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AlQypaupa TTapouaciacng

o Association rules

o Frequent itemset mining
o AAYOpIBuOC A-priori
o AAyOpiBuoc FP-Growth

o BeATIwOEIC



Kavoveg 2uaXETiong

o Aivertal pia Baon dedopEVWY D pe eyypa@EC
TTOU ATTOTEAOUVTAI ATTO OIAPOPA AVTIKEIYEVA.
[l TTapadeiyua:

{wwpi, yaAa, kagpect
{wwyi, caxapn, KAPEG, TUP}

o Kavovag cuoyxéTiong (association rule): pia
QUVETTAYWYN TNS nopenc A — B otTou A kai B
gival guvoAa aTTO AVTIKEIMEVA, TT.X.

{wwyi, yaha} — {axapn, KAPE}

o 2TApIyMa (support, } frequency) cuvoAou
QVTIKEINEVWYV (Itemset) X: TTARNBOC eyypaPpwyv
TNG D 10U TTEPIEXOUV TO Itemset X.
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‘EyKUpoOI KavOoveg

O

support Tou itemset X: #eyypapwyv oTn Baon
dedouEVWY D 1Tou TTEPIEXOUV TO X (~ prob(X) )

support Tou kavova A — B: support Tou AUB

confidence Tou kavova A — B: 0 Aoyoc¢ 1TA8ouc
eyypagwyv otn Bdon D tTou TTEPIEXOUV TO AUB
TTPOC QUTEC TTOU TTEPIEXOUV TO A.

confidence(A — B) = support(AUB) / support(A) = prob[B|A]

Aedopuévne piac database D evdiagepopaoTe va
TTAPAYOUME EYKUPOUG KOVOVEC ONAQDI KAVOVEC
TTou £xouv support and confidence Tavw atro
Katrola dedopeva thresholds t, c.



[Tapadeiyua

abede fgh

1011011 A ={a, h}, B={g}
1001110
1010001 . support(A = B) =2

1

1

0
01100010 . confidence(A = B) = 2/3
11100110
1
0
1
1
1

1011010
1011111
0010111
0011001
0010110



2.UXVA OUVOAQ QVTIKEIMEVWYV

O

Eav 1o support Tn¢ evwonc AUB €ival navw
ano kanoio threshold, T0TE TO Ssupport Tou A
gival olyoupa navw ano auto To threshold
(anti-monotonicity)

'ETol N napaywyn oAwv Twv itemsets pe

support(X) >= t kavel anAo Tov UMOAOYIGHO
Tou confidence(A — B)

Ta itemsets auta ovopalovTal large n
frequent (ouyva)

EUpeon eyKupwv Kavovwyv avayeral otnv
£UPECNC CUXVWV OCUVOAWYV AVTIKEIMEVWYV



EpappoyEC Tou TTPORANMATOC

o Market Basket Data
Baskets: kaAaBia ayopwyv super market
ltems: Ta AVTIKEIMEVA TTOU ayopadlel KAVEIG

Frequent itemsets: Noia avTikeiyeva
ayopadlovTal TAUTOXPOVA PE KATToIa AAAQ
(epappoyn: KaAUTEPN TOTTOBETNON / TTPOCPOPEQ)

0 AvAAuon KEINEVWYV
Baskets:keipeva
ltems: AECEIC

Frequent itemsets : cUvOAQ AECewv TTOU
ep@avidovral cuxva padi onAwvouv Keigeva Je
TTAPOOIO TTEPIEXOMEVO .



EpappoyEC Tou TTPORANMATOC

o AvaAuon Web
Baskets: web pages
ltems: ogAideg TTOU KAvouv link o€ auTEg

Frequent itemsets: geAideC e KoIvVa
eloepxoueva links iowc €xouv TTapouolo BEua




ECOpuén ouxvwyv UTTOOUVOAWV: £vag
ATTAOIKOC OAYOPIOUOC

o lMapaywyn OAwv TwvV dUVATWY UTTOCUVOAWYV

o Aldoyxion TNG Baong 0eOONEVWY KAl EVUEPWON
TWV OUXVOTATWY TWV UTTOOUVOAWYV TTOU
epavicovral

o [MoAutTAoKOTNTQ;
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[TpoBAnpara kal yEBodoI TTiIAUONC

o MeydAo TANB0C¢ avTIKEINEVWY (TTAPA TTOAAOI
OuvOUQOHOI)

TEXVIKEC peEiWONG TOU €KOETIKOU TTARB0UC
UTTOOUVOAWV (2")

o MeydaAo TANnBo¢ eyypapwyv (XpovoBopa n
dladikaagia TTPooTTEAACNC TOUC)

TeXVIKEG PEIWONG TwV dlACXiOEWV (passes)
NG BAong dedOUEVWIV
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2.TPATNVYIKEC frequent itemsets mining

o With candidate generation

(e.g. A-priori) [Agrawal, Srikant '94]

o Without candidate generation

(e.g. FP-growth) [Han, Pei, Yin '00]
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Candidate generation

