AccounaTBHbIE NpaBuia B
MapKeTuHre n meguLmnHe



“Data Mining — 3To npoLecc NoaaepXxku
NPUHATUS peLleHnin, OCHOBAHHbLIX HA NMOUCKE B
OAHHbLIX CKPbITbIX 3aKOHOMEPHOCTEN. ITO
TEXHOSNOorng, Kotopasi npegHasHa4vyeHa ans noucka
B OonbLUMX oObemMax AaHHbIX HEOYEBUOHbIX, HO

OOBEKTUBHbIX N NMOME3HbIX HA NPaAKTUKE
3aKOHOMepHoCcTeN”



3aJayvyn UHTEeNMeKTyarnbHOro aHanmaa gaHHbIX

3aaaun A
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AccounaTuBHbIE NpaBunia

Llenb 3apa4m nomcka accoumaTMBHbBIX NPaBUI1 3aKnNo4YaeTcs B
oOHapy>XeHNM 3aKOHOMEPHOCTEN MeXay CBA3aHHbIMU COBLITUAMMN.

Yoghurts Chilled Desserts

Yoghurts Milk & Cream

.  AHanu3 pbIHOYHbIX KOP3UH
« [InaHnpoBaHWe 3aKynku 1 pasmeLleHnss ToBapoB

. poBedeHMne akumn N CKUOoK

* [lpoBeoeHne peknamHou KamnaHum

» Co3gaHue HoBbIX BMAOB ToBapoB (X co BkycoMm Y)
2. Cdoepa ycnyr

 OObegnHeHne cepBmcoB X 1 Y B OOUH MakeT ycnyr Product placement in Tesco, UK.
3. MeaguuunHa

 AHanu3 coyetaHma 6onesHem 1 CUMNTOMOB

* BbigBrneHne KoMopouaHbIX 3aboneBaHnn




Llenb meToga accoumaTUBHbBIX NMPaBUJT

AccoumaTtMBHbLIM NMPaBUIIOM Ha3blBaeTCA nMmnnukauma X = Y,
me X,Ycl,LXNY # @,

AccoumnaTtuBHbIe Npasuna UMeKT crnegyrLwmn Bua:
ecnu (ycnosue) 1o (pe3ynbTaT), rge ycrosue — 3To Habop
OOBbEKTOB N3 MHOXeCTBa /, C KOTOPbIMU CBSAA3aHbI

(aCCOLI,MMpOBaHbI) 0OBbEKTbI, BKITIOYEHHbIE B pe3yiibrat AaHHOIO
rnpaBunJia

NMNopaepxka (Support) accounatmBHoro npasuna rnokasblBaeT TO,

Kak 4acTo B Oa3e JaHHbIX BMecTe BCcTpeyaloTca X u Y (T.e.aTo
005s1 CTPOK B 6a3e gaHHbIX, B KOTOPbIX OJHOBPEMEHHO
npucyTcTByOT X U Y).
ITx y vl

T
Habopbl, BCTpe4aeMoCTb KOTOPbIX Bbllle 3a4aHHOro nopora
Support,,;, CHATAOTCA YaCTO BCTpeYaroLMnMUCcs.
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Confidence

HNoctoBepHocTb (Confidence) Nnoka3biBaeT, Kak 4acTo
B 3anmMcax 6a3sbl AaHHbIX, cogepxXawmx X,
O4HOBpPEeMEeHHO NpucyTcTByeT Y, T.e. oueHMBaeT
BEPOATHOCTb TOr0, YTO U3 HAMNYKS 3anncn Habopa X
cnefyet Hanu4yme B Hew Habopa Y
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LIft

YnyuyweHue (Lift) oTpaxaeTt 10, Kak 4acTo ToBapbl X U

Y nosiBnsitoTCS BMeCTe, OAHOBPEMEHHO Y4UTbIBasi, C Lift (@ > ¥} =
KakoW 4YacTOTOMN NMOSABNSAETCSA KaXabl U3 HUX. JIngT

npaeuna X = Y - 910 goctoBepHocTb (Confidence),

support {@,¥} o
Support {@} x Support {8}

JeneHHasa YacTtoTy nosasneHusa (Support) Y. Transactionl | @ & _ %
3HadeHue lift bosbwe 1 o3HavaeT, uTo Y valle Transact!on 2| @8 v
gcmpeyaemcs BMecTe C X, YeM No-0TAENbHOCTN. Transaction3 | @ &
Transaction4 | @ U
Lift(X — Y) — Support(X - Y) Transaction 5 4 ,0' J 9
Support(X) - Support(Y) Transactions | & & ©
Transaction7 | = @&
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CpaBHeHune Confidence u Lift Ha

npumepe

1. KoHopeTbl 1 Boga obnagatoT HanbonbLUen NogaepXXKow, UTo m
obecrneymBaeT BbICOKYH AOCTOBEPHOCTL npaBunia {KoHpemei KoHdeTbl
=> Booda}. OgHako, Lift = 1 ykasblBaeT Ha OTCYTCTBYE 3HAUNMbIX Boza 0.2

accoumauny mexay sTMuMy ToBapamu.

