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3aaya 1moncka madI0HOB 24.02.2024

Coaep:xanue

e JlocTraHoBKa 3a1a4u
— Yacrbie HAOOPBI
— AccouMaTrvBHbIE IPaBHJIA

 OCHOBHBbIE AJITOPUTMBI IOUCKA YACTHIX HA00POB
— Apriori
— Eclat
— FP-Growth

e Mephbl NOIE3HOCTH IIA0JIOHOB:
— support
— confidence
— liftu gp.
e [Tlouck mada0HOB B BOJbIINX JAaHHBIX
— KomMnakTHo€ npencTaBieHne 4acTblx Ha0OPOB

— MHepapxuu HaOOpOB
— @parmMeHTanys 1 COMIUIMHT JJI TOMCKA YacThIX HAOOpOB
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3aaya 1moncka madI0HOB 24.02.2024

3agavya aHaau3a pbIHOYHOM KOP3HHbI

e Kakue HaOOpBI TOBAPOB B CYIIEPMAPKETE YaCTO
ITOKYIar0T COBMECTHO?
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24.02.2024

3aaya 1moncka madI0HOB

Yacreid HA0OP VS. 1A0JI0H

IIIa0/i0HbI (acCOUMATHBHBIEC IPABUJIA)
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3ajaya rmoucka madiI0HOB 24.02.2024

A npHu 4eM 31€eCh ﬁ /| ?

B 1992 r. B CIIIA ObUI mpoBeaieH aHaIu3 1.2 MIIH.
PHIHOYHBIX KOP3UH B 25 MarasuHax (hopmara «y IoMa»
koMnaHuy OSCO, KOTOPBIN BBISIBHUI YaCThIA HA0OP
11 TIOKYIIOK B pabo4ure JHU ¢ S5 10 7 4ac. Beuepa

e PykoBoacTBO OSCO HE CTaj0 CTAaBUTh 3TH TOBAPHI PSIJIOM Ha
MOJIKaX, MOCKOJIbKY UM OBLIIA HESICHBI IPUYMHBI TAKOTO
4acTOro Habopa

e OOvsacHeHue: MOJIOJIasl CEMbSI MPUXOAUT C padOThI JOMOM,
JKE€HA OTIIPABIIAET MY’Ka B OJMDKANIINN MarasuH KyIIUTh JUIs

peOcHKa ||

, 4 MY>K JOIOJIHUTEIIFHO MTOKYIIaeT ce0e ﬁ

© MLJIL. Lpimbnep

NuTennexTyalbHbId aHAIU3 JTAHHBIX 5



3ajaya rmoucka madiI0HOB 24.02.2024

O0beKThI, HA00PHI, TPAH3AKIIUH

e OOnekTHI (Items):
J={iy, .., i}
e HabGop (itemset):
1S3, 1+ @; k-nadop: 1 €3,|I| =k
o Tpamsakium (transaction database):
D ={(tid;1) | I < T}

TID | Items J = {Beer, Bread, Cola, Diaper, Milk}
1 Bread, Milk

2 Beer, Bread, Diaper, Eggs

3 Beer, Cola, Diaper, Milk

4 |Beer, Bread, Diaper, Milk

5 Bread, Cola, Diaper, Milk
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3ajaya rmoucka madiI0HOB 24.02.2024

II1a06s10H, moaaepsKKa, 10CTOBEPHOCTD

e [MMabnon: A >B,A+Q@,B+QP,ANB =0

* llogaepxka |B§f§j ;"g‘;g’:|
teD|(AUB) € ¢l
sup(A - B) =P(AUB) = It ( ) )

y DI
boiiee Touno:
* JlOCTOBEPHOCTH | P(Eg | Eq)
sup(AU B
conf(4 — B) = P(B|4) = PV 5)
sup(4)
support confidence

L % UB  auB|l
_______________________ B

D D 7 ) N TR i

© MLJI. Lpimbiep WHTeIeKTyallbHbIN aHAIN3 TaHHBIX 7



3ajaya rmoucka madiI0HOB 24.02.2024

IHopaepKka M J10CTOBEPHOCTH IIA0JI0HA

e [lognepxka:

sup(A - B) = P(AU B)
* JIOCTOBEpPHOCTS.

conf(A - B) = P(B|A)

TID |Items

1 Bread, Milk

2 |Beer, Bread, Diaper, Eggs _ |

3 |Beer, Cola, Diaper, Milk {Diaper, Milk} — Beer

4  |Beer, Bread, Diaper, Milk 2 2

5 Bread, Cola, Diaper, Milk SUp = 5 0.4, conf = 3 0.67
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3ajaya rmoucka madiI0HOB 24.02.2024

YacrTeid HAOOP

* MINsup — Nopor MoAACPKKH (mapamerp)
e | € J —vyacTteii & sup(l) = minsup

k
* MHnoxecTBO Beex YacThix HaOopoB: L = U, 1™ Ly,
L; — MHOXECTBO 4aCThIX K-HaOOpOB

TID |Items minsup = 0.6
Bread. Milk L, = {Beer, Bread, Diaper, Milk}

I = {Beer, Diaper}, {Bread, Diaper},
Beer, Bread, Diaper, Eggs 2= { }

{Diaper, Milk}
Beer, Cola, Diaper, Milk minsup = 0.1
Beer, Bread, Diaper, Milk {Beer, Bread, Diaper},

Bread, Cola, Diaper, Milk | £; =< {Beer, Diaper, Milk},
{Bread, Diaper, Milk}

NniErWNIEF
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3ajaya rmoucka madiI0HOB 24.02.2024

