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Abstract: The rapid growth of data has become a huge challenge for software systems. The quality of fault prediction

model depends on the quality of software dataset. High-dimensional data is the major problem that affects the performance

of the fault prediction models. In order to deal with dimensionality problem, feature selection is proposed by various

researchers. Feature selection method provides an effective solution by eliminating irrelevant and redundant features,

reducing computation time and improving the accuracy of the machine learning model. In this study, we focus on research

and synthesis of the Filter-based feature selection with several search methods and algorithms. In addition, five filter-based
feature selection methods are analyzed using five different classifiers over datasets obtained from National Aeronautics and
Space Administration (NASA) repository. The experimental results show that Chi-Square and Information Gain methods
had the best influence on the results of predictive models over other filter ranking methods.

Keywords: Feature selection, filter, wrapper, hybrid, embedded.

Tén bai:

Phén tich so sanh cic ky thuét lua chon diic trung dua trén phueng phap loc trong du doan 16i phin mém

Tém tat:

Su phét trién manh mé cla dit liéu trong cdc hé théng da trd thanh mot thich thic 16n cho nganh cong nghé phan
mém. Chét lugng clia cic mo hinh du dodn 16i phu thudc nhidu vao chit lugng ciia cdc tap di liéu. Trong d6, dit
liéu da chiéu 12 vin dé chinh anh hudng dén hiéu qua ctia cic mo hinh du doan 16i. D€ giai quyét van dé dit liéu da
chiéu nay, phuong phép Iua chon dic trung da dudc cdc nha nghién ciu tap trung khai thic trong nhiing nim gan day.
Phuong phép lwva chon dic trung cung cAp mot giai phap hiéu qui bing cdch loai bd cic thudc tinh bi nhiéu, khong
lién quan va du thira tir d6 g6p phan gidm thoi gian tinh todn va cai thién do chinh x4c ctia md hinh hoc mdy. Trong
nghién citu nay, tac gia tap trung phan tich va so sanh hiéu qua cda cac ky thuat lya chon dic trung dua trén phuong
phap loc. Ngoai ra, ching t6i tién hanh thuc nghiém d€ so sanh hiéu qua cla nim k§ thuét lua chon dic trung dua
trén phuong phap loc trén cic thuat toan phan loai khac nhau. Thuc nghiém dugc tién hanh trén cic bo dit lidu thu
dugc tir kho dit liéu NASA. Céc két qua thuc nghiém cho thiy cic phucng phap Chi-Square va Information Gain cho

két qui ctia cdc mo hinh du doan tot hon so v6i céc phuong phdp loc khac.

Tu khoa:

Lua chon ddc trung, phuong phdp loc, phuong phdp bao boc, phuong phdp lai, phuong phdp nhiing.

I. INTRODUCTION

Recently, applications have generated massive amounts
of data such as video, photos, voice and data obtained
from social networking and from the cloud computing.
Such complex data contains the characteristics of multi-
dimensional dimensions, noisy data, redundant or missing
attributes that pose challenges for data analysis and decision
making. In order to handle this issue, feature selection has
been investigated in the data preprocessing phase. Feature
selection (FS) is used to select optimal subset that improves

the performace of the predictive model. Feature selection
minimizes redundant, irrelevant, and interference features.
As a results, feature selection may improve efficiency
of classifiers and give the most informative features [1].
FS methods are classified into three categories including
Filter, Wrapper and Embedded. Filter method is divided
into Filter Feature Ranking and Filter Feature Subset Se-
lection [2]. Filter Feature Ranking methods assess and
rank attributes in datasets which are independent with
learning algorithms that requires less computation time.
Some of the statistical measurement methods used in the
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Filter include Information gain, Chi-square, Fisher score,
Gain Ratio, and Relief. Wrapper uses machine learning
techniques to evaluate a subset of features against their
respective criteria. Wrapper’s performance is dependent on
the sorting algorithm. The best subset of the features are
selected based on the results of the classification algorithm.
Computationally, Wrapper methods require more complex
computation than the Filters, due to the iterative learning
steps and cross validation. However, these methods are
more accurate than Filter. Some algorithms used in Wrapper
are Recursive feature elimination [3], Sequential feature
selection algorithm [4] and Genetic algorithm. The third
approach is the Embedded method which uses combined
learning methods and hybrid methods to select optimal
features. Feature selection is a crucial data preprocessing
step as it solves the high dimensional data [5], improves
the quality of data, redudes the computational time and
increases the predictive performance of models. In this
study, we examine a comparative performance analysis of
five filter-based feature methods namely Chi-Square, Fisher
Score, Information Gain, Gain Ratio and Relief based
on five different classifiers. Five classifiers including K-
nearest Neighbors, Decision Tree, Random Forest, Naive
Bayes, and Multilayer Perceptron. From our experimental
results, Chi-Square and Information Gain recorded the best
performance of filter methods across datasets and models.
The rest of this paper is structured as follows. Section 2
presents a literature review of feature selection methods.
Experimental design and results of some filter-based feature
selection methods are presented in section 3 and section 4.
Section 5 concludes the comparative analysis and discusses
future work.

II. BACKGROUND

Studies have shown that feature selection techniques can
improve predictive efficiency and accuracy for machine
learning techniques. The feature selection technique plays
an important role in minimizing computational complexity,
capacity and cost [6].

1. Feature Selection Process

The process of selecting features in a data set consisting
of 4 stages: selecting search techniques, determining search
strategy, determining evaluation criterion and reaching stop-
ping criteria.

a) Selecting search techniques

Ang et al. [7] state that the first stage in the feature

selection process is to find subsets search techniques.

Search techniques are classified into forward, backward and
random search. The search process starts with an empty

Table 1
LIST OF FEATURE SELECTION METHODS

Search Method
Ranker Search

Feature Selection
Information Gain

Filter-based Attribute Evaluator(IG) Ranker Search
Feature Gain Ratio Attribure Ranker Search
Evaluator(GR) Ranker Search
Chi-Square Ranker Search
Ranking Fisher Score Ranker Search
Methods Relief Ranker Search
Correlation Correlation
Best First Search (BFS)
Correlation-based Greedy -
Feature Greedy Stepwise
Search (GSS)
Filter-based Ant Search (AS)

Bat Search (BAT)
Firefly Search (FS)
Genetic Search (GS)
PSO

Search (PSOS) Best
Best First Search (BFS)
Greedy

Greedy Stepwise
Search (GSS)

Ant Search (AS)
Bat Search (BAT)
Firefly Search(FS)
Genetic Search (GS)
PSO Search (PSOS)

Subset Selection (CFS)

Consistency Feature
Filter-based
Subset
Selection

Subset Selection (CNS)

set so that new properties are added in each loop called
forward search. In contrast to forward search, backward
search starts with a data set with full properties and
properties are discarded until an optimal subset is reached.
Another approach is random search which constructs a
subset of properties by adding and removing properties at
each loop. After selecting the trait search techniques, the
search strategy will be applied at stage 2.

b) Determine search strategy

The possible search strategies are randomized, exponen-
tial and sequential in the literature. Table I lists the different
search strategies and their algorithms [2]. A good search
strategy requires optimal solutions, local search capabilities
and computational efficiency [8]. Based on these search
requests, the algorithms are further classified as the optimal
and suboptimal selection of the algorithm.

¢) Determine evaluation criterion

The most optimal features are selected based on evalua-
tion criteria. Based on the technical evaluation methods, the
features [9] are classified into Filter, Wrapper, Embedded
and Hybrid.

d) Reach stopping criteria

The selection criteria specify a process for feature selec-
tion that stops when the optimal feature subset is reached.
Stopping criteria for feature selection are effective with low
complexity computation finding subsets of optimal features



and solving overfitting problems. The choice of the stopping
standards is influenced by the preexecution stages. Some
of the stopping standards include: predefined quantities
of properties, predetermining the number of repetitions,
percentage progress between 2 consecutive loops, relying
on evaluation functions.

e) Validate the final results

To evaluate the results of the feature selection techniques,
some evaluation measures are used such as Crossvalidation,
Confusion matrix, Jaccard similarity-based measure and
Rand Index. Some of the evaluation metrics for classi-
fication techniques classification and clustering include
Accuracy, Precision, Recall...

2. Filter-based Feature Selection Techniques

The Filter method relies on the unique feature of the
data to evaluate and select a subset of properties, using
the evaluation criteria extracted from the data set such
as distance, information, dependency, consistency. Specifi-
cally, the filter method uses typical criteria of the ranking
technique and the ranking order method for the selection
of variables. Due to simplicity, high performance and easy
to generate optimal features, filter methods are used in this
study [10].

a) Chi-square

In statistics, Chi-square [11] is applied to check the
independence of two events, where if two events A and B
are defined as independent if P(AB) = P(A).P(B), which
is equivalent to P(A|B) = P(A) and P(B|A) = P(B).
In feature selection, the two main events are features and
targets. We use the Chi-square value to find out which
feature contains a lot of information for the model. We
calculate the Chi-square value between each feature and
the target. Characteristics that give high value is a good
one. Chi-square is calculated as follows:

(Ne,ec - Ee,ec)z

(D
Ee,e(.

X(QDJ’C) = z:e,EO,IZeCEO,l
where e;, e. have 2 values: 0 and 1, N is the observed
value in D and E is the expected value.

b) Fisher score

Fisher score is one of the most widely used feature
selection algorithm for determining a subset of features. The
idea in Fisher score is to select each feature independently
according to its score under the Fisher criterion. The Fisher
Score of the j’h feature is computed below [12]:

Yo e (ul — w)?
(o)

F(x/) = 2
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where (o) = X¢_, ni(o})?

Uk, ny are the mean vector and size of the k'™ class
respectively in the reduced data space. After computing the
Fisher score for each feature, it selects the top-m ranked
features with large scores.

c) Information Gain

Information Gain is an entropy-based feature evaluation
method. For example, in text classification problem, it is
defined as the amount of information provided by the
feature item for text category. Information gain is calculated
by how much of a term can be used for classification of
information, in order to measure the importance of lexical
items for the classification. The formula of the information
gain is shown below [13]:

m m

G(D,1) == )" P(C)logP(Ci)+P(t) ) P(Cilt)logP(Cilt)
i=1 . i=1 (3)
+P(D) ) P(CiID)IogP(ClD)
i=1

C is a set of document collection, in whitch there is not the
feature ¢. The value of G(D,1) is greater; ¢ is more useful
for the classification for C. This t should be selected. If
the greater value of G(D,t) is wanted, it should make the
value of P(¢) and P(7) smaller.

d) Gain Ratio

Gain ratio is a modification of the information gain
that reduces its bias. Gain ratio takes number and size of
branches into account when choosing a feature. It corrects
the information gain by taking the intrinsic information
of a split into account. Intrinsic information is entropy
of distribution of instances into branches. Value of feature
decreases as intrinsic information gets larger [14].

Gain(Feature)

Intrinsicinfo(Feature)

“

Gainratio(Feature) =

e) Relief

The main idea of the Relief algorithm by Kira and Render
[15] is similar to the basic rules of k-nearest neighbor
algorithm. Being the same class is much more likely for the
closer distances to a given distance. If a feature is useful,
it is expected that the closest distances of the same class
is closer to range given throughout this attribute than the
closest distances of all the other classes. The weight of a
given feature is calculated below:

~ (W —=dif f(xxj), nearhit?j +dif f(xij, nearmissij)z)

m

)
where m is the sample size (randomly selected from a
subnet of the training set), dif f(xy;, nearhitl.z,.) is differ-
ence between values of attribute within randomly selected j
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Table 11
THE DESCRIPTION OF DATASETS
No. of
Dataset Lang No. of . Defective Defect
features Modules rate
Modules
CM1 C 41 505 48 9.5
MWI1 C 38 253 27 10.67

distance and nearhitizj value of attribute within the closest
training sample in the same class, dif f(x;;, nearmiss;;)
is described as value of the closest training sample from
different class. For an useful attribute, x;; and nearmiss;;
values are expected to be very close to each other. If an
attribute is not useful, both differences are expected to take
almost the same distribution.

III. EXPERIMENTAL DESIGN
1. Experimental Setup

From previous studies, many researchers proved that
feature selection methods can improve the performance of
predictive models. The selection of optimal metrics con-
siderably reduces the computational time, complexity and
storage [6]. However, only small number of studies [16, 17]
have been carried out to evaluate the effectiveness of
different feature selection methods and identify which ones
are the most useful. Therefore, we examine the comparative
performance analysis of 5 filter-based feature ranking meth-
ods namely Chi-Square, Fisher Score, Information Gain,
Gain Ratio and Relief based on five different classifiers.
The classifiers are K-nearest Neighbors, Decision Tree,
Random Forest, Naive Bayes and Multilayer Perceptron.
The experiments were conducted on two datasets namely
CM1 and MW1 from NASA repository. A brief description
of the datasets is shown in Table II.

2. Software Defect Datasets

The experimental results are affected by the quality of
datasets, hence choosing the right datasets plays an impor-
tant role. According to Catal and Diri [18], by using datasets
from National Aeronautics Space Administration (NASA)
Facility Metrics Data Program (MDP) repository[14], the
classification results are more reliable. A brief description
of the datasets with the number of features and modules is
shown in Table II.

3. Performance Evaluation Metrics

In order to assess and rank features in datasets, filter
feature ranking method uses the computational metrics
of dataset. After grading each feature based on different
characteristics such as statistics, probability or instance,

features are generated according to their score [18]. In
this study, logoN [19] is used to filter top-ranked features,
where N is the number of metrics in full defect dataset.
Table III illustrates the filter feature ranking methods used
in this study.

In order to evaluate the effectiveness of filter feature
selection methods, performance metrics include Accuracy,
Recall, Precision, AUC (area under ROC curve) and
F-measure. Table IV presents a confusion matrix for the
performance of a model.

- True Positive (TP): indicates that the positive samples
are correctly labeled by the classifier.
- True Negative (TN): indicates that to the negative
samples are correctly labeled by the classifier.
- False Positive (FP): indicates that the negative samples
are incorrectly labeled as positive.
- False Negative (FN): indicates that the positive samples
are mislabeled as negative.
- Accuracy is a ratio of correctly predicted observation
to the total observations. In the experiment, the value of
accuracy is ranged from O to 1.
- Precision is the ratio of correctly predicted positive
observations to the total predicted positive observations.
The high precision shows that the predictive model is
more accurate.
TP
Precision = TP+ FP ©6)
F is the weighted average of Precision and Recall. Fj
assesses whether the increase in precision (recall) is greater
than the reduction in recall (precision).
Precision X Recall

Fr=2x Precision + Recall @
ROC curve (the Receiver Operating Curve) and AUC
(Area Under the ROC Curve) evaluate the performance
of software fault prediction models. The nearer the curve
reaches the left border of the ROC space and then reaches
the top border of the ROC space, the more correct the
test. Otherwise, the curve approaches the diagonal line and
AUC value is small; the fault prediction model brings low
efficiency.

IV. EXPERIMENTAL RESULTS

This section illustrates the experimental results of com-
parative performance analysis of five above filter-based
feature selection methods based on the accuracy metric.
The results were compared on two cases (with and without
feature selection). Table V and table VI present the com-
parisons of filter methods on each of the five classifiers
respectively. From the results of table V, on the CMI1
datasets, Chi-Square method had the highest accuracy value



Table III
FILTER FEATURE RANKING METHODS
Filter feature Measured-
ranking methods Search Method based Reference
Gain Ratio Ranker Search Probability- [201,[21]
based
Information Gain Ranker Search Statistical [201,[21]
based
. Statistical
Chi-square Ranker Search based [20],[21]
. Instance
Relief Ranker Search based [201,[21]
Fisher Score Ranker Search Statistical [211,[22]
based

Table IV
CONFUSION MATRIX

Predicted
Observed Faulty  Non-Faulty
Fault Prone C 41
Not Fault Prone C 38

on the predictive performance of Multilayer Perceptron and
Naive Bayes with 86.86 and 85.34 respectively. Moreover,
Decision Tree and Random Forest based on Gain Ratio
reached the best accuracy values of 82.89 abd 85.05. This
result showed Chi-Square gave the best performance on
CMI1 datasets compared to other filter methods.

In table VI, Multilayer Perceptron with Information Gain
achieved the highest accuracy of 97.83 on the MW1 dataset.
Furthermore, the accuracy performance of all classfiers
based on FS methods, in this case, Gain Ratio, Information
Gain and Relief were better than when no FS methods
are applied. Specifically, Naive Bayes using Gain Ratio
and Information Gain had the highest accuracy value of
97.51 in comparison to 95.58 value achieved by the model
had no FS methods. Same also was observed for K-nearest
Neighbors, Decision Tree and Random Forest, the accuracy
values are better than models without FS methods. Hence,
the selection of these metrics can increase the accuracy of
classifiers compared to models without feature selection.
It was observed that Chi-Square and Information Gain had
the best influence on the prediction models over other filter
methods. This clearly shows the predictive model developed
with feature selection methods outperformed other models.

It is clearly observed that based on each method, the
best subset of features was selected with a certain threshold
value. In table V and table VI, we have shown that the
selected features were suggested for each methods. In order
to generate the number of features by feature selection
methods, the metric values are calculated based on logo N
where N is the number of metrics in the full defect dataset.
In this case, the number of selected features is 6 on both
CMI1 and MWI1 datasets. As presented in table V and
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table VI, the selected features are listed based on specific
threshold values which are calculated by the formula given
in section III.3. We observed that the filter methods with
the lesser of features achieve better performance compared
to models which were trained with all the features. This
concludes that reducing number of features improve the
performance of the prediction models.

V. CONCLUSION

In software fault prediction, the datasets used for machine
learning may contain irrelevant, redundancy features or to
be noisy. Hence, feature selection methods for training data
plays an important role in selecting the optimal features
for predictive models to improve the quality of system and
achieve a strong prediction model. Our objective is to em-
pirically evaluate the performance of different filter-based
ranking methods using different classifiers over two datasets
from NASA repository. The filter feature selection methods
are Gain Ratio, Information Gain, Relief, Chi-square and
Fisher Score. From the experimental results, Chi-Square
and Information Gain are potential methods which had high
improvement on the predictive performance of classifiers
on the CM1 and MW1 respectively. Additionally, further
analysis showed list of selected features for each method
based on the threshold value. It was conclusively discovered
that the performance of feature selection methods varies
from the used datasets and the choice of classification
algorithm. In the future work, we will study the ensemble
learning in order to propose a hybrid approach which is
based on feature selection and ensemble techniques.
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Abstract: In binary classification problems, two classes of data seem to be different from each other. It is expected to be
more complicated due to the number of data points of clusters in each class also be different. Traditional algorithms as
Support Vector Machine (SVM), Twin Support Vector Machine (TSVM), or Least Square Twin Support Vector Machine
(LSTSVM) cannot sufficiently exploit information about the number of data points in each cluster of the data. Which may
be effect to the accuracy of classification problems. In this paper, we propose a new Improvement Least Square - Support
Vector Machine (called ILS-SVM) for binary classification problems with a class-vs-cluster strategy. Experimental results
show that the ILS-SVM training time is faster than that of TSVM, and the ILS-SVM accuracy is better than LSTSVM

and TSVM in most cases.

Keywords: Support vector machine, twin support vector machine, least square twin support vector machine.

Tén bai:

Tém tat:

Mot Cai Tién Clia Mdy Véc-to Tua Song Sinh Ding Binh Phuong Ti Thiéu
Trong bai toan phan loai nhi phén, hai 16p dit liéu thudng khéc biét nhau. Phiic tap hon 1a s6 lugng cic diém dit liéu

ctia mi cum trong méi 16p ciing khac nhau. Cac thuit todn phan loai truyén théng nhu Mdy Véc-to Tua (SVM), Mdy
Véc-to Tua Song Sinh (TSVM) hay M4y Véc-to Tua Song Sinh Dung Binh Phuong T6i Thiéu (LSTSVM) khéng khai
thac dy di thong tin vé s6 lugng cic diém trong mdi cum. Diéu nay c6 thé anh hudng dén do chinh xdc clia bai toan
phén loai. Trong bai niy, chiing toi gi6i thiéu mot thuit todn phan loai nhi phan méi, 1a cai tién cia LSTSVM (dudc
2oi 1a ILS-SVM) vdi chién lugc 16p-vs-cum. Cac két qua thuc nghiém chi ra rang thoi gian huin luyén ciia ILS-SVM
la nhanh hon cda TSVM, do chinh xdc cia ILS-SVM Ia tot hon LSTSVM va TSVM trong hiu hét cic trudng hop.

Tu khoa:

Mdy véc-to tua, mdy véc-to twa song sinh, mdy véc-to tua song sinh ding binh phuong ti thiéu

I. INTRODUCTION

In the early years of the 20th century, the Support Vector
Machine (SVM) [1, 2] was a popular binary classification
algorithm applied to many different fields in practice [3—
7]. The SVM seeks a hyperplane separating two classes so
that the margin between them is largest. Actual data is often
established with different clusters, but SVM does not fully
exploit information about the number of data points of the
clusters.

Nowadays, with rapid development, datasets are increas-
ing in number and diversifying in structure. This fact
requires classification algorithms to guarantee accuracy
and improve the speed. Many variants of SVM have been
recently proposed to improve the speed and other task of
standard SVM [6-10]. Some typical innovations of SVM
are Twin Support Vector Machine (TSVM) [11], Structural
Twin Support Vector Machine (S-TSVM) [12], and Least

Square Twin Support Vector Machine (LSTSVM) [13]. The
main idea of TSVM is to seek two hyperplanes such that
each hyperplane is closer to one class and far away from
the other by solving two Quadratic Programming Problems
(QPPs) whose size are smaller than the QPP in SVM.
Despite having to solve two QPPs, the speed of TSVM
is approximately four times faster than standard SVM. S-
TSVM has the same strategy as TSVM. Besides, S-TSVM
fully exploits structural information with cluster granular-
ity into learning the model to build a more reasonable
classifier. LSTSVM has the same strategy as TSVM and
S-TSVM. But, LSTSVM attempts to solve two modified
primal problems of TSVM, instead of two dual problems
usually solved. LSTSVM shows that the solution of the
two modified primal problems reduces to solving just two
Systems of Linear Equations (SLEs) as opposed to solving
two QPPs in TSVM.



Based on the strategy of S-TSVM and LSTSVM, we
propose a new binary classification model: Improvement
Least Square - Support Vector Machine (called ILS-SVM)
with a class-vs-cluster strategy. Instead of solving two SLEs
as in LSTSVM, ILS-SVM will solve (/+k) SLEs, where k
and / are the number of clusters in class {+} and class {-},
respectively. This method allows ILS-SVM to effectively
improve computation speed and classification accuracy.

The paper is organized as follows. Section 2 briefly
introduces the background of SVM, TSVM, and LSTSVM;
Section 3 is devoted to a detailed description of ILS-SVM
along with the algorithms and discussions; All experimen-
tal results are presented in Section 4, together with the
comparative evaluation; The conclusion is given in Section
5. All algorithms are settled by version 3.8.3 of Python
Programming Language.

II. BACKGROUND

In this section, we first briefly describe the background
of SVM, TSVM, and LSTSVM.

1. Problem

Consider a binary classification problem with the dataset,
denoted by matrix C, consisting of m points (each point is a
row of C) XJT. eR", j=1,..., m. We also write x; € C to
indicate that X; is a row of C. Suppose that y; € {-1,1} is
the j—th data point label. Class {+} consists of m4 points
denoted by a matrix A Cc R™4*" class {—} consists of mpg
points denoted by a matrix B c R™8*", There are k clusters
in class {+}, whose i—th cluster consists of m,4; points and
is denoted by matrix A; c R™4i*" Also, there are [ clusters
in class {—}, whose j—th cluster consists of mg; points and
is denoted by matrix B; c R™8/%",

2. Support Vector Machine

Standard SVM [1] seeks a hyperplane w/x + b = 0
separating class {+} and class {—} such that the margin ﬁ
between two classes is largest. However, Standard SVM is
only available when the data is linearly separable. In the
case when the data is not linearly separable, Soft SVM [1]
is recommended with the more loser constraints:

: T 1 2

wibe € ¢+ 20wl (1

st. D(Cw+eb)+&>e €20,
where D € R"™ is the diagonal matrix with D;; = y;; VJ,
& € R™ is the vector of slack variables, ¢ € R is the penalty
coefficient, appropriately selected to adjust the role between
terms in the objective function, e € R is the vector of
ones. A new data point x will be classified in class {+} if
sgn(f(x) = w/x+b) > 0 and in class {-} if sgn(f(x)) < 0,
(see Figure 1.a).
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3. Twin Support Vector Machine

Based on the strategy of Multisurface Proximal Sup-
port Vector Classification via Generalized Eigenvalues
(GEPSVM) [14], the main idea of TSVM [11] for binary
classification problem is to seek two hyperplanes:

e fi(x)(= wIx+b,) = 0 is closer to class {+} and far
away from class {-},

e f(x)(=wlx+b_)=0is closer to class {-} and far
away from class {+}

by solving two QPPs as follows:

. 1 2 T
min 5 ||[AW; +eqb. |5+ crenpé
Wobpg 2T T2 B>> )

st. —(Bwy+egb,)+E& >ep, € >0,

. 1 2 T
min  5||Bw_+egb_||5 + c2e,n,
wobiy 2 2 A 3)

st.  (Awi+esb)+n >eus, n>0.

Where cj, cp are penalty coefficients to adjust the role
between terms in the objective functions, e4 € R™4, ep €
R™5 are vectors of ones, § € R™8, n € R™A are vectors
of slack variables. A new data x is classified into class
{+} or class {-} depending on whether it is closer to the
hyperplane f.(x) = O or the hyperplane f_(x) = 0, (see
Figure 1.b). It has been shown in [11] that the training
time of TSVM is approximately four times faster than that
of SVM.

4. Least Squares Twin Support Vector Machine

LSTSVM [13] modifies the primal problems (2) and (3)
of Linear TSVM in a least squares sense, with the inequality
constraints replaced by equality constraints as follows:

. 1 2, 1. T

min 5 ||AW; +eaby||5 + 5c1ETE,

woby 2 + +lly T2 @)
S.t. —(BW+ +e3b+) +§ =ea,

: 1 2, 1. .T

min  5||Bw- +egb_||5+ 5con’' 1,

wop 2 273 )
s.t. (Awy+eaby)+1n=e4.

Note also that the QPPs (4) and (5) use the square of
2—norm of vectors of slack variables & and i with weights
5 and 3 instead of 1-norm with weight ¢; and ¢, as used
in (2) and (3), which makes the constraints & > 0 and g > 0
redundant [13]. A new data point is assigned into class {+}
or {—} in the same manner as in TSVM, (see Figure 1.c). It
has been shown in [13] that the training time of LSTSVM
is faster than that of TSVM (see TABLE 1).
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c
Figure 1. The SVM (a), TSVM (b), and LSTSVM (c) cannot fully
exploit information about the number of data-points of clusters in
each class.

III. IMPROVEMENT LEAST SQUARE - SUPPORT
VECTOR MACHINE

In this section, we describe a new classification algo-
rithm: Improvement Least Square - Support Vector Machine
(called ILS-SVM).

Similar to the S-TSVM [12], ILS-SVM also has two
steps. The first step is grouping in each class by Ward’s
linkage clustering method; the second step is the least
square model learning. Suppose that, there are k clusters
in class {+}, each cluster consists of my,4; points and is
represented by matrix A; C R™AX" there are [ clusters
in class {—}, each cluster consists of mp; points and is
represented by matrix B; C R™&>*" ILS-SVM uses a
class-vs-cluster strategy to determine (I + k) hyperplanes
such that each of which is closer to one class and far
away from cluster of other class. Specifically, the method
need to find / hyperplanes such that the j—th hyperplane,
fi+(x) = WJT.+X +b;,. =0, is closer to class A and far away
from cluster Bj; Also, It need to find k hyperplanes such
that the i—th hyperplane, f;_(x) = W£X+bi_ =0, is closer
to class B and far away from cluster A; (see Figure 2); Here
Wi, Wi— € Rn, bj+, bi_ e R.
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Figure 2. ILS-SVM exploit information about the number of data-
points of clusters.

The classifier is now selected as:

fx) = ar)gﬂiin(ﬁ(X), f-(x)), (6)

with
_ d mgj ) _ 4 ma; 7
fe(x) = ; o (0 f(0 = Z} e
From the definition, we see that f,(x) is the average,
taking into account the weights, distances from x to the
hyperplanes {f;.(x) = 0}. The j—th hyperplane’s weight
is proportional to mp; - the number of data points in
the cluster Bj. Similarly, f_(x) is the weighted average
of distances from x to the hyperplanes {f;—(x) = 0}. By
virtue of (6), a new data point x is classified into class {+}
or {—} depending on whether f,(x) is less than or greater
than f_(x).

1. The linear case

We determine (/+k) hyperplanes in ILS-SVM by solving
(I + k) QPPs as follows:

. 1 1 T >
min_ 5l|AWjteab |3+ E €+ F (Iwal3+57,),
Wji+:0j+,6 j
S.t. (Bjo++ijbj+)+§j=ij,
)]
j=1,..., l and
: 1
min  3|[Bwi_+epbi|[5+ G0 n;+5 (Wi [3+b7.),
wi—.bi_.1;
s.t. (A;w;_+eab; ) +1; = ey,
)
i=1,..., k.

