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i 2P (Association Rule) :
m - e i 0 X -S> Y A5 s At AT 11 PORE S Hud o
X D RAEER Y RE RS
w Bl AR RE >
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n AEBMSRE - 6% D AERE VLR KD
FzBPeimg o RipHIEE oo
m T - B REP R BRA
10000 i} % % - 1000 B p-§ Ak * > 2000 i p§ 4 jF)> 500 B REF g o
%0@%%%%%#?Wﬁ’mo@Fﬁ%%%ﬁ?ﬁf°

358 ARt — 2016F

@ ‘—é';. J _)‘ ;I’é:} }i Chap 13:7 4% B A 4%

Feng-Li Lian @ NTU-EE

= L 4F& (Support) :
w Fpe A DX Y P AmT it TR 7 X2 Y gyl
Support( X ->Y ) =P(X,Y)
n PR BRRRR A TR ) et
m JUF ) A IFR K EE (Minsup, minimum support)
%5"1",%3”5%—53?5&?"&5: R g &OARR
BT T NILERCS AR R T AL TR § ]
Support( {X, Y} ) >= minsup
m  Blde D minsup = 5% - {fF > W iFent 5 2 = 800/10000 = 8% -
{f* » % }end % A = 100/10000 = 1% >
o A {RF IR BT A AGlE R R SRR L
Bl DR >R 8 g E > T A BARRIAR R
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¥ 3. & (Confidence) :
For R BRI ER X B2 g T oS Ek Y g A sl
Confidence (X->Y)=P(Y | X)=P(X,Y)/P(X)
FOUGEE T SRR A T, e o
F1* & ¥ JUE ek 2@ (mincon, minimum confidence)
KF - L EE 0 R R
Confidence ( X ->Y ) >= mincon
&[4 ¢ mincon = 70% >
Fe# -> w4 F 7 Gk = 800/1000 = 80% -
2 F-> EJZ?’? v & = 800/2000 = 40% -
SENL 0 IR > E R KR o AEE T R ah- B AR
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# = R (Lift)
ez XeEET™ o BRZ 3 Y 07 o
B I[;,.+,,—r,g»ﬁYmp FoM 2 b E o

Lift (X->Y)=P(Y|X)/P(Y)=Confidence (X->Y)/P(Y)
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= ApriorifrEclat: & BR-EHFR R ELEERERRFEZ DT RIE-

= install.packages( "arules™ ) # % % arules firfg & i*

n library( arules) # {4~ arules i & 2

= 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 ( Ihs = “beer” ), Y (rhs = “milk”)

= control: sort =1 (&), sort = -1 (*%) n
s B 423Nk — 2016F
= %]"i'. ‘% Chap 13:F #4447

' Feng-Li Lian @ NTU-EE

» library( arules) # {4~ arules #rig & 2

= data( "Groceries" ) # P~% Groceries 3 # &

= summary( Groceries )

> summary( Groceries )

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

most frequent items:
whole milk other vegetables rolls/buns soda yogurt (Other)
2513 1903 1809 1715 1372 34055

element (itemset/transaction) length distribution:
sizes
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2159 1643 1299 1005 855 645 545 438 350 246 182 117 78 77 55 46 29 14 14 9
21 22 23 24 26 27 28 29 32
11 4 6 1 1 1 1 3 1

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.000 2.000 3.000 4.409 6.000 32.000

includes extended item information - examples:

labels level2 levell
1 frankfurter sausage meat and sausage
2 sausage sausage meat and sausage

3 liver loaf sausage meat and sausage -12
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» inspect( Groceries[ 1:101])

> inspect( Groceries[ 1:10 ] )
items

[1] A{citrus fruit,semi-finished bread,margarine,ready soups}

[2] A{tropical fruit,yogurt,coffee}

[31 {whole milk}

[4] A{pip fruit,yogurt,cream cheese ,meat spreads}

[5]1 {other vegetables,whole milk,condensed milk,long life bakery product}
[6]1 {whole milk,butter,yogurt,rice,abrasive cleaner}

[71 A{rolls/buns}

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

[91 {pot plants}
[10] {whole milk,cereals} 1

-13
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m 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].

-14
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> rulesO

set of 5668 rules

> inspect( rulesO[ 1:10 ] )

lhs rhs support
[1] <{bhoney} => {whole milk} 0.001118454
[2] {tidbits} => {rolls/buns} 0.001220132
[31 {cocoa drinks} => {whole milk} 0.001321810
[4] {pudding powder} => {whole milk} 0.001321810
[51 {cooking chocolate} => {whole milk} 0.001321810
[6]1 A{cereals} => {whole milk} 0.003660397
[71 {am} => {whole milk} 0.002948653
[81 {specialty cheese} => {other vegetables} 0.004270463
[9] A{rice} => {other vegetables} 0.003965430
[10] {rice} => {whole milk} 0.004677173

confidence lift

0.7333333
0.5217391
0.5909091
0.5652174
0.5200000
0.6428571
0.5471698
0.5000000
0-5200000
0.6133333

2.870009
2.836542
2.312611
2.212062
2.035097
2.515917
2.141431
2.584078
2.687441
2.400371
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= support: 0.001 -> 0.005

