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Imbalanced data set is a data set that has the skewed class distribution. The imbalanced
data set is found in many practical works. This paper proposes only a binary classification. Each
data set consists of two classes, i.e., minority and majority classes. The minority class is a class
that has less proportion of instances while the majority class has higher proportion of instances.
There is a problem with many traditional classifiers biased to the majority class. The biased
classification model always misclassifies the minority class into the majority class. One of the
previous methods to solve imbalanced class problem is synthetic over-sampling. The synthetic
over-sampling generates synthetic minority data to balance class distribution. The proposed
method selects the synthetic minority instances based on knowledge value of the Reverse K-
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SMOTE. The experimental results show that the proposed method can improve performance in
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Algorithm SMOTE(T; N; k)
Input : Number of minority class samples T
Amount of SMOTE N%
Number of nearest neighbors k
Output: (N=100) x T synthetic minority class samples
1. (#IfNis less than 100%, randomize the minority class samples as only a random percent of

them will be SMOTEJ. #)

2, ifN<100

3. then Randomize the T minority class samples
4. T=(N=100)xT

5 N =100

6. endif

7. N = (int)(N=100) (# The amount of SMOTE 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

(# Compute k nearest neighbors for each minority class sample only. #)



13
14.
15,
16.

17.
18.

19.
20.
21.
22,
23
24,
25.

fori 1toT
Compute k nearest neighbors for i, and save the indices in the nnarray
Populate(N, i, nnarray)
end for
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 k
nearest neighbors of i.
for attr 1 to numattrs
Compute: dif = Sample[nnarray[nn]][attr] - Sample[i][attr]
Compute: gap = random number between 0 and 1
Synthetic[newindex][attr] = Sampleli][attr] + gap x dif
end for
newindex++

N=N-1

26. end while

27. return (# End of Populate. #)

End of Pseudo-Code.
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53910 ¥R dif YBIUARE attribute

dif{attrl) =4-6 =-2
dif(attr2) = 3-4 = -1
Synthetic(x,y) = (6,4) + rand(0-1) x (-2,-1)

(# rand(0-1) GUATIZNIN 0-1 #)
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Machine Learning Repository szneunIY

A =1 Y
TN 4.1 LEANTIERSIIAUDIYAUDUD

# | Data set number of | number of Class label Percentage of
Examples | Attributes | (minority : majority) | minority class

1. | Ionosphere 351 35 bad:good 35.8%

2. | Pima 768 8 1:0 34.77%

3. | Seeds 210 8 1:2 33.33%

4, | Vehicle 946 18 van:other 30.75%

5. | Contraceptive 1473 10 Long term:other 29.21%

6. | Haberman 306 3 2:1 26.47%

7. | Breast Tissue 106 10 car:other 24.71%

8. | Satimage 6435 37 4:other 10.75%

9. | Glass 3 214 10 3:other 8.63%

10. | Ecoli_om 336 8 om:other 6.32%

1519 4.1 uaRsBaTeazideagatoyalasagil Failsznouldde siavesyadoya (Data

o ar 1 o o g/
set) mmumama%a&a (number of Examples) 3MUIUANHUTIRWIZVDIUBYA (number of
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Algorithm: Reverse K-NN SMOTE (k=5)
Input: a set of all training set instances: D, [D| =N
a set of all training set minority instances: Min
a set of all training set majority instances: Maj
where [Maj| + |Min| = |D|
Percentage of over-sampling: Percentage,
i.e., 100, 200, 300, so on
Output: set of synthetic minority instances L
1. DefineL=0
2. Calculate distance (x;) for alliin D and for all j in its k nearest neighbor, and then find their
average distances (X)
Variance = Yitq 25,‘-;1 u—llix%)z 1
3. Do sampling 25% per iteration until reach the Percentage
3.1 Calculate number of iteration
numlteration = Percentage/25 2)
3.2 Calculate number of sampling
numSampling = [|Min] * 0.25] 3)
4, Generate synthetic minority data 10 times of numSampling with SMOTE
Candidate = set of synthetic data that was generated by SMOTE
5. D=DUnionL
6. for each instance D
Find set of k-nearest neighbors of D, (k-NN,)
7. Find set of reverse K-NN (rKNNJ.) of each Candidate;
for Candidate;in Candidate {
for each D;in D {
if Candidate; is in k-NN, {

Add D, to rKNN; }



}
8. Calculate support (Support)

for each D,in D {

Count number of minority instance in k-NN, ([Min,,, |)
Count number of majority instance in k-NN, (|Maj,, )

if(|Mmknn,ii = l(lMinknn_i] w |Majknn_i|)/2J )

{support=1}
else

{ support, = v, [minot| + v, }

L -k

/e T

where v,

}

9. Calculate knowledge value (Info,)
for Candidate; in Candidate {
Info,= 0

for each D, € tKNN; {

if (D, is minority class ) { Info, = Info, + (8, *

if (D, is majority class ) { Info, = Info;~ {6,

}

|Min| +|Maj| )}

|Min| x 2

{MinlﬂMaH)}

|Maj| x 2

10. Sort Candidate with knowledge value by descending order

11. Calculate threshold

if (average(Info) < 0){ threshold =0 } else { threshold = average(Info) }

12. Prune all candidate that knowledge value lower than the threshold

13. Add candidate toL

14. go to the 4 step until reach to numlteration

15. returnLL
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ATTNN 4.2 mamwammﬁﬂgmmm Contraceptive

QU

C1 c2 C3|C4|C5|Co6 |CT| C8B | C9 C10

24 low 1 3 1 | Yes| 2 | low | No No-use

26 | medium | 2 | 5 | 0 | No | 2 | high | Good | Long term

30 high 4 | 21 0 | Yes| 4 |high | Good | Short term
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3197l 4.3 Avd1nsiassuteyaveiyni Contraceptive

Cl|C2|C3|C4|C5|C6/|CT7|C8|CY C10

24 | 1 1 3 1 0 2 1 1 other

26 312|510 1 2 | 4 | 0 | Longterm

30| 4 4 2 0 0 4 4 0 other
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Confusion matrix

Predicted Predicted

Positive Negative
Actual Positive TP FN
Actual Negative FP TN

TP is the number of positive examples correctly classified.
TN is the number of negative examples correctly classified.
FP is the number of negative examples incorrectly classified as positive

FN is the number of positive examples incorrectly classified as negative

FP rate = FP/(TN+FP)

TP rate = Recall = TP/(TP+FN)

