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ABSTRACT
• Classifier accuracy is extremely important and can be improved by increasing the size of the training data set. However, 

in experimental studies it might be very costly to survey cases; therefore, limiting sample size to a minimum is essential. 
Sometimes very large data sets might not contain enough information, and additional computer resources do not 
improve accuracy. Stopping at the optimal iteration saves computer time and sampling costs.

• For this reason, a sequential method of training classifiers is suggested. This method seeks to sample the minimum 
number of observations necessary to train a classifier to estimate the feasible minimum rate of misclassification, the 
Bayes error.

• Using SAS/IML® Studio, this method of classifier training proves ideal as it gives the researcher more control over the 
process by specifying when the sequential procedure should be stopped. It is not restricted to any single method of 
classification, and it never seeks to obtain an unfeasibly low misclassification rate.

RESEARCH PROBLEM

• Classifier accuracy can be improved by increasing training data sample size. This can prove difficult as factors such as 
time, affordability, information availability and level of computer intensity come into play. Therefore it is ideal to train a 
classifier using the least amount of observations.

• A sequential training procedure is proposed in which an algorithm, based on a derived stopping criteria, is used to 
update the classification rule following each sequential step until it can be guaranteed with a prescribed level of 
confidence that the probability of an incorrect classification is within a certain pre-specified level of the minimum 
feasible error [3].

• The process repeatedly samples, trains and classifies observations until the misclassification rate that lies within h of the 
Bayes error with a certain probability, ensuring that the classifier is always at optimum performance.
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SUGGESTED TRAINING ALGORITHM
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APPLICATION

• As an example the procedure is applied to a set of handwritten digits from the ZIP codes on 
envelopes from U.S postal mail [2].

• Based on the pixel intensity of 16x16 eight bit greyscale images of single digits the goal is to train a 
classifier using the least amount of observations to classify an image of a handwritten digit into one 
of the groups 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9 as accurately as possible.

• Two data sets were used for this study, a training data set consisting of a spread of 2 000 handwritten 
digits and a testing data set consisting of 5 000.

• Initially, using the full training data set and PROC DISCRIM a LDA classifier is trained and the resulting 
classifier used to classify the observations from the testing data set.

• Thereafter, using the suggested algorithm in SAS/IML® Studio the procedure was applied to the 
training data set using LDA classification and the resulting classifier used to classify the observations 
from the testing data set.

• Results showed that with only a maximum of 301 training observations when h=0.1 or 519 
observations when h=0.05, it is possible to obtain an observed misclassification rate that is within h
of that obtained when the full 2 000 training observations were used.

CONCLUSIONS
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Comparison of heat maps generated using SAS/IML® of original observed digits from testing data set (left) and 
the digits predicted by the sequentially trained classifier (right) for one simulation of the procedure for h=0.1
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