YeTonuuBbLIN NIA0JI0H

* minconf — mopor JOCTOBESPHOCTH (ImapaMeTp)

e [IIa0noH A — B ycTon4uB, €Ciu
sup(A — B) = minsup A conf(A - B) = minconf

e [locTaHoBKA J3ala9YU IMMOUCKA A0 I0HOB
— JlaHo:
J={iy, ...,iy}, D = {t4, ..., t,,}, minsup, minconf
— Hawrn:
R={A->B|ABcSJ,A#®,B+0,ANB =0,
sup(4 —» B) = minsup,
conf(A - B) = minconf}
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3ajaya rmoucka madiI0HOB 24.02.2024

Ilouck m1a0JI0HOB: NOJIHBIN IEepPedop

1. CrenepupyeM R ={A > B|ABSJ,A+0,B+ 0, ANB =0}
2. Vr € R seruuciaum sup(r), conf(r)
3. Otopocum Vr € R: sup(r) < minsup, conf(r) < minconf

o |R| =Y Cl -y ek =3m —2ml 4 q

5 m| |R|
| 6 | 602
il 10 | 57 002

[ToMCK yCTOMYHMBBIX IIA0JIOHOB
MIOJIHBIM IIEPEOOpPOM
BBIYHUCIIUTEIIbHO HEBO3MOXKEH
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3ajaya rmoucka madiI0HOB 24.02.2024

ITouck 1adJIOHOB: HIEeH

TID |Items {Milk,Diaper} — {Beer} (s=0.4, c=0.67)
1 __|Bread, Milk {Milk,Beer} — {Diaper} (s=0.4, c=1.0)
2 |Beer, Bread, Diaper, Eggs | {Diaper,Beer} — {Milk} (s=0.4, c=0.67)
3 |Beer, Cola, Diaper, Milk {Beer} — {Milk,Diaper} (s=0.4, c=0.67)
4 |Beer, Bread, Diaper, Milk | {Diaper} — {Milk,Beer} (s=0.4, c=0.5)
5 |Bread, Cola, Diaper, Milk | {Milk} — {Diaper,Beer} (s=0.4, c=0.5)
e [IIabGnoHBI IpuMeEpa — pa30UEHUS OJHOTO HA0Opa

e Pa3zOueHust 0HOTO HA0Opa UMEIOT PaBHYIO MOIJACPIKKY,
HO MOT'YT UMETh Pa3HYIO JIOCTOBEPHOCTH

e Jlist morcKa mabIOHOB 00pa0OTKY MOAACPKKH U
OOCTOBEPHOCTH MOXKHO OTIEIHUTh JPYT OT Apyra

© MLJI. Lpimbiep WHTeIeKTyallbHbIN aHAIN3 TaHHBIX 12



3ajaya rmoucka madiI0HOB 24.02.2024

IHouck m1a0JI0HOB: AJITOPUTM

1. Halinem Bce yacTbie HAOOPEHI
(c momIep:KKOM HEe HIDKE Minsup)

2. CreHepupyeM 11a0JI0HbI, BHIIOIHSIS pa30UCHUE
KQKJIOTO 4acTOro Habopa; yCTOMYUBBIMU OyAyT
1a0JI0HBI C JOCTOBEPHOCTBIO HE HUXKE minconf

© MLJI. Lpimbiep WHTeIeKTyallbHbIN aHAIN3 TaHHBIX 13



3ajaya rmoucka madiI0HOB 24.02.2024

ITouck yacTbIX HA0OPOB: MOJHBIH IEPEOOP

1. Crenepupyem KanaumaroB B yacThbie HA0OpE:: C = P(J) \ O
2. V¢ € C spruuciaum sup(c)
3. Otopocum Vc € C: sup(c) < minsup

e Cnoxnocte: O(n - 2™ w),
TIC W — CpEIHSS JIMHA TPAaH3aKIIHH

ITorck 4yacTeIX HAOOPOB

MIOJIHEIM IIEpEe0OpPOM
BBIUMCIIMTEILHO HEBO3MOXKCH

© MLJI. Lpimbiep WHTeIeKTyallbHbIN aHAIN3 TaHHBIX 14



3ajaya rmoucka madiI0HOB 24.02.2024

OTOpacbiBaHMeE 3aBEI0MO PeIKUX HA0OPOB

* AHTHMOHOTOHHOCTbD ITOAJAECPKKHU
VX,Y: X €Y & sup(X) = sup(Y)
— MOOAJEpKKa Ha0Opa Bcerga He O0NbIIe NOAIEPKKH
JIF000T'0 CBOETO ITOJAMHOKECTBA

e [IpuHumun Anpuopu
— JII000€ MTOJMHOKECTBO YaCTOr0 Habopa SBJISICTCS 4YaCThIM
HaObOpOM
sup(Y) = minsup < VX C Y sup(X) = minsup
— €CJIM HEKOE€ IOAMHOXKECTBO HA0Opa SIBIISICTCS PEAKAM

Ha0OpPOM, TO HAOOP SIBIISIETCA PEAKUM
sup(Y) < minsup < 33X C Y sup(X) < minsup

© MLJI. Lpimbiep WHTeIeKTyallbHbIN aHAIN3 TaHHBIX 15



24.02.2024

3aaya 1moncka madI0HOB

IIpuHOMn Anpuopu
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24.02.2024

IIpuHOMn Anpuopu

3aaya 1moncka madI0HOB
© ML.JI. Lpmmbmep
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3ajaya rmoucka madiI0HOB 24.02.2024

I'eHepanusa HA0OPOB-KAHAM/IATOB

e k=1:C;:= 7 (MmHOXECTBO 1-HAOOPOB)
o k=2:Cr:=L; XL,

— JlexkapToBO MPOU3BEICHNE MHOXKECTBA YaCThIX 1-HA0OOPOB Ha ceOs
e k= 3:

— Coennnenue MHOXecTBa 4acThiX (kK — 1)-HabopoB ¢ caMuM co0oi

* Cxi=Lg1 ™o L1

X =(x1, s Xk=1), Y =1, s Yk=1), X, Y € Ly_y,

AJIEMEHTHI B HA00Pax JICKCUKOTPAQUIECKN YIIOPSIAOUYCHBI

0 = (NZEx = ¥i) A (X—1< Yi-1)
e X Xe Y = (xl; ey Xg—20 X—1) yk—l)
— OtOpachIBaHHE 3aBEIOMO PEAKUX HA00POB U3 (), O€3 BEIYHUCICHUS

