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Recent prompt development in ICT (Information and Communications Technology) has 

caused a great impact to our daily lives. We can use a browser on laptop to access our 

works, an app on phone to chat with our friends, and a pre-deployed sensor at home to 

execute our commands remotely. Almost all of above mentioned instances imply that an 

impartible relation between human beings and ICT services exists. 

Service provision is always a key factor to ensure the success of in ICT as well as the 

web development. In the past, developers, and researchers as well, often provide 

services by predicting what, and how, target users would be expecting. Empirical study, 

e.g., questionnaire, field study, etc., of course, is conducted to achieve the purpose. But 

however, reaction time of services on the web to be updated is way less than 

expectations from users (i.e., human beings). This issue can be formulated as the more 

we can understand the human, the more precise services we can provide to our users. 

Prediction, and/or anticipation, of human beings through the support of artificial 

intelligence techniques thus becomes an emerging topic in order to better develop the 

next-generation web.  

What is the difference between prediction and anticipation in technosocial systems? 

Is there a common anticipatory feature in biological structures, cultural structures, and 

technological ones? Humans remain, either individually or collectively, very poorly 

skilled when it comes to foresee the outcomes of their actions and take inspired 

decisions. The practice of prediction has made effective progress in the last decades in 
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certain disciplines and thanks to intelligent systems, but mostly as a mechanistic and 

probabilistic protocol, based on reactive causation and often keeping the human factor 

out of the loop because of its complexity. Anticipatory system is an implementation to 

compensate disadvantage of the system with the factors from human. In a view of 

computing and engineering, anticipatory system is the one that can effectively make the 

forecasting, where the outcome of the forecasting affects the forecaster, and the one 

whose current states can be influenced by the future states. Effectual anticipation is a 

desired model of the future that acts in the present, a way of acting which does not obey 

the instinct of immediate gratification but uses final causation and deeper aspirations. It 

is a sensibility for destiny ramifications, the capacity to imagine and project into the 

future the consequences of our intentions. 

In order to achieve the goal of anticipation, intelligence, in which we shall look at it 

from both human intelligence and machine intelligence parts, plays an important role. 

The intelligence here defines an integration of different techniques, approaches and 

thoughts to overcome individual limitations and achieve synergistic effects. It has been 

applied to provide human-like expertise embodied by domain knowledge, uncertain 

reasoning and adaptation to complex environments for specific purposes (e.g., human 

supports). It covers a wide areas ranging from science, engineering and business and is 

considered as an essential approach to tackle real-world research problems. Considering 

mentioned phenomenon, a promising shift from system centric to human centric is 

revealed by the growth of technology and related commercial products, such as Apple i-

devices, Google Glass, Tesla electric vehicle, and etc., which dramatically change our 

perspective upon information technology, in recent years. Researchers (and company as 

well) tend to provide tailored and precise solutions wherever and whenever human 

beings are active according to individuals’ needs. Making technology usable by and 

useful to, with interdisciplinary concerns and hybridization of intelligent technologies, 

human beings in ways that were previously unimaginable has becoming an emerging 

issue to explore potential supports in the next era. 

This special issue aims at revealing the fundamental technologies and potential 

research focuses on the web and its potential applications. We especially expect to find 

out the relation between human beings and everyday-growth intelligence. 

Understanding the context is the key to make achievement. The notion of context, in 

fact, is not new but require further explanation. The new scenario of intelligence under 

different types of context is more complicated. The need of multimodality (or 

interdisciplinary) should be defined between different context and different type of 

intelligence. On the other hand, intelligence among a group of people relies on typical 

media, or simply known as the approach that implements the intelligence. Although 

intelligent techniques became a common way to implement smart systems, a wide 

spectrum of issues (e.g., different computing paradigms and their applications) need to 

be taken into deep consideration. How to efficiently use different approaches to design 

an efficient, friendly-accessed, and high-performance hybrid intelligent systems to ease 

users (and their existing environment) remains a challenge. The development of a new 
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style of hybrid intelligence will need sophisticated adaptation techniques for different 

smart devices under different context. 

This special issue received 95 submissions from 16 countries where the 

corresponding authors were majorly counted by the deadline for manuscript submission 

with an open call-for-paper period of 4 months. All these submissions are considered 

significant in the field, but however, only one-third of them passed the pre-screening by 

guest editors. The qualified papers then went through double-blinded peer review based 

on a strict and rigorous review policy. After a totally three-round review, 12 papers 

were accepted for publication. These accepted papers mainly look at our issue from the 

union of human-centric design, machine learning, blockchain techniques, statistical 

methods, ICT-enabled service provision, smart living, social, privacy and security 

related issues for next-generation web which have brought lively discussions to the 

publics. 

A quick overview to the papers in this issue can be revealed below, and we expect 

the content may draw attentions from public readers, and furthermore, prompt the 

society development. 

The first paper titled “A Novel Distant Target Region Detection Method Using 

Hybrid Saliency-Based Attention Model Under Complex Textures”, by Jaepil Ko et al., 

proposes a hybrid visual attention model to effectively detect a distant target. The 

proposed model employs the human visual attention mechanism and consists of two 

models, i.e., the training model, and the detection model. When the image containing 

the target is input into the detection model, a task of selectively promoting only features 

of the target using pre-trained data is performed. The authors found that the desired 

target is detected through the saliency map created as a result of the feature 

combination. In this work, the model has been tested on various images, and the 

experimental results demonstrate that the proposed model detected the target more 

accurately and faster than other previous models.  

The second paper titled “Exploring the Effectiveness of Deep Neural Networks with 

Technical Analysis Applied to Stock Market Prediction”, by Ming-Che Lee et al., 

presents a work that explores the feasibility and efficiency of deep network and 

technical analysis indicators to estimate short-term price movements of stocks. A four-

layer Long Short-Term Memory (LSTM) model was constructed. This work uses well-

known technical indicators such as the KD, RSI, BIAS, Williams% R, and MACD, 

combined with the opening price, closing price, daily high and low prices, etc., to 

predict the trend of stock prices. It shows that the combination of technical indicators 

and the LSTM deep network model can achieve 83.6% accuracy in the three categories 

of rising, fall, and flatness.  

The third paper titled “Text recommendation based on time series and multi-label 

information”, by Yi Yin et al., proposes a novel method to ameliorate the correlation 

analysis issue in the recommendation method using the time series. The authors specify 
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a certain text collection according to the interests of users and integrate the varied label 

values of the text and build the correlation coefficient between text and its related text 

with the differential analysis. Finally, the similarity degree of the text is calculated out 

using the improved cosine similarity correlation matrix to promote a recommendation of 

similar text. The experiments indicate that the proposed method can ensure the quality 

of the text, with an improvement of accuracy by 8.63% as well as an improvement of 

recall rate by 5.25%.  

The fourth paper titled “Message Propagation in DTN Based on Virtual Contact of 

Behavior Model”, by Ho-Hsiang Chan et al., presents a work that simulates message 

propagation in a delay tolerant network (DTN), which is a kind of network structured to 

deliver messages intermittently, using virtual contact of a behavior model. The paper 

considers a scenario in which nodes make virtual contact in cyberspace and incur 

message delivery based on their behavior patterns. The verifying experiment is 

conducted using both survey and simulation that analyzes how messages propagated in 

different behavior pattern groups. It is derived from the simulation that to quicken 

message propagation, directing messages to one of the behavior groups yields the 

maximum benefits. It provides the basis for further research on collecting data of 

desired scenarios to establish respective propagation models.  

The fifth paper titled “Enhanced image preprocessing method for an autonomous 

vehicle agent system”, by Kaisi Huang et al., proposes a deep time-economical Q 

network (DQN) input image preprocessing method to train an autonomous vehicle agent 

in a virtual environment to solve the training cost issue of neural networks. The current 

frame top-view image is combined with the images from the previous two training 

iterations. The DQN model uses this combined image as input. The experimental results 

indicate higher performance and shorter training time for the DQN model trained with 

the preprocessed images compared with that trained without preprocessing.  

The sixth paper titled “A Study of Universal Zero-Knowledge Proof Circuit-based 

Virtual Machines that validate general operations & reduce transaction validation”, by 

Soon Hyeong Jeong et al., studies the zero-knowledge proof algorithm for general 

operation verification in the blockchain network. In this system, the design of a zero-

knowledge circuit generator capable of general operation verification and optimization 

of verifier and prover was also conducted. This work develops an algorithm for 

optimizing key generation. Based on all of these, the zero-knowledge proof algorithm 

was applied to and tested on the virtual machine so that it can be used universally on all 

blockchains.  

The seventh paper titled “Image Target Detection Algorithm Compression and 

Pruning Based on Neural Network”, by Yan Sun et al., optimizes and compresses some 

algorithms by using early image detection algorithms and image detection algorithms 

based on convolutional neural networks to handle the issues of a large number of 

parameters and high storage and computational costs in detected models. This work 

discusses the Faster-RCNN algorithm and the YOLO algorithm. A target detection 
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model based on the Significant area recommendation network is proposed to solve the 

problem that the candidate frame is not significant which is extracted in the Faster-

RCNN algorithm. Experiments show that the image detection algorithm based on 

compressed neural network images has certain feasibility.  

The eighth paper titled “Collaborative Filtering Recommendation Algorithm in cloud 

computing environment”, by Pei Tian, studies the collaborative filtering detection 

algorithm in the cloud computing environment for personalized recommendation 

technology. The algorithm migrates the collaborative filtering detection technology and 

applies it to the cloud computing environment. It shortens the recommendation time by 

using the advantages of clustering. A new recommendation algorithm can improve the 

accuracy of recommendation and proposes a parallel collaborative filtering 

recommendation algorithm based on the project. The algorithm is designed with a 

programming model. The experimental results show that the proposed algorithm has a 

shorter running time and better scalability than the existing parallel algorithm.  

The ninth paper titled “The Application of Virtual Reality Technology in the Digital 

Preservation of Cultural Heritage”, by Hong Zhong et al., mainly studies the application 

research of virtual reality technology in the digital preservation of cultural heritage. 

First, the system creates an immersive environment for users, displays the objects 

realistically in the virtual reality system, thereby digitizing the technical protection of 

cultural heritage. Secondly, it uses the virtual environment model of material cultural 

protection to build and use the terrain to generate and edit. Finally, the radial basis 

function is used to calculate the value in the virtual environment, so that the digital 

preservation of cultural heritage is more accurate. Experimental data shows that 35.54% 

and 64.46% of users are more likely to use the handle to interact with three-dimensional 

objects. This study indicates that the virtual environment reality technology 

specification is more efficient than the original technology in the process of digitizing 

cultural heritage.  

The tenth paper titled “Extraction of Mosaic Regions through Projection and 

Filtering of Features from Image Big Data”, by Seok-Woo Jang, proposes an algorithm 

that detects mosaic regions blurring out certain blocks using the edge projection. The 

proposed algorithm initially detects the edge and uses the horizontal and vertical line 

edge projections to detect the mosaic candidate blocks. Subsequently, geometrical 

features such as size, aspect ratio, and compactness are used to filter the candidate 

mosaic blocks, and the actual mosaic blocks are finally detected. The experiment results 

show that the proposed algorithm detected mosaic blocks more accurately than other 

methods.  

The eleventh paper titled “Network Analysis of Social Awareness of Media 

Education for Primary School Students Studied through Big Data”, by Su-Jeong Jeong 

et al., aims to examine the social debate about media education in Korean society, how 

media education is being conducted in this important primary school period. The data 

was collected in the last 5 years (2014.08.07-2019.08.07) from internet portal sites with 
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keywords of “primary school media education” and “primary school media literacy”.  

Semantic network analysis, CONCOR analysis, and content analysis were used as data 

analysis methodology. This study reveals that it is the right time to provide future 

education that can have a sound digital identity so that media education can be achieved 

in a media-friendly local community and educational environment.  

The twelfth paper titled “Machine Learning Based Distributed Big Data Analysis 

Framework for Next Generation Web in IoT”, by Sushil Kumar Singh et al., introduces 

a machine learning-based distributed big data analysis framework for the next-

generation web in the internet of things (IoT) to solve the issue of latency, accuracy, 

load balancing, centralization, and others in the cloud layer when transferring the IoT 

data. This study utilizes feature extraction and data scaling at the edge layer paradigm 

for processing the data. Extreme learning machine is adopting in the cloud layer for 

classification and big data analysis in IoT. The experimental evaluation demonstrates 

that the proposed distributed framework has a more reliable performance than the 

traditional framework. 
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Abstract. In this paper, a hybrid visual attention model to effectively detect a 

distant target is proposed. The model employs the human visual attention 

mechanism and consists of two models, the training model, and the detection 

model. In the training model, some of the features are selected to train in the 

process of extracting and combining the early visual features from the training 

image of the target by bottom-up manner, and these features are trained and 

accumulated as trained data. When the image containing the target is input into 

the detection model, a task of selectively promoting only features of the target 

using pre-trained data is performed. As a result, the desired target is detected 

through the saliency map created as a result of the feature combination. The 

model has been tested on various images, and the experimental results 

demonstrate that the proposed model detected the target more accurately and 

faster than other previous models. 

Keywords: target, hybrid, saliency, attention 

1. Introduction 

So far, lots of various studies on target detection have been conducted. Many of the 

studies on target detection have shown attempts to use human visual attention 

mechanisms for target detection [1, 2].In particular, in many intelligent robotic systems 

developed to assist humans [3], selecting only information useful for the current task 

from a large number of image information is very important in terms of efficient use of 

information as well as computational efficiency. To select such useful information, a 

various method has been proposed to increase the efficiency of computation by 

adaptively selecting only the high-priority information related to the current work from 

the numerous information of the input image using the selective visual attention 

mechanism of a human being. The mechanism of selective visual attention has long 

been first studied by cognitive scientists and has attracted a lot of interest in the 

computer vision area because this capability helps find conspicuous objects or regions. 

                                                           
* Corresponding author 
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Treisman suggested that the attention region is determined by integrating various 

features in the input image. Based on this feature integration theory [4], visual attention 

studies have been done largely into two approaches, a bottom-up approach, and a top-

down approach. The first computational model for human visual attention was the 

model presented in [4] and was inspired by the feature integration theory [4]. Numerous 

successful bottom-up computational models have been developed based on this model 

[6-10]. This visual attention model has been expanded to be used for videos using 

motion information which is one of the temporal features, as a bottom-up clue [19-22]. 

In addition, a model using depth information was proposed to apply to the 3D image 

[23-26]. The main differences between the most successful computational models 

proposed so far are in methods of extracting features and generating the saliency map 

[27]. The word 'Saliency' means the intensity of a feature of an input image and can be 

described as a difference between a pixel and its surrounding neighborhood [1]. An area 

with high saliency is an area attracting attention. 

Many successful bottom-up visual attention models have been proposed, but these 

models have a limitation that the attention region in the image does not always match 

the desired target. Detecting conspicuous objects or regions still remains a difficult 

issue. Therefore, a number of studies based on the top-down approach have been 

conducted to solve these kinds of issues. The top-down approach is based on the fact 

that a human pays attention to an object or part of an image that he or she already knows 

before another object [28]. This approach extracts and combines the features in the same 

process as the bottom-up approach, but makes the objects that want to be more 

noticeable by applying high-level knowledge to the extracted basic features [29]. High-

level knowledge used here is feature information such as color, shape, and intensity 

learned about the object and can be obtained by human learning function. This learning 

knowledge simplifies information about objects according to certain rules. For example, 

consider the case that we are learning about a beverage can. If the cans of beverages are 

red and blue, and red has a relatively higher visual attention than blue, we do not learn 

both blue and red, but rather simplify them to red. Actually, Coca-Cola cans are mixed 

with white and red, but we just cognize that “Coca-Cola” cans are red because of these 

reasons. 

Although a number of models have been proposed, the fast and accurate detection of 

salient regions remains a challenge in target detection, particularly in cases of complex 

textures. In this paper, a hybrid visual attention model for distant target detection that is 

robust to the color environment is proposed. The model proposed here is designed to 

extend the capabilities of the previous model that uses high-level information on the 

target. It overcomes the limitations of the bottom-up visual attention approach, which 

does not accurately detect the desired object, and the limitation of the top-down visual 

attention approach, which has only the feature values related to the object to be 

detected.  

