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1 General

This is a supplementary document to the paper of “SMOClust: Syn-
thetic Minority Oversampling based on Stream Clustering for Evolving Data
Streams” and it is organised as follows:

® Section 2 presents the pseudo-code of Synthetic Minority Oversampling
based on stream Clustering (SMOClust) written in a lower level of abstrac-
tion.

® Sections 3 and 4 presents the comprehensive results of the predictive perfor-
mance of approaches on artificial data streams and real-world data streams
respectively.

2 Proposed Approach

This section presents the pseudo-code of SMOCIlust written in a lower level
of abstraction. Algorithm 1 presents the pseudo-code over-viewing SMOC]lust.
Algorithm 2 presents the pseudo-code of this method. The details of generating
a synthetic minority class example using micro-clusters can be described as
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follows. Algorithm 3 presents the details of how to combine a set of micro-
clusters into one. Algorithm 4 presents the algorithm of sampling from a hyper-
sphere based on a skewed Gaussian where the maximum of the probability
density function is predefined.

Algorithm 1 Synthetic Minority Oversampling based on Stream Clustering
- SMOClust

Hyper-parameters: Base Learner(b), Stream Clustering Method(sc), Class Size Fad-
ing Factor(f), Gaussian Noise Variance(v), Categorical Change Probability(P.), k-Nearest
neighbour(k), Data Stream(S)
Variables: Base Learner(B), Stream Clustering Methods array(SC|])

1: SCJ[] + createStreamClusteringMethods(sc,2) > “2” refers to the number of SC to create.

2: for s; € S do

3: drift_level < DriftDetection(B, s¢)

4: if drift_level == DRIFT then

5: B « createNewBaseLearner(b); B.resetClassSize()

6: end if

7 B.trainOnlInstance(st); B.updateClassSize(s,0)

8: last_inst[s;.classValue()] < st > Store the last seen example of each class

9: Cmaj — getMajorityClass(); cmin < getMinorityClass()

10: while (B.rawClassSize(cmin) < B.rawClassSize(cma;)) and ((SC[0].isReady() and
SCI1].isReady()) or last_inst[cmin] # NULL) do

11: if SC[0].isReady() and SC[1].isReady() then

12: mClustergnchor < weightedRandomDrawByAvgTimeStamp(SCcmin])

13: if mClusteranchor.-surroundedBySameClass(SC) then

14: synthInst®™™ « genSynthInstBykN N (SC[cmin], mClusteranchor, Cmin, k)
> Alg. 2

15: else )

16: synthInst?™ « genSynthInst ByGauSampling(mClusteranchor)

17: end if )

18: synthlnst + binaryToNominal(synth[nsth.copy())

19: SClemin]-trainOnInstance(synthInstPi™ deleteClass Attribute())

20: B.trainOnInstance(synthInst); B.updateClassSize(synthInst,0)

21: else > if last_inst[cmin] # NULL

22: synthlnst «+ addGaussianNoiseToInstance(last_inst[cmin], v, Pec)

23: synthInst?™ « nominalToBinary(synthInst.copy())

24: SClemin]-trainOnlnstance(synthInstPi™ deleteClass Attribute())

25: B.trainOnInstance(synthInst); B.updateClassSize(synthInst,0)

26: end if

27: end while

28: sPimmoClass _ pominalToBinary(s.copy())

29: SC[sy.classValue()].trainOnInstance(s2™ ™91 deleteClass Attribute())

30: end for

Algorithm 2 Generate Synthetic Instance with k-NN Micro-Clusters

1: function GENSYNTHINSTBYKNN(SC[cmin], mClusteranchors Cmin, k)
2 kENNmClusters <+ SClcmin].getkN NmClusters(mClustergnchor)
3: sphere_cluster < createSphereCluster(mClusteranchor, KNNmClusters)
4 synthlnst < sphere_cluster.sample_around_target(anchor,, Cluster.getCentre()) >
Alg. 4
synthInst.setClassValue(s;.classValue())
return synthInst
end function

IR
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Algorithm 3 Combining a set of micro-clusters into one

1: function cOMBINE(mClusters[])

2: dimensions < mClusters[0].numO f Dimensionss()

3: for i € range(0..mClusters.length) do

4: all_centres[i] « mClusters[i].getCentre()

5: all_weights(i] < mClusters[i].getW eight()

6: all_radius[i] < mClusters[i].get Radius()

7: end for

8: newCentre < create ArrayWithSize(dimensions)

9: for i € range(0..dimenstions) do > Weighted sum of centres, by dimension.
10: result_by_dim < 0

11: for j € range(0..mClusters.length) do

12: result_by_dim < result_by_dim + all_centres[j][i] * all_.weights[j]

13: end for

14: newCentreli] = result_by-dim/sum(all_weights)

15: end for

16: Ty, < createArrayWithSize(all_-radius.length)

17: for i € range(0..all_radius.length) do > Find the distance from newCentre to farthest

hull.

18: distance_to_newCentre + euclidean_distance(all_centres[i], newCentre)

19: Tn < rn U (all_radius[i] + abs(distance_to_newCentre))
20: end for
21: Ty 4 Tn.sort(descending); new_radius < ry,[0]
22: return createMicroCluster(newCentre, newRadius)

23: end function

Algorithm 4 Sampling from a Hyper-Sphere by Skewed Gaussian with the
Maximum of the Probability Density Function at a Designated Location

1: function SAMPLI-LAROL‘ND,’I‘Al‘tGFJl‘(oz(1)7 sphere_cluster)
2: B <« sphere_cluster.getCentre()

3 r < sphere_cluster.get Radius()

4: dimensions < B.numO f Dimensions()

5: § < create ArrayWithSize(dimensions)

6: v < createArrayWithSize(dimensions)

7
8
9

a® «— sample_random_from_hypersphere(a®, 1) > By Muller’s Method [7 ]
A+ 0; B+ 0, C<+0
: for i € range(0..dimensions) do
10: 8li] — a@ ] — aM 4]
11: v[i] « Bli] — aP]i]
12: A+ A+ (8[i] = 5[1]) >A=3" 67
13: B « B+ (8[i] * ~[i]) > i 0iyi
14: C « C + (v[i] * 4[i]) DI
15: end for
16: B+ Bx—2 > B=—-2(3]71",d:7i)
17: C+C—(rxr) >C = (X7 —r?
18: return (—B + sqrt(B* B —4x AxC))/(2* A) e S W

19: end function
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3 Results with Artificial Data Streams

This section resents the comprehensive results of the predictive performance
of approaches on artificial data streams.

® Correspond to Figure 4 in the paper:

— Figure 1 presents the difference in average G-Mean (based on thirty runs)
of the compared approaches against SMOClust on five-dimensional class
imbalanced artificial data streams.

— Table 3 presents average G-Mean (based on thirty runs) of all approaches
on five dimensional class imbalanced artificial data streams and the A12
effect size results of comparing existing approaches against SMOClust.

® Correspond to Figure 5 in the paper:

— Figure 2 presents the difference in average G-Mean (based on thirty
runs) of the compared approaches against SMOClust on five-dimensional
severely class imbalanced artificial data streams.

— Table 4 presents average G-Mean (based on thirty runs) of all approaches
on five-dimensional severely class imbalanced artificial data streams and
the Al12 effect size results of comparing existing approaches against
SMOClust.

e Correspond to Figure 14 in the paper:

— Figure 3 presents the difference in average G-Mean (based on thirty runs)
of the compared approaches against SMOClust on two-dimensional class
imbalanced artificial data streams.

— Table 5 presents average G-Mean (based on thirty runs) of all approaches
on two-dimensional class imbalanced artificial data streams and the A12
effect size results of comparing existing approaches against SMOClust.

e Correspond to Figure 15 in the paper:

— Figure 4 presents the difference in average G-Mean (based on thirty
runs) of the compared approaches against SMOClust on two-dimensional
severely class imbalanced artificial data streams.

— Table 6 presents average G-Mean (based on thirty runs) of all approaches
on two-dimensional severely class imbalanced artificial data streams and
the Al12 effect size results of comparing existing approaches against
SMOClust.

® Correspond to Tables 8 in the paper:

— Table 1 presents average G-Mean (based on thirty runs) of the approaches
on the two-dimensional version of Staticlm1_Move7 stream and the A12
effect size results of comparing existing approaches against SMOClust.

® Correspond to Tables 9 in the paper:
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— Table 2 presents average G-Mean (based on thirty runs) of the approaches
on the two-dimensional version of Staticlm10_-Rarel00 stream and the
A12 effect size results of comparing existing approaches against SMO-
Clust.

® Correspond to Figure 6 in the paper:

— Figure 5 compares the predictive performance of SMOClust with that of
OOBy, UOB4, 00S4, and oUnderOverBy in the Staticim1_Move7 stream.
The comparison is made over time steps in the median run' of the
approaches.

e Correspond to Figure 10 in the paper:

— Figure 6 compares the predictive performance of SMOClust with that
of OOB4q, UOB4, 00S4, and oUnderOverBg in the Staticlm10_Rarel00
stream. The comparison is made over time steps in the median run of the
approaches.

'Median run refers to the run that leads to the median of predictive performances averaged
across time steps.
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Fig. 1: Difference in Average G-Mean Against SMOClust on Class Imbalanced
Artificial Data Streams Based on 30 Runs (Green cells indicate SMOClust
performed better; Red cells indicate SMOC]lust performed worse; Grey hori-
zontal lines separate different groups of data streams, i.e., StaticIm{30/10/1},
Imbalance Ratio Drift, Double Factor, and Complex Factor)
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Fig. 2: Difference in Average G-Mean Against SMOClust on
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anced Artificial Data Streams Based on 30 Runs (Green cells indi-
cate SMOClust performed better; Red cells indicate SMOCIlust performed
worse; Grey horizontal lines separate different groups of data streams, i.e.,

StaticIm{5/3/1/07/05/03})
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Staticlm10_Split7--0.95% -4.1% -0.83% -0.78% 0.32% [E:X:I78 0.65% -0.09% 0.56% -1.4% 0%
Staticilm10_Move7- -1% -0.56% -1.3% o.sa% 1.4% -0.74% 1.2% -23% 0%

Staticim10_Merge7- -1.3% -3.7% -0.94% -1.1% 0.04% -3.8% 0.57% -1.2% 0.54% -0.84% 0% +5%

Staticlm10_Borderline20--0.07% -0.09% -0.1% -0.04% -0.13% -0.14% -0.08% -0.03% -0.04% | -5.4% -0.08% 0%
Staticim10_Borderline100--0.08% -0.07% -0.1% -0.04% -0.07% -0.23% -0.04% -0.04% 0.07% -0.07% 0%

StaticiIm10_Rare20-0.09% -0.09% 0.16% 0.03% -0.09% -0.95% -0.02% -0.09% 0.03% -3.7% -0.03% 0% +2.5%
StaticlmloiRarelOO—-u.Al% -1.6% -4.7% -4.2% -2.4% -4.4% m -4.7% 0%
Staticm1_Split3- -3.7% -5.2% -2.7% [EEIRRNECTIZNCH TS NI -3.4% [RCERZMIEF] 0%

% Staticim1_Move3- -4.5% m ERVS -27% -31% -7.8% -17% EEEXIAN -94% 0% .

