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This thesis proposes a fast learning algorithm for the perceptron applied to pattern classification and
analyzes its convergence properties.

The affine projection algorithm for adaptive filters is modified to perceptron. In a new learning algorithm,
the connection weight vector w(n) is updated vertically towards the orthogonal complement of k patterns.
A rate of the distances among w(n) , the complement and w(n+1) is constant. Thus, it is called “geometric
learning algorithm (GLA)”. When k patterns are simultaneously used for each update, it is called kth—order
GLA. First, convergence property of the 1st-order GLA applied to two—patterns classification is analyzed.
The relation between the angle 8 of two patterns and the learning rate A for convergence is theoretically
derived. ) determines the previously described rate. When the number of the patterns is larger than 2, a

»

new concept “an angle of the solution area 9n,” is introduced, in which the weight vector solutions exist.
It is numerically confirmed that the 8 — X relation is good approximation of ¥nmin — A. Furthermore, it is
theoretically proved that the 1st-order GLA with A = 2 always converges for any number of patterns.

The GLA demonstrates some typical behavior when A = 2, which means that w(n) and w(n+1) are sym-
metric with respect to the complement. Thus, the GLA with A = 2 is discriminated as “symmetric learning
algorithm (SLA)”. The followings are theoretically and numerically proved. First, for N-dimensional pat-

terns, k < N is necessary for convergence. Second, the convergence speed is the maximum when k = N/2.
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[stepl] w(0) ZEIK THRIERET 5.
[step2] R—EF bu L OHABBLAOHHLRR BRI -V OEEY T 5.
step3] ko =0 2 HINERLHELKET 5.

]

b Lk >k 2biX

X = (z!,2?%,---,2F)T (3)
5 TRVWERDL
X = (zt, 2%, zF)T 4)
[step5] AMEX KA TEFT5.
w(n + 1) = w(n) — AX+ Xw(n) (5)

[step6)] step2 IZR 3.
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EXBEOEFEITOINT, THE2SHEFTLITY XL ELELR.

— 167 —
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