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A parallel algorithm for selecting activation
functions of an artificial network

Oleg V. Kryuchin, Alexander A. Arzamastsev, Klaus G. Troitzsch

Abstract

This paper describes a parallel algorithm for selecting activation functions
of an artificial network. For checking the efficiency of this algorithm a count of
multiplicative and additive operations is used.

Keywords: artificial neural networks, parallel algorithms, computer clusters, activation

functions of neurons.

1 Introduction

As is well-known, the training of artificial neural networks (ANNs) is aimed at the
minimization of inaccuracy. For this minimization it is necessary to search for apropriate
values of weight coefficients and for appropriate neuron activation functions. Nowadays
a lot of algorithms of searching for weight coefficients have been developed [1, 2, 3| but
there are no effective methods of searching for appropriate neuron activation functions.
One of the reasons for this is the long computing time necessary for the combination of
the algorithms of searching for neuron activation functions and of searching for weight
coefficients. The solution to this problem is the usage of computer clusters. Computer
clusters are groups of linked computers, working together closely thus in many respects
forming a single computer [4]. The aim of this paper is to develop algorithms of searching
for neuron activation functions and to realize them for computer clusters.

2 Neuron components

An artificial neuron is a mathematical function conceived as a crude model or abstraction
of biological neurons. Artificial neurons are the constitutive units in an artificial neural
network. Depending on the specific model used it has different names, such as a semi-
linear unit, an Nv-neuron, a binary neuron, a linear threshold function or a McCulloc-
Pits (MCP) neuron. The artificial neuron receives one or more inputs (representing one
or more dendrites) and sums them to produce an output (synapse). Usually the sums of
each node are weighted and the sum is passed through a non-linear function known as an
activation function or a transfer function. The transfer functions usually have a sigmoid
shape, but they may also take the form of other non-linear functions, piecewise linear
functions or step functions. They are also often monotonically increasing, continuous,

differentiable and bounded [5, 6].
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Thus an universal mathematics neuron consists of two parts. These are an adder
and an activation function (Figure 1). The adder calculates the sum of products of
input signal values (which are output values of previous layer neurons and called v, 1,
. Yn,—1) and weight coefficients (which are called wyg, wy, ..., wy,—1). Then it adds
the values of two impulses (adjugate weight coefficients). One of these impulses (which
is called “the internal impulse” (p;)) is fixed when weight coefficients are trained and
the second impulse (which is called “the external impulse” (pg)) is updated together
with them [7]. After this accumulation the result is multiplied by the weight coefficient
and the result of the product is the argument of the activation function. The activation
function value is the neuron value. So the i-th neuron output value can be calculated
by formula (1) [8, 9].

Nyi—1
yi = fi(cpimi) = fi <sz‘ ( > yjwii + pr +pli>) (1)

J=0

where w; ; is the value of the weight coefficient which links the i-th and the j-th neurons,
cyi is the coefficient of the i-th neuron activation function, f; is the i-th neuron activation
function, NV,; is the i-th neuron inputs number [9).
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Figure 1: The mathematical neuron model.
Usually the following few activation function flavors are used:
e linear (f = x);
e square (f = z?);
e solid (f = 23);
e function of fourth degree (f = x%);
e sine (f = sin(z));
e cosine (f = cos(x));

e tangent (f = tan(w));
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e cotangent (f = ctg(z));

.Singid(fzﬁaf:H%?f:H_%:f:l—l—e#{w});

e threshold function.

The universal threshold function consists of five elements. These are the threshold
value (h;), up and down default values (g; and 7o) and up and down flags showing the
necessity of changing the input value to the default value (bcy and bey).

Jo, boo=1, x < hy
r, boog=0, x< fzt; (2)
t, bor=1, == hy
2, bor =0, x> h

where g; and gg are up and down default values, bc; and by are up and down flags of
changing the current value to the default, and h, is the threshold value.