2 Staticim1l_Merge3- -3.4% [SAVN -4.1% -2.5% [EEIUANREIA 9.6% [ERLH -79% -1 0% 0%

@ Staticim1_Split7{-5.1% ESTIZENS LA -3.7% JEcPiZRNEEPAZSY AL/ 0N T 27 -4.1% [y LU ] 0%
Staticim1_Move7 -19% | -8.4% WU -30% -37% -11% -31% -91% 0%
Staticlm1_Merge7- -3.8% ECRIA -5%  -2.4% [ECECANSTIA - U ISPLA -66% 0% —2.5%

Staticim1_Borderline20- -1.2% -0.04% -1.4% -0.51% ES¥L3 -2.5% -1.3% -56% 0%

Staticlm1_Borderlinel00- -1.3% -0.3% -1.7% -0.62% JES¥&%3 -2.2% -1.1% B 2% 0%
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Staticlm10_Im1-0.26% -0.23% 0.29% 0.2% 0.21% -0.26% 0.29% 0.2% 0.28% 0.12% 0%
Staticim1_Im10--0.41% -0.6% -0.7% -0.09% [RXIY -2.3% -0.9% -0.45% -0.54% -2.4% 0% _7.5%

Im1-0.21% 0.12% 0.33% 0.12% 0.21% -0.59% 0.33% 0.09% 0.27% 0.1% 0%

Staticlm1_Im50--0.42% -0.39% -0.7% -0.12% -2.1% -0.9% -0.48% -0.56% 2.4% 0%

Im1+Rarel00- -4.9% -3.7% 4.9% -5.1% --0.11% 0%

Im10+Rare60--0.05% -0.51% 0.35% -0.42% -0.34% -0.99% 0.22% -0.77% 0.31% 0% = -10%

Split5+Im10--0.53% -3.1% -0.86% -0.51% 0.29% | -5.4% 0.63% -0.39% 0.53% 0%

Im1+Borderlinel00--0.23% -0.1% -0.32% -0.18% -1.2% -0.17% -0.27% -0.19% -0.14% 0%
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¢ ° = ° 5 3 & u 8

$ s § I 5 &

3 A
S @
Approaches

Fig. 3: Difference in Average G-Mean Against SMOClust on Two-Dimensional
Class Imbalanced Artificial Data Streams Based on 30 Runs (Green cells indi-
cate SMOClust performed better; Red cells indicate SMOCIlust performed
worse; Grey horizontal lines separate different groups of data streams, i.e.,
StaticIm{30/10/1}, Imbalance Ratio Drift, Double Factor, and Complex Fac-
tor)
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Staticlm5_Split3- -1.3% -1.3% -0.77% 0.03% 0.28% -0.45% 0%

Staticim5_Move3- -1.1% -0.92%  -1% 0.71% 0.13% -0.82% 0%
StaticlIm5_Merge3- -1.2% -0.93% -1.2% 0.12% -0.31% -0.65% 0%
StaticIm5_Split7- -1.1% -1.1% -0.74% 0.23% -0.13% -1.4% 0%
Staticim5_Move7--0.99% -0.79%  -1% 1%  -0.6% -2.6% 0%
StaticlIm5_Merge7- -1.2% -0.96% -0.98% -0.26% -4.3% 0.43% -1% -1.2% 0%
Staticim5_Borderline20- -0.18% -0.23% -0.07% -1.4% -0.23% -0.27% -0.1% -0.11% 0%
StaticiIm5_Borderline100- -0.15% -0.19% -0.06% -1.1% -0.46% -0.18% -0.1% -0.1% 0%
Staticim5_Rare20- -0.01% -0.14% -1.1% -2.2% -0.21% -0.34% -0.24% 0%

Staticim5_Rare100- -0.4% -3.7% 0%
Staticlm3_Split3- -1.5% -0.95% -0.57% -0.62% -0.85% 0%
Staticim3_Move3- -1.3% -1.1% -0.27% -0.9% -1.5% 0%
Staticlm3_Merge3- -1.2% -1.2% -0.4% -0.93% -0.97% 0% = +10%
Staticlm3_Split7- -1.5% -1.1% -0.89% -1.1% -3.4% 0%
Staticim3_Move7- -1.4% -1.2% -0.48% 2% -4% 0%
StaticiIm3_Merge7- -1.4% -1% -0.35% -1.5% -1.9% 0%
Staticim3_Borderline20- -0.33% -0.15% -0.71% -0.25% -0.23% 0%
Staticim3_Borderline100- -0.3% -0.14% -0.45% -0.22% -0.18% 0%

StaticiIm3_Rare20- -0.24%
Staticim3_Rarel00- -3%

-0.26%
-4.4%

-0.6% -0.6%

Staticim1_Split3- -3.8% -2.8% B 8 0%
Staticim1_Move3- -4.3% -3.2% -31% | -7.8% 0%
Staticlm1_Merge3- -3.1% -2.4% BUZN -a.8% [ Y 0%
Staticlm1_Split7: -5.1% . -29% 5% 0%
Staticilm1_Move7 5 -36%  -10% 0%
Staticlm1_Merge7- H -16% 0% -4+2.5%
Staticim1_Borderline20- -1.2% 0%
Staticim1_Borderline100- -1.2% 0%
") Staticilm1_Rare20- -1.1% -15% -4.5% 0%
E Staticlm1_Rare100 X : -33% __-17% 0% o
j Staticim07_Split3 iy o 00 0% 0%
n StaticiIm07_Move3 . -52%  -12% 0%
Staticim07_Merge3- 4 -24% | -7.8% 0%
Staticim07_Split7 -38%  -11% 0%
Staticim07_Move7 §&:2 -47%  -14% 0% -—2.5%
Staticim07_Merge7- H H -21% | -8.7% 0%
Staticim07_Borderline20- 0%
Staticlm07_Borderline100- -1.8% 0%
StaticiIm07_Rare20- 0% o
Staticim07_Rare100 0% [—5%
StaticiIm05_Split3 3 -45%  -13% 9 0%
StaticiIm05_Move3 §&:2 -61% -16% 0%
Staticim05_Merge3 H H -31%  -11% 0%
Staticim05_Split7 -44%  -13% 0% -7.5%
StaticiIm05_Move7 -65%  -19% 0%
Staticim05_Merge7 5 b -28%  -12% 0%
StaticlIm05_Borderline20- Y Y -6.6% 0%
Staticim05_Borderline100- -2. ! i -8.4% ! 0%
StaticiIm05_Rare20- -1.7% b i -21% | -6:3% 0% = -10%
Staticlm05_Rare100 -34% 0%
StaticiIm03_Split3 0%
StaticiIm03_Move3 -70% 0%
Staticim03_Merge3 3&:5 5 -38% 0%
Staticim03_Split7 §&:4 -44% 0%
StaticiIm03_Move7 5 -64% 0%
Staticim03_Merge7 §&:% 5 -32% 0%
StaticiIm03_Borderline20- d -8.9% b 0%
Staticim03_Borderline100{ -5:6% | -20% 0%
Staticim03_Rare20- -2.5% b -29% | -a.4%  -1.8% | 0%
Staticlm03_Rare100 -37% 1 0%
Q o [ w Q ®
g T 8 &8 % 2
e 3 3 3 w s}
9] = © = S
< ) Q ! Q )
3 T 9 R 3
5] 8 E‘ >

Approaches
Fig. 4: Difference in Average G-Mean Against SMOClust on Two-Dimensional
Class Imbalanced Artificial Data Streams Based on 30 Runs (Green cells indi-
cate SMOClust performed better; Red cells indicate SMOCIlust performed
worse; Grey horizontal lines separate different groups of data streams, i.e.,
StaticIm{5/3/1/07/05/03}
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Table 1: 30 Runs Average G-Mean on Two-Dimensional Version of Repre-
sentative Artificial Data Streams where SMOClust Performed Better (A12
SMOClust vs Others)

oUnder-

Stream OOB UOB 00S OOBy4 UOBgq
OverB
Staticimi_Move7 | 82.11%[-b] _ 76.3%[-b] _ 79.46%[-b] 85.26%[-b] 53.45%[-b] 56.94%[-b]
oUnder- SMO- VFC- SMOTE-
Stream 00Sq OverBy  GauNoise SMOTE OB SMOClust

Staticlm1_Move? | 76.88%[-b] 45.12%[-b] 82.94%[-b] 1.04%[-b] 33.09%[b]  91.23%

Based on the average G-Mean, cells are highlighted in lime / light grey when SMOC]lust performed
better than the corresponding approach and cells are highlighted in orange / dark grey cells when
SMOC]Iust performed worse than the corresponding approach. The colour intensity scales with the
absolute difference in average G-Mean between the SMOClust and the approach of the column and
the intensity reaches the maximum when such difference is > 10%.

Symbols [*], [s], [m] and [b] represent insignificant, small, medium and large A12 effect size against
SMOCIlust. Presence/absence of the sign “-” in the effect size means that the corresponding
approach was worse/better than SMOClust.

Table 2: 30 Runs Average G-Mean on Two-Dimensional Version of Repre-
sentative Artificial Data Streams where SMOClust Performed Worse (A12
SMOClust vs Others)

Stream ‘ 00B UOB 008 083;%- 0OB4 UOB4
Staticim10_Rare100] 70.61%[b] | 63.65%[b] 69.14%[-b] 68.19%[b] 65.49%[b] 68.17%[b]
oUnder- SMO- VEFC- SMOTE-
Stream ‘ 0084 OverBg GauNoise SMOTE OB SMOClust

Staticlm10_Rarel00 | 65.04%[-b] 64.98%[-b] 64.56%-b] | 54.64%[-b] 58.98%[b] _ 70.32%

" Based on the average G-Mean, cells are highlighted in lime / light grey when SMOC]lust per-
formed better than the corresponding approach and cells are highlighted in orange / dark grey
cells when SMOClust performed worse than the corresponding approach. The colour intensity
scales with the absolute difference in average G-Mean between the SMOClust and the approach
of the column and the intensity reaches the maximum when such difference is > 10%.

