aﬂ‘ Technology Version 0.1
= J | Forge

www.technologyforge.net

Weka Tutorial 5 —

Association

Hadber 53_’54:?:&. CBest

b .. §E e .-'.'.
=y & X ,
F'|r|.-|n_n'|'-tll'-‘l|.|.nr
e
i

™A beer before ted mezng a betker night’s
eleep Tor the wehele farify?”

%E © 2009 — Mark Polczynski Weka Tutorial 5 - Association



Association

Market Basket Analysis

What things tend to
“go together”
in your market basket?

/
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People who bought beer
also usually bought diapers.

Example of

People who bought diapers
also usually bought beer.

/
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Cash Register Checkout Data:

ltems in shopping cart
Time of day

Day of week

Season of year
Method of payment
Location of store

etc...

Associations?

Fact-Based Marketing Strategies:

* Floor plans
* Discounts
* Coupons

* etc...
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TPONTPNom.xls dataset:

Outlook Temp. Humidity Windy Play
sunny hot high false no
sunny hot high true no

overcast hot high false yes
rainy mild high false yes
rainy cool normal false yes
rainy cool normal true no

overcast cool normal true yes
sunny mild high false no
sunny cool normal false yes
rainy mild normal false yes
sunny mild normal true yes
overcast mild high true yes
overcast hot normal false yes
rainy mild high true no




Outlook Temp. Humidity Windy Play

sunny hot high false no

sunny hot high true no
overcast hot high false yes

rainy mild high false yes

rainy cool normal false yes

rainy cool normal true no
overcast cool normal true yes

sunny mild high false no

sunny cool normal false yes

rainy mild normal false yes

sunny mild normal true yes .
overcast mild high true yes Attribute
overcast hot normal false yes values

rainy mild high true no

and counts

Outlook Temp. Humidity Windy Play

sunny =5 hot=4 high =7 true=6 yes =9
overcast =4 mild =6 normal =7 false = 8 no=>5

rainy =5 cool =4




Classification:

Input attributes Class
| ) | \
Outlook Temp. Humidity Windy Play
sunny hot high false no
sunny hot high true no
overcast hot high false yes
rainy mild high false yes
rainy cool normal false yes
rainy cool normal true no
overcast cool normal true yes
sunny mild high false no
sunny cool normal false yes
rainy mild normal false yes
sunny mild normal true yes
overcast mild high true yes
overcast hot normal false yes
rainy mild high true no

Goal: Predict whether the person will play, given weather conditions.

E



Outlook . Humidity Windy Play
high false no
high true no
overcast hot high false ves
rainy mild high false For association, we
rainy cool normal false .
rainy cool normal true
overcast cool normal true
sunn mild high false no
rormal | fabe T yes
rainy mild normal false yes
sunny mild normal true yes
overcast mild high true yes
overcast hot normal false yes
rainy mild high true no

Some things that “go together”:
Outlook = sunny AND Temp. = hot go together 2 times,
Outlook = sunny AND Temp. = cool go together only once.
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Outlook:
sunny
overcast
rainy

Two-item sets of
attributes that can
go together

0 Humidity:
true

high
false normal

QE Weka Tutorial 5 - Association 10



Combinations of Outlook Outlook:
and Temperature that sunny

can go together overcast
a2

rainy
3x3=9

Play: Temp:
ves hot
no mild
cool

W'“dy Humldlty

true high
false normal

QE Weka Tutorial 5 - Association 11



All possible
two-item sets

Outlook: 3 1-2: 3x3=9
2-3: 3x2=6

3-4: 2x2=4
4-5: 2x2 =4
5-1: 2x3=6
1-3: 3x2=6
2-4: 3x2=6
3-5: 2x2=4
4-1: 2x3 =6
5-2: 2x3=6

.

