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2 2] (Association Rule) :
m - #ze s 0 X->Y eAih s A gjﬂl:ipx S il S o
s X D ARAEE Y RS SE
RN R T - M= N 2 ﬁﬁ# -> iF
Zom VBRI ART A AR R g BRI
TEed BAAEFE2FEF - Tl
n I RBMRAE o €% D AEFR T AR EAR
FZBhioetg o RIpHIEFR oo
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£ +# & (Support) :
- *%f”’%‘i: {X, Y} hmenw il Tepe § X2 Y s
Support( X->Y ) =P(X,Y)
s PR RERMATE ) P
s FI* B L FR K EE (minsup, minimum support)
RPIGF 8L g il IR 5 R AR
f O F T IR SRR TR TR 7 AR
Support( {X, Y} ) >= minsup
= G4e i minsup = 5% {F > #Fpen i 45 2 = 800/10000 = 8% -
{F# > fg e penl 5 & = 100/10000 = 1% -
s o {RTF O RFR B AR E R R S AT L
P C R -> R E e E -S> S s S AT .
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# # & (Confidence) :
L7 A SR kAT R X B EET BB Y F A sk
Confidence (X->Y )=P(Y | X)=P(X,Y)/P(X)
TR T R SRR T e o o
F1* B ¥ F_& a3k 2@ (mincon, minimum confidence)
kFIR- B EE R
Confidence ( X -> Y ) >= mincon
#]4e ¢ mincon = 70% -
Fe# -> g F e 3k = 800/1000 = 80% -
W -> F# e Gk = 800/2000 = 40% -
FTrL s PR > R F e BR R ARG E D k- B R -
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s %A (Lift) :
s AT XEERT o BTG Y OV
BTG EBERT > 5 Y Sz e
Lift (X->Y)=P(Y|X)/P(Y) = Confidence( X->Y)/P(Y)
s PRI RER AT, pam s AV AR L I AR
= B4 11000 B R > 500 A PR B E - H P 5 450 A e pERER vt
¥ o550 ALy o
s d 3 R > e anv J B 1 450/500 =90% 0 4B g B
n B A%l B AENS500 4 HY ks 5 450 A2 P PERLE o
2, He B4 & 190% o
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HEA RS 190%/[(450+450)/1000] =1 (4p= =)

-



3 AR R - 20185
Uld: 740 A 45

S 7 =+ | - .

3 “=\5‘ ' N Feng-Li Lian @ NTU-EE

m K P%ﬁ’%/\ﬂ'ﬁ PR N jt-)im’“l‘ FR]

s M F TP IRREGELTE S - 70% ~ 90% -

- 10



0
e} L
S !
8, D
_ = T
2 =2
- &
)
w0 <
4 s
o -
452
EiN %
Vmf: ¥ c
(o)
T D oW

ﬂxuﬁ./l

11



8 A5 - 2018S

i ﬁi ’gﬁ ZIE—} l‘L '?,:3 7}’2’2 AN LZI\'; Eﬁ: Uld: 3 0a i 4 47
Feng-Li Lian @ NTU-EE

Low st e freni i 2 0 arules & arulesViz
= Apriori v Eclat : & B P S4B 8 £ 2 B RAF E 2 eh P RSk o

= install.packages( "arules" # =% % arules #ic g8 & &
ha

= library( arules ) # 4~ arules grag %

= apriori( data, parameter = NULL, appearance = NULL, control = NULL )
= eclat( data, parameter = NULL, control = NULL )

= parameter: support = 0.1, confidence = 0.8, maxlen = 10, minlen =1,
target = “rules” / "frequent itemsets”
= appearance: X ( Ilhs = "beer” ), Y (rhs = "milk™)

= control: sort =1 (&), sort = -1 (*%) 1



7B

library( arules )

data( "Groceries" )

summary( Groceries )
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# ;“ ~ arules #:48 & ¢

# P~ Groceries 7T

> summary( Groceries )

most frequent 1items:
whole milk other vegetables
2513 1903

element (itemset/transaction)
sizes
1 2 3 4 5 6 7 8
2159 1643 1299 1005 855 645 545 438
21 22 23 24 26 27 28 29
11 4 6 1 1 1 1 3

Median
3.000

Min. 1st Qu.
1.000 2.000

Mean 3rd Qu.
4.409 6.000

labels Tlevel2 Tlevell
1 frankfurter sausage meat and sausage
2 sausage sausage meat and sausage
3 Tiver Tloaf sausage meat and sausage

9

350 246 182 117 78 77 55

32
1

Max.
32.000

includes extended item information - examples:

transactions as itemMatrix in sparse format with
9835 rows (elements/itemsets/transactions) and
169 columns (items) and a density of 0.02609146

rolls/buns
1809

length distribution:

10

soda yogurt (other)
1715 1372 34055
11 12 13 14 15 16 17 18 19 20

46 29 14 14 9

-13
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= inspect( Groceries[ 1:10 ] )

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

> inspect( Groceries[ 1:10 ] )

items

{citrus fruit,semi-finished bread,margarine,ready soups}

{tropical fruit,yogurt,coffee}

{whole milk}

{pip fruit,yogurt,cream cheese ,meat spreads}

{other vegetables,whole milk,condensed milk,long 1ife bakery product}
{whole milk,butter,yogurt,rice,abrasive cleaner}

{rolls/buns}

{other vegetables,UHT-milk,rolls/buns,bottled beer,liquor (appetizer)}
{pot plants}

[10] {whole milk,cereals} 1

- 14
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= rulesO <- apriori( Groceries, parameter = list( support = 0.001,
confidence = 0.5) )

Apriori

Parameter specification:

confidence minval smax arem aval originalSupport maxtime support minlen maxlen target ext
0.5 0.1 1 none FALSE TRUE 5 0.001 1 10 rules FALSE

Algorithmic control:
filter tree heap memopt load sort verbose
0.1 TRUE TRUE FALSE TRUE 2 TRUE

Absolute minimum support count: 9

set item appearances ...[0 item(s)] done [0.00s].

set transactions ...[169 item(s), 9835 transaction(s)] done [0.00s].
sorting and recoding items ... [157 item(s)] done [0.00s].

creating transaction tree ... done [0.00s].

checking subsets of size 1 2 3 4 5 6 done [0.01s].

writing ... [5668 rule(s)] done [0.00s].

creating S4 object ... done [0.00s].

- 15
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= rulesO
= inspect( rulesO[ 1:10])

> rulesO
set of 5668 rules

> inspect( rulesO[ 1:10 ] )

Ths rhs support confidence 1ift
[1] {honey} => {whole milk} 0.001118454 0.7333333 2.870009
[2] {tidbits} => {rolls/buns} 0.001220132 0.5217391 2.836542
[3] {cocoa drinks} => {whole milk} 0.001321810 0.5909091 2.312611
[4] {pudding powder} => {whole milk} 0.001321810 0.5652174 2.212062
[5] {cooking chocolate} => {whole milk} 0.001321810 0.5200000 2.035097
[6] {cereals} => {whole milk} 0.003660397 0.6428571 2.515917
[7] {jam} => {whole milk} 0.002948653 0.5471698 2.141431
[8] {specialty cheese} => {other vegetables} 0.004270463 0.5000000 2.584078
[9] {rice} => {other vegetables} 0.003965430 0.5200000 2.687441
[10] {rice} => {whole milk} 0.004677173 0.6133333 2.400371

- 16
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support: 0.001 -> 0.005

= rulesl <- apriori( Groceries, parameter = list( support = 0.005,

confidence = 0.5) ) > rulesl

= rulesl set of 120 rules

s confidence: 0.5 -> 0.6

s rules2 <- apriori( Groceries, parameter = list( support = 0.005,

confidence = 0.6 ) ) > rules2

= rules2 set of 22 rules

= confidence: 0.6 -> 0.64

= rules3 <- apriori( Groceries, parameter = list( support = 0.005,
confidence = 0.64 ) )

> rules3

= rules3 set of 4 rules

- 18
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= Support = 0.005, confidence = 0.64
= rules3 <- apriori( Groceries, parameter = list( support = 0.005,
confidence = 0.64 ) )

= rules3

> rules3

set of 4 rules

= inspect( rules3 )

> inspect( rules3 )

Ths rhs support confidence Tift
[1] {butter,whipped/sour cream} => {whole milk} 0.006710727 0.6600000 2.583008
[2] {pip fruit,whipped/sour cream} => {whole milk} 0.005998983 0.6483516 2.537421
[3] {pip fruit,root vegetables,other vegetables} => {whole milk} 0.005490595 0.6750000 2.641713
[4] {tropical fruit,root vegetables,yogurt} => {whole milk} 0.005693950 0.7000000 2.739554

- 19
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= rules.sorted_sup <- sort( rules0, by = "support" )

= inspect( rules.sorted_sup[ 1:5])

P AR - 2018S
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> inspect( rules.sorted_sup[ 1:5 ] )
Ths

[1] {other vegetables,yogurt}

[2] {tropical fruit,yogurt}

[3] {other vegetables,whipped/sour cream}
[4] {root vegetables,yogurt}

[5] {pip fruit,other vegetables}

rhs

=> {whole
=> {whole
=> {whole
=> {whole
=> {whole

milk}
mi 1k}
milk}
mi 1k}
milk}

support confidence 1ift

0.02226741 0.5128806
0.01514997 0.5173611
0.01464159 0.5070423
0.01453991 0.5629921
0.01352313 0.5175097