[Tapaywyn frequent itemsets Kara emimeda
avaAoya pe Tnv 1mANBIKOTNTA, KAl UTTOAOYIOHOG

ouxvoTNTag EUPAVIONG.
Eotw m.X. 1={a,b, c ,d} ouvoAo dIakpITWV
QVTIKEINEVWY TNS D

Emitredo 1: {a},{b},{c},{d}
Emitredo 2: {a,b}, {a,c}, {a,d}, {b,c}, {b,d}, {c,d}
ETritredo 3: {a,b,c}, {a,b,d}, {a,c,d}, {b,c,d}

Etritredo 4: {a,b,c,d}
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AANYOPIBOC A-priori [Agrawal, Srikant '94]
N Baoikn 10€a

o Monotonicity property: 'EOTw 2 oUVOAO QVTIKEIMEVWV UE N
oToIxeia kar J=pow(2) ye 2"-1 otoixeia. Mia cuvapTtnon f
gival yjovorTovn €av

VX, Y €J: (X CY)= f(X)< f(Y)

o H ouvaptnon f eival avti-pyovoTtovn av

VXY €T (XCY)= f(Y) < f(X)

o H ouvaprtnon support gival avTi-povoTovn.

Eva (k+1)-itemset urmropei va givai frequent uovo av 6Aa ra
UTTOOUVOAQ ToU ue K items egivail frequent
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AAyOp1Boc A-priori

o Bnua 1: Zxnuatiouog Aiotag L, ouxvwy HovoouvoAwyv
o Bnupa k+1 (k=1,2,...): ZXNMATIOMOG AiOTAC UTTOWNQPIWV
(k+1)-itemsets amo Aiota L, cuxvwyv k-itemsets

[a KABe itemset oTnv AioTa L, didoxion TG UTTOAOITING
AioTtag woTtrou va Bpebei itemset TTou dIAPEPEI OTO
TEAeUTaio item povo.
Mapaywyn (k+1)-itemset := Evwon Twv duo k-itemsets
TTOU OIOPEPOUV OTO TEAEUTAIO item.

Avadntnon otnv utmoAoltn AioTa L, OAWV TwV AAAWV
UTTOOUVOAWYV TOU VEOU itemset.

Av uttapyouyv, To itemset TrpoaTiOeTal oTN AioTa L, ., TWV
uttoyn@iwyv frequent (k+1)-itemsets kail utroAoyiletail n
ouxvoTNTa ToUu. AV €ival OUXVO TTAPAMEVEL, AAAIWG
dlaypAa@ETal.

15



[Tapdadelypa eKTEAEONC TOU A-priori

o 'EoTw n AioTa pe 1a frequent 3-itemsets

{a,b,d}, {a,b,f}, {a,d,f}, {b,c,f}, {b,c,q}, {b,c,k},
{b,d,f}, {b,d,I}, ka1 {c,d,f}

o {a,b,d}, {a,b,f} =>{a,b,d,f}
o YTtroouvoAa: {a,b,d} {a,b,f} {a,d,f} {b,d,f}
o {a,b,d,f} &ivai candidate frequent

o {a,b,d}, {a,d,f} =>{} I/ dlagepouy o€ 2 items
o {b,c,f}, {b,c,g} => {b,c,f,g}

o YtroouvoAa: {b,c,f}, {b,c,g}, {b,f,0}, {c,f,0}
o {b,c,f,g} o¢v ivar candidate frequent
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A-priori:. TTAEOVEKTMOATA-UEIOVEKTAUATO

YTTEP:
o lNa KaBe ouxvo UTTOOUVOAO €AEYyXOVTAI TO TTOAU N
UN-ouXva UTTooUVOAQ

O TMoAUTTAOKOTNTA: TTOAUWVUNIKI WS TTPOC ThV £€000
(yiati OxI Kal W¢ TTPOG €i0000;)

KaTd:

o Av pyeyaAutepo frequent gival oT1o €TTiTTEdO K,
arrairouvral k dilaocxio€lc Tn¢ Baong

o Q1 ANioTe¢ UTTOPEI VA YivOouv TTOAU JEYAAEC
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BeATiwoeig Tou A-priori

o Xpnon hashing
>T0 1° neEpaopa:
o YNOAOYIOHOC cuxvwV 1-itemsets
o Kal OAwV TwV 2-itemsets
o Elcaywyn o€ hash table
o Alaypa@n UN-ouxvwv «Kadwv»

o 2uppikvwaon Baoncg

Alaypapn eyypagwyv nou OV NEPIEXOUV
frequent 2-itemsets (unepouvoAa auTwv:

pun-ouxva)
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[Mapadelyua

TID List of items
001 11,12,I5
002 12,14
003 12,13
004 11,12,14
005 11,13
006 12,13
007 11,13
008 11,12,13,I5
009 11,12,13
010 13,15
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[Tapdaodelyua (ouv.)

