Perceptrons: Lernen

Single input threshold logic unit for the negation —ux.
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Perceptrons: Lernen

e The error function cannot be used directly, because it consists of plateaus.

e Solution: If the computed output is wrong,
take into account, how far the weighted sum is from the threshold.

Modified output error as a function of weight and threshold.
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Perceptrons: Lernen

Schemata of resulting directions of parameter changes.
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e Start at random point.

e [teratively adapt parameters
according to the direction corresponding to the current point.
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Perceptrons: Lernen

Example training procedure: Online and batch training.
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Perceptrons: Lernen

- 1

Formal Training Rule: Let #° = (xq,...,x,) be an input vector of a threshold
logic unit, o the desired output for this input vector and y the actual output of
the threshold logic unit. If y # o, then the threshold ¢ and the weight vector

w = (wy,..., w,, ) are adapted as follows in order to reduce the error:

gluew) — glold) 4 A9 with A = —plo—y),
Vie{l,....,n}: ?:'EHCW) — w9 4 Aw; with Aw; = nlo—y)z;,

1

where 7 is a parameter that is called learning rate. It determines the severity
of the weight changes. This procedure is called Delta Rule or Widrow—Hoff
Procedure. [Widrow and Hoft 1960].

e Online Training: Adapt parameters after each training pattern.

e Batch Training: Adapt parameters only at the end of each epoch.
1.e. after a traversal of all training patterns.
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Perceptrons: Lernen

procedure online_training (var w, var f, L, 5);

var i, €;

begin
repeat
e = ()

for all (7,0) € L do begin
if (wr = #) then y:=1;
else y:=0;
it (y # o) then begin
=0 —nlo—y);
w = w+nlo— y)T;
e =e + |o—y;
end;
end;
until (e < 0);
end;

(* output, sum of errors )

(* initialize the error sum *)

(* traverse the patterns *)

(* compute the output )

(* of the threshold logic unit *)
(% if the output is wrong *)

* adapt the threshold *)

(* and the weights *)

(* sum the errors *)

‘-v.: rep eat the (~01‘1‘1}_j11ti’1t10115 * 1'
- until the error vanishes *)
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Perceptrons: Lernen

procedure batch_traming (var @, var #, L.7);

var i, e. (* output, sum of errors *)
f., (* summed changes *)
begin
repeat
e:=0;0,=0; 7, := [_5 (* mitializations *)
for all (¥, 0) € L do begin (* traverse the patterns *)
if (wr = #) then y:=1; (* compute the output *)
else 3 :=0; (* of the threshold logic unit *)
if (y = 0) then begin (* 1if the output is wrong *)
B, =460, —nlo—y); (* sum the changes of the *)
W, =, + nlo — y)T; (* threshold and the weights *)
e =¢ + |o—yl; (* sum the errors *)
end;
end;
# =48 +4, (* adapt the threshold *)
W= + W, (* and the weights *)
until (e < 0); (* repeat the computations *)
end; (* until the error vanishes *)

EURO

7 UzZzY



Perceptron mit Sigmoid: Lernen

Gradient descent training for the negation —x

error for r =1 sum of errors
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Perceptron mit Sigmoid: Lernen

epoch 0 w error epoch 7 w error
0| 3.00] 3.50]1.307 0| 3.00] 350|129
20 397 2.190.986 20 3.76 | 2.20|0.985
40| 371 1.81]0.970 40| 370 1.82]0.970
60| 3.50 | 1.53|0.958 60| 348 | 1.53|0.957
80| 3.15| 1.24|0.937 80| 311 1.25]0.934
100 | 257 0.88|0.890 100 249] 0.88|0.880
120 | 148 0.25(0.725 120 127 0220676
140 | —0.06 | —0.98 | 0.331 140 | —0.21 | —1.04 | 0.292
160 | —0.80 | —2.07 | 0.149 160 | —0.86 | —2.08 | 0.140
180 | —1.19 | —2.74 | 0.087 180 | —1.21 | —2.74 | 0.084
200 | —1.44 | —3.20 | 0.059 200 | —1.45 | —3.19 | 0.058
220 | —1.62 | —3.54 | 0.044 220 | —1.63 | —3.53 | 0.044
Online Training Batch Training
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Perceptron mit Sigmoid: Lernen

Visualization of gradient descent for the negation —xr

Online Training Batch Training Batch Training

e Training is obviously successful.

e Error cannot vanish completely due to the properties of the logistic function.
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