Humidity: 2

L
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Humidity = normal and Play = no

- l0utlook ITemn. Humid. |Windy [Play
Temperature = cool and Humidity = normal TEU o
occurs more often than w | 5 % =1 3| o
- = o+ Yy— > -
Temperature = cool and Humidity = high 71 7Vl 8l 95
3 2 2 3 2 3
2 2 2 2 4 0
2 3 2 3 3 2
3 1 1 3 2 2
e - 4 2 3 3 4 2
cool 4 21213 1
Humid. |high 7 3 4 1 3 4
normal 7 | | 3| 4
W 3| 3
- 6 [ 2
m Humidity = normal and Play = yes
occurs more often than




“Support” is the number of instances

where a particular rule is correct. Humid. |Windy |Play

=zl ¢ | _ g

5 4 5 4 6 4 7 7 6 8 9 5

Oulook |[sunny 5 2 | 2 11 3 2 2 | 3 2 | 3

overcast 4 2 1 1 2 2 2 2 4 0

rainy 5 0 3 2 2 3 2 3 3 2

Temp. |hot 4 3 11131 2] 2

mild 6 4 2 3 3 4 2

cool 4 OE 2 2 3 1

3 4 3 4

3 4 6 1

3 3

6 2

Weka Tutorial 5 - Association
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— Temp. Humid. |Windy [Play
; 5
= > — = )
A E HEE B EHE I E
514|514 6|4)17|7]|]6]|]8]19]|S°5
Oulook |[sunny 5 2 2 11 3 2 2 | 3 2 | 3
overcast 4 2 1 1 2 2 2 2 4 10
rainy 5 O3] 212 3]2]3]13]2
Temp. |hot 4 3 1 1 3 2 2
mild 6 4 2 3 3 4 2
cool 4 0| 4 2 2 3 1
Humid. |high 7 314] 3] 4
normal 7 2 | al I?ﬁ I;
Windy |yes 6 Combinations with highest support: ' 3
© 8 Humidity = normal AND Play = yes ai
Play :'125 2 Windy = no and Play = yes




“Confidence” of the association rule

4

“If Humidity = normal, then Play = yes’

Humid. |Windy |Play

is 6/7, or 86%

v |sun
N love
v |rain

N | & |hot
N | o Imild
~ | & |cool
w | ~ |high
N | < [normal
N | o [true
w | = [false

Oulook |[sunny 5

wlw|bh|Nnv]w|bh|N]OYes
R~ |INININ|[olw]luvno

Windy |yes

N W

no

Play yes

normal |7|| I I | I I | | |3|4E:
6
8
9
5

no
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If Play = yes, then Humidity = normal

Confidence of rule

is 6/9, or 67%

Oulook

Humid. |Windy |Play
g
C-I—JE_'CLGJGJ
S|z|lc|lB8|Els]|2|8]|2|=]8]c¢
5454647768@1

Weka Tutorial 5 - Association

Humid. |high 7 | 3| 4
normal 7 | 314
Windy |yes 6
no 8
Play yes 9
no 5

QWL W IR INITWIRAIN

3

(e )R NY)

NIWIR|AIRLINININ]|OW
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THEN

Outlook Temp. Humid. Windy Play
[ % | ] 1
If Humidity = normal, g | o
= > c
IF then Play = yes 9 | 5
Oulook ([sunny 5 " 0.40 | 0.60
lovercact 4 1.00 | 0.00
rair If PIay = yes, 0.60 | 0.40
Temp. |hot . 0.50 | 0.50
] then Humidity = normal 067 1 0.33
coo “ ) 0.75 | 0.25
Humid. |higl 0.57
nor 0.43 | 0.57 0.86§ 0.14
Windy |yes 0.50 | 0.50
no 0.75] 0.25
Play yes 910.22]0.44 0.33 | 0.67
no 510.60| 0.00 0.60 | 0.40