2. [lpasuno {KoHpemesl => Kocmemuka} obnagaet HU3KOW
AOCTOBEPHOCTLIO BC/IeACTBME HEBBICOKOW MOAAEPXKKY
KocmeTumkn. OgHaKko, ecnm nokyrnaeTcs KOCMeTuKa, TOo,
BepOATHee BCero, C 3TMM TOBAapPOM nokynatoT KoOHpeThl, YTo
noateepxaaert Lift = 2,0.
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Arobl 0.03
KocMeTunKa 0.005

KoH}eThl => Boga 0.01
KoOHPeThl => Arobl 0,001 0.01 0,3
KoHpeTbl => KocmeTunka 0,001 0.01 2,0



Anroputm Apriori

. Mownck YyacTo BCTpeyaroLmxca HabopoB 31€eMEeHTOB
1. k=1. Hantn yacmeie 1-aneMeHTHbIe HAbOPbI C MOAAEPXKKOW Support > Support,in .
2. k=k+1. EChv1 BO3SMOXHO creHepunpoBaTb k-an1emMeHTHble Habopbl, TO War 3, nHavye - war 5.
3. CreHepupoBaTb k-3/1leMeHTHble Habopbl Ha ocHoBe HabopoB 13 (k-1) 31eMeHTOB.
4. BblYMCNNTb NOAAEPXKKY KaXA0ro KaHAMAATA N YAA/IUTb HevacTble k-3/ieMeHTHble Habopsbl. LLar 2.
5. BblgaTb BCe pe3ynbTupyrowme Habopsl k anemMeHTOB g5 Beex k.
Il. N3Bne4yeHne N3 HabopoB accoLlMaTUBHbIX NpaBUn
1. CreHepunpoBaTb NpasBuia C y4eToM NOPOroBon AOCTOBEPHOCTU A1 BCeX YaCTbIX HAO6OPOB

1-31eMeHTHble Habopbl 2-3/1eMeHTHble Habopbl Min support = 3%
Ha6op _Yucno Ha6op  Yucno
Xne6 4% {Xne6, Mosnoko} 3% 3-3n1eMeHTHble Habopbl
Kona 2% . {Xne6, KoHdetw} 2% B HaGop ___Ymcno
Monoko 4% {Xne6, Macno} 3% {Xneb6, Monoko, Macno} 3
KoHpeTbl 3% {Monoko, KoHdeTbl} 2%
Macno 4% {Monoko, Macno} 3%

Anua 1% {KoHdeTbl, Macno} 3%



YMeHbLUEeHNe 4yncra KaHamaaToB

Co3aaHne KaHAMAATOB - 3aTpaTHas onepawus, KoTopas MOXET MPUBECTU K CO3aHUI0

MHOXEeCTB KaHAMNAATOB, MMELLNX 60/1bLLO OOBEM.

* [TpmHumn Apriori: Habop 13 k anemeHTOB byAeT 4acTo BCTpPeYaTbCd, ec/iv BCe ero
nogMHoxecTtBa 13 k-1 anemeHTa TOXe 6bI/IN YACTO BCTPEUAOLLMMUNCS

* CBOVICTBO aHTMIMOHOTOHHOCTIV MNMOAAEPXKN: C POCTOM pa3Mepa Habopa 3/1leMeHTOB
noaAep>kka yMeHbLUIaeTCHa UM OCTaeTCsd Takomn xe

1-aneMeHTHble Habopbl

Ha6op _|Yncno
Xneb 4%

Kona 2%
Monoko 4%
KoHpeTbl 3%

Macno 4%

Anua 1%

[TosiHbIN nepe6op: 28 = 64

2-3/1eMeHTHble Habopbl

Hoop ———twcno

{Xne6, Monoko}

= {Xne6, KoHopeTbI}

{Xneb6, Macno}
{Monoko, KoHpeTbI}
{Monoko, Macno}
{KoH®peTbl, Macno}

3%
2%
3%
2%
3%
3%

Min support=3

3-3/1eMeHTHbIe Habopbl

B cop  ucno

{Xne6, Monoko, Macno} 3%

[Ipy pacCMOTPEHUH KaXKJ0ro nogMHoxecTBa: Ca + CZ + C2 = 41

C y4eTOM CBOMCTBA aHTUMOHOTOHHOCTH NoAJepKKU: CE + CZ + C3 = 13
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[locTpoeHne accoumnaTuBHbIX NMpaBun Ha
Python

