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ABSTRACT
Background: Acute coronary syndrome (ACS) accounts for half the global economic burden. Current 
models to predict the ACS treatment cost have low accuracy and high complexity. This study aimed to build 
a more accurate predic�ve model using a neural network algorithm. Objec�ves: 1) Survey the cost of 
trea�ng ACS at research hospitals. 2) Analyze factors associated with total direct cost of trea�ng ACS at 
research hospitals. 3) Build and assess a model that predicts the total direct cost of trea�ng ACS at research 
hospitals. Subjects and methods: A cross-sec�onal descrip�ve analysis was conducted based on the 
electronic medical records of 496 ACS inpa�ents at Cho Ray and Bach Mai hospitals. Factors associated 
with the total direct cost were used as inputs to build the neural network model. The grid search tool and k-
fold cross-valida�on were used to select the best set of hyperparameters.Results: Mean total direct cost 
per ACS pa�ent per course was 75,443,006±52,443,599 VND. Gender, health insurance type, course 
dura�on, health status at discharge, and number of comorbidi�es influenced the cost and were used as 
model inputs. Regarding the best set of hyperparameters, the distribu�on was Laplace, the transfer 
func�on was rec�fier with dropout, the loss func�on was Absolute, the number of neurons in each hidden 
layer was 40, the number of hidden layers was 2, the lasso value was 1.0E-5, the ridge value was 1.0E-3, 
and the rho value was 0.999. The training set root mean squared error (RMSE) (25,091,949 VND) was 
smaller than those of the valida�on and test sets (33,025,969 and 29,202,777 VND, respec�vely); the 
difference between total predicted and actual cost was not significant, indica�ng that the op�miza�on and 
regulariza�on criteria were reached. Conclusions: The predic�ve model has rela�vely high accuracy and 
may be applicable in real-world se�ngs. The model should be con�nuously enhanced to improve 
predic�ons and expanded to other pa�ent groups based on big medical data.
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Acute coronary syndrome (ACS) has evolved as a 
useful opera�onal term that refers to a spectrum 
of clinical presenta�ons ranging from ST-segment 
eleva�on myocardial infarc�on and angina 
pectoris to non-ST-segment eleva�on myocardial 
infarc�on or unstable angina [1, 2]. In 2015, there 
were an es�mated 7.4 million deaths due to 
coronary heart disease [3].

ACS remains a leading cause of death in the world, 
accoun�ng for half of the global economic burden. 
This leads to follow-up difficul�es and causes 

poverty among pa�ents a�er they have paid the 
treatment costs [4, 5]. Having an es�mate of the 
total direct cost could help pa�ents to prepare the 
payment before treatment. Furthermore, such 
es�ma�on could encourage the Thai government 
to use the state budget to subsidize hospital fees. 

There are a number of models that can be used to 
predict the total direct cost, such as mul�variate, 
lasso and ridge regression models. However, these 
models o�en exhibit poor performance when the 
rela�onships between variables are nonlinear [6]. 
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On the other hand, other complicated algorithms 
such as neural networks, which can have high 
accuracy and be op�mized, have o�en been 
prohibi�vely computa�onally expensive. Nowadays, 
following the development of big data, especially in 
the medical field, highly configurable computers 
have become available, which makes the use of 
complicated algorithms (such as neural network 
algorithms) possible. Therefore, this study aimed to 
build a more accurate predic�ve model using a 
neural network algorithm.

An ar�ficial neural network is a computa�onal 
model that is inspired by the way biological neural 
networks in the human brain process informa�on: 
receiving, processing and transmi�ng informa�on 
[7]. The basic unit of computa�on in a neural 
network is a neuron, which receives informa�on 
from other nodes or an external source and 
computes an output. Mul�ple nodes form a 

mul�ple-layer neuronal model. Ar�ficial neural 
networks are the most well-known machine 
learning model and are used for many applica�ons 
in a wide range of disciplines [8].

Objec�ves:
1) To survey the cost of trea�ng ACS at research 

hospitals.

2) To analyse the factors associated with the total 

direct cost of trea�ng ACS at research hospitals.

3) To build and assess a model that predicts the 

total direct cost of trea�ng ACS at research 

hospitals.

2. METHODS
2.1. Data collec�on
The medical records of inpa�ents with ACS at Cho Ray 

and Bach Mai hospitals who sa�sfied the inclusion 

and exclusion criteria (Table 1) were examined.