NOAJEP>KKHU O MPUHIANY AIIpUOPH
e ecm [ € Cy,u0l & Lj,_4, TO OTOpOCUTS [

© MLJI. Lpimbiep WHTeIeKTyallbHbIN aHAIN3 TaHHBIX 18



3aaua moucKa madIOHOB

24.02.2024

I'eHepanusa HA0OPOB-KAHAM/AATOB. IPUMeEP

e (;,=7={AB,CD,E}, £L; ={A B,C,D,E}
Jlexapmoeo npouszseoderue
C, = {AB, AC, AD, AE, BC, BD, BE, CD, CE, DE}

—

© MLJI. Lpimbiep WHTeIeKTyallbHbIN aHAIN3 TaHHBIX
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3aaya 1moncka madI0HOB 24.02.2024

I'eHepanusa HA0OPOB-KAHAM/AATOB. IPUMeEP

Bovruucnenue noooepoicku
L, = {AB, AC, AD, AE, BC, BD, BE, CD, CE, BE}

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 20



3aaya 1moncka madI0HOB 24.02.2024

I'eHepanusa HA0OPOB-KAHAM/AATOB. IPUMeEP

« L, ={AB,AC,AD,A,BC,BD,Bl, CD, CL}
Camocoeounerue
C; = {ABC,ABD,ABI, ACD,ACl, ADE, BCD,BCE, BDE, CDE}

—
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3ajaya rmoucka madiI0HOB 24.02.2024

I'eHepanusa HA0OPOB-KAHAM/AATOB. IPUMeEP

Bovruucnenue noooepoicku
L+ = {ABC, ABD, ABE, ACD, A€E, ABE, BCD, BEE, BDE, CDE}

« L5 ={ABC,ABD, ABFE, ACD, BCD, BDE, CDE}
CamocoeouHerue

C, = {ABCD, ABCE,ABDFE}

—
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3aaya 1moncka madI0HOB 24.02.2024

I'eHepanusa HA0OPOB-KAHAM/AATOB. IPUMeEP

« L; ={ABC,ABD, ABE, ACD, BCD, BDE, CDE}
Camocoeounenue
C, = {ABCD,ABCE, ABDE}
Omobpacwvleanue

C, = {ABCD, ABCE, ABDE} u BCE ¢ L, ADE ¢ L,

—
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3ajaya rmoucka madiI0HOB 24.02.2024

I'eHepanusa HA0OPOB-KAHAM/AATOB. IPUMeEP

« L5 ={ABC,ABD, ABE, ACD, BCD, BDE, CDE}
Camocoeounenue
C, = {ABCD,ABCE, ABDE}
Omobpacwvisanue
C, = {ABCD, ABCE, ABDE} = C, = {ABCD}

—

© MLJIL. Lpimbnep
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3aaya 1moncka madI0HOB 24.02.2024

AJITOpUTM ANIPUOPH

Input:
D, a database of transactions;
min_sup, the minimum support count threshold.

Output: L, frequent itemsets in D.

Method:

(1) L1 = find_frequent_1-itemsets(D);

(2)  for (k=25L;_1 # ¢ k++) {

(3) C). = apriori_gen(L;_1);

(4) for each transaction t € D { // scan D for counts
(5) Cy = subset(Cy, t); // get the subsets of t that are candidates
(6) for each candidate ¢ € C;

(7) c.count+-+;

(8) }

(9) Ly = {c € Ci|c.count > min_sup}

(10) }

(11) return L = ULy

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 25



3aaya 1moncka madI0HOB 24.02.2024

AJITOpUTM ANIPUOPH

procedure apriori_gen(L;_;:frequent (k — 1)-itemsets)

(1) for each itemset [; € Lj_;
(2) for each itemset b, € L;_;
(3) if (h[1]=hL[1D A (h[2] =L[2])

AN AL [k=2]=hL[k=2])A(Lij[k—1] < L[k—1]) then {

(4) ¢ = I} M L3 // join step: generate candidates

(5) if has_infrequent_subset(c, L;_;) then

(6) delete ¢; // prune step: remove unfruitful candidate
(7) else add c to Cy;

(8) J

(9) return Cp;

procedure has_infrequent_subset(c: candidate k-itemset;
Li_q: frequent (k — 1)-itemsets); // use prior knowledge

(1) Ly = find_f; T sels(13);

(1) for each (k — 1)-subset s of ¢ (1) o = find-frequent - femses

. (3) Cy, = apriori_gen(L_); )
( 2 ) lf S &1 Lk 1 then (4) for each transaction t € 2| // scan 1) for counts
- (5) C; = subset{Cy, 1) // get the subsets of t that are candidates|
N (6) for each candidate ¢ € C

(3 ) return TRUE) (7) c.count+-+; r
(8) |

(4) return FALSE; E‘;‘:n } Ly = ¢ € Cy|e.count = min_sup)
(1) return L= UpLi;

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 26



3aaya 1moncka madI0HOB 24.02.2024

Aaroputm Apriori: npumep

D, minsup = 0.2
| rrems |
10 |11, 12, 15

20 |12, 14

30 (12,13

40 (11,12, 14

50 |11, 13

60 |12, 13

70 |11, 13

80 |11, 12,13, 15
90 |11, 12, 13
100 |16

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 27



3aaya 1moncka madI0HOB

24.02.2024

Aaroputm ApPriori. npuMep

D, minsup = 0.2

10

11,

12, 15

20

12,

30

12,

40

11,

50

11,

60

12,

70

11,

80

11,

12, 13, 15

90

11,

12, 13

100

16

—

2

C]_ —

J

11

12

13

14

15

16
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3aaya 1moncka madI0HOB

24.02.2024

Aaroputm ApPriori. npuMep

D, minsup = 0.2

10

11,

12, 15

20

12,

30

12,

40

11,

50

11,

60

12,

70

11,

80

11,

12, 13, 15

90

11,

12, 13

100

16

—

2

C]_ —

J

11

12

13

14

15

16

R ININIO|N|O
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3aaya 1moncka madI0HOB 24.02.2024

