KAaaccupukuus

3aAa42 KAACCMPUKALLMM — 334343, B KOTOPOI
MMEETCS MHOXECTBO, Pa3AEAEHHbIX HEKOTOPbIM
0bpa3oM Ha KAAcChl. 3aAaHO KOHEYHOE MHOXECTBO
OObeKTOB, AASl KOTOPbIX U3BECTHO, K KaKUM
KAaCcCaM OHM oTHocsTcs. KaaccoBas
NMPUHAAAEXKHOCTb OCTaAbHbIX OObEKTOB
HensBecCTHa. TpebyeTcsi MOCTPOUTb aATOPUTM,
CNOCOBHBIN KAACCUPULMPOBATHL MPOU3BOAbHbIN
OObEKT U3 UCXOAHOIO MHOXECTBA.



[Ipobaema

HecbaAaHCMPOBAHHOCTM

® AaHHble HecbaAaHCMPOBaHbI KOTrAa
NPEACTAaBUTEAM KAACCOB NPEACTABAEHDI
He B NPMOAU3UTEABHOM paBHOM
KOAMYECTBE (AaAee BCE pacCMaTPUBAEM

+

+
+ o+

-




B yuem npobaema!’

® MHorune cTaHAapTHbIE KAACCUPUKATOPDI
NbITAlOTCA YBEAUYUTb TOYHOCTb U HE UBMEHUTH
pacnpeAeAeHMe oby4aioLen BbIOOpPKU, MO3ITOMY
OHW UFHOPUPYIOT MaAeHbKMeE KAacchbl. Ecan
AaHHble He cbaAaHCUPOBaHbI, TO MPEACKa3aHUe
H6oAbLIEro KAacca AAsl Aloboro obbekTa
NPUBOAMUT K TOYHOCTHM nopsiaka 90% (B
3aBMCMMOCTM OT COOTHOLLEHMSI KAACCOB)



LleAb KAaccuPUKaumum -
AeTeKTUpOoBaHue

CTomnmocTb OWMBKM HEMNPABUABHO
KAACCMPULIMPOBATL HEHOPMaAbHbBIM obpaseL,
AQHHbIX KaK HOPMaAbHbIM MHOTO Bbille YeM
HaobopoT.

[lprmep - MOMCK paKOBbIX KAETOK CpeAU
3AOPOBbIX



[Ipmepbl HecbaAaHCUPOBAHHbBIX AQHHbIX:

® 1) n3 100 000 Thicsiy MOAABLUMX 3a5IBKY, TOABKO 2% NMPOXOAST B
rapBapA Ha CTaXXMPOBKY

® 2) aBTOMaTU3MPOBaHHAs MalLMHA NMpoBepsiowas Ha AepeKT
Npou3BeAEHHbIE HA KOHBeMepe NPOAYKTbl HAMHOIO Yalle
BblIOMpaeT NpoAYKT 6e3 aedekTa

® 3) TecT Ha NPOBEpPKY 3abOAEBaHMS PAaKOM MOAY4YaEeT B
PE3YAbTAaTaX MHOIO GOAbLLIE 3A0POBbIX AOAEN YeM BOAbHbIX

® 4) B OTCAEXMBaHMM BOPOBCTBA KPEAMUTHbIX KapT 3aKOHHbIX
NnepeBOAOB MHOFO HOAbLLE YeM HE3aKOHHbIX

® 5)MoweHHMYecKue TeAePOHHbIE 3BOHKM

® 6)obHapyKeHWe HePTAHbIX NATEH MO U30OpaXKEeHMAM CO
CNYTHMKA

® /)oueHKa pUCKOB



TexHuKM paboTbl ¢ HecbaAaHCMPOBaHHbIMM
AQHHbIMU

|. PaboTa ¢ AQHHbIMU :
1 SMOTE

2)  Random Undersampling
3) Random Oversampling

ll.NyBcTBUTEABHOCTB K CTOMMOCTH
ownbKu

lll. Bbibop xapaKTepucTuK



MeTpuku KavecTBa

[lycTb ecTb ABa KAACCa — OTPULLATEAbHbIN
U NMOAOXKUTEAbHbIXM (MEHbLLUUI)