Here, ey € RmAin, epj € RmB-le, ey € RmAXl, ep €
R™8*! are vectors of ones. 17, € R™AiXl, £ € R <1
are vectors of slack variables. c1, ¢, ¢3, c4 are penalty
coefficients to adjust the role between terms in the objective
functions. In the problem (8), |[Aw;, + eAbj+||§ is the
sum of squares of distances from data points in class A
to the hyperplane f;,(x) = 0, the inequality constraints
are replaced by equality constraints, and is defined by
the points of cluster B;, making training times faster than
that of TSVM. %clij-f ; is the sum of squares of errors,



%cz(HW j+||§ + b? ,) is the regularization term. The problem
(9) is similarly established for class {—} with the constraints
is defined by cluster A;.

By substituting the equality constraints into the objective
function, QPP (8) becomes:

1
min =||Aw ., +eab i, |> +
Wj+,bj+2|| J+ A 1+||2

e
?(“Wﬂ“% +b7,).

¢
7||Bjo+ +epbj. —epjl3+
(10)

Setting the gradient of (10) with respect to w;, and b, to
zero, we have:

T T
A (ij++eAbj+)+clBj (Bjo++ijbj+—eBA]')+62WJ'+ =0,

T T —
eA(AWj++eAbJ'+)+C1ij(Bjo++ijbj+—ij)+C2bj+ =0.

Defining H = [A ea], G; = [B; eg;], u; = [ZJJ:],
j=1,...,1, and I being the identity matrix of order (n+1),
it follows that
H'Huj +c1GTGuj —c1Glepj+calu; =0 (11)
= [LHTH+GTG;+ 1| u; = Gley, (12)
—uj = HHTHJrGJTGﬁg—fI]_IGJT.ij. (13)

In exactly similar way, by defining G = [B eg], H; =
W;_

[Ai eai],vi= [bi—

], i=1,...,k, we obtain the solutions

of problem (9):

-1
v; = [CLSGTG + HTH; + g—gl] Hlen.  (14)

Algorithm 1: Linear ILS-SVM

1 Consider the problem 2.1. We generate the linear
classifier f(x) as follows:

2 Clustering dataset by using Ward’s linkage [12].

3 Define H; = [A; eai|.G = [B eg|, G, =
[B; es;], H=[A ea]

4 Determining (w4, b;4) and (w;_, b;_) via (13),
(14).

5 Classifying a new data x by using (6) and (7).

2. The nonlinear case

Let ® : R® — H be a nonlinear mapping, where H
is a Hilbert space whose dimension is not less than n
(maybe infinite-dimensional). Since S = span(®(C7T)) is
a subspace of H whose dimension does not exceed m, we
can consider S as an Euclidean space and ® : R" — S.
Suppose that after the clustering step on space S we
obtain k clusters ®(A;),...,D®(Ay) in the class ®(A), each

11
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cluster ®(A;) consists of m4; data points; and / clusters
®(By1),...,P(B) in the class ®(B), each cluster ®(B;)
consists of mp; data points. In space S, a hyperplane
®(x")h + b = 0 (with h € S being the normal vector)
can be rewritten as ®(x?)®(CT)u+ b = 0 for some vector
u € R™. Therefore, by defining ®(x)®(CT) = K(x",CT),
the hyperplane has the form K(x',CT)u+b =0, K is a
predefined kernel [15].

ILS-SVM determines [ hyperplanes such that the j—th
one: K(x”, CT)u;,+b, = 0is closer to class ®(A) and far
away from cluster ®(B)). It also determines k hyperplanes
such that the i—th one: K(x”, CT)u;_+b,_ =0 is closer to
class ©(B) and far away from cluster ®(A;). Specifically,
we have (I + k) QPPs as follows:

: 1 - &T
min 3 |K(A, Cujteabl5+5€76,+ 5 (ul3+03,),

WjtsDj+.6
s.t. (K(Bj, CT)llj+ +epjbj.) +&; = epj;
(15)
u;, €eR™, j=1,...,] and
u_n}yi_n”»%HK(B, Chyu;_+epb; |3+ 50 n;+5 (lw_|13+b%),
S.t. (K(Ai, CT)lll'_ + eAibi_) +1; =€u;;
(16)

u_ecR™i=1,... k.

By substituting the constraints into objective function, these
QPPs become:

o1 c
min = [|K(A, CT)uj, +eabyi|3 + 71||K(Bj,CT)Uj+

uj.bj,
+enjby = eyl + 5 (gl +53,). (17)
j=1,...,1 and
min SIK(B, CTyu + esbi |3+ SIK(Ar, Ty
+eibi- = el + S (|3 + L), (18)
i=1,...,k.

The solution of QPPs (17) and (18) can be derived to be:

. -1
W= |[SHTH+GIG + 21| Gley;,  (19)

(20)

. -1
Vi = [%GTG +H!H; + ;—;‘I] H] e,

where, H; = [K(A;,CT) ea], G = [K(B,CT) eg],
G, = [K(B;,CT) ep;|]. H = [K(A,CT) ea], u; =

[“j+ =10 v =|" | i=Tk and I is the identity

bjs b;_
matrix of order (m + 1).

The classification function now is selected as:

f(x) = arJrgrriin(fwu(X), f-(x)), 21



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

with

I
mpgi
Fr0 =Y LK, Ty, + by
= e
k

F00 = 3 KO, CT i+ bic).

i=1

(22)

Remark: In (19), (20) we need to compute the inverse of
square matrices in order (m + 1). This work will become
difficult when m is large. So it is necessary to reduce the
size of those matrices. This problem can be solved by using
the Sherman-Morrison-Woodbury (SMW) formula [16].

Algorithm 2: Nonlinear ILS-SVM

1 Consider the problem 2.1. We generate the
nonlinear classifier f(x) as follows:

2 Choosing a kernel function K (x”, CT), typically the
Gaussian kernel [15].

3 Clustering the dataset by using Ward’s linkage [12].

4 Define H; = [K(A;,CT) e, G =
[K(B,CT) ep|.G; = [K(B;,CT) el
H=|K(A,CT) eal.

5 Determining (uy4, b14), ..., (a4, byy) and
(wi-, b1-), ..., (U, by-) via (19) and (20).

6 Classifying a new data x by using (21) and (22).

IV. EXPERIMENTS

In this section, we compare the ILS-SVM against
LSTSVM [13] and TSVM [11] on various datasets. All
algorithms are settled by version 3.8.3 of Python pro-
gramming language, and run on a Laptop with an AMD
Ryzen 5 with 8GB RAM. We use the following libraries:
"scipy.cluster.hierarchy" to cluster the data, "cvxopt" to
solve the QPP, "matplotlib" to show the figures, "pandas”
and "numpy" to process data, ’sklearn’ to evaluate and
adjust hyperparameters of all models. All settings are
uploaded to [17]. We implement these algorithms on 14
UCI datasets [18] which have been experimented in [11],
[13]. For each dataset, we randomly select 90% of extracted
dataset for training and 10% for testing, and use 10-
fold cross validation (CV) to evaluate the accuracy of all
algorithms. The results are shown in TABLE 1 (by applying
Algorithm 1), and TABLE 2 (by applying Algorithm 2).

TABLE 1 shows the training time and the classification
accuracy comparison between ILS-SVM with LSTSVM
and TSVM for the linear case on 14 UCI datasets.
All hyperparameters such as cy,cp,c3,cq4 of ILS-SVM,
c1,cp of LSTSVM and TSVM are belong to the set
{0.0001, 0.001, 0.1, 1, 10, 100, 1000} and obtained by
using grid-search technique. From TABLE 1 we can see that
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the training time of ILS-SVM is faster than that of TSVM,
but slower than LSTSVM. This is because ILS-SVM has
to cluster the data and process the problem on each cluster.
That is the cost to obtain a more precise classification.
Thereby we can see that the classification accuracy of ILS-
SVM is better than that of LSTSVM and TSVM in most
datasets. The TABLE 2 shows the comparison of training
time and classification accuracy for the nonlinear version
of ILS-SVM, LSTSVM and TSVM on 4 UCI datasets.
The kernel parameters of the Gaussian kernel are obtained
through grid-search from the same range, while all penalty
parameters of all algorithms are fixed to be one.

Table 1

TEST TRAINING TIME (MS) AND CV ACCU-
RACY (%) WITH A LINEAR KERNEL (ALG. 1)

Datasets(m X n) Algorithms
(kx1) ILS-SVM LSTSVM TSVM
Hepatitis(155 x 19) 3.001 1.001 8.002
(5x3) 89.9 +/- 6.6 86.4 +/- 11.7 | 84.2 +/- 8.9
Australian(690 x 14) 6.001 1.000 57.014
4x5) 87.3 +/- 4.6 86.3 +/- 3.6 86.8 +/- 3.4
BUPA-liver(345 X 6) 3.017 1.000 14.003
2x3) 67.4 +/- 6.7 66.1 +/- 7.8 65.8 +/- 6.0
CMC(844 x9) 8.989 1.000 143.032
(3x5) 66.5 +/- 5.8 64.6 +/- 5.1 64.8 +/- 5.2
Credit(690 x 19) 12.001 2.000 103.022
2x3) 86.5 +/- 2.0 86.3 +/- 2.7 86.1 +/- 3.3
Diabetes(768 x 8) 4.981 0.001 24.006
(5x2) 74.9 +/- 5.0 74.3 +/- 4.6 74.7 +/- 5.7
Flare-sol(1066 x 10) 19.985 0.999 244.055
2x2) 82.1 +/- 4.5 81.9 +/- 3.6 81.8 +/- 4.3
German(1000 x 20) 16.986 1.000 221.048
(3x2) 71.7 +/- 6.2 70.8 +/- 5.5 71.0 +/- 7.2
Heart-stat(270 x 13) 2.000 0.001 10.001
2x2) 84.0 +/- 5.5 84.8 +/- 3.8 84.0 +/- 3.9
Image(2310 x 18) 6.999 1.000 51.011
(3x2) 90.2 +/- 1.0 90.2 +/- 3.0 91.6 +/- 2.2
Tonosphere(350 x 34) 5.005 0.999 15.002
(3x2) 89.2 +/- 7.5 89.6 +/- 6.2 88.0 +/- 6.9
Spect(265 x 22) 3.987 0.001 9.995
(3x3) 86.1 +/- 4.7 83.5 +/- 6.7 83.1 +/- 6.1
Sonar(208 x 60) 3.993 1.000 9.002
(6x3) 81.3 +/- 10.3 74.3 +/- 9.5 73.8 +/- 9.6
Heart-c(303 x 13) 2.000 0.001 12.003
2x4) 85.3 +/- 7.1 83.8 +/- 6.3 834 +/- 7.7
Table 11
TEST TRAINING TIME (S) AND CV ACCU-
RACY (%) WITH AN RBF KERNEL (ALG. 2)
Dataset(m X n) Algorithms
(k x1) ILS-SVM LSTSVM TSVM
Hepatitis(155 x 19) 0.271 0.119 0.125
(5x3) 87.0 4/- 9.1 | 84.9 +/-9.3 | 83.5 +/- 12.0
heart-c(303 X 13) 0.931 0.460 0.472
2x4) 83.1 +/- 7.3 | 81.6 +/- 6.0 82.7 +/- 7.1
Australian(690 x 14) 4911 2.377 2.446
“4x5) 87.6 +/- 42 | 81.8 +/-3.2 85.6 +/- 3.8
WPBC(198 x 35) 0.374 0.183 0.194
2x3) 81.7 +/-9.3 | 78.1 +/- 6.3 | 80.6 +/- 10.2




V. CONCLUSION

This paper has proposed a new Improvement Least
Square - Support Vector Machine for classification prob-
lems with a class-vs-cluster strategy. This algorithm is
performed in two steps: The first step is grouping in each
class by Ward’s linkage clustering method; The second step
is the least square learning model. The classifier is based
on the weighted average distances from the data point to
the class representative hyperplanes. ILS-SVM has a faster
execution time than TSVM, and slower than LSTSVM. But
in terms of classification accuracy, ILS-SVM is better than
TSVM, and LSTSVM in most cases. For problems with
big data and each class contains many clusters, the ILS-
SVM algorithm is more effective in data classification. The
ILS-SVM algorithm may not really be suitable for multi-
classes problems. However, it seems useful in solving the
classification problem with imbalanced data. And this is an
interesting research direction in the future.
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Tém tat: Bai toan tim kiém &nh dong vai trd quan trong trong moi linh vic clia cudc sdng. Trong bai bdo niy, mot
phuong phap tim kiém anh dua vao Ontology OBIR (Ontology-based Image Retrieval) dugc d& xuit nham xac dinh ngit
nghia cip cao ctia hinh anh. Ontology bén tu dong dugc dé xuét xay dung lam co sd tri thifc cho tim kiém anh theo tiép
can ngit nghia, dong thoi ciu truy vin SPARQL dudc tu dong tao ra tlf vin ban dau vao hoic tlf I16p ngit nghia clia anh
dau vao, dugc xac dinh thong qua cong cu tim kiém hoc mdy dua trén dd thi cum lang giéng, dé tim kiém trén Ontology
nay. D& minh ching cho céc ly thuyét da dé& xuit, ching t6i tién hanh thuc nghiém trén bo anh ImageCLEF (20.000 hinh
4nh) va Stanford Dogs (20.580 hinh anh). Két qué thuc nghiém ctia phuong phap tim kiém anh dua vao Ontology dugc
so sanh véi phuong phap tim kiém anh theo ndi dung, ddng thdi dudc so sanh véi cic cong trinh khic cung tap di liéu
anh nham ching minh tinh hiéu qua va ding ddn clia cic dé xuit trong bai bdo.

Tit Khoa: OBIR, Ontology, SPARQL, semantic image.

Image retrieval problem plays an important role in all areas of life. In this pa-per, Ontology-based Image Retrieval

(OBIR) is proposed to determine the high-level semantics of the image. The semi-automatic frame ontology is proposed
to be built as a knowledge base for SBIR, at the same time the SPARQL query is automatically generated from the
input text or the semantic class of the input image, that identified through the machine learning search engine based on
the neighborhood cluster graph, to retrieval on this ontology. Experiments were performed on ImageCLEF and Stanford
Dogs to demonstrate the effectiveness of the proposals. Experi-mental results of OBIR are compared with CBIR on
the neighborhood cluster graph, and compared with other works on the same image datasets, to prove the effectiveness

Title:  Ontology-based Image Retrieval
Abstract:
and correctness of the proposals in the paper.
Keywords:  OBIR, Ontology, SPARQL, smantic image.

I. GIOI THIEU

Anh s6 déng mot vai trd quan trong trong moi linh
viic clia cudc sébng nhu y khoa, gido duc, gii tri,... Tim
kiém anh dua trén ndi dung CBIR (Content-based Image
Retrieval) [4, 10] 12 phuong phap phd bién nhét hién tai,
stt dung cic dic trung cip thip nhu mau sic, két ciu, hinh
dang... va cdc dd do khodng cich dé€ tim tdp 4nh tuong
tu. Tuy nhién, ludn ton tai mot “khoang cach ngit nghia”
(semantic gap) [2, 20] gifta cac dic trung cAp thip dugc may
tinh trich xuit va ngit nghia cip cao dugc truyén dat cla
ngudi dung. Tim kiém anh theo ngif nghia SBIR (Semantic-
based Image Retrieval) [15, 17] 1a phuong phap xac dinh
ngit nghia cip cao cdia hinh 4nh, nhim gidi quyét thach
thiic nay.

C6 nhiéu phuong phdp tim kiém anh theo ngif nghia,
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phd bién nhit 14 dua vao phuong phap hoc may dé lién két
dic trung cip thip véi cic nhin I6p ngit nghia, dua vao
Ontology dé& xac dinh ngit nghia cip cao. Trong phuong
phdp hoc mady, cac phuong phap hoc sdu dugc s dung
rong rii do tbc do nhanh va do chinh xdc cao clia né nhim
nhin dang hinh 4nh, phat hién d6i tuong, phan doan ngit
nghia nhu: phuong phap st dung mang CNN phan loai khai
niém ngit nghia cho hinh dnh nhim chu thich cic hinh dnh
Web khong dugc gan nhan [25], phan doan ngit nghia véi
DeepLab v3 va thuat todn phan doan siéu pixel-dich chuyén
nhanh [29], phuong phdp diéu chinh khong gian tich hgp
vao mang CNN nham giam nhiéu va phan doan hinh dnh
hiéu qua hon [9]... Tuy nhién, cdc phudng phap hoc siu
phét hién dbi tugng, phan doan ngif nghia v6i cac mo ta
dic trung hinh 4nh & mic do thip, khong thé chi ra ro
ring mdi quan hé giita cic ddi tugng hay thiéu nhan thiic



ngit cdnh vi né thiéu cdc mo ta ngii nghia nang cao, do d6
viéc hiéu thong tin ngif nghia cip cao theo ctia hinh dnh
theo yéu ciu ngudi dung trd nén khé khin [7]. Ontology
12 mot mo hinh dit liéu c6 thé bi€u dién mot céch rd rang
céc khéi niém va cac mdi quan hé khdc nhau giita cac khai
ni€ém. Do céc tinh ndng dinh huéng mdy tinh va dya trén
logic, k¥ thuat Ontology da dudc ap dung rong rai cho mo
hinh héa va phan tich thong tin nhu tich hgp ngit nghia
clia co s¢ dit liéu khong dong nhét, truy xudt va quéan ly
thong tin hinh anh [8, 21]. Vi vy, nhiéu nghién ctiu nham
tim kiém ngit nghia anh trén Ontology dudc quan tim nhu:
khung khai niém dua trén Ontology d€ truy xuit hinh dnh
cta cdc hién vit bao tang [21], nhan dién rui ro trong xay
dung dva vao ngit nghia hinh adnh trén Ontology [28], st
dung Ontology clia hé théng tim mach ctia con ngudi dé
cai thién viéc phan loai cac hinh dnh mo6 hoc [16]...

Trong cach tiép can cla ching toi, mot khung Ontology
dudc xay dung ban tu dong cho bai toan tim kiém anh theo
tiép can ngit nghia. Tim kiém anh dua trén Ontology OBIR
(Ontology-based Image Retrival) dugc ching t6i thuc hién
theo hai cach: (1) tlf vin ban dau vao clia ngudi dung, xac
dinh tit khéa d€ tim kiém trén Ontology va (2) tif hinh dnh
dau vao, thong qua cong cu tim kiém dua trén phuong phap
hoc mdy (dd thi cum lang giéng) d€ trich xuét dic trung
tit hinh &nh, phan 16p hinh anh, tra ciu tir vung thi gidc
(nhidm gidi quyét bai todn chuyén tit mot dnh sang vec-to
gdm cdc tif vung thi gidc). Sau d6 tao tu dong cau lénh
SPARQL dé€ truy vén trén Ontology. Két qué tim kiém dnh
trén Ontology 1a mdt tip anh tuong tu cung véi nglt nghia
ctia cic hinh anh. Hé truy vAn hinh anh sau khi dudc tich
hop véi Ontology sé cai thién két qua tim kiém ciing nhu
do tin cdy vé mit ngit nghia cho hé thong. Céac déng gép
chinh ctia bai bdo bao gom: (1) P xuét xdy dung mot
khung Ontology (Frame Ontology) ban tu dong cho bo di
liéu 4nh dua trén ngdn ngii OWL; (2) Pé xuit mo hinh tim
kiém anh dua vao Ontology; (3) X4y dung thuc nghiém va
chiing minh tinh diing dan ctia phuong phap dé xuit dva
trén bo du liéu ImageCLEF [12] va Stanford Dogs [14].

Phin con lai ctia bai bdo gém: Phan II khio sit mot
s6 cong trinh lién quan dong thoi phan tich cic uu nhudc
diém dé€ ching minh tinh hiéu qua ctia tim kiém anh dua
trén Ontology; Phan III trinh bay phuong phdp xay dung
Ontology ban tu dong cho dif liéu anh; Phan IV mo ta hé
tim kiém 4nh dua trén Ontology OnSBIR va Phan V 1a
thuyc nghiém, dinh gid so sinh; Két luin va huéng phat
trién tuong lai dudc thé hién trong Phan VI.

II. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Nhiéu cong trinh nghién cifu vé Ontology cho muc dich
phan tich ngit nghia, chi thich va tim kiém ngit nghia 4nh.
Phuong phép tim kiém 4nh dua trén Ontology da dugc dé
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xuét theo hai huéng chinh bao gdm: tim kiém &nh trén
Ontology dua trén vin ban dau vao [5, 17, 23] va tim kiém
4nh dua trén anh dau vao [8, 15] nhiam lién két cic dic trung
clp thip va ngit nghia cip cao cdia anh trén Ontology.

Céc phuong phdp tim kiém &nh theo tiép cin ngit nghia
dua trén Ontology vé6i vin ban dau vao dudc dé xuét trong
cac nghién ctiu: Vijayarajan, V. va cong su (2016) [23] xay
dung mot Ontology trén tip dnh ImageCLEF gdm 20.000
hinh anh véi cac chu thich di kém mdi anh, cho bai toan
SBIR. Qui trinh tim kiém hinh 4nh phu thudc vao viéc phan
tich viin pham cta chu thich d€ tao thanh cdc tif khéa mod ta
ndi dung hinh anh, tuy nhién chua thyc hién phan 16p noi
dung hinh 4nh tlf cic dic trung cip thip d€ tao cac tir khoa
nhim thyc hién tim kiém trén Ontology. Ontology dudc xiy
dung véi cong cu Protégé, dau ra 1a RDF va OWL. Hinh 4nh
dugc truy xuét trén Ontology dua vao truy vin SPARQL
tao tu dong. Tuy nhién, khi s6 lugng dnh 16n, Ontology xay
dung thii cong trén Protégé ton nhiéu thdi gian va nhan luc,
ddng thai Ontology trong dé xuét chi ding lai miic d6 mién
phan 16p va phan cAp mién, cic dinh nghia, quan hé chua
dugc thuc hién. Mohd K. va cong su (2017) [17] da dé xuét
mo hinh tim kiém 4nh theo tiép cin ngit nghia vi Ontology
md da phuong thic va Dbpedia, nham nang cao hiéu qua.
Ontology md dudc xdy dung bing cich sit dung cdc khai
niém mo ta cic dbi tuong trong anh. Cic khdi niém, pham
tri va hinh 4nh dugc lién két v6i nhau bang cac gia tri
md trong Ontology. Tuy nhién, phudng phdp nay chi tim
kiém trén tif khéa, khong tim kiém tif anh, do d6 chua lién
két dudc véi dic trung cip thip. Pong thdi, Ontology chi
xdy dung trén tidp anh nhd v6i ndm phan 16p ngt nghia,
chua dai dién cho céc tap anh da dang trong thuc té. Nhém
nghién ciu Bouchakwa, M. (2020) [5] dé xuit cai tién ngit
nghia dua trén thé (Tag) 4nh bing cich: dau tién, cic y
nghia ngit nghia khic nhau dudc suy ra tif cdc truy van
khong ro rang ctia ngudi dung dua trén Ontology, sau do
truy van ban dau dudc dinh dang lai bang cach thuc thi mot
tap hop cdc quy tic ngit nghia trén Ontology. Cac hinh anh
trén mot tdp anh dudc gom cum theo ndi dung nglt nghia
va loc, xép hang lai cac két qua truy xuét cum hinh dnh dé
sap xép theo mic do thich hop. DE danh gia hiéu suit ctia
phuong phap dé xuét dé xuét, thuc nghiém dugc tién hanh
trén bo suu tdp 25.000 hinh anh dugc chia sé trén Flickr.
Cic phuong phap tim kiém 4nh theo tiép cAn ngit nghia
dua trén Ontology két hop vdi dic trung thi gidc dugc dé
xuét trong cdc nghién ciu: Manzoor, U. va cong su (2015)
[15] d& xu4t phuong phdp tim kiém &nh theo tiép cin ngit
nghia dua trén Ontology mién cu thé, dé thu thap hinh anh
c6 lién quan dén tim kiém ctia ngudi dung. Hé théng thuc
hién tim kiém theo hai cach: tit hinh anh dau vao 1a su két
hop giita dic trung cip thip va Ontology, hoic tif vin ban
do ngudi dung nhap vao, thuc hién tim kiém truc tiép thén
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Ontology. Mién dong vat c6 vi gdbm 900 4nh véi 20 loai
dong vat khic nhau dudc st dung d€ xdy dung Ontology
va thyc nghiém chiing minh tinh hiéu qua ctia dé xuét véi
do chinh xéac la 0,60. Tuy nhién, Ontology chi xay dung
dudc trén mién gid tri, chua tao mdi quan hé phan cap giita
céc 16p ciing nhu khdi niém ngit nghia cho mién. Tap anh
xdy dung Ontology la nho, tinh ké thira va kha ning md
rong chua dugc thé hién trong bai bido. Nhém nghién ciiu
Filali J. (2016) [8] trinh bay mot hé théng tim kiém hinh
4nh dua trén tf vung thi giac va Ontology. Pé xuit cho moi
hinh anh tim kiém, xay dung tit vung thi gidc va Ontology
dua trén cic chii thich hinh 4nh. Qu4 trinh tim kiém hinh
dnh dugc thuc hién bing cich tich hop ci dic trung thi
gidc va ngit nghia tuong tu. Tir vung thi gidc dudc lay ra
tif cdc dic trung cip thip cla hinh anh va anh dugc tim
kiém dua vao khodng cach Euclide. Cdc Ontology dugc lam
phong phi thém bdi cac khai niém va mdi quan hé dugc
trich ra tir tai nguyén ti vung ctia BabelNet, thuc hién tim
kiém 4nh trén Ontology dua vao do do ngit nghia. Két qua
tim kiém trén dic trung cAp thap va trén Ontology dudc
giao lai d€ tim ra tap 4nh tuong tu vé mit ndi dung cip
thip va ngit nghia cAp cao. Hé théng thuc hién xdy dung
Ontology tut 20.000 hinh &nh cta tap anh ImageCLEF, bdi
day la tdp anh c6 mot danh sach phan 16p ngit nghia 16n,
dai dién cho hau hét cic phan 16p anh c6 thé c6. Tuy nhién,
thuc nghiém chua dugc danh gid nén tinh hiéu qua cta hé
théng vé do chinh xic chua kiém chiing. Gongalves, F. M.
F. va cong su (2018) [11] d& xuit mot phuong phéap tiép
can nglt nghia két hgp CBIR, hoc khong gidm sit va ky
thuat Ontology. P6i v6i mo hinh ngit nghia, Ontology mién
dai dién dugc xay dung cho cic dic tinh va ciu tric cda
thuc vat. Mot cach tiép can dua trén do thi dugc dé xuét
d€ két hop thong tin ngit nghia va két qua tim kiém noi
dung truc quan cép thap. Phuong phap dé xuit dudc thuc
nghiém danh gid trén tip di liéu Oxford Flowers véi 102
phan 16p dé ching minh tinh hiéu qua. D6 chinh x4c khi
tim kiém anh c6 Ontology (0,8539) cao hon so v6i CBIR
va hoc khong gidm sat (0,8020) chiing td, su két hop tim
kiém anh tir dic trung cip thip véi ngit nghia cip cao trén
Ontology cho hiéu suit vuot trdi. Tuy nhién, Ontology nay
xdy dung trén mién nhd, chua thuc hién dinh nghia céc khai
niém mién va chua lam rd dugc mdi quan hé giita cic mién
gia tri. Mazo, C. va cdng su (2020) [16] st dung Ontology
ctia hé théng tim mach ctia con ngudi dé cii thién viéc phan
loai c4c hinh anh mo hoc véi phuong phap két hgp SVM.
Phuong phap nay cai thién viéc phén loai tu dong cac hinh
4nh mo6 hoc va c6 kha ning nhin ra cidc mo biéu md, trudc
day khong dudc phat hién bdi bat ky phuong phap thi gidc
mdy tinh nao khi so sanh dong thdi, bao gdm mot dé xuat
cia CNN co6 tén la HistoResNet. Zhang, M. va cOng su
(2020) [28] d& xuit mot phuong phap nhin dang tu dong
két hop phat hién déi tugng va Ontology dé xac dinh rii ro
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trong qua trinh xdy dung va ngan ngla tai nan xay dyng.
Dau tién, mang CNN dudc dung dé trich xuit thong tin ngit
nghia cip thip tif cdc phan td ngit canh va cdc thudc tinh
quan hé khong gian phan ti tif hinh 4nh xuét tit video gidm
sat. Tiép dén, Ontology dudc thiét 1p trong pham vi cda
mot nglr canh va ngdn ngt logic ciia Ontology dugc dung
d€ chuyén ddi thong tin ngit nghia cip thip ctia hinh 4nh
thanh ngit nghia cip cao. Thii ba, cdc quy tic rii ro dudc
chuyén thanh cic quy tic Ontology, va cac tinh hubng rii
ro cao c6 thé phat sinh thuc té dugc xdc dinh bdi mot cong
cu suy luan Pellet. Cudi cung, mot canh dao hé méng dudc
lay 1am vi du, va két qué thi nghiém dudc sit dung dé xac
minh tinh kha thi va hiéu qua ctia phuong phdp dé xuét.
Phuong phdp d& xuit c6 thé dugc dung dé€ nang cao hiéu
qua quan ly an toan xdy dung. Cc nghién ctiu vé tim kiém
4nh theo tiép cin ngit nghia dugc khio sat, phan tich cho
thiy tinh hiéu qua ctia phuong phap tim kiém anh dua trén
Ontology. Hé tim kiém &nh trén Ontology cho d9 chinh xac
cao hon so véi tim kiém thong thuong dua trén noi dung.
Tuy nhién, viéc chi st dung vin ban dau vao dé truy van
ngit nghia trén Ontology cho két qua khong tot bang su két
hop giita ngit nghia trén Ontology va dic trung cip thap
mo ta ndi dung anh. Véi su két hop nay, két qua truy van
khong chi tuong tu vé ndi dung thi gidc, ma con tuong tu
vé mit ngit nghia. Ontology hiéu qua khi xay dung trén tap
dit liéu 16n, c6 nhiéu phan 16p dai dién cho nhiéu dbi tugng
trong thyc té nhu bd 4nh ImageCLEF, Oxford Flowers,...
Tir cdc wu nhugc diém clia cic cong trinh nghién cdu lién
quan, chiing t6i d& xuit phuong phdp tim kiém &nh tiép
can ngit nghia dua trén Ontology va noi dung cip thip cla
hinh anh, st dung tip anh ImageCLEF la tip anh muc tiéu
dé xay dung khung Ontology. Pong thdi dé xuit phuong
phdp bd sung di liéu d€ lam phong phi thém ngit nghia
cho khung Ontology nay.

