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A MULTI-CRITERIA TASK TO CHOOSE OVER-

SAMPLING OR UNDER-SAMPLING TECHNIQUE 
 

Solovei O. 
PhD (Technical Sciences), Associate Professor, 

Kyiv National University of Construction and Architecture 

 

A dataset is considered an imbalance when a target’s classes are not equally 
presented. The common approach to treat a big dataset as imbalance when a majority -

-to-minority class ratio ranges from 100:1 to 10,000:1 [1]. However, the mentioned 

range is not a strict defnition of high-class imbalance, as classification algorithm’ 
performance deterioration is visible when datasets have imbalance ratios starting from 

1.5. 

Two ways to address the issue of class imbalance in machine learning: one is to 

assign distinct costs to training examples; the other is to re-sample the original dataset, 

either by over-sampling the minority class or under-sampling the majority class [2]. 

The most popular over-sampling and under-sampling methods are Synthetic Minority 

Over-Sampling Technique (SMOTE) [3] and Random Under-Sampling (RUS) [4] 

correspondingly.  

Despite the proved efficiencies of the mentioned methods as data preprocessing 

technique for the imbalance datasets the question which technique to choose for the 

concrete dataset is left unformalized. 

In study [5] can be found that while evaluating classifier’s performance using area 
under ROC curve measure (AUC) by method SMOTE is good for a highly dimensional 

imbalance dataset only when K-nearest neighbors (K-NN) classifier is used, and most 

predictive features are selected. In study [6] is recorded ineffectiveness of the over-

sampling vs under-sampling while measuring by cost curve method. 

In work [7] was proposed to use only feature selection technique for a highly 

dimensional imbalance gene datasets without comparing its efficiency to the results of 

the oversampling or down-sizing so the made in the study conclusions are not obvious. 

Because in studies [5,6] the different metrics to measure the effectiveness over-

sampling vs under-sampling were used the common conclusions are confusing and the 

proposed in work [7] feature selection technique for a highly dimensional imbalance 

gene datasets without comparing its efficiency to the results of the oversampling or 

down-sizing made the conclusions are not obvious. Therefore, more experiment’s tests 
are required to answer on the question: “what is the technique to be applied?” 

For empirical study in current work datasets: “adult”, “coli” and “songs” are 
selected from UCI Machine Learning repository. The datasets properties as well as an 

imbalance ration minority-to-majority is specified in table 1. 
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Table 1 

The characteristics of datasets 
Datas

ets 

observations features Machine 

learning task 

Feature Type Missing 

values, 

Y/N?  

    Continuous Discrete Categor

ical 

 

adult 48842 81 Binary 

classification 

 + + Y 

coli 9822 86  +  N 

songs 4597 58 + +  N 
 

Two experiment tests are organized in the steps: in the first test 1) create for each 

dataset two pairs of the various training  and test data using over-sampling and under-

sampling methods: pairset1 - a minor class is oversampled by SMOTE to match 100% 

the majority class; pairset2 – under-sample major class by random under-sampler 

method to match 100% a minority class; 2) train machine learning algorithms – RF; 

KNN; SVC with each subset; 3) record received prediction quality using AUC metric 

on the train subsets; 4) record an execution time of each training; in the second test: 1) 

create for each dataset four pairs of the various training  and test data using different 

data preprocessing techniques: pairset1- data is left imbalanced with features’ number 
as specified in column “features” in table 1; pairset2 – a minor class is oversampled by 

SMOTE to match 100% the majority class but all features’ are included; pairset3 - data 

is left imbalanced but most predictive features are selected using method CFS 

organized as specified in [8]; pairset4 - a minor class is oversampled by SMOTE to 

match 100% the majority class and the most predictive features are selected; 2) train 

RF algorithm and evaluate the prediction quality using AUC metric; 3) record an 

execution time of each training.   

The results of conducted tests are captured in table 2 and Fig. 1- Fig.3 and table3 

and Fig. 4. 

Table 2 

AUC of RF, KNN, SVC algorithms and their training time with over-sampling and 

under-sampling techniques 
datase

t 

RF under-

sampling 

RF over-

sampling 

KNN - 

Under 

sampling 

KNN - over 

sampling 

SVC - Under 

sampling 

SVC - over 

sampling 

AUC,

% 

time

, sec 

AUC,

% 

time

, sec 

AUC

,% 

time, 

sec 

AUC

,% 

time, 

sec 

AUC

,% 

time, 

sec 

AUC

,% 

time

, sec 

adult 84 1.4 93 6.1 83 0.2 89 1.33 86 1.19 87 25 

coli 73 0.1 99 2.4 68 0.01 95 0.17 73 0.16 86 53.6 

songs 68 0.09 89 0.43 55 0.03 87 0.03 57 1.6 54 0.84 
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Fig.1 - (a), (b), (c) – AUC of RF, KNN, SVC are trained on dataset = “adult”; (d) 

training time. 

 
Fig. 2 - (a), (b), (c) – AUC of RF, KNN, SVC are trained on dataset = “coli”; (d) 
training time. 

 
Fig. 3 - (a), (b), (c) – AUC of RF, KNN, SVC are trained on dataset = “songs”; (d) 
training time. 

 

Table 3 

AUC of RF algorithm and its training time 
dataset Pairset1 Pairset2 Pairset3 Pairset4 

AUC,% time, sec AUC,% time, sec AUC,% time, sec AUC,% time, sec 

adult 83 5.5 93 12.13 84 5.2 95 10 

coli 56 0.1 93 0.3 55 0.08 94 0.28 

songs 41 0.3 90 0.5 59 0.19 87 0.26 
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Figure. 4 AUC of RF algorithm trained on datasets: “adult”, “coli”  and “songs” and 
training time for pairsets 1-4. 

The recorded results from table 2 and fig. 1-3 can be interpreted as: for the selected 

imbalance dataset “adult” and algorithm RF over-sampling by SMOTE helped to 

improve algorithm’s performance compared to under-sampling but with algorithms: 

KNN and SVC the performance results are almost the same; for  dataset: “coli” and 
“songs”  applying the over-sampling by SMOTE gave visible improvement with 

algorithms RF and KNN, however both techniques – over-sampling and under-

sampling hadn’t bring improvements with SVC algorithms. The time that is required 
to train RF and SVC algorithms is longer with over-sampling, although training time 

of K-NN is stable with over-sampled and under-sampled datasets.  

The recorded results from table 3 and fig. 4 can be interpreted as: an ability to 

predict the target class is better when a dataset is balanced compared to an imbalanced 

or an imbalanced dataset with selected features (based on the values of AUC for 

pairset1, pairset2, pairset3), however, the time which is required to train the model with 

balanced dataset is two times higher than training time with imbalanced dataset. The 

model’s predictability shows improvements (the value of AUC for pairset4) when it is 
trained with balanced dataset and the most predictive features and execution time is 

reduced. 

Based on the above can be suggested that the task to formalize which technique to 

use must resolve multi-criteria problem, i.e. take into consideration: dataset properties; 

machine learning algorithms; type of over-sampling and under-sampling method; 

execution time.     
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