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

confidence = 0.5)) > rulesl

s rulesl

set of 120 rules

s confidence: 0.5 -> 0.6

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

confidence = 0.6) ) > rules2

s rules2 set of 22 rules

s confidence: 0.6 -> 0.64

m rules3 <- apriori( Groceries, parameter = list( support = 0.005,

confidence = 0.64) )

> rules3

s rules3 set of 4 rules

-17
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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 )

lhs rhs support confidence lift
[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]1 {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

-18
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» rules.sorted sup <- sort( rulesO, by = "support" )

= inspect( rules.sorted _sup[ 1:5])

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

lhs rhs support confidence lift
[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]1 {pip fruit,other vegetables} => {whole milk} 0.01352313 0.5175097 2.025351

-19
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= rules.sorted _con <- sort( rulesO, by = "confidence" )

= inspect( rules.sorted _con[ 1:51])

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

lhs rhs support confidence lift
[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

-20
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rules.sorted_lift <- sort( rulesO, by = "lift")

inspect( rules.sorted_lift[ 1:51])

> inspect( rules.sorted lift[ 1:5 ] )

lhs rhs support confidence lift
[1] {Instant food products,soda} => {hamburger meat} 0.001220132 0.6315789 18.99565
[2] {soda,popcorn} => {salty snack} 0.001220132 0.6315789 16.69779
[3] {flour,baking powder} => {sugar} 0.001016777 0.5555556 16.40807
[4] {ham,processed cheese} => {white bread} 0.001931876 0.6333333 15.04549
[51 {whole milk, Instant food products} => {hamburger meat} 0.001525165 0.5000000 15.03823

-21
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> inspect( rules.sorted_sup[ 1:5 ] )

lhs rhs support confidence lift
[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]1 {pip fruit,other vegetables} => {whole milk} 0.01352313 0.5175097 2.025351
> inspect( rules.sorted_con[ 1:5 7 )

lhs rhs support confidence lift
[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_lift[ 1:5 ] )

lhs rhs support confidence lift
[1] {Instant food products,soda} => {hamburger meat} 0.001220132 0.6315789 18.99565
[2] {soda,popcorn} => {salty snack} 0.001220132 0.6315789 16.69779
[3] {Fflour,baking powder} => {sugar} 0.001016777 0.5555556 16.40807
[4]1 {ham,processed cheese} => {white bread} 0.001931876 0.6333333 15.04549
[5]1 {whole milk, Instant food products} => {hamburger meat} 0.001525165 0.5000000 15.03823 -22
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m BREEEH K (mustard) ead 450 9

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

= rules4

= inspect( rules4 )

> inspect( rules4 )
lhs rhs support confidence lift

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

-23
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= itemsets_apr <- apriori( Groceries, parameter = list( support = 0.001,

P AR R - 2016F

-gc I]j -—\: Chap 13: 74118 2 4 1%

Feng-Li Lian @ NTU-EE

BRmgs 8253 R &7

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

= itemsets_apr

m inspect( itemsets_apr[ 1:5] )

> itemsets_apr
set of 13492 itemsets

> inspect( itemsets_apr[ 1:57 )

Feng-Li Lian @ NTU-EE

items support

[1] {whole milk} 0.2555160

[2] {other vegetables} 0.1934926

[3] {rolls/buns} 0-1839349

[4] {soda} 0.1743772

[5]1 {yogurt} 0.1395018 o5
P RSN 3R — 2016F
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» 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

- 26
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install.packages( "arulesViz" )

library( arulesViz )
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# % % arulesViz %8 & 2

# i\ » arulesViz #ic kg £ i+

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

confidence = 0.5))

rules5
plot( rules5 )
H# AR AFR VST LA

confidence

Scatter plot for 1098 rules

08

07 7 =

£s
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"
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T T T T
0.005 0.01 0.015 0.02
support
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plot( rules5, measure = c( "support”, "lift" ), shading = "confidence" )

HATHR AFRVSEDR

lift

Scatter plot for 1098 rules

e

0.85

08

0.75

07

065

06

0.55

0.005

T T
0.01 0.015
support

002 confidence
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plot( rules5, interactive =T )
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plot( rules5, control = list( main = "Two key plot" ), shading = "order" )

s # Two-key $78LF] (BLFEE d AXJF » F S cnfdsgan 5 )

Scatter plot for 1098 rules
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plot( rules5, method = "group" )

= # FXeR : <] (size): support, zg ¢ (color): lift
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Grouped matrix for 1098 rules

size: support
color: lift

other wegetables, +46 itemns} - 81 rules
other wegetables, +40 items} - 63 rules
other wegetables, +40 items} - 62 rules

yogurt, +38 items} - 55 rules

RHS

{whipped/sour cream}
{tropical fruit}

{root vegetables}
{yogurt)

{soda}

{other vegetables}

{whole milk}
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plot( rules5[ 1:50 ], method

plot( rules5[ 1:50 ], method

plot( rules5[ 1:50 ], method

Mt with 50 rules.

"matrix" , measure
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"life" )

"matrix3D" , measure = "lift" )

"paracoord" )

hatrix with 30 rules

Paraliel coordinates pot fof 50 rufes.
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