Aaroputm ApPriori. npuMep

D, minsup = 0.2 Cy

10 |11, 12, 15 E:> 1| 6 |:> 1 |6 ||
20 (12, 14 2 | 7 o2 |7
30 |12, 13 13 | 6 13 |6 |
40 |11, 12, 14 14 | 2 14 |2
50 |11, I3 5 | 2 15 | 2 ]
60 |12, 13 16 1 N B
70 |11, 13

80 (11,12, 13, 15

90 (11, 12, 13

100 |16

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 30



3aaya 1moncka madI0HOB 24.02.2024

Aaroputm ApPriori: npumep

D, minsup = 0.2 Ly C, =Ly XL,

10 (11, 12,15 |:> 11 6 |:> 11,12
20 |12, 14 12 7 11,13
30 (12, 13 13 6 11,14
40 |11, 12, 14 14 2 11,15
50 (11,13 15 2 12,13
60 (12,13 12,14
70 (11,13 12,15
80 |[I1, 12,13, 15 13,14
90 (I1, 12, 13 13,15
100 |16 14,15

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 31



3aaya 1moncka madI0HOB 24.02.2024

Aaroputm ApPriori: npumep

D, minsup = 0.2 Ly C, =Ly XL,

10 (11, 12,15 |:> 11 6 |:> 11,12 4
20 |12, 14 12 7 11,13 4
30 (12, 13 13 6 11,14 1
40 |11, 12, 14 14 2 11,15 2
50 (11,13 15 2 12,13 4
60 (12,13 12,14 2
70 (11,13 12,15 2
80 |[I1, 12,13, 15 13,14 0
90 (I1, 12, 13 13,15 1
100 |16 14,15 0

—
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3aaya 1moncka madI0HOB 24.02.2024

Aaroputm ApPriori. npuMep

______________

D, minsup = 0.2 L4 C, =L XLy 2 L, '

[ \
10 |11, 12, 15 I:> 11 | 6 E> 11,12 | 4 E> 11,12 | 4 |
20 |12, 14 2 | 7 11,13 | 4 113 | 4 |
30 |12, 13 13 6 15,14 | 1 aLis |2 |
40 |11, 12, 14 14 2 11,15 | 2 1203 | 4 |
50 |11, 13 15 2 12,13 | 4 1204 | 2 |
60 12,13 12,14 | 2 1205 | 2 |
70 |11, 13 12,15 | 2 Do g
80 |11, 12,13, 15 13,14 | O
90 |11, 12, 13 13,15 | 1
100 |16 14,15 | 0

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 33



3aaya 1moncka madI0HOB 24.02.2024
AJropurM APriori: npumMep
D, minsup = 0.2 L, (3 =1Ly W L,
10 (11, 12,15 |:> 11,12 4 |:> 11,12,13
20 |12, 14 11,13 4 11,12,15
30 |12, 13 11,15 2 11,13,15
40 |11, 12, 14 12,13 4 12,13,14
50 |11, 13 12,14 2 12,13,15
60 |12, 13 12,15 2 12,14,15
70 |11, 13
80 |11, 12,13, 15
90 |11, 12, 13
100 |16
© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 34



3aaya 1moncka madI0HOB 24.02.2024
AJropurM APriori: npumMep
D, minsup = 0.2 L, (3 =1Ly W L,
10 (11, 12,15 |:> 11,12 4 |:> 11,12,13
20 |12, 14 11,13 4 11,12,15
30 |12, 13 11,15 2 11,13,15
40 |11, 12, 14 12,13 4 12,13,14
50 |11, 13 12,14 2 12,13,15
60 |12, 13 12,15 2 12,14,15
70 |11, 13
80 |11, 12,13, 15
90 |11, 12, 13
100 |16
© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 35



3aaya 1moncka madI0HOB 24.02.2024
AJroputm ApPriori: mpumep
D, minsup = 0.2 L3 =Ly ™ Ly k
I:> 11,12 | 4 I:> 11,12,13 11,12,03) 2 |

20 |2, 14 11,13 | 4 11,12,15 111,12,15 ,E

30 [12,13 12,15 | 2 o

40 (11,12, 14 12,13 4

50 |11, 13 12,14 2

60 |12, 13 12,15 2

70 |11, 13

80 (11, 12,13, 15

90 [I1, 12, 13

100 (16
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3aaya 1moncka madI0HOB

24.02.2024

Aaroputm ApPriori. npuMep

D, minsup = 0.2

20

I2, 14

30

12, 13

40

11, 12,

50

11, 13

60

12, 13

70

11, 13

80

11, 12,

13,

15

90

11, 12,

13

100

16

—

2

11,12,13

C4=L3NL3

E> 11,12,13,15

11,12,15

© ML.JI. LipimOep
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24.02.2024

3aaya 1moncka madI0HOB

npuMep

1011

AJaroputm Apr

- -

ST T // //
’ \ \
I \ \
“ N[N \
1 ! 1
1 " 1
“fmo o|lw]| ! "
1 I’ I’ 1 1
! N | |
1 I’ I’ 1 1
| | | |
\ — — / 1

o . 1
s !
1

1

D) !
1

“

P et 1
\ ,_ "
1 \ !
1 \ !
1 | 1
1 N \ !
1 1
A Nlo|w|o[s|w|!

