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4.1. SMOTE

SMOTE(Synthetic Minority Over-sampling Technique)
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7N =FY XA 1 Algorithm SMOTE in [13]
Input: Number of minority class samples T; Amount of SMOTE N%;
Number of nearest neighbors k
Output: (N/100) * T synthetic minority class samples
1. (* If N is less than 100%, randomize the minority class samples
as only a random percent of them will be SMOTEd. *)
if N < 100
then Randomize the T minority class samples
T = (N/100) = T
N = 100
endif
N = (int)(N/100) (* The amount of SMOTE is assumed to be in
integral multiples of 100. *)
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

F— N

I NNV R N )

o

only. *)
13. for i<1to T
14. Compute k nearest neighbors for i, and save the indices in the
nnarray
15. Populate(N, i, nnarray)
16. endfor
Populate(N, i, nnarray) (* Function to generate the synthetic
samples *)
17. while N #0
18. Choose a random number between 1 and k, call it nn. This step
chooses one of the k nearest neighbors of i.
19. for attr <1 to numattrs
20. Compute: dif = Sample[nnarray[nn]][attr] — Sample[i][attr]
21. Compute: gap = random number between 0 and 1
22. Synthetic[newindex][attr] = Samplel[i][attr] + gap * dif
23. endfor
24. newindex + +
25. N=N-1

26. endwhile
27. return (* End of Populate. *)
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7N =2Y XA 2 [Algorithm — ADASYN] in [14]

Input

(1) Training data set D, with m samples {x;y;}, i =1,---,m, where x;
is an instance in the n dimensional feature space X and y; €Y ={1,—-1}
is the class identity label associated with x;. Define mg and m; as the
number of minority class examples and the number of majority class
examples, respectively. Therefore, my <m; and ms;+m; =m.

Procedure
(1) Calculate the degree of class imbalance:
d = mg/m (1)
where d € (0,1).
(2) If d <d, then (dy, is a preset threshold for the maximum tolerated
degree of class imbalance ratio):
(a) Calculate the number of synthetic data examples that need to be
generated for the minority class:
G = (m—-m)xp )
Where S € [0,1] is a parameter used to specify the desired balance
level after generation of the synthetic data. f =1 means a fully
balanced data set is created after the generalization process.
(b) For each example x; € minorityclass, find K nearest neighbors
based on the Euclidean distance in n dimensional space, and calculate
the ratio 7; defined as:
= A/K, i=1,,mg (3)
where A; is the number of examples in the K nearest neighbors of x;
that belong to the majority class, therefore 7; € [0,1];
(¢) Normalize r; according to ﬁ:ri/zz':lri, so that 7 is a density
distribution (&;% =1)
(d) Calculate the number of synthetic data examples that need to be
generated for each minority example x;:
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g9 = 7XG 4 b P
where G is the total number of synthetic data examples that need to be No. 4%1%( E% Pk] s
generated for the minority class as defined in Equation (2). 1 | startX A b v — 7 B A O X R
(e) For each minority class data example x;, generate g; synthetic data 2 | startY 2+ — AR Y FJE*?
1 di the followi : 2
B 5 stop ENNEVE Y UEY
(i) Randomly choose one minority data example, x,;, from the 4 | stopY A bha— 7 THED Y EE
K nearest neighbors for data x;. —
(ii) Generate the synthetic data example: 5 | startPressure Abm 7 Bt i R D JE )
si = xi+ (X —x) X A (3) 6 | stopPressure A b — 7 THEDES
where (x, —x;) is the difference vector in n dimensional - —
spaces, and A is a random number: A € [0,1]. 7 | midPressure A ha A OE: VY @E 7
End Loop 8 | averageVelocity | A b 1 — 7 H1 @ EEJHl £ (pt/s)
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