Quarterly Scientific Journal of National University of Skills
Autumn 2024, Vol. 21, No. 3, p. 57-83

Journal Homepage: https://karafan.nus.ac.ir/?lang=en

National

University
of

Skills

d - :10.48301/KSSA.2024.427012.2773

Presenting an "Adaption Ahead" Optimization Algorithm
for Training Models Used in Deep Learning

Farnaz Hoseinit*’, Hamed Sepehrzadeh2’”, Masume Kheyri3

L2Assistant Professor, Department of Computer Engineering, National University of Skills (NUS),

Tehran, Iran.

3The Coach, Department of Computer Engineering, National University of Skills (NUS), Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article Type:
Original Research

Received: 12.05.2023
Revised: 01.17.2024
Accepted: 04.05.2024

Keyword:

Deep Learning
Optimization

Optimization Algorithms
Deep Models

Adaption Ahead Algorithm

*Corresponding Author:
Farnaz Hoseini
Email: f-hoseini@tvu.ac.ir

Deep learningis a subset of machine learning thatis widely used in the
field of artificial intelligence such as natural language processing and
machine vision. As a subset of machine vision, image segmentation is
one of the most common steps in digital image processing, which
divides a digital image into different segments. In this research, a new
method based on deep learning for image segmentation was
presented. The "Adaption Ahead" algorithm was introduced and used
as a new optimization algorithm to optimize the proposed model. In
previous optimization algorithms, the most important factor in
reducing accuracy was extracting low-level features of images and not
reducing the semantic distance between human perception and
features. In this study, hierarchical and deep feature extraction from
images was carried out with the help of deep learning. The "Adaption
Ahead" optimization algorithm, in which a deep model based on a
convolutional neural network is used, extracted higher-level features
and achieved optimal accuracy. By using the Nestrov technique in
calculating the gradient by the proposed algorithm, the best result, i.e.
91.1 accuracy, was obtained for the Dice similarity measure. Another
advantage of this algorithm over other methods was using
uncomplicated calculations. The comparison of the proposed
optimization algorithm with other commonly used methods
demonstrated the improvement in the performance of this network
on relatively large data sets. Furthermore, the more accurate
performance of this network, as a result of its hierarchical and deep
extraction, was compared to other methods.
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EXTENDED ABSTRACT

Introduction

The basic concept of deep learning originates from artificial neural networks, with the
difference that in this concept there are greater discussions such as deep neural network,
Convolutional Neural Network (CNN) and Deep Belief Network (DBN). The present research
findings illustrated that algorithms with an effective learning rate are generally more
powerful than other algorithms. The most common optimization algorithms used in the
process of training deep models are the SGD algorithm (Stochastic Gradient Descent),
Momentum algorithm, Nestrove algorithm, AdaGrad algorithm, RMSProp algorithm and
Adam algorithm. The choice of these algorithms mostly depends on familiarity with the
application of each algorithm and how to arrange their meta parameters. Improving
optimization algorithms is not always the best way to improve the optimization process. In
deep models, the model is designed to make optimization easier.

Methodology

The architecture of the deep model presented in this study was a model based on a
convolutional neural network (CNN) which is presented to check the performance of the
proposed algorithm. In order to find optimal values for model parameters, an optimization
algorithm called "Adaptation Ahead" is proposed. The name "Adaptation Ahead" was
selected for the proposed optimization algorithm because by defining an objective function
for the algorithm, it attempts to calculate the values of the adjustable parameters in such a
way that the desired objective function according to the experimental data set is minimized.

Table 1. The proposed optimization algorithm "Adaptation Ahead".
1 Input Dataset (N examples)
€« 10781, « 0.999,1,, « 0.9
a, =0.01
b= Orswl{lt 2,00}
8o < N(0,/2/N)

2
3
4
5
6 t,my, vy < 0
7
8
9

while (Reduce Error in Validation Data)
t=t+1
ge < VoL(0p—1 — @pdiyme_1075,,{0,1})
10 my < Ayme+ (11— 2,09
11 v« Ave g+ (A —4)lgl?