Precision = TP/(TP+FP)

F-Measure = ((lﬂ'_?2 ) Recall x Precision) /(j_’i’2 Recall + Precision)

B : adjust recall and precision (£ = 1)
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE RSMOTE!I | RSMOTE2
35.8 35.63 100 83.3% | 82.2% 82.6% 83.3% 82.1%
200 83.3% | 82.6% 82.9% 82.6% 81.5%
300 83.3% | 823% 82.5% 82.1% 80.7%
400 3.3% 81.7% 81.5% 82.3% 80.3%
500 83.3% | 80.4% 81.2% 82.1% 80.9%
Frequency of 1™ Rank 5 0 0 1 0
C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
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RSMOTE2 (W/E/L) 0/1/4 0/3/2 0/2/3 0/4/1 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE BSMOTE | RSMOTE1 | RSMOTE2

34.77 741,156 100 62.8% | 63.3% 65.3% 65.4% 64.7%

200 62.8% | 63.8% 65.1% 64.5% 64.3%

300 62.8% | 63.4% 65.2% 64.7% 64.7%

400 62.8% | 63.2% 65.4% 64.7% 64.4%

500 62.8% 63.8% 65.8% 64.7% 64.0%

Frequency of 1 Rank 0 0 4 1 0

C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2

RSMOTE!L (W/E/L) 5/0/0 4/1/0 0/4/1 0/5/0 0/5/0

RSMOTE2 (W/E/L) 4/1/0 3/2/0 0/4/1 0/5/0 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE BSMOTE | RSMOTE1 | RSMOTE2
3333 0.55 100 71.5% | 89.3% 84.9% 85.5% 84.9%
200 77.5% 84.7% 84.7% 85.5% 84.8%
300 77.5% | 84.7% 84.2% 86.0% 84.2%
400 77.5% 85.3% 84.2% 86.0% 83.5%
500 77.5% 85.3% 84.3% 86.0% 84.2%
Frequency of 1" Rank 0 1 0 4 0
C4.5 | SMOTE BSMioTE RSMOTEI RSMOTE2
RSMOTE1 (W/E/L) 5/0/0 1/3/1 4/1/0 0/5/0 2/3/0
RSMOTE2 (W/E/L) 5/0/0 0/3/2 0/5/0 0/3/2 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE | RSMOTE1L | RSMOTE2
30.75 637 100 86.6% | 87.4% 87.4% 88.1% 88.1%
200 86.6% | 86.7% 87.3% 88.1% 87.3%
300 86.6% | 87.2% 86.8% 88.0% 86.3%
400 86.6% | 86.3% 87.0% 88.3% 87.3%
500 86.6% | 86.7% 86.9% 88.4% 87.0%
Frequency of 1" Rank 0 0 0 5 1
C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
RSMOTE1 (W/E/L) 5/0/0 3/2/0 3210 0/5/0 2/3/0
RSMOTE2 (W/E/L) 1/4/0 1/3/1 0/5/0 0/3/2 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE BSMOTE | RSMOTEI1 | RSMOTE2
29.21 10.18 100 429% | 44.1% 44.5% 44.4% 44.4%
200 42.9% | 44.7% 44.3% 45.0% 44.3%
300 42.9% | 42.7% 44.0% 44.9% 44.1%
400 42.9% | 42.6% 43.3% 44.8% 44.1%
500 42.9% | 42.5% 42.9% 44.7% 43.9%
Frequency of 1" Rank 0 0 1 4 0
C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
RSMOTE! (W/E/L) 5/0/0 3/2/0 2/3/0 0/5/0 0/5/0
RSMOTE2 (W/E/L) 5/0/0 3/2/0 1/4/0 0/5/0 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE RSMOTE1 | RSMOTE2
26.47 300 100 36.3% | 50.0% 50.2% 47.4% 49.5%
200 36.3% | 49.5% 49.2% 49.7% 49.2%
300 36.3% | 47.1% 48.5% 48.9% 48.9%
400 36.3% | 48.0% 48.2% 49.2% 48.7%
500 363% | 47.9% 48.0% 49.4% 48.3%
Frequency of 1" Rank 0 0 1 4 1
C4,5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
RSMOTE1 (W/E/L) 5/0/0 2121 1/3/1 0/5/0 0/5/0
RSMOTE2 (W/E/L) 5/0/0 1/4/0 0/5/0 0/5/0 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE RSMOTE1 | RSMOTE2

24,71 1.95 100 82.6% | 83.6% 84.6% 84.3% 83.0%

200 82.6% | 85.2% 85.7% 85.7% 85.7%

300 82.6% | 85.5% 85.7% 86.5% 86.5%

400 82.6% | 84.0% 83.4% 86.5% 87.0%

500 82.6% | 84.9% 84.7% 86.5% 87.0%

Frequency of 1" Rank 0 0 1 2 4

C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2

RSMOTE1 (W/E/L) 5/0/0 3/2/0 3/2/0 0/5/0 0/5/0

RSMOTE2 (W/E/L) 4/1/0 3/2/0 2/3/0 0/5/0 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
10.75 640,827 100 55.7% | 57.6% 57.4% 56.5% 57.4%
200 55.7% | 57.3% 58.0% 57.4% 57.0%
300 55.7% | 58.3% 58.7% 57.7% 58.0%
400 55.7% | 57.7% 57.8% 57.3% 58.0%
500 55.7% | 57.4% 58.2% 57.6% 57.5%
Frequency of 1" Rank 0 1 3 0 1
C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
RSMOTE1 (W/E/L) 5/0/0 | 0/4/1 0/3/2 0/5/0 0/5/0
RSMOTE2 (W/E/L) 5/0/0 0/5/0 0/5/0 0/5/0 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
8.63 11.29 100 52.1% | 50.4% 48.5% 44.2% 49.2%
200 521% | 52.9% 50.6% 55.4% 58.1%
300 52.1% | 352.1% 46.9% 57.4% 57.4%
400 52.1% | 52.3% 44.4% 56.4% 57.0%
500 52.1% | 50.2% 42.1% 55.4% 55.6%
Frequency of 1" Rank 1 0 0 1 4
C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
RSMOTE1 (W/E/L) 4/01 3/1/1 4/1/0 0/5/0 0/4/1
RSMOTE2 (W/E/L) 4/0/1 4/1/0 4/1/0 1/4/0 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
6.32 7.65 100 58.8% | 72.9% 78.5% 74.7% 76.7%
200 58.8% | 72.6% 73.2% 76.9% 76.1%
300 58.8% | 75.5% 74.3% 76.6% 76.2%
400 58.8% | 75.9% 72.7% 77.1% 77.1%
500 58.8% | 77.0% 71.5% 77.1% 76.8%
Frequency of 1" Rank 0 0 1 4 0
C4.5 | SMOTE | BSMOTE | RSMOTE1L | RSMOTE2
RSMOTE1 (W/E/L) 5/0/0 1/4/0 4/0/1 0/5/0 0/5/0
RSMOTE2 (W/E/L) 5/0/0 1/4/0 4/0/1 0/5/0 0/5/0