Weka Tutorial 5 - Association
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Outlook Temp. Humid. |Windy [Play F th h |d t t
Two-item set | . [%]_ s SEEIIESHOINS SRt
< B c 4= E o < fe Q 3 17, —
coverage HAHEEHE IR accuracy = 100%
s|lalslalelal7]7l6]8]9o]s
Oulook |sunny 5 2121113121213 3 coverage = >2
overcast | 4 2112 2]2]2 0
rainy 5 ol3]12)12(3}]2]S. 2
Temp. |hot 4121 21|0 3(1]1(3)]2]|2 0 0 0 .
o A EEENE 2 SR EE Two-item set association rules:
cool adl N R iy2 121317 If Temperature = cool,
Humid. |high 713 212[3]4]o0 34|34 o
normal | 7|2 |23 [|1]2]4 3| a6 |1 then Humidity = normal
Windy |yes 61222123 2]3]3 3| 3
- B ER RN A T If Outlook = overcast,
Play yes 9124|3124 )3]3|6]3]3F*6 =
no sI3lol2221[a2]3]2 than Play yes
THEN
TWO_item set Outlook Temp. Humid. Windy Play
@ ©
aCccuracy sl elzl.l=lsl<s|Elolgl.,
2l el sl 2| E|ls|2|e]lE|l=]lg]|ze
IF 5 4 5 4 6 | 4 7 7 6 8 9 5
Oulook [sunny 5 0.40 | 0.40 [ 0.20 | 0.60 | 0.40 | 0.40 | 0.6Quimubiub 0.60
overcast | 4 0.50 [ 0.25 [ 0.25 | 0.50 [ 0.50 | 0.50 0.5 0.00
rainy 5 0.00 [ 0.60 [ 0.40 [ 0.40 | 0.60 [ 0.40 | 0.60m=w=we=¥ 040
Temp. |hot 4 | o050 0.50]0.00 0.75 ] 0.25 | 0.25 [ 0.75 | 0.50 | 0.50
mild 6 [033[0.17]0.50 0.67m 0.50 [ 0.50 | 0.67 | 0.33
cool 4o025[0.25]0.50 o.o 0.50 [ 0.50 | 0.75 [ 0.25
Humid. [high 71043029 0.29]0.43] 057 0.00 0.43]057]0.43] 057
normal 71029029 043]0.124] 029057 043]057]086]0.14
Windy [yes 6 1033[033]0.33]0.17]050]0.33]0.50]0.50 0.50 | 0.50
no 8]038[025[038]038]038[0.25]0.50]0.50 0.75 ] 0.25
Play |yes 91022[044]033]022]044]033]0.33]0.67]033]0.67
no 5 060[0.00[040]040][040[0.20]0.80[0.20]0.60]0.40

/
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Support Confidence

\ _/

Dataset Association Rule

Generator

Predictive apriori association algorithm:

Optimally combines support and confidence into predictive accuracy,

Requires only that user specify number of rules generated.

Weka Tutorial 5 - Association

21



Load

= Weka Explorer

Preprocess | Classify | Cluster | Assodate | Select attributes | Visualize |

dataset

[_aeeiy_]

Selected atiribute

Mame: Play Type: Mominal
Attributes: 5 Missing: 0 (0%G) Distinct: 2 Unigue: 0 (0%G)
Mo, Label Count
1|no 5
Pattern 2| yes

W |[ Visualize All

(o)

Weka Tutorial 5 - Association

TPONTPNom.arff
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~* Weka EBxplorer

PFEDWCESS|ClassiFy Cluster || Assodate || Select atiributes | Visualize

EOX

[ Open fie... ] [

Open URL...

J{

Open DE... ] [ Generate...

Filter

Current relation

Relation: TPONTPMom
Instances: 14

Attributes

tiribute
Show Outlook | ...

relative to Play | °©*

Edit... T2

Type: MNominal
Distinct: 3 Unigue: 0 (0%:)

Label

sunny

[

Count
5

%]

overcast

[ ]

rainy

5

W |[ Visualize All

I |Class: Flay (Mom) '

&

Remowve

Status
Ok

]
. .

[ ]

Weka Tutorial 5 - Association
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~* Weka Explorer

5

Preprocess | Classify | Cluste i

H MFIOFI -

J-T0-C0,9-

Result list {right-didk for

11:23: 56 - Apriori

Assodator output

=== RBun infc

- & Apriori

Class impleghenting the predictive apriori [ More ]
algorithm tymine association rules.

Choose

Ia weka PredictiveApriori
=) assodatior algorithm

# FilteredAssodator

[ Capabilities ]

Weka Tutorial 5 - Association 24



Best 100 rules for

Jutlook=overcast 4 =>» Play=vyes 4 acc: (0.95583) TPONTP dataset

Tenp.=cool 4 ==> Humidity=normal 4 acc: (0.95583)
Humidity=normal Windy=~Ffalse 4 ==> Pl g3 4 goc: {0.95583

21.