The function value is set to the input value in two cases. The first case is if the
input value is less than the threshold value (y < h;) and the down flag is equal to zero
(bco = 0). The second case is if the input value is equal or grater than the threshold
value (y > h;) and the up flag is equal to zero (bey = 0). In all other cases the neuron
output value is the up or down default value (g, or gy), respectively [10].

3 The selection of activation function components

As mentioned above a neuron which has the non-threshold activation function consists
of three components which can be selected. These are the activation function coefficient,
the internal impulse and the activation function type. If the neuron activation function
is threshold (2) then this neuron consists of 8 selectable components. These are

e the coefficient of the activation function (cy),

e the impulse (py),

e the threshold value (h,),

e the up and down default values (9; and g,) and
e the flags of the changing (boy and bey).

Most of these values are real numbers, so it is possible to define the range of these
parameters with x4 and x, and the step (xs). Thus it is possible to calculate values of
selected components by formulas (3)-(7) [10].

Sometimes it is not necessary to select all elements, so it is difficult to say how many
conditions (enumeration iterations) the selected neuron has (for example, if it selects
the coefficient and the internal impulse and their values lie in the band [—1; 1] and the
step of values is 0.5 then the neuron has 25 conditions).
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= c iv.(c i = Xu(cr) = xaley)
cg = xaler) +ixs(cy), 0,1,...,{ "N ] +1 (3)
_ i i = Xu(P1) — Xa(Pr1)
pr = Xd(pl)+ Xs(pl>7 0717"'-’ |: Xs(pf) _ :| +1 (4)
g0 = xa(o) +ixs(%), ©=0,1,., _Xu(y[;)s(_@jgd(yo) +1 (5)
no— > iv (@ i — [ Xu(§1) — xa(§1) ]
= Xd(y1> + Xs(yl)> 07 17 ) ! Xs(f&l) | + 1 (6)
he = xalh)+ixs(he), i=0,1,.., Xulhe) = Xa(h) +1 (7)
XS(ht)

Figures 2 and 3 show the scheme of the algorithm changing the neuron activation
functions. Here is a short description:

e The block “Input enumeration parameters” means the input options showing
elements which must be iterated and the input limits and steps of these elements
values (xa(cr), xu(cy), xs(cy) for the activation function coefficient, x4(pr), xu(p1),
xs(pr) for the impulse, ya(he), xu(he), xs(he) for threshold etc.).

e The block “Setting anterior values of enumerating parameters” means that iterating
parameters are set by the down values.

e The block “Is activation function coefficient selected” means checking the activation
function coefficient (cs). The result of this block is “No” if it is necessary to iterate
this coefficient and its value is less than the up limit value (¢; < xu(cy)). If this
is so then the coefficient is increased by the step value (as it is shown by formula
(8))-

cr = ¢ + xs(cy) (8)

e The block “Is impulse selected” means checking the impulse (p;). This block results
in “No” if it is necessary to iterate the impulse and its value is less than the up
value (pr < xu(pr)). If this is so then the impulse value is increased by the step
value (as shown by formula (9)), and the activation function coefficient value (if
it is necessary to iterate it) is set by formula (10).

pr = pr+xs(pr) 9)
¢y = xalcy) (10)

e The block “Is activation function the threshold” means checking the activation
function type. This block results in “Yes” if the activation function is the threshold
else its index is checked. And in this case if the type of activation function is last
(the result of the block “Is activation function type selecting finish” is “Yes”) then
the iteration ends. Otherwise the type is changed (is set to the next type) and
the coefficient and the impulse are set by formulas (10)—(11).

pr = Xa(pr) (11)
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( Beginning )

Input enumeration parameters

Break 1

Setting anterior values of enumerating
parameters

Enumeration of weight coefficients and
calculation of inaccuracy value

Is activation function
coefficient selected

Activation function
coefficient value is
growing up

| —

Activation function coefficient value is set | vgg
down value and impulse is growing up

Is impulse selected

Is activation function
the threshold

Yes

Is activation function
type selecting finish

Break 2
No
Break 3
Activation function coefficient value and
impulse are set down values and activation
function type is changed (the next type is set) Finish