= = o 9 .
INANTINN 4.14 Wﬂfﬂ'jLlr%ﬂﬂl.qﬂﬂﬂﬂ'ﬁﬁnlluﬂﬂ‘jxlﬂﬂmﬂy’ﬁMHQﬁfQH1 EGOII_OIII UYUNIAT

o 1 = Y v  deal A v omes A = o o daa
Januen N uaue RSMOTE1 1“Wﬁﬁ?ﬂﬂﬁﬁﬂﬁﬂﬂﬂgﬂll']ﬂﬂ’!']’!'ﬁ@u 13 GLWF\I'ﬁ'ﬂ‘W'ﬁ“VIﬂ

] o { ¢ ot W o 7 o ant

nqga 4 A1TNARDI ITINNINUA 5 N1TNATD ﬁiﬂﬂﬁL%uﬁﬂﬁﬁﬂLﬂﬁ1811‘151}'815[?114’1 200-500 LAY 2D
9 v daa A P = s 2 @ ¢y P

BSMOTE 1ﬁNﬂﬂWﬁ1ﬂﬂ1’l’s}'ﬂl‘Wﬂﬂ 1 NTNA[D ‘VILﬂﬂﬁl“Huﬂﬂ'ﬁﬁﬂLﬂﬁ'lzﬁﬂl'ﬁ]i]ﬁ’ﬂ 100

U

[ 1 )

o = 9/ ac aa = 1 a‘
ﬂ']‘i’JﬂﬂmlﬁUﬂlﬂﬂﬂﬂ?ﬂ?ﬁﬂ?‘iﬁﬂﬂﬂﬂﬁﬂﬂﬂ (t-test)  INATI NN 4.14 FIUA VTN

9/
naueia RSMOTE] way RSMOTE2 sz @ndnngeniedieiiteding 5, 1 uaz 4 ms

e

1 k1) P
NANOY VUIT C4.5, SMOTE wag BSMOTE  awdiay 3eagil 1a3sminauensaesis

) ¥
ansadauenilsznndoya laaninisiinedeesuua



41

4.2.2 nasTanuiladulas razadanaaeui
[~ = 4 ar g 5.2
unsnlFlunsuaainasgnang dasianugndesiilunin (cue positive rate, TP
o 1 - i g .. dd’.j ¢={ A
rate) LAz oAT1EIUANNAAN AN ULIN (false positive rate, FP rate) lunsaiiiunldldehn
A ' P o Ao A A 1 ° ¥ 2 g
uAnnnNUaaInInsTunIllseninngeand Tagazriiminaasanady 10 ase (9
21 e 1 3 o - ¢ g .
10-fold cross validation) luuaazilesiuansdunsizridoyailsznnan (%Sampling) uda
oy ; o 4 .
A lduunfenaniinaassuaaInen1s1ef 4.15 - 4.24 Fauaaswamafsouiouaanin
g d.' l=: Ao { -7 g’} ==} 1 1
YoamsTuunlszinndoyansiininerdoaaz B AWMU S2uNIHYa 5 35) @nsneIum
Y o dy
M54 laaail
VoA @ Y 1
1. Afuaasdanu lums e unukaausnanga luunaz%Sampling
L 23 Ju d o ;
2. %Minority unuitlesiduddayatlsziananlugadeya way %Sampling Unu
¢ d o ¢ = ' { g
wlesidud lumsdunszidoyatlsemnian 15U # %Sampling 100 lunsaifidoyatlszmnidn
w 1 @ &Y =] g @ 1 = 9
10 9298719 wwduasevdoyalssamaniinynen 10 dred1e Wudu
. Y A 1 g/ = o
3. Variance ANytlsisiuvesyadeya itognagadeyalinisnszatadauuyla awise
] ) r:i r-:i g 8 1 9 =1
Auan ldarwann1sd 3. luundl 3 Sraranmalsilsufianntaasgadeyaiinis
Qs d‘ T o ﬁ:ldl. -]
aszwAing Limingauduisniuaus
as Ay s AN WA NAR, g A 'Y Y Y
4. C4.5 unuITMn lulimsa¥edlesnduasizvmsundeyaauatiu, SMOTE un
ast a [ o ¢ a an A o
Talun, BSMOTE unu3smsaindeyadunsigdusinavel), RSMOTEL unudsituaue
T o 1 = asd o 1 a3 1w
1@ 1% Threshold (JuAundo Lag RSMOTE2 unuisNitauoua 1y Threshold HuA1isag1u
o A g o A ' A ~ L4
5. Frequency of 1" Rank UNUMAAWTT NI UMABUANGA 11 13199 4.15 NABAUI
oy = < oA and o dea
T C4.5 1171 Frequeney of 1% Rank 1ilu 5 teraednfgadoya lonosphere 35 €4.5 THWadwina
o 2 Z2 o o
figa 5 MINABIINNIMNA 5 NMInaasd UuNRsIaduhIaduTne
= 5 S ] 1A P oas A 4 4
6. W/E/L (Win/Bqual/Lose Significant [9]) (Hun1nvenddsnSouiion uwinnay
mhnuafoond edelivedidyniseaannnudonu 95% wio 1l Tasldismsatanaaoni
(t-test)
1 =% 1 oy v da 1 1
Win Significant (Win: W) Aufeuiiiouseneeoads Idnadwifininniuazuanaig
pglad Ay
o e

Equal Significant (Equal: E) A1d/Souifiouserineaeddt ldnadninuand1eadre il

HadAgy

T

9 1

Lose Significant (Lose: L) mfFouiisuseninaesis ldnadniniosuaziunnaig
pgaLud 1Ay
(U 715197 4.15 Atn2 RSMOTEL AU ABaN1l SMOTE 181 W/EVL 19191 3/2/0 4aadinasa

bil
@ o @ 1 o
il

0 v I ' 1 ' o {
Wndue RSMOTEL fnadninaniwazuand19ed1elisdiAnyed 3 MInaass, Haanii