Bucket
number 0 1 2 3 4 5 6

h(x,y)
'i‘gfjﬁt 3 2 4 2 2 4 4
Bucket |I1,14|11,15]| 12,13 | 12,14 |12,15|1I1,12]| 11, I3
content | 13, 15| 11,15 12,13 | 12,14 |12,15 |11, 12|11, I3
13, I5 12, 13 11, 12| I1, I3
12, 13 11, 12| I1, I3

n(X,y) = index(x)*10 + index(y) mod 7
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[MTapadeiypa (ouv.)

TID List of items
001 11,12,
003 12,13
004 11,12,
005 11,13
006 12,13
007 11,13
008 11,12,13,
009 11,12,13
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AAyOp18uoc FP-growth [Han,Pei,Yin '00]

o Amobnkeuon TS Baoncg dedoucvwy otn doun FP-
trie pe 2 dlaoXioEIg
YTTOAOYIONOG TWV OUXVOTATWY OAWV TWV
singletons (1-itemsets)

+» A@aipean non-frequent items Kai Tagivounon
EYYPaAPwWyV KaTa ¢pBivouca ocipd ouxvotnTag
TWV items

ATTEIKOVION EYYPOAPWYV OE DEVTPO

o E&Opun ouxvwyv CUVOAWYV QVTIKEIMEVWV XWPIC
candidate generation
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Trp

Items

101
102
103
104
105

f,a,c,d,g,i,m,p
a,be, f,l,m,o
b, f,h,7,0
b,c,k,s,p

a, f,c,e,l,p,m,n

Katw®Al ouxvoTnTac 3

Header Table

item

head of
node links

I

TID Items
101 f,ec,a,m,p
102 f.c,a,b,m
103 f,b

104 ¢,b,p

105 f,c,a,m,p
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AAyOp1Buoc¢ FP-growth

O =ZEKIVA aTTO TO item PE TNV JIKPOTEPN CUXVOTNTA.
OT1IdYVEI TO UTTOOEVTPO PE TA HOVOTTATION TTOU
KATAANyoOuv O€ auTO.

O 2TO VEO OEVTPO EVNUEPWVEI CUXVOTNTEC KAl
Bpiokel 6Aa Ta frequent 2-itemsets, TTAAI
CEKIVWVTAC ATTO TO item PE TN MIKPOTEPN
ouxvotnTa

O 2uveyilel he Ta OEVTPA TTOU TTPOKUTITOUV YId
KaBéva atrdé autd Ta diIouvoAa

O 2.€ KABe TETOIO OEVTPO TTPOCTTABEI va PTIACE
TPIOUVOAQ K.ATT.
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Threshold 3

[Tapadelyua

O aAyopIBuog Eekiva pe 1o ‘p’

2 MovoTTaTia KaTtaAfyouv o€ ‘p’
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Threshold 3

[Mapadelyua

O aAyopIBuog Eekiva pe 1o ‘p’
2 povoTtraTia KataAfyouv o€ ‘p’
Evnuépwaon ouxvoTATwy

YTTOAOYIOUOC CUXVOTATWY items
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Threshold 3

[Mapadelyua

O aAyopIBuog gekiva e To ‘p’

2 JOVOTTATIa €XOUV ‘P’
Evnuépwon ouxvoTnTwy
YTTOAOYIONOC OUXVOTATWY items
2UXVO TO ‘C’

Apa 10 ‘cp’ gival ouyVvo.
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[Mapadelyua

Etrépevo item ‘'m’

MovoTtrdTia Tou VEou
uttodévTtpou f,c,a kai f,c,a,b

Evnuépwon ouxvoTATwyY

YTTOAOYIOUOG OUXVOTATWYV
Twv items
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[Mapadelyua

Etrépevo item ‘'m’

MovoTtrdTia Tou VEou
uttodévTtpou f,c,a kai f,c,a,b

Evnuépwon ouxvoTATwyY

YTTOAOYIOUOG OUXVOTATWYV
Twv items

2uxvaTaf, c,a

Apa ouyxva 2-itemsets T1a
(f,m), (c,m), (a,m)

—EKIVWVTAG aT1Td (a,m)
QTIAXVEI UTTODEVTPO UE
MOVOTTATIO TTOU KATAANYOUV
O€ QUTO - OTO TTAPAdEIYUQ
givar yévo 1a f, c
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Evdia@Epouoec KaTeubuvaoelg

o NMapaAAnAonoinon aAyopiBuwyv

MNpoBAnua: avraAAayn gnvupaTtwy yia
LETPNON CUXVOTATWV ava £ninedo

o Auvapuikec Baoeic 0eOOPEVWYV
MpoBANUA: XwpPoc MVNUNG KAl yia hn ouxva

itemsets nou niBavov va sugpavioTouv
apyoTepa
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