- - - - - - 1
m Ald| Ao
— e e — ] — 1
_/ \ m
L !
1
1
D) !
1
“
IIIIIIIIIIIIIIIIIIIIIIIIIIII N I
/ /_ m
m o|l~lo|ln|] "
| ! !
1 ! !
T ! !
'RV " m
! Al N[O !
— | ] ] — — 1
| o
\ N /
// , \
o)
L0 =t ®|®
Nl
N L S e
olo|o|lo|o|lo|lo|lo|ol|8
Al N|®|F|b|o|r<|[{o|o| 8
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3ajaya rmoucka madiI0HOB 24.02.2024

IHouck m1a0JI0HOB: AJITOPUTM

L: Ukm“" {1 € 7T||I| =k,sup(l) = minsup}
R = (25
foralll € L

forall S e P(I)\ @ do
if sup(l) >
sup(S) ~
pattern :="§S - [\ §"

R = R U pattern

minconf then

P (1) — MHOXXECTBO BCEX MOJAMHOKECTB |

—
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3aaya 1moncka madI0HOB 24.02.2024
I'eHepauus ma0dJOHOB: IpUMeEp
D,
: LLIabn0oHbI
minsup = 0.2
minconf = 0.7 oana {11,12,15}
E> 11,12,13 E> {11,12}—>I15

20 I2, 14 11,12,15 {11,I15}>12| 2/2

30 (12,13 {12,I5}>11| 2/2

40 (11,12, 14 11->{12,15} 2/6

50 (11, 13 12—>{11,15} 217

60 (12, 13 1I5->{I11,12}| 2/2

70 |11, 13

80 (11, 12,13, 15

90 |(I1, 12, 13

100 (16
© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 40



3aaya 1moncka madI0HOB 24.02.2024

dakTOophbl, BJUAIOIIHE HA CJI0KHOCTH APriori

minsup (DOpor NOAIECPKKH )

=105 105
4 T T T T T T T T T 4 - T T T
—&— Support = 0.1% —e— Support = 0.1%
35 -—+-— Support = 0.2% | 4 ask ——+—— Support = 0.2% |
—%—-- Support = 0.5% -——F—--Support = 0.5%

2.5 -

MNumber of Candidate ltemsets
MNumber of Frequent ltemsets
]

= e - _.-l-i: + h 4+ 4 — ; }
0 15 20
Size of ltemset Size Of Itemset

Uk|ck| U Lk

—
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3aaya 1moncka madI0HOB

24.02.2024

dakTOophbl, BJUAIOIIHE HA CJI0KHOCTH APriori

IT| (cpenHsis JuIMHA TPaH3aKIUHN)

5 108
10 10 i T T T 10 a T T T T
. —a— Width=5 —— Width=5
T Y 44— Widh=10| | 9 ——+—— Width = 10
i - —7——Width = 15 ~—%—--Width =15 |
B -
= @
% B T T
I 5 7,
o =a-1 Jy %
3 5 ; \ i
g = \
3 g° 7 ¥
L§ HE 4 ! l'|I.'|,| |
& A
E E al ! k!
= = ! 3 .
= = Irr ﬁ'-l
o+ ¥ v,
/ N 1
1 » "Q:; 'u"\
i PATT "o s S - =,
n_.ﬁi-+o_¢_¢_'i‘;i~+ EENEEER LT AP R
0 5 10 15 20 25 5 10 15 20 25
Size of hemset Size of temset
l | |Cr | l | | L]
_ K K
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3ajaya rmoucka madiI0HOB 24.02.2024

Hempocrarku Apriori

e [loTeHIMAIBLHO OOIBIIOE YUCIIO TEHEPUPYEMBIX
KaHIU1aTOB
—C, =17
— G =Ly X Ly = |G| = |L4]
— k=>23:C, =Lj_1 Xg Ly_4

* MHoOrokparnoe CkaHupoBaHue D U MpoBEpKa
BXOXKJICHUSA KAXI0TO KaHIU/1aTa B KAXKIYIO
TPaH3aKIHIO
= O(ID| - [C| - 1T])
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3aaua moucKa madIOHOB

24.02.2024

Aaroputm ECLAT

e BeprukanbHbi (popMaT JaHHBIX
_ TIDlist(A) == {T €D |AC T}
— sup(4) = |TIDlist(A)|
— sup(4,B) = |TIDlist(A) N TIDlist(B) |

—

© MLJI. Lpimbiep WHTeIeKTyallbHbIN aHAIN3 TaHHBIX
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3aaya 1moncka madI0HOB 24.02.2024

Aaroputm ECLAT

D, minsup = 0.2 Cy 1 L4 \
mio] wems | — [wem|  mios  [sol . [wems[sop]!
10 (11, 12, 15 11 |10, 40, 50, 70, 80, 90 6 | n 6 |
20 (12, 14 12 |10, 20, 30, 40, 60, 80,90 | 7 o2 7 |
30 |12, 13 13 |30, 50, 60, 70, 80, 90 6 13 6 |
40 |11, 12, 14 14 |20, 40 2 14 2
50 |11, 13 15 |10, 80 2 i\ 15 2 ,5
60 12, 13 16 |100 1 R ‘

70 |11, 13

80 |11, 12,13, 15
90 (11, 12, 13
100 |16

—
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3aaya 1moncka madI0HOB 24.02.2024

Aaroputm ECLAT

Ly C, =Ly XL,

[tem [ mioist  [sup) ) TIDIist(4,B) =

11 |10, 40, 50, 70, 80, 90 6 TIDlist(A) N TIDlist(B)

12 |10, 20, 30, 40, 60, 80, 90 | 7

13 |30, 50, 60, 70, 80, 90 6 C, @

15 |10, 80 2 11, 12 |10, 40, 80, 90 | 4
11, 13 |50, 70, 80, 90 | 4
11, 14 |40 1
11, 15 |10, 80 2
12, 13 |30, 60, 80, 90 | 4
12, 14 |20, 40 2
12, 15 |10, 80 2
13, 15 |80 1

