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A Study on the Realization of Activation Function in Neural Network
In-Chung Park

ABSTRACT

The activation function is nonlinear when the equivalent model of a neuron is considered. Expen-
sive numeric processors or a high speed computer has been used to realize the function. In this
paper two kinds of error are considered and the number of linear functions in a certain interval
is investigated. A new hardware implementation is studied to realize a number of linear functions.
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/% AX-APOO5.c */
/% approximated sigmoid function %/

#include <{math, h>
#include <stdlib_h>
#include {graphics.h>
#define DEGREE 256
#define MAX 300
#define LIM 5

int j, 1, m, n=0, index[50]:
float signal [300]:
main()
{
int i,x1,yl,x2,y2:
int graphdrive=DETECT, graphmode:
float value[300], Gain, Center, tol:
float y, yy, yyy. p. slope, slopel, slope2:
float ya{MAX], yo[MAX], x[MAX], deltax, error, aerror, xi, b, bb:
printf{"\7");
do |
printf("Gain is ");
scanf("%f", &Gain);
printf("Center is "):
scanf("%f", &Center):
J=0:
value[0]=0.0:
do {
signal[j]= 1.0 /( 1.0 + exp(-Gain#*(-LIM+value[j]-Center))):
J++:
value{j] = value[j-1] + (2.%*LIM)/256.:
} while(j < 256):

ini tgraph(&graphdrive, &graphmode, " ):
setcolor(LIGHTGREEN ):

1ine(30, 20, 286, 20): 1ine(30, 20, 30, 330):
1ine(30, 330, 286, 330): 1ine(286, 330, 286,20): /% square ¥/

1ine(30,175,286,175): line(158, 20,158, 330):

outtextxy(1,30,"1.0"): outtextxy(1,175,70.5");
outtextxy(1,320,70.0"); /* scale of vertical axis %/
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outtextxy(15, 340, "-5"):
outtextxy(156, 340, "0"):
outtextxy(283, 340, "5"):
outtextxy(20, 370, "Fig.1 Generalized Sigmoid Function”):

y1=100: x1=30;
moveto(xl, yl):
setcolor(WHITE):
for(i=0: i < DEGREE: i++){
yl = (300-300¢signal[i] + 25):
lineto(i+30,y1):
}
getch(): closegraph():

for(i=0: iMAX: i++) { ya[i]=0.0: yo[i]=0.0: }

i=0: j=1:
xi = 0.0: deltax=10, /256.: b=0.5:
y=10/(10+ exp(-Gain*(xi-Center))):
yy = 1.0 /{ 1.0 + exp(-Gain*(xi-Center + 3,0%deltax))):
slopel = (yy - y) / (3.0tdel tax):
slope = slopel:

printf("\n\n{{ p = slope * xi + 0.5 >)> slope = %f\n\n", slope):

tol = 0.005;
/% First Interval =*/
do
{
y = 1.0 /7{ 1.0 + exp(-Gain¥{xi-deltax-Center)));
p = slope * xi + b:
aerror = fabs(y - p)/y:
xi = xi + deltax:
if(p>1.0)p=1.0
ya[i] = p:

i++;

printf("\ni=xd, b=%¢f, xi=%3 2f, aer=%1f, slope=%1f, y=%1f, p=%1f",

i, b, xi, aerror, slope, y, p):
} while ({ i< 128) &% (aerror ¢ tol ));
getch(): printf("\n");

bb=1,0/( 1.0 + exp(-Gain*®(xi-del tax-Center)));

y =1.0 7/( 1.0 + exp{-Gain*(xi-Center))):

yy = 1.0 /( 1.0 + exp(-Gain*(xi-Center + 2.#%deltax)));
slope = (yy - y) / (2.%*deltax):

7
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/% Second Interval %/

do{

y = 1.0 7/( 1.0 + exp(-Gain*(xi-Center))):

p = slope * xi + bb:

aerror = fabs(y - p)/y:

xi = xi + deltax:

if (p>1.0)p=1.0

yali] = p:

i++;

printf("\n[i=%d] bl=%f, xi=%5.4f, err=x1f, slp=%1f, y=%5 4f,
p=%5.4f", i, bb, xi, aerror, slope, y, p):

while (( i <128 ) &% ( aerror ( tol ) & ( p <= 1.0 )):

getch():

printf("\n\n"):

/* */

1 =0:
do {

do

bb = 1.0 /( 1.0 + exp(-Gain*(xi-deltax-Center))):

y = 1.0 /( 1.0 + exp(-Gain*(xi-Center))):

yy = 1.0 /( 1.0 + exp(-Gain*(xi-Center + (3. )#deltax))):
slope = (yy - y) 7/ ((3. )*deltax):