23.
24.
23.

Cutloock=sunny
Cutloock=sunny
Cutloock=rainy
Cutloock=rainy
Cutloock=sunny
Cutloock=sunny
Cutloock=sunny

Humidity=high 3 ==> Play=noc 3 accs: (0.92532)

Play=no 3 ==> Humidity=high 3 acc: (0.92532)
Windy=false 3 ==» Play=yes 3 acc: (0.92532)

Flay=yes 3 ==> Windy=falzse 3 accs: (0.92532)
Tenp.=hot 2 ==> Humidity=high Plavy=no 2 acc: (0.86872)
Humidity=normal 2 ==> Play=yes 2 acc: (0.B8872)
Play=yes 2 ==> Humidity=normal 2 acc: (0.B8872)

Cutlook=overcast Temp.=hot 2 ==> Windy=false Play=yes 2 acc: (0.B86872)
Cutloock=overcast Windy=false 2 ==»> Temp.=hot Play=yes 2 acc: (0.86872)

Cutloock=rainy
Cutlock=rainy
Cutloock=rainy

Humidity=high 2 ==> Temp.=mild 2 acc: (0.86872)
Windy=true 2 ==»> Play=no 2 acc: (0.86872)
Play=no 2 ==> Windy=true 2 acc: (0.86872)

Temp.=hot Play=noc 2 ==> (utloock=sunny Humidity=high 2 acc: (0.86872)
Temp.=hot Play=yves 2 ==» (utloock=owvercast Windy=false 2 acc: (0.B86872)
Temp.=mild Humidity=normal 2 ==> Play=yes 2 acc: (0.86872)

Temp.=mild Play=no 2 ==> Humiditwy=high 2 acc: (0.86872)

Tenp.=cool Windy=false 2 ==»> Humiditvy=normal Play=ves 2 acc: (0.88872)

Windy=false

Play=no 2 ==»> (utloock=sunny Humidity=high 2 acc: (0.B8E72)

Temp.=mild Windy=false Play=vyes 2 ==> (utloock=rainy 2 acc: (0.86872)
Humidity=normal 7 ==> Play=ve3 & acc: (0.70415)
Flay=no 5 ==> Humidity=high 4 acc: (0.59669)

Windy=£false

8 ==» Play=ves & acc: (0.56853)

Weka Tutorial 5 - Association 25



11.

13.
14.
15.
la.
17.
18.
15.
20.

Cutloock=overcas > Play=yey 4 acc: [(0.95583)

Tenp.=c~~1 A4 —= G S e -
Humidit yves 4
Cutlook o 3
Cutlook h 3
Cutlook 3 3
Outlook 3

Cutlook
Outlook
Cutlook

igh Play=no 2 acc: (0.86872)
=yes 2 acc: (0.86872)

rmal 2 acc: (0.86872)

Cutlook alse Play=yes 2 acc: (0.B6872)
Cutlook .=hot Play=yes 2 acc: (0.B8ET72)
Cutlook=rainy Humidity=high 2 == Temp.=mild 2 acc: (0.86872)
Cutlook=rainy Windy=true 2 ==> Play=no 2 acc: (0.86872)

Cutlook=rainy Play=no 2 ==> Windy=true 2 acc: (0.86872)

Temp.=hot Play=no 2 ==» (utlook=sunny Humidity=high 2 acc: (0.56872)
Tenp.=hot Play=ves 2 ==» (utloock=overcast Windy=false 2 acc: (0.B6872)
Tenp.=mild Humidity=normal 2 ==> Play=ves 2 acc: (0.B8E72)

Temp.=mild Play=no 2 ==> Humidity=high 2 acc: (0.86872)

Temp.=cool Windy=£false 2 ==> Humiditv=normal Play=yes 2 acc: (0.B6872)

Weka Tutorial 5 - Association
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Assodator output

1.

11.

13.
14.
15.
la.
17.
18.
15.
20.