2.2.  Sta�s�cal analysis
A�er data collec�on, the data were preprocessed 
and cleaned (using nonparametric tests). The data 
were imported into R language so�ware. 
Sta�s�cal analysis and construc�on of the 
predic�ve model were performed using R 
language version 3.4.2 with RStudio Integrated 
Development Environment (IDE) version 1.1.453. 
The following packages were used: xml and jsonlite 
(for extrac�ng data from the electronic medical 
records); dplyr and �dyr (for manipula�ng/�dying 
the data); base and nortest (for sta�s�cal analysis); 
and h2o (for building the predic�ve model).

The following sta�s�cal analyses were conducted:
1) Descrip�ve measures were calculated, 
comprising frequencies (with percentages) for 
describing and summarizing categorical variables, 
and means (with standard devia�ons and ranges) 
for describing and summarizing normally 
distributed quan�ta�ve data.

2) As the distribu�on of the total direct cost was 
non-normal, non-parametric tests were used, 

co m p r i s i n g  t h e  M a n n – W h i t n ey  U  te st , 
Kruskal–Wallis H test, and Spearman's rank 
correla�on analysis [9].

3) Feature engineering: the predic�ve model was 
built according to Figure 1 [10].

As shown in Figure 1, first, qualita�ve variables 
were encoded as dummy variables while 
quan�ta�ve variables were scaled or normalized 
so that they had the same range. This ensures 
stable convergence of weight and biases [11]. 
Next, the processed dataset was split into three 
sets: training, valida�on and test sets. k-fold cross-
valida�on was conducted based on the training 
and valida�on sets. In detail, the training set was 
used to train the model (corresponding to weights 
and biases in the neural network algorithm), while 
the valida�on set was used to conduct an 
unbiased evalua�on of a model fit using the 
training set while tuning the parameters. The 
g r i d s e a r c h  t o o l  w a s  u s e d  t o  t u n e  t h e 
hyperparameters. The list of hyperparameters is 
presented in Table 2. The model was built based 

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria 

- ACS pa�ents treated at Cho Ray or Bach Mai hospitals 
- Medical records were available from the hospitals and had 
all the necessary informa�on 
- Pa�ents had health insurance 

- Pa�ents were voluntarily discharged 
or transferred to another hospital 
- Pa�ents did not agree to disclose 
personal informa�on 



3

Hong Bang Interna�onal University Journal of Science ISSN: 2615 - 9686 

Hong Bang Interna�onal University Journal of Science - Vol.7 - 12/2024: 1-10

on the set of hyperparameters and the process of 
tuning the weights and biases. The test set was 
used to conduct an unbiased evalua�on of the 
final model fit. k-fold cross-valida�on was 

conducted throughout the process of grid 
searching and model building to evaluate 
performance and select the appropriate level of 
flexibility [12].

3. RESULTS AND DISCUSSIONS
3.1. Sociodemographic and clinical characteris�cs 
of study sample
The sociodemographic and clinical characteris�cs 
of the 496 par�cipants are shown in Table 3.

The pa�ents had a mean age of 66.3 ± 10.8 years, 

352 (71.0%) were male, and 174 (35.1%) had 

health insurance paid by the state. More than a 

half of pa�ents (54.8%) had a health insurance 

payment rate of 100% whi le the lowest 

propor�on (10.3%) had a health insurance 

payment rate of 95%. Regarding diagnosis, 

Figure 1. Feature engineering

Parameter Values 

Distribu�on 
AUTO, gaussian, Poisson, gamma, Laplace, quan�le, Huber, 
Tweedie 

Transfer func�on 
Rec�fier, tanh, maxout, rec�fier with dropout, tanh with 
dropout, maxout with dropout 

Loss func�on Quadra�c, absolute, Huber 

Number of hidden layers 1, 2, 3, 4, …, 10, 20, 30, …, 100, 200, 300, ... 

Number of neurons in hidden layers 1, 2, 3, 4, …, 10, 20, 30, …, 100, 200, 300, ... 