III. PHUONG PHAP XAY DUNG ONTOLOGY
CHO DU LIEU ANH

Dit liéu anh ludn ting trudng khong ngling, c6 su bién
d6i thuong xuyén ctia mién va mdi quan hé cip bac trong
mdi bd anh, do d6 xdy dung Ontology cho hinh 4nh 13 mdt
nhiém vu khé khin, doi héi ngudn nhan lyc va thdi gian
16n. Xay dung Ontology phai ddm bao viéc bd sung dif liéu
ding dé 1am phong phi ngif nghia hinh anh. Chiing t6i dé
xuét xay dung mot khung ontogy ban tu dong c6 kha ning
b6 sung dif liéu cho bai todn tim kiém anh theo tiép can
ngli nghia.

1. M6 hinh xiy dung Ontology ban tu dong cho tap
dir liéu anh

Mot md hinh xdy dung khung Ontology (Frame Ontol-
ogy) ban ty dong cho anh dugc dé xuét trong Hinh 1, st



dung tap 4nh ImageCLEF, 1a bo 4nh phong phi vé mién
(276 16p) 1am nén tang, ké thira cac hé thdng phan cép anh,
c6 khd ning md rong mién va mo ta tdt nhit cic quan hé
clia anh v6i phin 16p clia né. Khung Ontology bao gom
cac thanh phan: 16p, phan cip 16p, cic thudc tinh dif liéu,
thudc tinh quan hé, cdc thong tin literals cho 16p va hinh
anh, tir dién dong nghia. Cdc mau dif liéu dudc tao ra dua
trén cac thanh phan nay (Hinh 2), lam dit liéu dau vao cho
qué trinh xay dung khung Ontology ban tu dong. M6 hinh
tao khung Ontology ban tu dong bao gdom cic budc nhu
sau:

« Budc 1. Xdc dinh tap anh, ké thira 16p, phan cép 16p
(1

o Budc 2. Xay dung mau dit liéu cho cic thanh phan
cua khung Ontology, dudc tao tip anh (2) va tu thong
tin WWW (3):

+ Céc 16p, cdc ca thé va thong tin Literals dudc tao tu
dong ti tap anh;

+ Phan 16p, cdc thudc tinh, tir dién dudc tao ban tu
dong tu tip anh va WWW;

« Budc 3. Anh tt WWW, két xuit cdc dinh danh tai
nguyén va md ta (4), cac dinh danh anh va URL (5),
bd sung vao cic dif liéu dau vao (6) cho qué trinh tao
Ontology;

o Budc 4. Cic du liéu dugc tao tit budc 3 va bude 4
dudc cip nhit, chinh stta v6i sy tham gia ctiia chuyén
gia (7) va tao khung Ontology ban tu dong (8);

Trong md hinh xay dung khung Ontology ban tu dong,
chuyén gia déng vai trd quan trong nhim dam bao tinh
ding dén, tin cdy cho Ontology do cic dit liéu dudc bd
sung thuc hién theo qui trinh x& ly d@ liéu, lam sach di
liéu, ki€ém chiing, ki€ém thi dif liéu,... Bu6c tham gia chinh
stra ctiia chuyén gia dudc thuc hién thi cong dua trén cac
thao tac ty dong truéc d6 nhu sau:

+ Tao méu cdc phan 16p clia bo anh (SubClass) tif mau tap
tin 16p (Class), ké thira tif tap 4nh v tf WWW nhu ciy
phan cip 16p (Hierarchy tree) ctia ImageNet [13], Ontology
(taxonomy) ctia Dbpedia [6];...

+ Tao miu cic dinh nghia 16p hay tit dién dong nghia dua
vao mang tit WORDNET. Tt WORDNET, tu dong lay vé
dinh nghia tudng tGng cua cac 16p, sau do, chuyén gia loc
lai cic dinh nghia cho céc danh tif vd cidc dong nghia cla
16p.

+ Tao mAu cdc thudc tinh quan hé gitta 16p va cdc thé hién
(instances) cta nd, xac dinh hinh anh dai dién phu hgp cho
16p va dinh nghia chinh cta 16p tuy theo ngt canh cta bd
anh.

Ontology dudc tao ban tu dong véi su tham gia chinh
stfa clia chuyén gia c6 cdc uu diém la giam chi phi, nhan
Iuc nhung vin dam bao tinh diing dan va tin cdy. Trong khi
do, viéc tao Ontology thi cong trén protégé la khong kha
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Méu di liéu

a3

Thém dir li¢u

Hinh 1. MO hinh xdy dung va b3
sung di liéu cho mdt khung Ontology

HSE\R—C\assesCLmﬂ‘
AEROSTATIC-BALLOON
AIR-VEHICLES
AIRPLANE

4 ANCENT-BUILDING

> [ElBRSubCiassescLicEd |

T animal: flock-of-birds, herd-of-mammals,
school-of-fishes, bird, insect, mammal,
ocean-aninal, reptile

2 bird: eagle, flaningo,

fowl-hen, hauk,

ANIMAL owl, parrot, penguin, pigeon,
ANT rooster
ANTELOPE 3 inse ant, beetle, butterfly,
REE caterpillar, dragonfly, scorpion
APPLE mammal: antelope, canine, feline,
10 ARCTIC mammal-other, primate, rodent
[EISBRinagesC_xt B3 »| EISBR-mage lierssCLEr b B |
others : A IMG112
2 aerostatic-balloon : 9854 (http:

ir-hom.v)
(../../SAIAPR TC-12
Benchmark/benchrark/saiapr_tc-12
/00/images/112.3pg)
(112.3pg) (../../SAIAFR
TC-12
Benchmark/benchrark/branch/annot
ations/00/112.eng) (branch,
child-girl, construction,

air-vehicles : 2828 4616 4855
9878 18441 19963 20529
airplane : 1947 2829 4220 4407
5008 5009 5166 5167 5169 6494
6685 6705 6997 7179 7255 7274
7413 7599 7700 7710 7880 7990
8099 8225 8305 8478 8591 8739
58963 8952 8983 9089 9112 9130 v

[E1BR LitralscLot £ |
AEROSTATIC-BALLOON
(http://sbiz-hem.y
ALLOON)
(../../Dictionary/AEROSTATIC-BAL
LOON.txt] (balloon for travel
through the air in a basket
suspended below a large bag of
heated air)

2 inAEROSTATIC-BALLOON

(http://sbir-hcm.vn/inAEROSTATIC v

DREETTT|

(n) ball (round object that is A
hit or thrown or kicked in

ganes) "the ball travelled 0

mph on his serve"; "the mayor
threw out the first ball";

"the ball rolled into the

corner pocket"

(n) musket ball, ball (a solid
projectile that is shot by a
musket) "they had to carry a v

n/AEROSTATIC-B

Hinh 2. Céc dit liéu méu cho khung Ontology ban ty dong

thi khi s6 lugng anh nhiéu, chi phi va nhan lyc rét 16n, con
tao Ontology tu dong thi chi phi va nhan lyc dugc giam di
rit nhiéu nhung khong ddm béo tinh chinh xdc va tin cay.
Cic thuat toan dé xay dung Ontology bao gom tao cic 16p,
16p phan cip, cic ca thé dugc mo ta nhu sau:

Thuit toan 1: Tao 16p cho Ontology (COC).

1 PAu vio: C= {classi, i = 1..N}, Ontology;
2 Pau ra: Ontology;
3 begin
foreach class in C do
Sub = "sbir:" + Class;
Pre = "rdf:type";
Obj = "owl:" + "Class";
Ontology = Ontology U Triple(Sub, Pre, Obj);
end
return Ontology;
end

4
5
6
7
8
9

10
11

N

B6 sung dir liéu anh cho khung Ontology

B6 sung dit liéu cho khung Ontology 13 b3 sung cic md
td ngli nghia vA md rong ciu tric cda Ontology, 1am cho
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Thuét toan 2: Tao phan cp 16p cho Ontology
(COCS).

1 Pau vao: superclass, subClass, Ontology;

2 Piu ra: Ontology;
3 begin

4 foreach class in C do

5 Sub = "sbir:" + subClass;

6 Pre = "rdfs:subClassOf ";

7 Obj = "owl:" + " superClass ";

8 Ontology = Ontology U Triple(Sub, Pre, Obj);
9 end

10 return Ontology;

11 end

Thuat toan 3: Tao céc ca thé cho Ontology
(CIC).
1 Piu vao: C = {classi, i=1..N}, Individual, Ontology;

2 Dhu ra: Ontology;
3 begin

4 foreach class in C do

5 Sub = "sbir:" + Individual. ElementAt(i);

6 Pre = "rdf:type";

7 Obj = "owl:NamedIndividual";

8 Ontology = Ontology U Triple(Sub, Pre, Obj);
9 end

10 return Ontology;

11 end

n6 chifa nhiéu thong tin hon, giau ngit nghia hon. Céc 16p,
phan cép 16p, cac thudc tinh, quan hé, cic ca thé va cic mo
té4 ngli nghia dugc bd sung ban tu dong cho khung Ontology
ban dau. Viéc bd sung nay dam bio cic 16p, phan cip 16p,
céc thudc tinh, cic dinh nghia trong tir dién va cic cd thé
mdi ¢ thé duge thém vao khung Ontology ma khong pha
v3 céu tric ctia n6. Mo hinh bd sung dif liéu cho khung
Ontology dudc dé xuit trong Hinh 1. M6 hinh nay bao gom
hai giai doan, giai doan tao khung Ontology (tir buéc 1-8)
va giai doan b8 sung cho khung Ontology. Qué trinh b3
sung dit liéu cho Ontology dudc thyc hién nhu sau:

« Budc 1. Xic dinh tip &4nh 4nh d€ b8 sung cho mot
khung Ontology da xay dung;

« Budc 2. Dua vao mau dit liéu dudc tao tif cdc thanh
phan ctia khung Ontology, tao mau di lidu dé bS sung
ban ty dong cho khung Ontology (9);

« Budc 3. Kiém tra ty dong su trung lip v& 16p, cé thé,
thudc tinh... giita mau dit liéu cin b3 sung vao miu
di liéu cta khung Ontology (10).

« Budc 4. Cap nhat, chinh stta mau di liéu véi su tham
gia cla chuyén gia (11);

« Budc 5. Dit liéu duge thém (12) vao khung Ontology
dé 1am phong phii thém cho ngli nghia cic tip 4nh
(13).

Ung dung tao khung Ontology va b3 sung dit liéu SBIR-
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Ontology dugc xdy dung trén mo hinh di dé& xuét, trén nén
tang dotNET Framework 4.8, ngdn ngit 1ap trinh C#, luu
trit biang Notation 3 syntax (N3). Khung Ontology dudc
tao tif tip dif liéu &nh ImageCLEF (20.000 anh) va bd sung
thém véi tdp anh Stanford Dogs (20.580 anh), luu trit tai
tap tin SBIR-Ontology.n3 (Hinh 3).

ESB\P—OMU\cgyn:’»ﬂ‘ L

% rdf: <http: 1999/02/22-rdf-syntax-nsi>. ~
x rdfs: <htip://www.w3.org/2000/01/rdf-schemai>.

x xsd: <http://www.w3.org/2001/XMLSchemat>.

x owl: <http://www.w3.0rg/2002/07/owlt>.
x xml: <http:
x sbir: <http:

ML/1998

FRRRRR
Gona o n
BB b
[

13 <http://sbir-hom.vn/AIRPLANE> <http:
fixed wing and is powersd by propel.
<net

#subcl

2000/01/rdf-sch

AIR-VEHICLES>.
2002/07/owlEClass>;

Are/2000/01/rAf-schemafsih™lasanfs <

£ <

Hinh 3. Ontology theo dinh dang N3

Vi du clia qua trinh b8 sung dif liéu dugc thé hién trong
Hinh 4, cho thiy phan cip trudc va sau khi bd sung vao
khung Ontology. Ban diu (Hinh 4a) phan 16p ctia khung
Ontology c6 16p DOG va 16p nay khong cé cac 16p con,
sau do6, khi bd sung dit liéu tf tdp 4nh cac loai ché clia
Stanford Dogs, thi phan 16p nay tao thém cac con (Hinh
4b). Viéc bs sung nay dam bao céc 16p, phan cip 16p, cac
thudc tinh, cic dinh nghia trong tit dién va cic ca thé méi
c6 thé dugc thém vao khung Ontology ma khong phéa vd
cAu tric ban dau.

Asserted ~
v
V- @ ANIMAL
» @ BRD
FLOCK.OF-BIRDS
Asserted ~ HERD-OF MAMMAL S
» @ INSECT
v @ owtThing ¥ @ MAMMAL
¥ ® ANIMAL - © ANTELOPE
- @ BRD - @ CANINE
FLOCK-OF-BIRDS Covore
HERD-OF-MAMMALS 00G
» © INSECT BASENSI
T- 9 MaaL »- ® CORGI
» @ ANTELOPE @ on
T@ o GREAT_PYRENEES
covote > @ GRIFFON
e HUNTING_DOG
o LEONBERG
L eme MEXICAN_HAIRLESS
> © MAMMAL-OTHER iy :8;’;‘:2“"'-““
» @ PRIMATE poo
» @ RODENT e,
oneeme ¥ 10,006
SCHOOL-OF FISHES . meD“K‘NC-_DOG
@ FOOD rox
» @ LANDSCAPE-NATURE
- @ MAN-MADE - O FELINE
»© OTHER-ENTITY > © MAMMALOTHER
@ PERSON b @ PRIMATE
» & RODENT
» @ OCEAN-ANIMAL
» @ REPTILE
SCHOOL-OF-FISHES
» @ FoOD
- © LANDSCAPE-NATURE
» @ MAN-UADE
- OTHER-ENTITY
> @ PERSON
(a) (b)

Hinh 4. Tryc quan phan cp 16p trudc (a)
va sau (b) khi bd sung dit liéu vao Ontology

IV. HE TIM KIEM ANH DUA TREN ONTOLOGY



1. M6 hinh tim kiém anh

Mot hé tim kiém theo ngif nghia dua trén Ontology,
onSBIR, dugc xdy dung bao gébm 2 pha dudc md ta trong
Hinh 5 nhu sau:

« Pha tién xt ly:

(1) Céc hinh &nh trong tap 4nh dudc t8 chiic luu trit

trén cAu tric do thi cum ling giéng;

(2) Xay dung, lam giau modt Ontology ban tu dong

dua trén ngdn nglt bd ba RDF tu tip anh va tu
WWW;

« Pha tim kiém:

(1) V6i mot anh dau vao, hé théng thuc hién tim kiém
trén dd thi cum ldng giéng 1y ra tap cc anh tuong
ty theo noi dung dudc sap xép theo do do, phan
16p tap anh nay véi thuat toan k-NN dé tim tap tur
vung thi gidc; V6i dau vao 1a mot doan vin ban,
hé théng thuc hién tim cac tit khéa phu hop véi
cac 16p trong Ontology;

Tu dong tao ciu truy vAn SPARQL dé tim kiém
anh trén Ontology;

Két xuit tip anh tuong ty theo ngit nghia trén
Ontology.

2
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Pha tién xi Iy |
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Tap dir liéu
anh
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:
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Vec-to tir thi
giac

Truy van
SPARQL

)

Tap anh twong
w va ngi¥ nghial |
Tap anh

Boi sanh 16p
ontology

Hinh 5. M5 hinh hé tim kiém theo tiép cn ngit nghia onSBIR

2. Céc thanh phan ctia hé truy vin onSBIR

a) Trich xudt ddc trung cdp thdp

Do chinh x4c ctia tim kiém 4nh phu thudc vao su lya chon
cdc dic trung cép thip, do d6, d€ phat huy céc dic trung
trong hé théng tim kiém &nh, ching t6i st dung cic dic
trung cip thdp v& mau sic, két ciu, hinh dang d€ tao thanh
bd mo ta dic trung két hdp mau sic dudc trich xuét dua trén
bd m6 td mau chi dao DCD ctia MPEG-7, dic trung két cAu
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dugc trich xuit dva vao do tuong phan, phép loc tan sb cao,
phép loc Sobel, phép loc Gaussian va phuong phap LoG,
ddc trung hinh dang dua trén phuong phap Laplacian...
Mot vec-to dic trung cip thdp gdm 81 chiéu dudc trich
xuét cho bai toan tim kiém anh trong bai bdo nay.
b) Do thi cum ldng giéng

Do thi cum ldng giéng dudc cai tién tif cAu triic cAy phan
cum can bang C-Tree [18, 19] da dudc ching toi xdy dung.
C-Tree c6 thé luu trif dudc dit liéu 16n, hiéu qua cho bai
toan tim kiém 4anh véi thoi gian tim kiém nhanh, do chinh
xdc kha cao. Tuy nhién, nhudc diém chinh cta C-Tree 1a
modi 1an tach nit, cdc phan tif tuong t nhau c6 thé bi tich
thanh cdc nit khac nhau, trong trudng hgp xiu nhit, cac
nit nay cé thé nim trén cic nhanh riéng biét. Do d6, qua
trinh tim kiém &nh trén cdy C-Tree c6 thé s& bd sot cac
phan t& tuong tu da bi chuyén nhanh. Piéu nay lam anh
hudng dén hiéu suit tim kiém trén C-Tree. Vi viy, do thi
gom cum lang giéng (Hinh 6), 12 su két hop gitta dd thi
gom cum va ciay C-Tree, dudc dé& xuat nhu sau: mdi niit 14
trén cay C-Tree trong qud trinh huin luyén sé tim dudc cic
cum ldng giéng 14an cin theo ba mic: miic mot néu khoang
cch giifa hai tAm nit bé hon 6, mic hai néu 16p dai dién
ctia hai niit tring nhau va mic ba néu 16p dai dién cta hai
niit c6 quan hé phan 16p cha-con. C4c miic ldng giéng dudc
danh d4u d€ tao thanh mot dd thi cum lién quan v6i nhau
vé do do va quan hé cip bic (cha-con). Do thi gom cum
lang giéng cho phép thdi gian tim kiém nhanh hon va chi
phi bo nhé it hon so véi do thi gom cum truyén théng.

C-Tree

Hinh 6. D6 thi gom cum ling giéng

c) Tim kiém dnh dya trén Ontology
Tim kiém anh theo tiép can ngif nghia dua trén Ontology
dugc thuc hién theo hai cich: tim kiém dua trén anh dau
vao va tim kiém dya doan vin ban, md ti trong Hinh 7.
(I) Tim kiém tir Anh diu vao: 4nh diu vao c6 thé chia
mot dbi tugng hoic nhidu dbi tuong, dua vao do thi
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cum lang giéng dé tim tap 4nh tuong tu. Sau d6 thuc
hién thuat todn phan 16p k-NN d€ tim tip tif vung thi
gidc, 12 vec-to chita mot hay nhiéu 16p ngit nghia cla
anh va ty dong tao cau 1énh SPARQL (AND hoac OR),
tir d6 truy van trén Ontology dé tim tip cdc anh tuong
tu va ngli nghia cua no;

Tim kiém tir viin ban dau vao: TU modt doan vin
ban dau vao, thuc hién dbi sianh danh sich cic 16p
Ontology dé tim tif khéa truy vén va tir két néi AND
hoac OR trong ngit nghia doan van ban, tu do tu
dong tao ciu lénh SPARQL d€ thuc hién tim kiém
trén Ontology, truy xuét tp cdc anh tuong tu va ngif
nghia cda tap anh. Hinh 8 12 mot vi du vé phan tich
doan vin ban nhim tim céc tit khéa cho cau truy vén
SPARQL.

ey

r}nh truy "én dau vao Tép anh tuong tw

Céng cy tim kiém
(lu'a‘trén cOng cu hoc méiy
(do thi cum ling giéng)

Doi sinh danh sich
16p trén ontology

(U]

Xac dinh lién tir

AND/OR

(I

Doan vin bin

Truy vén
SPARQL

Ngir nghia
hinh anh

TRUY VAN

Hinh 7. Céc cdch tim kiém anh trén Ontology

Onitology Clusses

ANIMAL
ANT
BABY
BALL

e BEACH

BED
S

Truy vin tir vin bin

Tir khoa truy vin

CLOUD, BEACH

Tir két néi

BICYCLE
BIRD
BOOK
CAMERA
o] »CLOUD
cow
CRAB

Find the images t_hgfﬂ-have
fout

1and :‘beach;

I KET NO!

Hinh 8. Mot vi du vé phan tich viin ban tim kiém

Thuét toan phan tich vin ban text d€ tim cdc tif khéa cho
truy vin SPRQL dudc thuc hién nhu sau:

Thuat toan ty dong tao cau truy van SPRQL dugc thuc
hién nhu sau:
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Thuét toan 4: Trich xuit ti khéa tim kiém tit
text (GLCT).

1 PAu vao: Texr va danh sich 16p LClass
2 Pau ra: danh sédch tir khéa ListClass
3 begin

4 text=txtQuery.Text;

5 Classes=text.Split;

6 strClasses=LClass.Split;

7 foreach (cla € Class) do
8 If (cla € strClass) then
9 ListClass.Add(cla);

10 CSP(ListClass);

11 end

12 end

13 end

Thuét toan 5: Tu dong tao cau truy vin SPARQL
(CSP)

1 Pau vao: tap tit vung thi gidc W

2 Pau ra: cau lénh SPARQL

3 begin

4 SPARQL= 0;

5 n = W.count;

6 SELECT DISTINCT ?Im

7 WHERE {";

8 For (i=0..n) do

9 SPARQL+="<subject > : W(i)+ "rdf:type" +
10 <object >: +mg”+"UNION/AND";
11 end

12 SPARQL+ =}7;

13 Return SPARQL;

14 end

V. THUC NGHIEM VA DANH GIA
1. Moi truong thuc nghiém

Hé truy vAn OnSBIR dugc xiy dung dua trén nén tang
dotNET Framework 4.8, ngdn ngit 1ap trinh C#. Ciu hinh
mdy tinh cda thuc nghiém: Intel(R) CoreTM i7-8750H,
CPU 2,70GHz, RAM 8GB. Tap dtt liéu st dung trong thuc
nghiém la ImageCLEF va StanfordDogs, dugc md ta trong
Béang 1.

Tap 4nh ImageCLEF bao gém 20.000 anh da dbi tugng,
mbi dnh c6 nhiéu ddi tugng v6i nhidu chi d& khac nhau.
Tap anh ndy c6 276 16p khac nhau va dudc trdn 1an v6i nhau
trong 39 thu muc. Tap 4nh Stanford Dogs gom 20.580 &nh,
thuoc hé théng ImageNet, do nhém nghién ciiu A. Khosla
xdy dung vao nim 2011. Pay 12 mot bo anh chi c6 mot dbi
tuong, bao gdm 120 loai ché trén thé giéi.



Bang I
CAC TAP DU LIEU ANH BUQC THUC NGHIEM
STT| Téntap anh | S6 | Séthu | S6chi | Kich
lugng muc de anh | thudc
anh anh

1 ImageCLEF | 20.000 39 276 1.6

GB

2 Stanford Dogs | 20.580 120 120 778

MB

2. f)’ng dung

Véi mot anh dau vao, dic trung anh dugc trich xuat dé
tim tap anh tuong tu dua trén do thi cum lang giéng, phan
16p 4nh d€ tim tip tir vung thi gidc, sau d6 tu dong tao
cAu lénh SPARQL dé tim danh sich cédc 4nh c6 cing ngit
nghia v6i anh diu vao, dudc thé hién trong Hinh 9. Pdng
thoi, khai niém ngit nghia ctia phan 16p dugc trich xut tir
tap tir dién dong nghia ctia Ontology (Hinh 10).

L} Semantic-based Irmage Reweval ! o x
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Hinh 9. Tim kiém anh trén Ontology tlf 4nh dau vao

Véi dau vao 1a mot doan vin ban, hé thong d6i sanh véi
cic 16p c6 trong Ontology va tif vung két néi (AND/OR)
dé tim cdc tit khéa va tao ciu truy vin SPARQL ty dong
dé tim kiém trén Ontology tap cdc hinh 4nh tuong tu vé
ngll nghia (Hinh 11).

3. Panh gia két qua

Dé danh gid hiéu qué tim kiém 4nh trén Ontology cla hé
tim kiém onSBIR, cdc gia tri nhu do chinh xac (precision),
do phu (recall), do dung hoa (F-measure) va thoi gian tim
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£} infomation of BUS Class - >

This is the rnformation of BUS class
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URI: hetp /s hem vn/BUS
Name. BUS

Image Fie: COREL120.pg
Class File: BUS 1

Image Size: 256 x 384
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Hinh 10. Khai niém ngit nghia cho phan 16p
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Hinh 11. Tim kiém 4nh trén Ontology tif viin ban diu vao

kiém dugc tinh toan. Bang II 1a hiéu suét tim kiém trén
Ontology cua cac tdp anh ImageCLEF va Stanford Dogs.
Két quéa tim kiém anh dya trén Ontology dudc so sanh véi
phuong phap tim kiém anh dua vao dd thi cum lang giéng
(Bang III). Bang III cho thiy do chinh xé4c, do phii ctia hé
théng tim kiém 4nh dua trén Ontology tot hon so v6i hé
théng tim kiém 4nh theo noi dung, tuy nhién thdi gian tim
kiém lau hon, do OnSBIR két hgp tim kiém trén ca dd thi
cum ling giéng va Ontology. Piéu nay chiing té, phuong
phép tim kiém 4nh trén Ontology ning cao do chinh xac
va do phi cho tim kiém.
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. Bang 1I
HIEU SUAT TIM KIEM TREN ONTOLOGY

Tap anh Do chinh xac trung binh Do phu trung binh D6 dung hoa trung binh  Thoi gian truy vAn trung binh (ms)
ImageCLEF 0,932574 0,916225 0,926373 248,5511
Stanford Dogs 0,87395 0,865369 0,869612 284,3384

Bang III )
SO SANH HIEU SUAT TIM KIEM ANH

Tap anh Phuong phap Do chinh xac trung binh D6 phu trung binh Thi gian truy vin trung binh (ms)
OnSBIR 0,932574 0,916225 248,5511
ImageCLEF .
D6 thi cum 0,839814 0,780735 239,9458
lang giéng
OnSBIR 0,87395 0,865369 284,3384
Stanford Dogs K
D6 thi cum 0,826416 0,513825 261,8991
lang gieng

L]

Procisicn-Tescall e Hp Bl It

(b)

Hinh 12. Hiéu suit trén dd thi cum ling giéng (a) va Ontology
(b) cta tap anh ImageCLEF

Ngoai ra, cic do thi Precision-Recall va ROC dua trén
Ontology va duya trén do thi cum lang giéng (Hinh 12, Hinh
13) dugc biéu thi. Mdi dudng cong trén do thi Precision
— Recall 1a mot thu muc adnh. Dién tich dudi duong cong
cang 16n, do chinh x4c truy van cang cao. Pong thoi, dudng
cong ROC cho biét ty 1¢ két qua truy van ding va sai, dién
tich dusi dudng cong ROC cang 16n, ty 1& truy vin ding
cang cao. Két quéa thuc nghiém dugc thé hién trén cac do
thi cho thiy, dién tich dudi dudng cong do thi Precision-
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Bang IV o
SO SANH PO CHINH XAC TIM KIEM ANH GIUA
CAC PHUONG PHAP TREN TAP ANH IMAGECLEF

Phuong phap Nam P9 chinh xac
trung binh

Mo hinh Ontology cho anh O-V- 2016 0,46
A[23]
Do thi mau cho Ontology hinh 2017 0,3513
anh[1]
Phuong phap HDLA (hybrid deep 2018 0,797
learning architecture)[3]
Phuong phap SDCH (Semantic Deep 2019 0,803
Cross-modal Hashing)[27]
Phuong phap CPAH (Consistency 2020 0,8324
Preserving Adversarial Hashing)[26]

OnSBIR 0,932574

Recall va ROC ctia OnSBIR déu 16n hon so véi két qua
clia dd thi cum lang giéng, chiing t6 do chinh xdc va két
qua truy van diing déu t6t hon. T cc két luan nay, c6 thé
thiy tinh diing din ctia cic phuong phap tim kiém anh dua
trén Ontology, nham ning cao hiéu qua tim kiém anh.
Chiing t6i thuc hién so sianh két qua tim kiém anh trén
Ontology (onSBIR) véi cac phuong phap khac trén cung
tap anh ImageCLEF. Bang IV cho thiy, do chinh xic tim
kiém anh dua trén Ontology dudc dé xut trong bai bao vuot
trdi hon cac phuong phap khac trén tip dnh ImageCLEF.
Chung t6i so sanh v&i ciac phudng phap cé s dung
Ontology: Vijayarajan V. va cong su (2016) [23] chi thuc
hién tim kiém trén Ontology dua trén vin ban/tit khoa,
do d6, hiéu suit tim kiém chua cao; Nhom nghién ctu
Allani O. (2017) [1] thuc hién két hop gitta dic trung cap
thip trén dd thi va ngii nghia cip cao trén Ontology, tuy
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Hinh 13. Hiéu suit trén do thi cum ling giéng (a) va Ontology
(b) cta tap anh Stanford Dogs

nhién, viéc xdy dung Ontology hoan toan tu dong, khong
c6 su chinh stia, cip nhat clia chuyén gia, do d6, hiéu suét
tim kiém 12 khong cao. Ngoai ra, cdc phuong phap tim
kiém ngit nghia anh dua vao cédc ky thuit hoc mdy hién
dai cling dugc so sanh véi phuong phdp cua chung toi:
Phuong phap HDLA (Hybrid Deep Learning Architecture)
mo hinh héa cdc mdi tuong quan bic cao gifta cac i truc
quan nham giam khoang cich ngit nghia trong tim kiém
anh [3]; Phuong phap SDCH (Semantic Deep Cross-modal
Hashing) st dung mang CNN d¢€ trich xuét dic trung va
ham biam siu d€ 14y ngit nghia anh [27]; Phuong phdp
CPAH (Consistency Preserving Adversarial Hashing) nhim
khai thic tinh nhit quan vé ngit nghia cho tim kiém &nh,
cdc dic trung dugc trich xuit dua trén mang CNN[26]. T
cc két qui so sanh chiing td, phuong phap tim kiém anh
dua trén Ontology dugc dé xuét trong bai bdo 1a ding din
va hiéu qua.