Predicted Predicted
Negative Positive
Actual N Fp
Negative
Actual N TP
Positive

Confusion Matrix



|) Accuracy — aas
c6araHCMPOBAHHbIX AQHHbIX

1B LN

Accuracy =

TP

FP

I'N

[lpoLeHT NpaBMABHO

KAQCCUPULMPOBAHHbBIX 0Opa3LoB OT

BCEro 4Yncaa obpasuos

F'N



2) ROC kpuBasa — aaa
HecOaAaHCMPOBAHHbIX

MPEACTABASIET FPAaHULLbI AYULLMX PELUEHUMN AAS
oTHocuTeAbHbIX TP (no ocn Y) & FP(no ocu X)

FP
FP =
FP+TN
jJ—_
FN+TP
Ka>XXAadAd TOMI (AKUMUN-TO

napameTpamu

AVHUSI X=Y — NpU NPOU3BOAbHOM BblOOpe METKM
KAacca



i ROC (100, 1¢
100} :

Ideal point

Percent
True

Positive

increased undersampling
qf’ihe majority class moves
_+" the operating point to the
» upper right

~ original data set

Percent False Positive 100



AUC - naowaab noa ROC
KPUBOMU .

® OHa 3KBMBaAEHTHA BEPOATHOCTU TOFO YTO
KAQCCUPUKATOP LLEHUT NPOM3BOABHO
BblIOpaHHbIM O0bpa3seL, MeHbLLEro KAacca Bbllle
4YeM NPOU3BOAbHO BblOpaHHbIM 0bpasel, 13
6oabllero Kaacca. (oHa 6oabue 0,5)

® T.e.3TO YUCAEHHAS XapaKTEPUCTUKA AAS
CpaBHEHMSI KAACCUPUKATOPOB



AN OAHOM TOUYKM

ROC curve

1.000

. 0,800

ay

=

= 0,600

[ 75 ]

o 0400 -

ax

@ _

Z 00 - AUC
0.000

0,000 0,200 0400 0,600 0,800 1,000

False Positives

1+TP

rate

AUC = rate FE



[1penmywectea ROC

® Koraa aAaroputm m3syyaeT 6oAbie obpasuoB oaHoro (-)
KAacca oH b6yaeT owmnbo4vHo KaaccuduumnpoBaTb HoAbLLe
obpasuos pApyroro Kaacca (+). 1.0. ROC nzobpaxkaeT
COrAACOBaHUE MEXAY AOAEM MPaBUAbHBIX U AOAEN AOXKHBIX
NpeACKasaHMM KAaccupukaTopa.

® ROC nokasbiBaeT B KaKOM AManasoHe (B HalleM CAy4ae
COOTHOLLEHUIM 0ObEMOB KAACCOB) KAACCUPUKATOP Ayulle
APYrux

® ROC KpuBble HeYYBCTBUTEAbHbI K pacrpeAeAeHHUIO Mo
KAQCCaM T. €. €CAU COOTHOLLEHUE MeXAY obpasuamu us
MeHbLuero u 6oabliero kaacca nsmeHutcs ROC kpuas He
M3MEHUTCH



)
2)
3)
4)

5)

Aaroputm SMOTE

CuunTbiBaEM YMCAO 06pasLLOB MeHbLLEro Kaacca T

[MpoueHT reHepupyembix obpasuos N

Yucao 6Amkamwmx coceaen k

Aas kaxkaoro obpasua (i) (Bektopa us atpnbyTos) us
T(MeHbLLero KAacca ) HaxoamM k BAamKanLmnx cocepen
reHepupyem [N/100] ncckycrteeHHbIXx 0bpa3LLoB, NOBTOPSS Ha
KaXKAOM Luare:

N3 HanaeHHbIX coceael NPOM3BOAbHO BbiBUpaeM oaHoro (nn),
NpMBaBASEM K KLXKAOMY M3 aTPUOYTOB i pasHULLY MEXKAY
COOTBETCBYIOLWMUMU aTPMOYTaMU i U NN, YMHOIKEHHYIO Ha
Npou3BOAbHOE YncAao 13 oTpeska [0,1] — noAyumnan HoBbIl
BEKTOpP aTpMbOYTOB — 3TO HOBbIM UCKYCTBEHHbIN obpasel,
MeHbLUEro KAacca

(aTpnbyThbl 3A€Ch — HEMpepbIBHbIE BEAUYUHDI,
T.€. YUCAQ)



SMOTE
Algorithm SMOTE(T, N, k)

Input: Number of minority class samples T'; Amount of SMOTE NY%;: Number of nearest
neighbors &

Output: (N/100) * T synthetic minority class samples

1. (x If N is less than 100%, randomize the minority class samples as only a random

percent of them will be SMOTEd. )

2. if N <100

3. then Randomize the T" minority class samples

4, T =(N/100) xT

b. N =100

6. endif

7. N = (int)(N/100) (¥ The amount of SMOTLE is assumed to be in integral multiples of
100. %)

8. k= Number of nearest neighbors

9.  numattrs = Number of attributes

10. Sample| ][ ]: array for original minority class samples

11. newindex: keeps a count of number of synthetic samples generated, initialized to 0
12. Synthetic| |[ |: array for synthetic samples
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13.
14,
15.
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18.