Figure 2: The scheme of the changing one neuron element (part 1).

e The block “Is threshold value selected” means checking the threshold value for
finishing the iteration. The result of this block is “No” if it is necessary to iterate
the threshold value (h;) and it is less than the up limit (h; < xu(he). If this is
so then the new threshold value is calculated by formula (12) and the activation
function coefficient and the impulse (if it is necessary to iterate them) are set by
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Break 2

Is threshold value
selected

Is flag of down default

Threshold value is growing up
value selected

Threshold value is set down value and flag of
down default value is set 1

Yes

Is flag of up default
value selected

Threshold value is set down value, flag of up
default value is set 1 and flag of down default
value is set 0

l

Yes Is down default value

selected

Threshold value is set down value, flags of
default values are set 0 and down default value
is growing up

Yes Is up default value

selected

Threshold value and down default value are
set down values, flags of default values are Mo
set 0 and down default value is growing up

IActivation function coefficient and impulse are|
set down values Break 1 Break 3

Figure 3: The scheme of the changing one neuron element (part 2).

formulas (10)—(11). . . .
hy = hy + Xs(ht) (12)

e The block "Is flag of down default value selected” means checking the down default
value flag (bco) for finishing the selection. The result of this block is “No” if it
is necessary to select this flag and its current value is equal to 0 (bco = 0). If
this is so then its new value is set to 1 and the activation function coefficient, the
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threshold value and the impulse (if is necessary to enumerate them) are set by
formulas (10)—(12).

e The block "Is flag of up default value selected” means checking the up default
value flag (bop) for finishing the selection. The result of this block is “No” if it is
necessary to select it and its current value is equal 0 (boy = 0). If this is so then its
new value is set to 1 and the new down default value flag is set to 0 (as is shown by
formulas (13)—(14)). The activation function coefficient value, the threshold value
and the impulse (if is necessary to iterate them) are set by formulas (10)—(12).

beo = O (13)
ber = 1 (14)

e The block "Is down default value selected” means checking the down default value
(go) for finishing the selection. The result of this block is “No” if it is necessary
to iterate the down default value and its current value is less than the up limit
(9o < Xu(¥o)). If this is so then the down default value is increased by formula
(15) and the default values flags (if it is necessary to select them) are set to 0
(by formula (13) for the down flag and by formula (16) for the up flag). The
activation function coefficient value, the impulse value and the threshold value (is
it necessary to iterate them) are set by formula (10)-(12).

Yo = Yo+ xs(%) (15)
ber = 0 (16)

e The block "Is up default value selected” means checking the up default value (g;)
for finishing the selection. The result of this block is “No” if it is necessary to iterate
it and its current value is less than the up limit (g1 < x.(%1)). If this is so then the
up default value is increased by formula (17), default values flags (if it is necessary
to select them) are set by formulas (13) and (16) and the down default value (if it
is necessary to iterate it) is set by formula (18). The activation function coefficient
value, the impulse value and the threshold value (is it necessary to iterate them)
are set by formula (10)-(12).

1 = U1+ xs(91) (17)
Yo = Xa(%o) (18)

4 Tterating all neuron conditions

For successfully training an ANN it is necessary to search for vector values of conditions
of neurons (neuron activation functions) [ and weight coefficients @ which minimize
the inaccuracy value. It is possibly to do this by iterating all activation function
combinations and by searching for values of weight coefficients for each neuron condition
(activation function) group. It is necessary to consider that each neuron can have a
unique group of possible activation functions. The group of possible activation functions
of the i-th neuron is written as 7j;, and the size of this vector (which characterizes the
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activation functions combinations number) is written as N,(%;). Thus the i-th neuron
activation function in the I-th iteration is calculated by formula (19).

i =Vio+t | |—=| mod N.(v; 19
8 ’ ([@(l) %) )
where o(7) is calculated by formula (20).