Symbols [*], [s], [m] and [b] represent insignificant, small, medium and large A12 effect size
against SMOC]lust. Presence/absence of the sign “-” in the effect size means that the correspond-
ing approach was worse/better than SMOC]lust.
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Fig. 5: Periodic Class Balanced Holdout Test G-Mean Against Time Steps in
Two-Dimensional StaticIm1_Move7
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Fig. 6: Periodic Class Balanced Holdout Test G-Mean Against Time Steps in
Two-Dimensional Staticlm10_Rarel00



Table 3: 30 Runs Average G-Mean on Five Dimensional Artificial Data Streams (A12 SMOClust vs Others)
SMO-
Stream 0OB UOB 00S ngieé 0OOBy UOB4 00Sq OOUVZf]‘;rd S;\;e 51\\//1FOCTE SMggE Scl\l/ffs)t
StaticIm30
Split3 06.56%-b] 96.33%[-b] 96.85%[-b] 96.6%[-b] 97.66%[b] 97.04%[*] 97.7%[b] 97.46%[b] 97.84%[b] 96.06%[-b] 95.53%[-b]|97.18%
Move3 96.39%[-s] 95.7%[-b] 96.82%[m] 96.21%[-b] 96.8%][s] 95.92%[-b] 96.88%[m] 96.46%[-s| 97.19%[b] 94.92%[-b] 95.03%][-b][96.61%
Merge3 96.96%[-s] 96.41%[-b] 97.31%[m| 96.92%[-s] 97.32%[m] 96.5%[-b] 97.39%[b] 96.98%[*] 97.7%[b] 95.93%[-b] 95.9%[-b] [97.08%
Split7 96.9%[-b] 96.62%[-b] 97.14%[-m] 96.83%[-b] 97.78%[b] 97.01%[-m] 97.75%[b] 97.45%[s] 97.99%[b] 96.08%[-b] 95.85%[-b]|97.36%
Move7 96.41%[s] 95.7%[-b] 96.83%[b]  96.2%[*] 96.38%[s] 95.75%[-b] 96.71%[b] 96.17%[-s] 96.84%[b] 94.35%][-b] 94.86%[-b]|96.29%
Merge? 97.34%[b] 96.86%[-s] 97.62%[b] 97.33%[m] 97.33%[b] 96.9%[-s] 97.53%[b] 97.33%[m] 97.6%[b] 95.64%[-b] 96.05%[-b]|97.09%
Borderline20 97.17%[m] 97.1%[s] 97.26%[b] 97.2%[m| 97.35%[b] 97.16%[m] 97.27%[b] 97.28%[b] 97.42%[b] 96.58%[-m]| 96.96%[*]|96.9%
Borderline100 95.7%[-s]  95.6%[-s] 95.96%[*] 95.73%l[-s] 96.16%[s] 95.7%[-s] 96.11%[s] 95.97%[*] 96.3%[m] 95.23%[-b] 95.1%[-b][95.89%
Rare20 93.15%([b] 92.95%[b] 93.27%[b] 93.05%[b] 92.93%[b] 92.61%[b] 92.94%[b] 92.73%[b] 92.99%[b] 92.1%[b] 92.59%[b] |91.72%
Rare100 71.6%[b]  69.1%[b]  72.11%[b] 67.03%[-s] 70.83%[b] 70.61%[b] 67.55%[s] 70.79%[b] 70.48%[b] 62.79%[-b] 60.35%]-b]|67.31%
StaticIm10
Split3 06.06%][s] 95.84%[7] 95.91%[*] 96.4%[b] 97.3%[b] 95.64%[-s] 96.71%[b] 97.43%[b] 97.57%[b] 89.49%[-b] 96.09%[s] [95.81%
Move3 96.16%[b] 94.73%[-b] 96.26%[b] 96.29%[b] 96.39%[b] 94.69%[-b] 95.59%[m] 96.37%[b] 96.82%[b] | 85.88%[-b] 95.26%[*] [95.36%
Merge3 96.79%[b] 95.61%[-s] 96.96%[b] 97.02%[b] 97.02%[b] 95.67%[*] 96.35%[b] 97.04%[b] 97.43%[b] 89.56%[-b] 96.04%][s] [95.87%
Split7 06.36%][s] 96.12%[*] 96.08%[*] 96.59%[b] 97.43%[b] 95.55%[-b] 96.54%[b] 97.42%[b] 97.62%[b] 90.1%[-b] 96.24%[*] [96.15%
Move7 96.25%([b] 94.65%[-m] 96.33%[b] 96.34%[b] 96.15%[b] 94.57%[-m] 95.68%[b] 96.29%[b] 96.62%[b] 86.53%[-b] 94.89%]-s]| 95.1%
Merge7 97.21%[b] 96.16%[*] 97.36%[b] 97.47%[b] 97.13%[b] 96.18%[*] 96.76%[b] 97.43%[b] 97.52%[b] 90.4%[-b] 96.11%[*] |96.11%
Borderline20 97.21%[b] 96.98%[b] 97.12%[b] 97.32%[b] 97.2%[b] 96.85%[s] 96.69%[s] 97.37%[b] 97.37%[b] 94.08%[-b] 97.16%[b][96.64%
Borderline100 05.73%[s] 95.45%[*] 95.64%[s] 95.86%[s] 96.02%[b] 94.69%[-b] 95.01%[-s] 96.09%[b] 96.18%[b] 90.16%[-b] 95.45%[*][95.48%
Rare20 93.41%[b] 92.56%[b] 93.53%[b] 93.19%[b] 93.05%[b] 91.99%[m] 92.55%[b] 92.99%[b] 93.35%[b] 90.14%[-b] 92.97%[b]|91.74%
Rarel00 To91%[B]] 62.94%[m] [70:19%[b]  68.8%[b]  68.27%[b]  68.76%[b] 51.42%[-b] 65.76%[b] 63.83%[b] 54.11%[-b] 64.61%[b]|61.94%0
StaticIm1
Sphit3 82.88%[-b] 89.88%[*] | 74.12%[-b] 87.98%[-b] | 58.16%[-b] 85.0%[-b] | 50.0%[-b] 84.73%[-b] 82.01%[-b] 32.9%[-b] 64.2%[-b] [90.03%
Move3 84.22%[-b] 91.28%[m] 74.16%[-b] 88.87%[-m] 63.31%[-b] 83.36%[-b] 49.50%[-b] 82.48%[-b] 77.1%[-b] 29.82%[-b] 58.14%[-b][89.59%,,
Merge3 88.14%[-b] 93.23%[b]  80.01%[-b] 91.68%][s]  62.83%[-b] 85.54%[-b] 53.14%[-b] 86.08%[-b] 82.98%[-b] 39.1%][-b] 64.92%]-b]|90.94%
Split7 82.88%[-b] 90.08%[*] = 74.62%[-b] 87.72%[-b] 60.18%[-b] 85.78%[-b] 53.32%[-b] 85.46%[-b] 79.56%[-b] 38.07%[-b] 64.65%]-b][90.32%
Move7 84.99%[-b] 92.21%[b] 74.64%[-b] 89.17%]-s] 62.19%[-b] 82.4%[-b] 46.07%[-b] 83.93%[-b] 75.46%[-b] 29.49%[-b] 57.16%]-b]|89.67%
Merge7 89.39%[-b] 94.12%[b] 82.11%[-b] 92.6%[m] |67.24%[-b] 85.9%[-b] 62.51%[-b] 87.98%[-b] 84.47%[-b] 45.9%[-b] 68.19%[-b]91.19%=
Borderline20 92.55%[-b] 96.34%[b] 89.44%[-b] 95.19%[-s] 64.7%[-b] 91.6%[-b] | 68.54%[-b] 92.32%[-b] 89.66%[-b] 65.91%[-b] 75.55%][-b]|95.52%%
Borderline100 89.3%[-b] 93.52%[*]  84.25%][-b] 93.19%[*] 55.61%[-b] 84.27%][-b] 43.86%[-b] 80.26%[-b] 67.17%[-b] 37.18%][-b] 57.48%[-b]|93.29%
Rare20 90.37%[-b] 91.24%[-b] 87.27%[-b] 92.27%]-s] 63.16%[-b] 77.91%[-b] 73.08%[-b] 91.46%[-b] 92.95%[s] = 64.7%[-b] 69.56%][-b]| 92.6%
Rare100 68.79%[b]| 58.12%[-b] 61.17%]s] | 67.67%[b] 37.73%[-b] 41.75%[-b] 42.28%[-b] 62.02%[m]NENI2%[BI 20.96%[-b] 31.26%[-b]| 60.8%
Imbalance Ratio Drift
Staticim10_Im1 08.11%[b] 96.27%[-s] 97.98%[b] 98.06%[b] 98.05%[b] 95.8%[s] 97.51%[b] 98.06%[b] 98.01%[b] | 89.05%[-b] 96.59%[m][96.66%
StaticIm1_Tm10 93.08%[-b] 95.51%]s] 89.22%[-b] 95.78%[m] | 78.05%[-b] 89.72%[-b] | 73.33%[-b] 91.38%[-b] 85.05%[-b] 65.09%[-b] 81.84%]-b]|94.86%
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Iml 97.98%([b] 97.88%[b] 98.25%[b] 97.75%[b] 92.58%[*] 93.59%[-b] 88.8%[*] 95.15%[s] 92.31%[-m] 74.32%[-b] 77.51%[-b]|96.97%
StaticIm1_Tm50 93.27%[-b] 96.39%[b] 89.72%[-b] 95.78%[s| | 79.14%[-b] 90.66%[-b] 75.44%[-b] 91.47%[-b] 85.77%[-b] 69.82%[-b] 82.33%]-b]|95.37%
Double Factors

ImI+Rarel00 51.35%[-D] 51.5%[-b] _ 46.6%[-b] 49.82%][-b] 45.57%|-b] 48.76%][-b] 52.74%[-b]  46.48%-b] 48.656%[-b][53.74%
Im10+Rare60 79.26%[b] 77.67%[-b] 79.8%[b] 78.3%[-b] 79.05%[b] 77.34%[-b] 79.04%[b] 78.13%[-b] 79.67%[b] 76.01%[-b] 79.04%[b]|78.58%
Split5+Im10 96.58%[-m] 95.55%]-b] 96.66%[-m] 96.74%[-s] 97.58%[b] 96.17%[-b] 97.47%[b] 97.52%[b] 97.89%[b] 92.7%[-b] 95.8%]-b] [96.94%
Iml+Borderlinel00 | 93.93%[-b] 94.87%[-s] 93.1%[-b] 94.58%[-m] 95.4%[*] 92.61%[-b] 93.39%[-m] 94.87%[*| 88.1%[*]  69.94%[-b] 73.85%[-b]|95.28%
Im10+Borderline20 | 97.19%[b] 96.88%]s] 97.17%[b] 97.23%[b] 97.27%[b] 96.96%[s] 97.1%[m] 97.25%[b] 97.37%[b] 96.16%[-b] 96.98%]s][96.77%
Complex Factor
Staticim10-Splits
jhflfRareﬁ’(;o 61.46%([b] 48.75%[-b] 58.21%[b] 56.93%[*] 57.75%[b] 58.28%[*] = 46.11%[-b] 54.66%[-b] 59.65%[b] 41.14%[-b] 40.6%][-b] |56.94%
Staticim10-Splits
HmalfB‘;‘r derl?nielOO 84.66%[-b] 87.89%[*] = 79.73%[-b] 86.88%[-m] 81.97%[-b] 84.9%][-s] = 54.87%[-b] 84.59%[-b] 82.97%[-b] 51.06%[-b] 58.28%]-b]|87.56%
Split5+Im10
+B0rd§r‘hn;151Ram4O 80.21%[b] 77.88%[-b] 80.43%[b] 79.4%[-m] 80.71%[b] 79.91%[s] 79.88%[b] 80.55%[b] 80.96%[b] 66.85%[-b] 78.22%[-b]|79.72%
Split5+Im10
+§O‘rd;;‘1‘880 90.84%[-b] 90.06%[-b] 91.11%[-s] 90.86%[-b] 91.32%[-s] 90.17%[-b] 90.58%[-m] 91.35%[*] 91.4%[*] & 80.55%[-b] 89.4%][-b][91.45%
Imloi%:i‘;ﬁmezo 91.01%[b]  90.46%[*] 91.06%[b] 90.92%[b] 91.24%[b] 90.99%[b] 91.33%[b] 91.17%[b] 91.51%[b] 89.39%[-b] 90.72%][s] 90.51%