This paper is organized as follows. In Section 2, previous studies of target detection 

using top-down information that shares the basic frame with the proposed model are 

presented, and the proposed model is presented in Section 3. In Section 4, experimental 

results and discussions were described to evaluate the performance of the model. 

Finally, conclusions were drawn with some general observations and recommendations 

for ongoing work in Section 5. 
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2. Related Works 

Saliency detection technique using a visual attention mechanism is widely used in the 

fields of target detection [30, 31]. However, as mentioned in the previous section, the 

bottom-up model often does not find the desired target. Most conventional detecting 

models are based on training to detect a specific target by the difference of saliency in 

the local context of image [1]. 

The model in [8], a top-down attention model that searches and learns the optimal set 

of linear map weights for a given object in an image was proposed. The model in [32] 

used mixture information of bottom-up and top-down information, but this model has a 

limitation from the fact that these two kinds of information were combined with a fixed 

weight. In addition, if a shape feature (eg, a circle shape) is selected as top-down 

information, other objects of the same shape are difficult to find. In the model of [33], 

features were extracted by the method in [6] to search for the object, and the values of 

the most prominent part of each of the 42 feature maps of the training image were 

learned with the naive Bayesian network. When detecting a specific object, multiple 

features maps were filtered by applying the pre-learned subbands, and then center-

surround operator was applied to feature maps to enhance the region which is much 

different to surroundings. And these multiple maps were simply multiplied to make one 

single saliency map. This model has a limitation that all values other than the learned 

feature values are lost and that the relationship between features cannot be maintained 

because all feature maps are multiplied when generating the saliency map. In [34], a 

top-down attention model for robot navigation was proposed. This model calculates the 

robot's position by learning Gist features and landmarks. The biggest limitation of this 

model is that it is practically impossible to apply because it has to actually visit the 

place and learn. In [35], a top-down attention model that can be applied to finding a 

person's face was proposed, but it needs to select the color of the clothes manually 

whenever a top-down saliency map is generated. The model in [36] extracted the 

attention area by inputting top-down information to the model in [6]. In this model, 

color, direction, and shape features were extracted, the candidate areas were compared 

to the similarity of the target, and the candidate areas were weighted according to the 

results of the similarity comparison. This model does not use learning processing, and 

only the comparison of one specified object by specifying the search object area in the 

image. Xiao [37] stored basic features such as lines, points, and circles that make up a 

target and extracted a target from the input image using them, but it has limitations in 

that the standard of features for representing objects is not accurately presented. 

Recently, deep learning has been successfully utilized in target detection.  Automatic 

feature extraction methods with convolutional neural networks combined with transfer 

learning achieved top level performance on saliency estimation [38-47] have been 

proposed. CNN (Convolutional Neural Networks) capture typical high-level features to 

detect salient objects that are prominent in a particular size and category and achieved 

an advanced performance for saliency detection issues. Though these deep learning 

models have shown preferable results, they extract features on special levels, and all 

levels of information are significant. It also needs a supervised learning process. The 

existing problem is how to choose the network layers, although each network layer is 

significant, nevertheless, full convolution network layers increase workload. The other 

problem is what kind of low-level features to integrate and how to integrate all level 

features into multiple resolutions. Moreover, these models do not produce a temporal 
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sequence of eye movements, which can be very important not only in developing a 

system that deals with video streams, but also in understanding human vision. 

Although lots of models have been proposed, the fast and accurate detection of 

salient regions remains a challenge in target detection, particularly in cases of complex 

textures. Summarizing previous studies that explored objects using the top-down visual 

attention approach discussed so far, there are some limitations in the method of saliency 

map generation and performance evaluation. First, in most models, weight, color, 

intensity, and shape feature maps are integrated with the same weighted without 

considering the relative differences between features. In this case, if a specific feature 

value of the search object is changed in the search image, the search becomes difficult. 

Let's suppose that a red can has been trained, but when the model needs to detect a 

darker red can. When the top-down information is input, the intensity and shape features 

become more prominent than the color feature of the red can. Therefore, if there are 

cans of different colors of the same size in the search image if the intensity and shape 

features are the same, the color features are pushed out to other colors, so that the red 

cans cannot be easily found. Second, in the previous model, a saliency map was made 

by selecting only some feature maps from the extracted feature map such as intensity 

and color.  Since humansHumans take all of the various features into account when 

paying attention, the method of considering only some features does not fully mimic 

human visual processing. Third, the kind of experimental images used in the 

performance evaluation experiments has been very monotonous. If the feature values of 

the training objects are similar when learning, other objects other than the target to be 

searched for may be found. Performance evaluation experiments were performed in 

many models using only experimental images contained only one trained object. 

Therefore, the performance of the interference between the trained objectscannot be 

evaluated. 

In this paper, a model with the following characteristics is proposed in order to 

overcome the above-mentioned limitations of the existing model. To overcome the first 

described limitations, trained data is generated by training the relative differences 

between features. This trained data can be used in a detection model to detect targets 

more efficiently. To overcome the second described limitations, a saliency map that 

takes into account all the features is made. This eliminates the loss of features, allowing 

the proposed model to handle a wider variety of information, and also allow the model 

to have a structure similar to the human visual process. To overcome the third described 

limitation, experiments were performed on images containing a number of trained 

objects. Through these experiments, the proposed model can be shown to detect the 

desired target well in the image containing other trained objects. 

3. The Methodology 

The proposed model was developed to effectively detect a distant target using the top-

down information by expanding the bottom-up visual attention model proposed in [27]. 

To detect targets in the proposed model, the training process is required before 

searching for targets. Pre-trained data causes bias in the feature extraction and 

combining phases to find the desired target. 
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The proposed model consists of the training model and detection model as shown in 

Fig. 1. In the training model, training images for the target are input and processed to 

generate trained data. The training model has two processes, feature extraction, and 

training. Such early visual features such as color, intensity, and form-orientation are 

extracted from the input image, and information of each feature is selectively selected 

and trained, and then trained data is generated. For training, the naive Bayesian network 

was used. In the detection model, a target is detected using the trained data from an 

image containing the target to be detected. In the detection model, the early visual 

feature extraction and saliency map generation process goes through the same process 

as that of the training model. In the training model, the feature values for training are 

newly calculated and selected during this process, but in the detection model, weights 

that are calculated using pre-trained data are given to feature maps. 

 

Fig. 1. The overall process of the proposed model 

3.1. Training Model 

In the training model, the general features of the training image of the target are 

extracted, and the unique attributes of the target are trained. 

Feature extraction and saliency map generation 

The basic bottom-up process of extracting the early visual features and weighting them 

together to produce the saliency map proceeds in the same way as in the model of [27]. 

In the proposed training model, some of the features extracted in this process are 

selected and used for training. The overall process of extracting early visual features and 

integrating them into a saliency map by weighting them is shown in Fig. 2.Feature 

extraction and saliency map generation process in “Training” component can be 

described detail in 5 steps as follows. 
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Fig. 2. Features extracted from the proposed training model 

First, early visual features, R(red), G(green), B(blue), Y(yellow), I+(ON-intensity) 

and I-(OFF-intensity) are extracted by equation (1) from input image.  

𝑅 = 𝑟 −
𝑔 + 𝑏

2
, 𝐺 = 𝑔 −

𝑟 + 𝑔

2
,   𝐵 = 𝑏 −

𝑟 + 𝑔

2
 

𝑌 = 𝑟 + 𝑔 − (2  𝑟 − 𝑔 + 𝑏 ,   𝐼+   =
𝑟 + 𝑔 + 𝑏

3
,    𝐼−  = 1 −

𝑟 + 𝑔 + 𝑏

3
 

(1) 

In equation (1), R is the red channel of the image, G is the green channel, and B is 

the blue channel. Since the intensity features seen by the human eye may have a high 

saliency either on the bright part of the image or on the dark part on the contrary, ON 

intensity features (I+) with high feature values for bright parts and OFF intensity 

features (I-) with high feature values for dark parts are generated. 

Second, early visual features are then reorganized into R+G-, R-G+, B+Y-, B-Y+, 

which are relative color pairs for R/G, B/Y colors extracted based on an opponent-

process theory of color vision [48]. These opposite features are generated by equation 

(2). 

𝑅 + 𝐺−= 𝑅 − 𝐺, 𝑅 − 𝐺+= 𝐺 − 𝑅,   𝐵 + 𝑌−= 𝐵 − 𝑌, 𝐵 − 𝑌+= 𝑌 − 𝐵 (2) 

Through an improved nonlinear combining method shown in equation (3), R+G- and 

R-G+ are combined into F
11

, and B+Y- and B-Y+ are combined into F
12

, and I+ and I- 

features are combined into F
13

.  
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𝐹𝑥,𝑦
𝑘 =

𝐹𝑥,𝑦
𝑘 − 𝑀𝑖𝑛𝐹

𝑀𝑎𝑥𝐹 − 𝑀𝑖𝑛𝐹
,   

𝐹𝑥,𝑦
𝑘 = 𝐹𝑥,𝑦

𝑘 × 𝐷𝑖𝑓𝑓 𝐹𝑘 , 𝐷𝑖𝑓𝑓 𝐹𝑘 =  𝑀𝑎𝑥𝐹𝑘 − 𝐴𝑣𝑒𝐿𝐹𝑘 2 

𝑀𝑎𝑥𝐹𝑘 = max 𝐹𝑥,𝑦
𝑘  , 𝐴𝑣𝑒𝐿𝐹𝑘 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 local max 𝐹𝑥,𝑦

𝑘   , 

𝑀𝑎𝑥𝐹 = max 𝐹𝑥,𝑦
1 , … , 𝐹𝑥,𝑦

𝑘  ,𝑀𝑖𝑛𝐹 = min 𝐹𝑥,𝑦
1 , … , 𝐹𝑥,𝑦

𝑘   

(3) 

In equation (3), k is the number of imput map, and Diff(F
k
) is the relatvive activity 

value of F
k
. At this point, 'activity' is a unit that indicates the intensity of attention of the 

input image, which means that the higher the amount of activity, the more noticeable 

features are included than the surroundings. 

Third, three form-orientation feature maps (F
21

 for R/G color, F
22

 for B/Y color, F
23

 

for intensity) are generated by extracting form-orientation features (F
21n

, F
22n

, F
23n

, 

n=1~8) that have eight orientations from the extracted two color features (F
11

, F
12

) and 

intensity feature (F
13

) respectively. Center-surround computations with 8 orientations 

(0π/8, 1 π /8, … 7π/8) [27] are used as form-orientation filter.and combining them using 

an improved nonlinear combining method.  

Fourth, achieved form-orientations are combined by nonlinear combination method 

into of F
31

, F
32

, and F
33

.  

Finally, saliency map (S) is generated by weighted combination method by equation 

(4). In each process, all input images are normalized between 0 and 1.In equation (5) k 

is the number of feature maps, W
k
 is the weight of feature map, and Diff(F

k
) is the 

relative activity value of F
k
.  

𝑆 = 𝑊1 × 𝐹31 + 𝑊2 × 𝐹32 + 𝑊3 × 𝐹33 ,  

𝑊𝑘 =
 𝐷𝑖𝑓𝑓(𝐹𝑖)𝑛

𝑖=1

 𝐷𝑖𝑓𝑓(𝐹𝑖)𝑛
𝑖=1 − 𝐷𝑖𝑓𝑓(𝐹𝑘)

 
(4) 

Selected feature values for training  

In the proposed training model, various feature values were involved in training to learn 

the unique features of the object. The feature values in the various feature maps 

generated from the training image and the relative feature values between the feature 

maps were all considered, and the following four types of feature values shown in Table 

1 were calculated and participated in the training.  
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Table 1. Selected feature values for training 

Selected feature value Reason 

R, G, B, Y, I +, I- feature map values 

corresponding to maximum saliency 

location of F
11

, F
12

, F
13

 feature map 

To find out the intensities of the unique 

colors of the target. 

Relative activity amount of each pair of 

R+ G-, R-G+, B+Y-, B-Y+, I+, and I- 

feature maps 

To find out which features of the input 

map were reflected in creating  F
11

, F
12

, 

and F
13

 feature maps. 

Relative activity amount of each of F
21n

, 

F
22n

, F
23n

 feature maps. 

To find out which features of the input 

map were reflected in creating F
21

, F
22

, 

F
23 

feature maps. 

Weights given to the F
21

, F
22

, F
23 

feature 

maps used when generating the saliency 

map (S) 

To find out which features of the input 

map were reflected in creating a saliency 

map. 
 

Fig. 3 shows the example of a training feature selection mechanism considering the 

features in the various feature maps and Fig. 4. shows the example of a training feature 

selection mechanism considering the features between the various feature maps. In Fig. 

3, R, G feature map values corresponding to maximum saliency location of F
11

 feature 

map were selected, and in Fig. 4, the relative activity amount of orientation feature 

maps of  F
21n

 was selected. 
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Fig. 3. The example of a training feature selection mechanism considering the features in the  

various feature maps 

 

Fig. 4. The example of a training feature selection mechanism considering the features between 

the various feature maps 

Trained Data  

The features extracted and selected from each category's training images were stored as 

mean(𝝁) and standard deviation(𝝈𝟐) as shown in equation (5) through naive bayesian. 

In equation (1), is the value of input data and is the number of data input. In this way, a 

plurality of images is trained to construct trained data. The trained data is represented by 

a probability equation as shown in equation (6), where N() is a normal distribution 

curve, p() is a probability, and n is the total number of features to be trained.  That is, 

the probability that the value '𝜽' emerges from the feature 'F' is the result value when 



388           Jaepil Ko and Kyung Joo Cheoi 

 

'theta' is input into a normal distribution curve composed of the mean(𝝁) and standard 

deviation(𝝈𝟐) of the trained 'F'. 

𝜇 =
1

𝑁
 𝑥𝑖

𝑁

𝑖=1

, 𝜎2 =
1

𝑁 − 1
 (𝑥𝑖 − 𝜇)2

𝑁

𝑖=1

. (5) 

 𝑝(𝐹𝑗 |

𝑛

𝑗 =1

𝜃𝑗 ) ∝ 𝑁 𝐹𝑗 ; 𝜇𝑗 ; 𝜎𝑗  . (6) 

3.2. Detection Model 

In the detection model, trained data is used to detect the target object. The early visual 

feature extraction and saliency map generation process goes through the same process 

as that of the training model. In the training model, the feature values for training are 

newly calculated and selected during this process, but in the detection model, weights 

that are calculated using pre-trained data are given to feature maps. 

Biasing the feature values of R, G, B, Y, I+, I- 

 In order to make the region corresponding to target in the extracted R, G, B, Y, I +, I- 

feature maps to have high feature values, high weight is assigned to each feature map 

that is similar to the maximum feature values of R, G, B, Y, I+, and I- of the trained 

data. The weighting method is as follows. First, a Gaussian distribution curve is drawn 

using the mean (𝝁) and standard deviation (𝝈𝟐) of the trained data. And then the values 

of the feature map are increased by the result value of passing each value of the feature 

map through a gaussian distribution curve sd shown in equation (7). In equation (7), x 

means the feature values in the feature map, and y means the value of the results when 

the x was inputted to the gaussian distribution curve. Feature value x is modified by 

adding the result value y with x itself. This adjusts the value of the feature similar to the 

target to a higher value. 

𝑦 = 𝑔𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑥 , 𝑥 = 𝑥 + 𝑦 (7) 

At this time, the value of the curve is adjusted to match the maximum value of the y-

axis of the gaussian distribution curve with the maximum value of the feature map so 

that the feature values similar to the trained data in the output feature map should be the 

maximum feature values. 

Biasing in nonlinear combination process for generation of F
11

, F
12

, and F
13

 

When top-down information is input to the R, G, B, Y, I+, and I- feature maps, F
11

, F
 12

, 

and F
13

 are generated with an improved nonlinear combination. In the nonlinear 

combination process, additional activity amount of trained data is input to select the 
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salient feature map. Fig, 5 shows the basic mechanism of biasing activity values of 

feature maps. In Fig, 5, the biggest of the calculated activity values of the input maps is 

15 of the first map, but in trained data, the third of the input maps has the largest value 

of 9. So, it is biased by the value of the third map of the input maps. 