Lasso 1e-1, 1e-2, 1e-3, 1e-4, 1e-5, 1e-6 

Ridge  1e-1, 1e-2, 1e-3, 1e-4, 1e-5, 1e-6 

Rho 0.9, 0.99, 0.999 

Epsilon 1e-4, 1e-5, 1e-6, 1e-7, 1e-8, 1e-9, 1e-10 

Table 2. The list of hyperparameters
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61.6% had acute myocardial infarc�on diagnosis 

during the index hospitaliza�on while 38.9% had 

unstable angina. A�er each treatment course 

(mean dura�on: 6 ± 4.5 days), most pa�ents had 

an improvement in health status at discharge 

(78 .4%) . The major comorb id i�es were 

diabetes, chronic renal failure and hyper-

tension, and the major risk factors were family 

history of ACS, lipid disorders, smoking and 

alcoholism.

Note: ICD – Interna�onal code disease

Characteris�c
 

Frequencies 
(percentage)/

 
Mean ± SD

 

Cumula�ve 
percentage/

 
min–max

 

Hospital 

Cho Ray 315 (63.5%) 63.5% 

Bach Mai 181 (36.5%) 100.0% 

Gender 

Male 352 (71.0%) 71.0% 

Female 144 (29.0%) 100.0% 

Age (years) 66.3 ± 10.8 34–92 

Health insurance 

Paid by employers and 
employees 

32 (6.5%) 6.5% 

Paid by social insurance 
organiza�on 

155 (31.2%) 37.7% 

Paid by the state  174 (35.1%) 72.8% 

Par�ally paid by the state  10 (2.0%) 74.8% 

Paid by themselves 125 (25.2%) 100.0% 

Payment rate of 
health insurance 

80% 173 (34.9%) 34.9% 

95% 51 (10.3%) 45.2% 

100% 272 (54.8%) 100.0% 

Diagnosis 

(ICD code) 

Angina pectoris (I20) 193 (38.9%) 38.9% 

Myocardial infarc�on (I21) 303 (61.6%) 100.0% 

Dura�on of a treatment course (days) 6.0 ± 4.5 1–40 

Health status at 
discharge 

Improved 389 (78.4%) 78.4% 

Unchanged 107 (21.6%) 100.0% 

Number of 
comorbidi�es 

0 99 (20.0%) 20.0% 

1 203 (40.9%) 60.9% 

2 130 (26.2%) 87.1% 

≥3
 

64 (12.9%)
 

100.0%
 

Number of risk 
factors

 

0
 

124 (25.0%)
 

25.0%
 

1
 

261 (52.6%)
 

77.6%
 

≥2
 

111 (22.4%)
 

100.0%
 

Table 3. Sociodemographic and clinical characteris�cs of study sample
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3.2 Survey of the cost of trea�ng acute coronary 
syndrome at research hospitals
Outliers were removed based on a non-parametric 
method (boxplot) (Figure 2). 

Among the 496 medical records, eight medical 

records that had an extreme total direct cost were 
removed, and 488 were retained. 

The Shapiro–Wilk normality test was used to 
analyse the distribu�on of the total direct cost. The 
result is presented in Table 4. 

As shown in Table 4, the distribu�on of the total 
direct cost was non-normal. Therefore, non-
parametric tests comprising the Mann-Whitney U 
test, Kruskal-Wallis H test and Spearman's rank 
correla�on analysis were used to analyse the 

factors associated with the total direct cost.

W p-value 

0.94112 <5.497e-13 

Figure 2. Total direct cost before (le�) and a�er (right) removing outliers

Table 4. Shapiro-Wilk normality test

Table 5. Direct cost of trea�ng acute coronary syndrome

Drugs 6,184,419 17,659,689 596,542 1,363,678 2,280,128 

 Mean SD 25% 50% 75% 

Diagnosis 4,009,194 8,654,999 1,685,075 2,240,000 3,295,425 

Medical supplies 50,635,022 49,174,988 568,185 54,593,572 76,959,831 

Bed days 2,227,871 2,175,043 1,050,000 1,634,950 2,553,138 

Surgical procedures 12,124,763 25,633,434 402,800 5,876,900 7,593,875 
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As shown in Table 5, the mean total direct cost per 
ACS pa�ent per course was 75,443,006 ± 
52,443,599 VND. The mean length of hospital stay 
was 6.0 days. Besides the “other” costs incurred 
during hospitaliza�on (261,737 VND), the total 
expenditure for one treatment course comprised 
the costs of drugs, diagnosis, medical supplies, bed 
days and surgical procedures. Medical supplies 
had the highest cost, at 50,635,022 ± 49,174,988 
VND, or 67.1% of the total direct cost. Next, 16.1% 
of the total direct cost was due to surgical 
procedures (12,124,763 ± 25,633,434 VND). The 
remaining components accounted for <7 million 
VND per treatment course. The interquar�le range 
of the total direct cost was around 95 million VND, 
which reveals that the distribu�on of the total cost 
was large.