1
12 A, a;m,or, —1
t tittYsw3 {Z/U—t'F € }
13 6, =6,_, —A;
14 End while

The details and steps related to the proposed optimization algorithm "forward
adaptation" are shown in Table 1. € is added for numerical stability and prevents the
denominator of the fraction from becoming zero in step (line) 12. A_m is the first-moment
calculation constant, which is set to 0.9 to create a relatively small sliding window for
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calculating the average moment. A_v is the second moment calculation constant, which is set
t0 0.999 to create a relatively long sliding window for calculating the average moment. Then,
theinitial value was given to the parameters or the main variables of the model. The learning
rate in the presented algorithm was initially set to 0.01 and then it was changed iteratively.
In other words, in the iterations of the algorithm, the learning rate value was multiplied by
0.1 by observing the stabilization of the error rate in the validation data. The soft number is
the meta parameter of the algorithm and is set in line 4. The values considered for this meta
parameter were 1, 2, and infinity, which correspond to soft 1, soft Euclidean, and soft
maximum, and are selected by switch 1 (sw1). In the findings of the research (fourth part),
the behavior of the algorithm was evaluated for each of these values. In step 5, the weights
of the model were set with Gaussian random values with zero mean and 2/N variance. In
this relation, N is the number of inputs of the corresponding neuron. The algorithm
continues as long as the error rate in the validation data is decreasing. In line 9, switch 2
(sw2) determines whether the gradient should be calculated in the normal or Nestrov way.
In line 10, the first moment is calculated, which actually calculates the gradient. In line 11,
the moment of order p is calculated. In line 12, switch 3 (sw3) determines whether the
learning rate will operate adaptively using the moment calculated in line 12 or operate in
the usual way based on Nestrov. In this way, by setting the built-in switches, you can examine
eight different combinations. In the table below;, it can be seen that by deactivating the
adaptive learning rate, the soft type becomes unaffected.

Results and discussion

The experimental process was carried out using a NVIDIA GeForce series GeForce GTX
1080 Ti. To evaluate the algorithm and the proposed model, using the BRATS dataset, the
segmentation of the four-dimensional MR images was performed and the Dice similarity
metric was used to compare the performance. In Table 2, corresponding to the selection of
each switch in the proposed optimization algorithm of the present paper, the results
obtained from the training of the DCNN model are presented.

Table 2. The results of the accuracy obtained from the proposed optimization algorithm for selecting

different switches.
Exp. No. Switches States it [PAT| + [(A — P)A(A — T)|
" SW1(Norm) SW2(Nestrov) SW3(Adaptive) |A]
(1) - Yes No 85.1
(2) - No No 83.5
3) 1 Yes Yes 87.3
(4) 1 No Yes 86.1
(5) 2 Yes Yes 91.1
(6) 2 No Yes 88.2
(7) 0 Yes Yes 86.4
(8) 0 No Yes 85.5

Conclusion

In this study, a deep model was proposed. To train the proposed model, the cost function
should reach its minimum despite being non-linear, and for this, the "Adaptation Ahead"
algorithm was used as an optimization algorithm. The basic random gradient descent
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algorithm moves towards local minima in proportion to the negative value of the gradient,
but it may be slow in areas with low curvature. In this study, hierarchical and deep feature
extraction from images was carried out with the help of deep learning. The "forward
matching" optimization algorithm, in which a deep model based on a convolutional neural
network is used, extracted higher-level features and achieved optimal accuracy. By using the
Nestrov technique in calculating the gradient by the proposed algorithm, the best result, i.e.
91.1 accuracy, was obtained for the Dice similarity measure.
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input_img = Input (shape = (32, 32, 4)
x = Conv2D (70, (3, 3), activation="relu’, padding="same’) (input_img)
x = MaxPooling2D ((2, 2), padding='same") (X)
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DCNN = Model (input_img, X)
DCNN.compile (optimizer= Adaptahead, loss='binary_crossentropy’)
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n_epocks =8
n_batch_size = 256
DCNN:fit (

X_train,

epochs = n_epochs,

batch_size = n_batch_size,

shuffle = True,

validation_data = (x_test_val)

)
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