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Tutorial Summary

* Engineering the world.......

* The world is not just BLACK and WHITE.
* What does it really mean to be tall ?

* Fuzzy sets and how you create them.

* S0 you think you can boil a perfect egg ?
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How Engineers
Make a World of Difference

You can change the World !
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http://www.youtube.com/watch?v=UZM779jJJFo
http://www.youtube.com/watch?v=UZM779jJJFo
http://www.youtube.com/watch?v=UZM779jJJFo
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ASK IMAGINE PIAN CREATE IMPROVE

Whats the proplem?  What could pe some solutions?  Draw a diggyam.  Follow Your plan and create ®  ake Jour desig
What have others done? Braistorm ides. Make  list of materials Test it outl el petter!
What are the constraints? Choose the pest ofe! You'll heed Test it out!
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« Experts rely on common sense when they solve
problems.

 How can we represent expert knowledge that
uses vague and ambiguous terms in a computer?

* Does a computer understand the difference
petween a young person and an old person ?

 |f we store age as a numeric value then this is
quite precise e.g. age is between 0 and 115

 However if in our data, age has values like old,
medium, and young then this is fuzzy.
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& = Systems are Fuzzy

* We need to be able to create systems that
can cope with fuzzy data

* Fuzzy logic is logic that is used to describe
fuzziness and uses fuzzy sets

A Linear membership function
shows the gradual transition
of membership

» 0 75 Age
0 30 Age g
.. The membership function, pa defines the fuzzy set, A
a1 X — [0,1]
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Professor Lofti Zadeh
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e In 1965 Lotfi Zadeh, published his famous paper “Fuzzy sets”.

e Meet Professor Lofti Zadeh in a short interview when he was

awarded the Benjamin Franklin Medal of Electrical Engineering.

2009

Benjamin Franklin Medal
& in Electrical Engineering
s i Lotfi A. Zadeh

The Franklin Institute
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http://www.youtube.com/watch?feature=player_embedded&v=2ScTwFCcXGo
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0 short tall )
0cm 165 cm 200 cm
height
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c samae Activity: Creating Fuzzy Sets
 All stand up and make a line from smallest
to tallest in terms of height

— Record the height of everyone in your class
— Who is the tallest and the shortest?

— Assuming you have three labels “Tall”,
“Medium” and “Short” assign each person in
the class a label ?

« How did you decided on who goes where ? i.e.
determined the boundaries ?

« Could you agree ?
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g Example of Pupils

Jane 180 \
Alex 177 \
Haider 175 \
Surni 165 \ \
Max 142 \
Jo-ellen 142 N
Kaprisa 140 \
Stephen 139 \
Jo 100 v N
Pei 98 \

So who is Short ? Medium ? Tall ?
4 IEEE



@i Drawing Crisp Sets
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* First draw some crisp sets

1]
Grade
Of
Membership

short medium tall
0 >
0cm 100 cm 165 cm 200 cm
height
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How much do pupils belong in
the fuzzy sets ?

* We need to know the degree in which each
person belongs to the fuzzy sets short,
medium and tall.

* Assume we decide short is any heights
between 0 and 100 cm then the fuzzy set
short is defined as:

(1 — height <0

height
100

0 — height > 100

Short(0,100, height) =| 1

— 0 < height <100
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How much do pupils belong in
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the fuzzy sets ?

S

 Assume we decide tall is any heights
greater that 165cm then the fuzzy set tall is
defined as:

[0 — height <165
height —165

35
| 1 — height = 200

Tall(0,100, height) =

—> 165 < height < 200

This example shows that anyone over 200cm is always definitely Tall !
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* A medium height person may be someone
between 80 cm and 185 cm so we need to

create a triangular fuzzy set to cover this
range.

0 if height <80
height —80
: : 53
dium(height) = <
pMedium(height) 185 — height
52
0 if height >185

if 80 < height <133

if 133 < height <185

Note: 133cm is the midpoint of the triangular fuzzy set !
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IEEE . .
¢ Pupils Membership
Jane 180 0 0 0.43
Alex 177 0 0 0.34
Haider 175 0 0 0.29
Surni 165 0 0.39 0
Max 142 0 0.83 0
Jo-ellen 142 0 0.83 0
Kaprisa 140 0 0.87 0
Stephen 139 0 0.89 0
Jo 100 0 0.38 0
Pei 98 0.02 0 0
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* Now draw your fuzzy sets

Grade
Of
Membership

medium

0 380 100 133 165 185 200

4 IEEE Height in CM



Everyday Fuzzy Words

Can you identify other
fuzzy keywords

that you use
everyday ?
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Crisp input values

{ Fuzafication ]

l

( Fuzzy Inference Engine}

Fuzzy Rule Base

'

[ Defuzzification ]

Crisp output values

FCrlara @ %
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perfect egg ?

The Perfect 0

Egg

S

Soft Boiled.

SOFT MEDIUM
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 Discussion

— How to come up with membership functions,
based on our experience.

 How small is a small egg? How large is a large
egg?
 What is soft ? What is hard ?

— The process of fuzzification will define our
fuzzy sets

— The process of fuzzification
* how long do we actually need to boil the egg ?
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Egg-Boiling Fuzzy Logic
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* This first-prize-winning video was sponsored by the IEEE
Computational Intelligence Society (CIS) in its 2011 Fuzzy
Logic Video Competition

* The IEEE CIS has free rights to use this video as it sees fit

* The video does not infringe any copyrighted materials
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http://www.youtube.com/watch?v=J_Q5X0nTmrA&feature=plcp

«muea EXperiment: Boiling an

Intelligence
Egg
 Boil some eggs

» Make sure you weigh them first !!
* Fill in the table (or similar on Activity Sheet 2)

S




Multiple IF/THEN rules

* A common misconception is that Fuzzy
Logic is an IF/THEN/ELSE statement.

» e.g. if small volume of water in kettle, heat
it for 1 minute to boill; if large volume of
water in kettle, heat for 3 minutes to boill.

* So how long should you boil a kettle if it is
half full ?

 Discuss !
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« Watch an Introduction to Fuzzy Logic..

* How is your life fuzzy ?
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http://www.youtube.com/watch?v=P8wY6mi1vV8

