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Derivative Value Outputs for Neural Networks

Shinji Yoshikawa, Kyoichi Okusa, Kenji Ozawa

Abstract

This report discusses a method to equip a multi layer neural network(NN) with a
calculational function to derive differential values of the output parameters against the
input parameters.

Multi layer NNs have been applied in various domains of engineering, because‘of
easy construction, flexible interpolation of nonlinear multi-input functions, and some
other preferable features.

However, derivatives of those output parameters have been approximately
calculated by interpolating between two different output values. And new methods to
guarantee the accuracy of the derivatives have been desired.

We payed their attention at sigmoid functions, which are commonly used to realize
the nonlinear characteristics of nodes in NNs, and at one of important features of this
function type that the derivative is represented by a polinomial of itself. And, we
developed a method to add a calculational function to deri\)e differentiated values of
the output parameters to multi layer NNs, whose CPU cost is smaller than the original

NNs.

Frontier Technology Section, Advanced Technology Division, Oarai Engineering Center
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(i Bx1DHE)
u (x1+d,x2)— u(x1-d,x2)

Q(x1,x2,i,d) =
2d
UTICEROHERERT,
x1Z x4 5 bR x24T 33 S bR K
( i . nxlu) ( i : nx2n)
RFEEICLBHE -8.607964665117367¢-9 -7.670916403817239¢-8
P(1.5,-.0, 1)
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?Common Lisp C{ERE L 7=,

J—=RY Rk

(defun 1d
(load "n

)

(defun si

n{()
nwithd.lsp")

gmoid (x)

(/ 1.0 (+ 1.0 (exp (- 0 x))))

)

(defun de
(* X (._
)

(setq wl_11 0.12 wl_12 0.45 wl 13 -3.5

(defun hil
(sigmoid

)

(defun h2
{sigmoid

)

(defun h3
(sigmoid

)

(defun u

ri (x)
x 1))

wl_21 -2.3 wl_22 3.87 wl_23 4.5
wl_01 9.0 wl_02 -2.8 wl 03 -6.5

w2_1 9.4 w2_2 -4.5 w2_3 1.5

(x1 x2)
(+ (* wl 11 x1)

(x1 x2)
(+ (* wl_12 x1)

{x1 x2)
(+ (* wl 13 x1)

(x1 x2)

(* wl_21 x2)

(* wl 22 x2)

(* wl_23 x2)

(sigmoid (+ (* w2_1 (hl x1 x2))
(* w2_2 (h2 x1 x2))
(* w2_3 (h3 x1 x2))

(defun di
(* (deri

(x1 x2)
(u x1 x2))

-14 -

wl_01))

wl 02))

wl_03))
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(+
(* wl_11 w2_1 (deri (hl x1 x2)))
(* wl_12 w2_2 (deri (h2 x1 x2)))
(* wl_13 w2_3 (deri (h3 x1 x2)))

(defun d2 (x1 x2)
(* (deri (u x1 x2))
(+
(* wl_21 w2_1 (deri (hl x1 X2)))
(* wl_22 w2_2 (deri (h2 x1 x2)))
(* wl_23 w2_3 (deri (h3 x1 x2)))

(defun test (x1 x2 d)
(print 'du/dx1l)
(print (list 'approximation

(/ (= (u (+ x1 d) x2) (u (- x1 d) x2)) (* d 2))
) )

(print (list 'derivative--- (dl1 x1 x2)))
(print 'du/dx2)

(print (list 'approximation

(/ (- (ux1 (+x2 d)) (u x1 (- x2 d))) (* d 2))
) )

(print (list 'derivative--- (d2 x1 x2)))