 

Fig. 5. The basic mechanism of biasing activity values of feature maps 

The nonlinear combination reflecting the top-down information can be expressed as 

equation (8). In equation (8), C means input map, CN means a map with assigned 

weight, and Ta means activity amount of C map in the trained data. 

𝐶𝑁𝑥,𝑦
𝑘 = 𝐶𝑥,𝑦

𝑘 × 𝑇𝑎
𝑘 . (8) 

Biasing in nonlinear combination process for generation of F
31

, F
32

, and F
33

 

The eight form-orientation feature maps F
21n

, F
22n

, F
23n

are generated for each color and 

intensity feature by performing a center-surround operation that mimics the cellular 

reactivity seen in the "ON-centered, OFF-surround" receptive field of humans [5]. The 

eight form-orientation feature maps are integrated into the orientation with the largest 

response because one feature was divided into eight orientations. At this time, in the 

nonlinear combining process, the top-down information is input to the form-orientation 

activity of each direction in the trained data as the top-down information to generate an 

output map having the prominent direction of the target. 

Biasing in weighted combination process for generation of the saliency map  

When weighted combining is performed, the weight of trained data is added as top-

down information to generate a saliency map that has the relationship between the color 

and intensity of the target. The saliency map is generated by equation (9) and L1, L2,L3 

is the weight corresponding to each map in the trained data. The maximum salient 

location of the saliency map generated by the weighted combination is the portion that 

matches the target.  

𝑆 = 𝐿1 × 𝐹31 + 𝐿2 × 𝐹32 + 𝐿3 × 𝐹33 . (9) 
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4. Experiments and the results 

To evaluate the performance of the model, the model was applied to the problem of 

detecting targets, such as a pen, triangle-shaped safety sign, and beverage can. In 

addition, to carry out a quantitative evaluation, the proposed model was compared with 

the model in [5], [7], and [26].  

Most models that use top-down information are difficult to compare because of the 

lack of training and test images. However, because the model of [8] provides both 

training image, test image, and general evaluation criteria, it is possible to compare the 

performance with the proposed model. The proposed model was also compared with 

previous bottom-up models in [6] and [27]. The model of  [6] is the most frequently 

referred to in the bottom-up model studies, and it was selected for the performance 

comparison with other models in the future. The model in [27] was selected because it 

has the same feature extraction method as the proposed model, but not use top-down 

information. 

4.1. Training images 

For 3 types of detection experiments and robustness experiments of color and 

brightness, images of red, blue, and black pens with strong color and orientation 

features commonly found in the real-world were created as training images. In addition, 

32 triangle-shaped safety signs and 45 red beverage cans taken at random campus 

locations and times were used as training images. The training image was made by 8 

angular changes for one training image for one object, and 12 brightness changes and 10 

step size changes for each angular change. The brightness change was changed in 5 

steps from -30 to +30, and the change in size was changed in 0.2 steps from 1.2 to 3.0 

times. In summary, as shown in Table 2, a total of 176 training images was created for 

the training image for one object. 

Table 2. Number of newly Selected feature values for training 

composition of 

training images 

for each object 

variation1 variation2 Total No. 

rotation 8 
brightness 12 96 

size 10 80 

 176 

4.2. Test images 

Test images used in specific pen detection experiments. Test images used in the 

experiment for detecting a specific pen is a scene containing the one, two, and three red, 

blue, and black pens that are trained as shown in Table 3. A total of 147 test images 

were used. Test images used in triangular-shaped safety signs and beverage can 

detection experiments. 32 triangular-shaped safety signs and 59 red cans were used as 

test images in triangular-shaped safety signs and beverage can detection experiments. 

An example of the test image used in the detection experiment is shown in Fig. 6. 
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Table 3. Test image used in specific pen detection experiments 

 1 trained object 2 trained object 3 trained object Total 

Total 63 63 21 147 

Test images used in color robustness experiments 

The robustness test for color is to see how the color of distractors and the background of 

the scene with the object effects the target detection. The images with a red, blue, gray, 

sky blue, and brown background and the images with red, blue, and green distractors 

among images used in specific pen detection experiments were used as the Test images 

used in color robustness experiments. A total of 100 images were used. 

Test images used in brightness robustness experiments 

The robustness test for brightness is to check the effect of brightness change on target 

detection. 294 images with brightness variation from +30 to –30 applied to the original 

test images used in specific pen detection experiments were used as test images in 

brightness robustness experiments.  
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Fig. 6. An example of the test image used in the detection experiment 

4.3. Performance Evaluation Criteria 

Two performance evaluation criteria, i) The successful target detection rate (p) using 

equation (10) for the images detected within the specified number of times in the test 

image, ii) the average viewpoint variation number until the target found, were used. 

𝑝 =
𝑟

𝑟 + 𝑞
 

(10) 

In equation (10), r is the number of images that successfully detected the target, q is 

the number of images that failed at detecting the target. If a model detects a target in 3 

images out of 5 test images, the successful target detection rate (p) is 0.6. Among 

successfully detected images, if this model detected the target in the third search from 

the first image, the third search from the second image, the second-search in the third 

image, then the average viewpoint variation number until target found is 2.6. The 

successful target detection rate (p) can be used to evaluate the detection efficiency in the 

entire test image, and the average viewpoint variation number until target found can be 

used to evaluate how fast the model detected the target. The higher the successful target 

detection rate, the lower the viewpoint variation number until the target found, the better 

the performance. 
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4.4. Results 

Fig. 7 shows an example of the result of a saliency map of the proposed model using 

top-down information and the result that is not. The target to be detected in the input 

image is a blue pen. Without using trained data, with only bottom-up features, the 

proposed model detects the red pen at first-search. The saliency map on the left side of 

Fig. 7 shows that the red pen is the most salient object. But what if we want to detect a 

blue pen, not a red pen? The proposed model allows you to find blue pens at once. The 

saliency map on the right side of Fig. 7 was made using trained data, showing that the 

blue pen, not the red one, is the most salient object. 

 

 

Fig. 7. Example of the result of the saliency map without top-down information (left) and the 

result with top-down information (right) 

Fig. 8 demonstrates the example of detection results for 3 types of target detection 

experiments in the proposed method. The three images on the left side of Fig. 8 are 

examples of results from specific pen detection experiments. The image on the first line 

is an image where two trained objects (red and blue pens) are placed on a bookshelf 

with several books. The target is a blue pen. The proposed model detected the target 

after the second-search but the other models failed at detecting the target within the 

specified number of search-times. The image in the second row on the left of Fig. 8 

shows a yellow alarm clock on a light brown table, two trained objects (a red pen and a 

blue pen), and a gray digital clock. The target is a blue pen. The proposed model and the 

models of [6] and [8] detected the target at once, but the model of [27] failed at 

detecting the target within the specified number of search-times. The image in the third 

row on the left of Fig. 8 is a test image with a military uniform on a brown table and 

three trained objects (red pen, blue pen, and black pen) placed on the uniform. The 
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target is a red pen. The proposed model detected the target at once, but the other models 

failed at detecting the target within the specified number of search-times. 

The three images in the middle of Fig. 8 are examples of the results from triangular-

shaped safety sign detection experiments, and the three images on the right are 

examples of the results from beverage can detection experiments. We can see that the 

proposed model detects the target in various environments in the first-search. 

 

Fig. 8. Example results on 3 types of detection experiments: pen detection (left), triangular-

shaped safety sign detection (middle), beverage can detection (right) 

Table 4 and Table 5 summarizes the performance evaluation result of the proposed 

model with the comparison result of 3 models. Overall, the proposed model achieved 

the successful target detection rate with an average of 94.33% on 3 types of target 

detection experiments, and 97% on color and brightness robustness experiments. An 

average viewpoint variation number until the target found from the proposed model is 

1.37 on 3 types of target detection experiments, and 1.33 on color and brightness 

robustness experiments. And these results are the best performance among other 

comparison models. 

The proposed model detected the target almost at first-search, but other models 

didn’t. The model in [8] has the best performance except for the proposed model, and it 

detected the target on average 1.67th search on 3 types of target detection experiments 

and 1.87th search on color and brightness robustness experiments. However, the 

proposed model has better performance with 1.37 on 3 types of target detection and 1.33 

on color and brightness robustness experiments. Even the successful target detection 

rate is superior to that of [8]. 
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These results demonstrate that the proposed model outperforms other previous 

models. The color robustness test and the brightness robustness test were experiments to 

confirm how robust the proposed model was for the brightness variation and the 

disturbing color. Previous models were difficult to secure versatility only by 

experimenting on the images of the monotonous environment. The color robustness test 

results and the brightness robustness test results demonstrate that the proposed model is 

very robust to color and brightness. In particular, even if the background color of the 

test image is similar to the target and there are some distractors, the performance of the 

model did not deteriorate much.  

Table 4. Overall results on 3 types of target detection experiments 

 
The successful  

target detection rate 

Viewpoint variation number 

until the target found 

 
This 

Model 
[8] [27] [6] 

This 

Model 
[8] [27] [6] 

Pen 89 75 67 60 1.21 1.8 3.57 4.31 

Safty sign 99 90 79 75 1.59 1.8 4.02 5.6 

Beverage can 95 89 82 67 1.31 1.35 5.3 6.5 

average 94.33 84.67 76 67.33 1.37 1.67 4.3 5.47 

Table 5. Results on color and brightness robustness experiments 

  
The successful  

target detection rate 

viewpoint variation 

number until the target found 

  
This 

Model 
[8] [27] [6] 

This 

Model 
[8] [27] [6] 

Color 

Red 

background 
100 100 92 75 1 1.25 2.5 2.13 

Bluebackgrou

nd 
100 100 83 50 1 1.40 2.2 2.80 

Gray 

background 
100 100 75 67 1 1.14 3.0 2.28 

Sky blue 

Background 
100 92 83 83 1 2.25 2.38 2.25 

Brown 

background 
100 92 75 75 1 1.43 2.5 2.29 

Red distractor 100 100 83 75 1.14 2.14 3.71 3.29 

Blue 

distractor 
100 100 100 100 1.67 1.83 4.08 3.42 

Green 

distractor 
100 100 92 83 1.11 1.67 2.5 3.11 

Bright

-ness 

+30 89 75 65 63 2.06 2.9 4.15 4.12 

-30 91 73 60 61 2.27 2.73 4.95 4.19 

average 97 93.2 80.8 73.2 1.33 1.87 3.20 2.99 
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5. Conclusions 

In this paper, a robust distant target detection model employing the human visual 

attention mechanism was proposed. The proposed model consisted of a training model 

for training top-down information and a searching model for detecting targets using top-

down information. In the training model, some primitive features of training objects 

extracted in a bottom-up manner were selected and trained. The detection model biases 

feature maps and adjust the saliency map to detect desired targets. In the process of 

detecting, the bottom-up saliency and top-down saliency were both considered.  The 

proposed model trained the relationship information between color, intensity, form-

orientation features in order to overcome the limitations of the previous training model 

that could not accurately express the features of an object because of the relationship 

between color and brightness was not considered. Also, all training images with 

changes under certain criteria were used for training in order to overcome the 

limitations of the previous model which did not produce reliable results by selectively 

using the training images. The proposed model detected the target using all features in 

order to overcome the limitations of previous detection models which used only a few 

features to detect targets which could cause detection failures due to loss of information. 

The entire process of the proposed detection model is similar to that of the training 

model, but instead of training selected features, top-down information was input and 

biased. Top-down information is input in three phases: first, the color and brightness 

values of the trained data were input in the process of generating early visual feature 

maps of color and intensity. Among the early feature values of the color and brightness 

feature maps, the values similar to the color and brightness values in the trained data 

were modified to be more salient. In addition, the activity information of the trained 

data is used in a nonlinear combination process, and it leads to making features of the 

target objects more salient. Second, relative activity values of feature maps in the 

trained data were input in the nonlinear combination process of form-orientation feature 

maps. The detailed process of the nonlinear combination method was modified by 

trained data. Finally, the weights of the form-orientation feature maps in the trained data 

were input in the weighted combination process. 

To evaluate the performance of the proposed model, experiments were conducted to 

apply the proposed model to detection problems such as detecting a specific pen, 

triangular safety objects, and can. Also, color robustness and brightness robustness 

experiments were additionally performed. To evaluate the performance of the proposed 

model, experiments were conducted to apply the proposed model to detection problems 

such as detecting a specific pen, triangular safety objects, and can. Also, color 

robustness and brightness robustness experiments were additionally performed. In 

addition, to carry out a quantitative evaluation, the proposed model was compared with 

the previous model. The previous model only used the images contains only one trained 

object so that they failed to evaluate performance considering the effects between 

different trained objects. In this experiment, to overcome these limitations of the 

previous model, an image containing several trained objects was used as the 

experimental image. The color robustness test and the brightness robustness test are 

experiments to confirm how robust the proposed model is for the brightness variation 

and the disturbing color. Existing models were difficult to secure versatility only by 

experimenting on the images of the monotonous environment. These experiments were 

conducted to confirm whether the proposed model overcomes the limitations of these 
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existing models. Quantitative and qualitative analyses of the experimental results 

showed that the proposed model outperformed the traditional model in target detection 

and was comparable to the state-of-the-art models. 
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Abstract. The sustainable development of the national economy depends on the 

continuous growth and growth of the capital market, and the stock market is an 

important factor of the capital market. The growth of the stock market can 

generate a huge positive force for the country's economic strength, and the steady 

growth of the stock market also plays a pivotal role in the overall economic 

pulsation and is very helpful to the country's high economic development. There 

are different views on whether the technical analysis of the stock market is 

efficient. This study aims to explore the feasibility and efficiency of using deep 

network and technical analysis indicators to estimate short-term price movements 

of stocks. The subject of this study is TWSE 0050, which is the most traded ETF 

in Taiwan's stock exchange, and the experimental transaction range is 2017/01 ~ 

2019 Q3. A four layer Long Short-Term Memory (LSTM) model was 

constructed. This research uses well-known technical indicators such as the KD, 

RSI, BIAS, Williams% R, and MACD, combined with the opening price, closing 

price, daily high and low prices, etc., to predict the trend of stock prices. The 

results show that the combination of technical indicators and the LSTM deep 

network model can achieve 83.6% accuracy in the three categories of rise, fall, 

and flatness. 

Keywords: deep neural network, long short-term memory, technical analysis, 

fintech. 

1. Introduction 

How to make good use of the funds at hand for investment and financial management 

and financial planning is often the most concerned topic for modern people. Common 

investment and financial management methods include the purchase and sale of 

derivative financial commodities such as stock trading, funds, futures, and options, 

foreign currency investment, fund investment, and insurance planning. The variety of 
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financial commodities in the market has different characteristics, and investment returns 

and risks also vary. In recent years, the popularity of financial digitization and the 

vigorous development of artificial intelligence have also driven the future trend of 

mobile finance and new types of Financial Technology (FinTech). The development of 

the stock market has been under the influence of liberalization and internationalization. 

With the advancement of Internet technology and the growing popularity of financial 

knowledge, stock investment has become a part of investment and management in life 

[1], [2]. Investors' funds will not be confined to this class of stocks, and the spread of 

buying and selling stocks to earn changes in stock prices is also one of the favorite 

operations of retail investors [3]. Investment and financial management are closely 

related to the pulse of social development, and it is also the topic of most concern for 

young people entering the society. However, investors who do not have professional 

financial background or knowledge may be vulnerable to losses due to opaque market 

information [4], [5]. At the same time, due to the huge market information, the variety 

of financial products and the diversity of technical analysis indicators, novice 

investment and financial management faced with a wealth of information and could not 

absorb and judge [6], [7]. 

In recent years, Deep Neural Network [8] and various Deep Learning algorithms 

have shined in the major competitions of Pattern Recognition and Machine Learning. 