42

LY o

1 ¥ ] v o W i v de 4 1 1 o
Lmﬂﬂ'N@U'NUhJﬁLlﬂﬁ'lﬂﬁgi’)g 2 NNINANDILLRT NﬁﬂWﬁ‘ﬁﬁ‘é}ﬂﬂ’J'ILL?;WLWIﬂG]N?JE}N UYTIALYD

ecm .,

¥ 1] ——
0 NAABIVINNINUA 5 NINARDY (aMeUAUIT SMOTE

\‘P‘ITEN‘?; 4.15 wammﬁamﬁwmsilLLuﬂﬂizxﬂ'm%’agmmﬁmum Tonosphere uummi’mﬁuﬁ
1&duTds
%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE | RSMOTE1 RSMOTE2
35.8 35.63 100 90.6% | 86.2% 86.5% 87.1% 86.3%
200 90.6% | 86.6% 86.9% 86.6% 85.7%
300 90.6% | 86.5% 86.7% 86.3% 85.3%
400 90.6% | 86.1% 85.8% 86.4% 85.0%
500 90.6% | 85.2% 85.7% 86.2% 85.5%
Frequency of 1 Rank 5 0 0 0 0

C4.5 | SMOTE | BSMOTE | RSMOTEL | RSMOTE2

RSMOTE1L (W/E/L) 0/4/1 3/2/0 0/5/0 0/5/0 1/4/0

RSMOTE2 (W/E/L) 0/1/4 11272 0/4/1 0/4/1 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE | RSMOTE1 RSMOTE2
34.77 741,156 100 TL.7% | 71.1% 72.9% 73.2% 72.5%
200 71.7% | 71.3% 72.5% 72.3% 72.0%
300 71.7% | 70.8% 72.6% 72.5% 72.3%
400 71.7% | 70.5% 72.7% 72.5% 72.0%
500 71.7% | 71.1% 73.1% 72.4% 71.6%
Frequency of 1" Rank 0 0 4 1 0
C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2
RSMOTE1 (W/E/L) 5/0/0 5/0/0 0/5/0 0/5/0 1/4/0
RSMOTE2 (W/E/L) 4/1/0 2/3/0 6/2/ 3 0/4/1 0/5/0
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% Minority | Variance | %Sampling | C4.5 SMOTE | BSMOTE | RSMOTE1 | RSMOTE2

33.33 0.55 100 83.2% | 92.4% 89.3% 89.7% 89.3%

200 83.2% | 91.1% 89.4% 89.6% 89.2%

300 83.2% 88.8% 89.1% 89.9% 88.6%

400 83.2% | 89.5% 88.9% 89.9% 87.9%

500 83.2% 89.6% 89.0% 89.9% 88.5%

Frequency of 1" Rank 0 2 0 3 0

C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2

RSMOTE1 (W/E/L) 5/0/0 0/4/1 3/2/0 0/5/0 2/3/0

RSMOTE2 (W/E/L) 5/0/0 0/4/1 0/5/0 0/3/2 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE BSMOTE | RSMOTE1 | RSMOTE2

30.75 637 100 91.6% | 92.2% 91.9% 92.5% 92.6%

200 91.6% | 91.5% 92.0% 92.7% 92.3%

300 91.6% | 92.2% 91.9% 92.6% 92.0%

400 91.6% | 91.8% 92.0% 92.7% 92.7%

500 91.6% | 92.0% 92.1% 92.7% 92.3%

Frequency of 1" Rank 0 0 0 4 2

C4.5 | SMOTE | BSMOTE | RSMOTE1 | RSMOTE2

RSMOTE1 (W/E/L) 5/0/0 2/3/0 1/4/0 0/5/0 1/4/0

RSMOTE2 (W/E/L) 3/2/0 2/3/0 2/3/0 0/4/1 0/5/0
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE | RSMOTEI | RSMOTE2
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%Minority | Variance | %Sampling | C4.5 | SMOTE BSMOTE | RSMOTE1 | RSMOTE2

10.75 640,827 100 754% | 76.9% 71.3% 77.0% 77.0%
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%Minority | Variance | %Sampling | C4.5 | SMOTE | BSMOTE RSMOTE1 | RSMOTE2

8.63 11.29 100 76.3% | 73.5% 72.1% 69.3% 72.3%

200 76.3% | 75.5% 72.9% 77.1% 78.6%

300 76.3% | 75.8% 71.6% 78.3% 78.3%
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%Minority | Variance | %Sampling | C4.5 | SMOTE BSMOTE | RSMOTE1 | RSMOTE2
6.32 7.65 100 74.3% | 86.0% 87.4% 88.5% 89.8%
200 743% | 87.3% 84.9% 90.2% 90.6%
300 74.3% | 89.8% 85.7% 90.2% 90.4%
400 74.3% | 89.9% 83.4% 90.7% 90.7%
500 743% | 90.0% 82.8% 90.7% 90.5%
Frequency of 1" Rank 0 0 0 2 5
C4.5 | SMOTE | BSMOTE | RSMOTEL | RSMOTE2
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RSMOTE2 (W/E/L) 5/0/0 2/3/0 5/0/0 1/4/0 0/5/0
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M13137 4.25 ag1lHan13NAeY Frequency of 1 Rank UUIes I

Frequency of 1" Rank

# | Dataset %Minority | #Minority | C45 | SMOTE | BSMOTE | RSMOTEL | RSMOTE2
1 | Ionosphere 35.8 126 5 0 0 1 0
2 | Pima 34.77 268 0 0 4 1 0
3 | Seeds 33.33 70 0 1 0 4 0
4 | Vehicle 30.75 199 0 0 0 5 1
5 | Contraceptive 29,21 333 0 0 1 4 0
6 | Haberman 26.47 g1 0 0 1 4 1
7 | Breast Tissue 24.71 21 0 0 1 2 4
8 | Satimage 10.75 625 0 1 3 0 1
9 | Glass 3 8.63 17 1 0 0 1 4
10 | Ecoli_om 6.32 20 0 0 1 4 0