19.
20.
21.
22,
23.
24,
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"
|

Synthetic| ][ ]: array for synthetic samples
(+ Compute k nearest neighbors for each minority class sample only. )
fori— 1toT
Compute k& nearest neighbors for i, and save the indices in the nnarray
Populate(N, i, nnarray)
endfor

Populate(N, i, nnarray) (* Function to generate the synthetic samples. *)

while N £ 0

Choose a random number between 1 and k. call it nn. This step chooses one of
the £ nearest neighbors of i.
for attr — 1 to numattrs
Compute: dif = Sample[nnarray[nn||[attr| — Sampleli||attr]
Compute: gap = random number between 0 and 1
Syntheticlnewindex||attr] = Sample[i][attr| + gap * di f
endfor
newindex—+-+
N=N-1
endwhile
return (* End of Populate. )

End of Pseudo-Code.



[lpenmywectea SMOTE

® 3TOT cnocob yBeAUYeHUss MEHbLLIEro KAacca He NMpUBOAMT K
nepeoby4yeHuio (B oTAM4YMe oT random oversampling), T. e.
AATOPUTM OAMHAKOBO XOPOLLO paboTaeT U Ha HOBbIX AQHHbIX.

® MHoOXKeCTBEeHHbIe NPUMEPbLI C Pa3AUYHBIM pacnpeAeAeHUEM AAHHbIX
M COOTHOLLUEHUEM MPEACTABUTEAEN KAACCOB MOKAa3bIBAIOT, YTO
SMOTE paboTaeT Ayywle

® He TpebyeT MHUUMAAUZALUM KAKUX-AUDO BEAUYUH, YTO CUABHO
BAUSIAO Obl Ha pe3yAbTaT KAaccubumKaumm

HeaocTtatkm SMOTE

AaHHbIN aATOPUTM He BbIXOAUT 32 PaMKM CYLLLECTBYHOLLUX
obpa3L0oB MeHbLLEro KAacca, T.e. He ByAyT co3aaHbl ob6pasubl ¢
CYLLLECTBEHHO OTAMYHbIMKU aTpMbOyTaMM, YTO BMOAHE BO3MOXHO B
HACTOALMX AQHHbBIX



Moaundukaumm SMOTE ara AMCKpeTHbIX
aTpnbyToB 0bpasLoB

SMOTE-NC

F1 =123 A B C [Let this be the sample for which we are computing nearest
neighbors]

F2=465%ADE

Fa =356 ABK

So, Euclidean Distance between F2 and F1 would be:

Eucl = sqrt[(4-1)? + (6-2)% + (5-3)2 + Med? + Med?]

Med is the median of the standard deviations of continuous features of the mi-
nority class.

The median term is included twice for feature numbers 5: B—D and 6: C—E,
which differ for the two feature vectors: F1 and F2.

[pu BbIuMCAEHUM aTPpMBYTOB reHepupyeMoro obpasua AAs
HOMMHAAbHbIX aTpUOYTOB 3HauYeHMeM BYyAYT camble YacTble
COOTBETCBYIOLWME HOMUHAAbHbIE aTpUOYThl cpean k BAMXKaMLLIMX
coceAer U paccmaTpuBaeMoro obpasua



SMOTE-N

Let F1 = A B C D E be the feature vector under consideration
and let its 2 nearest neighbors be
B2 = AF CGN

ES=HBCIN

The application of SMOTE-N would create the following fea-
ture vector:

FS=ABCDN

PacctosiHne mexAy ABYMS

3Ha4YeHuamu atpubytos VI n V2( rae PaccTtosiHne mexxay AByms

C| — ynucao Bcex 3HaveHun VI no obpasuamn X n Y (rae N — umncao
BceM obpasuam,a Cli - To xe umncao, aTpubyTOB, I = 2 AAsl EBKAMAOBOI
HO B KAacce i, 06bl4HO k=1 HOPMbl)

Chy Oy " ,
W= $i% G A= X
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