The rapid development of deep neural networks has not only opened up new areas of 

machine learning research, but also various applications have gradually appeared 

around people's lives, such as speech recognition, emotion recognition, natural language 

processing and image recognition [9], [10], [11]. In the field of deep learning, Recurrent 

Neural Network (RNN) [12], Long Short Term Memory (LSTM) [13] are particularly 

suitable for processing time-series data, such as natural language processing, machine 

translation, speech recognition, and financial index prediction. At present, the 

mainstream financial commodity analysis and decision tools are mainly based on 

fundamental analysis, chip analysis and technical index analysis. The main purpose of 

this research is to explore the feasibility and effectiveness of the application of technical 

analysis indicators in deep networks. The remainder of this paper is as follows: section 

2 is the literature and techniques review; section 3 is the methodology of this research; 

section 4 is the experimental design, results and discussion, and the last section is 

conclusion and future research. 

2. Literature Review 

Stock analysis tools can be divided into 'Fundamental Analysis' and 'Technical Indicator 

Analysis' in essence. Fundamental analysis is a method of valuation of securities or 

stocks, which uses financial analysis and economics research to evaluate corporate 

value or predict securities (such as stocks or bonds) [14], [15].  

The fundamental analysis is to study the reasons for price changes, including 

economic factors, non-economic factors, internal market factors, current industrial 

conditions, domestic and foreign economic conditions, etc [16], [17], [18]. The data to 

be collected for the fundamental analysis is huge, and not every relationship with the 

stock price is equally important. There are many parts that need to be judged by 

individuals. In addition, some information may be hidden by the company. If investors 

do not have strong financial and economic analysis capabilities and internal 
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information, they may suffer losses [19]. Technical analysis, also known as trend 

analysis or market analysis, is to analyze the data of past prices and trading volumes and 

convert them into graphs or indicators. It uses statistical methods to analyze historical 

data to predict future prices [18], [20]. From the perspective of technical analysis, 

changes in stock prices and trading volume will affect the behavioral decision-making 

patterns of investors [21]. As long as the changes in stock prices and trading volumes 

are used to predict trends, excess returns will be obtained. Technical analysis mostly 

shows the behavior of investors in the past with graphics, and analyzes the past behavior 

of investors to predict the future trend of the market [22], [23], [24]. The basic theory of 

technical analysis is that stock price fluctuations and trends change mainly from market 

supply and demand, and are determined by the transaction behavior of all investors after 

integrating all relevant economic factors and information, resulting in stocks rising or 

falling to form a trend [25]. Based on past experience, the stock market or stock price 

usually leads the economic fundamentals by half a year to nine months, that is, the stock 

market or stock will rise or fall first, and then economic data will appear [26]. Based on 

this, researchers believe that technical analysis not only has the function of leading 

indicators, but also reflects the future trend of stock prices. Investment stocks can select 

individual stocks that have the potential to rise as long as the technical indicators are 

used properly, and sell at a high point of the swing to increase capital returns [27]. 

Technical analysis originated from "Dow Theory" published by Dow in 1930 [28]. 

Dow Theory assumes that all information will be reflected in stock prices. The main 

method of Dow theory is to divide market fluctuations into three trends according to the 

time period-long-term trends that last for 1 to several years, secondary movements that 

last for weeks to months, and short-term fluctuations at the intraday level. Based on the 

characteristics of "high point refresh, low point rise", it is judged as a bull market (or a 

bear market on the contrary) as a basis for buying and selling to capture the long-term 

trend of the market [29]. Then Elliott 1871 [30] proposed the "Elliott wave principle" to 

further improve the entire technical analysis system. The theory believes that the stock 

market behaves like the waves of the sea will rise and fall. There should be five upward 

waves in a complete cycle and three downward waves.  

Subsequently Malkiel [31] proposed the efficient market hypothesis, assuming that 

the stock market is an efficient market, all the stock market information is immediately 

and completely reflected on the stock price, and it is concluded that the technical 

analysis of the stock market is invalid. Malkiel's [32] empirical research indicates that 

the return on the use of technical analysis is inferior to the buy and hold trading 

strategy. Hudson et al. [33] used empirical models to study the UK stock price from 

1935 to 1994, and the results showed that there was no excess return. However, in 

subsequent research, Bohan used the S&P 500 weekly data to apply RSI stock market 

technical indicators to prove the validity of technical analysis [34]. Hinich and Peterson 

pointing out that the stock price series exhibits a non-linear change, and empirical 

evidence shows that the Moving Average (MA) technical indicator has a significant 

performance in predicting the US Dow Jones Industrial Average Index (DJIA) [35]. 

Pruitt [36] combined three technical indicators: cumulative trading volume, relative 

strength and weakness, and moving averages to develop an investment strategy called 

CRISMA (Cumulative Volume Relative Strength Moving 10 Average). The research 

period and objects were 1976 to 1985. For 204 stocks of the years, empirical results 

found that its trading strategy is better than the buy and hold strategy. Lo, Mamaysky, 



404           Lee et al. 

 

and Wang [37] automatically identify patterns in technical analysis using non-major 

kernel regression methods. During the study period and objects were the stock prices of 

NYSE / AMEX and NASDAQ in the United States from 1962 to 1996. Empirical 

evidence shows that according to the technical analysis, the proposed pattern-based 

approach can get excess returns and beat buy-and-hold strategies. In addition, recent 

studies have shown that technical analysis indicators can obtain excess returns 

compared to the broader market in investment trading strategies [38], [39], [40], [41], 

[42]. 

In recent years, due to improvements in deep learning algorithms, computing 

efficiency, and excellent fault tolerance, deep neural networks have been widely used in 

the fields of stock price prediction and many derivative financial commodities such as 

futures, options and even house prices. Yu et al. [43] used a hybrid AI neural model 

combined with WTM text exploration technology to predict monthly WTI crude oil 

prices from 2000 to 2002 by collecting specific vocabulary and monthly WTI crude oil 

closing prices in monthly news from 1970 to 1999. The result confirms that the 

prediction accuracy in the case of ANN alone is 61%, while the accuracy of the hybrid 

AI neural model can reach 80%. Zhuge et al. [44] used semantic analysis to substitute 

the data of the community's opinions and comments on the Internet into the LSTM 

model for prediction. Compared with the traditional time series model and ANN model, 

the prediction of the Shanghai Stock Exchange's comprehensive stock price index has 

better accuracy. Nelson et al. [45] used the LSTM model to predict stock prices on the 

Brazilian Stock Exchange. The study period was from 2008 to 2015, and compared with 

traditional models and strategies, and found that the LSTM model has higher returns 

and lower risks. Soon [46] compared the performance of Feed-forward Neural Network 

(FFNN) and RNN when predicting the closing price of Commerce International 

Merchant Bank (CIMB) Kuala Lumpur Stock Exchange (KLSE), and its model used 

opening price, closing price and exchange rate information. The results show that both 

FFNN and RNN models can reach 90% prediction accuracy. Chen and Wei [47] 

proposed a Convolutional Neural Network (CNN) prediction model based on a 

company relationship graph. The experimental data uses the CSI 300 Index (CSI 300), 

which is close to 3,000 companies, traded between April 29, 2017 and December 31, 

2017, with an average accuracy of approximately 60%. Many subsequent studies have 

also shown that machine learning and deep neural networks have superior performance 

when applied to the trend of time series data such as stock market trends [48], [49], 

[50], [51], [52], [53], [54], [55]. 

3. Methodology 

3.1. Recurrent Neural Network, Long Short-Term Memory and System Model 

General neural networks, such as Deep Convolutional Neural Network (DCNN) [56], 

processed samples are Independent and Identically Distributed (IID), and the problem 

solved is also a classification problem, a regression problem or a feature expression 

problem. However, more real problems are not satisfying IID, such as language 

translation, automatic text generation. They are a sequence of problems, including time 

series and spatial sequences. Compared to DCNN, sequence data or time series data is 
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more suitable for processing with Recurrent Neural Network (RNN) [57]. The reason 

that RNN is recurrent is that it performs the same operation on every element of a 

sequence, and the subsequent output depends on the previous calculation. 

 

Fig. 1. Technical analysis and the proposed RNN-LSTM model 

Another way to look at RNN is to think that it has some "Memory" that captures 

some of the previously calculated information. Long Short-Term Memory (LSTM) [58] 

is a special RNN, mainly to solve the gradient disappearance and gradient explosion 

problems in long sequence training. Because LSTM has the characteristics of 

remembering long-term trends and forgetting short-term fluctuations and errors, and can 

handle non-linear function problems, it is quite suitable for forecasting non-linear events 

that are easily affected by investors' mentality. This research uses LSTM neural network 

as the target stock price prediction model, the proposed model is shown as Fig. 1. 

In our architecture, the LSTM is composed of two sets of RNNs, Encoder and 

Decoder. The input of the network is the filtered technical indicator features and basic 

information of individual stocks, and the output is the trend category, future trends and 

regression values. The LSTM model uses the gradient descent method to continuously 

transfer the training error to the neuron training and minimize the error. During the 

training process, the weights of each time will be continuously modified according to 

the errors found during the training. The weight update and error minimization are as 

follows: 

𝐸 =   
1

2
𝑗

(𝑡𝑗 − 𝑦𝑗 )2 (1) 

In equation (1), E is the error function of the network, tj is the target output, and yj is 

the prediction. Then find the partial derivatives for each weight 𝜔𝑗𝑖 : 

𝜕𝐸

𝜕𝜔𝑗𝑖

 =  
𝜕  

1
2

(𝑡𝑗 − 𝑦𝑗 )2 

𝜕𝑦𝑗

𝜕𝑦𝑗

𝜕𝜔𝑗𝑖

 (2) 
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𝜕𝐸

𝜕𝜔𝑗𝑖

 =  −(𝑡𝑗 − 𝑦𝑗 )
𝜕𝑦𝑗

𝜕𝜔𝑗𝑖

 (3) 

Then use Chain Rule to expand the activation function of each neuron: 

𝜕𝐸

𝜕𝜔𝑗𝑖

 =  −(𝑡𝑗 − 𝑦𝑗 )𝑔′(ℎ𝑗 )
𝜕ℎ𝑗

𝜕𝜔𝑗𝑖

 (4) 

∆𝜔𝑗𝑖 = 𝛼 𝑡𝑗 − 𝑦𝑗  
𝜕𝑔

𝜕ℎ𝑗
∙ 𝑥𝑖  (5) 

𝛼 is the learning rate, 𝑔 is the activation function of each neuron, and 𝑔′ is the 

corresponding first derivative. 

RNN-LSTM is a network in which nodes are connected along a sequence to form a 

directed graph, showing temporal dynamic behavior of time series. The feedforward 

calculation is as follows:  

ℎ 𝑡 =  𝑉𝑥 𝑡 + 𝑈ℎ 𝑡 − 1  

𝑂 𝑡  = 𝑊 𝑉𝑥 𝑡 + 𝑈ℎ 𝑡 − 1  ,∀𝑡 
(6) 

where 𝑥 𝑡  is the input of time t, ℎ 𝑡  is the output of the hidden layer at time t, and 

𝑂 𝑡  is the output at time t. 𝑈, 𝑉, 𝑊 are the weight matrices for input layer to hidden 

layer, hidden layer to output layer, and hidden layer to the next time point hidden layer, 

respectively. In a time series recursive network, the gradient error will be passed back 

and forth along the time series layer by layer (back-propagation through time): 

∆𝑊 =
𝜕𝐸(𝑡)

𝜕𝑊
, ∆𝑉 =

𝜕𝐸(𝑡)

𝜕𝑉
, ∆𝑈 =

𝜕𝐸(𝑡)

𝜕𝑈
 (7) 

3.2. Technical Analysis and Strategy 

Technical analysis is a quantitative analysis of the price of a commodity based on 

statistics, and the signals of buying and selling are obtained through changes in 

technical indicators. There are many related discussions on the validity of technical 

analysis. From the past literature, the technical indicators, calculation methods, sample 

data or sample period used will affect the research results. This paper aims to explore 

the effectiveness of the Simple Moving Average (SMA), Stochastic Oscillator (KD), 

relative strength index (RSI), and Moving Average Convergence/Divergence (MACD) 

indicators as the effectiveness of deep learning training attributes, and test whether the 

technical analysis method is feasible in deep network architecture. According to the 

characteristics of individual financial indicators, this study converts them into 

appropriate normalized input values. The meaning of each indicator is as follows: 

Simple Moving Average (SAM)  

The concept of a moving average (MA) can be said to be the earliest and most basic 

method in technical analysis tools. Its theoretical basis is to average prices over a period 
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of time according to the concept of "Average Cost" by Dow Jones. When the bulls are 

moving, the moving average is showing an upward trend due to higher and higher 

prices. Conversely, when the market is showing a short pattern, the moving average is 

showing a downward trend due to lower and lower prices. Most people in the market are 

profitable and easy to get out of the “long” trend. In turn, the long-term moving average 

is driven upwards, which makes the trend of the trend upward. The equation of SAM is 

shown below: 

𝑆𝐴𝑀 =
𝑝1 + 𝑝2 + 𝑝3 + ⋯+ 𝑝𝑛

𝑛
 (8) 

when calculating continuous values, one can directly use the original SAM increment: 

𝑆𝐴𝑀𝑡1,𝑛 = 𝑆𝐴𝑀𝑡0,𝑛 −
𝑝1

𝑛
+
𝑝𝑛+1

𝑛
 

        

(9) 

KD Line 

The stochastic index, also known as the KD line [59], measures the position of the 

closing price at the highest and lowest price ranges to determine trends and entry and 

exit points. The random exponential coordinates are in the range of 0-100. The K line 

represents the closing price and the highest price within a certain period of time, the 

percentage of the lowest price. When the K line is higher than the D line, but the D line 

is broken in the overbought area, it is a sell signal (dead cross). When the K line is 

lower than the D line, but breaks through the D line in the oversold area, it is a buy 

signal (golden cross). To calculate the KD value, one must first obtain the RSV 

indicator: 

𝑅𝑆𝑉 =  
𝐶𝑛 − 𝐿𝑛
𝐻𝑛 − 𝐿𝑛

× 100% 
   

(10) 

where n is the ttransaction date interval, 𝐶𝑛  is the closing price of the n-th day, 𝐻𝑛  is the 

highest price in the past n days and 𝐿𝑛  is the lowest price in the past n days, and 

𝐾𝑛 =  𝛼 × 𝑅𝑆𝑉𝑛 +  1 − 𝛼 × 𝐾𝑛−1 
   

(11) 

𝐷𝑛 =  𝛼 × 𝑅𝑆𝑉𝑛 +  1 − 𝛼 × 𝐷𝑛−1 (12) 

If there is no K value or D value of the previous day, 50% can be substituted. In total, 

The K value is the 3-day smoothing moving average of the RSV value, and the D-value 

is the 3-day smoothing moving average of the K value. 

Relative Strength Index (RSI).  

The Relative Strength Index (RSI) [60] is a relative strength index, an indicator of the 

strength of the market's rise and fall. RSI is a technical indicator based on the strength 

of market fluctuations. This indicator can indicate the change in the strength of bullish 
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and bearish forces. When the RSI value rises, it means that the bullishness of the market 

is greater than the bearish force. Conversely when RSI falling, it means that the market 

is more bearish than bullish. Then, the average value of the uptrend during the period is 

used as a percentage of the sum of the rise and the average of the downtrend to 

represent the RSI of the relative strength of the buyer and the seller. The equation is 

shown below: 

𝑅𝑆𝐼 =  
𝐸𝑀𝐴 𝑈,𝑛 

𝐸𝑀𝐴 𝑈,𝑛 + 𝐸𝑀𝐴 𝐷,𝑛 
 

   

(13) 

suppose the price changes upwards is U and downward is D. In the day when prices 

rise, U = Today's closing price minus yesterday's closing price and D = 0. In the days 

when prices fell, U = 0 and D = yesterday's closing price minus today's closing price. 

EMA 𝑈,𝑛  is the U average in n days, and EMA 𝐷,𝑛  is the D average in n days. 

Bias Ratio (BIAS) 

BIAS [61] represents the gap between the stock closing price and the moving average of 

the day to analyze the degree of stock price deviation. Its function is mainly to measure 

the degree of deviation of the stock price from the moving average during the 

fluctuation process. When the stock price fluctuates sharply, it deviates from the moving 

average trend. As a result, possible retracements or rebounds, as well as the movement 

of stock prices within the normal fluctuation range, form the credibility of continuing 

the original trend. 

