ID3 Algorithm

ID3(Examples, Target_atiribute, Attributes) .
Examples are the training examples. Target attribute is the attribute whose value is to be
predicted by the tree. Attributes is a list of other attributes that may be tested by the learned
decision tree. Returns a decision rree that correcily classifies the given Examples.

target:
PlayTennis (yes, no)

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:
Outlook=rain A Wind=strong A PlayTennis=no




ID3 Algorithm

ID3(Examples, Target_atiribute, Aitributes) '
Evasnlos anashosnnininaovamples. Targetattribute is the attribute whose value is to bé
attributes divide up the es is a list of other attributes that may be tested by the learned

space of Obj ects ( d ays) ision rree that correcily classifies the given Examples.
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ID3 Algorithm

ID3(Examples, Target_atiribute, Attributes) '
Bussnlos anachosnainivaoxamples. Target attribute is the attribute whose value is to bé
attributes divide up the tes is a list of other attributes that may be tested by the learned

space of Obj ects ( d ays) ision tree that correctly classifies the given Examples.

examples:

. . ° [ ] [ ]
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ID3 Algorithm

ID3(Examples, Target_atiribute, Attributes) ,
wensinineovamples. Targetattribute is the attribute whose value is to bé
attributes divide up the wes is a list of other attributes that may be tested by the learned

space of Obj ects ( d ays) ision tree that correctly classifies the given Examples.

| AEVESPTPRY SNy A

examples: PlayTennis=no
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ID3 Algorithm

ID3(Examples, Target_atiribute, Aitributes) '
wessininaovamples. Targetattribute is the attribute whose value is to bé
attributes divide up the tes is a list of other attributes that may be tested by the learned

space of Obj ects ( d ayS) ision tree that correctly classifies the given Examples.

| AEVESPTPRY SNy A

examples:
. . ° [ ] [ ]
° ° [ ] L ]
o PlayTennis=yes
[ ]
[ ]

Outlook=rain



ID3 Algorithm

ID3(Examples, Target_atiribute, Aitributes) '
Bussnlos anachosnainivaoxamples. Target attribute is the attribute whose value is to bé
attributes divide up the tes is a list of other attributes that may be tested by the learned

space of ObjeCtS (dayS) ision tree that correctly classifies the given Examples.

examples: Outlook=sunny
[ ]
[ ] * * ) )
[ ] * * *
[ N} () L]
. PlayTennis=yes
[ ]
[ ]

Outlook=rain Outlook=overcast



ID3 Algorithm

ID3(Examples, Target_attribute, Attributes)
wemeinivaoxamples. Targetattribute is the attribute whose value is to bé
attributes divide up the tes is a list of other attributes that may be tested by the learned

space of Obj ects ( d ay S) ision rree that correcily classifies the given Examples.

| AEVESPTPRY SNy A

examples:

. PlayTennis=yes

Humidity=normal



ID3 Algorithm

ID3(Examples, Target_attribute, Attributes)
weneinivsoxamples. Targetattribute is the attribute whose value is to bé
attributes divide up the wes is a list of other attributes that may be tested by the learned

space of Ob_l ects ( d ays) ision rree that correctly classifies the given Examples.

| AEVESPTPRY SNy A

examples:
/. 7\ Humidity=high
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Humidity=normal



ID3 Algorithm

e Create a Roor node for the tree

-

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:
* L] [ ]
[ ]
[ ]
[ ]
L] * * [ ]
L] ° [ J L] ° [ o o
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o ® 'PlayTennis=yes




ID3 Algorithm

o If all Examples are positive, Return the single-node tree Roor, with label = +

o If all Examples are negative, Return the single-node tree Roor, with label = —

o Ii Arrributes 1s empty, Return the single-node tree Roor. with label = most common value of

Target_attribute in Examples

(these basically handle degenerate cases)

-

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:
o [ ] L ]
L ]
L ]
[ ]
[ ] * * L ]
[ ] ° [ J L] ° [ o o
* ‘. . ° e o * .0 : [ ] [ J
[ ] [ ]
[ ] ¢ *
[ ] ° (N ]
L ] ® [ ]
L ] . ® o

« * 'PlayTennis=yes




e Otherwise Begin

e A « the attribute from Artributes that best® classifies Examples

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:
o [ ] L ]
L ]
L ]
[ ]
[ ] * * L ]
[ ] ° [ J L] ° [ o o
o ‘. . ° e o * .. : [ ] [ J
[ ] [ ]
[ ] ¢ *
[ ] ° (N ]
L ] ® [ ]
L ] . ® o

o« ® .PlayTennis=yes




e Otherwise Begin

e A <« the attribute trom Artributes that best* classifies Examples

we’ll talk about this later

for now, assume some attribute is more strongly
related to whether we “PlayTennis” than others

attributes:

Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:
o . ® [ ] L ]
[ ]
[ ] * * L ]
[ ] ° [ J L] ° [ o o
* “ . ° e o * ‘0 : [ ] [ J
[ ] [ ]
[ ] ¢ *
[ ] ° (N ]
L ] ® [ ]
L ] . ® o

o ® 'PlayTennis=

yes




e Otherwise Begin

e A <« the attribute trom Artributes that best* classifies Examples

e The decision attribute for Root < A

we’ll talk about this later
for now, assume some attribute is more strongly
related to whether we “PlayTennis” than others

Outlook

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:
o [ ] L ]
L ]
L ]
[ ]
[ ] * * L ]
[ ] ° [ J L] ° [ o o
* “ . ° e o * ‘0 : [ ] [ J
[ ] [ ]
[ ] ¢ *
[ ] ° (N ]
L ] ® [ ]
L ] . ® o

o ® 'PlayTennis=

yes




e Otherwise Begin

e A « the attribute from Artributes that best® classifies Examples

e The decision attribute for Root < A
e For each possible value, v, of A,

Outlook

attributes:
Humidity (high, normal)
Wind (strona,eal)
Outlook ¢ (sunny, overcast, rain)

examples:
o [ ] L ]
L ]
L ]
[ ]
[ ] * * L ]
[ ] ° [ J L] ° [ o o
* ‘. . ° e o * .. : [ ] [ J
[ ] [ ]
[ ] ¢ *
[ ] ° (N ]
L ] ® [ ]
L ] . ® o

« * 'PlayTennis=yes




e Otherwise Begin

e A « the attribute from Artributes that best® classifies Examples

e The decision attribute for Root < A
e For each possible value, v, of A,

e Add a new tree branch below Roor, corresponding to the test A = v;

Outlook
3 A\ .
Sunny Overcast Rain
- | ~

7~ i

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:
o [ ] L ]
L ]
L ]
[ ]
[ ] * * L ]
[ ] ° [ J L] ° [ o o
* ‘. . ° e o * .. : [ ] [ J
[ ] [ ]
[ ] ¢ *
[ ] ° (N ]
L ] ® [ ]
L ] . ® o

« * 'PlayTennis=yes




e Otherwise Begin
e A <« the attribute trom Artributes that best* classifies Examples
e The decision attribute for Root < A
e For each possible value, v, of A,
e Add a new tree branch below Roor, corresponding to the test A = v;
e Let Examples, be the subsct of Examples that have value v, for A

, attributes:
Outlook i
Humidity (high, normal)
/l\ Wind (strong, weak)
> , Outlook (sunny, overcast, rain)
Sunny Overcast Rain
v
- | ™~ examples:
[ ]

Examples,,, - )

o bgtr09k=§unny




e Otherwise Begin
e A <« the attribute trom Artributes that best® classifies Examples
e The decision attribute for Root < A
e For each possible value, v, of A,
e Add a new tree branch below Roor, corresponding to the test A = v;
e Let Examples, be the subset ol Examples that have value v; for A
o If Examples, 1s empty

, attributes:
Outlook .y
Humidity (high, normal)
/l\ Wind (strong, weak)
> , Outlook (sunny, overcast, rain)
Sunny Overcast Rain
v
- | ™~ examples:
[ ]

Exampless,,,, - )

o bgtr09k=§unny




e Otherwise Begin
e A <« the attribute trom Artributes that best® classifies Examples
e The decision attribute for Root < A
e For each possible value, v, of A,
e Add a new tree branch below Roor, corresponding to the test A = v;
e Let Examples, be the subset ol Examples that have value v; for A
o If Examples, 1s empty

e Else below this new branch add the subtree
ID3CE xamples,, . Target_attribute, Attributes — {A}))

* bnd attributes:
Ouilook Humidity (high, normal)
Wind (strong, weak)
> Outlook (sunny, overcast, rain)
Sunny Overcast Rain
P | o examples:

Exampless,,,, ¢ * >

o bgtr09k=§unr:y




e Otherwise Begin

e A <« the attribute from Artributes that best® classifies Examples
!

e The decision attribute for Root < A
e For each possible value, v,, L

* Add anew tree branc racyrsive call to ID3, with

e Let Examples, be th
o If Examples,, 1s emp

- remaining set of examples (Examples

sunny)

- set of attributes MINUS “Outlook”

e Else below this new branch add the subtree

ID3Ctxamples,, . Target _attribute, Attributes — {A}))
|

e End

Outlook

I

Sunny Overcast Rain

v
~ |

Examples

™~

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:

(]

o bl‘ltroc.)k=§unny




e Otherwise Begin
e A <« the attribute trom Artributes that best® classifies Examples

— attributes:
utloo Humidity (high, normal)

/l\ Wind (strong, weak)

Sunny Overcast Rain

< | g examples:

PlayTennis=yes




e Otherwise Begin
e A <« the attribute trom Artributes that best* classifies Examples
e The decision attribute for Root < A
e For each possible value, v, of A,
e Add a new tree branch below Roor, corresponding to the test A = v;

just repeat the steps...

p—— attributes:
utloo Humidity (high, normal)

/l\ Wind (strong, weak)

Sunny Overcast Rain

s | o examples:
Humidity
« ° .
High Normal ° °

PlayTennis=yes




e Otherwise Begin

e A <« the attribute tfrom Artributes that best* cld
e The decision attribute for Roor < A just repeat the steps...
e For each possible value, v, of A,

e Add a new tree branch below Roor, corresponding to the test A = v;

e Let Examples, be the subset ol Examples that have value v; for A

o If Examples, 1s empty

e Then below this new branch add a leal node with label = most common
value of Targer _artribute in Examples

Ontlook attributes:
uroo Humidity (high, normal)
Wind (strong, weak)
Sunny Overcast Rain
S | g examples:
Humidity
/ ° [ ] [
High Normal ° °

PlayTennis=yes




e Otherwise Begin

e A <« the attribute tfrom Artributes that best™ cls

e The decision attribute for Root < A
e For each possible value, v, of A,

jus

t repeat the steps...

e Add a new tree branch below Roor, corresponding to the test A = v;
e Let Examples, be the subset ol Examples that have value v; for A

o If Examples, 1s empty

e Then below this new branch add a leal node with label = most common
value ol Targer ariribute in Examples

Outlook
Sunny Overcast
~ |
Humidity

/ Examples,
High Normal p high _I__L

Rain

™~

attributes:
Humidity (high, normal)
Wind (strong, weak)
examples._ __
/ |
/ Humidity=nigh__
/ ° [ ] .~I
- - e =l

PlayTennis=yes




e Otherwise Begin
e A « the attribute from Arrributes that best® classifies Examples
e The decision attribute for Root < A
e For each possible value, v, qf

* Add anew tree branc recyrsive call to ID3, with

e Let Examples, be th ..

o If Examples,, is empd - F€MAINIng set of examples (E>.<almpleshigh)
- set of attributes MINUS “Humidity”

ID3CE yamples, . Target attribute, Attributes — {A}))

e End

Ontlook attributes:
uroo Humidity (high, normal)
/l\ Wind (strong, weak)
Sunny Overcast Rain
S | Y examples:
Humidity
[ ] [ ]
N\ .
High Normal ° °

PlayTennis=yes




o If all Examples are positive, Return the single-node tree Roor, with label = +
o If all Examples are negative, Return the single-node tree Roor, with label = —

o Ii Artributes 1s empty, Return the single-node tree Roor. with label = most common value of
Target_attribute in Examples

All examples are negative — return “No”

attributes:
Outlook
/l\ Wind (strong, weak)
Sunny Overcast Rain
S | Y examples:
Humidity
/ ° [ ] [ ]
High Normal ° °

PlayTennis=yes




o If all Examples are positive, Return the single-node tree Roor, with label = +
o If all Examples are negative, Return the single-node tree Roor, with label = —

o Ii Artributes 1s empty, Return the single-node tree Roor. with label = most common value of
Target_attribute in Examples

All examples are negative — return “No”

attributes:
Outlook
/l\ Wind (strong, weak)
Sunny Overcast Rain
S | Y examples:
Humidity
/ ° [ ] [
High Normal ° °
/
/
No

PlayTennis=yes




Outlook
Sunny Overcast
e |
Humidity

/o

High Normal

/

No

Rain

attributes:
Humidity (high, normal)
Wind (strong, weak)

examples:

PlayTennis=yes




now just repeat the algorithm

here I'll assume something similar
happens with “Normal” but positive

Outlook
Sunny Overcast Rain
e | N

Humidity

/

No

/o

High Normal
\

\

Yes

attributes:
Humidity (high, normal)
Wind (strong, weak)

examples:

PlayTennis=yes




now just repeat the algorithm...

Outlook
/N -
Sunny Overcast Rain
e | ™~
Humidity
High Normal
No Yes

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:




now just repeat the algorithm...

Sunny

yd

Humidity

/\

High Normal

/ \

No

Outlook

Overcast

Yes

Rain

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)

examples:

Out|00k=r5in‘

.P ayTennis=yes




(eventually) done!

Weak

\

Yes

Outlook
Sunny Overcast Rain
e ~o
Humidity Wind
A Yes A
: Strong
High Normal /
/ \ No
No Yes

attributes:
Humidity (high, normal)
Wind (strong, weak)
Outlook (sunny, overcast, rain)
examples:
o [ ] [ ]
[ ] ® ¢
[ ] ¢ ° ’ [ ] ’ [ ] ¢ ° [ ] o o
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[ ] * o
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« * 'PlayTennis=yes