Total 6 2 11 26 11

A o

= st o Hq v @
M15147 4.26 a31/wan13NAARY Frequency of 1 Rank wnasdaiunladuln

Frequency of 1" Rank

# Data set %Minority #Minority C4.5 SMOTE | BSMOTE | RSMOTEI RSMOTE2
1 | Ionosphere 35.8 126 5 0 0 0 0
2 | Pima 34.77 268 0 0 4 1 0
3 | Seeds 3333 70 0 2 0 3 0
4 | Vehicle 30.75 199 0 0 0 4 2
5 | Contraceptive | 29.21 333 0 0 1 5 1
6 | Haberman 26.47 81 0 0 1 4 0
7 | Breast Tissue 24.71 21 0 0 1 2 4
8 | Satimage 10.75 625 0 0 5 0 0
9 | Glass_3 8.63 17 0 1 0 1 4
10 | Ecoli_om 6.32 20 0 0 0 2 5

Total 3 3 12 22 16
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a = ' P ~ = o o o o = @ 9
Hugria Total UATTINAUNIN 50 L‘H%JQM1i]']ﬂﬂLﬂﬂﬁL“ﬁuﬁﬁﬂmi'l%ﬁ’ﬂ@i%mﬂ‘c’J’Jﬂ‘LILLﬁ'J RERRGRD

]
[ -

' asdq Y o ) 9 At Al Y @ oaad
NN 1 ’J‘E’ﬂﬁl’ﬁPmaT\I‘ﬁm‘iﬂﬂlkﬂﬂ‘llﬂﬂﬂﬂﬂﬂ@ﬂﬁﬁﬂiﬂﬂ’ﬂﬂﬂﬁﬂﬂﬂﬁﬂL‘mﬂu
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RSMOTEI RSMOTE2
# Data set %Minority #Minority Variance C4.5 SMOTE BSMOTE C4.5 SMOTE BSMOTE
1 | Tonosphere 358 126 35.63 | 0/4/1 | 17400 o/s/0 | o/1/4 | o0BR 01213
2 | Pima 34.77 268 | 741,156 | S/0/0 | 4/1/0 0/4/1 410 | 3200 0/al1
3 | Seeds 33.33 70 0.55 | s | 131 410 | 500 | oBe 0/5/0
4 | Vehicle 30.75 199 637 50000 | 37210 3P0 | 320 | 131 0/5/0
5 | Contraceptive 29.21 333 10.18 | 500 | 3710 2300 | s/00 | 3200 1/4/0
6 | Haberman 26.47 81 300 5000 | 20N 1/3/1 500 | 1/4/0 0/5/0
7 | Breast Tissue 24,71 21 195 | 500 | 37200 310 | 410 | 320 2/3/0
8 | Satimage 10.75 625 | 640,827 | 5/0/0 | 04/ 0302 500 | 0/5/0 0/5/0
9 | Glass_3 8.63 17 1129 | 4o | 3/ a0 | 4on | 4100 4/1/0
10 | Ecoli_om 6.32 20 765 | 500 | /40 4/0/1 5000 | 1/4/0 4/0/1
Win/Equal/Lose 4442 | 21254 | 21045 | 40/5/5 | 16/29/5 | 11/34/5
Frequency of 1" rank 48 46 45 45 45 45
Total 50 50 50 50 50 50
= . AN o & dquy sy
A13197 4.28 a51Wan13MAa8Y Win/Equal/Lose Significant yuanasianunladu lng
RSMOTEL RSMOTE2
# Data set YaMinority #Minority Variance C4.5 SMOTE BSMOTE Cd.5 SMOTE BSMOTE
I | lonosphere 35.8 126 3563 | 041 31200 0/500 04| 1R 0/4/1
2 | Pima 34,71 268 | 741,156 | S/00 | 5/0/0 0/5/0 4/1/0 4 23/0 0/2/3
3 | Seeds 33.33 70 0.55 | 500 | 041 3200 50/00 | 04/ 0/5/0
4 | Vehicle 30.75 199 637 50000 | 21310 1/410 3200 | 2300 2/3/0
5 | Contraceptive 2921 333 10.18 | 500 | 3210 2/3/0 5/0/0 1/4/0 1/4/0
6 | Haberman 26,47 81 300 5/0/0 1/3/1 113/1 500 | 050 0/5(0
7 | Breast Tissue 24.71 21 1.95 S0/0 | 3/200 3/2/0 410 | 230 20310
8 | Satimage 10.75 625 | 640,827 | 5/0/0 | 0/5/0 0/312 5/0/0 0/5/0 0/4/1
9 | Glass_3 8.63 17 11.29 | 40N 2/3/0 4/1/0 4/0/1 1/4/0 4/1/0
10 | Ecoli_om 6.32 20 765 | 5000 | 2/3/0 4/100 5/0/0 2/3/0 5/0/0
Win/Equal/Lose a4 | 21272 | 18293 | 40/5/5 | 10373 | 1431/5
Frequency of 1" rank 48 43 47 45 47 45
Total 50 50 50 50 50 50
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A19197 4.29 wanT/3 ooy Win/Equal/Lose Significant Y8435 RSMOTE1 A RSMOTE2

RSMOTEIL : RSMOTE2

# Data set %Minority | #Minority F-Measure AUC
1 | Ionosphere 35.8 126 1/4/0 1/4/0
2 | Pima 34.77 268 0/5/0 1/4/0
3 | Seeds 33.33 70 2/3/0 2/3/0
4 | Vehicle 30.75 199 2/3/0 1/4/0
5 | Contraceptive | 29.21 333 0/5/0 0/5/0
6 | Haberman 26.47 81 0/5/0 0/5/0
7 | Breast Tissue 24.71 21 0/5/0 0/5/0
8 | Satimage 10.75 625 0/5/0 0/5/0
9 | Glass_3 8.63 17 0/4/1 0/4/1
10 | Ecoli_om 6.32 20 0/5/0 0/4/1
Win/Equal/Lose 5/44/1 5/43/2
Total 50 50
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Reverse K - NN SMOTE: Over - Sampling Method to add The Synthetic Minority Instances
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unanta