𝐵𝐼𝐴𝑆𝑛 =  
𝐶𝑙𝑜𝑠𝑒 − 𝑀𝐴𝑛

𝑀𝐴𝑛

× 100% 
   

(14) 

𝐵𝐼𝐴𝑆𝑛  indicates the deviation rate of the past n days, Close is the closing price of the 

nth day, and 𝑀𝐴𝑛  is the moving average of the past n days. Positive BIAS implied price 

may fall, otherwise it may rise. 

William’s Oscillator (Williams%R)  

The William indicator [62] is an oscillator that measures the ratio of the peak (highest 

price) created by both long and short sides to the daily closing price and the ratio of 

stock price fluctuations within a certain period of time, providing a signal that the stock 

market trend is reversed. The William%R uses the pendulum principle to discern 

overbought or oversold stocks, discriminates highs and lows, and proposes effective 

investment signals. 

𝑊𝑖𝑙𝑙𝑖𝑎𝑚𝑠%𝑅 =  
𝐻𝑛 − 𝐶𝑛
𝐻𝑛 − 𝐿𝑛

× 100% (15) 

where 𝐶𝑛  is the closing price on the nth day, and 𝐻𝑛  and 𝐿𝑛  are the highest and lowest 

prices for the past n days. 
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Moving Average Convergence / Divergence (MACD)  

The MACD [63] was proposed by Gerald Appel in the 1970s to study the strength, 

direction, energy, and trend cycle of stock price changes in order to capture the timing 

of stock buy and sell. The MACD uses the difference between the 12-days EMA and the 

26-days EMA as a signal to determine the operation. 

𝐷𝐼𝐹𝑡  =  𝐸𝑀𝐴𝑡(𝑐𝑙𝑜𝑠𝑒 ,12) − 𝐸𝑀𝐴𝑡(𝑐𝑙𝑜𝑠𝑒 ,26) 

9𝑀𝐴𝐶𝐷𝑡  =  𝑀𝐴𝐶𝐷𝑡−1 ×
8

10
+ 𝐷𝐼𝐹𝑡 ×

2

10
 

(16) 

where 𝐸𝑀𝐴𝑡(𝑐𝑙𝑜𝑠𝑒 ,12/26) is the exponential moving average of the closing price on day t 

(12/26), and9𝑀𝐴𝐶𝐷𝑡  is a 9-day exponentially smooth moving average 

4. Experiments 

4.1. Experimental Setup 

This study uses the FTSE TWSE Taiwan 50 (TWSE 0050) Index as the research sample 

[64]. Most mutual funds are stock funds. These funds use stocks as the main investment 

target and can also be traded according to the professional judgment of the fund 

manager. ETFs are mutual funds that passively track the performance of an index and 

are listed in a centralized market. ETFs combine the trading characteristics of closed-

end funds and open-end funds in trading methods. They can be traded on exchanges, 

and can also be purchased and redeemed. The main difference between ETFs and stocks 

is that buying an ETF is equivalent to buying securities that are tracked during the 

purchase period, effectively dispersing the risk of a single target and avoiding the price 

of a single target. The ETF operation aims to replicate the performance of the index, the 

investment portfolio is also consistent with the index constituent stocks, and the 

shareholding is also quite transparent. The TWSE0050 selected in this study has both 

the characteristics of stocks and ETFs. Investors can buy this stock at the market value 

in the stock exchange market, or they can invest in a fixed amount through banks. 

TWSE 0050 constituents include the top 50 listed companies on the Taiwan Stock 

Exchange, accounting for more than 70% of the total market capitalization of the 

Taiwan Stock Exchange. The data required for this study was obtained through the 

Taiwan Stock Exchange, and the transaction date used was 2017/1/4 ~ 2019/10/15 Q3, a 

total of 684 records. The first 2/3 of the data is set as training data, and the last 1/3 is 

test data. Each experiment features include daily opening price, closing price, highest 

price, lowest price, ups and downs, volume and turnover, and the normalized indicators. 



410           Lee et al. 

 

Fig. 2. The proposed LSTM layered architecture 

The proposed LSTM layered architecture is set as Fig. 2. The model contains 4 

LSTM layers and a full-connected layer. The experiments in this study were trained by 

ASUS ESC8000 G3, with Intel Xeon processor E5-2600 v3, NVIDIA GeForce GTX 

1080ti GPU×8, and 64GB RAM. In the classification case, the data label is adjusted as 

follows: 

1. Trend up: 𝐶𝑙𝑜𝑠𝑒𝑡+1-𝐶𝑙𝑜𝑠𝑒𝑡 > 𝐶𝑙𝑜𝑠𝑒𝑡 × α 

2. Flat trend: 𝐶𝑙𝑜𝑠𝑒𝑡 × α > 𝐶𝑙𝑜𝑠𝑒𝑡+1-𝐶𝑙𝑜𝑠𝑒𝑡 >−𝐶𝑙𝑜𝑠𝑒𝑡 × α 

3. Trend down: 𝐶𝑙𝑜𝑠𝑒𝑡+1-𝐶𝑙𝑜𝑠𝑒𝑡 < −𝐶𝑙𝑜𝑠𝑒𝑡 × α 

where  𝐶𝑙𝑜𝑠𝑒𝑡  is the closing price of day t, 𝐶𝑙𝑜𝑠𝑒𝑡+1 is the closing price of day t+1, 

and α is an adjustable parameter. In subsequent experiments,  is set to 1.0%. Deep 

network model uses four layers of LSTM with cross-entropy loss function, and the 

LSTM input timestamp is 20 days. The dropout rate was set to 0.5. The learning model 

is trained with a batch size 16 for 30~100 epochs using the inverse decay learning rate 

policy, which de-fined as follows: 

ℓ =
ℓ0

1 + (𝑟 × 𝑡)
  (17) 

where ℓ0  is the initial learning rate at epoch 0, t is the number of current epochs, r is a 

hyperparameters to be tuned. The learning rate started at 0.01 and reduced every epoch 

with r = 0.1.  
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4.2. Technical Index Attribute Setting 

As mentioned in the previous section, the technical analysis indicators used in this 

research are KD, RSI, BIAS, William%R and MACD. The financial range given by 

each indicator has different financial significance. In this study, each value of technical 

indicators is classified into three categories A, B, and C according to their financial 

significance, indicating that the future stock price may rise, stay flat, and fall. 

KD Normalization  

The cross breakthrough of the K line and the D line is more accurate when it is above 80 

or below 20. When the cross is around 50, it means that the market trend is caught in the 

market. At this time, the trading signals provided by the cross breakthrough are invalid. 

When the K line is higher than the D line but the next day K falls below the D value, it 

is a sell signal (death cross); when the K line is lower than the D line but the next day K 

breaks the D value upward, it is a buy signal (gold cross). In this experiment, the KD 

indicator is converted into the following attributes and input into the model: 

 
𝐴: 𝐾𝑡−1 < 𝐷𝑡−1, 𝐷𝑡 < 𝐾𝑡 , and (20 < 𝐾𝑡−2 < 80 or 20 < 𝐾𝑡−1 < 80 or 20 < 𝐾𝑡 < 80) 
𝐵: 𝐾𝑡−1 > 𝐷𝑡−1, 𝐷𝑡 > 𝐾𝑡  and (20 < 𝐾𝑡−2 < 80 or  20 < 𝐾𝑡−1 < 80 or 20 < 𝐾𝑡 < 80)
𝐶: Otherwise

  (18) 

RSI Normalization 

RSI defines the value of relative strength between 0 and 100. When the indicator rises to 

80, it indicates that the stock market has been overbought. If it continues to rise, if it 

exceeds 90, it means that it has reached the warning zone of severe overbought. The 

stock price has formed a head. Conversely, if it is lower than 20, it indicates that the 

market is oversold, and the stock price may enter the bottom. Therefore, the RSI 

numerical threshold for this study is set to 20 and 80: 

 

𝐴: 𝑅𝑆𝐼𝑡 ≤ 20 
𝐵: 20 < 𝑅𝑆𝐼𝑡 < 80
𝐶: 𝑅𝑆𝐼𝑡 ≥ 80

  (19) 

BIAS Normalization  

A positive BIAS is called a positive deviation, and a value of more than 3.5% may have 

a price drop correction, and the stock price may fall; a negative BIAS is called a 

negative deviation, and a value of -3% or less may have a price increase correction. In 

order to make the value of the attribute more concise and easy to understand, we convert 

the BIAS value into the following value, where t is a trading day: 
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𝐴:   𝐵𝐼𝐴𝑆𝑡 ≤ −0.03 
𝐵: − 0.03 < 𝐵𝐼𝐴𝑆𝑡 < 0.035
𝐶: 𝐵𝐼𝐴𝑆𝑡 ≥ 0.035

  (20) 

W%R Normalization 

When the value of the W%R is greater than 80, it is oversold, and the stock price trend 

will bottom out; when the value of the W%R is less than 20, it is overbought and will 

recommend selling. This study converts W%R into the following categories, where t is 

a trading day: 

 

𝐴:𝑊%𝑅𝑡 ≥ 80 
𝐵: 20 < 𝑊%𝑅𝑡 < 80
𝐶: 𝑊%𝑅𝑡 ≤ 20

  (21) 

MACD Normalization  

When DIF is higher than MACD but the next day DIF falls below the MACD value, it 

is a sell signal and indicating that the stock price may fall in the future; While DIF is 

lower than MACD but the next day DIF breaks the MACD value, a buy signal 

indicating that the future stock price may rise. We convert the MACD value into the 

following categories, where t is a trading day: 

 
𝐴: 𝐷𝐼𝐹𝑡−1 < 9𝑀𝐴𝐶𝐷𝑡−1 𝑎𝑛𝑑 9𝑀𝐴𝐶𝐷𝑡 < 𝐷𝐼𝐹𝑡  
𝐵: 𝐷𝐼𝐹𝑡−1 > 9𝑀𝐴𝐶𝐷𝑡−1 𝑎𝑛𝑑 9𝑀𝐴𝐶𝐷𝑡 > 𝐷𝐼𝐹𝑡
𝐶: Otherwise

  (22) 

4.3. Experimental Results 

In this experiment, the number of epoch ranges from 30 to 100 until convergence. The 

test uses basic features plus technical analysis indicators, including normalized KD, 

RSI, BIAS, Williams%R and MACD. The experimental results are shown in Figs. 3-5. 
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Fig. 3. Technical analysis indicator accuracy 

 

        (a) 

 

             (b) 

Fig. 4. Training Loss and Accuracy (a) with epochs 30 and (b) with epochs 100 
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Fig. 5. Regression Results 

The experimental results show that the accuracy of individual KD, RSI, BIAS, 

Williams%R, and MACD are 0.74, 0.75, 0.74, 0.74, and 0.76, respectively. The average 

accuracy of all indicators is 0.75. Among all the indicators, MACD obtained the highest 

estimation accuracy. Observation shows that the MACD indicator smoothes the closing 

price of the stock price according to the moving average and calculates the arithmetic 

average before integrating. The indicator uses the signs of the short-term and long-term 

moving average trends and performs double smoothing. Compared to other basic 

moving average-based indicators, MACD can provide more learnable information on 

the time series deep neural network. Further observations show that the current 

mainstream financial technology indicators are highly correlated with the moving 

average, therefore the network may automatically smooth out the differences in its deep 

structure. In addition, if all technical indicators are combined, the accuracy can reach 

83.6%, and reach convergence in about 50 epochs. Fig. 5 is the regression results. The 

green line is the original data, the red line is the regression prediction result of the 

training data, and the blue line is the prediction result of the test data. The results show 

that our proposed model can accurately predict the trend and turn of the stock price in 

most cases. 

5. Conclusions 

Differs from previous studies [65], [66], this research constructs a four-layer LSTM 

deep neural network and explores the effectiveness of technical indicators in the deep 

network. The experimental data uses TWSE0050 transaction data from 2017 to 2019 

Q3. The research results show the prediction accuracy combined with comprehensive 

technical indicators can up to 83%. The use of individual indicators can also achieve an 
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average accuracy of 75%. The results of this study demonstrate that the use of technical 

analysis to the prediction of stock prices in the deep network is indeed feasible and 

effective. The indicators used in this research are general-purpose technical analysis 

indicators. The nature and calculation methods are applicable to all daily volatile 

financial commodities, such as exchange rate indexes, crude oil prices, futures and other 

derivative financial commodities. Therefore, the effectiveness of this study can be 

applied to different financial commodity transactions. 

The focus of future research is to improve the accuracy of model estimates. In 

addition to technical analysis indicators, the fundamentals of individual stocks, chip 

analysis, financing/securities lending, etc., are also important reference indicators and 

this study will further examine how these important business factors can be added to the 

deep model. 
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Abstract. One of the key functions of the method of text recommendation is to 

build a correlation analysis to all the text collection. At present, most of the text 

recommendation methods use the citation network, but less to consider the 

internal relations, which has become a challenge and an opportunity for the 

research of text recommendation. Therefore, we propose a new method to 

ameliorate the above problem based on the time series in this paper. We specify a 

certain text collection according to the interests of users and integrate the varied 

label values of the text, then we build the correlation coefficient between text and 

its related text with the differential analysis, finally the similarity degree of the 

text is calculated out by using the improved cosine similarity correlation matrix to 

promote a recommendation of similar text. Our experiments indicate that we are 

able to ensure the quality of text, with an improvement of accuracy by 8.63% as 

well as an improvement of recall rate by 5.25%. 

Keywords: time series; label value; correlation coefficient; similarity degree 

1. Introduction 

Nowadays it’s becoming a dogma that more and more dates have been connected 

together as a colossal directed network with a common case of cited node [1, 2]. In the 

directed network, the latest data squint to achieve their own functions in view of the 

original data. One of the most typical applications is the processing of text data, for 

instance, the new text customarily needs to cite the original ones to achieve its own 

research and innovation.  

That may easily lead to some ineluctable similarity of these mutually referred texts, 

the association analysis of these similarity texts has become one of the main ideals of the 

text recommendation to meet the needs of different users. Many previous text 
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recommendations have been used to take the citation relationship as the main approach 

to achieve their function, which means, if the text 1 cited the text 2, they are related. 

However, these methods are too simple to get the useful information [3]. Therefore, 

more and more researches of text recommendation have been indulged in exploring the 

label value on this basis, a variety of recommendation methods have been put forward 

according to the multi-attributes of the text [4, 5], like the keyword, research field as 

well as citation times and so on.  

Still, we should pay attention to these ubiquitous problems hidden in the application 

of the label value in the text recommendation. (1) The label value is quite abstract, that 

is to say, there are still unfathomed symptoms, the user will not get the accurate text 

easily through these tags and he is more likely to capture the text in vain. (2) The label 

value analysis of the existing methods of text recommendation usually adopts an 

extensive weighted average, which ignores the individual differences. That model built 

with this method cannot reflect the different characteristics of the global data. (3) 

Generally speaking, there have been two accesses to the label value for the user, one 

way is based on the explicit formulation of the user himself, the other way is to utilize 

the helpful information of text to capture the label value covertly. However, both 

methods get the problem of how to extract information and give a standard 

measurement, which results in a waste of the user’s time and a lower expectation of the 

recommendation system [6]. At the meantime, these two problems should be the main 

reason of people being not satisfied with many existing methods of text 

recommendation. (4) Most of the existing text recommendation methods only use a 

single scoring model extensively to mark the label value one by one and they would 

default to be independent of each other, which might be ignoring of these multitudinous 

label values.  

In order to solve the problems mentioned above, we propose a new text 

recommendation method based on the time series, which is combined with the multi-

label value. This method imports the time series into the label value. What the time 

series denotes was a set of statistical data which can be arranged in order of time. In this 

paper, the statistical index of time series is exactly the varied of label value of the text, 

the value of label value is directly related to the length of time, and the label value can 

usually be obtained through continuous summary in the time series. When the time 

series is introduced into the label value, the label value can be dynamically extracted and 

created. Thus, we can capture a set of ideal recommendable texts with time-validity. 