3.3. Factors associated with the total direct cost 
of trea�ng acute coronary syndrome at research 
hospitals
As shown in Table 6, there was no significant 
difference between the total direct cost of trea�ng 
ACS at the two hospitals (77,578,408 VND – Cho 

Ray and 71,821,081 VND – Bach Mai; p=0.071). 
However, there was a significant difference in the 
total direct cost between male and female pa�ents 
(78,479,827 VND compared with 68,116,410 VND; 
p=0.043). Pa�ents par�ally supported by state 
health insurance tended to have the highest 
overall cost (98,964,420 VND) compared with 
pa�ents with other insurance payments; the 
Kruskal-Wallis H test indicated that the difference 
was significant (p=0.049). The dura�on of the 
treatment course had a weak correla�on with the 
total direct cost (r=0.168; p=0.000). Addi�onally, 
pa�ents with ≥3 comorbidi�es had a significantly 
higher cost (90,679,548 VND; p=0.013), which was 
1.33 �mes higher than that for pa�ents without 
comorbidi�es (68,077,911 VND). Health status at 
discharge was also associated with the total direct 
cost; in detail, pa�ents with a be�er health status 
at discharge had a higher cost than pa�ents with 
an unchanged health status (77,203,588 VND 
compared to 69,174,018 VND; p=0.044). There 
was no significant difference in the total direct cost 
between pa�ents with different numbers of risk 
factors (p=0.636).

Other 261,737 276,227 57,000 214,000 366,000 

Total direct cost (VND) 75,443,006 52,443,599 21,709,693 72,865,782 116,032,016 

 Mean SD 25% 50% 75% 

Table 6. Factors associated with the total direct cost of trea�ng acute coronary syndrome

Hospital 
Cho Ray 77,578,408 253.35 

0.071 

Characteris�c Mean/r Mean ranks p-value 

Bach Mai 71,821,081 229.50 

Gender 
Male 78,479,827 252.81 

0.043 
Female 68,116,410 224.46 

Age (years) r=0.055 0.225 

Health insurance 

Paid by employers and 
employees 

78,919,752 250.90 

0.049 

Paid by social 
insurance organiza�on 

83,526,369 270.89 

Paid by the state 
budget 

68,393,138 225.54 

Par�ally paid by the 
state budget 

98,964,420 273.20 

Paid by themselves 72,575,182 234.58 



7

Hong Bang Interna�onal University Journal of Science ISSN: 2615 - 9686 

Hong Bang Interna�onal University Journal of Science - Vol.7 - 12/2024: 1-10

3.4. Model that predicts the total direct cost of 
trea�ng acute coronary syndrome at research 
hospitals
From the above analysis, gender, health insurance, 
dura�on of treatment course, health status at 
discharge, and number of comorbidi�es were 
associated with the total direct cost. These factors 
were used as input values to build the predic�ve 
model using a neural network algorithm. 

Using gridsearch tool to select the appropriate 
parameters.

To select the most appropriate parameters based 
on the lowest root mean squared error (RMSE), 
the gridsearch tool in the h2o library was used. 
The data were split in a 0.6:0.2:0.2 ra�o into three 
sets comprising training, valida�on and test sets. 
The training and valida�on sets were used to tune 
the hyperparameters using the gridsearch tool 
and sixfold cross-valida�on. Table 7 shows the 
top five sets of hyperparameters that were used 
to build the best models with the lowest RMSE 
values.

As shown in Table 7, the distribu�on of model 1 
(the selected model) was Laplace, the transfer 
func�on was rec�fier with dropout, the loss 
func�on was Absolute, the number of neurons in 
each hidden layer was 40, the number of hidden 
layers was 2, the lasso value was 1.0E-5, the ridge 

value was 1.0E-3, and the rho value was 0.999. This 
set of hyperparameters was used to build the 
model that could predict the total direct cost of 
trea�ng ACS based on the neural network 
algorithm. The set of op�mizing weights is 
presented in the appendix.