- Based on the average G-Mean, cells are highlighted in lime / light grey when SMOCIlust performed better than the corresponding approach and cells are
highlighted in orange / dark grey cells when SMOC]lust performed worse than the corresponding approach. The colour saturation scales with the absolute
difference in average G-Mean between the SMOC]lust and the approach of the column and the saturation reaches the maximum when such difference is > 10%.
- Symbols [*¥], [s], [m] and [b] represent insignificant, small, medium and large A12 effect size against SMOC]lust. Presence/absence of the sign “-” in the effect
size means that the corresponding approach was worse/better than SMOC]lust.
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Table 4: 30 Runs Average G-Mean on Five Dimensional Severely Class Imbalanced Artificial Data Streams

(A12 SMOClust

vs Others)
oUnder- oUnder- SGMO_ VFC- SMOTE- | SMO-
Stream OOB UOB o0S OverB OOBy UOB4 008y OverBy N:ilsl—e SMOTE OB Clust
Staticlmb
Split3 95.24%[*]  95.54%[s] 94.47%[-b] 96.1%[b]  96.2%[b]  95.26%[*] 94.09%[-s] 97.11%[b] 97.11%[b] = 79.24%[-b] 94.26%[-b] [95.19%
Move3 95.26%[b] 93.64%[-m] 94.74%[s] 95.93%[b] 95.46%[b] 93.48%[-b] 88.6%[-b] 95.88%[b] 96.11%[b] T71.15%[-b] 93.28%[-b] |94.23%
Merge3 96.01%[b] 94.64%[*] 95.88%([b] 96.67%[b] 96.18%[b] 94.59%[*] 89.64%[-b] 96.65%[b] 96.87%[b] T7.97%[-b] 94.5%[*] | 94.7%
Split7 95.07%[*]  95.23%]s] 94.05%[-b] 95.82%[b] 95.46%[m] 94.61%[-s] 92.68%][-s] 96.94%[b] 96.86%[b] T7.71%[-b] 94.24%[-m][94.99%
Move? 95.56%[b] 93.37%[-b] 94.83%[m] 95.93%[b] 95.12%[b] 93.02%[-b] 90.63%[-b] 95.74%[b] 95.93%[b] 72.27%[-b] 92.77%][-b] |94.31%
Merge7 96.72%[b]  95.4%l[s]  96.42%[b] 97.16%[b] 96.36%[b] 95.22%[*] 92.4%[-b] 97.0%[b] 97.15%[b] 80.6%[-b] 94.37%[-b] [95.21%
Borderline20 | 97.1%[b]  96.92%][s] 96.76%[*] 97.42%[b] 96.39%[-s] 96.73%[*] 94.59%[-b] 97.26%[b] 97.25%[b] 90.11%[-b] 96.87%][s] |96.69%
Borderlinel00| 95.63%[s] 94.99%[-s] 95.12%[-s] 95.99%[m] 95.18%][-s] 94.31%[-b] | 86.67%[-b] 96.15%[b] 96.02%[m] 78.78%[-b] 95.13%[-s] |95.45%
Rare20 93.68%[b]  92.29%[s] 93.51%[b] 93.46%[b] 92.73%[b] 91.55%[-b] 90.99%[-b] 93.04%[b] 93.66%[b] 86.71%[-b] 92.82%[b] |92.15%
Rarel00 73:34%[b]l 59.64%[-s] | 68.17%[b] 1169:93%[b]" 66.84%[b] 66.64%[b] 47.73%[-b] 61.41%[s] 60.23%[*] 44.7%[-b] 61.16%][s] |60.53%
StaticIm3
Split3 93.67%[-b] 95.28%[m] 91.81%[-b] 95.12%[m] 92.24%[-b] 94.84%[s] 87.39%[-b] 96.2%[b] 95.94%[b] = 67.27%[-b] 90.19%[-b] [94.51%
Move3 93.84%][s] 93.04%[-s] 91.87%[-b] 95.21%[b] 93.03%[*] 92.35%[-m] | 80.77%[-b] 94.86%[b] 94.83%[b] 58.53%[-b] 88.14%][-b] [93.27%
Merge3 95.04%[b] 94.03%[*] 93.86%[*] 96.19%[b] 93.78%[*] 93.55%[*] = 84.34%[-b] 95.86%[b] 96.09%[b] 67.23%[-b] 91.21%[-b] | 93.7%
Split7 93.2%[-b]  95.05%[b] 90.86%[-b] 94.76%[m] 90.64%[-b] 93.94%[*] @ 84.29%[-b] 95.8%[b] 95.76%[b] 67.82%[-b] 89.76%[-b] |94.15%
Move? 94.33%[b] 92.86%[-m] 92.31%[-b] 95.33%[b] 92.73%[-s] 92.23%[-b] = 82.03%[-b] 94.74%[b] 94.4%[b] | 59.0%[-b] 86.51%[-b] | 93.5%
Merge7 95.93%[b] 94.97%[*] 94.81%[*] 96.79%[b] 94.35%[*] 94.61%[-s] 85.91%[-b] 96.23%[b] 95.85%b] 71.88%[-b] 90.64%][-b] |94.79%
Borderline20 | 96.58%[*]  96.8%[s] 95.97%[-b] 97.23%[b] 92.88%[-b] 96.43%[-s] 91.48%[-b] 96.83%[s] 96.53%[*] 86.63%[-b] 95.47%][-b] [96.66%
Borderlinel00| 94.97%[-s] 94.59%[-m] 93.93%][-b] 95.77%[m] 91.38%[-b] 93.86%[-b] | 70.99%[-b] 95.81%[m] 94.69%[*] | 65.16%[-b] 92.37%][-b] | 95.2%
Rare20 93.43%[b] 92.09%[-m] 92.97%[b] 93.59%[b] 90.17%[-b] 90.87%[-b] 90.02%[-b] 93.33%[b] 94.44%[b] 84.19%[-b] 91.73%[-b] |92.34%
Rarel00 TIT2%[B]1  62.22%[b] | 66.12%[b] 1169:63%[b]1 64.93%[b] 62.23%[b] 53.0%[-b] 62.63%[b] 61.83%[s] 35.52%][-b] 43.99%][-b] |59.92%
StaticIm1
Split3 84.29%[-b] 90.98%[*] | 75.65%[-b] 88.67%[-b] | 61.71%[-b] 85.62%[-b] = 54.23%[-b] 85.79%[-b] 82.17%[-b] 36.52%[-b] 64.94%[-b] [90.91%
Move3 82.76%[-b] 91.14%[m]  71.59%[-b] 87.92%]-b] = 70.48%[-b] 85.17%[-b] 46.61%[-b] 81.17%[-b] 76.86%[-b] 26.69%[-b] 55.24%][-b] |89.55%
Merge3 86.61%[-b] 92.27%[b] = 77.68%[-b] 90.9%]s] | 67.28%[-b] 85.85%[-m] 52.57%[-b] 84.94%[-b] 82.54%][-b] 36.97%[-b] 62.23%][-b] |90.22%
Split7 82.03%[-b] 89.38%[*] < 73.04%[-b] 87.2%[-b] 58.85%[-b] 85.31%[-b] 52.58%[-b] 84.55%[-b] 79.12%[-b] 38.28%[-b] 65.42%[-b] |90.25%
Move7 83.3%[-b]  91.7%[b] = 73.53%[-b] 88.48%[-m] 69.71%[-b] 81.62%[-b] 47.2%[-b] 81.25%[-b] 76.87%[-b] 28.27%[-b] 55.32%[-b] |89.36%
Merge7 88.16%[-b] 93.49%[b]  81.61%[-b] 92.15%[m] | 74.91%[-b] 85.81%[-b] 60.94%[-b] 86.48%[-b] 84.54%][-b] 45.07%[-b] 67.59%][-b] |91.15%
Borderline20 | 92.42%[-b] 96.49%[m] 89.57%[-b] 95.32%[-m] 72.26%[-b] 91.37%[-b] 70.68%[-b] 92.25%[-b] 90.22%|-b] 64.94%[-b] 76.87%[-b] | 95.9%
Borderlinel00| 89.38%[-b] 93.84%[*] | 84.72%][-b] 93.39%[-s] = 55.97%[-b] 86.42%[-b] 43.44%[-b] 77.92%[-b] 67.67%[-b] 38.66%[-b] 61.04%]-b] |93.66%
Rare20 90.09%[-b] 91.35%[-b] 87.3%[-b] 92.24%[-m]| 71.2%[-b] 80.35%[-b] 70.04%[-b] 90.97%[-b] 92.31%[*] 63.8%[-b] 71.32%]-b] |92.89%
Rare100 68.79%[b]  58.9%[-b] 61.54%[*] | 67.6%[b] 43.52%[-b] 45.74%[-b] 42.37%[-b] 62.08%[*] [NTIN26%[B]] 21.13%[-b] 31.55%[-b] | 61.5%
StaticIm07

