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Goals of research ¥ IEEE

e Study of the application of multithreshold approach in the
case of continuous differentiable activation functions.

e The development of the learning algorithm for neural
networks with smoothed multithreshold activations.

e Estimation of the performance of smoothed activations in
the solving of benchmark problems.
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Multithreshold activation function (MTAF)

-

v,. 1f x<i,
v, 1f {<x<t,,

g, (x)=14:
Ve, Iff  <x<t,,

v.. x>t

-

t:(rl,rz,___,rk)eR" — vector of thresholds (7, <7, <...

k<1
v=(vp.0....v; ) e R"" — value vector.

1
O'(x) = = logistic sigmoid.
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Smoothing equation

SevalX)=vo+ I_Z::(v;. —v,)o(a(x —r,)),

a — steepness parameter.
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Tanh smoothing

ezx

-1
tanh x = — — hyperbolic tangent,
e +1

1 o
o ()= 3 300 (1) v, |
i=1
Rational sigmoid smoothing

— rational sigmoid,

Tl x|
n(x):%[vﬁg(vj v”)r(x_q)wk]
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1) Limit value conditions:

lim s, (x)=v,, lims_  (x)=v,.

t.v.a

X——x X—+00 4 |
xlil}lm B (X) =y, xlil}lm by (X) =, N

xliIPmr“" (x)=v,, lengo foy (X) =V,

2) Relation between tanh and logistic smoothings:

ht,v (x) =582 (I) 0

3) Smoothing of an increasing function g .:

All St,v,aahc,w?},v are increasing. -100 -75 -50 =25 00 2.5 5.0 75  10.0
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o Derivative equations for backpropagation BR-3[333

Derivative equations

%%m (x)= aé(": —v)o(atx—1))(1-o(alx _r*)))'

—ht (x)== Z(v ;1)(1—tanh2(x—r;.)).

:—l

%ft (x)=3 Z(v v (=7 (1x=1,1))

:—l

Variable thresholds

5? =—a Z(v —v)o(ax—n))(1-o(a(x~1))). j=1. .k

()= 3 )1 (1) =1k

:—l

0 .
gna" (x):_Egl:(v: _v:'—].)(l _?"2(| ‘x_'rf |))3 J’ = 13---3k-
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 Benchmark function: . Gmund Truth
_ 1.0 { — Sagmuld
-1, if x <—1, —— Tanh
. —— Multi-Threshold
—0.5, if —1<x<-0.5, S
: ) Jl— eEwW
f(x) =< sm(37zx), if —05<x<05, > __ we

—0.5, if 0.5<x<1,

\1, if x>1. 0.0 -
—=0.5 1 i
—-1.0

T -1.0 -0.5 0.0 0.5 1.0 15
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| logisic | tanh | RelU | Swish | GEW | Mish | s, | h, | & |
DTS 1066 10,61 11.89 17.13 11.85 17.42 905 1098 1103

MAPE 19.66 19.54 19.49 21.49 19.76 2213 1749 1928  19.5]

* Experimental results obtained for two datasets confirm that the use of
SMTAFs may improve the capability of NN and reduce the cost of the
network training.

* Logistic sigmoid smoothing overperformed all other activations by both
metrics, whereas tanh smoothing had the second-best result by MAPE
metric.
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Conclusions & IEEE

* The impact of smoothed multithreshold AFs to the
approximation capability of NN has been studied.

* The adaptive approach in choice of parameters of SMTAFs
is very important for their successful application, because
it allows the fine tuning of NN coefficients in the case of
the presence of high degree of nonlinearity in
dependencies between input and output features.

* Experimental results obtained for two datasets confirm
that the application of SMTAF ensures often faster
convergence and more adequate representation of
complicated dependencies.
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Thank you for your attention
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