So far, there have been some researches on the applying of the time series in text 

analysis. ZR Jiang et al. had applied the time series to subject analysis. S Bjork et al. [7] 

analysed the pattern of innovation cycle time of the economy knowledge that the French 

Nobel Prize winner from 1930 to 2005 had kept to base on the time series. A Lercher et 

al. [8] gave a research of correlation rule of text with the time series analysis, etc. 

However, there has been always a pity that scarcely any researcher had taken the 

combination of time series and label value into consideration in the area of text 

recommendation. 

There are several benefits for the combined utilization of time series and multi-label 

value in text recommendation method: (1) the text data is one kind of fairly detailed 

data, and the thoughts attached on text data always have limitations. In order to give a 

response to the specific needs of users, it is always necessary to carry out a full range of 

multi-angle analysis of the text, so here may be a large number of label values that can 
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meet the needs of different users [9], as label value is one of the attributes of the text 

itself. (2) For the text recommendation, the time of a text is a key factor that cannot be 

ignored by the user. This is because the information content of the text is timeliness. For 

example, the timeliness of a news text is very strong; its time interval needs to be 

accurate to day or even less, as for academic texts, although their timeliness is not 

strong, it is still necessary to meet the need of users according to the time series. The 

reason of a text being arranged in the order of time is that the latter text is based on the 

development of society and science, and especially the previous text. (3) There is 

citation relationship between a text and its reference, which takes time of each text as the 

premise, that is to say, the recent text can cite the earlier text well but not on the contrary 

as data are time ordered. If we ignore the text sequence, the research such as text citation 

times and references relationship will be out of the question, the time series is the 

prerequisite, the citation of a text is the need to be guaranteed with very strong time 

series.    

Based on the introduction above, the main contributions of our work in this paper 

include the following aspects: (1) Quantify the multi-label value of the text, which is 

more flexible than the previous method of obtaining information through the subject of 

the text and citation times monolithically. (2) Establish a combination model of a time 

series with multi-label information to capture the correlation coefficient between texts 

by the method of differential cryptanalysis, and carry out the similarities between texts 

[10]. (3) Consider the evaluation value of a text to the user, the practicability of the 

proposed method is verified on a large-scale real data set.  

Our ground work in this paper is elaborated as follow. We introduce the related work 

in the second chapter and describe the concrete form of a time series and process of the 

label value in the third chapter. The basic definition and the assignment of label value, 

along with the computer realization method are mentioned to obtain the correlation 

coefficient of a text by a difference equation in the chapter four, while the fifth chapter 

demonstrates our method of text recommendation, then we conclude our work in section 

6. 

2. Current Practice and Research 

At present, some text recommendation algorithms based on time series usually extract 

some label information in the text shared by the users, and then generate the algorithm 

by making the label information connected through statistical learning method. When 

extracting label information, the algorithm generally pays attention to the importance of 

a part of label information in common knowledge. For example, focusing on keyword 

label indicates that the algorithm wants to recommend more relevant text to users, or 

focusing on the authoritative label indicates that the algorithm wants to recommend 

more classic text to users, etc. Different label information and models reflect different 

emphases of the algorithm. The analysis of the cited text usually use the graph model to 

represent the relationship between texts, and a large amount of text recommendation 

researches have adopted the method of extracting label value.  

Gupta S et al. came up with a recommendation method based on the theme and the 

core idea of the text [11], in their method, the user had to provide a full text (including 



422           Yi Yin, Dan Feng, Zhan Shi and Lin Ouyang 

 

title, abstract, text and reference) for extracting the core idea. Similarly, Tellez E S et al. 

introduced an independent framework to recommend the useful text [12], in which users 

also had to enter a full academic literature text to generate some different information, 

and then submitted it to the existing network information resources to realize the 

recommendation. Mäntylä M V et al. took the cited text abstract, introduction and 

conclusion to obtain better recommendation results [13], however, these methods not 

only actually increased the user's burden, but also could not be able to provide extra 

information on the basis of a section of the user’s interested information in the real 

environment. Caruccio L et al. studied the problem of how to use references to 

recommend based on the user's query without an additional reference list [14], they 

designed a non-parametric probability model, and calculated the correlation between the 

two texts by using the reference information. There were some other studies focusing on 

improving the topic similarities of the cited texts. Huang S et al. found out that in the 

topic clustering of citation, using references could effectively avoid the "drifting" [15]. 

Harman D et al. had verified the different extraction methods of references, which would 

have an influence on the quality of information retrieval [16]. All of these researches are 

effective methods for text recommendation.  

At the same time, there also have been some researches on the single role of a time 

series in the text. For example, the generation of timing [17], timing based clustering 

and classification [18], information retrieval for future [19], etc. 

According to the above analysis, a large number of recommendation algorithms based 

on shared text have the problems of independence of label information of default text or 

simplification of calculation method. That is to say, the same method is used in the 

quantitative calculation of label. Such a label extraction method is not comprehensive in 

the expression of text content. 

3. Time Series and Multi-Label Value 

This chapter does a quantitative analysis of label value. Each access of the user is 

determined by a variety of label value. Therefore, the co-analysis of multi-label value 

denotes the relationship between the texts, which has benefit of finding the similar text 

to recommend to the user. 

3.1. Defined Variable 

We supposed u as an arbitrary user, and text set as X  {x1, x2,  , xi, , xn}. The 

whole label value of X can be denoted by g(X),  
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Here, there were a number of m of label values for each xi, label value of xi g(xi) 

should be g(xi)  (g1(xi), g2(xi), , gm(xi)). If xi cited a set of text xi, we would like to 
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mark this text set as xi  {x
1 

i ,      x
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As xi  cite this set of text xi, xi  {x
1 

i , x
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i , , x
l 

i }, the correlation coefficient of xi and xi 

should be,  
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The first equation represents a set of importance relationships between xi and xi, and 

the second equation represents the correlation coefficient which every text had referred 

by xi.  

Figure 1 showed the basic frame structure of a text reference and the relevant 

parameters.  
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Fig. 1. Citation structure of text. 

Figure 1 includes the citation correlation, label value, a time series, the correlation 

coefficient between the text and their correlation diagram. As we can see from this 

figure, for the text xi and xj, they have the same cited text x
l 

i or x
k 

j , and we can estimate 
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the similarity of xi and xj according to the comparison of two correlation coefficients 

between 
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.  

Among the variants defined in this paper, if the text xi is cited by xi, which is also the 

text in set X, that means xiX. In this paper, we adopted these two different recording 

ways to make it easier to discuss the text, for example, the text x
l 

i  in the figure 2, it was 

not only cited by xi, but also cited by xj, so x
l 

i  could be marked as   x
k 

j . The text x
2 

i  can be 

cited by x
k 

j  as well as xi, {xi, xj, x
1 

i , x
2 

i , x
l 

i , x
k 

j } all came from the set of X.  

3.2. Definition and Exposition of Time Series 

The role of a time series in text recommendation is very important [20]. For text 

recommendation, there are two kinds of time, one is the published time of the text, the 

other is the user’ access date to the text. The text published time usually reflects the 

existence of the text; the access time reflects the need dateline of the user for text 

information. In this paper, the text denoted to be the published time. If the label 

information comes from text, the label is a kind of special word information. If the label 

information comes from other statistics information, the label is not word information. 

Therefore, label information cannot be a part of word. 

Here, t is used to represent the time parameter. For the time parameter t, there are 

several properties. First, as we have mentioned in chapter 1, all the texts xi are cited by xi 

arranged in chronological order of time t. Second, in view of the fact that text 

information is of timeliness, this paper makes a restriction on the publication time, 

which limits its minimum number of years. In this paper, we had to restrict the 

publication time of the text by limiting t to the minimum year in view of the timeliness 

of text. There will be a difference between the publication time and the minimum 

number of years, the minimum year denoted the initial time, let the text of the initial 

time or before as 0, then for all the text after this time node could be: the time parameter 

t  publication time  the initial time. For instance, when xi is cited by xi, the time 

parameter of text xi can be arranged from small to large. If there is time span between 

text 
1l

ix 
and x

l 

i , the time span of these two texts is also retained. Third, we can use the 

limitation of the publication time to avoid the multiple citation, and to reduce the 

amount of calculation. For example, xi cites x
l 

i , and x
l 

i  cites the other texts, after many 

such citations, some published time of papers here are less than the minimum year, so 

we can discard them. In other word, there is no need to calculate the correlation 

coefficient between these discard texts with x
l 

i . If the text is sorted according to different 

time series, it may have an impact on the final classification result. However, this paper 

assumes that they are arranged according to the chronological order of natural years, 

forming a unified sorting order. This paper only discusses the correlation coefficients 

arranged according to this chronological order. Fourth, the correlation coefficient and 

label values are functions of time parameters, which are defined the similarity of the 

texts by using the difference. As for the definition and physical significance of difference 
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equations, the change would reflect on timeline, and we would be able to calculate the 

correlation coefficient of xi and xi with the difference equations. Fifth, for the texts in xi, 

there may be a number of the same time value. To solve this problem, we can do a 

secondary arrangement according to the value of keywords, from large to small. Which 

means, when 
1( ) ( ) 0l l

i it x t x    and t(x
l 

i )
1( ) 0l

it x   , the sequence of 
1l

ix 
and x

l 

i  can be 

arranged from large to small according to one of the element value in g(xi). Sixth, 

consideration of the timeliness of the text is necessary, text information would generally 

show a process of decay with the increase of time, for instance, the near-term text would 

be more important than the older ones. 

Last but not the least, texts has a citation relationship, and the citation relationship 

had to take time as a prerequisite, that means, the near time text can cite the earlier text 

well but not on the contrary. Therefore, text citation should to be guaranteed with a 

strong time order.  

3.3. Establish the Correlation Coefficient 

Based on above definition, we discussed the value of correlation coefficient s(xix
i
) 

between xi and xi. Assumed that the time series t as all the cited text xi of xi, t  {0, 1, 

2, ,m}. That means, t from 1 to m. When t 0 , the corresponding text denoted the 

most distal one of xi, on the contrary, when t m , the corresponding text denoted the 

most proximal one of xi. For the correlation coefficient, since it represents the 

relationship between xi and xi, we can establish a connection between them. At a given 

time, the influence degree of x
l 

i  to xi is denoted as 

1
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
. Since the 

importance of text exhibits attenuation over time, and the whole process is discrete, 

therefore, the influence of xi on xi is 
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. The connection between xi 

and xi is the superposition of the influence of xi on xi in the whole time 

{1,2, , }T   .Then, the correlation of xi and xi could be: 
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                          (1) 

Which can be converted to: 
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Each element in the equation set (2) is arranged in chronological order. We build a 

frame diagram of discrete system according to the equation set (2), which is shown in 

figure2.  
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Fig. 2. System chart of the correlation function. 

It shows the whole situation of text association, which is composed of n simple 

subsystems connected in a loop way. If the final association between texts is regarded as 

a steady state, figure 2 shows the state diagram of the whole association state. From this 

graph, the correlation equation can be established, that is the state equation, and then get 

the correlation coefficient between different texts by solving the state equation. 

As we can see in figure2, the equation set (2) can be described as difference equation 

set, it was actually a linear time-invariant system and a zero state response system. By 

solving the difference equation, we carried out all of the correlation coefficient of xi and 

{x
1 

i , x
2 

i ,  , x
l 

i }. There were m l  solutions of this equation set:  
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Then we simplified the above function as: 
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Related to the equation set (2), D = (D1, D2, , Dm)' could be able to denote as the 

solutions of s(xix
i
), and V = (V1, V2, ,Vm)' denoted the characteristic root of each 

equation, and C = (C1, C2, ,Cm)' denoted the coefficient of the characteristic root of 

each equation. 

Here, the initial conditions of equation set (2) should be  
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                                         (7) 

Therefore, the values of D, V and C can be carried out, and then the correlation 

coefficient s(xix
i
) was obtained. 

In the same way, we could also get the correlation coefficient between xj and xj, so 

that all the text X and their cited text can eventually be carried out as a value of 

correlation coefficient.  

3.4. Comparison of Correlation Coefficient 

If the user u wants to obtain a series of texts related to the xi, it is necessary to compare 

the correlation coefficient of the text that related to the xi. For example, in Figure 1,  

{x
1 

i , x
2 

i , , x
l 

i } are directly related to xi, and xj is indirectly related to xi. Both the 

similarity of xi and {x
1 

i , x
2 

i , , x
l 

i }and the similarity of xi and xj, we had to compare their 

correlation coefficient. As the correlation coefficients are actually m vectors that 

composed with a set of label value, so we had to find out a method that was able to 

compare the vectors. We eventually came up with an improved cosine similarity to 

restrain the impact resulted from the m label value. 
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To obtain the similarity of xi and xj, we adopted an improved cosine similarity 

formula as below: 
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            (8) 

Here, {α1, α2, , αm}was applied to subtly adjust s(xix
l 

i ) and s(xjx
1 

j ) into a more 

adaptive similarity. Parameter α  {α1, α2, , αm} is an important role, it controlled the 

rate of the m label values in the whole recommendation process, which denoted the 

restraint degree of label value.  

Through this method, we can obtained a series of similar texts related to xi, so we are 

able to offer the texts with high similarity to the user. 

4. Label Value 

For the research of text recommendation, there have been some relatively standard text 

libraries at home and abroad, we can compare different recommendation methods and 

system performance in the common text library. And we can also adjust the function 

parameters, allowing users more flexible access to the text label information [21].  

4.1. Selection of Label Value 

We have selected a part of texts from Web of Science
†
 (WOS) to test our method in this 

paper. There were 31393 texts in the area of recommendation system according to the 

searching keywords “recommendation system” (RS). Web of Science is a product of 

Thomson Scientific in the United States, which is omnibus multi-disciplinary core 

journal citation index database and includes three famous citation databases (SCI, SSCI 

and A&HCI) and two major chemical information database (CCR&IC), as well as the 

three of SCIE, CPCI-S and CPCI-SSH Citation Database. In virtue of the 

recommendation method, the date from the search platform of ISI Web of Knowledge 

have been classified to five major kinds and 151 secondary classifications based on the 

subject category, and we have obtained an universal network file format (*.net) date set 

                                                           
† http://isiknowledge.com/ 
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to do the citation analysis by the analytical tool of Web of Science [22]. Thus, we could 

not only effectively reveal the relationship between the internal connection and the texts 

(which provides the intrinsic link of scientific research), but also could find out the 

opportune ones to recommend to the user through a multi-tier analytical approach with 

the help of the provided analytical tool.   

The main contents of label value were shown below. We could capture lots of 

meaningful label value by searching the keyword “text mining” on the WOS. 

As can be seen in the figure3, these contents, like the same keyword, similar 

keywords, author name, journal name, publication time, number of citations, other text 

references, etc. can be selected as label value. These label value were the key factors in 

the composition of the text that is needed for an appropriate extraction in text 

recommendation. 

 

Fig. 3. Example of label value. 

4.2. Classification of Label Value 

For all of the text, we choose four kinds of label value as the valuable parameters and 

establish the weight for each type of label values. These four kinds of label value 

respectively named {keyword, the subject category, text authority, cited degree}, which 

could reflect the value of a text to the user as a four-dimensional vector. This paper 

considers the different needs of users, and the needs of users are comprehensive from 

the perspective of the paper data. Therefore, this article combines the type description 

method of statistical data to quantify the label information. The theoretical basis for the 

selection of the label content of the paper is that its selection method is based on 

statistical principles, and combined with the "statistical data type description" method to 

select the label. 

(1) Keywords. It is the most important criteria for users to obtain the text, as well as 

the most important label in the method of text recommendation [23]. For the search of 

texts, the more detailed keywords are, the more accurate the results are. However, for 
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the text recommendation, less keywords may lead to a large number of irrelevant texts 

and an unstable accuracy at mean time, while too many keywords may result in missing 

some texts and a reduced recall rate. Therefore, the choice of the type and the number of 

keywords would have a direct impact on the text mining. In general, the role of 

secondary keywords is more important. We specified that there must be at least one 

keyword, whether it was a primary or secondary keyword, it must be presented in the 

title, summary, or keywords columns. In our work, we divided the keywords into three 

types according to the contents of the text: primary keywords, secondary keywords and 

non- keywords. As shown in Figure3, “text mining” was the main keyword, but for the 

first two texts in Figure3, “bi-text mining” and “discovery knowledge” are the secondary 

keywords. It is easy to see that there might be a completely different recommendation if 

we ignore the impact of secondary keywords. For example, although the keyword like 

“web mining” was totally different with the keyword “text mining”, they can express 

some similar meaning. We converted the keyword into numeric variable, which is 

generally covered by the title, abstract, author's name, address and so on.    