2.007235
2.024770
1.984385
2.203354
2.025351

- 20




P AR - 2018S

::‘l— ‘% 527.1 :EE ? j»l;.}i #iﬁ;lj Uld: Fdlad 54 49

Feng-Li Lian @ NTU-EE

= rules.sorted_con <- sort( rulesO, by = "confidence" )

= inspect( rules.sorted_con[ 1:5])

> inspect( rules.sorted_con[ 1:5 ] )

Ths rhs support confidence 1ift
[1] {rice,sugar} => {whole milk} 0.001220132 1 3.913649
[2] {canned fish,hygiene articles} => {whole milk} 0.001118454 1 3.913649
[3] {root vegetables,butter,rice} => {whole milk} 0.001016777 1 3.913649
[4] {root vegetables,whipped/sour cream,flour} => {whole milk} 0.001728521 1 3.913649
[5] {butter,soft cheese,domestic eggs} => {whole milk} 0.001016777 1 3.913649

-21
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= rules.sorted_lift <- sort( rulesO, by = "lift" )

= inspect( rules.sorted_lift[ 1:5])

B A5 - 2018S
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> inspect( rules.sorted_1ift[ 1:5 ] )
Ths

[1] {Instant food products,soda}

[2] {soda,popcorn}

[3] {flour,baking powder}

[4] {ham,processed cheese}

[5] {whole milk,Instant food products}

=>
=>
=>
=>
=>

rhs support

{hamburger meat} 0.001220132
{salty snack} 0.001220132
{sugar} 0.001016777
{white bread} 0.001931876
{hamburger meat} 0.001525165

confidence 1ift

0.6315789
0.6315789
0.5555556
0.6333333
0.5000000

18.99565
16.69779
16.40807
15.04549
15.03823

- 22
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> inspect( rules.sorted_sup[ 1:5 ] )

Ths rhs support confidence Tift
[1] {other vegetables,yogurt} => {whole milk} 0.02226741 0.5128806 2.007235
[2] {tropical fruit,yogurt} => {whole milk} 0.01514997 0.5173611 2.024770
[3] {other vegetables,whipped/sour cream} => {whole milk} 0.01464159 0.5070423 1.984385
[4] {root vegetables,yogurt} => {whole milk} 0.01453991 0.5629921 2.203354
[5] {pip fruit,other vegetables} => {whole milk} 0.01352313 0.5175097 2.025351
> inspect( rules.sorted_con[ 1:5 ] )

Ths rhs support confidence T1ift
[1] {rice,sugar} => {whole milk} 0.001220132 1 3.913649
[2] {canned fish,hygiene articles} => {whole milk} 0.001118454 1 3.913649
[3] {root vegetables,butter,rice} => {whole milk} 0.001016777 1 3.913649
[4] {root vegetables,whipped/sour cream,flour} => {whole milk} 0.001728521 1 3.913649
[5] {butter,soft cheese,domestic eggs} => {whole milk} 0.001016777 1 3.913649

> inspect( rules.sorted_1ift[ 1:5 ] )

[1]
[2]
[3]
[4]
[5]

Ths

{Instant food products,soda}
{soda,popcorn}

{flour,baking powder}
{ham,processed cheese}

{whole milk,Instant food products}

rhs

{hamburger meat} 0.001220132

{salty snack}

{sugar}

{white bread}

{hamburger meat} 0.001525165

support

0.6315789
0.6315789
0.5555556
0.6333333
0.5000000

0.001220132
0.001016777
0.001931876

confidence 1ift

18.99565
16.69779
16.40807
15.04549
15.03823

-23




B AR k3 - 2018S

/2 /, -
- '];; VlJ 3 Uld: T4l 4 45

Feng-Li Lian @ NTU-EE

s BN & (mustard) sud SHRP] 2

= rules4 <- apriori( Groceries, parameter = list( maxlen = 2, support =
0.001, confidence = 0.1 ), appearance = list( rhs = "mustard", default =
"lhs" ) )

= rules4

= inspect( rules4 )

> inspect( rules4 )
Ths rhs support confidence Tift

[1] {mayonnaise} => {mustard} 0.001423488 0.1555556 12.96516

- 24
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itemsets_apr <- apriori( Groceries, parameter = list( support = 0.001,

target = "frequent itemsets" ), control = list( sort = -1) )

itemsets_apr

inspect( itemsets_apr[ 1:5] )

> jtemsets_apr

set of 13492 itemsets

items
[1] {whole milk}

[3] {rolls/buns}
[4] {soda}
[5] {yogurt}

> inspect( itemsets_apr[ 1:5 ]

support
0.2555160

[2] {other vegetables} 0.1934926

0.1839349
0.1743772
0.1395018

)