4!
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Split3 77.51%[-b] 89.86%[*] 65.19%[-b] 83.34%[-b] 45.48%[-b] 80.25%][-b] 36.62%[-b] 74.97%][-b] 70.32%[-b] 22.27%[-b] 44.18%]-b] [89.45%
Move3 74.0%[-b]  90.55%[b] 57.69%[-b] 81.13%[-b] 43.83%][-b] 76.82%][-b] 34.75%[-b] 70.38%[-b] 63.8%[-b] 16.96%[-b] 36.23%][-b] |87.26%
Merge3 79.16%[-b] 91.48%[b] = 66.0%[-b] 85.44%][-s] 47.07%[-b] 77.02%[-b] 37.31%[-b] 75.7%[-b] 70.53%[-b] 22.74%[-b] 41.93%]-b] |87.18%
Split7 75.59%[-b] 88.17%[*] 63.64%[-b] 81.65%]-b] 41.83%[-b] T77.0%[-b] 37.01%[-b] 74.84%][-b] 70.73%[-b] 25.2%[-b] 45.21%]-b] |88.22%
MoveT7 74.2%[-b]  91.4%[b] 59.56%[-b] 82.08%[-b] 45.21%][-b] 76.38%[-b] 36.29%[-b] 69.28%[-b] 62.5%[-b] 18.41%[-b] 36.33%[-b] |87.43%
Merge7 81.7%[-b]  92.91%[b] 71.34%[-b] 87.48%]-m] 50.87%][-b] 81.99%[-b] 48.24%[-b] 78.85%[-b] 75.74%[-b] 35.29%[-b] 49.15%[-b] |88.97%
Borderline20 | 89.33%[-b] 96.39%[b] | 84.19%[-b] 93.29%][-b] = 56.19%[-b] 88.59%[-b] 48.37%[-b] 89.35%[-b] 80.2%[-b] 53.25%[-b] 59.4%][-b] | 95.1%
Borderlinel00| 84.99%[-b] 93.42%(s] = 77.45%[-b] 90.82%][-b] 39.67%[-b] 76.94%[-b] 30.87%][-b] 66.34%[-b] 56.31%[-b] 27.88%[-b] 42.17%[-b] |92.59%
Rare20 87.34%[-b] 90.98%[-b] = 82.05%[-b] 90.52%][-b] = 51.72%[-b] 71.26%[-b] 45.94%][-b] 87.73%[-b] 87.15%[-b] 52.42%][-b] 54.21%][-b] |92.51%
Rarel00 68.59%[b] 58.39%][-b] 58.71%[-b] 66.68%[b] 25.99%|-b] 40.18%[-b] 28.49%[-b] 62.65%[m] | 70.08%[b] 15.94%[-b] 24.29%][-b] |61.97%
StaticIm05
Split3 67.41%[-b] 89.06%[m] 51.8%[-b] 75.26%[-b] 28.85%[-b] 70.03%[-b] 24.15%[-b] 61.4%][-b] 58.01%[-b] 11.44%[-b] 24.19%][-b] |86.92%
Move3 60.73%[-b] 89.92%[b] 42.99%[-b] 71.27%[-b] 25.71%[-b] 60.37%[-b] 22.91%[-b] 52.3%[-b] 49.96%[-b] 7.7%[-b] 19.35%[-b] |82.97%
Merge3 68.16%[-b] 90.63%([b] 52.0%[-b] 77.04%[-b] 26.29%[-b] 63.85%[-b] 25.45%][-b] 60.63%[-b] 53.63%[-b] 11.47%[-b] 23.17%[-b] |84.28%
Split7 66.73%[-b] 87.47%l[s] 52.25%[-b] 74.33%[-b] 29.97%[-b] 64.71%[-b] 26.36%[-b] 64.25%[-b] 59.18%[-b] 17.2%[-b] 26.46%][-b] |85.98%
MoveT7 61.93%[-b] 91.08%[b] 44.91%[-b] 72.82%[-b] 32.82%[-b] 57.0%[-b] 25.03%[-b] 54.0%][-b] 49.63%[-b] 10.96%[-b] 19.4%[-b] |84.18%
Merge7 72.74%[-b] 92.48%[b] 59.63%[-b] 80.73%[-b] 39.25%[-b] 69.5%[-b] 31.25%[-b] 70.66%[-b] 64.57%][-b] 22.95%[-b] 30.44%]-b] |86.78%
Borderline20 | 84.19%[-b] 96.29%][b] = 76.48%][-b] 90.35%[-b] 30.95%[-b] 79.13%[-b] 36.96%[-b] 77.36%[-b] 69.86%]-b] 40.47%[-b] 40.21%][-b] |93.92%
Borderlinel00| 77.54%[-b] 93.15%([b] 68.43%[-b] 87.03%[-b] 26.19%([-b] 57.71%[-b] 25.39%[-b] 52.65%[-b] 47.62%[-b] 15.48%[-b] 23.16%[-b] |91.05%
Rare20 82.38%[-b] 90.85%[-m| 74.39%[-b] 87.71%][-b] 33.53%[-b] 60.14%[-b] 38.56%[-b] 81.84%[-b] 78.82%[-b] 39.53%[-b] 35.61%][-b] |91.51%
Rarel00 65.62%[m] 59.16%[-b] 55.02%[-b] 65.53%[b] = 14.14%[-b] 32.84%[-b] 26.25%[-b] 56.47%[-b] 67.64%[m] 9.8%[-b] 15.85%[-b] | 63.7%
StaticIm03
Split3 49.77%[-b] 88.35%[b] 33.95%[-b] 58.57%[-b] 14.32%[-b] 45.41%[-b] 13.85%[-b] 42.25%[-b] 39.95%[-b] 1.65%[-b] 7.15%[-b] [81.31%
Move3 40.57%[-b] = 88.81%[b] 22.43%[-b] 49.93%[-b] 18.07%[-b] 40.61%[-b] 10.55%][-b] 35.38%][-b] 35.13%[-b] 0.28%[-b] 5.35%[-b] |75.16%
Merge3 49.77%[-b]  89.5%[b] 31.09%[-b] 59.18%[-b] 17.83%[-b] 46.84%[-b] 14.48%][-b] 41.79%[-b] 35.16%[-b] 1.09%[-b] 6.67%[-b] |76.22%
Split7 50.45%[-b] 86.36%[b] 32.87%[-b] 57.4%[-b] 15.86%[-b] 48.09%(-b] 14.5%[-b] 41.15%[-b] 39.14%[-b] 2.25%[-b] 8.08%]-b] | 80.4%
MoveT7 41.14%[-b] = 90.27%[b]  23.33%[-b] 53.4%[-b] 18.43%[-b] 33.73%[-b] 10.78%]-b] 33.98%[-b] 34.82%[-b] 0.87%]-b] 5.4%[-b] |75.72%
Merge7 56.06%[-b]  91.5%([b] 38.89%[-b] 65.82%]-b] 23.33%[-b] 52.59%][-b] 16.89%[-b] 52.72%][-b] 49.98%[-b] 4.99%[-b] 10.22%]-b] |78.12%
Borderline20 | 70.16%[-b] 96.09%[b] 55.01%[-b] 81.64%[-b] 23.08%[-b] 58.81%[-b] 19.34%[-b] 56.61%[-b] 43.26%[-b] 16.27%[-b] 14.33%][-b] | 91.8%
Borderlinel00| 61.02%[-b] 92.72%(b] 49.14%[-b] 76.31%[-b] 18.34%[-b] 43.35%[-b] 15.68%][-b] 37.21%[-b] 37.93%[-b] 2.46%]-b] 6.6%[-b] |88.13%
Rare20 69.26%[-b] 90.63%l[s] 53.43%[-b] 79.4%[-b] 19.93%[-b] 44.64%[-b] 19.35%[-b] 59.5%[-b] 53.38%][-b] 16.35%[-b] 12.85%]-b] |89.69%
Rarel00 56.62%][-b] 58.64%[-b] 45.25%[-b] 60.56%]-b] 10.95%[-b] 24.78%[-b] 16.73%[-b] 47.49%][-b] 57.16%[-b] 5.22%[-b] 7.17%[-b] |64.62%
- Based on the average G-Mean, cells are highlighted in lime / light grey when SMOCIlust performed better than the corresponding approach and cells are
highlighted in orange / dark grey cells when SMOC]lust performed worse than the corresponding approach. The colour saturation scales with the absolute

difference in average G-Mean between the SMOClIlust and the approach of the column and the saturation reaches the maximum when such difference is > 10%.
- Symbols [*], [s], [m] and [b] represent insignificant, small, medium and large A12 effect size against SMOC]lust. Presence/absence of the sign “-” in the effect
size means that the corresponding approach was worse/better than SMOC]lust.
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Table 5: [2D] 30 Runs Average G-Mean on Artificial Data Streams (A12 SMOClust vs Others)