(2) Subject category. Since “WOS” has covered almost all the fields of discipline, the 

retrieved texts according to one certain keyword may belong to more than one subject 

category. For instance, if we use “text mining” as the keyword to search, besides of the 

computer science [24], the retrieved texts can be distributed in linguistics, psychology, 

Communication Sciences and the related subjects, and so on. What’s more, it could be 

divided into a subject which has little to do with “text mining”, like physics and 

neuroscience, if there is some blend of text mining related algorithm and the subject 

itself. So we need to label the subject of a text with three different types:  original 

disciplines, related disciplines and other disciplines. Subject categories can be obtained 

directly from the publishing organization to which the text belongs, and it is easily 

distinguishable.  

(3) Text authority. It is generally believed that there is a very important criterion to 

judge whether the authority of scientific research texts is in the level of publication of 

journals or conferences. There are many methods for the classification of publications at 

home and abroad. For the experimental data of text, we classified the texts in “WOS” 

into five kinds according to the authority of the texts, which is based on the commonly 

used classification methods of the academic journals in China, namely core A, core B, 

core C, regular D and the others.  

(4) Cited time. The number of citations per text is easily available. The data of this 

parameter should be bigger. But if the difference between the two texts is small, the 

importance of these two texts is hard to determine. Moreover, the number of citations is 

also relative value, in which there is no uniform unit. For numerical variable, the date 

should be processed with the discrete way according to width and frequency or another 

settled method, as the cited times can be processed basing on the times rank 0, 1~10, 

11~15 and >15. We could also use Gaussian distribution to set out a mean of the cited 

number, and then divided the cited degree according to the variance. However, we 

should mention that there was not enough theoretical foundation for this method. In this 

paper, we used the cited degree to distinguish the cited times, and divided the cited 

degree into four grades basing on the cited times: strong the citation intensity, medium 

citation intensity, week citation intensity and no citation intensity. 
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4.3. Classification of label value 

As mentioned above, the label value of texts can be divided into four categories, but 

these four types of label information need to be converted to numerical data. This 

section discussed the assignment of the four categories of label value. As we have 

defined the label value {keyword, subject category, text authority, citation degree} as 

{g1(X), g2(X), g3(X), g4(X)}.  

(1) Assignment of keywords. For the importance of keywords, we uses tf-idf method 

to assign this label value. Using ri to express the key word of xi, when the number of 

keywords is R, the label value of the keyword is expressed as 

1( ) tf ( ) idf ( )i i

R

r r g X , and the label value of the keyword between 0 and 1. Here, 

we assume that there is only one primary keyword in the text. The purpose of this 

processing is to find the recommendable text in a wider scope.  

(2) Assignment of subject category. For the subject category, in general, most texts 

have gotten a clear distinction. We could use the “rule of thumb”‡ to assign this 

parameter, which means, we could define the connection of two variables as the 

correlation strength. If the value of correlation strength equaled 0-0.05, it means non-

correlation; if the value of correlation strength equaled 0.05-0.25, it means week 

correlation; if the value of correlation strength equaled 025-0.60, it means medium 

correlation; if the value of correlation strength equaled 0.6-1, it means strong 

correlation. According to the definition of the subject category, referring to the thumb 

rule, the text is related to the subject, the intensity of which is as follows: the original 

disciplines  0.60; the related disciplines   0.25; and other disciplines  0.05. Under a 

special circumstance, some texts will appear in two or even three categories in the same 

time, then we should accumulate all of the related categories strength.  

(3) Assignment of authority parameter. There was long-hold dogma that the definition 

of authoritative parameters had a strict standard and with no ambiguity. Therefore, we 

had directly assigned it with accurate numerical data. We also use the thumb rule to do 

the assignment. Based on the connection of the text and its authority of affiliated 

institutions, the correlation strength should be assigned as, core A  1, core B  0.65, 

core C  0.25, general D  0.05 and other  0. What needs to be considered is that the 

authority of the text would change over time, that means, for two texts xi and xi+1, even 

though they had the same authority parameters, when the published time of xi was earlier 

than xi+1, then generally came to a authority value comparison as xi  xi+1 . Here, let the 

original authority parameter xi to be 
i , after adjusting the time parameter, its 

authoritative value should be 3 3( ) ( ) ( )t g X g X X , here t(X) / ( 1)t t  .  

(4) Assignment of cited time. The four levels of citations can also correspond to the 

strength of the four categories of thumb rules. Assuming that the four levels of texts are 

denoted as {Π1, Π2, Π3, Π4}, they denoted respectively the {strong citation intensity, 

medium citation intensity, week citation intensity and non-citation intensity}. After 

disposing the grade of Π4, the correlation coefficient of three remaining categories can 

be adjusted according to their mutual citation intensity. Specifically, according to the 

law of the famous economics budget allocation, namely the law of 60:30:10, we could 

                                                           
‡ https://en.wikipedia.org/wiki/Rule_of_thumb 
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distribute the correlation strength according to this law and then adjust the citation 

correlation strength basing on the citation condition. The number of the strong 

correlation text accounts for 10% of the total number, and the number of the medium 

correlation text accounts for about 30% of the total number, and the number of the weak 

correlation text is 60%.  

The citation intensity is adjusted as follows: when P1 refers to P2, P2 is adjusted to a 

strong citation intensity from the medium citation intensity, when P1 refers to P3, P3 is 

adjusted by the weak citation intensity to the medium citation intensity; when P2 refers 

to P3, then the weak correlation strength value of P3, then the weak correlation strength 

value of P3 is multiplied by P2. In this way, the citation intensity is assigned according 

to this law, and then the existing citation intensity is adjusted and assigned according to 

the citation situation of the text. 

5. Experiment 

In this chapter, we first calculate the correlation coefficient of the text through the 

experiment, and then analyze the influence of our methods on the text recommendation. 

At last, we compare the difference between our method and other methods in text 

recommendation. Here, the method in this paper is abbreviated as TSLI method. 

5.1. Data Pre-Processing 

Firstly, basing on the introduction in section 4.3, we use the tf-idf method to obtain the 

similarity of similar keywords. To save the calculation time, tf(ri) should be limited to 

the extraction of titles and abstracts for each text xi, at the same time, we obtained the 

value of keywords R  4. The value of each R would be discussed in the next section. 

Moreover, we should calculate the values of g2(X), g3(X), g4(X) with the method 

mentioned in section 4.3. Among the more than 30 thousands selected texts, there was a 

total of 26993 ones with no correlation, and these texts would not be considered in the 

TSLI method. For the rest texts, after being arranged in the descending order of citation 

degree, the rest qualified texts could be divided into strong, medium and weak 

correlation according to the 60:30:10 rules and their citation degrees were shown in 

figure 4.  

As shown in figure 4, the degree of the correlation has been subject to a long tailed 

distribution, which indicted that some week correlation texts might also meet the 

preferences of users, so it was necessary to take these three kinds of correlation degrees 

into consideration all time. Therefore, we carried out the label values of more than 4 

thousands texts to obtain the value they have brought to the user through the correlation 

analysis. Basing on the above condition, we randomly selected a text xi, and we obtained 

the label value of its 31 cited text’s original value and normalization value. The result of 

this experiment is shown in figure 5. This figure is the set of four kinds of label value of 

{g1(X), g2(X), g3(X), g4(X)}. Figure 6 showed the label value of xi. As all the four 

vectors {g1(X),g2(X),g3(X),g4(X)} have different metrics and units, and that would 
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always lead to an impact on the results of data analysis. In order to eliminate the 

dimensional effect between the indexes, it is necessary to standardize the data and make  

0

50

100

150

200

250

300

350

400

450

500

550

600

650

0 500 1000 1500 2000 2500 3000 3500 4000

Number of text

N
u

m
b
e
r 

o
f 

c
it

ed
 t

im
es

 

Fig. 4. The citation times of the three kinds of efficient citation degree 

the comparability between the data indexes. After the original label information being 

standardized by the data, the indexes are in the same order of magnitude, so that the 

whole citation network can be operated and compared comprehensively. 

In this paper, we used the Z-score standardization method. We have given the mean 

and standard deviation of the original data, and carried out the standardization of the 

data.  

The processed data are in accordance with the standard normal distribution, with 

mean  0 and variance  1. The transformation function is: 
( ) ( )

( )=
( )

i i

i

i





 g x x
g x

x
 

μ is the sample mean, σ is the sample standard deviation. The converted xi is shown in 

figure 6. 
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Fig. 5. The label value of text xi 



434           Yi Yin, Dan Feng, Zhan Shi and Lin Ouyang 

 

xi

N
o

rm
al

iz
ed

 l
av

e
l 

v
a
lu

e

 

Fig. 6. Standardization of label value of text xi 

The reason why we had used the Z-score instead of using other standard methods is 

that the standardized data were subject to the standard normal distribution, after using 

this method for normalization, the vast majority of samples would be concentrated near 

to the average, which was conducive to the selection of samples. So with the same 

method, we could also select the text xj referred by xj. In our experiment, we selected out 

16 qualified texts from the whole cited texts of xj, these 16 texts contained some texts in 

xi at the same time. The label value of xj is shown in figure 7. 

In this way, we finally found out all of the correlation coefficients between the text 

and its references. After we obtaining the values of g(xi) and g(xj), we could 

subsequently calculate the values of s(xixi) and s(xjxj) according to the formulas (6) and 

(8).  

5.2. Calculation of Similarity 

We have discussed the method of obtaining correlation coefficient above, but there 

should be uncertain parameters also needed to be discussed, which included the number 

of the keywords R, the constraint parameter of label value α and the number of the 

recommendable texts k. 

First, consider the case where the number of keywords R and the parameter α affect 

each of the importance coefficients. The influence of the keyword is more important 

than other factors in the text recommendation method, which can be seen from most of 

the pretreatment process. In this paper, we had defined the influence degree of those 

four types of label value {g1(X), g2(X), g3(X), g4(X)} as {α1, α2, α3, α4}, which was 

exactly the parameter α in formula (8), and with α1  max {α2, α3, α4}. Besides of the α1, 

we unified the constraint parameters of the other three parameter as α2  α3  α4, and 

then we converted {α1·g1(X), α2·g2(X), α3·g3(X), α4·g4(X)} into{α1·g1(X), α2·g2(X), 

α2·g3(X), α2·g4(X)} and assuming α1  α2  1. This assumption is to highlight the key 

words in the label value of the significant position, which is also in accordance with the 

existing traditional recommend- ation method. In addition, as for the influence of 
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keywords, the number of keyword R is also a non-negligible parameter, it would directly 

affect the assignment of keywords. 
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Fig. 7. Standardization of label value of text xj 

Next, we compared the correlation coefficient of xi and its references x
l 

i  with the 

correlation coefficient of xj and its references xj. Then we were able to determine the 

value of R and α based on the cosine similarity calculated with formula (8). We 

respectively valued (α1, α2) as {(0.9, 0.1), (0.8, 0.2), (0.7, 0.3), (0.6, 0.4)}, R as {2, 3, 4, 

5, 6} to do the test and obtain the similarity value, the results were shown in figure 8. 

The value of (α1, α2) is {(0.9, 0.1), (0.8, 0.2), (0.7, 0.3), (0.6, 0.4)}, and the value of R is 

{2, 3, 4, 5, 6}, which is the empirical value to verify the validity of the experiment. 

Considering that the values of (α1, α2) and R have been defined in the theory of the 

previous chapter, only these three parameters need to be taken as the values in the paper. 

Figure 8 showed the effects of the different parameters (α1, α2) and R on the sim 

value. When R=2 and R=5, for any value of (α1, α2), the sim value seemed more 

decentralized than the other three distribution results. When (α1, α2) are valued as (0.9, 

0.1) and (0.8, 0.2), their sim values also appeared decentralized, which indicated that 

both of the R=2 and R=5 were not the high discernible parameter in determining the 

recommendable text. As for R=7, the change of standard deviation became fairly 

obvious corresponding to the different value of (α1, α2). These results manifested that 

once the value of (α1, α2) or R do not completely adapt to certain types of samples, the 

recommendation method would be very unstable. As shown in the figure, when R  4, no 

matter what the value of (α1, α2) was, the cosine similarity value has changed 

significantly, moreover, the change of standard deviation was still obvious when 

compared with other values of R. When (α1, α2) = (0.6, 0.4), which showed that the 

obtained cosine similarity values were concentrated, all of the standard deviation of 

different R value could be differentiated obviously. Therefore, in this paper we valued 

(α1, α2, R) as (0.6, 0.4, 4) to do the recommendation. 

The similarity measure in text recommendation refers to calculating the similarity 

between texts. The larger the similarity value, the smaller the difference of text. There 

are many methods to calculate the similarity, cosine similarity is a mature method. For 

many different texts to calculate the similarity between them, a good way is to map the 
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labels in these texts to the vector space, form the mapping relationship between the 

labels and the vector data, and judge the similarity of the text by calculating the 

difference value of one or more different vectors. 

 

Fig. 8. The influence of different (α1, α2) and Ron the sim value. 

5.3. Comparison of Methods 

In order to verify the correlation between the recommended texts, we compared our 

method with other five text recommendation methods. Firstly, we defined: 

@
Precision : @ 100%C

T

R k
P k

R
=  

@
Recall : @ 100%C

T

R k
R k

k
   

@ @ 2
F-measure : 1@ 100%

@ @

P k R k
F k

P k R k

 
 


 

Here, RC is the number of recommendable texts, RT is the total number of texts 

obtained by the user, kT is the number of recommended texts.  

The KMR [25] method is a keyword matching method that can only recommend 

articles with similar keywords to users by comparing the keywords of different articles. 

The SoREC [26] method uses the shared user feature space to combine the social 

relations with the score information. By combining the two pieces of information, the 

SoREC identifies the users who are similar in the score and have social relations to 

make recommendations. 

The SARSP [27] method divides users with similar interests into one class, and then 

the users in this class recommend each other. 
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The ItemKNN [28] method is to use the item's content / attributes as a vector to find a 

similar relationship between the users to realize the recommendation process 

All this adds up to a true that our method got the most significant advantages. As 

mentioned before we defined the parameters as: α1=0.6, α2=0.4, R=4. The result is 

shown in figure 9, there were 5-50 texts in this experiment, our TSLI method has 

showed a better precision rate and recall rate than other methods. At mean time, for the 

average precision rate and average recall rate, there are respectively an improvement of 

8.63% and 5.25%, moreover, their maximum appreciation have come to 12.76% and 

7.25%. These results indicated that TSLI was able to carry out a better recommendation 

result for different number of texts.   
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Fig. 9. Comparison of accuracy rate, recall rate and F1 value for different quantity of text. 

6. Conclusion 

The correlation analysis of these similarity texts has become one of the main ideal of the 

text recommendation to meet the needs of different users. When the user has captured a 

certain text of his interest, he would like to get a series of similar texts related to it rather 

than searching for a large number of texts. We always capture the content of the text 

information basing on a number of label values, such as the research area, keywords, 

cited time, etc. 

However, these data are very abstract, it is not easy for users to obtain the text they 

want through this information, and the user needs the text of its label information to be 

no overlap. 