Toyaldauqa (Imbalanceddataset) fin ﬁagaﬁlﬁmsm:mﬂ dafilai wiriuluudaztszinndaya (class) nd1afie
é‘@mihumaaﬂs:mw&'aga‘[ﬁmﬁU@'Lﬂﬂ”@ﬁ‘i:mml’ﬁgaﬂ':xmﬂl@ﬂszmﬂwﬁe ﬂ%gu“ummmmwuﬂ’aga’lﬂauqalumuﬁaﬁwmumn
lmmﬁ‘é‘u"fuf:mq\iLmtm.aqum‘m"ﬂLwn'u"auummu 2 ly=unw (binaryclassification) %aﬂiznaua’mﬂimﬂﬁagmén (minorityclass)
uazdszinnadoyalng) (majerityclass) Taarimualiivzimdayatdnia ﬂszmwﬂagﬂﬁﬁa"mnﬂauﬁagaiﬁwmuﬁaﬂ 9 uazilyzinm
Tayalnalfla Uszinndayafifidasdntoyadimanenng a1fi iiu ludayalaq arasznaudn tszinndayaidn 0.5% uaz
Uszinndayalig) 95.5% Ludu Uymndnzasteyslisugadalueamstausndayasslindadludsnlsznmdayalng donald
sausndeyarimuauiuszinndayalng nenluamuduedaudasznaydagylssnndsyaiindas EAldudUywdoyalisues
fifta Uiumansznedetdssinndays Tasmisfedayasainmeddauian (syntheticminoritydata) l#damaudayadiwiay
IndifisaiuTayadiuann lunﬂsﬁé'uéuf:ﬂwLmaf;%nmﬁuﬁ'lmuﬁaga‘[mzllﬁ%'sf aunﬁ‘u‘lﬂgtﬁ authulumaiandoys dauranflaz
e (informationvalue) lunsnenasldindmaivnaue Sanaruismsatisday asaTzidwlonsanaug
917 17w alun (SMOTE) sz nsadhedayadaasiziuiinuuay (Borderline-SMOTE) nnHanTaaeduaasliiinitiin
ﬁﬂLﬁuammsmﬁ'uﬂ-::ﬁﬂ%mwnﬁﬂ"ml.ﬂnﬁaga‘lm"ﬁn"u’gﬂﬁ'aqamu’lﬂnj dialdanariasian (F-Measure) WaziuiildnTv (AUC)

a
a

ardadny: dymidwaudoys i mainiuiudaysl SMOTE

uni

ﬂ“fruumm“asglaﬁ"hjam;a (7 inlunudseisRasandisssesdszsnviniu fo Usznandayaidn nudsznndayalng
Ussinnfayadniinnudayaiiudamaiuiuiudes 'lmjm:ﬁﬂmnm]‘au“a'lwQiﬂgun”uﬁé’mm'wiaa‘llamn afi 1iu ludaya
la9 anvusznaudag Ussiandayaidn 0.5% uas Ussumdayalng) 95.5% iudu lumsdatlszininmlueansdauandszian
ﬁagafmﬂ-ﬁmm']mﬂuﬂw (accuracy)%aﬂ'ﬂmwmuiummfm:‘iﬁuL‘é‘mlﬂéﬂizmﬂiagalﬁnj mm@;mnﬂmnﬁﬁagalmyjﬁu
wffumdayadauan :ﬁualw"[umsﬁaé’wifumnﬂ'ﬂgﬂﬁ"‘.ajam@3a*fuﬂ:ﬁﬂLlunﬁagaw{mmmﬁuﬂs:mwfﬂga'l.my‘ﬁgmm
dadywundridzunsonuldludoyasie a1fi wiu msasareumsialnazestlunawisanfuasanfioy [21, nsdausn
Usztnnaninu (text classification) [3], NMTAUAUAITRULNA (information  refrieval), N13AANTa397U (data filtering) [4] uning
sTaua1ﬁm”agaﬁiﬂam;mful,ﬂuﬂ@npﬁﬁwﬁ'zgmﬂlumiﬁﬁmﬁaw"aga (data mining) [5]

LlaananananuuanuazaaTEIuaNAaNA1A (eror rate) fieldudssanudoyadiuunn Fatunuishalud

a

9 o & deo oo % @ e . g
Saldunariaiuildldulss (Area Under Curve, AUC) [6] 284N mgLuLLYa4@ITURTYQIM (Recelver Operator Characteristic, ROC)
e o as o ' o v oa .
[6] fﬂ&gﬂLL&JU'UENWJWmymvﬂmLﬂunﬂNﬂl’ﬂ"lummmma'szmw a@l's’m’l’mgnmaamﬂumn (true positive rate, TP rate) uaz
o ' a ) e add 4 v dal ‘ & - Aa a a
sandmanufianaiafiduuan (false positive rate, FP rate) lunsdiiiunlaldsiddunnniusasdamsduunnddezininmw
' un-&'all v da. w i = A a a a 3 . a_ 4 da = A ' a
gonilumanduiuwaudldldsnddnfasndusasfismsduuniifsziminmsini unzdndmileaffon 4ffe duiariaaw

o d e . . e
(F-Measure) [7] udnadszwinddufiu (recall) LazANAINNGNABI (precision)
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Algorithm: Reverse K-NN SMOTE (k=5)

Input; a set of all training set instances: D, |[D| = N
a set of all training set minority instances: Min
a set of all training set majority instances: Maj
where [Maj| + |Min| = |D|
Percentage of over-sampling: Percentage,

i.e., 100, 200, 300, so on

Qutput: set of synthetic minority instances L

1. DefnelL =0 gﬂﬁ 1 @18819N1911 reverse-kNN 289 node C
2. Calculate distance (x;) for all i in D and for all j in its k nearest neighbor, and then find their average distances
- r (xy-X)3°
(X)Variance = ZFLiE;;i;’T (1

3. Do sampling 25% per iteration until reach the Percentage
3.1 Calculate number of iteration numlteration = Percentage/25(2)
3.2 Calculate number of sampling

numSampling = [|Min| = 2.23] 3)

Proceedings The 5" Science Research Conference. 4-5 March 2013, University of Phayao.
ICT-14
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4. Generate synthetic minority data 10 times of numSampling with SMOTE
Candidate = set of synthetic data that was generated by SMOTE
5. D=DUnionL
6. For each instance D
Find set of k-nearest neighbors of D; (k-NN;)
7. Find set of reverse k-NN (rkNN;) of each Candidate;
For Candidate;in Candidate {For each D;in D {If Candidate; is in k-NN; { Add D; to rkNN; 11}
8. Calculate support (Support) For each D;in D

{Count number of minority instance in k-NN; ([Min,,, |) Count number of majority instance in k-NN; (IMaj,qq i)

If (IMin g | = LM sl + [MEien0/2] ) {Support= 1} )
else { Support; = v, [minor| + v, } (5)
L
where vi = 7 Vo = (6)
HE
9. Calculate information value (Info;)
For Candidate; in Candidate {Info; = OFor each D, € rkNN, {
e [Min]| +[Msj]
if (D,is minority class ) { Info; = Info; + (S, x S Minjx = % (7)
: : v 4 Min|+|Maj
if (D, is majority class ) { Info; = Info;- (S, x %)} (8)
10. Sort Candidate with Information value by descending order
11. Calculate threshold
If (average(Info) < 0){ threshold = 0 } else { threshold = average(Info) } (9)