—
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3aaya 1moncka madI0HOB 24.02.2024

Aaroputm ECLAT

L, C; Apriori
|Items| TID_list |SuP| |:> [ items | [:> TIDlist(4, B) =
11,12 [10,40,80,90| 4 | . _ " . [i1i2,3 TIDlist(A) N TIDlist(B)
11, 13 |50, 70, 80, 90 | 4 111215

11, 15 |10, 80 2 L1315 @

12, 13 |30, 60, 80, 90 | 4 21314 Ls

12, 14 |20, 40 2 12,13,15 | ttems [TID_list|sup|
12, 15 |10, 80 2 21215 11,12,13 | 80,90 | 2
Ly 11,12,15 | 10, 80

11 {10, 40, 50, 70, 80, 90 6
12 |10, 20, 30, 40, 60, 80,90 | 7
I3 |30, 50, 60, 70, 80, 90 6
14 {20, 40 2
15 |10, 80 2

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 47



3ajaya rmoucka madiI0HOB 24.02.2024

Aaroputm FP-Growth

e Ilonck 4acThix HAOOPOB O€3 T€HEpaAlU KaHIUIaTOB

e JIIMHHBIA YaCThIA HA0OP CTPOUTCS U3 KOPOTKUX,
MCIIOJIB3YS TOJIBKO JIOKAJIBHO YaCThIe HA0OPHI

— Ilycth abc 4acTbiii HA0OP

— Bemmonnuthk npoexktupoBanue D Ha abc: D|abc
(OJIYYHTh TPaH3aKIUH, COACPKAIINE abc)

— Ecmm d — yacteiit Ha0op B D|abc, To abcd — dacThiid
Ha0Op
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3aaya 1moncka madI0HOB

24.02.2024

Aaroputm FP-Growth: npeanoopadorka

D, minsup = 0.2

10 (11, 12,15

S

o

—1E>—

11 6 7
20 (12, 14 12 7 11 6 20 I2, 14
30 |12, 13 13 6 13 6 30 |12, 13
40 (11,12, 14 14 2 14 2 40 (12,11, 14
50 |11, 13 15 2 15 2 50 |11, 13
60 |12, 13 60 |12, 13
70 |11, 13 70 |11, 13
80 (11, 12,13, 15 80 |12, 11, 13, I5
90 |[I1, 12, 13 90 |12, 11, 13
100 |16 100 |16
Penkre HaOOPHI
HC paCCManI/IBaIOTCHJ/
© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 49



3aaya 1moncka madI0HOB

24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2 sorted £,

0] ttems | [1tems [sue| =

—

10 (12,11, 15 12 7
20 (12,14 11 6
30 |12, 13 13 6
40 |12, 11, 14 14 2
50 |11, 13 15 2
60 (12, 13

70 (11,13

80 (12,11, 13,15

90 (12,11, 13

100 |16

NULL

12:7

11:6

13:6

14:2

15:2

© ML.JI. LipimOep
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3aaya 1moncka madI0HOB 24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2 sorted L, E:>

10 |12, 12, 15 12 7 197
20 12, 14 11 6
30 |12, 13 13 6
40 |12, 11, 14 14 | 2 11-6
50 |11, 13 5 | 2
60 |12, 13
70 |11, 13 13:6
80 |12, 11, 13, 15
90 12, 11, 13 _
100 |16 14:2
\\4

15:2 ———>| 15:1 I

—
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3aaya 1moncka madI0HOB 24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2 sorted L, E:>

10 |12, 12, 15 12 7 197
20 12, 14 11 6

30 |12, 13 13 6

40 |12, 11, 14 14 | 2 11-6
50 |11, 13 5 | 2

60 |12, 13

70 |11, 13 13:6
80 |12, 11, 13, 15

90 12, 11, 13 _

100 |16 14:2

15:2

—
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3aaya 1moncka madI0HOB 24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2 sorted £, E:>

10 |12, 12, 15 12 7 197
20 |12, 14 11 6
30 |12, 13 13 6
40 |12, 11, 14 14 | 2 11-6
50 |11, 13 5 | 2
60 |12, 13
70 |11, 13 13:6
80 |12, 11, 13, 15
90 12, 11, 13 _
100 |16 14:2
\ 2

15:2 ———>| 15:1 I

—
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3aaya 1moncka madI0HOB 24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2 sorted £, E:>

10 |12, 12, 15 12 7 197
20 |12, 14 11 6
30 |12, 13 13 6
40 |12, 11, 14 14 | 2 11-6
50 |11, 13 5 | 2
60 |12, 13
70 |11, 13 13:6
80 |12, 11, 13, 15
90 12, 11, 13 _
100 |16 14:2
\ 2

15:2 ———>| 15:1 I

—
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3aaya 1moncka madI0HOB 24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2 E:>
TID[ ttems |

10 (12,11, 15
20 (12, 14
30 (12,13
40 (12, 11, 14 11:6
50 |I1, I3
60 (12, 13
70 (11,13 13:6
80 |12, 11,13, 15
90 (12,11, 13
100 |16

12:7

14:2

15:2

—
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3aaya 1moncka madI0HOB 24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2 E:>
TID[ ttems |

10 (12,11, 15
20 (12, 14
30 (12,13
40 (12, 11, 14 11:6
50 |I1, 13
60 (12, 13
70 (11,13 13:6
80 |12, 11,13, 15
90 (12,11, 13
100 |16

12:7

14:2

Y

15:2 ———>| 15:1 I

—
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3aaya 1moncka madI0HOB 24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2 E:>
TID[ ttems |

10 (12,11, 15
20 (12, 14
30 (12,13
40 (12, 11, 14 11:6
50 |I1, 13
60 (12, 13
70 (11,13 13:6
80 |12, 11,13, 15
90 (12,11, 13
100 |16