Basing on the information mentioned above, to model the recommendation process 

better and to reveal the potential influences of the text correlation on the result of the 

recommendation, this paper analyzed the similarity between texts and elaborated the 

recommendation processes from three aspects. (1) Defined and classified the label value 

of text. Each type of label information is introduced into the timing relationship and 

assigned. (2) Using the difference method to arrange the label value of a text xi and its 

cited text in a chronological order, then a set of correlation coefficients is formed for the 

text xi and the label information for each text is cited by xi. (3) After setting the 

parameters of correlation coefficient, the consistent text was recommendable to the user 

basing on the comparison of the citation relationship of the text. Our experimental have 

effectively testified the quality of the recommended text by our reliable method. 
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Abstract. Delay Tolerant Network (DTN) is a kind of network structured to 

deliver message intermittently. Network connections are not persistent between 

nodes, instead they must rely on nodes making geographic location movements to 

incur contact with other nodes and establish intermittent communication sessions 

to allow messages delivery. We will refer to encounters via geographic location 

movements as “physical contact.” Many DTN researches mainly focus on 

message delivery via physical contact. However, this paper believes that in a 

realistic environment, encounters between nodes not only happen geographically 

in nature, but also occur virtually in cyberspace. When both nodes go online on 

the same social media platform, it is an encounter we refer as virtual contact. How 

messages deliver for virtual contact is store-post-and-forward, just like what 

happens in a DTN, but it is no longer restrained by geographical locations. This 

paper considers a scenario in which nodes make virtual contact in cyberspace and 

incur message delivery based on their own behavior patterns. The verifying 

experiment is conducted using both survey and simulation. First of all, we handed 

out questionnaires for students to fill out. The questionnaire inquired them to rank 

their most frequent activities performed on social media platforms. According to 

the responses, we conclude the top 3 frequent activities when the students use 

social media platforms and classify them into 3 groups according to a weighted 

behavior pattern scheme. The classification includes Social Group, Read-Only 

Group and Interest Group. It does not matter which group a student is assigned to. 

In the simulation, he or she will get to decide whether to deliver/receive messages 

or not based on a randomized selection on 3 behavior pattern. Finally, we analyze 

the simulation result to determine how messages propagated in different behavior 

pattern groups. It is derived from the simulation that to quicken message 

propagation, directing messages to one of the behavior groups yields the 

maximize benefits. This provides the basis for further researches on collecting 

data of desired scenarios to establish respective propagation models. 

Keywords: Delay Tolerant Network, physical contact, virtual contact, behavior 

pattern 
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1. Introduction 

1.1 Background 

Nowadays the Internet is flooded with information, and it comes in different flavors. As 

different kinds of information spread across the world each day, people are busy 

receiving in and sending out information on various social platforms. For example, 

economic news, political comments, and sport coverage are among the most covered 

ones and get forwarded repetitively. To understand how quickly information is 

dispersed, it is necessary to evaluate the number of forwards/shares made and the 

frequency of forwarding done by each social platform user. As cellular network 

progresses and mobile smart devices popularizes, people can log in to social platforms 

to forward messages agilely whenever they can and wherever they want. Consequently, 

if there are urgent messages that must be known by the masses in a short time, 

transferring them through other users on social platforms or on the Internet will likely to 

induce higher probability of quick message propagation. 

Delay Tolerant Network (DTN) is an instance of Opportunistic Network 

Environment, in which no single route serves as a persistent end-to-end connection, and 

it requires users carrying smart mobile devices to move between same geographic 

locations to have the opportunities of sending out messages. The majority of previous 

researches focus on exploring methods of message delivery and forwarding via 

geographic location encounters. We have also proposedan approach, NCCU Trace Data 

[16] which involves collecting the data of students’ real geographical location 

movements in campus environment. When a student meets with other students, there are 

opportunities of forwarding messages further. However, this paper believes that current 

DTN researches’ focuses on physical encounter scenarios rely on people’s move to 

triggering encounters with other peoples, which no long conforms with the real-world 

environment. 

With the advancements of Information and Communication Technology, we can 

easily connect to social media platforms (i.e. Facebook, Twitter, Whatsapp, etc.) via 

mobile networks to share information with other users. This way of transferring 

messages is similar to the case of DTN. The further messages are delivered, the less 

likely for receiving users to be online. Thus, if a user sends out messages when others 

happen to be online at the same time, he or she still needs to transfer messages to social 

media platforms before these messages are delivered. However, even if receiving users 

are offline, messages still remain on social media platforms waiting to be transmitted to 

the currently offline users when they get online. 

1.2 Virtual Contact 

This research believes that above-mentioned scenario is a case of virtual contact, as 

described by Figure 1 below. As illustrated by the figure, virtual contacts happen when 

social media users are physically located in distant locations where physical contacts are 

not possible, yet they can achieve virtual space encounters in cyberspace constructed on 

the Internet disregarding the boundaries of space and time as long as they were once 
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online on common social medias. Virtual contact on social platform align with one of 

the characteristics of DTN, store-carry-and-forward. Because users are likely to get 

online at different time, they are able to deliver messages on social media platforms 

when online, and other receiving users will accept the messages once online. If both the 

message-sending user and the message-receiving user are online at the same time, real-

time transferring will be carried out. Message delivery is no longer limited to the classic 

scenario that users must be located in the same geographic region. Owing to the 

convenience of social media platforms, users can make virtual contact with each other 

at different geographic locations, so that the message-carrying users will be able to 

deliver them to the others. 

 

Fig.1. Overview of the virtual contact diagram 

1.3 Motivation 

Previous works on message delivery mostly neglect to consider message senders’ 

delivering behavior. In a real-world environment, everyone acts out of his or her own 

free will and reacts to forward or receive messages. For example, some users tend to 

passively accept messages without any intent to share or forward them, while other 

users are more likely to share received messages in the hopes that even more people 

know about them.  

This paper believes that the scenario of virtual contact is just like the characteristic of 

store-carry-and-forward. When users become online on social media platforms, the 

message-carrying users are granted with the opportunities of meeting other users, and 

making direct message delivery. Besides, we think people would behave differently 

according to their current moods and environments. For instance, one may prefer 

browsing messages to sharing them; one may also desire to share interesting messages 

to other internet users of similar interests, etc. Thus, this paper investigates how users’ 

daily behavior patterns can influence the way messages are delivered. Considering a 

message delivery scenario, when an urgent message shall be sent in a way that the more 

people learn the better it is, we suggest a better accommodating message propagation 

scheme: transmitting messages in accordance with messages’ properties or users’ 

behaviors when using social media platforms. 
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1.4 Purpose 

This research proposes an approach that message delivery should be determined based 

on users’ individual behaviors in a network environment. Regardless of the message 

delivery and acceptance, everyone will ultimately choose to deliver or receive messages 

based on their own interests, which aligns with the real-world scenario on message 

propagation. Furthermore, messages categorized to be of similar interests would make 

carriers behave alike. This paper attempts to resolve the problem of finding the most 

appropriate person to propagate messages with interests in respective fields, thus 

allowing them to be received by as many people as possible within a fixed amount of 

time. Lastly, we utilize message propagation behaviors to conduct clustering, and, 

therefore, are able to efficiently find a model for fast message propagation. When there 

is a certain type of messages needed to be dispersed quickly, we can find groups most 

suitable for fast message propagation via the above-mentioned message propagation 

model based on behavior clustering to achieve better efficiency. 

2. Related Work 

Previous social network researches based on DTN define social community according 

nodal geographic locations and chances of making encounters with other nodes to 

decide their closeness in terms of social network distances, then develop strategies of 

message delivery based on it. SimBet[4] utilizes nodal betweenness to computer 

centrality and similarity for each node to help making decision on which nodes to 

deliver messages.  

This article believes that nodes make frequent encounters in terms of geographical 

locations, then there exists a social network relationship between them. It further 

proposes the more mobile nodes are, the nodes with better utilities can be to help deliver 

message. However, one drawback of such design is that messages are likely to be 

centralized on nodes with better utilities. If there exists less active nodes in the network, 

they, in the worst case scenario, might never get any message. Bubble rap[12] thinks it 

is better to take a prolonged observation on each node’s encounters via geographical 

location and turn the observation results into a simulated social network. Each node 

should belong to at least one community or multiple communities, and each node 

should have information on global ranking and local ranking of the whole network 

system. Routing algorithm then utilizes estimated community and centrality of the 

social network. According the ranking done by the global community, messages are 

forwarded to the node with highest centrality in the community until the target node and 

the forwarding node belong to the same community. SANE routing [8] depends 

otherwise on interests and similarities as estimation basis for message delivery. The 

author believes that nodes with similar interests are likely to make encounters with each 

other. If a message is to be forwarded to the target node, forwarding the message to the 

nodes with similar interests will yield a better transmission efficiency. A previous 

research by us, NCCU Trace Data[16] is about collecting students’ movements in a 

campus. As a laboratory collective effort, we develop a APP which can be utilized to 

track students’ movement traces when attending classes at school, as showed in Figure 

2, and propose a message delivery method via similarities between people’s interests in 
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a real-world campus environment. This method performs better than traditional routing 

algorithms. 

 

Fig.2. NCCU Trace Data of the screenshot 

Besides, our previous research [17] also suggests that people will often move, 

according to their interests, to buildings of similar interest properties. It may happen that 

people with similar interests are likely to have similar routes of geographical location 

displacements. The message delivery method based on interest properties has a better 

performance compared to other routing algorithms. 

The aforementioned works are all about investigating the fact that when nodes make 

frequent encounters via geographical location movements, there may exist social 

network relation and exhibit close betweenness among nodes. If a message is to be 

delivered, this leads to better message delivery ratio. However, this kind of social 

network estimation method tends to be shallow. Frequent encounters via geographical 

location might not necessarily mean close betweenness, but only show that nodes 

happen to be neighbors or have the same moving directions. This paper believes that 

personal information should be utilized to confirm whether there exists social network 

relationships between nodes, then making estimates of nodes’ social network 

relationships to develop a method of message delivery that aligns better with real-world 

environments. Table 1 is the comparison among different strategies adopted by 

referenced works. 

In a conventional Delay Tolerant Network environment, encounters via geographical 

locations introduce opportunities for message propagation or dispersion. Compared to 

the conventional methods, this paper is different in the way that opportunities for 

message dissemination, as we proposed, occur in cyberspace, so methods suggested by 

previous works are merely inspirations for our approach for that there is temporarily no 

similar method comparable to this research. 
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Table 1. Comparison table of the related work 

Related work Forward Strategy Mobility Model Characteristic 

SimBet[4] Node Utility MIT Reality betweenness 

Centrality 

Bubble rap[12] Node Utility MIT Reality 

Cambridge 

Infocom06 

ego-central 

SANE [8] Node Utility Infocom06 Social-aware 

NCCU Trace Data [16] Message Interest 

Utility 

NCCU Trace Data Interest-aware 

3. Proposed Approach 

We are continuing a previously proposed work, NCCU Trace Data [16]. This research is 

part of the project responsible of NCCU Trace Data collection from 115 participants’ 

Facebook online histories and friend lists, except that we were unable to collect online 

histories properly from 11 of them. This makes a total of 104 participants’ online 

histories, all of whom were notified and agreed with how we handle their data. 

Moreover, we asked each of the 104 experiment participants to fill out a questionnaire 

aiming to collect personal information, interests, and rankings of frequent Facebook 

activities, etc. These activities include: (1) sharing messages with friends on social 

media platforms (referred it as Social); (2) sharing articles in the groups on social media 

platforms (referred as Interest); (3) refusing to share messages while only receiving 

them (referred as Read Only). According the rankings done by the participants, we 

would assign the most frequent activities a weight of 3, the second most frequent one a 

weight of 2, and the lease frequent one a weight of 1. Each participant is required to fill 

out at least 1 frequent activity. Part of the original data are presented by Table 2. 

Table 2.Behavioral ordering 

User_ID Social Interest Read Only 

1 3 1 1 

2 3 1 1 

3 3 2 1 

4 3 1 1 

5 3 1 1 

6 3 1 2 

7 3 2 1 

8 3 1 1 

9 1 1 3 

10 3 1 2 

11 3 1 3 

12 3 1 1 
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According to the answers filled by the participants, this research would utilize K-

means algorithm to achieve clustering based on each one’s behavior weights, divide 

them into 3 groups, and derive the classification scheme from each group’s behavior 

weight features. The results are presented in Table 3. 

Table 3.K-means algorithm classification 

User_ID Group Distance Social Interest Read Only 

1 0 1.337 3 1 1 

2 0 1.337 3 1 1 

3 0 1.669 3 2 1 

4 0 1.337 3 1 1 

5 0 1.337 3 1 1 

6 0 0.492 3 1 2 

7 0 1.669 3 2 1 

8 0 1.337 3 1 1 

9 1 2.642 1 1 3 

10 0 0.492 3 1 2 

11 1 2.717 2 1 3 

12 0 1.337 3 1 1 

13 0 1.669 3 2 1 

14 2 2.492 1 3 1 
 

K-means algorithm classifies the participants into 3 different groups. The first group 

numbered with 0 consists of 88 people. The second group numbered with 1 consists of 6 

people. The third group numbered with 2 consists of 10 people. Table 4 below displays 

part of the data for Group 0. 

Table 4. K-means algorithm classification 

User_ID Group Distance Social Interest Read Only 

1 0 1.337 3 1 1 

2 0 1.337 3 1 1 

3 0 1.669 3 2 1 

4 0 1.337 3 1 1 

5 0 1.337 3 1 1 

6 0 0.492 3 1 2 

7 0 1.669 3 2 1 

8 0 1.337 3 1 1 

10 0 0.492 3 1 2 
 

As the data K-means algorithm classified to be group 0 show, participants prefer to 

share messages on social media platforms, described by their responses to the 

questionnaires.  Thus, this research defines the first group as Social Group. Although 

classified as part of the Social Group, participants would obviously engage in activities 

other than sharing messages with friends on social media platforms. They could also 

choose to share articles in their groups or simply receive messages without sharing 

them. The second group classified by K-means algorithm, as showed by their responses 

to the questionnaires, all prefer to only receive messages without sharing, so they are 
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defined as Read Only Group. The third group classified by K-means algorithm stated in 

their questionnaire responses that they all prefer to share articles in their groups, so they 

are defined as Interest Group. 

Figure 3 below is a visualization of Social Group which this research attempts to 

represent with a tree diagram. Each route consists of three nodes representing different 

behavior preferences, as the participants can only engage in one certain activity during a 

fixed amount of time. The weights of the activity nodes would change according to the 

routes connecting them. The first route shows that 88 of the participants would 

prioritize to share messages with friends on social media platforms, 37 of them would 

secondly prioritize to share messages with their groups, and these 37 people are least 

likely to only receive messages without sharing on social media platforms. The chance 

of traveling along the first route is 42%. The second route shows that 88 of the 

participants would prioritize to share messages with friends on social media platforms, 

51 of them are least likely to share messages with groups on social media platforms, and 

16 of them secondly prioritize to receive messages without sharing them on social 

media platforms. The chance of traveling along the second route is 18%. The third route 

shows that 88 of the participants would prioritize to share messages with friends on 

social media platforms, 51 of them are least likely to share message with groups on 

social media platforms, and 35 of them are also least likely to only receive messages 

without sharing on social media platforms. The chance of traveling along the third route 

is 40%. Based on the descriptions above, we can conclude that if there is a message to 

be received or delivered, users would have 42% chance to choose the first route, 18% 

chance to choose the second route, and 40% chance to choose the third route while each 

route has different weights according to the activity preferences it represents. Each 

activity carries a weight. The higher the weight it is, the more likely the corresponding 

activity to be performed. The actual resulting route will randomly select one of the 

activities to be the basis of propagating or receiving messages.  Figure 4 and Figure 5 

are the visualizations of Read Only Group and Interest Group, respectively. 

 

Fig.3. Social Group 
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Fig.4. Read Only Group 

 

Fig.5. Interest Group 

Like explained above, this research classifies the behavior patterns into three 

categories: (1) receiving messages from or propagating messages to social media 

friends, referred as Social Behavior; (2) receiving interest-provoking messages or 

propagate messages to interested users, referred as Interested Behavior; (3) only 

receiving messages without sharing to other users, referred as Read-Only Behavior. 

(1) Message receiving and propagating for Social Behavior: users log into social media 

platforms, gain access to their friend lists of respective platforms, and invoke 

actions to receive or deliver messages according to the lists. This behavior pattern 

captures the scenario that whether users are interested at the messages or not, they 

will receive messages from their friends and propagate received messages to others. 

Such scenario is visualized by Figure 6. 
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