12. Prune all candidate that information value lower than the threshold
13. Add candidate to L
14. go to the 4rd step until reach to numiteration

15. return L

dwiunng gadaya drAnuulliw (varance) Audldannnnia 1,000 me'm;@ﬁagaﬁﬂwmﬁammﬁ?}’agmfu
ﬁmmi:mﬂﬁwaaﬂ‘agaﬁm:muﬂ'ﬁgamn mil:ﬁ'lnmﬂ?ﬂw"a:da‘[ﬂuu:ﬂmﬁ'agaﬁawmlﬁag'.'ﬂw [0,1] niINMITaTINTaYS
Ll,a”qfua:ﬁ%"]w"agaa&'&mm:ﬁﬁzuﬁamﬂuim’m 10 \¥NU8d numSampling ¥EaNA2 aﬂﬂaﬁﬁﬁq@éﬁmwﬂa Iﬂuﬁwﬁay‘ﬁ
i?dmﬂ:ﬁvﬂﬂumzmmﬁﬂmmmmwj FauaaslusunT 7 uas 8 Iﬂuﬁ'ﬂ'qmwuja:LﬁuﬁrugaLﬁaﬁﬁaﬂmﬁauﬁmtﬂm}’aga
Yszinnkasfilizunsodausnldgndas udaslauaasdariauimdudaystrzaming

Wadwn mﬁhmwjifmﬁmﬁuﬁaaﬁwm iR MuTIERAS (support, S) Badvnd agaﬁﬁ'u‘“agmﬁLﬂﬁ:ﬁ'tfwmﬂuuﬁa
Twautu k ﬁ";amaﬁlné’ﬁq@ (k-NN) wiandfianismaviautiu k ﬂ'“'mdﬁaﬁlﬂﬂ"ﬁqmuuna”mﬁwaa”ﬁ‘mgaﬁ’amﬂ:ﬁ Taodn
autnwiauaadldasauns 4, 5 usz 6 Mudey fanadigmdasddriiy 1 Wadmawdeurm km’”’mahaﬁ'l.na”ﬁqa
(k-NN) Lﬁundﬁﬂ‘?uﬁuﬁayjaﬂmnn'lﬂqj Sugasluruniaf 4 wasfaasadunnuduasiaudsudiusasluannii 5 uaz 6
Lﬁaﬁm’:mﬁwmmgﬁmﬁ"xafj’luz%'al.ﬂﬁ:ﬁﬁ'"wmuﬁ'i Ferhndusmsdudiemsinnunldieaauinnug uazienianizad
aahm'iimﬁ:ﬁﬁﬁfhgan'h ﬁwﬁauﬁqmﬁuau?ﬂd‘ (threshold) dauaadlusunisfl 9 %a’i%msﬁnﬁﬂuw:aé’wiagnﬁ'amﬂ:ﬂ‘ua:
ToLdandayall danq aundaTusauiiimua

Hauazanilsy

swisuildinasinen (F-Measure) wazwiilanav (AUC) lumsialsznsnmussmidausnlszinndayauu 10 7o
JTayavnadstaya UCI [11] Fauaaaluanad 1Iaagam”agagnL?méwﬁ"uﬁ"mé’m’md'swaﬂ]"ay.aﬂ'szmwﬁa:mnﬂ'wmn‘lﬂffau
ewdsumdsslndifssflifauioutuanwiseiitieua de alan (SMOTE) wazmssindayadauaneiuinmuey (Borderline-
SMOTE) rimualiein k=5 widlaulunudsb [9] waz [10] mmﬁaﬂagaﬂ@aaamzfagm‘%nu;’?ﬂgu"lﬂ“l’ﬁ"‘i%nﬁﬂa"uiag& 10 38U (10-fold
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cross-validation) Tasutisayaidu 10 dau 19 1 sawdudeyanasey Teyafiwmdadudaysnaioud sduTayanagenliiTanauny
d o o & ) ) o a Y. a a a o @
10 s8u TanAiTayaiiouiiuazgnisoulaslddulinisdadula 45 (Decision tree, C4.5) unzimlszAnEnmwuudoyanasauday
o Y dq oo @ ' el o [ & . ar Y e oe A =
wariaeW waziuflanTwuu 10 TATBYA FANBRLVBIMIAUITIN 10 AT vassrunaTIaeniasiuildnnufuaaduanssd 2

o v o & dnou ad v . o
1na19f 2 winlddrduesiaeduas i uildnmdaaditmnitaua (RSMOTE) Wnaswilumsaauonszinn

w aal A & & a e a a addl o I A
?Ja;da‘lﬂﬁwqmﬂuiwmu 17 INNINUA 30 NTT Uaz 18 INVINA 30 nTEk Aauday mm'ﬁ'aTum:gﬂm‘ﬁ'ﬂlﬁnaﬂwfﬁngﬂ 2 nydl

o

' P e & df o 2 o 9 ud v add CA BT a A ar W
vwnariadaruaz 1 nedluwinasiaiunlansv Seiliigalai ittt aueduldifudszd@ninmnedausndssinndayaann

P
&

@
P v o e a v o« a & e o = Y
Simsiugniaslun Idadhetaunu lunsdivasshadayadaansiuinuuay (Bsmote) wwdulddailunsdifiefidudmsat

e o o

(9 o 4 aa a W a a a v A a Ay
ﬂJaQaHGLﬂﬂ:VTﬂ 300% ez 500% ’Jﬁﬂ']'j?ﬁl"llﬁuﬂl‘ﬁﬂi:’ﬁﬂﬁ'ﬂﬁWﬂ'ﬁﬂ@lLLUﬂﬁﬂgﬁﬂFNLL@'\‘Jﬂl‘l'ﬁﬂ‘i"{xﬁjEﬁ;ll‘ﬂﬁ‘%ﬂﬂtﬁﬂﬂ'lmﬁaﬂuﬂ’]

sae

' o da o o ’ . 1% A a e ¥ . 'Y o as
AARY Lm'lwgmagammsmzmﬂmmawagagaarj'\q Pima Was Satimage n’fl‘mﬁﬂﬁmﬂuﬂlumsmumamway‘mmwﬂmaawﬁ

v ad A

lum':ﬂ"ﬂLmnﬂ-::mm"agaﬁﬁanniﬁ%m"wiaﬂaé‘am‘m-ﬁﬁnmau iuldidinsfdiauoas Wuadwilun1sdauenysenn
) =) o od e a . ' 9 M o oo Y . = = w
Tayandnindadandaduvesnlszimdayadiutasddmudon a1fl 14w Tays Glass_3 waz Ecoli_om Tapfiansen 2 leuuy