12:7

14:2

15:2

—
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3aaya 1moncka madI0HOB

24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2

, 11,

10

15

20

, 14

30

, 13

40

, 11,

14

50

, 13

60

, 13

70

, 13

80

, 11

, 13, 15

90

, 11,

13

100

—

NULL
12:7 > 12:6
11:6 =2 11:3\ '\ 11:2
13:6 - e\ N
|42 ____________ |41 -
v
15:2 ———>| 15:1 } _____________
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3aaua moucKa madIOHOB

24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2

, 11,

10

15

20

, 14

30

, 13

40

, 11,

14

50

, 13

60

, 13

70

, 13

80

, 11

, 13, 15

90

3L

13

100

—

NULL
12:7 > 12:7
11:6 = 11: 4\ 11:2
13:6 - e\ N
|4:2 ____________ |4:1 —_
v
15:2 ———>| 15:1 } _____________
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3aaua moucKa madIOHOB

24.02.2024

IlocTpoenue FP-gepeBa

D, minsup = 0.2

, 11,

10

15

20

, 14

30

, 13

40

, 11,

14

50

, 13

60

, 13

70

, 13

80

, 11

, 13, 15

90

, 11,

13

100

—

NULL
12:7 -3 12:7
11:6 > 11:4 \c 11:2
13:6 [~~~ ———>\I3: S
|42 ____________ |41 -
v
15:2 F--3 15:.1 -
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3aaya 1moncka madI0HOB 24.02.2024

Oo0xoa FP-gepeBa: yciioBHbIe 0a3UChI

R =]

12:7 |- 2 |2
11
13
11:6 - 14
15 |{12,11:1},
{12,11,13:1}
I3:6 F———1————=
14:2 r—————————=

I5:2 [-—>| I5:1 [~m-—mmmmmm oo A 15:1 |

—
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3aaya 1moncka madI0HOB

24.02.2024

Oo0xoa FP-gepeBa: yciioBHbIe 0a3UChI

12:7

11:6

13:6

14:2

15:2

—

R =]

11

13

14

{12,11:1},
{12:1}

15

{12,11:1},
{12,11,13:1}

© ML.JI. LipimOep
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3aaya 1moncka madI0HOB 24.02.2024

Oo0xoa FP-gepeBa: yciioBHbIe 0a3UChI

R =]

12:7 F--
11
13 |{12,11:2},
11:6 [— {12:2},
{11:2}
14 [{12,11:1},
13:6 F———"—"F——"—- - > - {12:1}
15 |{12,11:1},
{12,11,13:1}
14:2 "=
\ v

Il e L { 15:1 |

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 63




3aaya 1moncka madI0HOB 24.02.2024

Oo0xoa FP-gepeBa: yciioBHbIe 0a3UChI

R =]

12:7 [
11 ({12:4}
13 ({12,11:2},
11:6 - {12:2},
{11:2}
14 ({12,11:1},
13:6 F————F——"—- - > - {12:1}
15 ({12,11:1},
{12,11,13:1}
14:2 -1 ——--
v \

Il e L { 15:1 |

—
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3aaya 1moncka madI0HOB 24.02.2024

Oo0xoa FP-gepeBa: yciioBHbIe 0a3UChI

R =]

12:7 [
11 ({12:4}
13 ({12,11:2},
11:6 - {12:2},
{11:2}
14 ({12,11:1},
13:6 F————F——"—- - > - {12:1}
15 ({12,11:1},
{12,11,13:1}
14:2 -1 ——--
v \

Il e L { 15:1 |

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 65



3aaya 1moncka madI0HOB 24.02.2024

Oo0xox FP-nepeBa: ycioBabie FP-nepeBbst

| e

11 ({12:4} |2:2 11
13 ({12,11:2}, 13
{12:2}, 14
{12:2} 11:2 15 [£12:2, 11:2}
14 [{12,11:1},
{12:1} v
15 [{12,11:1}, 13:1 | 13:1 l

{12,11,13:1}

minsup = 0.2

—

© ML.JI. Lpmmbmep HNHTeeKTyalbHbld aHAIU3 TaHHbBIX 66



3aaya 1moncka madI0HOB 24.02.2024

Oo0xox FP-nepeBa: ycioBabie FP-nepeBbst

| e

11 |{12:4} 12:2
13 |{12,11:2},

{12:2}, 14 |{12:2}
{12:2} 11:1 15 [{12:2},
14 [{I12,11:1}, minsup = 0.2 {11:2}
{12:1}

15 [{I12,11:1},
{12,11,13:1}

—
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3aaya 1moncka madI0HOB 24.02.2024

Oo0xox FP-nepeBa: ycioBabie FP-nepeBbst

| e

11 |{12:4} 12:4

13 |{12,11:2}, 13 |{12:4,11:2}
{12:2}, {11:2}
{11:2} 11:4 14 |{12:2}

14 {12,11:1}, 15 |{12:2, 11:2}
{12:1}

15 [{12,11:1},
{12,11,13:1}

—
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3aaya 1moncka madI0HOB

24.02.2024

Oo0xox FP-nepeBa: ycioBabie FP-nepeBbst

| e

12

11

{12:4}

13

{12,11:2},
{12:2},
{11:2}

12:4

%)

11

{12:4}

14

{12,11:1},
{12:1}

15

{12,11:1},
{12,11,13:1}

—

13

{12:4,11:2}
{11:2}

14

{12:2}

15

{12:2, 11:2}
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3aaya 1moncka madI0HOB 24.02.2024