Outlook=overcast 4 ==> Play=yes 4 acc: (0.95583)
Humidity=normal Windy=falase 4 ==> Play=ves 4 acc: (0.95583)

Cutloock=sunny Play=noc 3 ==> Humidity=high 3 acc: (0.92532)
Cutloock=rainy Windy=false 3 ==> Play=ves 3 acc: (0.92532)

L (i =1 T L | ST r—Tro o 7 = | =2

==» Flay=yes
Cutloock=sunny Play=yes 2 ==»> Humidity=normal 2 acc: (0.86872)

Cutloock=overcast Temp.=hot 2 ==> Windy=false Play=vyes 2 acc: (0.B8ET72)
Cutloock=overcast Windy=false 2 ==> Temp.=hot Play=yes 2 acc: (0.B8ET72)

Cutlook=rainy Humidity=high 2 ==> Temp.=mild 2 acc: (0.86872)
Cutlook=rainy Windy=true 2 ==> Play=no 2 acc: (0.56872)
Cutlook=rainy Plav=no 2 ==> Windy=true 2 acc: (0.56872)

Tenp.=hot Play=no 2 ==» (utloock=sunny Humiditvy=high 2 acc: (0.86872)
Temp.=hot Play=yes 2 ==» (utloock=overcast Windy=false 2 acc: (0.B8ET72)

Tenp.=mild Humidity=normal 2 ==> Play=vyes 2 acc: (0.B8E72)
Temp.=mild PFlay=no 2 ==» Humidity=high 2 acc: (0.86872)

Tenp.=cool Windy=£false 2 ==> Humiditv=normal Play=yes 2 acc: (0.B6872)

Weka Tutorial 5 - Association
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Input attributes Class

[ A ”_l_\

Outlook Temp. Humidity Windy Play

Ta— ] hot high false no
Classification Goal: Predict hot high r— =

whether the person will play, high false ves
given weather conditions. Tild high alse =
rainy cool normal true no

overcast cool normal true yes

sunny mild high false no

o cool normal false es

e mild normal false yes

If Hum'd'ty = normal mild normal true yes

AND Windy = false, mild s - o

then Play = yes hot normal false es
mild high true no

Question: Is there a linkage between classification and association:

4
%E Weka Tutorial 5 - Association



«* weka.gui.Gene

Class implement
algorithm to mine

Weka Tutorial 5 - Association 29



1. Qutlook=overcast 4 == Play=yes 4

13
14

16

17.
18.

1%
20

21.
22.

23

24 .
25.
26.
.
28.

29
30

o o - g A e L

Humidity=normal 7 ==> Play=yes &
Temp.=cool 4 ==> Flay=yes 3
Windy=falase 8 ==> Play=yes &

. Outlook=sunny Windy=false 3 => Play=no 2
. Qutlook=rainy Temp.=mild 3 => Play=yes 2
15.

Temp.=hot Humiditys=hig
. Temp.=mild Windy=true
Humidity=high Windy=t
Temp.=mild & ==> Pla
» Dutlogk=sunny 5 ==> Plg
. Ouctlook=rainy 5 ==» Fl4
Humidity=high 7 ==> P14
Temp.=hot 4 ==> Play=n(
. lemp.=hot 4 ==> Play=y4
Windy=true & ==> Play
Windy=true & ==> Pla
Humidity=high 7 =» Pl4g
Outlook=sunny 5 ==> Pl4

Tree View

. Outlogk=sunny Humidity=high 3 ==> Play=no 3
. Ouctlook=rainy Windy=false 3 => Play=yes 3
. Cutlook=sunny Temp.=hot 2 ==3> Play=no 2

» Dutlogk=sunny Humidity=normal 2 ==> Play=yes 2
. Dutlock=rainy Windy=true 2 ==> Play=no 2

. Temp.=mild Humidity=normal 2 ==> Play=yes 2
. Temp.=cool Windy=falsze 2 ==» Flay=yes 2
10.
11.
12.

acc: (0.97484)
= p—_ 3T484)
acc: (0.96246)
acc: (0.96246)

acc: (0.94114)
acc: (0.94114)
accs: (0.34114)

acc: (0.94114)
acc: (0.94114)
goc: (0.T78559)

acc: (0.64518)

acc: (0.62995)

goo: (0.60023)
acc: (0.60023)