U
= ar

aa___dw o a v e o SR A g P I ; at A w
St ldnsatedladedsenziiAuunid ayaauauY (C4.5) LwalﬂyLﬂ?UULﬂuunuaﬁnﬂ‘imaE] FranunsoRulTzEnsinle
USunourinla

ANTei 1 llﬂﬁld?’lﬂaztﬁﬂﬂﬂad?{ﬂiﬂﬂﬁ

Dataset number of number of Class label Percentage of

Examples Attributes (minority : majority) minority class
lonosphere 351 35 bad:good 35.8%
Pima 768 8 1:0 34.77%
Seeds 210 8 1:2 33.33%
Vehicle 846 19 van:other 30.75%
Contraceptive 1473 10 2:other 29.21%
Haberman 306 3 2:1 26.47%
BreastTissue 106 10 car:other 2471%
Satimage 6435 G 4:other 10.75%
Glass_3 214 10 3:other 8.63%

Ecoli_om 336 8 om:other 6.32%
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A151971 2 uAA9AN F-measure uaz AUC flaoinmsnaans lavariilinarduaniuanliuadindaain 435

1

F-Measure AUC
Dataset %Minority %Sam C4.5 SMOTE BSmote RSMOTE C4.5 SMOTE BSmote RSMOTE
pling
lonosphere 35.8% 100 83.3% 822%  826%  83.3% 90.6% 86.2%  86.5%  87.1%

300 83.3% 82.3% 82.5% 82.1% 90.6% 86.5% 86.7% 86.3%
500 83.3% 80.4% 81.2% 82.1% 90.6% 85.1% 85.7% 86.2%
Pima 34.77% 100 62.8% 63.3% 65.3% 65.4% 1.7% 7T1.1% 72.9% 73.2%
300 62.8% 63.4% 65.2% 64.7% 71.7% 70.8% 72.6% 72.3%
500 62.8% 63.8% 65.8% 64.7% 71.7% 711% 73.1% 72.4%
Seeds 33.33% 100 77.5% 89.3% 84.9% 85.5% 832% 92.4% 84.9% 89.7%
300 77.5% 84.7% 84.2% 85.9% 83.2% 88.8% 84.2% 89.9%
500 77.5%  85.3% 84.3% 86.0% 832% 89.6% 84.3% 89.9%
Vehicle 30.75% 100 86.6% 87.4% 87.3% 88.1% 91.6% 92.2% 91.9% 92.6%
300 86.6% 87.1% 86.8% 88.0% 91.6%  92.2% 91.9% 92.4%
500 86.6% 86.7% 86.9% 88.4% 91.6% 92.0% 92.1% 92.7%
Contraceptive  29.21% 100 429%  44.0% 44.5% 44.4% 63.4% 63.8% 64.1% 64.1%
300 429% 42.6% 44.0% 44.9% 63.4% 62.9% 63.8% 64.4%
500 42.9%  42.5% 42.9% 44.7% 63.4% 62.7% 63.0% 64.2%
Haberman 26.47% 100 36.3%  50.0% 50.2% 47.3% 572% 657% 66.0% 63.8%
300 36.3% 47.1% 48.5% 48.9% 57.2%  62.5% 64.2% 64.6%
500 36.3% @ 47.8% 48.0% 49.4% 57.2%  63.1% 63.7% 64.9%
BreastTissue  24.71% 100 82.6% 83.6% 84.6% 84.2% 91.7% 91.5% 92.5% 92.2%
300 826% 854% 85.7% 86.4% 91.7% 93.2% 93.4% 94.2%
500 82.6%  84.9% 84.6% 86.4% 91.7% 92.7% 92.5% 94.2%
Satimage 10.75% 100  55.7%  57.6% 57.4% 56.5% 754% 76.9% 77.3% 76.6%
300 557% 582% 58.7% 57.4% 754% 78.3% 78.7% 77.8%
500 557%  57.4% 58.2% 57.5% 754% 78.2% 78.8% 77.7%
Glass_3 8.63% 100 52.1%  50.3% 48.4% 44 1% 76.3% 73.5% 72.1% 69.3%
300 52.1% 52.0% 46.8% 57.3% 76.3% 75.8% 71.6% 78.2%

500 52.1%  50.2% 42.1% 55.4% 76.3% 75.2% 69.2% 76.6%
Ecoli_om 5.85% 100 58.8% 72.9% 78.5% 74.6% 743% 86.0% 87.4% 88.4%
300 58.8%  75.5% 74.2% 76.5% 74.3% 89.8% 85.7% 90.2%
500 58.8% 77.0% 71.4% 77.1% 74.3%  90.0% 82.8% 90.7%
4 2 8 17 4 1 8 18

unagu

n'm,wumazi"uwauaiwm'smmﬂ amauutﬂuummwmﬂlmnﬂmmwaumﬂ‘lﬂmjmnu luauitudu
Thisuadtnemdautnu kmasmﬂlnaﬂaml,uunﬁ'um”m (reverse K-NN, rk-NN) nwnumﬁmﬁwauammﬂm‘lumfﬂsm?

L #he

filaimags disidtauasiuasdnmannanud Lwam.,manmamwayjammﬂmwﬁqUﬂmmnmagﬂﬂnmmauaa’muaun
faugnda WWaarsadausniszinndayaldadrogndasld mnmsmaaam"agaﬁza 10 7a laglddunariaed uasdanasia
Auilddulds nammasssusaslsiiiuin ?Eﬁmtauaiﬁm:ﬁ‘n%n'lwlumnﬁwhazhaﬂaga‘lﬁ’ﬁn’iqvﬁ?ﬁa’[wﬁgﬂﬁ%ﬁugm.
%‘ﬁ'afwvfag.ﬁﬁ'nﬂﬂzﬁu?l.amjauuaz'ﬁ"agaﬁ‘uaﬂ‘uﬁ‘la‘iﬁmnﬁuﬁ’agﬂﬁ'uﬂﬁ:ﬁn“wqm"au“amulﬂm: lelfunaiadan
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