/% Third Interval */

y = 1.0 7/( 1.0 + exp(-Gain¥(xi-Center)));

p = slope * xi + bb:

aerror = fabs(y - p)/y:
xi = xi + deltax:

if (p>1.0) p=1.0;
ya[i] = p:

i+4]

printf("\n{xd> bxd=%f, xi=%1f, err=%1f, slope=¥1f, y=%5. 4f,

p=%5.4f", i, 1+2, bb, xi, aerror, slope, y, p):

1++;

} while (( i <128 ) & ( aerror { tol ) && ( p <= 1.0 )):
if (i ==127)

{ printf("\7"): getch(): }

} while (( i < 129) && (1 <120 ) & ( p <= 1.0 )):
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/% Fifth Interval %/

do{
yal[i] = p = 1.0:
i++s
} while ( i ¢ 256 );
getch():

ini tgraph(&graphdrive, &graphmode, ""):

setcolor(12);

1ine(30, 20, 286, 20): 1ine(30, 20, 30, 330);
1ine(30, 330, 286, 330): 1ine(286, 330, 286,20): /* square */

line(30, 175, 286,175): 1ine(158, 20, 158,330):

outtextxy(1,30,71.07): outtextxy(1,175,70.57):
outtextxy(1, 320,70.0"); /% scale of vertical axis %/

outtextxy(15, 340, "-5");
outtextxy(156, 340, "0"):
outtextxy(283,340,75"):

outtextxy(20, 370, "Fig.2 Approximated Sigmoid Function”):
for(i=0: i<128: i++) ya[i+128] = yali]:

for(i=0: i<128; i++) {
va[i] = 1. - ya[2565-i]:
}

setcolor(15);

y1=320; x1=30:

moveto(xl,yl):

for(i=0: i < DEGREE: i++){
yl = (300-300sya[i] + 25):
lineto(i+31,yl):
}

getch(): getch(): closegraph():
} while(Gain)-1):

9
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/% signd 3.c and Dec-to-Bin %/
/% generalized sigmoid function »/

#include <{math.h)>
#include <stdlib, h>
#include {graphics.h}
#define DEGREE 256
#define LIM S

int j:

float signal[600]):

main()

{
int jj, numl28[{600], bit, num32768[600]:
unsigned int mask:

int i,x1,yl,x2,y2:
int graphdrive=DETECT, graphmode:
float value[600], Gain, Center:
while(l){
printf("Gain is "):
scanf("%f”, &Gain):
printf("Center is "):
scanf("%f”, &Center):
J=0:
value[0]=0, 0:
do {
signal[j]1= 1.0 /( 1.0 + exp(-Gain*(-LIM+value[j]-Center))):
J++s
value[j] = value[j-1] + (2.%LIM)/256.:
printf("\nvalue[%d], ", j-1):

num32768(j-1] = 32768. % (value[j-1]-LIM)/LIM:
mask = 0x8000:
for(jj=0: jj<16: jj++) /% for each bit &/
{
bit = (mask & num32768[j-11) 21 : 0; /% bit is 1 or 0 &/
printf("%d ", bit): /% print bit */
if(jj==7)
printf(”-");
mask >>=1;
}
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printf(". ")

numl28[j-1] = 128. #signallj-1]:

mask = 0x8000:

for(jj=0: jjc16: jj++) /* for each bit %/
{
bit = (mask & numl28[j-1]) 21 : 0: /% bit is 1 or O */
printf("%d ", bit): /% print bit %/
if(jj==7)

printf(”-"):

mask >>= 1.
}

if(j%10==0) printf("\n");
} while(j < 256); printf("\7"):
ini tgraph(&graphdrive, &graphmode, " ):

1ine(20, 20, 276, 20): 1ine(20, 20, 20, 330):
1ine(20, 330, 276, 330); 1ine(276, 330, 276,20): /* square %/

line(20,175,276,175): line(148,20,148,330):

outtextxy(1,30,71.0"); outtextxy(l,175,70.57);
outtextxy(1,320,70.0"): /% scale of vertical axis %/

outtextxy(9, 340, "-5");
outtextxy(146,340, "0"):
outtextxy(273, 340, ”5"):

y1=100: x1=20;
moveto(xl, yl);

for(i=0: i < DEGREE: i++){
yl = (300-300¢signal[i] + 25):
lineto(i+20,y1):
}

getch(): closegraph():
}