import pandas as pd

groceries = pd.read_csv('Groceries.csv', header = None)
pd.set_option('display.max_columns', 8)

groceries.head()
0 1 2 3 .. 28 29 30 AN
0 citrus fruit semi-finished bread marganne ready soups ... NaN NaN NaN NsaN
1 tropical fruit yogurt coffee NaN ... NaN NsaN NaN NsN
2 whole milk NaN NaN NaN .. NaN NaN NaN NsN
3 pip fruit yogurt  cream cheese meatspreads ... NaN NaN NaN NsN
4 other vegetables whole milk condensed milk long life bakery product ... NaN NaN NaN NsN

5 rows x 32 columns

transactions = [[product for product in transaction if not pd.isnull(product)] for transaction in groceries.values]



[locTpoeHne accoumnaTuBHbIX NMpaBun Ha
Python

Apriori

from apyori import apriori
apriori_rules = list(apriori(transactions, min_support=0.003, min_confidence=0.7, min_lift=1.07, min_length=2))
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AccounaTmBHble npaBuna (BbIBOg anropuTma
Apriori)

(yogurt, baking powder) ==> (whole milk) sup = ©.0083, conf = ©.711, 1lift = 2.783
(coffee, butter) ==> (whole milk) sup = 0.003, conf = ©0.702, 1lift = 2.748
(butter, curd) ==> (whole milk) sup = ©.005, conf = ©.716, lift = 2.804
(butter, onions) ==> (whole milk) sup = ©.003, conf = ©.75, 1lift = 2.935
(pork, butter) ==> (whole milk) sup = ©.004, conf = ©0.704, lift = 2.754
(domestic eggs, curd) ==> (whole milk) sup = ©.805, conf = ©.734, lift = 2.874
(sugar, domestic eggs) ==> (whole milk) sup = ©.€04, conf = ©.714, lift = 2.795
(other vegetables, root vegetables, brown bread) ==> (whole milk) sup = ©.003, conf = ©.775, 1lift = 3.033
(yogurt, root vegetables, butter) ==> (whole milk) sup = ©.083, conf = ©.789, lift = 3.09
ogurt, butter, tropical fruit) ==> (whole milk) sup = 0.003, conf = ©.733, l1lift = 2.87

citrus fruit, root vegetables, tropical fruit . ©.004, conf = ©.786, lift = 4.061

(tropical fruit, yogurt, curd) ==> (whole milk) sup = ©.004, conf = ©0.75, 1lift = 2.935
(whipped/sour cream, other vegetables, domestic eggs) ==> (whole milk) sup = ©0.004, conf = 0.7, 1lift = 2.74
whipped/sour cream, root vegetables, tropical fruit) ==> (other vegetables) sup = ©.083, conf = ©.733, lift = 3.79

root vegetables, . 0.006, conf = 0.7, 1lift = 2.74

(whipped/sour cream, yogurt, tropical fruit) ==> (whole milk) sup = ©.e€04, conf = ©8.705, lift = 2.759
(other vegetables, citrus fruit, root vegetables, tropical fruit) ==> (whole milk) sup = ©.003, conf = ©.705, lift = 2.757
(other vegetables, root vegetables, yogurt, tropical fruit) ==> (whole milk) sup = ©.004, conf = 0.714, lift = 2.795




MeaguunHcknn Habop AaHHbIX U MapKepsL

aTepockneposa

Age

Gender SBPra DBPra Pulse

Hypertension Stenocardia Infarction Stroke Diabetes CardiacFailure Legsindex ABI Armsindex
0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 1 1 0
2 0 0 1 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0 0
= 0 0 0 0 1 0 0 0 0

18
18
19
19
19

Female

Male
Female
Female

Male

120
154
114
117
114

84
78
"
69
62

80
65
89
100
65

Armsindex =1, if |ASBPal=| SBPra - SBPIla |215;

else O

Legsindex =1, if |[ASBPI|=| SBPrl - SBPII |215;

else O

ABI =1, if SBPI(r)l/ SBPI(r)a<0.9; else 0

ABI - Ankle-Brachial Index
SBP — Systolic Blood Pressure
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Python: obpaboTka kaTeropmanbHbIX
NMPU3HaKOB

Hypertension Stenocardia Infarction Stroke Diabetes CardiacFailure Legsindex ABI Armmsindex

