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Hyper-Rectangle Based Prototype Selection Algorithm
Preserving Class Regions

Byunghyun Baek' - Seongyul Euh' - Doosung Hwang'™

ABSTRACT

Prototype selection offers the advantage of ensuring low learning time and storage space by selecting the minimum data representative
of in-class partitions from the training data. This paper designs a new training data generation method using hyper-rectangles that can
be applied to general classification algorithms. Hyper-rectangular regions do not contain different class data and divide the same class
space. The median value of the data within a hyper-rectangle is selected as a prototype to form new training data, and the size of the
hyper-rectangle is adjusted to reflect the data distribution in the class area. A set cover optimization algorithm is proposed to select
the minimum prototype set that represents the whole training data. The proposed method reduces the time complexity that requires
the polynomial time of the set cover optimization algorithm by using the greedy algorithm and the distance equation without multiplication.
In experimented comparison with hyper-sphere prototype selections, the proposed method is superior in terms of prototype rate and

generalization performance.
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Fig. 1. Contour Plot for Distance Measure Equation (1)
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Fig. 4. The Comparison in Time of a Toy Problem
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Table 2. Classification Performance for Benchmark Problems

Nearest Neighbor (k=3) Decision Tree

Problem
Vanilla IPS PBL HRPS Vanilla IPS PBL HRPS

Accuracy |0.74/ 0.52]0.53/ 0.51|0.68/ 0.48|0.52/ 0.47 | 1.00/ 0.49 | 0.55/ 0.49 | 0.91/ 0.46 | 0.47/ 0.45
Fl-score |0.73/ 0.51|0.52/ 0.50 | 0.68/ 0.48 | 0.52/ 0.47 | 1.00/ 0.49 | 0.55/ 0.49 | 0.91/ 0.46|0.47/ 0.45
Accuracy |0.89/ 0.81|0.82/ 0.81 |0.83/ 0.79 | 0.96/ 0.79|0.96/ 0.79 | 0.81/ 0.79 | 0.88/ 0.76 | 0.96/ 0.80
Fl-score |0.84/ 0.74|0.75/ 0.74|0.83/ 0.780.96/ 0.79 | 0.95/ 0.71 | 0.74/ 0.71 | 0.88/ 0.76 | 0.96/ 0.80
Accuracy |0.90/ 0.84|0.85/ 0.84|0.83/ 0.80|0.98/ 0.80 | 1.00/ 0.83 | 0.81/ 0.80 | 0.85/ 0.73 | 0.98/ 0.82

Abalone

Adult

Australian
Fl-score |0.90/ 0.83 | 0.84/ 0.84|0.83/ 0.80|0.98/ 0.80 | 1.00/ 0.83 |0.81/ 0.80 | 0.85/ 0.73 | 0.98/ 0.82

Accuracy |0.98/ 0.97 | 0.73/ 0.73 | 0.90/ 0.91 | 0.99/ 0.95| 1.00/ 0.94 | 0.88/ 0.87 | 0.87/ 0.86 | 1.00/ 0.94
Fl-score |0.98/ 0.97|0.55/ 0.55|0.90/ 0.91|0.99/ 0.95 | 1.00/ 0.94 | 0.85/ 0.84|0.87/ 0.86 | 1.00/ 0.94
Accuracy |0.99/ 0.96|0.94/ 0.91|0.93/ 0.90|0.98/ 0.94 | 1.00/ 0.99 | 0.97/ 0.95 | 0.98/ 0.97 | 1.00/ 0.98
Fl-score |0.99/ 0.96 |0.93/ 0.90 | 0.93/ 0.90 | 0.98/ 0.94|1.00/ 0.99 | 0.97/ 0.95|0.98/ 0.97 | 1.00/ 0.98
Accuracy |0.86/ 0.73(0.72/ 0.720.75/ 0.68 | 0.83/ 0.68 | 1.00/ 0.71 | 0.74/ 0.68 | 0.90/ 0.65 | 0.75/ 0.67

Breast Cancer

Car Evaluation

Diabetes(Pima)
Fl-score |0.84/ 0.69 |0.68/ 0.66 | 0.75/ 0.68 | 0.83/ 0.68 | 1.00/ 0.67 | 0.71/ 0.65 | 0.90/ 0.65 | 0.75/ 0.67
Accuracy |1.00/ 1.00|0.99/ 0.99 | 0.83/ 0.83 | 1.00/ 1.00 | 1.00/ 0.98 | 0.94/ 0.92 | 0.76/ 0.76|0.95/ 0.94
Fourclass Fl-score |1.00/ 1.00|0.99/ 0.99 |0.83/ 0.83 | 1.00/ 1.00 | 1.00/ 0.98 | 0.93/ 0.92|0.76/ 0.76 | 0.95/ 0.94
Accuracy |0.78/ 0.64 | 0.45/ 0.42|0.61/ 0.52 | 0.84/ 0.65 | 1.00/ 0.62 | 0.56/ 0.49 | 0.87/ 0.56 | 0.83/ 0.59
Glass Fl-score |0.72/ 0.51|0.25/ 0.23|0.61/ 0.52 | 0.84/ 0.65 | 1.00/ 0.60 | 0.46/ 0.41 | 0.87/ 0.56 | 0.83/ 0.59
Accuracy |0.89/ 0.80|0.78/ 0.78 | 0.75/ 0.69|0.96/ 0.76 | 1.00/ 0.75 | 0.75/ 0.64 | 0.83/ 0.61 | 0.84/ 0.75
feart Fl-score |0.89/ 0.79]0.78/ 0.78|0.75/ 0.69 | 0.96/ 0.76 | 1.00/ 0.75 | 0.74/ 0.63 | 0.83/ 0.61 | 0.84/ 0.75
A Accuracy |0.91/ 0.85|0.78/ 0.77 | 0.76/ 0.71|0.98/ 0.87 | 1.00/ 0.89 | 0.81/ 0.81 | 0.78/ 0.72|0.97/ 0.86

Fl-score |0.90/ 0.820.67/ 0.67|0.76/ 0.71|0.98/ 0.87 | 1.00/ 0.88 |0.77/ 0.76 | 0.78/ 0.72 | 0.97/ 0.86
Accuracy |0.82/ 0.62]0.59/ 0.56|0.74/ 0.60|0.98/ 0.61 | 1.00/ 0.61 | 0.64/ 0.55|0.92/ 0.63 | 0.67/ 0.61
Fl-score |0.82/ 0.61|0.58/ 0.55|0.74/ 0.60 | 0.98/ 0.61 | 1.00/ 0.60 [ 0.61/ 0.52|0.92/ 0.63|0.67/ 0.61
Accuracy |0.98/ 0.96 | 0.74/ 0.72 | 0.84/ 0.82|0.98/ 0.95 | 1.00/ 0.95 [ 0.89/ 0.89 | 0.88/ 0.86|0.96/ 0.95
Fl-score [0.98/ 0.96|0.74/ 0.72|0.84/ 0.82|0.98/ 0.95|1.00/ 0.95 | 0.89/ 0.89 | 0.88/ 0.86 | 0.96/ 0.95
Accuracy |1.00/ 1.00|0.95/ 0.94|0.85/ 0.85| 1.00/ 1.00 | 1.00/ 0.97 | 0.95/ 0.93 | 0.88/ 0.85 | 0.98/ 0.96
Fl-score | 1.00/ 0.98 |0.83/ 0.79 |0.85/ 0.85|1.00/ 1.00| 1.00/ 0.89 | 0.84/ 0.77 | 0.88/ 0.85|0.98/ 0.96
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