VI. KET LUAN VA HUGNG PHAT TRIEN

Trong bai bao nay, mot khung Ontology ban tu dong
duge xdy dung va bd sung d€ 1am phong phd thém ngit
nghia. Bai todn tim kiém trén Ontology dudc thuc hién
theo hai cach: tim kiém dua trén anh dau vao va tim kiém
tif viin ban. Cau truy vin SPARQL dudc tao ra tu dong dé
tim kiém trén Ontology. Hé tim kiém 4nh theo ngii nghia
dua trén Ontology (OnSBIR) dugc xay dung. Thuc nghiém
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dudgc trién khai trén tap anh ImageCLEF va Stanford Dogs
cho d6 chinh xdc cao, 1an lugt 1a 0,932574 va 0,87395. So
sanh v6i phuong phdp tim kiém anh theo ndi dung dua trén
dd thi cum lang giéng cho thiy hiéu suét tim kiém anh dua
trén Ontology 1a vuct troi. Pong thdi, chiing t6i tién hanh
so sanh phuong phap dé xuit v6i cic phuong phap khac
trén cing tap anh ImageCLEF ciing cho do chinh xéc tbt
hon. Piéu nay ching t3, cic dé xuét ctia ching toi trong
bai bdo la ding dan va hiéu qua. Tuy nhién, phuong phap
dé xuét cia chiing toi, Ontology chua thuc hién mbi quan
hé nglt nghia trong anh, vi vy, trong dinh hudng tuong lai,
ching t6i bd sung nhiéu tap 4nh hon, lam giau ngit nghia
Ontology v6i cdc mdi quan hé trong anh, xdc dinh vi tri
dbi tugng anh.

LOI CAM ON

Chung t6i xin tran trong cdm on Khoa Cong nghé thong
tin — Pai hoc Khoa hoc- Pai hoc Hué, nhém nghién citu
SBIR-HCM da gép y chuyén moén cho nghién ciu nay.
Chiing t&i xin tran trong cam on Trudng Pai hoc Kinh t&
— Pai hoc Pa Ning da tao diéu kién vé& co sé vit chat gitip
ching t6i hoan thanh bai nghién ciu nay.
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Tém tat: Trong qué trinh chuyén dong ciia phuong tién khi tham giao thong, cic yéu td cin dudc xét dén 1a cdc tinh ning
an toan dé€ tao nén su thoai mdi cho ngudi ngdi trén xe. Trong bai bdo nay, vdi viéc phan tich mdi quan hé giita thdi gian
tranh va cham két hop véi dit liéu thong tin moi trudng, cing véi cac thong sb dua trén dic diém clia ngudi diéu khién
phuong tién, tir d6 d& xuét gidi phap mo hinh canh bdo trdnh va cham cho phuong tién. Pic diém clia mé hinh cinh bio
tranh va cham nay c6 thé thich ting v6i nhiéu diéu kién diéu khién phuong tién khac nhau va dua ra canh béo thich hgp.
Két qua mo phong duge thuc hién trong moi trudng mod phéng Matlap dé€ chiing minh gidi phdp dé xuét hoat dong hiéu
qua Vi nhitng diém t6i uu nhu gidm thiéu rii ro va cham va cai thién miic d6 an toan khi diéu khién phuong tién.

Tu khéa: Thoi gian va cham, ldp quy hoach duong di, ldp ké hoach chuyén dong, hé thong giao théng théng minh..

Title:
Abstract:

Solutions on Collision Avoidance based on Environmental Data and Vehicle Control Characteristics
In the process of movement of vehicles when participating in traffic, the factors that need to be taken into account are

safety features to create comfort for passen-gers and drivers. In this article, with the analysis of the relationship between
time to collision combined with environmental information data, along with parameters based on the characteristics
of the vehicle driver, thereby proposing a collision warning model solution for the vehicle. The characteristics of
this collision warn-ing model can adapt to a variety of vehicle control conditions and give an appro-priate warning
threshold. Simulation results are carried out in a Matlap simulation environment to prove that the proposed solution
works efficiently with optimal points such as minimizing the risk of collisions and improving the safety level when

driving vehicles.
Keywords:

Time to collision, path planning, motion planning, intelligent transportation systems.

I. GIOI THIEU

Trong nhiing nim gan dy, v6i nhiéu két qua nghién ctiu
vé bai todn cdnh bdo va cham cho phuong tién tham gia
giao thong da c6 thé dudc phan thanh 2 hudng, gdm thuat
to4n xdc dinh vé khoang céch an toan [5] va thuat todn xac
dinh vé thoi gian an toan [8]. Trong d6, thuat todn xac dinh
vé thoi gian an toan st dung gid tri thdi gian va cham, sé
thuc hién viéc so sanh thdi gian va cham giita 2 d6i tuong
v6i ngudng thdi gian an toan, dé tir d6 dua ra quyét dinh
qua trinh chuyén dong ciia xe dang & trang thdi an toan hay
khong. Nhém thuit todn xdc dinh vé khodng céch an toan
s& dé cap dén khoang cach tranh va cham t6i thiéu gitta xe
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cht va chudng ngai vat, diy cling la khodng cach ma xe
chii can phai duy tri d€ tranh va cham véi chudng ngai vat
trong diéu kién hoat dong hién tai ctia xe[10].

Do hoat dong trong méi trudng phiic tap, véi cic yéu
td 4nh hudng dén qua trinh quy hoach chuyén dong clia
phuong tién nhu: hé thdng dudng giao thong, diéu kién
thoi tiét khac nhau, nhiing han ché ctia hé théng cam bién,
cdc tinh hubng bit thudng do cdc dbi tuong tham gia giao
thong khdc. .. [1-3, 9], da tao nén sy phiic tap thay d6i theo
thdi gian va cdc tinh huéng khong thé du dodn trudc. Do
d6, cac thuit toan chi thuan tdy vé xic dinh khodng cich
an toan va khon thdi gian an toan chua di linh hoat dé&
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thich dng vé6i da sb cac truong hop xdy ra [7, 12].

Mot vai nghién ctu trudc ddy ciing da chi ra ring, véi
nhiéu d6i tugng diéu khién phuong tién khic nhau thi kha
niing phan ting trudc tinh hudng nguy hiém ciing khac nhau.
Nhu trong nghién ctiu [4], H. Zhou va cac cong su da ching
minh nhiing tic dong khong hiéu quéa ctia hé théng canh
bdo khi thyc hién tin hiéu canh biao qua sém da giy ra
nhiing can thiép x4u cho dbi tugng 14 ngudi diéu khién tré
tudi, vi véi nhém dbi tuong nay thi khi ning phin tng
v6i nhitng hinh huéng nguy hi€ém nhanh hon cic nhém dbéi
tuong 16n tudi. Ngudc lai, v6i nhém dbi tuong 16n tudi thi
kha ning phan dng cham, néu tin hiéu canh bdo phat ra vé6i
khoang céch d€ tao tin hiéu canh bdo nhu nhém dbi tugng
tré tudi thi qua trinh diéu khién chuyén dong ctia nhém
dbi tuong nay cang trd nén nguy hiém. Tuong tu nhu vay,
trong cac diéu kién thdi tiét khdc nhau, nhu ban ngay va
ban dém, hoic diéu kién thdi tiét c6 tam nhin khac nhau thi
thoi diém dua ra tin hiéu canh bdo ciing khong thé gibng
nhau.

Nhu vay, khi dang diéu khién phuong tién, néu dbi tuong
diéu khién phuong tién phat hién ra vin dé nguy hiém can
phai thuc hién qud trinh diéu khién tranh nguy hiém thi
khong can phai thu nhan tin hiéu tir hé thdng cinh bdo.
Ngugc lai, néu ddi tuong diéu khién khong tim thy tinh
hubng nguy hiém kip thdi, thi thdi gian cinh bdo tranh va
cham d€ dam bao an toan do hé thdng canh bdo nguy hiém
dua ra 12 thoi gian ti thiéu d€ d6i tuong diéu khién phuong
tién thuc hién cic bién phap nhiam ddm bao an toan, khoang
thoi gian nay bao gdm thdi gian phan dng cta dbi tugng
diéu khién va thoi gian can thiét d€ diéu khién phuong tién
[12], qué trinh diéu khién phuong tién c6 thé giam toc do
bing thao tic phanh hoic thuc hién thao tic thay d&i quy
dao chuyén dong bing thao tac diéu khién 14i.

Trong bai bao nay, dva trén giai phdp canh bdo tranh va
cham xdc dinh khoang thdi gian an toan, sé dé xuit mot
gidi phap cinh bdo tranh va cham méi, trong d6 két hop
thém yéu t6 ctia dif liéu mdi trudng xung quanh da thu nhan
dugc, cling v6i dic diém diéu khién chuyén dong cia xe.
So véi cac giai phdp truéc diy, gidi phap dé xuét nay c6
kha niing thich dng va linh hoat trong cc diéu kién phiic
tap clia mdi trudng hoat dong, diéu nay c6 thé cai thién
dugc hiéu qua quy hoach chuyén dong va ning cao tinh an
toan ctia phuong tién. Két qua md phéng dudc tién hanh
trong mdi trudng Matlap dé€ ki€ém ching giai phdp dua ra
dat dugc hiéu qua hoat dong, véi qua trinh canh bao tranh
va cham trong quy hoach chuyén dong ctia phuong tién.

Phan tiép theo clia bai bo sé& gidi thiéu mot s6 tinh hudng
dé€ 1am nén tang cho viéc gidi quyét bai toan canh bdo tranh
va cham dit ra, tif d6 dé xuit md hinh gidi phdp dé thuc
hién thao tac canh bdo tranh va cham cho phuong tién chu
dua trén cac yéu t6 vé thoi gian, thong tin mdi truong va
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diéu kién hoat dong ctia xe. Tiép theo 12 phan thuc nghiém
va két luan v6i mot s6 dé xuét cidc huéng nghién ciu tiép
theo cho bai todn ning cao tinh nang an toan cla phucng
tién.

II. XAY DUNG MO HINH CANH BAO TRANH VA
CHAM

1. Phan tich bai toan

Hé théng canh bdo tranh va cham dang 1a mot trong
nhiing tiéu chuin dudc dua vao danh séch ddnh gia an toan
cho phuong tién. Nhiing hé théng canh bdo tranh va cham
st dung céac thiét bi cam bién dé€ thu nhan di liéu moi
trudng xung quanh, nhiing dit liéu nay dudc phéan tich dé
phat hién ra cac trudng hgp nguy hiém ma tir d6 kich hoat
hé théng phanh khin cip hoic dua ra tin hiéu canh bdo
khan cip nhim c6é quyét dinh didu chinh huéng chuyén
dong phu hop. D€ gidi quyét bai todn canh bdo tranh va
cham, chiing ta s& phan tich tinh hudng c6 thé xay ra va
cham trong qu4 trinh hoat dong ctia phuong tién, gdbm: tinh
hubéng va cham truc dién hay va cham phia truéc va tinh
hubng va cham tir phia sau.

khoang cach d J

Hinh 1. Minh hoa tinh hudng tham gia giao thong

Véi V,, 12 van tdc clia phuong tién chd, V;, 1a van toc clia
phuong tién phia trude, 6, la goc 1éch hudng clia phuong
tién chi va 6 la goc léch hudng cua phuong tién phia
trude, gia tri 6, va 0, dugc tinh tir vi tri trung tim cia xe
dén dudng trung tim giita 2 xe (hinh 1), W, 1a chiéu rong
ctia phuong tién chii va W, 1a chiéu rong ctia phuong tién
phia trudc, k 1a gid tri trung binh chiéu rong ctia 2 xe dudc
tinh bang k = (W, + W)/2. Vi tri clia cdc phuong tién
dugc xac dinh trong hé truc toa dd Descarter (X,Y), v6i
(x1,y1) 1a vi tri cia phuong tién chu, (xz,y;) la vi tri cia
phuong tién phia trudc, thi gia tri d 1a khodng cach gitta 2
phuong tién dudc tinh nhu sau:

d=\/(x2—X1)2+(Y2—y1)2 (D

Néu 2 xe di chuyén ngugc chiéu, thi tinh hudng xay ra
va cham tryc dién khi:



k <|d *sinf,] 2)
Va khoang thdi gian 2 xe s€ xdy ra va cham:

t:4,3*(d*|c059a|—5) 3)
Vo+Vp

Khoang thdi gian xay va cham s€ dugc tinh toan khi
|64] <90° va |6] > 90° . Truong hop ngudc lai khi |6, >
90° va |6,| < 90° thi khong tinh gia trj nay, vi khong xdy
ra va cham. Néu 2 xe di chuyén cling chiéu, thi trudng hop
xdy ra va cham tif phia sau khi vin toc ctia phuong tién
cht 16n hon van tdc clia phuong tién phia trude V,, > Vj,.

Khoang thdi gian 2 xe s€ xay ra va cham:

d

=
Vo+Vp

“

Qua phén tich cic tinh huéng néu trén, c6 thé thiy ring
phuong phap tinh toan thdi gian xdy ra va cham la nhu
nhau cho du 1a va cham tryc dién hay va cham tu phia sau.
Do d6, dé giai quyét bai todn trong giai phap nay, ching
ta sé sit dung dén gia tri thdi gian va cham nhiim ning cao
kha ning thich ng ctia gidi phap trong moi trudng phuc
tap clia qua trinh quy hoach chuyén dong cho phuong tién
khi tham gia giao thong.

2. Xay dung thuat toan

Y tudng chinh ciia gidi phap nay la chon ngudng khoing
cach hop ly d€ thuc hién canh bdo. Viéc chon ngudng
khodng céch d€ thuc hién canh bdo 1a gidi phdp dugc danh
gid dam bao hiéu qué an toan, vi néu khoang cach cinh bdo
qua dai thi sé gy tac dong xAu va nhiéu thong tin cho hoat
dong diéu khién phuong tién, néu khoing cich canh bio
qua ngan thi hiéu qua canh bao tranh va cham khong ti vu
va khong thé tranh dudc nguy hiém. Vi viy, gidi phap dé
xuét trong nghién ctiu niy dudc lua chon 1a ngudng canh
bdo phit hop, diéu ndy khong chi tao ra tic dong tot va
khong nhiéu thong tin cho hoat dong diéu khién, ma con
gitip nang cao hiéu qua an toan khi diéu khién phuong tién.
Hon ntta, trong cac diéu kién moi trudng khac nhau, cac
gidi phap tranh va cham nhiam dam bao an toan khong thé
ap dung cho nhiéu d6i tugng diéu khién phuong tién khac
nhau. Vi thé, viéc két hop thém cic thong s tic dong cla
mdi trudng vao qua trinh dua ra gidi phap xdy dung mo
hinh canh bdo tranh va cham nay 13 diéu dugc ching toi
xédc dinh kha quan trong va s& mang lai hiéu qua t&i uu.

Giai phdp nay vé co ban sé xdc dinh theo thoi gian phan
ting ¢ clia ngudi diéu khién phuong tién. Dua trén sb liéu
da khao sat trong nghién ciiu cua tac gia M. A. Hoque va
cong su [7], chiing toi x4c dinh 05 yéu t c6 tac dong tich
cuc dén qua trinh diéu khién phuong tién va sé tinh todn
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trong s& cho cdc yéu td nay trong qud trinh thiét 1ap mo
hinh canh bdo tranh va cham clia gidi phdp dua ra. Cu thé,
cdc yéu t6 nay bao gom: Do tudi cla ngudi diéu khién X;
véi trong sb w1, thai gian kinh nghiém diéu khién phuong
tién X, v6i trong sb wy, chi sd sic khée X3 vdi trong sd
w3, chi sb tinh than X, v6i trong sb w4 va chi s6 thi luc
X5 véi trong sd ws.

Véi cdc chi sb lan luge c6 cic gia tri nhu sau: X3 =
(1,2,3,4,5) ; X4 = (1,2,3,4,5) va ma trin quyét dinh clia
tiing yéu t6 anh hudng clng thdi gian phan ting T nhu sau:

X1 X11 X12 Xln
X X X .. X
T = 2 21 22 2n (5)
Xm Xml Xm2 an
va
P.: = L (6)
YRy
m
Ejz_KZPijln(Pij) (7)
i=1

Trong d6: P;; la tic dong cla thudc tinh thd i vao yéu
t6 x;;, E; € [0,1] 1a tong tdc dong clia qua trinh vao chi
s0 X; va hing sb6 K = ﬁ

Tit (5), (6) va (7) c6 thé thiy rang vai tro tic dong clia
mbi lugec dd theo mot thudc tinh nhit dinh c6 xu huéng
gibng nhau va gid tri E tién t6i 1. Trong trudng hop, khi
tht ca yéu tb tic dong déu bing nhau thi vai tro thudc tinh
muc tiéu trong quyét dinh c6 thé khong xét dén, nghia 1a
trong sb cia chi s& dang xét sé bang 0. Tir d6, c6 thé thiy
rang gia tri thudc tinh dugc xdc dinh bdi su khéc biét clia
tht ca cdc luge do. Do d6, mic do tic dong nhét quéan d;
clia tiing yéu t6 trong thudc tinh thd j dudc xac dinh nhu
sau:

di=1-E; ®)

Khi d6, hé sb trong s6 w; va khoang thdi gian dép ting
74 cia hé théng dudc tinh nhu sau:

©)

5
Yi = Z X,-a)i (10)
i=1

7
=12 75 (11)

Thoi gian ddp ting ctia hé théng 14 thoi gian thuc hién
cia hé thdng phanh, bao gdém: thdi gian ddp tng ctia hé
théng phanh 7, thdi gian tic dong cla phanh f, va thoi
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gian phanh lién tuc #3 [6]. Trong d6, thoi gian phanh lién
tuc t3 dugc gia dinh 1a gid tri khong ddi dé€ 1am giam tdc
dd va dudgc tinh nhu sau:

% [5)

h=0———— —
. 3,6xgxaxu 2

(12)
V6i v 1a van toc cta xe chl, g = 9.8m/s? 1a gia tdc trong
truong tri dét, u 13 hé s truct (1a hé sb bam gitta banh xe
va mit dudng) va a 1a chi s6 moi trudng. Trong do6, cic gid
tri ctia chi s6 mdi trudng duge dua ra nhu sau: @ = 1 khi
mat dudng kho, a = 0,5 khi mat dudng c6 nuéc, a =0, 1
khi mit dudng cit va a = 0,3 khi mit duong doi ni.

Khoang thdi gian phanh lién tuc sé thay ddi theo vén toc
clia xe va hé s6 trugt sé tuong quan ti 1& nghich véi quing
duong phanh, do d6 khoang thGi gian sé xdy ra va cham
TTC,, dudc tinh nhu sau:

TTCar(s) = 1 (13)

i

Trong d6: D 1a khoang cach giita 2 xe va V. 1a van toc
tuong dbi gita 2 xe. Nhu vdy, ngudng thdi gian an toan
TTC., dé tranh va cham dudc tinh 12 khodng thdi gian toi
thiéu tir khi hé théng phét ra tin hiéu canh bdo nguy hiém
dén thoi diém ma ngudi diéu khién phuong tién thuc hién
thao tdc tranh nguy hiém, dugc tinh nhu sau:

TTCes(s) =t + 12 + 13+ Tqy (14)

Tu (10), (11), (12) va (14), ngudng thoi gian an toan
TTC.s; dugc tinh nhu sau:

75
Xl-a)i

[12) 1%
TTC =H+=+
es(S5) 1 273 6+

+1.2 (15)

erasu’ V3

Trong d6: X; dudc xdc dinh tlly vao gid tri thuc té ctia
ngudi diéu khién phuong tién. Vi dit liéu thu nhan dugc
tif moi truong géom toc dd va khoang cich giita cic xe la
tuong d6i, nén chiing ta can chuyén d6i ngudng thdi gian
an toan TTC., thanh khodng céch xe tuong ting va chuén
héa cdc bién s6. Pidu nay c6 thé 1am gidm do phiic tap vé
thai gian va khong gian cla thuit toan.

Tu do, gia tri khoang cach canh bdo D,, va khoang cach
phanh xe D; dugc tinh nhu sau:

5] % 75
Dy=vi(tj + 24— 412 |—2 ) (16
w =ve(l 2 36xgxax*p ?:]Xi(’-)i)()
t
Dy =ve(2 L) (17)

_+—
2 3,6xgxaxyu

V6i V, 1a van toc tuong dbi gitta 2 xe, ¢1 1a thoi gian dap
ting ctia hé théng phanh, #, 13 thdi gian tic dong clia phanh
va t3 la thoi gian phanh lién tuc, g = 9, 8m/s” 1a gia toc
trong trudng trai dat, u 1a hé sé trudt, a € [1,0,5,0,1,0, 3]
12 chi s6 méi truong, X; va w; 1a chi sb tic dong va trong s6
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Thuat toan 1: Canh bdo tranh va cham.

1 Dt liéu vao: tap cic chi sb.
2 Du liéu ra: Ngudng khoang cach canh béo, khoang céch

phanh xe.
3 begin
4 Xic dinh trong s clia titng chi s6( )— w;;

5 Tinh khodng thdi gian dép dng ctia hé théng— 74,

6 Téng hop thdi gian phanh ciia tiing giai doan
(D,Vz) = TTCqy;

7 Tinh ngudng khoang céch canh bao (.,v;) — Dy,;

8 Tinh ngudng khoang cach phanh xe (.,v¢) — Dp;

9 Pua ra quyét dinh phat tin hiéu canh béo ( );

tuong Gng. Nhu vdy, v6i viéc chuyén ddi ngudng thdi gian
an toan dé€ tranh va cham thanh gia tri khoéng cdch ngudng
canh bdo tuong ting va dua ra tin hiéu canh bdo can thiét
trong qua trinh diéu khién chuyén dong d€ tranh va cham.
Giai phap canh bao tranh va cham cho phuong tién tham
gia giao thong dudc ching t6i dua ra trong nghién ctiu nay
sé dugc thuc thi véi cac dit liéu dau vao 1a téc do thuc té,
dic diém moi trudng va dic diém ngudi diéu khién phuong
tién, véi cac budc cd ban dugc trinh bay trong thuét toan
1.

Biéu dién bang luu do thuat toan:

D@ liéu théng tin méi trwdng
t&v hé thng dinh vi, thiét bi cam bién

Va cham Va cham

Danh gia kidu SAU
va cham

Tinh toan thoi gian
va cham TTC

Giai phap an toan
canh bao va cham

Kiém tra vuot
cac ngudng

Phat tin hiéu Khong c6 tin
CANH BAO hiéu CANH BAO

Hinh 2. Luu d6 thut todn canh bdo tranh va cham

III. PANH GIA VA KET LUAN

D€ kiém tra va danh gia gidi phdp dé xuit, chiing t6i tién
hanh md phdng thuc nghiém cac quy trinh trong moi trudng
Matlap. Pong thdi, nhim dam bao tinh khach quan va do
tin cy khi ddnh gid, ching t6i tién hanh mé phoéng véi céc
kich ban khéc nhau, gdm kich ban xay ra va cham trudc va
kich ban xay ra va cham phia sau. Trong d6 céc tinh toan st



dung hé do ludng SI véi khoang thdi gian cip nhit clia hé
théng 7 = 0, 25, cdc bd thu nhan tin chuyén di liéu dén bd
diéu khién 1/0 véi chu ky thdi gian mo phong 12 0, 05s. Qua
trinh md phéng dé€ xdc dinh gid tri khoang céch cidnh bdo
an toan dugc tién hanh véi 03 tinh hudng: Tinh hudng thuc
hién phanh khén cép vé6i phuong tién phia truéc, tinh huéng
van toc clia xe phia trude nhd hon xe chii va tinh hubng ca 2
xe déu cling van téc. Tham s trong mo phéng nay véi van
tdc va gia toc clia cic xe dugc quy dinh la bing nhau, do
d6 gia tri van toc tuong dbi v, ciia cic xe c6 1 gid tri trong
moi trudng hoat dong va thoi gian ddp ting ctia hé théng
phanh #; = 0, 5s, thoi gian tdc dong ctia phanh t; = 0,4s,
thoi gian phanh lién tuc 3 = 3s, hé sd trugt u = 0,7, chi
s6 dbi tuong diéu khién phuong tién tao tic dong cho hé
théng dugc tién hanh 02 ngudi, v6i cdc chi sb nhu sau:
[OBJ]a = (X] = 30,X2 = 5,X3 = 7,X4 = 1,8,X5 = 5) va
[OBJ]p = (X1 =58,X,=3,X3=4,X4=1,1, X5 =20).

Két quia mo phong tiép tuc dugc danh gid so sanh véi
cdc gii phdp 4p dung thuit toan khic gdm: thuit todn
Mazda[13] va thuat toan Berkeley[13], qud trinh danh gia
dudc tién hanh biang cach so sinh khoang cach thuc hién
phanh an toan véi cdc van toc tuong dbi khic nhau.

Trong do6, thudt todn Mazda la thuat toan dya trén phan
tich dong hoc dé€ xdc dinh khodng cach gii han phanh. Tuy
nhién, khoang cach dudc tinh todn 13 khodng cach dé€ dam
bao an toan cho thao tac phanh, nén khoang cach nay dugc
st dung lam khoang cach giéi han canh bao [11]. Khoang
cach canh bao D,, dugc tinh nhu sau:

1 (v —vp)?

V2
Dwmazda =
2 aj

(a - )+ vt +vota+dy  (18)
1

V6i dy 1a khodng cich ban dau, v 1a van téc ctia xe phia
sau, vy 1a van toc tuong d6i giffa cic xe, ¢; 1a thoi gian
tré clia hé thong, #, 1 thdi gian phan ting ctia ngudi diéu
khién, a; 12 vin d6 gidm cuc dai do thao tic phanh ciia xe
phia sau va ap la van dd giam cuc dai do thao tic phanh
cla xe phia trudc.

Va thuit todn Berkeley 1a 13 thuét toan dudc cai tién dua
trén thuat toan Mazda nham tao ra khoang céach canh bdo an
toan hon, phuong trinh khodng cich canh bdo Dy,perkeiey
dugc xdy dung nhu sau:

1 v?

