedule
Status  Command
Supply Temp. ® ®
O
Command @ O Demand
Fixtures
Flowrate O @
@ o Schedule
Setpoint Boilers Controls
O
O. . © Flowrate
Pressure Lighting O
O O O Status
Pumps Heating
O Vent(ilStion O O
Fans Pressure
Flowrate ® Whle Building
Status Terminal O
) Command
O Cooling OUmts
O
Command O Zone T
Heat one Temp.
O p Pumps
Flowrate P O O ® Flowrate
O CO2  Setpoint
Supply ®
Temp. Pressure o O
Detailed Level Setpoint "
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Top-Down whole building analysis

Y

1) Data
preprocessing

Heating Lighting

® ol

Building @

Ventilation

Cooling

| | |
Y Y Y

Bottom-up diagnostics, model fitting, or design-phase feedback
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Top-Down whole building analysis

Y

1) Data 2) SAX
preprocessing transformation
Heating Iﬁhtlng
® ol
Building
Cooling : @
Ventilation

| | |
Y Y Y

Bottom-up diagnostics, model fitting, or design-phase feedback
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Top-Down whole building analysis

Y

1) Data 2) SAX 3) Daily profile
preprocessing transformation tagging and filtering
. . dCCC =
Heating Lighting - I
- dacce
0 O
ac
i ' | acch
) acbm  acham k
abc algg%—
e e
@ whoie ° I° bl el
undmg o 06:00 1200 a 8
Cooling s '” ::;: ggﬁag!
Ventilation aaab o
anl]

| |
Y Y Y
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