0 0
1 0
2 0
3 1
4 0

0

0
0
0
0

0

0

1

0

0

0

L O Q0 O

0
0
o
0

1

0

0
0
0
0

0

o o O

0

@ O 5

0

0
0
0
0

[['LegsIndex', 'ABI'],
['Infarction’'],

[ '"Hypertension'],
[ 'Diabetes'],

[ 'Hypertension']]

records = df.replace({'Hypertension’: {1: "Hypertension"},
'Stenocardia’: {1: "Stenocardia"},

'Infarction': {1: "Infarction"},

'Stroke': {1: "Stroke"},
'Diabetes': {1: "Diabetes", 2:
'CardiacFailure': {1: "CardiacFailure"},
"LegsIndex': {1: "LegsIndex"},

'ABI': {1: “ABI"},

"ArmsIndex’: {1: "ArmsIndex"},

'Infarction': {1: "Infarction"},

})

records.head(

transactions
transactions

)

= [[product for product in transaction if product!=0]
= list(filter(None, transactions))

"Diabetes Possible"},

for transaction in records.values]
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Python: obpaboTka 4ncnoBbIX NPU3HAKOB

Age Gender SBPra DBPra Pulse

0 18 Female 120 84 80 [['Gender_Female', 'Normal_SBP', 'Normal DBP', 'Age_Junior', 'Pulse_Normal'],
4 18 Male 154 73 85 ['Gender_Male', 'High SBP', 'Normal DBP', 'Age_Junigr', '"Pulse_Normal'],
— ['Gender_Female', 'Low _SBP', 'Normal DBP', 'Age Junior', 'Pulse_Normal'],

e T A ['Gender Female', 'Low SBP', 'Normal DBP', 'Age Junior', 'Pulse High'],
3 19 Female 117 89 100 ['Gender_Male', 'Low _SBP', 'Normal_DBP', 'Age_Junior', 'Pulse_Normal']]
4 198 Male 114 62 85

binsDbp = [0, 60, 99, 110]

binsSbp = [@, 119, 140, 160]

binsAge = [0, 20, 50, 70]

binsPulse = [0, 60, 90, 110]

group_names_SBP = ["Low_SBP","Normal_SBP","High_SBP"]

group_names_DBP = ["Low_DBP","Normal DBP","High_DBP"]

group_names_Age = ["Age_Junior","Age_ Adult","Age Senior"]
group_names_Pulse = ["Pulse_Low","Pulse_Normal","Pulse_High"]
df['SBPra_Status'] = pd.cut(df['SBPra'], binsSbp, labels=group_names_SBP)
df['DBPra_Status'] = pd.cut(df['DBPra'], binsDbp, labels=group_names_DBP)
df['Age_Status'] = pd.cut(df['Age’'], binsAge, labels=group_names_Age)
df['Pulse_Status'] = pd.cut(df['Pulse'], binsPulse, labels=group_names_Pulse)



[Tpoumep Habopa npaBur

Knaccnpukauymsa npaswii:
1. Tlone3sHble

2. TpumBManbHble

3. HeoueBuMaHblE

Rule Suppo [Confiden |Lift
rt ce

Obesity, SBPra_High, Gender_Female ==> Armsindex
Glucose_High ==> Diabetes

Age_Senior, Obesity, Stenocardia ==> Cardiac Failure
Hypertension, ABlI ==> PPla_High

SBPra_High, Smoker ==> Gender_Male
Gender_Female, Age_Senior, Abdominal Obesity ==>
Cardiac Failure

0.03
0.08
0.03
0.02
0.05

0.05

0.20 2.30
0.725.39
0.56 5.24
0.89 2.44
0.90 3.63

0.30 2.78
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[TocTpoeHne 0b600LLEHHbIX NpaBUI

Bread
(Supporl 1196)

N

Food
(Support - 487%)

White
(Support - 69%)

Brown
(Support - 8%)

el

Beverages
(Support = 3149%)

o

Juice
(Support - 119%)

Cold Drinks
(Support - 20%)

N

Pepsi

(Support -~ 626)

Coke

(Support -~ 127%)

18



CekBeHUuManbHbIV aHanus

01. 019 15:04:23 CTaHuma 1

07 .O’ .20’ 9 16:45:46 CTaHuma 1 F
01.01.2019 18:32:26 CTtaHuua 4 /
01.01.2019 20:07:11 CTaHuma 5 H
01.01.2019 20:54:43 CtaHuua 1 Q

T, = {(4,15:04:23), (F,16:45:46 ), (Q,20:54:43 )}

(A, 0:12yP>(C, 0:25) (A, 0:38) (D, 0:53) (A, 1:25%>(C, 1:42) (C, 1:51)

7 i m — —t - R N T W A W

0:00 0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00