(v —vo)?
Dywmazda = E(; -

)+V(l‘1 +l‘2)+d() (19)

Véi dy 1a khoang cach ban diu, v 1a van tc clia xe phia
sau, vo 1a van toc tuong d6i gifta cic xe, #; la thoi gian
tré ctia hé thdng, t, 1a thoi gian phan ting ctia ngudi diéu
khién, a 12 vin dd gidm cuc dai do thao tic phanh ciia xe.

B d—dg (20
&= ds—dp )
1 2
dpr =vo(t1 +12) + Ea(tl + 1) 21
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V6i d la khoang cach hién tai gitta 2 xe, dp, 1a khodng
cach gidi han phanh.

1. Két qua méd phéng canh bdo va cham phia sau

Qua trinh thuc hién md phéng trong cic diéu kién moi
truong khac nhau, véi 04 chi s6 méi trudng dugc thiét 1ap
cho dit liéu dau vao g6m a €[1,0,50,1,0,3] tuong Gng
v6i moi trudng mat dudng khd, mat duong cé nuéc, mat
dudng cat va mit dudng ddi nii.

Trong diéu kién méi truong
MAT BUONG KHO, a=1

Trong diéu kién méi truong
MAT BUONG CO NUOC, a=0.5

@
=}

© N oo
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@
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Thuat toan Mazda

Thuét toan Berkeley

Hinh 3. Két qud md phdng cinh bdo va cham sau

Két qua sb liéu mo phéng cho thiy véi tbe do di chuyén
khéc nhau thi trong diéu kién moi trudng t6t (mit dudng
kho) khodng céch cinh bdo ctia OBJ, (c6 chi sb do tudi it)
ngan hon so véi OBJ}, (c6 chi sb do tudi nhiéu), nghia la
ngudi tré tudi sé c6 phan xa nhanh hon khi thay déi toc do
so v6i ngudi 16n tudi trong diéu kién binh thudng va ngudi
c6 chi s6 tudi 16n thi thao tac than trong hon. Nhung trong
diéu kién mit dudng c6 nudc, mit dudng cét thi khodng
cich cénh bdo cia OBJ, ting Ién rit nhiéu va ciing tuong
duong véi khoang cach canh bao cua OBJp, nghia 1a véi
chi s6 kinh nghiém diéu khién con it thi khoang cich du
bdo can thay ddi cho phit hgp véi diéu kién thdi tiét khong
thuan 10i. Nhu vay, qua két qua mo phong ching ta c6 thé
thiy dudc tic dong cia diéu kién mdi trudng lam thay ddi
qua trinh phat tin hiéu canh bao tranh va cham, va tuy thudc
tap chi sb diu vao cla d6i tuong diéu khién phuong tién
ma khoang cich cénh bao ciing thay d6i tuong ting.

2. Két qua md phéng canh bio va cham truc dién

Qua trinh thuc hién md phéng trong cic diéu kién moi
trudng khic nhau, v6i 04 chi s moi trudng dudc thiét lap
cho dit lidu dau vao g6m a€[1,0,5,0,1,0,3].
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Trong diéu kién mdi truong
MAT DUONG KHO, a=1

N
< 180f

Trong diéu kién méi truong
|- MATBUONG CONUGC, a=0.5
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Hinh 4. Két qua md phdng cinh bdo va cham tryc dién

Két qua mo phdng cho théy, khoang cach canh bdo tranh
va cham cua giai phap ap dung thuat toan Berkeley it thay
d6i theo van tc tuong ddi. Ngoai ra, khi van téc tuong
dbi cao thi khodng cdch canh bdo ngin nén khong kip thoi
va khi tdc do tuong ddi thip dé giy ra canh bdo sai, tit d6
dan dén diéu kién an toan trong cinh bdo nguy hiém khong
dam bao. Trong m6 phdng tranh va cham truc dién nay thi
khoang cédch canh bdo khi 4p dung gidi phdp dé xuét véi
céc chi s6 dau vao ctia OBJ,, OBJ, thi khoang cach canh
bdo trdanh va cham nhay cim hon véi su thay d6i téc do
tuong d6i, nén c6 thé dam bao an toan cho cic phuong
tién v6i cic tbc do tuong ddi khic nhau. Trong diéu kién
cdc chi s6 moi trudng hoat dong khic nhau, véi van tdc
tuong d6i cham thi khoang cich du bdo ctia gidi phap dé
xuét gan bing véi khoang cach du bao dugc thuc hién bdi
thuat toan Berkeley, nhung khi van téc tuong dbi ting thi
khoang céach du bdo giita 2 giai phap cling tang ty 1€ thuin
va miic do gia ting khoing cdch cinh bdo ctia giai phap dé
xuét ting nhanh hon so véi gidi phdp 4p dung thuit todn
Berkeley.

Con véi giai phap ap dung thuit toan Mazda c6 thoi gian
canh bao tuong dbi cham trong cic diéu kién méi truong
khac nhau, khoang cich canh b4o ngin va cham, diéu nay
van chua chiém dudc uu di€ém so v6i gidi phap dugc dé
xuét trong nghién cifu nay.

3. Két luan

Nhu viy v6i gidi phap két hop giita thdi gian tranh va
cham va céc chi s6 lién quan vé moi truong hoat dong,
chi s6 lién quan dén ddi tuong diéu khién phuong tién, giai
phép dé xuét da gidi quyét bai toan canh bdo tranh va cham
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duéi géc do xét cac mbi quan hé gitta vi tri cac dbi tuong,
cic yéu tb tic dong ctia moi trudng nhu hé sb trugt, tim
nhin d€ tao ra cdc khodng thoi gian cinh bdo khic nhau,
v6i két qudz mo phong ban dau, di cho thiy khd ning thich
nghi clia gidi phdp dé xuét c6 thé ap dung v6i nhiéu chi
s6 dau vao tuy thudc vao moéi trudng hoat dong, da giam
ty 1& canh bdo sai va canh bdo thiéu so véi cac gidi phdp
ap dung thuat toan Berkeley va Mazda. Thuit toan dé xuét
da ching minh tinh hop ly, kha thi va c6 thé cai thién hién
qua an toan giao thong thong qua thuc nghiém.

Y tuéng chinh clia gidi phdp ky thuat nay sé hd trg cho
viéc thiét ké xe mot diém diing an toan, cho du viéc diéu
khién xe hién tai 12 nhu thé nao. Trong tuong lai, d€ ting do
tin cdy clia gidi phap nay thi nhiing thiét 1ap da dugc thuc
nghiém biang md phong sé dugc chuyén sang moi trusng
thuc vé6i xe thuc nghiém dudc trang bi ddy di cic cam bién,
dong thoi khi thuc nghiém trén thuc té sé b sung mot sd
yéu t6 phan tich tinh &n dinh ctia hé thdng sao cho hanh vi
tham gia giao thong clia cic d6i tuong dudc du bao chinh
xdc hon. Viéc trién khai rong rai giai phdp nay cho cic xe
ban tu hanh trong cic hé théng diéu khién phuong tién sé
c6 thé giam thiéu dudc sd luong 16n cac thiét hai ciing nhu
tao ra mot ké hoach chuyén dong an toan cho tuong lai.
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Tém tat: Bai toan Clique 16n nhit (Maximum Clique Problem) I bai todn tim tip con 16n nhét cta tip dinh trong don
dd thi v hudng, sao cho hai dinh phan biét trong n6 ludn ké nhau. Pay 12 bai todn ndi tiéng thudc 16p NP-complete, dugc
ting dung nhiéu trong cdc linh vuc khai thac dif liéu, phan tich mang, truy xuét thong tin, y hoc, gido duc va nhiéu linh
vuc khic lién quan dén mang udi toan cau. Cé nhiéu céch tiép can giai bai toan Clique 16n nhit nhu quy hoach dong,
nhanh-can, heuristic hay meta-heuristic — cho 15i gidi chinh xdc hay x4p xi. Trong bai bdo nay, nhém tic gia phan tich

hai thuat gii tiép can heuristic gan day va dé xuét cdc heuristic ting do chinh xdc cda 15i gidi cho bai toan Clique 16n
nhét. Phan thyc nghiém, nhém tdc gia so sanh chét lugng 15i gidi cla thuat gidi d& xuit trén 10 bo dif liéu tt DIMACS.

T khoa: clique Ion nhdt, tiép cdan Heuristic, NP-complete.

Heuristic Approach for Solving the Maximum Clique Problem on Simple Undirected and Unweighted Graph
The Maximum Clique Problem is the problem of finding the largest subset of vertices in a simple undirected graph,

such that two distinct vertices in it are always adjacent. This is a well-known NP-complete problem, widely applied in
the fields of data mining, network analysis, information retrieval, medicine, education and many other fields related to
World Wide Web. There are many approaches to solving the Maximum Clique problem such as dynamic programming,
branch and cut, heuristic or metaheuristic — for exact or approximate solutions. This article, the authors analyze two
recent heuristic approaches and propose heuristics to increase the accuracy of the solution for the Maximum Clique
problem. The experimental section, the authors compare the solution quality of the proposed algorithm on 10 datasets

Title:
Abstract:
from the DIMACS.
Keywords:  maximum clique, Heuristic, NP-complete.

I. GIOI THIEU

Bai toan clique 16n nhit (Maximum Clique Problem —
MCP) 12 mét bai toan kinh dién ctia ly thuyét do thi thudc
16p NP-complete va c6 nhiéu ting dung linh vuc khoa hoc
mdy tinh, sinh hoc, tai chinh,.. dudc giai quyét thong qua
bai todn tim kiém cic Clique trong dd thi. Trong ting dung
thuc té, cac bai toan thudng dudc mo hinh hod bing dd thi
rit 16n va cin phdi c6 bd nhé luu tri di 16n cho qua trinh
thuc hién céac thuat toan. Nhom tac gia Pam Thanh Phuong
va dong su [16] da thao luin nhiing thach thidc tinh todn
tir ly thuyét dén thuc hanh ctia bén ting dung cu thé - cho
thiy khé khin trong thiét ké cac thuit todn phit hgp mang
hiéu qua cao.
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Trong vai nim tr§ lai ddy, c6 nhiéu cong trinh nghién
ctiu vé MCP va cdc ting dung khong lién quan dén mang
1u6i toan cau nhu: xdc dinh céc cu tric protein tuong dong
[2] — sinh hoc; theo d6i da muc tiéu [9] — thi giac may tinh;
phan cum dién ndo dd [12] — y hoc; xép hang cic trudng
dai hoc [13] — gido duc;... Nhom tac gia dua vao cong trinh
khéo sat [10], c6 thé phén loai cdc nghién ciu giai bai todn
MCP theo hai nhém chién lugc tiép can:

Chién lwge tim kiém 16 giai chinh xdc: Thuit todn quy
hoach dong [1], thuit todn nhanh-cin [2, 4, 8]. Chién ludc
ndy chi thich hop thuc hién trén cic dd thi c6 kich thudc
nhé va cho thoi gian thyc thi 1a cao. Trong ky nguyén bung
nd dit lidu ctia cdc linh vic — DAy thuc su 12 thch thic 16n



trong linh vuc nghién ciu ly thuyét t6i uu t3 hop. Chién
luge nay con la co sd cho danh gia do chinh xdc cua cac
gidi thuat cho 16i giai gan ding.

Chién luge tim kiém 10i giai gan ding: Pay 1a gii
phép lya chon cho cac bai toan c6 thdi gian thuc thi la
cao va c6 thé chip nhan 15i gidi gan ding; chién ludc nay
thudng dua vao kinh nghiém d€ dua ra cdc heuristic cho
titng bai toan hoic dit lidu cu thé — khong chic hiéu qua cho
tAt ca; goi 1a cdc giai thuat heuristic. Giai thut heuristic
lam gidm déng k€ thoi gian thuc thi — uu di€ém ndi bat; mot
sb giai thuat heuristic giai bai toan MCP: [3, 5, 14, 18, 19],
v.v.. Ngoai ra, chién ludc nay con sit dung két hop nhiéu wu
diém cua tiing giai thuat heuristic — goi 1a meta-heuristic.
Gan day ciing c6 nhiéu nghién ciiu st dung cic giai thuat
meta-heuristic giai bai toan MCP — giai thuat biy ong [11],
giai thuat t6i Gu dan kién NACO [6], KLS_improve [17],
V.V..

Nim 2019, nhém tic gia Phan Tan Qudc va Huynh
Thi Chau Ai da dé xuit heuristic cai tién thuat gidi
MAXCLIQUEHEUI [15] va MAXCLIQUEHEU?2 [5] cho
16i gidi chit lugng chua tot & mot sb6 bo dif liéu tif hé théng
DIMACS (10 bd dit liéu 6 Bang 2). Vi vdy, nhom tic gia
chon nghién ctiu dé xuit cac heuristic hiéu qui cho viéc
gia ting chét luong cta 15i giai.

Trong nghién cdu nay, nhom tic gia tip trung phén tich
hai giai thuat heuristic [18] va dé xuit cdc heuristic hiéu
qua lam gia ting chit lugng 15i gidi cho bai toan MCP dua
trén cac tinh toan théng ké phi hop. Trong Phan 2, trinh
bay cdc khdi niém co ban vé bai toan Clique 16n nhét va
phan tich mot sb thuat gidi gan day. Phan 3, trinh bay thuat
gidi dé xudt MCP-HEU* x4c dinh nhanh Clique 16n nhét
ctia don do thi vo hudng khong c6 trong s6. Két qua thuc
nghiém dugc trinh biy trong Phan 4 va két luin & Phan 5.

II. KHAO SAT MOT SO HEURISTIC GIAI BAI
TOAN CLIQUE LON NHAT

Trong phan nay, nhém tic gia trinh bay cdc khai niém
lién quan bai toan Clique 16n nhit va dong thdi phan tich
2 giai thuat gan day cia nhém tdc gia Phan Tin Qudc va
Huynh Thi Chau Ai [18, 19].

1. Bai toan Clique 16n nhéit

Cho G = (V, E) 1a don db thi vd huéng khong c6 trong
s6, c6 V 1a tip chifa cic dinh ctia do thi, E 1a tip chia cic
canh trong d thi. Tap cdc dinh lién ké v6i dinh vi, ky hiéu
adj(v;); bac cha dinh v; 1a lyc lugng cta adj(v;), ky hiéu
deg(v;) va deg(v;) = ladj(v;)l.

Dinh nghia 1: (Complete Graph) Do thi day dii n dinh
la don dd thi vo huéng ma giita 2 dinh bét ky trén do thi
ludn c6 canh néi, ky hiéu K,,.
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Pinh nghia 2: (Clique) VK,>; € G = (V, E), cac tap
dinh ctia do thi K, dudc goi la cac Clique ctia do thi G.
Ky hiéu, Cs 1a mot Clique cta do thi G.

Tinh chét 1: S6 luong dinh (kich thudc) ciia mot Clique
C ctia dd thi G, ky hiéu 1a |C|. Néu v; € |C| thi |C] <
degg(vi) + 1.

Dinh nghia 3: (Maximal Clique - Clique cuc dai) Cg
la mot Clique ctia d6 thi G dudc goi 1a mdt Clique cuc
dai, néu khong ton tai C; 2 Cg va |Cg| > |Cgl. Ky hiéu,
Chaximar 12 Clique cuc dai ctia dd thi G.

Pinh nghia 4: (Maximum Clique - Clique 16n nhit) Cg
la mot Clique ctia dd thi G dudc goi 1a mdt Clique 16n
nhit, néu khong ton tai C;, > Cg va |Cg| > |CL|. Ky
hiéu, Cpraximum 12 Clique 16n nhit ctia dd thi G.

Pinh nghia 5: (Clique number - Chi s6 Clique) 1a sb
luong dinh ctia Cazaximuwn Clique 16n nhit cta db thi G.
Chi s6 Clique ctia do thi G, ky hiéu 1a w(G).

Tinh chét 2: (dua vao dinh nghia 3 va 4) Mot Clique
16n nhit 1a mot Clique cuc dai, nhung mot Clique cuc dai
chua chic da 1a mot Clique 16n nhét.

Tinh chét 3: (dua vao dinh nghia 4) Do thi c¢6 thé c6
nhidu Clique c6 kich thudc bang Clique 16n nhét.

Bai toan tim Clique 16n nhit

Cho G = (V, E) 1a don d6 thi vo huéng khong c6 trong sb.
Bai toan tim Clique 16n nhit (Maximum Clique Problem -
MCP) 1a bai toan tim mét Clique 16n nhét (theo dinh nghia
4) trong dd thi da cho.

Cho G 1a don do thi vé huéng khong c6 trong s6, c6 18
dinh va 26 canh nhu & Hinh 1.

Hinh 1. Pon db thi vé huéng G cho vi du

Bang 1, cho thiy dd thi G c¢6 s lugng phan td clia tap
Clique, Clique cuc dai va Clique 16n nhét 1an lugt 1a 37, 9
va 1 — s6 lugng cic Clique rat 16n so v6i Clique cuc dai
va Clique 16n nhat. Pong thdi cho thiy Clique 16n nhét cia
dd thi 1a {8, 9, 10, 11} va chi s6 Clique w(G) = 4.

2. Mot sb giai thuat giai bai toan Clique 16n nhét
Nim 2019, nhém téc gid Phan Tin Qudc cung dong

su da cai tién thuit toan MAXCLIQUEHEUI1 [15] cia

nhém tac gia Vi Dinh Hoa va MAXCLIQEHEU?2 [5] cia
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Bang I
TAP CLIQUE, CLIQUE CUC PAI VA CLIQUE LON NHAT TREN PO THI G.

Tap Clique
#C=37)

Tap Clique 16n nhét
H#HCrraximum=1)

Tap Clique cuc dai
#HCrmaximar=9)

{1, 2}, {1, 3}, {1, 4}, {1, 5}, {1, 6}, {1, 7}, {1, 8}, {2, 3}, {4, 5},
{6, 7}, {8, 9}, {8, 10}, {8, 11}, {9, 10}, {9, 11},{10, 11}, {10, 12},
(12, 13}, {12, 14}, {12, 15}, {12, 16}, {12, 17}, {12, 18}, {13, 14},
(15, 16}, {17, 18}, {1, 2, 3}, {1, 4, 5}, {1, 6, 7}, {8, 9, 10}, {8, 9,
11}, {8, 10, 11}, {9, 10, 11}, {12, 13, 14}, {12, 15, 16}, {12, 17,
18}, {8, 9, 10, 11}

{1, 8}, {10, 12},{1, 2, 3}, {1, 4,
53, {1, 6, 7}, {12, 13, 14}, {12,
15, 16}, {12, 17, 181, {8, 9, 10,
11}

{8,9, 10, 11}

Algorithm 1: HEU1 - xac dinh kich thuéc Clique
16n nhéit cta dd thi.

Algorithm 2: HEU2 - xac dinh kich thuéc Clique
16n nhéit cta dd thi.

1 Inputs: Db thi G = (V, E).
2 Outputs: Kich thusc Clique 16n nhit - wg.

3 begin

4 WBest = 0;

5 CMaximl{m ={o});

6 while diéu kién ding chua théa do

7 U={o}

8 while V # {&} do

9 S = {k dinh thudc V c6 bic 16n nhat};
10 Chon nglu nhién dinh v € S ;

11 U=UU{v};

12 V=V-{v}h

13 X6a cic dinh khong k& véi dinh v ra khoi V;
14 Cip nhat bac cac dinh trong V

15 end

16 if |U| > wpes: then

17 wBest = |Ul;

18 Cap nhit Cyraximum = U;

19 end
20 end

21 return wpges:t;
22 end

nhém tic gia Pattabiraman cling dong su; thuat toan cai
tién 1an lugt c6 tén goi 1a MAXCLIQUEHEU1_improve va
MAXCLIQUEHEU?2_improve [18] — d€ thuén tién trong
viéc phan tich, chiing toi st dung tén tit cho 2 thuat toan
cai tién trén 12 HEUI va HEU2. Cic gidi thuat cai tién
HEU1, HEU2 dugc trinh bay:

Phin ma gia thuat gidi HEU1 cai tién tif MAXCLIQUE-
HEUI [15] - Thuét giai 1

Trong gidi thudt HEU1, nhém tdc gid da bS sung dong 9
va 10 — chon k dinh thudc V c6 bac 16n nhit (dong 9), st
dung chién lugc chon ngiu nhién (dong 10) va gidi thuat
dugc 1dp lai nhiéu lan (diéu kién diing — dong 6) cho viéc
chon 15i gidi tot hon.

Uu diém: D& hiéu, don gian khi st dung chién lugc tham
lam — “dinh c6 bac 16n nhét thi ¢6 nhiéu kha ning 1a dinh
thuoc Clique 16n nhét”;

Nhugc diém: Chon tap S gdm k dinh c6 bac 16n nhit —
can x4c dinh k 12 bao nhiéu cho phit hop ting bd di liéu,

1 Inputs: Db thi G = (V, E).
2 Outputs: Kich thusc Clique 16n nhét - wg.

3 begin

4 WBest = 0;

5 CMaximl{m = {G};

6 while diéu kién ding chua théa do

7 Chon ngiu nhién dinh v € S;

8 if deg(v;) > max then

9 U={ec};

10 foreach v; € adj(v;) do

1 if deg(v;) > max then

12 | U=sUU{v;};

13 end

14 while V # {2} do

15 S = {k dinh V c6 bac 16n nhit tir
V)

16 Chon ngiu nhién dinh v € S ;

17 U=U- {v};

18 Chi giif lai dinh u € U: (u ké véi
dinh v va deg(u) > max);

19 max = max + 1;

20 end

21 end

2 if |U| > max then

23 | max = |UJ;

24 end

25 end

26 if max > wpes; then

27 WPBest = Max;

28 Cap nhét Cyraximum = U;

29 end

30 end

31 return wpges:;

32 end

diéu nay cho ta thiy chét luong ctia 15i gidi phu thudc vao
tap dinh c6 bac 16n nhéit dugc lua chon.

Phin ma gi4 thut gidi HEU2 céi tién tit MAXCLIQUE-
HEU2 [5] - Thuat gidi 2

Tuong ty, & gidi thuat HEU2, nhoém tac gid da bd sung
dong 16 — chon k dinh thudc U c6 bac 16n nhit va chién
ludc chon ngau nhién (dong 16) va gidi thuat dugc lip lai
nhiéu 1an (diéu kién diing — dong 6) cho viéc chon 18i giai
tot hon. Phan wu va nhude diém ciing tuong tu nhu & thuat
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giai HEU1.

Trong ca 2 giai thudt HEU1 va HEU2, nhom tac gia da
lua chon k = 10% dinh c6 bac 16n nhit cuing chién lugc
chon ngau nhién va s6 1an lip lai 1a 30 lan (diéu kién diing)
— chit luong ctia 18i gidi phu thudc vao k.

Phan thuc nghiém ctia ca 2 giai thuat HEU1 va HEU2
trén 37 bo dit lidu tir hé thong thach thiic DIMACS cho chét
lugng cla 16i gii tot hon ca 2 gidi thuat MAXCLIQUE-
HEU1 vd MAXCLIQUEHEU2. Tuy nhién, chét lugng 15i
gidi tt HEU1 va HEU2 chi dat tir 69,00% dén 100,00% va
tir 72,00% dén 100,00% so v6i két qua toi uu (wpes: ).

Bang IV, cdc dinh ctia don dd thi G vd huéng khong cé
trong s6 dudc sap xép giam din theo bic.

Bang II, mo ta két qua thuc nghiém trén 10 bd dit lidu
tir hé thdng DIMACS (10 bo dit liéu cho 15i gidi c6 chét
luong thip trong 37 bd dit liéu) - gdm cac thong tin sau:
Tén bo dit liéu, |V| 1a s6 dinh, |E| 12 s6 canh, deg,n;, 12 bic
cuc ti€u, degmax 12 bic cuc dai, median 12 gid tri trung vi
cua bic cac dinh, iqr la do trai gitta cia bac cac dinh (Q3-
Q1), wpes; 1a chi s6 Clique tot nhat hién nay [7], WHeu
VA WHeu-

Minh hoa thuét giai HEUI theo dd thi G ¢ Hinh 1.

Bang III, bac ctia cic dinh trén don dd thi G vd hudng
khong c6 trong s theo thi tu cic dinh.

Tu Bang III, thuat giai HEU1 va HEU2 chon k = 10%
dinh c6 bac cao nhit trén dd thi G. Khi d6, tap S = {1,
12}: gia st chon ngau nhién dinh 1 — két qua tra vé chi sb
Clique wpes;= 3; dua vio Bang I, ta thiy v6i wpess = 3
chua phai 12 10i giai tét (w(G) = 4). Tit minh hoa va phéan
tich trén, nhom tac gia chi ra riang khi chon k = 10% dinh
c6 bac cao nhit va chon ngiu nhién — day chi 1a cac lya
chon mang tinh chi quan cia nhém tac gia [18]. Qua do,
cho thiy d€ giai bai toan Clique 16n nhat cho 15i gidi chét
luong t6t khong chi dua vao yéu td ngiu nhién va cam tinh.
Rét can thiét cho viéc dé xuét heuristic phu hop hon cho
bai to4n tim Clique 16n nhat.

1L PE XUAT HEURISTIC GIAI BAI TOAN
CLIQUE LON NHAT

Phan dé xuét thuat gidi hiéu qua cho bai toan tim Clique
16n nhét, nhom tic gia dua trén nén tang thong ké va phan
tich dé xuét cdc heuristic phu hop cho bai todn tim Clique
16n nhét.

1. Mot s6 dai lugng mé ta su phan bd cha dit liéu
trong thong ké

Quy tic ba Sigma 68-95-99,7 (Empirical Rule). Day
la quy tic da kiém ching thuong dudc sit dung trong théng
ké dé du bdo cic két qua cudi cling.

35

Tip 2021, S6 1, Thing 6

99.7=100%

95%

68%

-

-
34,1% 34.1%

13.6%

Al

H-30 p-20 P-O !

13.6%

2.1%

-

p+2o0 p+3o

H+ao

Hinh 2. Quy tic ba Sigma - gi tri trung binh g va do 1éch chuin
o

Hinh 2, theo quy tic ba Sigma c6 68% quan sit nam
trong do léch chuidn dau tién (u + o), 95% quan sit nim
trong hai do 1éch chuin diu tién (u + 20°) va 99,7% nim
trong ba do 1éch chudn dau tién (u + 307). Ngoai ra, quy tic
ba Sigma con cho thdy 15,70% cic gi4 tri 16n nhit thudc
[u+0o,u+30].

Hinh 3, minh hoa cac phan vi (Quartiles) va do trai gitra
(Interquartile Range - IQR). Céac phan vi la dai lugng mo
td su phan bd va sy phan tin cda tip dif liéu, gom c6 3
gia tri: phan vi thi nhét (Q1), thi hai (Q2) va thd ba (Q3)
— chia tap di liéu thanh 4 phan c6 s ludng quan sit déu
nhau; do trdi gifta cla tap dif liéu 1a hiéu sb gitta phan vi
thd ba va thi nhét, cong thic tinh theo phuong trinh sau:

IOR =03 - 01 (1

QR =05 -01

8] Q2

I 25% ‘ 25%
.

Q3
25% I 25% |
-

v
Interquartile Range

=Q3-Ql

Hinh 3. Cac phén vi (Quartiles) va do trai gitta (InterQuartile
Range )

Mot vai quan sat dién hinh tit Bang II: ta thiy bo dif liéu
"hamming10-4” ¢6 1.024 dinh va cac dinh c6 bic bing
nhau 848, 15i giai clia ca 2 gidi thuat déu cho chit lugng
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Bang 1T
KET QUA THUC NGHIEM cUA HEU1 vA HEU2 TREN 10 BO DU LIEU TU DIMACS

Dir liéu V| |E| degmin degmax median iqr WBest WHeul WHeu?
brock400 2 400 59.786 274 328 299 10,00 29 24 24
brock800 2 800 208.166 472 566 512 18,00 24 19 20
brock800 4 800 207.643 481 565 519 18,25 26 19 19
C2000.9 2.000 1.799.532 1.751 1.848 1.800 18,00 80 66 62
C4000.5 4.000 4.000.268 1.895 2.123 2.001 42,00 18 16 16
gen400 p0.9 55 400 71.820 334 375 360 13,25 55 50 50
gen400 p0.9 65 400 71.820 333 378 361 14,00 65 48 50
gen400 p0.9 75 400 71.820 335 380 359 13,00 75 52 54
hamming10-4 1.024 434.176 848 848 848 0,00 40 34 33
keller6 3.361 4.619.898 2.690 2.952 2.724 50,00 59 43 49
Béng IIT

BAC CUA CAC PINH TREN PO THI G THEO THU TU CAC PINH.

Pinh | 1|2 (3|4 |5|6|7 |8 |9 |10 |11 |12 |13 |14 | 15| 16 | 17 | 18
Bac |7 |2 |2 2|2 |2|2|4]|3 4 3 7 2 2 2 2 2 2

. Bang IV .
CAC PINH TREN PO THI G PUGC SAP XEP GIAM DAN THEO BAC.