SMO-
Stream OOB UOB 00S ngieé OOBy4 UOBy 0084 %If/‘;f]gz S;\;e SR’/I%CTE SMC?BTE Scl\l/ffs)t
StaticIm30
Split3 96.93%[-b] 96.76%[-b] 97.08%[-b] 97.06%[-b] 98.19%[7] 97.31%[-b] 98.61%[b] 97.85%[-b] 98.53%[b]  89.56%[-b] 97.07%[-b]]98.23%
Move3 95.46%[-b] 94.33%[-b] 96.15%[-b] 95.22%[-b] 97.28%[-s] 94.87%[-b] 98.09%[b] 96.43%[-b] 97.89%[b] |83.22%[-b] 95.14%][-b][97.42%
Merge3 96.99%[-b] 95.98%[-b] 97.69%[-b] 96.71%][-b] 98.45%[-b] 96.87%|-b] 98.85%[b] 97.73%[-b] 98.82%[b] 92.15%[-b] 97.66%][-b][98.62%
Split7 96.07%[-b] 95.33%[-b] 96.36%[-b] 95.87%[-b] 97.14%[*] 93.9%[-b] 97.84%[b] 96.0%[-b] 97.63%[b] ' 88.05%[-b] 95.16%[-b][97.18%
MoveT? 93.6%[-b] 91.96%[-b] 94.45%[-b] 92.88%[-b] 94.95%][-s] 90.97%[-b] 96.57%[b] 92.99%[-b] 96.29%[b] 81.39%[-b] 91.59%]-b]|95.41%
MergeT 96.12%[-b] 95.24%[-b] 96.64%[-b] 96.04%[-b] 96.94%[-b] 95.32%[-b] 98.27%[b] 96.11%[-b] 98.2%[b] 90.96%[-b] 96.12%[-b]| 97.9%
Borderline20 99.47%[-m] 99.45%[-m] 99.48%[-s] 99.47%[-s] 99.52%[s] 99.48%[-s] 99.53%[s] 99.51%[*] 99.53%]s] 98.3%[-b] 99.46%[-m][99.51%
Borderline100 99.34%[-b] 99.33%[-b] 99.34%[-b] 99.35%][-b] 99.39%[-s] 99.32%[-b] 99.42%[*] 99.36%[-m| 99.49%[b] 97.92%[-b] 99.33%][-b] [99.42%
Rare20 93.79%[b] 93.75%[b] 93.82%[b] 93.77%[b] 93.66%[b] 93.43%[*] 93.72%[b] 93.51%[b] 93.68%[b] 92.17%[-b] 93.34%[-m]|93.47%
Rarel00 68.44%[-b] 67.27%[-b] 68.7%[-b] | 62.09%[-b] 67.72%[-b] 68.14%[-b] 67.85%[-b] 67.69%[-b] 67.8%[-b] '62.38%]-b] 56.09%[b][68.95%
StaticIm10
Split3 96.69%[-b] 95.74%[-b] 96.75%|-b] 96.96%[-b] 97.98%[s] 94.08%[-b] 98.27%[b] 97.98%[s] 98.21%][b] | 78.57%[-b] 97.39%[-b][97.88%
Move3 95.52%][-b] 92.32%[-b] 95.86%[-b] 95.52%[-b] 97.24%[b] 90.83%[-b] 97.71%[b] 96.85%[s] 97.55%][b]  69.92%[-b] 95.72%|-b]|96.83%
Merge3 97.21%[-b] 94.71%][-b] 97.51%[-b] 97.05%[-b] 98.52%[s] 94.86%[-b] 98.68%[b] 98.11%[-b] 98.69%[b]  83.46%[-b] 97.77%]-b]|98.45%
Split7 95.75%[-b] 92.61%[-b] 95.87%[-b] 95.92%][-b] 97.02%[m]| 87.8%[-b] 97.35%[b] 96.61%[*] 97.26%[b] 78.85%[-b] 95.31%[-b]|96.7%
Move? 93.61%[-b] 87.73%[-b] 94.1%[-b] 93.36%][-b] 95.32%[b] 86.08%[-b] 96.03%[b] 93.92%[-b] 95.9%[b] ' 68.29%[-b] 92.37%][-b][94.66%
Merge? 96.2%[-b] 93.82%[-b] 96.54%[-b] 96.36%[-b] 97.52%[s] 93.64%[-b] 98.05%[b] 96.28%[-b] 98.02%[b] 82.56%[-b] 96.64%[-b] |97.48%
Borderline20 09.44%][-b] 99.42%[-b] 99.41%[-b] 99.47%[-m] 99.38%[-b] 99.37%[-b] 99.43%[-b] 99.48%[-s] 99.47%[-s] 94.16%[-b] 99.43%[-b](99.51%
Borderline100 99.20%[-b] 99.3%[-b] 99.27%[-b] 99.33%[-s] 99.3%[-m] 99.14%[-b] 99.33%][-s] 99.33%[-s] 99.44%[m] 92.51%[-b] 99.3%[-m] [99.37%
Rare20 93.85%(b] 93.67%[-b] 93.92%[b] 93.79%[b] 93.67%[-b] 92.81%[-b] 93.74%[*] 93.67%[-b] 93.79%[b] 90.02%[-b] 93.73%][-m]|93.76%
Rare100 68.69%[-b] | 61.0%[-b] 67.54%[-b] 64.38%][-b] 64.93%|-b] 66.67%|-b] 64.68%][-b] 63.16%|-b] 64.37%|-b] 53.87%]-b] 57.31%[b]| 69.1% 5
StaticIm1
Split3 92.62%[-b] | 84.82%[-b] 91.17%[-b] 93.61%][-b] 65.97%[-b] 70.84%[-b] 90.03%[-b] 88.95%[-b] 92.94%[-b] 12.98%[-b] 76.3%[-b] [96.35%
Move3 91.09%-b] 81.03%[-b] 89.5%[-b] 92.16%-b] 68.97%[-b] 64.54%[-b] 87.83%[-b] 78.87%[-b] 91.72%[-b] 1.78%[-b] 70.61%][-b](95.61%,,
Merge3 94.54%[-b] 90.06%][-b] 93.79%][-b] 95.41%]-b] 77.41%[-b] 80.93%[-b] 93.25%[-b] 88.34%[-b] 95.42%][-b] 18.89%]-b] 85.27%[-b][97.93%
Split7 89.73%[-b] 75.71%[-b] 87.88%[-b] 91.15%[-b] 63.24%[-b] 63.2%[-b] 87.41%[-b] 76.54%[-b] 90.78%[-b] 21.23%|-b] 59.28%[-b][94.87%
Move? 87.09%[-b] 73.68%[-b] 84.53%[-b] 88.9%[-b] 63.32%[-b] 55.73%[-b] 82.0%[-b] 62.05%[-b] 87.95%[-b] 1.78%[-b] 43.9%[-b] [92.92%
Merge7 93.08%[-b] 88.23%[-b] 91.87%[-b] 94.47%[-b] 73.99%[-b] 79.08%[-b] 90.75%[-b] 85.28%[-b] 93.94%[-b] 31.18%[-b] 76.63%[-b](96.87%="
Borderline20 98.19%[-b] 99.31%[-s] 97.97%][-b] 98.84%[-b] | 81.89%[-b] 98.48%[-b] 96.83%[-b] 98.05%[-b] 97.92%[-b] 43.84%[-b] 97.75%[-b 99.35%‘@
Borderline100 97.95%[-b] 99.0%[-b] 97.61%][-b] 98.68%]-b] 82.35%[-b] 97.73%[-b] 97.1%[-b] 98.15%[-b] 98.31%[-b] 19.33%][-b] 97.34%[-b]| 99.3%
Rare20 93.69%[-b] 92.78%[-b] 93.77%[-b] 94.12%[-b] 73.79%[-b] 79.71%[-b] 92.01%[-b] 92.36%][-b] 94.22%[-m] 38.56%|-b] 90.98%]-b]|94.78%
Rarel00 62.82%[-b] 59.84%[-b] 61.6%[-b] 64.39%[-b] 36.31%|[-b] 40.2%[-b] 55.35%[-b] 52.08%[-b] 56.94%[-b] 17.43%[-b] 38.34%[-b]|72.51%
Imbalance Ratio Drift
StaticIm10_Im1 99.71%[b] 99.22%[-b] 99.74%[b] 99.65%[b] 99.66%[b] 99.19%[-b] 99.74%[b] 99.65%[b] 99.73%[b] | 42.16%[-b] 99.57%b] [99.45%
StaticIm1_Im10 98.96%[-b] 98.77%][-b] 98.67%[-b] 99.28%][-s] [90.94%[-b] 97.04%[-b] 98.47%[-b] 98.92%[-b] 98.83%[-b] 55.08%|-b] 96.94%[-b]|99.37%
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Im1 99.65%([b]  99.56%[b] 99.77%[b] 99.56%[b] 99.65%[b] 98.85%[*] 99.77%[b] 99.53%[b] 99.71%[b] | 49.5%[-b]| 99.54%b] |99.44%
StaticIm1_Tm50 98.98%]-b] 99.01%[-b] 98.7%[-b] 99.28%[-m] 91.05%[-b] 97.34%[-b] 98.5%[-b] 98.92%[-b] 98.84%[-b] 62.88%[-b] 97.01%[-b]| 99.4%
Double Factors

ImI+Rarel00 48.84%[-b] 67 %B]] 50.07%[-b] 44.91%[-b] 48.1%[-b] 58.6%[m] 48.67%|-b] 48.17%[-b] 53.62%[-s] | 4L.04%[-b] 43.28%[-b]|53.73%
Im10+Rare60 78.57%(*] 78.11%[-b] 78.97%[b] 78.2%[-b] 78.28%]-b] 77.63%[-b] 78.84%[b] 77.85%[-b] 78.93%[b] 71.36%[-b] 79.99%]b] |78.62%
Split5+Im10 96.97%[-b] 94.44%[-b] 96.64%[-b] 96.99%[-b] 97.79%[b] 92.14%[-b] 98.13%[b] 97.11%[-m| 98.03%[b] '84.45%[-b] 96.7%[-b] | 97.5%
Iml+Borderlinel00 | 99.17%[-b] 99.3%[-b] 99.08%[-b] 99.22%[-b] 98.16%[-b] 99.23%[-m] 99.13%[-b] 99.21%[-b] 99.26%[*] | 50.19%[-b] 99.21%[-b]| 99.4%
Im10+Borderline20 | 99.45%[-m] 99.37%[-b] 99.43%[-m] 99.47%]-s] 99.47%[-s] 99.46%[-s] 99.5%[*] 99.48%[-s] 99.52%[*] 96.29%[-b] 99.42%[-b]| 99.5%
Complex Factor
StaticIm10_Splits
jhflfRareﬁ’(;o 55.24%]-b] 47.75%[-b] 54.77%[-b] 53.1%[-b] 52.7%[-b] 55.73%[-s] 52.86%[-b] 52.52%[-b] 60.56%[*] 35.26%[-b] 40.64%[-b]|60.45%
StaticIm10_Splits
Hma;fB‘grderﬁ’n;wO 85.08%[b] 85.79%[b] 84.35%[b] 84.72%[b] 76.32%[-b] 77.87%[m] 75.3%[-b] 77.03%[-m] 76.59%[-m] 40.54%[-b] 58.3%][-b] | 78.3%
Splits+Im10
+Bor d‘gr‘hng(ﬁiRamo 79.65%[b]  79.24%[s] 80.43%[b] 79.22%[s] 78.72%[-s] 78.43%[-s] T79.04%[*] 78.95%[*] 79.08%[s] 70.01%[-b] 79.25%][s] | 78.9%
Splitb+Im10
+§O‘rd;§1‘880 89.55%[b] 89.74%[b] 90.28%[b] 89.1%[b] 86.98%[*] 85.78%[-m] 87.06%[*] 87.03%[*] 87.1%[*] T7.49%[-b] 88.12%[b] |87.07%
Imloi%‘:i‘;ﬁmezo 93.23%[-m] 92.96%[-b] 93.25%[-s] 93.2%[-b] 93.20%[*] 93.19%[-b] 93.34%[m] 93.23%[-m] 93.36%[b] 91.17%[-b] 93.21%[-b][93.29%

- Based on the average G-Mean, cells are highlighted in lime / light grey when SMOCIlust performed better than the corresponding approach and cells are
highlighted in orange / dark grey cells when SMOC]lust performed worse than the corresponding approach. The colour saturation scales with the absolute
difference in average G-Mean between the SMOC]lust and the approach of the column and the saturation reaches the maximum when such difference is > 10%.
- Symbols [*¥], [s], [m] and [b] represent insignificant, small, medium and large A12 effect size against SMOC]lust. Presence/absence of the sign “-” in the effect
size means that the corresponding approach was worse/better than SMOC]lust.
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Table 6: [2D] 30 Runs Average G-Mean on Severely Class Imbalanced Artificial Data Streams (A12 SMOClust vs Others)