Model Distribu�on 
Transfer 
func�on 

Loss 
func�on 

Hidden 
layers 

Lasso Ridge Rho 

1 Laplace 
Rec�fier with 

dropout 
Absolute [40, 40] 1.0E-5 1.0E-3 0.999 

2 Gamma 
Maxout with 

dropout 
Quadra�c [60, 60, 60] 1.0E-4 1.0E-2 0.99 

3 Tweedie Rec�fier with 
dropout Huber [40, 40, 40] 1.0E-3 1.0E-6 0.9 

4 Laplace Rec�fier with 
dropout Quadra�c [70, 70, 70] 1.0E-4 1.0E-5 0.9 

5 Gaussian Tanh  Huber [100, 100, 
100] 

1.0E-6 1.0E-2 0.9 

 

Dura�on of a treatment course (days) r=0.168 0.000 

Health status at 
discharge 

Improved 77,203,588 251.39 
0.044 

Unchanged 69,174,018 219.97 

Number of 
comorbidi�es 

0 68,077,911 230 

0.013 
1 71,512,625 230 

2 79,462,944 254 

≥3 90,679,548 292 

Number of risk 
factors 

0 73,292,225 239 

0.636 1 72,586,598 235 

≥2 84,495,304 272 

Characteris�c Mean/r Mean ranks p-value 

Table 7. Best sets of hyperparameters
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Assessment of the predic�ve model
The model was assessed based on op�miza�on 

and regulariza�on using the training, valida�on 
and test RMSE values (Table 8).

Error Training set Valida�on set Test set 

MSE 6.3e+14 1.1e+15 8.5e+14 

RMSE 25,091,949 33,025,969 29,202,777 

As shown in Table 10, the difference between the 
total predicted and actual costs was not 
significant, which means that the predic�ve model 
had rela�vely high accuracy.

4. DISCUSSION
The propor�ons of male and female pa�ents 
concurs with the findings of Page et al. [13] and 
Johnston et al. [14], which showed that the 
propor�ons of males diagnosed with ACS were 
68% and 72%, respec�vely. These propor�ons 
were higher than that reported by Anh et al. [15]. 
The mean age in this study was 66.3 ± 10.8 years, 
ranging from 34 to 92 years. This result is similar to 
findings in studies by Anh et al. (65.64 ± 13.5) [15], 
Johnston et al. (54.3 ± 6.7) [14] and Hyun et al. 
(65.0 ± 13.0) [16].

The es�mated total direct cost for one episode 

was 75,443,006 ± 52,443,599 VND, which is 

approximately the same as in a study in Thailand 

by Truong et al. (69,899,677.3 ± 3,607,417.3 

VND) [15]. In a study in Thailand by Tran et al. 

(2012), the total direct cost was lower, at 46.9 

million VND [17], which is equivalent to 56.1 

million VND (based on the 2017 and 2012 

Consumer Price Index, which were 154.9 and 

129.5, respec�vely [18]).

Most studies have built predic�ve models based 

on mul�variate linear regression, lasso regression 

or ridge regression. However, these models have 

poor performance. This is the first study to 

provide a rela�vely accurate predic�ve model. 

The result of the assessment of op�miza�on and 

regular iza�on was good. Moreover,  the 

development of big data in the medical field will 

allow more cases and variables to be used to train 

and enhance the accuracy of the model.

However, for applica�on in real-world se�ngs, an 

applica�on should be built based on the core 

model. The user interface should be friendly and 

suitable for many common devices such as 

desktop computers, smartphones, and tablets. 

The database should be designed to collect data 

from many online resources, especially electronic 

medical records.

As shown in Table 8, the RMSE value of the training 

set (25,091,949 VND) was smaller than those of 

the valida�on and test sets (33,025,969 and 

29,202,777 VND, respec�vely). This means that 

the op�miza�on and regulariza�on criteria were 

reached [12].

Ten cases in the test set were predicted, and the 
results are shown in Table 9.