Pinh | 1|12 8|10 |9 |11 |2 |3 |4 |5|6 |7 |13 |14 | 15|16 | 17 | 18

) Bang V
KET QUA THUC NGHIEM TREN 10 BO DU LIEU TU DIMACS

Dit liéu VI |E] degmin degmax WBest WHeul WHew2 WHeuls WHeuls
brock400 2 400 59.786 274 328 29 24 24 26 28
brock800 2 800 208.166 472 566 24 19 20 22 24
brock800 4 800 207.643 481 565 26 19 19 23 24
C2000.9 2.000 1.799.532 1.751 1.848 80 66 62 75 77
C4000.5 4.000 4.000.268 1.895 2.123 18 16 16 17 18
gen400 p0.9 55 400 71.820 334 375 55 50 50 52 53
gen400 p0.9 65 400 71.820 333 378 65 48 50 61 63
gend400 p0.9 75 400 71.820 335 380 75 52 54 67 71
hamming10-4 1.024 434.176 848 848 40 34 33 36 38
keller6 3.361 4.619.898 2.690 2.952 59 43 49 53 57

xAp xi nhau 85% va 82,25% ; bo dit lidu "gen400 p0.9 75" 2. Thuét giai HEU* cho bai toan tim Clique 16n nhit
¢6 400 dinh va do trai 1a 55 (Range = degmin - degmax =

380 — 335 = 55) cho thdy cdc dinh tuong ddng rit nhiéu — Trong phan ndy, nhém tic gia trinh biy thuat giai dé xut
ca 2 giai thuat déu cho 18i gidi chét luong thip 69,33% va  tim Clique 16n nhat dya vao mot so heuristic d¢ xuat nhu
72%. sau:

Heuristic_0: (dua vao tinh chit 1) Diéu kién ngit trong
qué trinh tim Clique 16n nhit, néu chi s6 Clique wgey; >

36



Algorithm 3: MCP-HEU* - xac dinh kich thudc
Clique 16n nhét ctia do thi.

1 Inputs: Do thi G = (V, E).
2 Outputs: Kich thuéc Clique 16n nhit - wg.

3 begin

4 WBest = 0;

5 Chon tap S theo heuristic_1 hodc heuristic_2;
6 foreach v; € S do

7 U ={o},

8 foreach v; € adj(v;) do

9 If deg(vj) > wpes: U=UU{v;};
10 while V # {@} do

11 Chon v € U c6 bic 16n nhit;
12 U=U- {v};

13 Chi giit lai dinh u € U: (u k& véi dinh v

va deg(u) > WBest);

14 WBest = WBest + 13

15 end

16 if |U| > wpes; then

17 ‘ WBest = |U|

18 end

19 end

20 end

21 return wpges:t;
22 end

deg(v;) +1 (v; la cac dinh con lai trong tip S).

Dua vao quy tic ba Sigma, nhém tac gia dé xuit heuristic
sau:

Heuristic_1: Chon k = 16% (lam tron tit 15,70%) dinh
c6 béc 16n nhit - nghia la chon tir dinh ¢6 bac 16n nhit dén
dinh c6 bac xAp xi gid tri (u+0) dudc lam tron xudng (liy
phan nguyén);

Vi du 1: theo d6 thi G ¢6 18 dinh va 26 canh, véi k =
16% tuong tng tap S c6 3 dinh tit dinh c6 bac 16n nhét
dén dinh c6 bac xip xi (u+0) =4 (u=2,89;0 = 1,64).

Tuong tu, dua vao gia tri trung vi median va do trai gitra
iqr (xdc dinh Q1, Q2, Q3) — nhém tic gia dé xuat heuristic
cho viéc chon dinh tiém ning trong tip S:

Heuristic_2: Chon k = 16% dinh c6 bac 16n nhét theo
ty 1€ 8 : 5 : 3 trén tiing kho&ng phén vi - chon ngiu nhién
8% dinh c6 bac thudc [Q3, degmax]; 5% thudc [Q2, Q3]
va 3% thuoc [Q1, Q2]. Ty 1& 8 : 5 : 3 c6 thé tuy bién.

Vi du 2: theo dd thi G c¢6 18 dinh va 26 canh, median =
2,iqr =1 (Q1=2, Q2 =2, Q3 = 3), degmin = 1, degmax =
7. Khi do, chon ngiu nhién 8% dinh c6 bac thuoc [3, 7];
5% dinh c6 bac thudc [2, 3] va 3% dinh c6 bac thudce [2,
2] — két qui nhan dugc téng s6 dinh thudc tip S cé thé
16n hon k = 16% do lam tron (8% chon 2 dinh; 5% chon
1 dinh va 3% chon 1 dinh — ¢6 4 dinh dudgc chon cho tip
S).

Trong nghién cdiu nay, nhom tdc gia chon gidi thuat
HEU2 cho thuc nghiém cii tién thay thé cdc heuristic vira
trinh bay & trén.

Tip 2021, S6 1, Thing 6

Thuat giai MCP-HEU1* la thuat giai 6 dong 2 st dung
heuristic_1; thuat giai MCP-HEU2* la thudt gidi dung
heuristic_2 & dong 2. O ca 2 thuat giai, tip S dudc chon
trude va day 1a tap chia cac dinh tiém ning thudc Clique
16n nhat.

IV. THUC NGHIEM VA PANH GIA

Thyc nghiém trén mdy tinh Core 17-3540M CPU 3.0
GHz, 4Gb RAM, thuit toan cai dat trén C#, Microsoft
Visual Studio 2015. Dt li€u thuc nghiém. DU li€u dugc
chon tir hé théng DIMACS cho thach thifc gidi bai todn
Clique 16n nhét gdm c6 37 bd dit liéu [7]. Tuy nhién, nhém
tac gia chi chon 10 bd di liéu (giai thudt HEU1_improve,
HEU2_improve cho 15i gidi chit lugng chua t6t, xip xi 70%
) theo Bang V cho phan thuc nghiém so sianh do chinh xac
cung v6i 2 gidi thuat HEU1_improve, HEU2_improve [18]
— thuén tién cho viéc so sanh két qua thuc nghiém, nhém
tac gia viét tit tén clia 2 giai thuat trén 12 HEU1 va HEU2.

Bang V, m6 ta 10 bo di liéu thuc nghiém tit hé thong
DIMACS - gdm céc thong tin sau: Tén bo dit liéu, |V| 1a
s6 dinh, |E| 14 s6 canh, degmin 12 bac cuc ti€u, degmax 12
bic cuc dai, wpes 12 chi sb Clique tot nhit hién nay [7],
wgeul, wgeu2, wgeulx va wyeux.

Chi s Clique Litm nhiit
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0 4
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Hinh 4. Chi s6 Clique clia cc thuat gidi trén 10 bd dit lidu tir
DIMACS

Hinh 4, cho thdy chit luong 10i gidi cia 2 thuat giai
HEU1* va HEU2* tt 88,46% dén 100% t6t hon HEUI,
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HEU2. Ngoai ra, thuit toan cling can thuc nghiém thém
trén nhiéu bo di liéu c6 mat do khac nhau, ciing nhu trén
nhiéu di liéu ¢d 16n.

Th&i gian tim Clique lén nhit
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Hinh 5. Thoi gian (gidy) tim MCP cua cédc thuit giai trén 10 bo
dir liéu

Hinh 5, cho thiy thdi gian xdc dinh chi s6 Clique
ctia thuat gidi HEU* nhanh hon HEU2 rit nhiéu — do
heuristic_1 va heuristic_2 dugc chon trudc véi ty 1€ phu
hgp trén cac khoang.

Tém lai, cdc heuristic dugc dé xuit mang lai hiéu qua
cao vé chét lugng 15i gidi va thoi gian thuc hién nhanh hon
céc giai thuat gin day.

V. KET LUAN

Nhom tic gia di phan tich uu va nhudc diém ctia mot s6
thuat gidi gin day va dé xuit cic heuristic tim Clique 16n
nhét véi chét luong 16i gidi t6t hon. Ty 1é & heuristic_2 c6
thé diéu chinh tiiy bién va mé rong trén bdn khoang phan
vi.

Dua trén két qua dat dugc tif thuc nghiém: Tuong lai,
nhém tic gid md rong gidi thuat d€ cé thé gidi bai toan
Clique 16n nhit trén do thi vo huéng c6 trong sd canh va
dinh; dong thdi nghién ciu dé xuit cdc heuristic ciing nhu
két hgp céc heuristic nhiam nang cao chit lugng 10i giai.
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Tém tit: Trong bai bdo niy, mot clu tric KD-Tree (k - Dimensional Tree) céi tién dudc xdy dung nhim phan 16p dit
liéu hinh 4nh va ting dung cho bai todn tim kiém anh tuong tu goi 12 CKD-Tree (Classification k-Dimensional Tree). Qua
trinh xdy dung cAu tric CKD-Tree dugc thuc hién theo phuong phap hoc ban gidm sat 1am co s& cho qud trinh phan 16p
dif liéu hinh 4nh tai cdc nit trong, dong thdi gom cum dit lidu tai cac nit 1. K&t qua phan 16p nay dugc ap dung cho
qué trinh tim kiém tip 4nh tuong tu tf mot anh dau vao sau khi trich xuét véc-to dic trung. PE minh ching cho co s6
ly thuyét da dé xuét, ching toi tién hanh xay dung ciu tric CKD-Tree thyc nghiém trén bd anh COREL (gom 1000 dnh,
10 phdn 16p) va bd anh Wang (gom 10800 dnh, 80 phdn Idp). Két qua thuc nghiém truy vin anh dudc so sanh véi cic
cong trinh khac cuing bd dit liéu nham minh chiing phucng phap dé xuét ciia ching toi 1a hiéu qua va ap dung tt trong

cdc hé tim kiém dit liéu da phuong tién.

Tw Khéa: CKD-Tree, image classification, image retrieval, similar smage.

In this paper, an improved KD-Tree (k - Dimensional Tree) structure is built to classify image data and applied to the
similar image retrieval which called CKD-Tree (Classification k-Dimensional Tree). The CKD-Tree structure is built
on the semi-supervised learning method. It is not only the background of the process of classifying image data at the
inner nodes but also clustering data at the leaf nodes. This classification result is applied to retrieval the similar image
set from an input image after extracting the feature vector. Proving for proposed theorem, we had experimental research
of CKD-Tree structure on the COREL (including 1000 images, 10 subclasses) and Wang image set (including 10800
images, 80 subclasses). The experimental results of image retrieval evaluated with the recently published methods on
the same dataset. This proof shows that our proposed method is effective and appropriate for multimedia data retrieval

Title: Image Classification Using Kd-Tree for Image Retrieval Problem
Abstract:
systems.
Keywords:  CKD-Tree, image classification, image retrieval, similar image.

I. GIOI THIEU

Ngay nay, cic phuong phap tim kiém anh dugc thuc hién
bdi nhiéu cong trinh nghién ctu; trong d6 tim kiém 4nh dua
trén ndi dung CBIR (Content-based Image Retrieval) [3, 6]
12 phuong phap tim kiém dua trén cac dic trung cip thp
nhu mau sic, hinh dang, két clu, v.v.. Bai toan tim kiém
4nh da trd nén cép thiét d6i v6i con ngudi vi dude ting dung
trong nhiéu linh vuc nhu: y &, gido duc, gii tri, dia ly, Gng
dung y sinh, v.v.. Su phat trién ctia cdc thiét bi dién tif nhu
camera, smartphone, v.v. da 1am cho 4nh sb gia ting nhanh
va tré nén quen thuodc, gan giii v6i cudc sdbng con ngudi.
Diéu nay da mang lai nhiéu co hdi va thach thic cho linh
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vuc tra ciiu anh. Vi vdy, nhiéu hé tim kiém anh da cong
bb [2, 3, 4, 5] nhim ung dung vao nhiéu linh vuc trong
doi sdng va nang cao hiéu suit truy van anh. Bai todn tim
kiém anh tuong ty 12 mot trong nhiing vin dé quan trong
cia hé théng tra ciu dit liéu da phuong tién dudc nhiéu
nhém nghién ctiu quan tam [6, 7]. Trong céch tiép can cda
chiing t6i, mot ky thuét phan 16p d@ liéu hinh anh dua trén
cAu triic KD-Tree cai tién nham tao ra mot qua trinh phan
16p dit liéu theo mo hinh ciy; dong thdi ting dung cho bai
toan tim kiém &nh tuong tu.

Doéng goép clia bai bio gom: (1) P& xuit phuong phap
phan 16p dif lidu dua trén ciu tric CKD-Tree; (2) Dé xuat



cdc thuat todn xay dung cu tric CKD-Tree; gan nhin cho
nit 14; huln luyén trong s6 va thuat toan tim kiém tap anh;
(3) Pé xuit md hinh tim kiém anh tuong tu dua trén chu
tric CKD-Tree; (4) Xay dung thuc nghiém va chiing minh
tinh diing dan ctia phuong phap dé xuét dua trén bo di liéu
COREL [26], Wang [27].

Phan con lai ctia bai bdo gdm: Phan II, khao sat va phan
tich uu, nhuge diém clia mot sd cong trinh lién quan. Phan
III, trinh bay thuit toan xay dung ciu tric CKD-Tree, gn
nhan nit 14 va hudn luyén trong s6. Phan IV, trinh bay
mo hinh truy vin 4nh va thuit todn tim kiém 4nh tuong
tu dua trén ciu tric CKD-Tree. M6 ta dif liéu, xdy dung
thuc nghiém va két qua dugc danh gia trén b anh COREL
(1000 anh) va bo dit liéu Wang (10800 anh) dudc trinh bay
trong phan V; Phan VI 1a két luan va huéng phat trién.

II. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Phan 16p anh va ting dung cho bai toan tim kiém &nh
tuong tu di dudc nhiéu cong trinh thuc hién véi cic k¥
thuat hoc mdy khéc nhau: phan 16p bing thuat toan tim kiém
lang giéng gin nhit k-NN (k-Nearest Neighbors) [10, 13];
phan 16p bing ky thuat SVM (Support Vector Machines)
[9]; phan 16p bing Naive Bayes [14]; phan I6p theo ciu
triic cay nhu cdy quyét dinh (Decision Tree), ciy tim kiém
da chiéu (KD-Tree) [10, 12], v.v..

Yugian Zhang va cdng su (2016) [8] st dung phuong
phdp phan chia ving dnh d€ phdc thdo va nhan dién khudn
mit. Trong cong trinh nay, cAu tric KD-Tree dugc xay dung
trén tip anh phan viing nhim phén 16p va luu trit dit lidu.
Cay KD-Tree dudc xdy dung theo ciu tric chi muc nhim
giam thoi gian tim kiém dong thoi

Két qua nhan dién khudén mit véi thuit toan tim kiém
lang giéng k-NN. Thuc nghiém trén b dnh khudn mit phac
thao CUFS (Chinese University Face Sketch) chiing minh
rang phuong phap dé xuit cla tic gia la hiéu qua. Tuy
nhién, cu tric KD-Tree xiy dung theo mo hinh phan 16p
dit liéu chua két hop cac ky thuat hoc mdy nhim ting hiéu
suit nhan dién khudén mit.

Dan Gao va cong su (2018) [9] thuc hién mdt so sanh
gitta k¥ thuat phan 16p dit liéu 16n bing thuat todn SVM két
hop céu triic KD-Tree cho bo dit liéu SDSS (Sloan Digital
Sky Survey) va 2MASS (Two-Micron All Sky Survey). Xét
téc dd va do chinh xdc thi viéc phan 16p theo KD-Tree mang
lai hiéu suit cao hon so véi ky thuat SVM. Bén canh do,
nhiing phan tif phan loai sai cia SVM va KD-Tree 1a tring
kh6p nhau. Diéu nay chiing té ring phuong phap phan 16p
dit liéu bang ciy KD-Tree 1a hoan toan kha thi va hiéu qua,
c6 thé so sdnh véi cac phuong phdp phan 16p trudc day.

Wenfeng Hou va cdng su (2018) [27] da thuc hién mot
phuong phap phan 16p dit li€u va dp dung cho bai todn
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tim kiém 4nh bing cach két hop thuit toan tim kiém ldng
giéng k-NN va céu tric KD-Tree. Trong cong trinh nay,
tac gid két hop thuat todn k-NN va clu tric KD-Tree dé
xdy dung cdy k-NN-KDTree theo md hinh phan 16p bing
phuong phdp hoc ban gidm sat. Tai mdi ting trén ciy lan
luot chon mdi chiéu xg,x1,...,x; dai dién trong véc-to
f(x0,x1,...,x¢) lam co s cho qua trinh so sanh va xay
dung cdy nhi phan. Két qua thuc nghiém so sdnh hiéu suét
tim kiém v6i phuong phdp chi ding thuat toin k-NN trén
cdc bo dif liéu anh ching minh ring su két hop k-NN va cay
KD-Tree da mang lai hiéu qua cao; dong thoi so sanh thdi
gian huin luyén trén cdc b 4nh thi két qua dé xuit phuong
phap két hop k-NN-KDTree chi biang % so véi phuong phap
chi dung thuit toan k-NN.

Fengquan Zhang va cong su (2019) [11] da thyc hién
mot phuong phip d6i sanh hinh anh bang cich xy dung
cAu triic Vocabulary-KD; ting dung cho cic bo dif liéu ting
trudng; dong thdi cai thién thoi gian tim kiém. Cubi ciing
tac gid dé xuit gidi phdp da tién trinh song song cho qua
trinh xiy dung va tim kiém dong thdi dua trén ciu tric
Vocabulary-KD. Tuy nhién, tic gid chua dé cip dén qud
trinh xay dung ciu triic Vocabulary-KD theo phuong phip
phan 16p v6i da tién trinh nham ting hiéu suit tim kiém tit
két qua phan 16p.

Reid Pinkham va cong su (2020) [26] da thuc hién mot
phuong phdp t6i wu héa bd nhé va hiéu suét truy van céc
d6i tugng 3D bing hinh 4nh theo phuong phép tim kiém
lang giéng k-NN két hop ciu tric KD-Tree. Trong cong
trinh ndy, nhém tic gid da thuc hién t6i uu héa thdi gian
truy vén, ting kha ning luu trit biang cach thuc hién da tién
trinh song song, két hop tim kiém theo ciu tric KD-Tree;
v6i kién tric nay dé 4p dung cho cdc loai dit liéu ting
trudng da chiéu.

Tit cdc cong trinh nghién cifu cho thiy phuong phéap phan
16p dit lidu hinh 4nh sit dung céc ky thuit hoc may két hop
véi clu triic KD-Tree 1a hoan toan kha thi, hiéu qua. Tuy
nhién, cdc cong trinh ndy hau hét thuc hién phan 16p dit
liéu hinh anh dua céu tric KD-Tree chua két hop thém cac
ky thuat hoc may hoic chua thuc hién phan 16p nhiéu lan
cho mot dbi tugng theo phuong phdp hoc siu nham ning
cao do chinh xdc. Trong bai bdo nay, ching toi dé xuét
mot phucng phdp phan 16p dit liéu hinh anh theo m6 hinh
dang cay goi la ciu tric CKD-Tree, dong thdi thuc hién tim
kiém tap &nh tuong tu dua trén cu tric da xdy dung. Ciu
tric CKD-Tree dé xuit gdm céc véc-td trong sb dudc luu
trit tai cac nadt trong va di liéu hinh anh dugc luu trit tai
nit 14 tao thanh cdc phan cum. Ciu tric CKD-Tree 12 mot
dang phan 16p dit liéu da tAng nhdm phan 16p nhiéu lan cho
dbi tugng theo md hinh Deep Learning, tai mdi nhanh trén
CKD-Tree thuc hién mot 1an phan 16p. Viéc phan 16p nay
diing dé phan cum dit liéu va cé thé phat hién dugc cic cum
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lan can trong tim kiém tap anh tuong tu. Piém méi trong
bai bdo nay 1a xdy dung ciu tric CKD-Tree theo phuong
phép phan 16p. Niit gbc va cédc niit trong chi Iuu mot véc-to
trong s& ban dau 1a ngiu nhién, sau d6 dudc huin luyén
nhiam thuc hién qua trinh phan 16p nhiéu 1in cho dbi tugng
tai cc ting trén cdy. Nut 14 luu trif tip anh tuong tu goi la
cdc cum tuong dong. Trong khi dé ciu tric KD-Tree dudc
cong bd bdi cic cong trinh trude diy dit lidu dudc luu tai
tit ca cdc miit trén cdy hodc chua thuc hién phan 16p cho
d6i tugng nhiéu l1an. Pong thdi, qua trinh huin luyén trong
s6 tai cdc niit trong theo phuong phap Gradient nham gidm
sai s& phan 16p hinh anh dugc thuc hién song song v6i qua
trinh xdy dung ciu tric CKD-Tree.

III. PHUGNG PHAP XAY DUNG CAU TRUC CKD-
TREE

1. M ta chu tric CKD-Tree

Chu tric CKD-Tree dugc xdy dung dua trén ciy KD-
Tree nguyén thiy [1] 12 mot cAy nhi phan, cin bang bao
gdm: Mot niit gbe (Root), tap niit trong {iNode} va tap niit
14 {LNode}. Ban dau, ciu tric CKD-Tree dugc tao ra véi
mot khung cdy, nit gbc va niit trong luu trit véc-td trong
s6, nit 1a luu trit dit lién hinh anh véi bo dit liéu huin
luyén (70% bd anh thuc nghiém COREL, Wang). Mot niit
khong phéi 12 nit 14 chia cdy CKD-Tree thanh hai phan goi
la cdy con trdi va ciy con phai. Mdi nit trong (iNode;)
luu trit mot véc-to trong sd n chidu w; = (X1, X2, . . ., Xin)-
Gia tri du ra y; tai mdi iNode; khi truyén vio mot véc-to
fi = (xj1,xj2,...,xj,) dudc xac dinh bdi cong thic (1).
Trong d6, ham truyén Sigmoid(x) dudc sit dung nham gidi
han mién gia tri dAu ra tai mdi iNode; xac dinh bdi cong
thitc (2); Vi CKD-Tree la cdy nhi phan, cin bing nén tai
mbi niit trong ctia CKD-Tree gia tri diu ra dugc 1am co sé
d€ xic dinh duong di tiép theo thudc mot trong hai nhanh
con trdi hodc phai. Do d6 ham d4u Sign(y;) dudc 4p dung
ngay tai mdi iNode; xac dinh bdi cong thic (3). Dong thoi
tai m&i nit trong iNode; dudc rang budc bdi mdt ngudng
t 1a diéu kién xdc dinh s6 nhanh trén CKD-Tree.

vi = Sign(Sigmoid(w; * f; —t) — 1) (1) 1)
. . 1
Sigmoid(x) = 5o )
sign(y = {7 >° 3)
1gnl\y;) =
gy — l,yi <0

Trong qua trinh tao cdy CKD-Tree, ham Sigmoid(x)
dudc st dung nham xdc dinh gia tri dau ra tai mdi iNode;,
sau d6 thém ngudng ¢ bang 0.5 1a hing s gitip tao cdy nhi
phan, can bing trong mién gia tri [0..1]. Bén canh d6, ciu
tric KD-Tree trong cong trinh [18] xdy dung theo phuong
phin cum, trong d6 nit cha luu gid tri trung binh trén mdi
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nhénh, diéu nay din dén hiéu suit gom cum trén ciy chua
cao, d6 1a diém ton tai cia cong trinh nay va phuong phap
xdy dung CKD-Tree 1a mot ci tién hiéu qua.

Xét ham dau theo cong thic (3) néu y; > 0 thi f; qua
nhanh phai; ngudc lai f; qua nhdnh trai; xdc dinh dudng di
cho véc-to f; tai iNode; nhiam tim nhanh con thudc ting
ké tiép trén cdy, qud trinh nay dugc mo ta nhu Hinh 1.

- T = 0 X X))

Hinh 1. M6 ta xdc dinh nhdnh con tai iNode;

Vi gid tri dau ra tai cic iNode; thuoc mién [0..1] nén
cong thiic (1) phai gi6i han hai 1an gia tri t d€ mién gid tri
cia ham dAu tai cong thic (3) phan biét gia tri am, duong
lam cd s xét f; theo nhdnh con trai hodc con phai tai cac
niit trong. Ham truyén Sigmoid(x) = o-(x) c6 mot sb tinh
chit: 1) Mién gid tri 1a [0..1]; 2) Ham Sigmoid(x) ting
lién tuc trén mién [0..1]; 3) Gid tri dao ham ton tai véi moi
diém thudc mién [0..1] gidp giam chi phi huin luyén trong
s0.

;I *iNode0.txt - Notepad = a X

File Edit Format View Help

iNode®. txt ~

../../Data/Tree/iNoded. txt

iNode@. txt

#NONE#

../../Data/Tree/iNodel. txt

#NONE#

0.932057176566937

.5
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True

False

False 1

[}

@ (8.24574, ©.73203, 0.66073, ©.09758, 0.55268, 0.51126, 0.28347, 6.15131,

0.94241, 0.36999, ©.07923, 8.11384, 0.08701, 0.0084, 0.89208, 0.45561, 0.37
w

0.999949511441517, ../../Data/Tree/iNode2.t

< >
Ln 15, Col 1 100%  Windows (CRLF) UTF-8

Hinh 2. Minh hoa véc-td trong s6 tai iNode;

Véc-to w; = (Xi1, X2, ..., Xin) 12 trong s6 dude luu trit
tai iNode; dudc minh hoa nhu Hinh 2. Céc thanh phan tai
mot nit va mdi quan hé gilta cac nit trén cdy CKD-Tree
dudc mé ta nhu sau:

1) Root la nit khong c6 nit cha, Iuu trit mot véc-td trong
s6 (wq), c6 hai nit con trdi (left), phai (right) va c6 mot
muc trén ciy (level) : Root =< wy, left,right,level >
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.- Ti = (Xj1:Xj2,---Xjn)

Classification Vectors

/ W=(wo,...,w2k+1)

'
' :
‘ '
. .
. '
- '
elsn [
]
'
E '
v
'
[
!
‘

LNodezn+1

LNodepgn+2| |LNodegj+q LNodegj+2

Hinh 3. Minh hoa qud trinh phan 16p trén CKD-Tree

2) iNode; la nut trong c6 mdt nut cha (parent);
luu trii véc-to trong s6 (w;), hai nit con trdi (left),
phai (right) va c¢6 mdt muc (level) iNode; =<
parent,w;,left,right,level >

3) LNode; la nut 1la c¢c6 mot ndt cha (parent),
khong c6 nat con; luu trid tdp véc-td ddc trung hinh
anh fi, f5,..., fx; c6 mot mic (level) va mdi niit 14
LNode; dudc gan mot nhan label LNode; =<
parent, fi,..., fx,level,label >

4) Hai nut iNodei va iNodej goi la hai nut anh
em néu ching c6 cing mdt niit cha: iNodei.parent
iNodej.parent

5) Hai nit iNodei va iNode; goi la cha con néu
iNode;.parent = iNode; hodc iNode;.parent =iNode;

6) Hai nit iNode; va iNode; goi la dong cap néu
iNode;.level =iNode;j.level

2. Nguyén tic xay dung cAu tric CKD-Tree

Trén cd s6 cic thanh phan cia CKD-Tree, qud trinh xay
dung dudc thuc hién theo cic nguyén tic va cdc rang budc
sau:

a) Khéi tao chiéu cao cdy bing & thi sb mit gbc NumRoot
= 1; s6 niit trong Num;Node = 2V 4. +2P71 g6 nit 14
t6i da trén cdy 1a NumLNode = 2"

b) Tai mdi iNode; luu trii véc-to trong sb khdi tao
iNode.w; = (i1, Wi2, ..., Wi,). Ban diu cic véc-to trong
s6 w; dudc khéi tao ngiu nhién, sau d6 dugc huin luyén
theo phuong phap giam sai s trung binh ty 1& phan 16p tai
cac nut 1a. Qua trinh tao cdy cho cac bo dit liéu anh khac
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nhau thi bo trong sb nay sé khic nhau.

¢) Phdn tif f; dugc thém vao CKD-Tree bdng cich duyét
tlf nit gbc dén cdc tang nit trong dé tim vi tri va luu trit
fj tai LNodey. Tai mdi nit iNode; trén ciy, xdc dinh gia
tri dau ra y; bdi cong thic (1)

d) Xéc dinh dudng di cho véc-to f; tai mdi iNode;: Néu
gid tri y; > 0 dudng di ctia véc-to f; qua nhanh phai; ngugc
lai duong di cla véc-to f; qua nhdnh tréi.

e) Cac budc (3) va (4) lip lai dén tang cudi cung kiém tra
dung nut 14 thi ghi f; vao LNodey.

Dua trén md ta cac thanh phin va nguyén tic xay
dung, ciu tric CKD-Tree dudc minh hoa nhu Hinh 3,
trong d6 Classification Vectors la tdp véc-td phan 16p
W =< wg, wa, ..., Wy >, Clustring la mét cum nut 14, out
= y; la gia tri dau ra tai cic iNode;. Qu4 trinh phan 16p
cho mot dbi tugng dugc thuc hién theo nhiéu tang tai cic
niit trong (iNode;) cia CKD-Tree va cudi ciing thuc hién
gom cum tai cdc nit Id trén CKD-Tree, mdi niit 14 13 mot
cum chita cic anh tuong tu.