1, i=1,—1;

n )y
R B | R ACA R A 20
j=i+1

For each group of activation functions the algorithm searches for weight coefficients
and calculates the target function value e(, i) such that after the iteration over
all variations of combinations of activation functions an array of inaccuracy values
is created. The minimal value of this array means that the condition of the ANN
(activation functions values and weight coefficients) which calculated this inaccuracy

value is optimal.

The total number of iterations of the activation functions is calculated by formula
(21).

Iy = H N (7) (21)

5 A parallel algorithm for iterating activation functions

If the parallel algorithm uses n processors then each processor can execute a certain
part of activation function iterations. So the lead (zero) processor executes J, iterations

and the non-lead (nonzero) processors execute .J, iterations. The values of J, and jﬂ
are calculated by formulas (22)-(23).

I—“}, I, mod n = 0;

e = y 22
' %]7 I, mod n # 0; (22)
- Jus I,, mod n = 0;

b = { I, — Ju,(n—1), I, modn #0; (23)

Thus the algorithm which is executed in the lead processor consists of few steps:

e forming n — 1 structures for non-lead processors;
e sending structures to other processors;

e cnumerating all possible combinations which are allowed for the current processor,
selecting the optimal activation function combination and calculating the inaccuracy
value;

10
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e receiving the best activation function vector and the inaccuracy value which is
connected with this vector;

e selecting the minimum inaccuracy value.
The algorithm in the non-zero processors is different:

e receiving the ANN structure;

e enumerating all combination values which are possible for the current processor,
selecting optimal activation function values and linking the inaccuracy value to
the array of optimal activation function values;

e sending values of the selected activation functions and the inaccuracy value to the
lead processor.

6 Number of multiplication operations executed by
serial and parallel algorithms

The number of multiplicative operations which are executed by the serial algorithm for
the activation functions selection is calculated by formula (24).

2y = 2wl + 201, (24)
where o is the coefficient of the reduction of additive operations to multiplicative
operations (its value is calculated by formula (25)) and z,, is the number of operations
which are executed for the searching weight coefficients.

fa (25)

g =

~+

m
Here ¢, is the time expense for one additive operation and %, is the time expense for
one multiplicative operation.

For the calculation of the number of operations which are executed by the parallel
algorithm it is necessary to analyse the steps taken by this algorithm:

1. the initialization;
2. sending data from the lead processor to the other processors;

3. the enumeration of activation function combinations (which are enumerated in
the current processor);

4. sending data from all nonzero processors to the lead;

5. selecting the optimal structure by the zero processor;

11



A parallel algorithm for selecting activation functions of an artificial network. Fachbereich Informatik Nr. 12/2011

Table 1: Numbers of operations in steps of the parallel enumeration of activation
functions.

Step The lead The non-lead (the k-th)
processor processor

1 20&

2 l,(n—1)(1+20) Lk +2ko+20+1)+~(,,v)

3 Zwdy 420, zwd, + 20,

4 n(ly +1)(1+20) +~v(, +1) (I, +1)(1 + 20)

5) 20m

The total number of selected elements of the ANN can be calculated by formula
(26).

-1
o= Nu(v) + L (26)
1=0

where [, is the number of network weights.

In the first step in the zero processor it executes 2lAu additive operations (lAu operations
for the cycle organisation and lAM operations for the setting).

In the second step in the lead processor it executes Zu(n — 1) multiplicative and
2fu(n — 1) additive operations and in other processors it executes ZM multiplicative and
QZM additive operations. But the non-lead processors cannot begin to execute these
operations (of the receiving) before the data are sent by the zero processor, so non-
zero processors have to wait. Thus the numbers of operations of the first two steps are
calculated by formulas (27)-(29) (the number in the first step in the lead processor
is calculated by formula (27), the number in the second step in the lead processor is
calculated by formula (28) and the number in the second step in the k-th non-lead
processor is calculated by formula (29)).

ol = 20, (27)
O = l(n—1)(1+20) (28)
O = Lk +2ko + 20 +1) + (i, v) (29)

The number of operations in the third step is analogical to the number of operations
in the serial algorithm.

