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7. CONCLUSIONS AND FUTURE WORK
This work compared an XCS-based FPCS with an UCS-

based (UFPCS) for image classification. Performance on
the well-known MNIST dataset for numerical recognition
(10 classes) was competitive when compared with other ap-
proaches that used Haar-like features. However, non-human
readable approaches have achieved higher classification ac-
curacies (e.g., [5, 12]).

In order to improve the classification accuracy perfor-
mance the concept of confusion matrices to guide a divide
and conquer approach was introduced into both systems.
The complete map philosophy of FPCS led to a symmetric
matrix, which enabled sub-LCS to resolve confused states to
a degree (91±1% improved to 95±1%). Note that this ap-
proach requires the ground truth to be available to form the
known confusion matrix, so is not pure reinforcement learn-

ing. Importantly, this work shows that the confusion matrix
for UFPCS was asymmetric, so could not easily be used to
guide a divide and conquer approach similar improvements
(albeit performance did not suffer).
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