Oo0xox FP-nepeBa: ycioBabie FP-nepeBbst

12 |J 12 |&

11 |{l2:4} 11 |{l12:4}

13 |{l12,11:2}, 13 |{12:4,11:2}
{12:2}, {11:2}
{11:2}

14 [{12,11:1}, 14 |{12:2}
{12:1}

15 |{12,11:1}, 15 [|{l2:2, 11:2}
{12,11,13:1}
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3aaya 1moncka madI0HOB 24.02.2024
Oo0xox FP-gepeBa: yacTbie HA0OPDI
{12:4} {12:4} {12,11:4}
13 [{12,11:2}, 13 |{12:4,11:2} 13 |{12,13:4},
{12:2}, {11:2} {11,13:4},
{11:2} {12,11,13:2}
14 {12,11:1}, 14 |{12:2} 14 |{12,14:2}
{12:1}
15 [{12,11:1}, 15 ({12:2, 11:2} 15 [{12,15:2},
{12,11,13:1} {11,15:2},
{12,11,15:2}
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3aaya 1moncka madI0HOB 24.02.2024

Oo0xox FP-nepeBa: yactbie HaGOpBI

Bl

{12:4} {12:4} {12,11:4}

13 |{12,11:2}, 13 |{12:4,11:2} 13 §{12,13:4},
{12:2}, {11:2} {11,13:4},
{11:2} {12,11,13:2}

14 {12,11:1}, 14 |{12:2} 14 §{12,14:2}
{12:1}

15 |{12,11:1}, 15 |{12:2, 11:2} 15 §{12,15:2},
{12,11,13:1} {11,15:2},

{12,11,15:2}
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FP-Growth vs. Apriori
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Peanu3anus ajJropurMoB NOMCKA 11a0JI0HOB

« Christian Borgelt, Prof. for Data Science at the Paris Lodron University of Salzburg

¥ @ Cheana - n =
€« e ax vor+mEnD %ae()
£ 0 T~ Dmt @ Ow O O O Okome O Do D% DU D Dte Ol Ofw [ an [Obeta Qo0 O ower O 0O Mespar [ Thes » [ Gcesawase
Christian Borgelt's Web Pages Ade by Google
= [==5 - | Sof for Freq Pattern Mining
i Home
LPUbllcﬂllﬁns | | H you are locking for a frequent item set mining endicr association rule induction pregram and you are unsure which one to cheose, it is racommended to use either Eclat or FP-growth.
L .s.li.:te.:\ - | Nama Language Description
LTcuching FIMGLI Java Fraquent ttem Set Mining GUI and Viewer
o - GUl Java Association Rule Mining GUI and Viewer
| it || Brigd  © Frequent ltem Set Mining (all, closed. maximal, generators)
ErDA | and Association Rule Inducticn
e /| EdallCM CPython  Frequent ltem Set Mining (o, closed, maximal, generators)
L_FPM | and Associalion Rule Indudion
FIMGLUI EPgrowth C Fraguent ltem Set Mining (all, closed, maximal, generators)
* = » anc Association Rude Induction
j ARuleGUI BENm [ Fraquent ltem Set Mining (all, closed, maximal, generators, fault-tolerant)
j_Apriori [+ Fraquent ltem Set Mining (all, closed, maximal, generators, fault-tolerant)
EclatiLCM (¢ Fraguent ltem Set Mining (fauli-tolerant)
| ot [ Fragquent tem Set Mining (closed and maximal)
| FPgrowth c Frequent ltem Set Mining (clesed and maximal)
RElim Fraguent ltem Set Mining for Python
~ Jaccard ltem Set Mining | Cover Similarity
| SaM Java AR tor Frequent ltem Set Mining
sSODIM Graphical User Interface for Freguent ltem Set Mining
» BT Continuous-time Closed Neurcn Assembly Delecton
| ot Frequent Pattern Mining in Point Processes
L Carponter CoCoMAD for Python
PyFIM CoCoMAD for R
| S Java AP for CoCohlAD
k FINAR Graphical User interface for CoCoNAD + PSF + PSR
JNIFIM Froquent Sequence Mining
= Fraquent Saquence Mining
A M Molecular Substructure Miner
L CoCoNAD
. PyCoCo License
|\ CocodR Om Oclober 23, 2014, | decided to abandon the (LIGPL licenses and adopt the MIT license for my programs, in order ko avoid problems some peopie see with using scfiware that is licensed under the LGPL in ather
j_CoCoNAD-m softwarne (sven though the LGPL actually permils use in progaietany programes, whie the GPL does nol), | hope 1o remove thiese and relsied problems by swilching 1o e MIT licsnse,
j JNiCaCo The transition to the new license will be sccomglished with new versions that get publishad. The fallowing applies:
L CoCoGUl

Wi For any version published on or after Octeber 23, 2014:

L Sequois (MIT license, or mare precisely Expat Licanse; (o be found in the file nit-1icense. txt in the directory <prgname?/doc in the sowca package of the program, see also g

L MoSS £ 10062090 Christian Ramalt '

« IBM Synthetic Data Generator for Itemsets and Sequences
https://github.com/zakimjz/IBMGenerator

—
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JIureparypa

e Han J., Kamber M., Pei J. Data Mining: Concepts
and Techniques. 3rd Edition. Morgan Kaufmann,
2011. 740 p. ISBN 978-0123814791

— Chapter 6. Mining Frequent Patterns, Associations, and
Correlations: Basic Concepts and Methods, pp. 243-278

e Tan P.-N., Steinbach M., Karpatne A., Kumar V.
Introduction to Data Mining. 2nd Edition. Pearson,

2019. 839 p. ISBN-13: 978-0-13-312890-1

— 5. Association Analysis: Basic Concepts and Algorithms,
pp. 357-450
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OT1OpacbhiBaHMe 3aBeIOMO HEYCTOMYHMBBIX HIA0JIOHOB

e B o01ieM ciayyae J0CTOBEPHOCTh HE 00J1agaeT
CBOMCTBOM aHTUMOHOTOHHOCTH

* Teopema.
IIycts A, B — HenycThle HaOOppl M A € B.
Ecmu conf(A - B\ A) < minconf, 10
VA € A conf(4d - B\ A) < minconf

Jloka3arejbCTBO.

conf(A - B\ A) = zzggi , conf(/T - B\ /T) = ZEEEZ;'

A c A= sup(4) = sup(4).
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