- 26
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R SR S SRR E AR S

itemsets_ecl <- eclat( Groceries, parameter = list( minlen = 1, maxlen =

3, support = 0.001, target = "frequent itemsets" ), control = list( sort =

-1))

itemsets_ecl

inspect( itemsets_ecl[ 1:5 ]

)

> itemsets_ecl
set of 9969 itemsets
> inspect( itemsets_ecl[ 1:5 ] )
items support

[1] {whole milk,honey} 0.001118454
[2] {whole milk,cocoa drinks} 0.001321810
[3] {whole milk,pudding powder} 0.001321810
[4] {tidbits,rolls/buns} 0.001220132
[5] {tidbits,soda} 0.001016777 -7
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= install.packages( "arulesViz" ) # % % arulesViz st =

= library( arulesViz ) # f ~ arulesViz #- %8 = 2

= rules5 <- apriori( Groceries, parameter = list( support = 0.002,

confidence = 0.5) )

Scatter plot for 1098 rules

= rules5 .
6
= plot( rules5 ) 08 -

5
] #‘Ei%g}i;}ﬂff; VS?§L}§ %o_?—. |,
06 :’ -3
N ,

05 iE | | | |

0.005 0.01 0.015 0.02 ift

support -29
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= plot( rules5, measure = c( "support”, "lift" ), shading = "confidence" )

n HACER CAFRVSEAR

lift

Scatter plot for 1098 rules

? —
0.85
6 — 08
075
5 —
- [ O?
*
4" - 065
‘%, — 06
3 - 3@, St
— 055
2 —
T T T T
confidence

0.005 0.01 0.015
support

0.02
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plot( rules5, interactive =T )

#
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plot( rules5, control = list( main = "Two key plot" ), shading = "order" )

= # Two-key #cBER (BRePp ¢ ARIE © S enfBaTAR 5 )

Scatter plot for 1098 rules

7
6
08
5
07 — = L4
s - 3
06 - ¢
*
AX - 2
0. 0. L,
05 P
| | | | _
0.005 0.01 0.015 0.02 it
support
inspect filter zoom in Zoom out end

confidence

Two key plot

08

0.7 1

06

05

Sa by by *
LS T - *
tfasissniag ot
'+ * -
*8,

('././‘/::.}“. ¢
".%o‘io.:o' °r
P00 % ’.’ . .
3 . e .
.

/

(7
1z
... .:.:.. *
[ ¥

@ order 5

@ order 4

order 3

order 2

T T T
0.005 0.01 0.015
support

0.02
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plot( rules5, method = "group" )

lift

¢ (color)

support, g

|- (size)

)
—

W

2

4
v
o

&-\’
2y

#

Grouped matrix for 1098 rules

sa|nl g9

sa|ni g9

s8Nl g

s8Nl |4

s8N gg

size: support
color: lift

RHS

{whipped/sour cream}

- {sway op+ 'sajqeiabaa tayio}

sa|n GG - {sway ge+ 'unbod}

- {sway op+ 'sa|qeiabaa layio}
- {swa) op+ 'sa|qejalbisa layio}
- {sway gp+ 'se|qeiabiaa layio}

-{sway ge+ 'sajqeebian tayio}

sa|nl Zgz - {sway gp+ 'sajqelabia n jooi}

s8|nl Zg

sa|nl g - {sway |+ Japng} @]

-{sway so+ 'sajgeiaban tayio)

sa|ni g - {sway gir+ "YW sjoya}

sa|nl g - {sway o+ 'unbod}

sa|nd go| - {sway 7+ 'se|qerabia i jooi}

sl £} - {swap g+ 'L Bjoym}

sa|ru 6z - {sway | |+ "uniy jeoidos}

sa|n g -

{sway zz+ 'sa|qeiabas tayio}

sajni |/ - {sway ge+ | sjoyam}

sajnl p| - {sway g+ 'sajqejafian Jayio}

sajni |z - {sway |Z+ "y sjoyam}

sajni G| - {sway J+ "y sjoym}

sa|n 7 -

{sway g+ 'sajqejaban sayio}

SH1

{tropical fruit}

{root vegetables}

{yogurt}

{soda}

{other vegetables}

{whole milk}
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plot( rules5[

plot( rules5[

Consequent (RHS)

L e e s e e s I B
12345678 91011121314151617181920212223242526272829303132333435363738

i P AL

method

method

method

"paracoord" )

lift

Antaradant (| HSY

"matrix" , measure = "lift" )

"matrix3D" , measure = "lift" )

Parallel coordinates plot for 50 rules

citrus fruit |

whipped/sour cream

rolls/buns

canned vegetables

dishes

roll products

whole milk

cereals

fice

root vegetables

frozen fish

frozen dessert

soda

jam

cake bar

turkey

herbs

pot plants

yogurt

specialty cheese

baking powder

white bread

processed cheese

semi-finished bread

tropical fruit
pasta

other

Position
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