3. Thuat toan xay dung CKD-Tree

Thuit toan xdy dung ciu triic CKD-Tree — CKDT

Pé xay dung chu tric CKD-Tree, ban dau
khéi tao bo trong s& ngiu nhién Wy, =
Wii0s Wirts - Wiep 2 Wi = (Wio, Wit ..., wix);i =0, ...

Tap véc-to F = f;: fi = (xi0,Xi1,---Xik);0=0,...n cla
tap dif liéu anh da duoc trich xuit nhu dugc mo ta Phan
V.1, mbi véc-to dic trung gdm 81 chiéu, gia tri ngudng ¢
bing 0,5 1a hing sd khong ddi theo trong cong thic (1).
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Thuat toan 1: Thuit todn CKDT

Thuit toan 2: Thudt todn gdn nhan - SL2L.

1 Pau vao: Tap vector F = f; : f;
0,...n

(%0, Xi15 - - - Xig)si =

2 B trong s6 khdi tao Wiy = Wiz0, Wirts - Wi
Wkli = (Wio,wil,...,wik);i =0,...}’l
3 Pau ra: Cay CKD-Tree
4 Function CKDT (F,W;,,1)
5 begin
6 int #; CKD-Tree = ¢; NumiNode = 0;
7 MaxNumLNode = 2h;
8 fori=0to h—1 do
9 ‘ NumiNode = NumiNode + 2}
10 end
11 for j =0 to NumiNode do
12 | iNodej =g;
13 end
14 | for k = NumiNode +1 to 2" —2 do
15 | LNodey =g;
16 end
17 foreach (Wy,;) do
18 | iNode;.w; =wp;
19 end
20 foreach (f; € F) do
21 foreach (iNode;) do
22 T = Sigmoid(wy; * fj +1) ;
23 if (Sign(T + t)) > 0) then
24 CKD — Tree = CKD — Tree U
CKDT(fj, CKDT right,1);
25 end
26 else
27 CKD — Tree = CKD — Tree U
CKDT(f;,CKDT.left,1) ;
28 end
29 end
30 if LNode;.leaf = true then
31 | Insert(fj,LNodey);
32 end
33
34 end
35 return CKD-Tree;
36 end

Ménh dé 1: Do phic tap clia thuat toan CKDT 1a O (n
h), n 1a s6 véc-to xay dung cay va h la chiéu cao cay CKD-
Tree.

Chiing minh: V6i mdi véc-to thuoc tip n phan ti cin
thém vao cidy CKD-Tree, thuit toan CKDT lan lugt duyét
qua tit cd cdc tang tit gbc dén 14 véi chiéu cao h. Do do,
do phtc tap cua Thuit toan CKDT 1a O(n * h)

4. Thuat toan gan nhan nut la

Niit 14 LNode; Iuu tap véc-to dic trung thuoc nhiéu phan
16p. Vi vay mdi nit 14 LNode; can dugc gan mot nhan
(label) theo s6 phan tit thuoc phan 16p nhiéu nhét.

Budc 1: M6i niit 14 LNode; dém tin s6 xuit hién cla tit
ca cic nhan trong bd anh. Nhin nao khong xuét hién trong
LNode; thi gan tan s6 xut hién bang 0.

Buéc 2: Bifu dién tin sd xuit hién cdc nhin Label;
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1 Pau vao: Cay CKD-Tree, ListLabels, ListLNode
2 Phu ra: Tap nit 14 LNode da gan nhan {ListLN-
odeAddedLabel}
3 Function SL2L (CKD-Tree, ListLabels, ListLNode)
4 begin
ListLNodeAddedLabel = null;
foreach LNode; in ListLNode do
foreach Label; in ListLabels do
| TS =Count(Labelj, LNode;);
end

C w9 & !

end

for i =0 to n do

for j =0 to m do
MT (n,m)
CreateMatrix(NumberLabel, Number LNode);

end

10
11
12
13

14
15
16
17
18

end
for i =0 to n do
for j =0 to m do

repeat
SearchMax = VT; j;
MaxLabel = Value (VT; ;);
LNodej.Label =
SetLabel(LNode , Label;, MaxLabel) ;
ListLNodeNotAdd =
ListLNode-{LNodej} ;
ListLabelNotAdd =ListLabel-{Label};
foreach (Labely in LNodey) do
| VI(k,j)=0;
end
foreach (LNodey, in ListLNodeNotAdd) do
| VT(i,k)=0;
end
until (VT; ; =0)

19 end
20
21

22 end

end
return ListLNodeAddedLabel

theo tiing mit 14 LNode; bdi ma tran MT(n,m) : {n
NumberLabel;m = NumberLNode}

Budc 3: Tim gid tri 16n nhat cia ma trdnM7T (n, m) 1a VT; ;
tai dong Label; va cot LNode ;. Gan nhan Label; cho nut
14 LNode; 1a gia tri LNode;.Label = Value(VT; ;)
Budc 4: Chuyén céc gia tri thudc dong i va cot j thanh 0
Budc 5: Lip lai Bude 3 va Budc 4 cho dén khi gan hét
tap cdc nhan Label; cho tap nit 14 LNode;

Thuit to4n gan nhan ndt 14 - SL2L: D€ thuc hién gin nhan
cho niit 14 t6i wu nhét, ky thuat ding ma trin luu trif tan

s6 xuit hién cta anh theo label tai cic nit 14.

Ménh dé 2: o phiic tap ciia thuat toan SL2L 1a O (I xk)
v6i 1 1a s6 nhin cia tap dif liéu anh, k s6 niit 14.
Chitng minh: Thuat toan SL2L duyét qua k nit 14. Moi
nhan 1 trong tap dif liéu can dugc duyét dé gan cho cic 14.
Do d6, do phiic tap cua Thuét toan SL2L la O(I * k).



5. Huan luyén trong so

Sau khi xiy dung ciy CKD-Tree ban dau véi bo trong
s6 ngiu nhién thi hiéu suit phan 16p 4nh chua cao, vi viy
can huén luyén bd trong sb tai cdc mit trong nhim ting
hiéu suit phan 16p cho mot anh dau vio. Qua trinh huin
luyén trong sb theo mo hinh cay CKD-Tree st dung dao
ham tai méi nit trong cla ciy. Céng thic dao ham ctia ham
Sigmoid(x) xac dinh tai cong thic (4).

e—x
Sigmoid' (x) = ———
§ (140
L e @

T l4eFl4e™

=o(x)-ok)

Wi = (Wi1, Wiz, ..., Win) 12 véc-to trong s6 tai iNode;,
thuc hién cAp nhat gid tri véc-to trong sd bang ham o (x) =
o(W; = f; —t) va n = const theo cong thic (5).

Wi =W; — Sign(o(W; = fi — 1) — 1) s s o (W; * f; — 1)

# (L—o(W;* fi —1))
(%)

Sau khi thuc hién gdn nhan cho tit ci cdc nit 14, tinh
tdng sai sd phan 16p theo cong thiic (6).

P = AVG(Z (fki))

S ont) ©

Trong do:

S (fxi) 1a sb véc-td sai nhdn thudc nit LNode;
S (fini)la s6 véc-to thudc niit LNode;. Mbi lan cap nhat
véc-to trong sd theo cong thiic (5), tinh tdng sai s6 phin
16p theo cong thiic (6). Néu P, < P; thi chon phuong 4n
cp nhit véc-to trong sd mdi; ngudc lai gitt nguyén trong
s6 va chon véc-to khic d€ thuc hién diéu chinh trong sb.
Két qua huin luyén bo trong s6 v6i bo anh COREL, chiéu
cao cdy bing 4 minh hoa bdi Hinh 4.
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Hinh 4. B6 véc-to trong sb di huén luyén trén tap &nh COREL

DE t6i uu qud trinh huin luyén trong sd, cin theo mot
s6 quy tac sau:
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Quy tdc 1: Uu tién chon véc-to ¢6 vi tri sai gan tang 14
nhét dé diéu chinh.

Quy tdc 2: Mubn diéu chinh mot véc-td t f; t nhdnh
trdi sang nhanh phai (hodc ngudc lai) tai vi tri thi chon véc-
tor ¢6 gié tri |Sigmoid(W; * f; — t)| nhd nhat trong s6 cac
véc-to sai dudng di tai vi tri ndy dé thuc hién diéu chinh.

IV. MO HINH TIM KIEM ANH DUA TREN CAU
TRUC CKD-TREE

1. Mb hinh truy vAn anh

Mo hinh truy vin anh dua trén ciu triic CKD-Tree dugc
mo ta trong Hinh 5, goi la CBIR-CKDT (Content Based
Image Retrieval -Classification KD-Tree). Hé truy vin gdom
hai pha: 1) Pha tién xit ly trich xut dic trung bd anh va xay
dung ciu tric CKD-Tree; 2) Pha truy véan thuc hién trich
xuét dic trung anh dau vao, sau d6 thuc hién tim kiém trén
cAu tric CKD-Tree d€ trich xuit tip anh tuong tu.

« Pha tién xt&t Iy: Xy dung cu tric CKD-Tree

a) Trich xult vec-to dic trung cda tap dif liéu anh tao
co s6 dif liéu ban dau, viéc trich xuit dic trung dua
trén cac dic trung cAp thip cla anh nhu mau sic,
dién tich, vi tri, bé mit, dudng bién clia d6i tuong
anh, v.v.. Két qua ctia qud trinh trich xuft dic trung
anh 1a tap cic véc-td dic trung c6 81 chiéu va nhan
16p.

b) Xay dung céu tric CKD-Tree nhidm luu trit dif liéu
hinh anh tai nut 1a. Phan 16p dit liéu tai cac nut trong.

« Pha truy vAn: Thuc hién tim kiém tip anh tuong tu
¢) Trich xuit vec-to dic trung anh can truy van.
d)Truy van trén cdy CKD-Tree dé tim tap anh tuong
tu bang thuat toan tim kiém SCKDT.

e) Két xuit tap anh tuong tu véi anh truy van la tap
anh thudc mit 14 chita dnh dau vao.

2. Thuét toan truy van anh dua trén ciu tric CKD-
Tree

Tir mot 4nh dau vao I; sau khi thuc hién trich xuét vec-to
dic trung f;, qua trinh thuc hién tim kiém tip anh tuong
tu cia 4nh I; theo cic budc sau: 1) Duyét tir nit géc cho
véc-to f; di qua niit trong tai mdi tang clia cdy CKD-Tree,
tinh gi4 tri diu ra y; theo cong thic (3) tai mdi iNode;; 2)
ki€ém tra néu y; > O thi thyc hién tim kiém f; qua nhanh
phéi ctia iNode;; 3) ngudc lai y; < 0 thi thuc hién tim kiém
fi qua nhéanh trai cta iNode;; 4) Khi duyét hét cic ting
nit trong, ki€ém tra dén nit 14 va trich xuit tip anh tuong
ty chinh 1a tap anh luu trd tai nut 1a chda f;.

Ménh dé 3: Do phiic tap ctia thuit toan SCKDT 14 O (h);
trong d6 4 1a chiéu cao ctia cly CKD-Tree.
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(1)

@—>

fi=(Xiqs---sX,

in)

Trich xuét

—(4)—)| Truy van

Hinh 5. M5 hinh tim kiém &nh dua trén ciu triic CKD-Tree

Thuét toan 3: Thuat todn truy vin anh_SCKDT.

1 Pau vao: Véc-to dic trung f; cla anh I; , CKD — Tree

2 PAu ra: Tap anh tuong tu SI cua anh I;

3 Function SCKDT (f;, CKD-Tree)

4 begin

Result = ¢ ; double t = 0.5

foreach f; do

foreach iNode; do

S = Sign(Sigmoid(Product(iNode;.w;, f;) —
t)—t)

if S > 0 then

10 | SCKDT f;,CKD —Tree.right ;

11 end

12 else

13 | SCKDT f;,CKD —Tree.left ;

end

® N N !

15 end
16
17
18 |

19 end
20
21
22 end

end
if Lnode;.leaf = true then
Result = Result ULNode;. f; ;

return Result;

Chirng minh: Thuit toan SCKDT duyét qua cac nut tu
gbc dén 14, cdy CKD-Tree la cdy can bing nén thuit toan
SCKDT duyét qua chiéu cao h ctia ciy. Do d6, d phiic tap
cua thuat toan SCKDT la O(h)

V. THUC NGHIEM
1. Trich xuéit dic trung hinh anh

Trong bai bdo nay, chiing tdi tién hanh thuc nghiém véi
bo dit liéu anh COREL, Wang. Pau tién, cic hinh dnh dudc
trich xuat thanh véc-to dic trung 81 chiéu lam co sé xay
dung cAu triic CKD-Tree ciing nhu 1am dif liéu dau vao cho
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anh truy vin. Cic dic trung cp thip chiing tdi st dung gdm
mau sic, hinh dang, két ciu, v.v.. D€ trich xuit dic trung
hinh 4nh, dAu tién chiing tdi thuc hién phan doan anh nham
chia mot 4nh thanh nhiéu viing nhé giip dé trich xuit dic
trung. Sau d6 cic phuong phap trich xuit dic trung mau
sic, hinh dang, két cAu [25] dugc thuc hién.

Phin doan anh (Image Segmentation): Phan doan anh
1 cong viéc diu tién trong trich xuit dic trung. Viéc phan
doan anh mau dudc thuc hién bang cach phan chia hinh anh
thanh cdc viing riéng biét nhau d€ tir d6 trich xut dic trung
trén m&i ving. PE thuc hién duge didu nay, ching t6i dé
xuét phuong phdp phan viing dua trén d6 tuong phan, nghia
12 viing nao c6 do tuong phan thip 1a hinh nén, viing nao
c6 dd tuong phan cao 1a hinh d6i tuong. Tuy nhién, viéc
phan biét hinh nén va hinh dbi tugng sé bi nhap nhing
trong mot s6 hinh anh c6 xu huéng ngugc lai nén ching
t6i st dung hai loai 4nh d6i xing nhau giita hinh nén va
hinh d6i tugng. Pong thdi, d€ lam gidm do nhiéu gilta cac
viing qud sang hoic qué toi, mot sé6 diém anh nim trong
viing 14an cin cla gia tri 16n nhét va gia tri nhd nhét cta
do tuong phan thi dudc quy vé gid tri tuong duong [25].

Diic trung mau sic (Color): Mau sic 12 mot trong nhitng
dic di€ém quan trong nht trong trich xuét dic trung cap thap
hinh &anh. Mau sic c6 mbi quan hé chit ché véi cic anh
db6i tugng anh va anh nén. Pic diém ctia mau sic 1a khong
thay ddi dbi véi kich thuée vh huéng ctia ddi tuong [23].
Do d6, mau sic dé dang phan tich va trich xuit bang cach
stt dung md men mau (Color Moment), biéu d6 mau (Color
Histogram), khong gian mau (Color Space), v.v.. Trong bai
bdo nay, chiing toi thuc hién trich xuit dic trung mau sic
theo MPEG-7 gdém 25 thudc tinh.

Dic trung hinh dang (Shape): Hinh dang ddi tugng 1a
mot trong nhiing dic trung co ban trong dic trung cip thap



clia hinh anh. Pic trung hinh dang dudc st dung dé€ phat
hién cic ddi tugng tuong tu tif co s& dit liéu ma khong phu
thudc vao vi tri, géc quay hay su co gidn ctia déi tuong anh
[22, 24]. C4c phuong phép trich xuét dic trung hinh dang
thuong dugc chia thanh hai loai: dya theo dudng bién va
dua theo ving anh. Ky thuat xac dinh dudng bién dbi tuong
c6 thé dung Gradient va phuong phap Laplacian. Vi vy,
d€ trich xuét cac dic trung theo hinh dang, truéc hét cic
dbi tuong anh can phai dudc phan doan thanh nhiing thanh
phan c6 cung tinh chét tuong dong dua trén dudng bién hay
cac vung lan can. Sau d6 st dung cac ky thuit phat hién
dudng bién anh dé€ xic dinh hinh dang cho d6i tuong da
dugc tich ra khoi hinh nén [21]. Trong bai bdo niy, ching
t6i st dung phuong phap phat hién bién di tugng bing
phép bién d6i LoG (Laplacian of Guassian) [19] cho anh
mau. Phép bién d6i LoG bét bién dbi véi su bién d6i cudng
do anh ciing nhu su bién d6i ti 1¢, phép quay, phép bién
déi affine. Vi vy, gi4 tri Gaussian dugc x4c dinh bsi cong
thuc (7).

)

2+ 2
G (x,y,0) = - y)

X exp (— 3 o2

2no?
Vé6i o 1a dao ham chudn, bi€u dién khong gian ty 1&
Gaussian L(x,y, o) cua anh f(x,y) theo cong thic (8).

L(x,y,0) = f(x,y) * G(x,y,0) ®)

Trong codng thuc (8), phép toan * la phép tich chip
(convolution); (x, y) 1a toa do di€ém 4nh. Toén tif Laplacian
V? dugc tinh toan theo cong thic (9).

e

0xr  9y*?

Toé4n tif LoG dugc tinh todn dau tién va sau d6 dugc dbi

sanh véi anh d€ tao ra biu dién khong gian ty 18 LoG theo
cong thuc (10).

+

©))

ViG(x,y) = (10)

xz+yz—20'2 )c2+y2
20" o (_ et )

Phuong phap LoG nhiam xdc dinh dudng bién, dic trung
ctia d6i tuong dudgc trich xuét gdbm chu vi d6i tuong, vi tri
tuong dbi clia cac dudng vién.

Ngoai ra, d€ nhan dang dbi tuong dua trén bién va lam
min bé mit, phép loc Sobel [20, 21] dudc st dung. Phép
loc Sobel 1a toan tif Gradient dya trén viing lang giéng 3x3.
Miit na tich chap cho todn tii Sobel trén 4nh sb ty 1& xam
Sobelx va Sobely dugc xac dinh trong cong thic (11).

-1 -2 -1 -1 0 1
Sobelx =10 0 0] Sobely=|-2 0 2| (11)
1 2 1 -1 0 1
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Céc vi tri trén hai mdt na dugc ap dung riéng biét trén
4nh du vao d€ tao hai thanh phan Gradient Gx va Gy theo
huéng ngang va doc tuong ung theo cong thic (12), (13).

L

1]

[

Il
(98]

Gx Sobelxi,j.fx+1_2.y+j_2 (12)

Il
~.
Il

I
w
~.

Il
w

Gy= Sobely; j.fx+1-2.y+j-2 (13)

i=1 j

Lic nay, vi tri cia anh dau vao f dugc thé hién trong
cong thitc (14), trong d6 truc 1a cdc vi tri nim ngang va
truc 1a cac vi tri thang ding.

x-Ly-1) (x-1,y) (x—-1,y+1)
()C,y - l) (X, y) ()C,y+ 1) (14)
(x+1Ly+1) (x+1,y) (x+1,y+1)
Do 16n Gradient dugc tinh bdi cong thic (15).
G [f(x,9)] =/Gx> +Gy? (15)

Bang I
CAC GIA TRI TRICH XUAT VEC-TO PAC TRUNG CUA HINH ANH

Mo ta diac trung
Dic trung mau sic theo MPEG-7
Phép loc tan s6 cao dé ldy anh duong nét

So gia tri
25

Phép loc Gaussian d€ nang cao cudng do anh
Dic trung cudng dd cic diém anh theo lang giéng
Dic trung cudng do cla dbi tugng

Pic trung cudng do cla hinh nén

Dic trung dién tich déi tugng

béc trung hinh dang cta dudng bién anh

N — —= O O © O ©

Dic trung vi tri tuong db6i clia dbi tugng theo truc
X, Y

Dic trung vj tri tuong ddi clia hinh nén theo tryc 2
X, Y

Dic trung chu vi clia dbi tugng 1
Pic trung chu vi cla dbi tugng theo phép loc 1
Sobel

Dic trung cudng dd cic di€ém anh theo lang giéng 1
dua theo phép loc Sobel

Dic trung chu vi clia dbi tugng theo phép loc 1
Laplacian
Dic trung dudng nét anh theo phép loc Laplacian 1

DéE xdc dinh vi tri tuong d6i cda ddi tugng theo truc
X va truc Y, ham khoang céach trong tam CDF (Centroid
Distance Function) dugc st dung. CDF tinh toan khoang
cach tir tam (xo, yo) dén cdc diém dudng vién ctia mot hinh
dang va dugc biéu dién bang cong thiic (16).

F(n) = A (x(n) = x0) + (y(1) - y0)°

Tt co s6 1y thuyét, mdi anh dudc trich xuét thanh vec-to
dic trung 81 chiéu véi cdc thanh phan va sb gid tri dugc
mo ta trong Bang I.

(16)
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2. Mai truong xdy dung thuc nghiém

Thuc nghiém trich xuit dic trung va hé truy vin CBIR-
CKDT dugc xay dung trén nén ting dotNET Framework
4.5, ngdn ngit 1ap trinh C#. Céac d6 thi dugc xay dung
trén Mathlab 2015. CAu hinh mdy tinh: Intel(R) Core™
i5-5200U, CPU 2.2GHz, RAM 16GB va hé diéu hanh
Windows 10 Professional. Chiing toi tién hanh thuc nghiém
trich xuit véc-to dic trung cho bo dif liéu COREL va bd
anh Wang dugc minh hoa bdi Hinh 6. Quad trinh xdy dung
cdy CKD-Tree dugc minh hoa & Hinh 7. Cay CKD-Tree
dugc xay dung (Create CKD-Tree) xac dinh bdi chiéu cao
(Height of CKD-Tree), sb nhanh (Number of Brand) va mot
ngudng (Bias). Hinh 8 1a giao dién tim kiém anh tuong tu
cho 4nh 450.jpg bd COREL, Hinh 9 1a két qué trich xuét
tap anh tuong tu clia anh 450.jpg dau vao.

% Extract Feature

V4
(b)

(9)
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0.0135196996978668, 0, 0. 0, 0.627328307952106, 0.85541 1764705882, 0.867176470588235. 0.874156862745098,
0.889882352941177, 0.889862352941177. 0.889058823529412. 0.899176470588235, 0.498313725490196. 0.835411764705882.
0.9085693359375, 0,495447701263636, 0.502038733710073, 0.530899840457109, 0.458226517280721.0. 0. 0. 0.

0.889882352341177. 0.833058823529412. 0. 0.498313725490196, 0.885411764 705882, 0.8554 11764705832, 0.867176470588235,

ancs reres

@ COREL O Wang

Hinh 6. Véc-to ddc trung anh 450.jpg bd COREL

Két qua trich xuét véc-to dic trung ctia anh 405.jpg
bd anh COREL dugc thé hién bing 8 &nh dugc mo ta
trong Hinh 6 gom: (a) anh gbc; (b) anh mit na ddi tugng
(ForeGround); (c) 4nh dbi tugng; (d) hinh nén 4nh géc; (e)
4nh dudng bién ddi tugng theo phép loc Laplace cho dnh
mit na di tugng; (f) anh dudng bién dbi tuong va van anh
bé mit d6i tuong theo phép loc Sobel; (g) Anh dudng nét
cia anh gdc theo phép loc Laplace va Gaussian; (h) anh
phép loc thong cao cho anh gbc.

B Bang II
HIEU SUAT TIM KIEM CUA HE
TRUY VAN ANH CBIR-CKDT
Tap anh  D§ chinh Do phu D) dung  Thoi gian
xac trung trung hoa truy van
binh binh trung trung

binh binh (ms)

COREL 0,7640 0,6878 0,7188 38

‘Wang 0,7327 0,6508 0,6869 87
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1% Create CKD-Tree N - 0O %

0.00841293577688323, 0, 0, 0(0.032195159, 0.005026606,
0.010813725130995, 0, 0,0, 0,0, 0.007273336, 0053432609,
0.0386262601601204, 0.00581886247342346, 0, 0017624563, 0.00980031,
0, 0.0508845281329793, 0.0146895758944466, |0.059426596, 0.038658524,
0, 1.01728364919991E-05, 0.020265684, 0.039412447,
0.00349945575324768, 0.226396476129439, 0. |0.062919383, 0.059214705,
0.0135196996978668. 0. 0, 0. 0.046135016, 0.041835525,
0.627328307952106, 0.855411764705882, 0.023173379, 002901474,
0.867176470586235, 0.874156862745098, 0.015170726, 0.010143437,
0.689882352941177, 0.88988235294 1177, 0.042721367, 0064512668,
0.869058823529412, 08991764 70588235, 0.006183122. 0.011103099,

Height of CKD-Tree [4 | OcoreL oot 1 No.iNode 15
Threshold (Bias) |05 | Owag  Mo.lNode 16 Classfication Pefomance 2%

Nrtrd i sewes

Hinh 7. Xay dung ciu tric CKD-Tree

% Irnege_Betrieval o w
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0. 0. 0 Cs0aR45331 329793, 0.014EEFGTIEMA466. 0.
0172864319991 E05. 0 DOJ435455 75324 768,
FPETFEATEN29439. 0. 0,01 35196398575668, 0, 0. 0.
B2 TISEOTHALN06, 0.055411 64 TSRS
96'-‘1'-154‘-1:-532235 0,878 1 56862745058,
. 0LBBIBRZISEM11TT,
0 BESOSEE2I5I94 12, (6991 TE4 TUSEE2IS,
0 A3E31I7I450196. 0.895481 1 764700857
| N SNRGRESTIRSATS ) S58828 TN AW
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Precision 37.05% Fatapiire Bl
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Hinh 8. Tim kiém &nh tuong tu cho dnh 450.jpg bd COREL
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Hinh 9. Tip anh tuong ty cla anh 450.jpg b0 COREL

Hé truy vAn anh CBIR-CKDT thuc hién truy vin (Re-
trieval On CKD-Tree) anh dau vao (Load Image) va két qua
tap anh tuong tu; dong thoi thuc nghiém toan bo di liéu
(Retrieval On CKD-Tree Testing). Két qua thuc nghiém trén
bd anh COREL va bd anh Wang dugc trinh bay trong Bang
II cho thiy hiéu suét truy van trén bo COREL cao hon bd
dit lieu Wang va thdi gian truy vAn trén bo anh COREL
nhanh hon bd anh Wang 14 vi c6 su khic nhau chiéu cao
cdy CKD-Tree.
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Hinh 10. Precision-Recall va duong cong ROC b0 anh COREL

Bang Il
SO SANH HIEU SUAT TRUY VAN GIUA CAC
PHUONG PHAP TREN CAC BO DU LIEU

Bang IV
SO SANH THOI GIAN TRUY VAN GIUA CAC
PHUONG PHAP TREN CAC BO DU LIEU

Phuong phap B) dur liéu Do chinh xac
trung binh
B_SHIFT , 2016 [15] COREL 2%
CBIR-CKDT COREL 76,4%
P. CHHABRA, 2020 [16] Wang 63,2%
CBIR-CKDT Wang 73,27 %

3. Panh gia két qua thuc nghiém

Két qua thuc nghiém truy van anh ctia hé¢ CBIR-CKDT
dudc minh hoa béi Hinh 10, Hinh 11 va Hinh 12. Mbi
dudng cong trén dd thi md td két qua dd chinh xdc
(Precision) va do phi (Recall) thudoc mot chi dé trong bd
dit liéu. Pudng cong ROC (ROC Curve) cho biét ty 1& két
qua truy van ding (True positive rate) va két qua truy van
sai (False positive rate). So sanh hiéu suit truy van gitta cic
bd dit liéu trén tiing bd anh COREL, Wang minh hoa bdi
Hinh 13, Hinh 15. Thdi gian truy van trén hé CBIR-CKDT
dugc minh hoa bdi dd thi Hinh 14, Hinh 16.

Hiéu suét va thdi gian truy van trén hé CBIR-CKDT dudc
so sanh v6i cong trinh [15, 16] cho thiy hé truy van &nh
CBIR-CKDT cao hon vé dd chinh xdc va do phi. Do phi
ctia hé B_SHIFT thép la do tic gia chi 14y top 20 anh trong
bd dit liéu truy van. DPong thdi d6 chinh x4c trén hé CBIR-
CKDT cao hon phuong phap B_SHIFT va P. Chhabra do:
1) CBIR-CKDT thyc hién phan 16p anh trude khi gom cum
dé€ tim tap 4nh tuong tu; 2) CBIR-CKDT phan 16p cho d6i

49

Phuong phap Bo du liéu Thoi gian truy
van trung
binh (ms)

B_SHIFT , 2016 [15] COREL 55244

CBIR-CKDT COREL 37

P. CHHABRA, 2020 [16] Wang 144
CBIR-CKDT Wang 87

tugng nhiéu 1an tai cdc nit trong ctia CKD-Tree theo md
hinh Deep Learning; 3) CBIR-CKDT xay dung ciu tric dit
liéu luu trit anh s6. Tuy nhién, cong trinh [16] khi thuc hién
trich xuat dic trung véc-to véi dic trung SIFT, do dai 8 thi
dd chinh xac 1a 86,2%. Do d6, két qua trich Xuat dac trung
hinh dnh déng mdt vai trd quan trong trong nang cao hiéu
suit truy van dnh. Bén canh d6, thdi gian truy van trung
binh ctia CBIR-CKDT thip hon 1a do qua trinh tim kiém
thuc hién theo so d6 hinh cay KD-Tree dugc ré nhanh tai
cdc tang nén thoi gian tdi uu.