In the fourth step the lead processor has to receive best weight coefficients and the
inaccuracy value connected with these weight coefficients from each processor, so it
executes (n — 1)(l, — 1) multiplicative and 2(n — 1)(l, — 1) additive operations and the
non-lead processors execute [, + 1 multiplicative and 2[, + 2 additive operations. And
the lead processor waits for the sending.

In the fifth step the lead processor executes 2n additive operations. If we reduce
the additive operations to multiplicative ones then it is possible to get values which are
shown in table 1.

12
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Before receiving weight coefficients and the inaccuracy value the lead processor
executes three steps (the total number of operations is written as CA'MO) and the other
processors execute four steps (ihe total number of operations is written as éuk:)

So the enumeration of parallel activation functions needs Z, operations (the value
is calculated by formula (30)).

(max (Cyo + bl + 120 +1), G + 1+ 1,0)) ) +

Z, = k:mX

+(I, +1)(1 4 20) + 20n (30)

where the values of C,,o and C,, are calculated by formulas (31)-(32).

Cho = 200, +1,(n—1)(1420) + 2], + 20, (31)
Co = Lu(k+2ko+0+1)+7(,v) + 20, +
+20J, 4 (I, + 1)(1 + 20) (32)

Thus the efficiency coefficient of the parallel algorithm can be calculated by formula
(33).

Zy  Zwly+ 20l
nz, N nz,

o, (Z) = (33)

7 Conclusion

The algorithm of training ANNs in a parallel manner which includes the neuron activation
functions selection was developed. This algorithm does not need a high rate of interconnections,
so a simple local network can be used in the computer cluster frame.

13
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the  multiplicative  operations  number
executing in the (-th step of the parallel
algorithm of the selecting neurons activation
functions in the lead processor, 12

the  multiplicative  operations  number
executing in the (-th step of the parallel
algorithm of the selecting neurons activation
functions in the k-th nonzero processor, 12
the total iterations number of the activation
functions enumeration by the serial algorithm,
10

the total iterations number of the activation
functions enumeration by the parallel
algorithm in the nonzero processors, 10

the size of the possible activation functions
group of the i-th neuron 7;, 9

the neuron input signals number, 2

the number of multiplicative operations
executing by the parallel algorithm for the
activation functions selection, 13

the efficiency coefficient of the parallel
algorithm of the selecting neurons activation
functions, 13

the down limit of the element enumeration, 4
the step of the element enumeration, 4

the up limit of the element enumeration, 4
the number of multiplicative operations
executing for sending m elements with
interconnect rate v, 13

the down default value of a neuron threshold
activation function, 3

the up default value of a neuron threshold
activation function, 3

the coefficient of the reduction additive
operations to multiplicative operations, 11
the inaccuracy value (value of target ANN
function), 9

the activation functions vector, 9

the possible activation functions group of the
1-th neuron, 9

the weights coefficients vector, 2

output neuron values, 2
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the flag showing the necessity of the changing
the current neuron value to the down default
value, 3

the flag showing the necessity of the changing
the current neuron value to the up default
value, 3

the size of the activation functions vector /i, 9
the weights coefficients vector w size, 11

the number of processors which are used for
the training of an ANN, 10

the external neuron impulse (adjugate weight
coefficients), 2

the internal neuron impulse (adjugate weight
coeflicients), 2

the time expense for one additive operation,
11

the time expense for one multiplicative
operation, 11

the interconnect rate, 13

the number of multiplicative operations
executing by the serial algorithm for the
activation functions selection, 11

the number of multiplicative operations
executing for the weights coefficients selection,
11

the  multiplicative  operations  number
executing in first three steps of the parallel
algorithm of the selecting neurons activation
functions in the lead processor, 12

the  multiplicative  operations  number
executing in first three steps of the parallel
algorithm of the selecting neurons activation
functions in the k-th nonzero processor, 12
the total iterations number of the activation
functions enumeration by the parallel
algorithm in the lead processor, 10

the threshold value of a neuron threshold
activation function, 3

the total selected elements number, 11
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