SMO-
Stream 0OB UOB 008 ngjrg 0O0B4 UOBq 0084 C())Uv‘;fg; S;l;e Sl\\/dlgg[‘E SMgg B Scl\l/ffs)t
StaticImb
Split3 96.26%[-b] 94.21%[-b] 96.23%[-b] 96.76%[-b] 96.93%[-b] | 87.48%[-b] 97.56%[*] 97.81%[m] 97.74%[m] | 63.78%[b] 97.08%|-b]|97.53%
Move3 95.3%[-b] = 89.73%[-b] 95.5%[-b] 95.38%[-b] 96.44%[*] = 87.8%[-b] 97.13%[b] 96.55%[s] 97.12%[b]  51.18%[-b] 95.6%[-b] |96.42%
Merge3 97.1%[-b] 93.38%[-b] 97.32%[-b] 97.08%[-b] 98.07%[-s| 93.19%[-b] 98.37%[s] 97.94%[-m] 98.51%[b] = 69.83%[-b] 97.6%[-b] |98.25%
Split7 05.25%]-b] 89.69%[-b] 95.21%[-b] 95.6%[-b] 95.69%[-m] | 81.97%[-b] 96.57%[s] 96.21%[*] 96.68%[b] | 65.42%[-b] 94.96%[-b]|96.34%
Move? 93.15%]-b]  84.98%[-b] 93.35%[-b] 93.1%[-b]  94.16%[s] = 78.3%[-b] 95.19%[b] 93.54%[-s] 95.24%[b] | 47.38%[-b] 91.55%[-b]|94.14%
Merge7 96.23%][-b] 93.15%[-b] 96.45%[-b] 96.43%[-b] 97.15%][-s] 93.06%[-b] 97.84%[b] 96.38%[-b] 97.86%[b] | 70.53%[-b] 96.16%[-b]|97.41%
Borderline20 | 99.33%[-b] 99.39%[-b] 99.28%[-b] 99.44%[-b] 98.16%[-b] 99.28%[-b] 99.24%[-b] 99.41%[-b] 99.41%[-b] A 89.66%[-b] 99.4%[-b] |99.51%
Borderline100| 99.2%[-b] 99.25%[-b] 99.16%[-b] 99.29%[-m| 98.28%[-b] 98.89%[-b] 99.17%[-b] 99.25%[-b] 99.41%[m] | 84.65%[-b] 99.25%[-b]|99.35%
Rare20 94.0%[*]  93.54%[-b] 94.1%[b]  93.87%[-b] 92.87%[-b] 91.79%[-b] 93.8%[-b] 93.67%[-b] 94.13%[b] 86.28%[-b] 93.77%[-b]|94.01%
Rarel00 | 68.78%[-b] | 53.22%[-b] 65.87%[-b] 65.5%[-b] = 60.87%[-b] 65.21%[-b] 60.57%[-b] 57.55%[-b] 59.83%[-b] 41.95%[-b] 59.05%[-b]|69.18%
StaticIm3
Split3 05.75%[-b]  93.0%[-b] 95.55%[-b] 96.31%[-b] 94.8%[-b] | 84.39%[-b] 96.69%[-b] 96.64%[*] 97.09%[-s] | 47.52%[-b] 96.41%|-b][97.26%
Move3 94.92%]-b]  88.37%[-b] 94.69%[-b] 95.09%[-b] 94.72%[-b] A 86.62%[-b] 95.96%[-s] 95.33%[-b]  96.4%]s] | 29.26%[-b] 94.77%[-b]|96.23%
Merge3 96.92%[-b] 92.56%[-b] 96.9%[-b] 97.0%[-b] 97.02%[-b] 92.4%[-b] 97.76%[-b] 97.23%[-b] 98.1%[-s] = 54.51%[-b] 97.19%|-b]|98.16%
Split7 94.66%[-b] | 84.86%][-b] 94.08%[-b] 95.02%[-b] 91.72%[-b] | 79.73%[-b] 95.24%[-b] 94.99%[-m] 95.99%[-s] 51.39%[-b] 92.71%|-b]|96.13%
Move7 92.6%[-b] | 82.01%[-b] 92.2%[-b] 92.8%[-b]  90.52%][-b] | 76.74%[-b] 93.49%[-m] 91.97%[-b] 94.21%[s] = 28.71%[-b] 90.01%][-b]|93.97%
Merge? 95.97%[-b] 92.05%[-b] 96.05%[-b] 96.38%[-b] 95.2%[-b] 91.75%[-b] 97.04%[-m| 95.94%[-b] 97.48%][s] | 59.75%[-b] 95.47%|-b]|97.39%
Borderline20 | 99.18%[-b] 99.36%[-b] 99.05%[-b] 99.36%[-b] 95.01%[-b] 99.22%[-b] 98.8%[-b] 99.26%[-b] 99.22%][-b] | 83.12%[-b] 99.28%[-b][99.51%
Borderlinel00| 99.07%[-b] 99.14%[-b] 98.92%[-b] 99.23%[-b] 95.87%[-b] 98.78%[-b] 98.92%[-b] 99.15%[-b] 99.27%[-m]| 66.83%[-b] 99.19%[-b][99.37%
Rare20 04.05%][-b] 93.45%[-b] 94.14%[-b] 94.03%[-b] 90.51%[-b] 90.39%[-b] 93.69%[-b] 93.69%[-b] 94.38%[m] | 77.65%[-b] 93.75%]-b]|94.29%
Rarel00 | 67.01%][-b] 52.07%[-b] 63.98%[-b] 65.69%[-b] | 56.76%|-b] 58.21%[-b] 58.45%[-b] 53.06%[-b] 57.32%[-b] 31.33%|-b] 44.84%][-b]|70.06%
StaticIm1
Split3 02.71%]-b] | 85.74%[-b] 91.24%[-b] 93.65%|-b] | 76.82%[-b] 71.12%[-b] 89.85%[-b] 88.04%[-b] 93.45%]-b] | 12.28%[-b] 76.59%[-b]| 96.5%
Move3 91.27%][-b] 81.03%[-b] 89.76%[-b] 92.32%[-b] 68.52%|-b] 64.46%[-b] 87.73%[-b] 82.06%[-b] 91.85%[-b] 1.49%[-b] 65.49%[-b]|95.55%
Merge3 04.82%]-b] 89.41%[-b] 94.13%[-b] 95.51%[-b] = 79.99%[-b] 79.37%[-b] 93.15%[-b] 90.39%[-b] 95.57%[-b] ' 17.29%[-b] 84.32%][-b]|97.95%
Split7 89.82%[-b] 75.83%[-b] 87.8%[-b] 91.21%[-b] 61.89%[-b] 65.49%[-b] 87.41%[-b] 78.94%[-b] 91.36%[-b] 21.13%[-b] 59.59%]-b]|94.95%
Move? 87.15%][-b] 73.77%[-b] 84.62%[-b] 89.05%[-b] 60.65%[-b] 57.18%[-b] 82.42%[-b] 69.44%[-b] 87.99%[-b] 1.35%[-b] 43.97%[-b]|92.87%
Merge? 03.45%][-b] 88.61%[-b] 92.3%[-b] 94.84%[-b] 77.92%[-b] 80.93%[-b] 90.99%[-b] 86.07%[-b] 94.13%[-b] = 30.3%[-b] 77.94%]|-b]|96.94%
Borderline20 | 98.17%[-b]  99.3%[-s]  97.8%[-b] 98.75%[-b] | 75.25%[-b] 98.24%[-b] 96.63%[-b] 97.85%[-b] 97.83%][-b] ' 44.38%[-b] 97.35%]|-b][99.36%
Borderline100| 98.09%[-b] 98.96%[-b] 97.61%[-b] 98.64%[-b] = 79.41%[-b] 97.63%[-b] 96.84%[-b] 98.17%[-b] 98.19%[-b] | 19.4%[-b] 96.9%[-b] [99.31%
Rare20 93.68%[-b] 92.89%[-b] 93.69%[-b] 94.05%[-b] = 73.67%[-b] 80.05%[-b] 92.23%[-b] 92.28%[-b] 94.57%[-s] = 37.63%[-b] 90.35%[-b]|94.82%
Rarel00 | 62.68%[-b] 57.72%[-b] 61.24%[-b] 64.07%[-b] 31.76%[-b] 39.77%[-b] 55.4%[-b] 52.83%[-b] 56.63%[-b] 17.6%[-b] 38.16%|-b]|72.29%
StaticImO07
Split3 90.14%[-b]  82.64%][-b] 88.33%[-b] 91.65%[-b] | 61.98%[-b] 56.83%[-b] 86.9%[-b] 81.45%[-b] 91.14%[-b] _6.22%[-b] 58.28%|-b]|95.84%
Move3 88.4%[-b]  79.1%[-b] 86.04%[-b] 90.04%[-b] 50.73%[-b] 43.13%[-b] 83.11%[-b] 69.94%[-b] 87.97%[-b] 0.29%[-b] 37.64%][-b]|94.64%
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Merge3 93.08%[-b]  88.02%[-b] 92.13%[-b] 94.23%][-b] | 66.29%[-b] 73.48%[-b] 89.69%[-b] = 81.7%[-b]  93.21%[-b] | 8.39%[-b] 69.83%[-b]|97.45%
Split7 86.43%[-b] 74.12%][-b] 84.09%[-b] 88.5%[-b] 49.38%[-b] 54.93%[-b] 82.33%[-b] 68.52%[-b] 88.42%[-b] 15.23%[-b] 45.7%][-b] |93.09%
Move7 82.27%[-b] 73.03%][-b] 78.95%[-b] 85.64%[-b] 45.01%[-b] 43.87%[-b] 76.71%[-b] 50.16%[-b] 83.67%[-b] 0.11%[-b] 22.3%[-b] |90.64%
Merge7 90.95%[-b] 87.27%[-b] 89.29%[-b] 93.12%[-b]  64.4%[-b] 75.23%[-b] 87.39%[-b] 74.94%[-b] 91.68%[-b] 22.0%[-b] 65.47%][-b]|96.06%
Borderline20 | 97.42%[-b] 99.23%[m] 96.97%][-b] 98.28%[-b] | 76.78%[-b] 97.06%[-b] 94.82%[-b] 96.54%[-b] 96.71%[-b] 27.63%[-b] 94.04%[-b]|99.12%
Borderlinel00| 97.31%[-b] 98.86%]-b] 96.57%[-b] 98.14%[-b] = 76.49%[-b] 95.77%[-b] 94.28%[-b] 96.57%[-b] 97.1%[-b] | 12.63%[-b] 91.56%[-b]|99.16%
Rare20 93.36%[-b] 92.53%][-b] 93.08%[-b] 93.81%][-b] 64.74%[-b] 76.9%[-b] 90.37%[-b] 91.8%[-b] 93.87%[-b] | 23.17%[-b] 82.61%[-b]|94.76%
Rarel00 63.08%[-b] 60.16%[-b] 60.81%[-b] 64.27%[-b] 30.95%[-b] 39.92%[-b] 52.3%[-b] 51.42%[-b] 58.15%[-b] 12.07%[-b] 34.74%[-b]|72.27%
StaticIm05
Split3 86.93%[-b] 78.45%[-b] 84.9%[-b] 89.2%[-b] 52.38%[-b] 49.15%[-b] 80.64%[-b] 73.54%[-b] 88.08%[-b] 2.74%[-b] 39.85%[-b][93.97%
Move3 84.0%[-b] 78.24%][-b] 81.57%[-b] 86.62%[-b] 42.25%[-b] 31.16%[-b] 76.55%[-b] 64.53%[-b] 84.97%[-b] 0.07%[-b] 20.98%[-b]|92.36%
Merge3 90.39%[-b] 87.69%[-b] 89.25%[-b] 92.11%[-b] 59.16%[-b] 65.55%[-b] 85.31%[-b] 78.09%[-b] 91.12%[-b] 3.78%[-b] 54.74%][-b]|96.19%
Split7 81.56%[-b] 72.69%][-b] 79.46%[-b] 84.77%[-b] 41.73%[-b] 45.58%[-b] 76.15%[-b] 65.27%[-b] 85.44%[-b] 9.75%[-b] 34.34%[-b]|89.57%
Move7 75.06%[-b] 72.68%[-b] 71.52%[-b] 80.41%[-b] 36.53%[-b] 20.72%[-b] 66.29%[-b] 39.12%[-b] 79.14%[-b] 0.03%[-b] 10.18%]-b]|85.35%
Merge7 87.33%[-b] 86.85%][-b] 85.27%[-b] 90.43%][-b] 51.63%[-b] 65.48%[-b] 82.04%[-b] 69.28%[-b] 88.46%[-b] 14.44%][-b] 52.73%[-b]|93.96%
Borderline20 | 96.61%[-b] 99.13%[b] 95.93%][-b] 97.67%[-b] | 59.51%[-b] 94.88%[-b] 91.99%[-b] 94.27%[-b] 95.46%[-b] 14.95%[-b] 86.71%[-b]|98.57%
Borderlinel00| 95.99%[-b] 98.77%[*] 94.97%[-b] 97.42%][-b] 58.26%[-b] 92.52%[-b] 90.37%[-b] 93.4%[-b] 95.41%[-b] 7.48%[-b] T77.63%][-b]|98.78%
Rare20 92.83%[-b] 92.21%[-b] 92.33%[-b] 93.43%[-b] = 46.1%[-b] 73.74%[-b] 88.25%[-b] 90.36%[-b] 93.63%[-b] | 11.8%[-b] 73.76%[-b]|94.54%
Rarel00 61.79%[-b] 61.89%[-b] 59.97%[-b] 64.29%[-b] 21.15%[-b] 37.6%[-b] 49.57%[-b] 49.17%[-b] 58.63%[-b] 7.37%[-b] 29.16%[-b]|71.94%
StaticIm03