Table 8. Performance of the model

Table 9. Comparison between predicted and actual costs

Case Predicted cost  

(VND) 
Actual cost (VND) 

 
Case Predicted cost  

(VND) 
Actual cost 

(VND) 

1 58,079,310.2 57,779,548.0  
6 74,060,480.2 76,878,612.0 

2 101,402,236.1 101,440,323.0  
7 78,027,867.1 73,413,764.0 

3 75,621,866.7 70,796,046.0  
8 71,550,743.1 61,911,700.0 

4 114,208,266.2 121,091,493.0  
9 74,586,962.5 81,564,667.0 

5 115,151,395.7 119,389,150.0  
10 73,588,441.9 67,504,817.0 
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The accuracy of the predic�ve model was 
moderate. Therefore, for applica�on in real-world 
se�ngs, the accuracy of the model should be 
improved by training with more cases and 

variables. Furthermore, there is a need to build a 
user interface to turn the model in to a real-�me 
applica�on with a friendly interface that could be 
displayed on many devices such as desktop 
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Xây dựng mô hình dự đoán chi phí trực �ếp trong điều 
trị hội chứng mạch vành cấp sử dụng thuật toán mạng 
nơ-ron

Phó Nghĩa Văn, Đinh Hoàng Yến, 
Huỳnh Hải Dương và Lê Quan Nghiệm

TÓM TẮT
Đặt vấn đề: Hội chứng mạch vành cấp (ACS) chiếm một nửa gánh nặng kinh tế toàn cầu. Các mô hình hiện 
tại để dự đoán chi phí điều trị ACS có độ chính xác thấp và độ phức tạp cao. Nghiên cứu này nhằm xây dựng 
một mô hình dự đoán chính xác hơn bằng cách sử dụng thuật toán mạng nơ-ron. Mục �êu: 1) Khảo sát chi 
phí điều trị ACS tại các bệnh viện nghiên cứu. 2) Phân �ch các yếu tố liên quan đến tổng chi phí trực �ếp điều 
trị ACS tại các bệnh viện nghiên cứu. 3) Xây dựng và đánh giá một mô hình dự đoán tổng chi phí trực �ếp 
điều trị ACS tại các bệnh viện nghiên cứu. Đối tượng và phương pháp: Một phân �ch mô tả cắt ngang đã 
được thực hiện dựa trên bệnh án điện tử của 496 bệnh nhân nội trú mắc ACS tại bệnh viện Chợ Rẫy và Bạch 
Mai. Các yếu tố liên quan đến tổng chi phí trực �ếp được sử dụng làm đầu vào để xây dựng mô hình mạng 
nơ-ron. Công cụ �m kiếm lưới (grid search) và kiểm tra chéo k-lần (k-fold cross-valida�on) đã được sử dụng 
để chọn tập hợp siêu tham số tốt nhất. Kết quả: Chi phí trực �ếp trung bình mỗi bệnh nhân ACS cho mỗi lần 
điều trị là 75,443,006 ± 52,443,599 VND. Giới �nh, loại bảo hiểm y tế, thời gian điều trị, �nh trạng sức khỏe 
khi xuất viện và số lượng bệnh lý đi kèm đã ảnh hưởng đến chi phí và được sử dụng làm thông số đầu vào 
cho mô hình. Về tập hợp siêu tham số tốt nhất, phân phối là Laplace, hàm truyền là rec�fier với dropout, 
hàm mất mát là Absolute, số nơ-ron trong mỗi lớp ẩn là 40, số lớp ẩn là 2, giá trị lasso là 1.0E-5, giá trị ridge 
là 1.0E-3, và giá trị rho là 0.999. Sai số trung bình căn bậc hai (RMSE) của tập huấn luyện (25,091,949 VND) 
nhỏ hơn so với các tập xác thực và kiểm tra (lần lượt là 33,025,969 và 29,202,777 VND); Sự chênh lệch giữa 
chi phí dự đoán và chi phí thực tế không có ý nghĩa thống kê, cho thấy rằng các �êu chí tối ưu hóa và điều 
chỉnh đã đạt được. Kết luận: Mô hình dự đoán có độ chính xác tương đối cao và có thể áp dụng trong thực 
�ễn. Mô hình cần được cải �ến liên tục để nâng cao độ chính xác dự đoán và mở rộng cho các nhóm bệnh 
nhân khác dựa trên dữ liệu y tế lớn.

Từ khóa: hội chứng mạch vành cấp, mạng nơ-ron, mô hình dự đoán, máy học
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