VI. KET LUAN VA HUGNG PHAT TRIEN

Trong bai bdo nay, ching toi di dé xuit mot phuong
phép phén 16p dit liéu hinh &nh bing cdy KD-Tree cai tién
va 4p dung cho bai to4n tim kiém anh tuong tu 13 hoan toan
kha thi va hiéu qua. Pay la mot tinh méi trong qué trinh
xdy dung cu tric CKD-Tree theo phuong phap phan 16p
dit liéu d€ hinh thanh cic cum tuong dong, qué trinh nay
da tich hop phuong phép hoc ¢ gidm sit (huin luyén trong
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s6 trong xay dung mo hinh ciy), ban gidm sat (tf mo hinh
KD-Tree, thuc hién tim kiém anh theo niit 14 dé ra tap anh
tuong tu) va khong gidm sit (gom cum theo trong sb tai
nit 14 sau khi huén luyén trong s6). Hé truy vin 4nh CBIR-
CKDT da thuc nghiém trén bd anh COREL, Wang dugc
danh gia dua trén do chinh xac, do phd va do dung hoa
v6i bo anh COREL lan lugt 1a: 76,04%, 68,78%, 71,88%
va bo anh Wang la: 73,27%, 65,08%, 68,69%. Hudng phat
trién tiép theo ctia ching t6i 1a xdy dung mot ciu tric KD-
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Tree da nhanh, cin bang 4p dung cho cic tap dif liéu ting
trudng theo phan 16p va khong gidi han sé phan 16p ban
dau. Dong thoi thuc hién bai toan tim kiém anh theo ngit
nghia.

LOI CAM ON

Chung t6i xin tran trong cam on Khoa Cong nghé thong
tin — Trudng Pai hoc Khoa hoc - Pai hoc Hué, nhém nghién
ctu SBIR-HCM da gép y chuyén mon cho nghién ctiu nay.
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Tém tat: Trong nhiing nim gan day, cac thiét bi di dong ngay cang phd bién. Cac thiét bi nay thudng st dung SQLite dé
1am co s6 dit liéu va bd nhé NAND Flash dé€ luu trit dif 1liéu. SQLite 14 mot hé co s¢ dif liéu gon nhe nhung manh mé.
SQLite ddp ting ddy di moi yéu cau cd ban clia mot hé quéan tri co s& dit liéu. Bo nhé NAND Flash ngay cang phd bién
nhd vao nhitng vu diém ndi bat nhu téc do truy xuit nhanh, tiéu thu dién ning it, khong mét dif liéu khi mét ngudn. Do
do, viéc st dung SQLite va NAND Flash 1 su lua chon tot cho thiét bi Android va iOS. Tuy nhién, NAND Flash ciing c6
nhitng nhugc diém can khic phuc nhu khong thé ghi de, vong doi bi gidi han bdi s 1an xod trén cdc khdi nhé. Bén canh
d6, co ché ghi tam file journal mdi 1An commit ctia SQLite ciing 1am anh hudng dén bd nhé Flash. Trudc khi thuc hién
cip nhit di liéu vao cd sd di liéu, SQLite tao mot file tam goi 1a journal chita di li€u cdp nhét trén bo nhd Flash. Viéc
nay din dén rit nhiéu thao tic doc/ghi trén bd nhé Flash 1am cho hiéu suit clia hé thdng gidm ding ké. D& giai quyét
vAn d& nay, chiing toi d& xuit mot hé théng bo nhé lai st dung FRAM cho hé thdng goi 12 COSS(Commit-Optimized
Scheme for SQLite). COSS c6 thé gidm b6t sb lugng 16n thao tic doc/ghi 1én NAND Flash va thdi gian thuc hién ctia ci
hé thdng nhd vao kha ning ghi d& va tc do cao cia FRAM. Két qua thuc nghiém cho thiy COSS dat hiéu suit cao hon
so véi hé théng nguyén thuy thong thudng.

T khéa: SQLite, b6 nhd Flash, FRAM, co sé dit liéu dién thoai thong minh, thiét bi di dong.

Title: A Design Method of Computational Semantics of Linguistic Words for Fuzzy Rule-based Classifier

Abstract:  Recently, the mobile devices are popular day by day. These devices use SQLite as a database management system
and NAND Flash memeory as a storage medium. SQLite is a lightweight and powerful database engine. It provides
all basic features of a database management system. NAND Flash memeories are popular because of the following
advantages: fast access speed, nonvolatile, low power consumption. Thus, the combination of NAND Flash memory and
SQLite is a good choice for mobile devices. However, NAND Flash memories also have some drawbacks that should
be limited such erase-before-write characteristic, the lifecycle is limited by the number of block erasing. Beside that,
the performance of NAND Flash is downgraded by temporarily writing journal files mechanism of SQLite. Whenever
updating data, SQLite has to create and write the back up data to a file called Journal file. This causes a lot of Flash
memory operations leading to reduction of overall performance of the system and shorten the lifecycle of NAND Flash.
To address this problem, this study introduces a novel commit policy and hybrid storage system for SQLite based on
a Flash memory and an FRAM, called COSS. COSS can minimize the overhead by deploying the hybrid storage of
FRAM and NAND Flash memory. The experimental results show that COSS yields a good performance.

Keywords:  SQLite, Flash memory, FRAM, smart phone database, mobile devices.

I. GIOI THIEU mbi block). Bd nhé Flash c6 ciu tao va cd ché hoat dong
hoan toan khac véi dia ciing (HDD-Hard Disk Drive) thong
B6 nhé Flash [1, 4-6] dugc st dung rit phd bién hién  thudng. Do d6 d€ gitp cdc hé diéu hanh truy cap bd nhé
nay nhd vao nhiing uu diém ndi bat ctia chiing nhu tbc @6  Flash mot cich tuong ty nhu HDD, mot phan mém trung
cao, tiéu thu it dién ning, kich thudc nhd gon va do an gian c6 tén la FTL (Flash Translation Layer)[1] dugc st
toan dit liéu cao. Tuy nhién, bén canh nhiing diém manh  dung d€ chuyén ddi dia chi logic sang dia chi vat ly 4nh
d6, bo nhé Flash van c6 nhiing di€ém yéu can luu tam d6 Xa gitta mdy tinh va bd nhd Flash.
12 dic tinh x6a trudc khi ghi — khong thé ghi dé va vong
doi hitu han (khoang tir 10.000 dén 100.000 1an x6a trén SQLite 12 mot hé co sé dit lidu dudc st dung phd bién
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trén céc thiét bi di dong st dung hé diéu hanh Android
va i0S. SQLite khong can mdy chi, khong can cu hinh,
khép kin va nhd gon. SQLite engine khong phai 1a mot
quy trinh doc ldp nhu cic co sé di liéu khac, ching c6
thé lién két mot cach tinh hodc dong tlly theo yéu cau cla
ting dung. SQLite truy cap truc tiép céc file luu trit ctia
né trén bd nhé do d6. Mic du hiéu suit cia cic thiét b
di dong ting dang ké nhd vao viéc st dung SQLite va bd
nhd Flash. Tuy nhién viéc ghi tam file journal trén b nhé
Flash lam giam dang k€ hiéu suit hoat dong do mot sb
lugng 16n cac thao tac (read/write/erase) trén bd nhd Flash
dudc thuc hién mdi khi cip nhat dif liéu trén SQLite. Day
1a mot van dé can dudc giai quyét dé€ nang cao hiéu suét
ctia cac hé théng Android va iOS. Bai b4o nay gi6i mot hé
thng Iuu trit két hop cho céac ing dung SQLite st dung
Flash va FRAM (Ferroelectric Random Access Memory)[2,
3, 7] goi la COSS nham t8i wu hod thao tic Commit cho
cdc hé thdng sit dung NAND Flash va SQLite. Muc tiéu
ctia hé thdng nay 12 1am giam s6 lugng sb lugng thao tic
trén bo nhé Flash va lam chidm qua trinh 130 hda cta bo
nh6 Flash, dong thdi hé théng nay ciing gitp dif liéu cla
SQLite khong bi mit khi méat dién hoiic hé thong bi treo.
FRAM déng vai tro 1a mot bo dém ndi luu trit tam thoi
céc file journal ctia SQLite. Khi bo nhé FRAM day, tat ca
céc file journal trén FRAM s€ dugc ghi vao bd nhé Flash.
Kha nang ghi de dit liéu va ghi tiing byte cia FRAM gitip
céc tng dung gidm chi phi thuc hién va s6 lugng thao tic
phu phat sinh trén bd nhé Flash do cdc déc tinh vt ly cla
Flash. Két qui thit nghiém cho thiy hé thng nay dat hiéu
qua tot va ddm bo dit liéu cta SQlite ludon dudc an toan.
Phan con lai ctia bai bao c6 ciu tric nhu sau: Phan II gi6i
thiéu cdc kién thdc cin ban va lién quan dén SQLite, Flash
vad FRAM. Phan III trinh bay kién tric ctia hé¢ thong. Két
qua thuc nghiém va danh gid hé théng dudc trinh bay trong
Phan IV va cubi cling, két luan bai bdo dudc trinh bay trong
Phan V.

II. KIEN THUC CO SO

Flash 13 mot loai thiét bi bo nhé thit cip dudc st dung
rit phd bién hién nay. Chiing c6 mit trong cic thiét bi dién
t nhu mdy tinh, dién thoai thong minh, cic thiét bi nhiing,
thé nhg, USB, SSD,... Khac véi dia cing thong thuong,
bd nhé Flash gdbm mot diy cic thé nhé NAND Flash. Bo
nhé Flash dudc t§ chic thanh cdc khdi nhé; moi khdi nhé
chita mot s6 lugng cu thé céc trang nhé (32, 64, 128 trang).
Trang nhé 1a don vi nhd nhét clia thao tic doc va ghi trong
khi d6 khdi nhé 1a don vi nhd nhéat cia thao tac x6a. Bo
nhd Flash hd trd 3 thao tdc cd ban l1a doc, ghi va x6a [8-
9]. Poc 1a thao tic c6 tdc dd nhanh nhét tiép dén 13 thao
tac ghi. Mot thao tac ghi mit khoang 2ms; chim hon 10
1an so véi thao tac doc. Chim nhit 1a thao tic x6a, chidm
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hon 10 1an so véi ghi. Hién nay, bd nhé Flash c6 vong
doi khoang 10.000-100.000 lan x6a khdi. Néu s6 1an x6a
clia mot khéi vuot qua ngudng nay thi khdi d6 khong con
kha ning st dung. P& phu hop v6i cac hé diéu hanh khéc
nhau va dat hiéu qua t6i uu, Flash cin phin mém trung
gian FTL. FTL c6 3 chiic nang chinh do6 la: anh xa dia chi
(Address Mapping), thu hdi khdi nhé khong hop 1é va diéu
phbi ghi dit liéu trén cac khbi nhé (Wear Leveling). Chiic
ning 4nh xa dia chi cung cp céc thuat toin dnh xa giita
dia chi logic va dia chi vat ly trén bo nhé Flash. Pa c6
rit nhiéu thuit todn dnh xa dia chi [1, 4-6] dugc gidi thiéu.
Chiing c6 thé dudc gom thanh 3 nhém chinh: Anh xa sector
(Sector Mapping), anh xa khdi (Block Mapping) va dnh xa
lai (Hybrid Mapping). B9 thu hdi khéi nhé khong hop 1&
c6 chiic ning thu hodi cac khéi nhd khong hop 18 dé tai st
dung. Khi s6 lugng kho6i nhé hop 18 trén bo nhé Flash thap
hon ngudng cho phép, bd thu hdi khdi nhé khong hop 1é
sé dugc tu dong kich hoat d€ thu hoi va tdi st dung cic
khoéi khong hop 16. Wear Leveling dugc st dung dé diéu
tiét cdc khbi nhd d€ dam bio cac khdi nhé cé tan suat
dugc st dung 1a tuong duong nhau. Wear leveling sé quyét
dinh khéi nhé nao dudc st dung khi c¢6 yéu cau ghi dit liéu
vao bd nhé Flash. FRAM la mot cong nghé bd nhé méi st
dung tinh chit dién sit. FRAM c6 cic tinh chit tuong tu
nhu DRAM nhung dif liéu Iuu trén FRAM khong bi mat khi
khong c¢6 ngudn cung cp dién. Khac véi Flash, FRAM cho
phép truy xuét ngiu nhién dén tiing don vi bit. Thuat ngit
“ferroelectric - dién sat” khong c6 nghia 12 FRAM chifa cic
phan i sit ciing khong c6 nghia 12 FRAM bi 4nh huéng
bdi tir trudng. FRAM cho phép phan vung mot cach linh
hoat cho ca muc dich chia ma thuc thi (Execution Code
Partition) va dif liéu. C6 nghia 13 FRAM c6 thé dugc st
dung d€ luu trit ma thuc thi chuong trinh va dif liéu dong
thdi ma véi céac loai bd nhé khac phai st dung 2 loai riéng
biét: ROM dé luu ma chuong trinh va bd nhd ngoai luu trit
dt liéu. SQLite 1a mot hé quan tri cd s§ dit liéu dudc su
dung rong rai trong cic thiét bi di dong nhs vao tinh nhé
gon va manh mé ctia né. Tuy nhién, tan suit cip nhat va
ghi dif liéu ngiu nhién trén SQLite rit 16n nén hiéu qua
cta SQLite trén bo nhd Flash sé gidm dang k€. M6i khi
cap nhat di liéu, SQLite tao mot file goi la file journal dé
lvu tri tam thdi di liéu cip nhat. Sau khi thao tac cap nhét
da dudgc commit, file journal sé bi x6a. Qua trinh thuc hién
atomic commit trong SQLite dugc thuc hién nhu sau:

1. Chiém giit khéa:
Truée khi SQLite c6 thé ghi di liéu vao co s6 dif liéu, né
phai nim giit khéa doc (read lock) d& dam bao co s6 dit
liéu da sin sang. Sau d6 sé chiém giit khéa chia sé (shared
lock) d€ ngin khong cho giao dich khac ghi vao muc dit
liéu hién hanh.

2. PBoc thdng tin tir c¢d sG di liéu:



Nhiing dif liéu can thay d6i dudc doc tif co s6 dit lidu.

3. Chiém giit khéa danh riéng (Reserved Lock)

Muc dich ciia viéc chiém giit khéa reserved 1a nham ngin
chén céac giao dich khac ghi di liéu va giao dich hién hanh
s€ sém ghi dit liéu vao muc di liéu hién hanh.

4. Tao file Journal:

Trudc khi thuc hién thay ddi dit liéu, SQLite tao va ghi dit
liéu ci vao file journal. Lic nay journal file dugc Iuu tam
thdi 6 bo dém.

5. Thay déi dit liéu & phia ngudi ding:

Sau khi di liéu cii dugc khi vao file journal, di liéu dugc
cip nhit § phia ngudi dung.

6. Ghi journal file vao dia:

Dé dam bao an toan dit liéu, file journal dugc ghi vao dia
cung.

7. Chiém giit khéa doc quyén (Exclusive Lock)

Tru6c khi ghi dif liéu, SQLite cin chiém giit khéa doc
quyén d& dam bdo khong cé giao dich ndo dang doc hay
ghi di liéu 1&én muc du liéu hién hanh.

8. Ghi dit liéu thay ddi vao dia:

Toan bd di lidu thay déi sé dugc ghi vao dia.

9. Xda file journal:

Sau khi hoan tit ghi dif liéu vao file, hé thong sé xda file
journal. Sau khi journal file da bi x6a thanh cong, cac khoa
s€ dugc giai phong.

Néu qué trinh commit khong thanh cong, hé théng sé
thuc hién rollback bang cach doc file journal vao ghi dit
liéu cii vao co s6 dii liéu. Qud trinh rollback bao géom cdc
budc nhu sau:

1. Tim file journal “néng”. File journal “ndéng” la file
journal cé cdc dic diém sau:

- Pang ton tai hop 1&

- Khong rong

- Khong chita khoa reserved trén file co s§ dit liéu chinh
- Tiéu dé ding ciu tric

- Khong chita tén file supper-journal (dung trong commit
nhiéu giao dich dong thoi).

2. PBoc thong di liéu ci tu file journal va ghi vao co sG
du ligu.

3. X6a file journal “néng”: Sau khi tit cd moi thong tin
dugc ghi vao co s6 dif liéu, file journal can dugc xé6a dé
hoan tit giao dich.

Nhu di d& cdp & trén, bén canh nhiing diém manh néi
bit, bd nhé Flash c6 hai nhugc diém 16n dé 1a dic tinh xéa
truée khi ghi va han ché s6 1an x6a khéi. Do d6, thuc hién
thao tac commit ciia SQLite nguyén thly trén bd nhé Flash
sé din dén hiéu qua hoat dong thip. Hinh 1 trinh bay mot
vi du vé viéc cAp nhat dif liéu trén bd nhé Flash st dung
thudt toan anh xa dia chi Block mapping.
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Hinh 1. Vi du cédp nhit di liéu trén bd nhé Flash

Gia st cAn cap nhat trén cay chi muc trong co s6 dit liu
SQLite dugc luu tri trén bd nhd Flash. Néu mot ban ghi
v6i gia tri khéa 12 duge cheén vao cd s6 dit liéu thi ban
ghi d6 dudc cap nhat trén nit C va ghi du liéu trén trang
nhé ctiia bo nhé Flash. Vi dac tinh xda trude khi ghi (khong
thé ghi d&) nén qud trinh chén 12 dudc thyc hién nhu sau:
Pau tién céc file hop 1& (A, B) trong block #n dudc sao
chép sang block #m; ghi file C’ vao block #m va cudi ciing
block #n sé bi x6a hodc ddnh diu block khong hop 1é. Qua
trinh nay phat sinh rit nhiéu cic thao tic trén Flash din
dén giam hiéu sult ctia toan hé thdng. Luu y ring, vong
doi ctia NAND Flash bi gi6i han bsi s6 1an xod trén cdc
block. Do do, viéc gidm thao tic xo4 gitip cho tudi tho clia
NAND Flash it bi anh huéng. Nhiam han ché viéc phét sinh
cac thao tac nhu da trinh bay & vi du trén, mdt giai phap
méi dugc dé xuit & Phan IIL

IIl. THIET KE VA CAI PAT COSS
1. Thiét ké COSS

Phin nay sé trinh bay mot co ché téi uu héa thao tic
commit trén SQLite va hé théng luu trit cho SQLite trén
nén tang NAND Flash va b nhé FRAM. Muc tiéu ctia hé
thong nay 1a nhim giam tbi da chi phi thuc hién cap nhat
file journal méi khi cip nhit dii liéu trong cd s¢ di liéu
SQLite va giam sb lugng thao tac trén NAND Flash. P&
dat dudc muc tiéu ndy, chiing toi xay dung mot hé théng
luu trif lai st dung FRAM va NAND Flash. Trong hé théng
niy, FRAM dugc ding d€ luu trit file journal vi NAND
Flash dugc dung dé luu trir dit liéu.

Hinh 2 trinh bay kién tric t6ng thé hé thong COSS. Hé
théng COSS bao gdm tit cad cic thanh phan clia mot hé
théng thong thudng, driver cho hé théng lai va cic thanh
phan luu tri FRAM va NAND Flash.

Thanh phan driver cho hé thong lai sé quan ly va quyét
dinh thiét bi luu trit nao (FRAM hay Flash) sé dudc st dung
dé€ ghi dit liéu. Néu file journal dugc tao ra hodc dudc cip
nhat thi driver hé théng lai sé ghi dit liéu file journal 1én
FRAM. Ngugc lai, dit liéu ctia SQLite sé dugc ghi vao
Flash. FRAM driver va Flash driver s€ quan ly viéc ghi dit
liéu 1én FRAM va Flash tuong ting theo cd ché clia né.
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FRAM dugc st dung két hgp véi bo nhé Flash nhim
ning cao hiéu suét ctia SQLite trén cic hé thdng Android
va i0S. Béi vi dif lidu c6 thé dudc ghi d& trén FRAM nén
6 thé tranh dugc nhudc di€ém x6a trude khi ghi cta Flash.
Mai khi file journal dugc tao ra, COSS sé ghi file journal
vao FRAM thay vi ghi vao Flash nhu binh thudng. Diéu
nay lam giam dang k€ s6 lugng thao tic trén bo nhd Flash,
ddc biét 1a thao tic ghi va xda trén Flash tiéu tdn nhiéu
thoi gian va nang lugng.

DB application

$

DB application

!

SQLite Library

$

OS Kernel

f
$

FRAM Driver

$

Hybrid Driver

$

Flash Memory Driver

FRAM

NAND Flash Memory

Hinh 2. Kién tric ctia COSS
Bing cach st dung hé théng luu trit lai nay, COSS
lam ting dang k& hiéu sudt ctia SQLite trén cic hé théng
Android/iOS ctia céc thiét bi thong minh dong thoi lam
chim qua trinh 130 hod cia NAND Flash.

2. Co ché hoat dong ctia COSS

CPU
Main Boot-upy Data Data
memory code : storage storage
DRAM FRAM Flash memory

Hinh 3. H¢ thong bd nhé két hop

Véi hé théng nay, ching t6i két hop mot FRAM va mot
NAND Flash d€ luu trif dit liéu. FRAM da dugc st dung
nhu mot thiét bi luu tri trong cac hé théng nhing. FRAM
cho phép truy xuit tiing byte va ghi d& dif liéu do dé né
c6 thé han ché nhugc diém x6a trudc khi ghi cta Flash.

Nhu trinh bay trong Hinh 3, hé thong st dung mot FRAM
cho hai muc dich 1a Iuu trit dot liéu va ma thyc thi chuong
trinh. Trong trudng hop nay hé théng vin hoat dong tot vi
FRAM c6 thé déng vai trdo nhu ca ROM va thiét bi luu trit.
Bing cich sit dung mot phan ctia FRAM d€ luu dit liéu,
hé thdng c6 thé luu file journal tam thdi vio FRAM va
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co s& dif liéu vao Flash. V6i co ché nay, hé thdng sé hoat
dong v6i hiéu suit t6t hon cac hé thong thong thudng bdi
vi FRAM nhanh hon Flash, han ché cdc thao tic xda trudc
khi ghi dong thdi gidp kéo dai tudi tho ctia Flash.

DéE cai dit hé thébng luu trit nay, hé thdéng cin mot
phuong thic riéng dé truy xuit ca Flash va FRAM. Nhu
trinh bay trong Hinh 4, hé théng sit dung FRASH[10] 1a
mot hé thong file don gian dugc thiét ké cho hé thong luu
trit két hop FRAM va Flash.

DB application
SQLite‘ rLibrary
FRASH file system
! !
FRAM NAND Flash Memory

Hinh 4. Hé thong file

Vé co ban, khi thuc hién qud trinh commit, COSS ghi
céc file journal vao FRAM. Ngay khi du liéu dudc cdp nhat
va ghi vao Flash thanh cong thi cac file journal trong phan
viing dit liéu cia FRAM dugc x6a dé hoan tit qua trinh
commit.

IV. PANH GIA HIEU SUAT

Phan nay trinh bay mot s6 két qua thuc nghiém cia COSS
va so sanh hiéu suit véi hé théng nguyén thuy. Tat ca cic
thuc hién dugc trién khai trén bo nhé FRAM gia lap dugc
lay tif RAM c6 dung luong 8MB. Hiéu suit ciia cic hé
théng dugc danh gia dua trén sd lugng thao tic va hiéu
sut sit dung khong gian nhé trong cac khéi nhé ctia NAND
Flash. Trong cdc thit nghiém, ching t6i st dung bo dém
thao tic va bo dém thoi gian hé thdng ciia bo nhé Flash dé
danh gia két qua thuc hién. D& dam bao cong bing khi so
sanh, chiing toi thii nghiém tit ci thuc nghiém trén cling
mot moi trudng la Windows 10 Pro N véi vi xud ly Intel
Core i5-7400, 8GB DDR va dia ciing SSD 512GB.

1. Hiéu suét doc/ghi

Trong phan nay, chiing toi d4nh gid hiéu qua clia cic hé
théng thong qua viéc cap nhat 100.000 ban ghi trong co sé
du liéu.
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Thao tac ghi
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Hinh 6. S6 lugng thao tic ghi

Nhu Hinh 5 di thé hién, s6 lugng thao tic doc cia COSS
it hon khoang 14,1% so v6i hé thdng nguyén thuy bdi vi
COSS st dung FRAM c6 kha nidng ghi dé. NhG vao kha
ning ghi d& cia FRAM, COSS tranh dugc s6 luong 16n
thao tac ghép bd nhd Flash din dén mot sb lugng thao tic
doc dugc giam bét. Pbi véi thao tdc ghi va thao tac xod,
COSS thuc hién it hon hé thdng nguyén thuy khoang 17,9%
va 20,5% nhu trong Hinh 6 va Hinh 7 sau day.

Mic du COSS can thém mot sd thao tic ghi dé ghi di
liéu vao FRAM trudc khi ghi vao Flash nhung COSS khong
thuc hién cic thao tic ghép trén Flash 1am gidm déng ké
s6 luong thao tic ghi va xoa. Diéu nay rit c6 ich cho bd
nhé Flash bdi vi né cé thé kéo dai vong ddi clia bd nhé
Flash. Vong ddi ctia bd nhé Flash dudc tinh dua trén s6 lan
xo4 cdc khbi nhé. Do dé, viéc giam sb lugng thao tic xod
trén cic khéi sé& 1am chim lai qua trinh ldo ho4 ctia bd nhé
Flash.

2. Thei gian thuc hién

Hinh 8 trinh bay thai gian thyc hién 100.000 thao tac cip
nhat vao co s6 dif liéu. Béi vi COSS giam mdt sb lugng 16n
cdc thao tc trén Flash va téc do cao cia FRAM nén COSS
thuc hién nhanh hon rat nhiéu so véi hé théng nguyén thiy.
Téc do truy xuét cia FRAM tuong tu nhu DRAM, nhanh
hon nhiéu so v6i Flash. Mit khéc, khong c6 thao tic ghép
x4y ra trong FRAM - mdt thao tic ma tén rit nhiéu thoi
gian trén Flash. Diéu nay gidp cho COSS thuc hién cap nhat
nhanh hon khodng 218% so véi hé thdng nguyén thiy.
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Hinh 7. S6 lugng thao tic xo4

3. Khéi phuc du liéu

Theri gian thuwe hién
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Hinh 8. Thoi gian thuc hién

Nhu da trinh bay & phan trudc, kha ning khdi phuc dit
liéu 1a mot diém manh ctia FFB. Dit liéu ctia COSS ludn
dugc dam bao va kha ning khdi phuc dit liéu sau su sd
rit nhanh. Hinh 9 trinh bay thoi gian khdi phuc di lidu
sau sy c6. Nhin chung, COSS khéi phuc dit liéu trong thdi
gian trung binh khoéng 0,23 gidy; nhanh hon hé thdng binh
thudng khoang 82,6%. Béi vi tat c4 dit liéu ciia COSS déu
dugc ghi vao Flash hoic FRAM (khong mét dit liéu) do d6
dit liéu c6 thé dugc khdi phuc mot cach dé dang biang cach
doc tit FRAM va ghi vao Flash sau khi su ¢ xdy ra.

Khoi phuc di¥ liéu
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Hinh 9. Thdi gian khoi phuc dit liéu
Thuc té, thoi gian khoi phuc dit liéu phu thudc vao kich
thuée ving nhé clia FRAM dung d€ 1am bo dém. Kich
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thuéc vung nay cang 16n thi thai gian khoi phuc cang lau
vi ¢6 nhiéu dit liéu Iuu trif tam thoi trong d6. Tuy nhién,
tbc do truy xult cia FRAM khd cao nén thsi gian khoi
phuc dit liéu 1a chdp nhan dudgc.

V. KET LUAN

Bing cach két hop 2 thiét bi luu trit d€ tao thanh mot
hé thong luu trit két hop, COSS c6 thé nang cao hiéu suét
ctia SQLite va bd nhé NAND Flash trong cic hé thong di
dong. Trong hé théng COSS nay, véi kha ning ghi de tiing
byte va tbc do cao ciia FRAM da khic phuc dude nhugc
diém vat 1y ctia NAND Flash d6 13 ghi ting trang (page)
va x6a khdi (block) trudc khi ghi (tinh chat 1am anh hudng
x4u dén téc d6 va vong doi clia Flash). COSS khong nhiing
gitip cac hé thdng ctia st dung SQLite niang cao hiéu suat
ma con dam bdo dit liéu ludon dugc an toan. Tuy nhién,
mot di€ém han ché cia COSS d6 1a phéi st dung thém mot
FRAM (mdt thiét bi Iuu trit méi chua dudc st dung phd
bién va con han ché vé dung luong).

Do d6, COSS c6 thé dugc dp dung trong céc tng dung
ma & d6 yéu cau vé mit téc do va an toan di liéu dit 1én
hang dau.

Trong tucng lai gan, chiing toi sé tap trung nghién ciu
xdy dung hé théng drive cho COSS dé€ nang cao hiéu qua
hoat dong ctia hé thdng va d6 an toan cta dit lidu.
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