= SUNnn raimy

= narmal

- ~

Weka Classifier Tree Visualizer: 12:38:44 - trees.J48 (TPONT... [= |[B]X]

= false = frue

-

Outlooksrainy 5§ == Playsno 2
» lemp.=mild & =» Flay=no 2
. Windy=false & ==> Play=no 2

acc: (0.50124)

acc: (0.4736)
acoc: (0.42451)

Weka Tutorial 5 - Association

30




Azssodator output

1. Qutlook=overcast 4 == Play=yes 4

o o - gy LA

Humidity=normal Windy=falase

4 == Play=yes 4

tlook=sunny Humidity=high 3 ==> Play=no 3
wouctlook=rainy Windy=false 3 => Play=yes 3
. Cutlook=sunny Temp.=hot 2 ==3> Play=no 2
» Dutlogk=sunny Humidity=normal 2 ==> Play=yes 2
. Dutlock=rainy Windy=true 2 ==> Play=no 2
. Temp.=mild Humidity=normal 2 ==> Play=yes 2

. Temp.=cool Windy=falsze 2 ==» Flay=yes 2

acc: (0.97484)

acc: (D.97484)
acc: (0.96248)
acc: (0.96246)

acc: {0.94114)

acc: (0.94114)

acc: (0.984114)

ace: (0.94114)

acc: (0.94114)

10. Humidity=normal 7 ==> Play=yes &
11. Temp.=cool 4 ==> Play=yes 3

12. Windy=false 8 == Play=yes &

goc: (0.78559)

acc: (0.62518)
acc: (0.62995)

acc:(0.e0023)

13. Outlook=sunny Windy=false

14,
15.
1.
17.
1a.
19.
20.
21.
22.
23.
24 .
25.
26.
.
28.
29.
30.

Qutlook=rainy Temp.=mild 3
Temp.=hot Humiditys=hig
Temp.=mild Windy=true

Humidity=high Windy=try "=°
Temp.=mild & ==> Pla

3 =>» Play=no 2
==%» Play=yes 2

View

Cutlook=sunny 5
Ouctlook=rainy 5
Humidity=high 7

==> Pl4
=¥ Pls
==% P14

Temp.=hot 4 ==> Play=n(
Temp.=hot 4 ==> Play=yy
Windy=true
Windy=true
Humidity=high 7 =» Pl4g
Outlook=sunny 5 ==> Pl4

acc: (0.60023)

= rainy

~

Weka Classifier Tree Visualizer: 12:38:44 - trees.J48 (TPONT... [= |[B]X]

= false = frue

-

Outlooksrainy 5§ == Playsno
Temp.=mild & => Play=no 2
Windy=Ffalse & ==> Play=no

2 acc: (0.50124)
acc: (0.4736)
2 acoc: (0.42451)

Weka Tutorial 5 - Association
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What's the difference between classification and association?

* Inone sense, association is like classification, except that instead of
considering just one attribute as the class attribute, it considers every
attribute and every combination of attributes as a class, and then
performs a form of classification on all possible classes.

* Unlike classification, association does not necessarily consider all
attributes when attempting to create rules, but operates on sub-set
combinations of attributes.

* Association only works on nominal attributes, not numerical attributes,
although numerical attributes can be discretized.



The Weka Experimenter Environment supports
efficient automation of algorithm testing.

~* Weka GUI Chooser

Program \isualizaton Tools Help
Applications
WEKA | =ooe
The University
’ § of Waikato Experimenter
Waikato Environment for Knowledge Anahysis KnowledgeFlow
Version 3.6.0
{c) 1953 - 2008
The University of Waikato Simple CLT
Hamilton, Mew Zealand
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Weka Documentation:

Data Mining: Practical Machine Learning Tools
and Techniques (Second Edition)

[an H. Witten. Eibe Frank

Fan H. Witten & Eibe Frank

Morgan
Kaufimann

MINING
525 pages

Paper
ISBIN 0-12-

08§407-0

Eibe Frank and [an
Witten

Weka Tutorial 5 - Association
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Contact the Author:

Mark Polczynski, PhD
The Technology Forge
mhp.techforge@gmail.com

THANKS!
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