Split3 79.64%]-b] 74.54%[-b] 76.82%[-b] 83.34%[-b] 33.86%[-b] 40.94%[-b] 67.75%[-b] 64.86%[-b] 82.72%[-b] 0.75%[-b] 21.65%]-b]|88.15%
Move3 74.18%][-b] 76.9%][-b] 70.89%[-b] 78.76%[-b] 26.98%[-b] 13.98%[-b] 58.82%[-b] 45.28%[-b] 77.24%[-b] 0.03%[-b] 6.22%[-b] |83.63%
Merge3 83.59%[-b] 85.47%]-b] 82.05%[-b] 86.97%[-b] 45.54%[-b] 53.7%[-b] 71.45%[-b] 66.63%[-b] 84.98%[-b] 1.14%[-b] 30.72%[-b]|91.76%
Split7 72.97%[-b] 71.19%[-b] 69.91%[-b] 76.93%[-b] 25.94%]-b] 38.05%[-b] 60.16%[-b] 51.67%[-b 78.2%[-b] « 3.78%[-b] 19.01%][-b]|81.65%
Move7 62.67%[-b] 71.82%]-s] 57.33%[-b] 69.13%[-b] 24.09%[-b] 9.58%[-b] 44.13%[-b] 31.13%[-b] 69.21%[-b] 0.02%[-b] 3.98%[-b] |73.56%
Merge7 79.72%]-b] 85.68%[-m] 76.69%[-b] 83.89%[-b] 40.91%[-b] 55.71%[-b] 66.38%[-b] 63.1%[-b] 82.59%][-b] 5.64%[-b] 29.95%]-b]|87.89%
Borderline20 | 93.86%[-b 98.9%[b]  93.33%[-b] 96.0%[-b] = 56.21%[-b] 88.05%[-b] 85.82%[-b] 88.9%[-b] 91.81%[-b] 4.34%[-b] 62.36%][-b]|96.98%
Borderlinel00| 91.62%[-b] 98.54%([b]  90.6%[-b] 95.28%][-b] 47.88%[-b] 76.88%(-b] 75.17%[-b] 78.49%[-b] 87.32%[-b] 2.18%[-b] 48.63%[-b]|97.23%
Rare20 90.76%[-b] 91.57%][-b] 90.13%[-b] 92.13%][-b] = 43.55%[-b] 64.12%[-b] 80.52%[-b] 88.84%[-b] 91.43%[-b] = 3.52%[-b] 47.06%[-b]|93.24%
Rarel00 58.56%[-b] 63.55%[-b] 56.97%[-b] 62.83%[-b] 19.02%[-b] 33.07%[-b] 43.29%[-b] 45.14%[-b] 58.47%[-b] 2.56%[-b] 16.52%][-b]|69.79%

- Based on the

average G-Mean, cells are highlighted in lime / light grey when SMOC]lust performed better than the corresponding approach and cells are

highlighted in orange / dark grey cells when SMOClust performed worse than the corresponding approach. The colour saturation scales with the absolute
difference in average G-Mean between the SMOCIlust and the approach of the column and the saturation reaches the maximum when such difference is > 10%.

- Symbols [*], [s

w

], [m] and [b] represent insignificant, small, medium and large A12 effect size against SMOC]lust. Presence/absence of the sign in the effect

size means that the corresponding approach was worse/better than SMOC]lust.
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4 Results with Real-world Data Streams

This section resents the comprehensive results of the predictive performance
of approaches on real-world data streams.

® Correspond to Figure 4 in the paper:

— Figure 7 presents the difference in average G-Mean (based on thirty
runs) of the compared approaches against SMOClust on real-world data
streams.

— Table 7 presents average G-Mean (based on thirty runs) of all approaches
on real-world data streams and the A12 effect size results of comparing
existing approaches against SMOClust.

Luxembourg- 1.5% -0.18% 3.4% 0.73% 1.5% -0.67% 3.4% 0.73% 2.8% -2.7% 1.1% 0%
NOAA- 1.9% -0.05% 0.55% 1.9% 0.12% -1.2% -3.7% -0.18% [LHU/A -2.7% 1.3% 0%

Ozone JEEOIEEEAN -0 -63% IR -0.63% 2.5% -5.5% IECIEEAN 0%
[ZVOPINEE 41% 47% 49% 40% 38% 40% @ 48% @ 38% 11% 15% 45%

0% = +10%

Covtype, = (1-6}) 0.97% -2% -0.41% 0.29% -1.6% -1.3% | -5% -0.93% 0% I+7 5%
-1.1% -0.12% 0.81% -0.04% | 5% 0.5% 0% 270

1.5% -0.57% 0.89% 0% | +5%

E 0.43% -0.6% s3.1% 0%  42.5%

] 0.83% 1.2% [*5!5% 22% 0%

[ 1.1% -1.7% 0.06% [ 0% °
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Fig. 7: Difference in Average G-Mean Against SMOClust on Real-World Data
Streams Based on 30 Runs (Green cells indicate SMOC]lust performed better;
Red cells indicate SMOClust performed worse)



Table 7: 30 Runs Average Prequential G-Mean on Real-World Data Streams (A12 SMOClust vs Others)

SMO-
Stream 0OB UOB 008 ngjreé 0OB4 UOBy4 0084 ‘gff;i‘;ﬁi 1\(1;;26 SR//IISCTE SMggE SCI\I/ll.l(s)t
Tuxembourg 93.20%[b] 91.58%[7] 95.15%[b] 92.49%[s] 93.29%[b] 91.09%[m] 95.15%[b] 92.49%[s] _ 94.6%[b]  89.05%[-b] 92.82%[m]
NOAA 71.44%[b]  69.47%[s]  70.07%[b] 71.39%[b] 69.64%[*] 68.28%[-b] 65.85%[-b] 69.34%[*]  63.4%[-b] 66.81%[-b] 70.83%[b]
Ozone 54.03%[-m] 60.92%b] 54.03%[-m] 57.12%[b] 49.17%][-b] " '22:59%[-b] 54.66%
PAKDD2009 9.36%
Covtype(e,—{1.6})| 91.49%[b] 88.55%|-b] 88.93%[-b] 90.11%[-b] 90.81%[b] 88.91%|-b] 86.84%[-b] 89.19%[-b] 85.47%|-b] 88.83%[-b] 89.59%-b]|90.52%
Covtype(e,—1) | 90.59%[b] 88.1%[-b] 88.51%[-b] 88.91%[-b] 89.89%[-b] 90.82%[b]  86.2%[-b]  89.97%[*] 85.0%[-b] 87.52%[-b] 90.51%[b] [90.01%
Covtype(e,—2) | 67.14%[b] 65.32%[-b] 60.45%[-b] 67.08%[b] 64.99%[-b] 66.45%[b] | 4T.65%[-b] 64.16%[-b] 61.38%[-b] 63.13%[-b] 67.07%]b] |65.56%
Covtype(c,—3) | 56.88%[-m] 60.58%[b] 52.02%[-b] 57.66%[b] [45:26%[b]| 56.63%[-b] = 37.73%[-b] 51.46%[-b] 55.49%]-b] | 28:28%[-b] 54.11%[-b] |57.23%
Covtype(e,—ay | 90.05%[-s] 84.73%[-b] | 71.16%[-b] 90.95%[b] 91.31%[b] 84.67%[-b] 65.71%[-b] 88.47%[-b] | T9.16%[-b] 75.42%[-b] 92.34%]b] |90.12%
Covtype(e,—5) | 65.98%[b] 63.22%[-b] 57.8%[-b] 65.74%[b] 62.93%[-b] 64.7%[m] = 51.36%[-b] 61.95%[-b] 57.47%[-b] 59.42%[-b] 67.01%]b] |64.64%
Covtype(e,—s) | 68.76%[b] 67.44%[s] 64.53%[-b] 69.01%[b] 68.65%[b] 67.52%[b] = 50.34%[-b] 68.84%[b] 62.78%[-b] 61.25%[-b] 69.07%[b] | 67.4%

INSECTS!" 71.2%][b] 63.31%[-b] 64.37%[-m] 65.09%
INSECTS b 52.0%
INSECTSRS,. 67.42%[b]
INSECTSHS e 70.31%b] 63.25%[-b]
INSECTSin® 70.64%[b] 62.99%[-m]
Amazon 33.07%]s] .
Twitter 21.95%

~ Based on the average G-Mean, cells are highlighted in lime / light grey when SMOC]lust performed better than the corresponding approach and cells are highlighted
in orange / dark grey cells when SMOCIlust performed worse than the corresponding approach. The colour saturation scales with the absolute difference in average
G-Mean between the SMOCIlust and the approach of the column and the saturation reaches the maximum when such difference is > 10%.

- Symbols [*], [s], [m] and [b] represent insignificant, small, medium and large A12 effect size against SMOCIlust. Presence/absence of the sign “-” in the effect size
means that the corresponding approach was worse/better than SMOClust.
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