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Abstract: - In the contemporary digital landscape, ChatGLM, powered by advanced artificial intelligence, has 
risen as a tour de force, particularly excelling in Chinese Q&A scenarios. Its prominence underscores the 
transformative role of deep learning neural networks in reshaping the chatbot paradigm. This paper offers a 
holistic exploration of chatbot model designs, building upon seminal research, and delves into the nuances of 
chatbot development and underlying technologies. We provide incisive analyses poised to guide future 
advancements in chatbot-related arenas. 
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1  Introduction 
The dawn of the new millennium witnessed the 
unprecedented development of Internet computer 
technology and reached its peak in the rapid rise of 
artificial intelligence in recent years. It is worth 
noting that the deep learning model stands out as the 
cornerstone of the breakthrough in the field of 
natural language processing and sets a new 
benchmark for the effectiveness of the application. 
In recent years, under the impetus of "Industry 4.0 
Revolution" and artificial intelligence technology, 
robot technology has developed rapidly. Robot 
technology has been widely used in industry, life 
and military defense, and a series of major 
breakthroughs have been made. As the main 
research object of robotics, robots, especially 
intelligent robots, play an increasingly important 
role in people's lives and work, and people also put 
forward higher requirements for the way of human-
computer interaction. However, at present, the 
traditional human-computer interaction methods 
based on keyboard and mouse, teaching equipment 
and wearable devices often have problems such as 
high cost, poor real-time performance and low 
efficiency. With the intelligent chat robot gradually 
replacing artificial online interaction on mainstream 
platforms, we find ourselves sailing in a broad era of 
artificial intelligence. Gone are the days when 
primary chatbot content was generated by template 
matching and retrieval. The paradigm of modern 

chat robots is manipulated by a dynamic deep 
learning model, which shows real-time adaptability, 
[1]. Chat robots, which symbolize the potential of 
artificial intelligence, are carefully designed to 
decode and process natural languages. They 
cultivate unparalleled human-computer interaction 
through text or dialogue. As digital messengers, 
chatbots understand various human languages, 
simulate human-like conversations through text, 
voice, or mixed mode, and are redefining the outline 
of human-computer interaction. 
 

 

2 Overview of Relevant Studies 
 
2.1 Development of Chatbots 
For the Q&A system, there are three main types of 
academic research: 

(1) The method of counting the number of words 
in a sentence. A typical scenario for the utilization 
of this approach is a knowledge retrieval library 
system. According to the proximity of the statistical 
frequency of the question, the frequency of the 
answer that is relatively close to the question is 
obtained. This approach does not allow a better 
understanding of the customer. 

(2) Machine Learning. They build Q&A systems 
using probability and statistics. Like SVM, k-mean 
algorithm, [2]. Machine learning algorithms 
compute the eigenvalues of the data samples and 
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then arrange and combine them into a matrix, which 
is used as input to the model. 

(3) The application of deep learning techniques 
has led to the reduction of the time taken for the 
creation and pre-processing of datasets. Moreover, it 
can also be more efficient and reduce the problem of 
human error. The data obtained is better than the 
previous data results. In the case of large datasets, 
the results achieved using deep learning are even 
better. The method also has the advantage of being 
relatively easy to implement as it does not require 
manual feature extraction. The basic application of 
deep learning algorithms on the natural language 
level is CNN, which, with its convergence effect, 
improves data utilization, reduces wastage, and 
maximizes the acquisition of the corresponding 
parameters. The use of deep learning techniques has 
led to the rapid development of question-and-answer 
systems in the field of natural language processing, 
[3]. Chatbot models using RNN technology can be 
used without predefining a knowledge base and it 
can generate answers directly. The idea of this 
approach comes from machine translation 
techniques in the field of natural language. The 
Neural Conversation model proposed by Google 
utilizes four different datasets to train the Seq2Seq 
model. 

 
2.2  Technical Components of Chatbots 
Chatbots have many different categories based on 
different division criteria. Based on application 
scenarios, chatbots can be divided into multiple 
categories of chatbots, such as online customer 
service, entertainment, education, personal assistant, 
and intelligent Q&A; based on the technical 
implementation method, they can be divided into 
retrieval and generative chatbots; based on the 
functional positioning, they can be divided into four 
categories of chatbots, namely, Q&A system, task-
based dialog system, idle chat system and active 
recommendation system, [4]. 

When analyzing the technical aspects of 
chatbots, there are five important modules that are 
part of the system: automatic speech recognition, 
natural language understanding, conversation 
management, natural language generation, and 
speech synthesis. In the process of its operation, it 
usually follows the following basic flow: the user 
inputs text or voice, and then preprocesses it into 
text patterns for natural language understanding. 
Then, it enters into the dialog management based on 
the semantic representation and context and extracts 
the answers of the current dialog model. Finally, the 
final synthesized reply is output to the user. On the 
whole, different types of chatbots include the three 

modules of natural language understanding, natural 
language generation, and conversation management, 
but the technical modules favored by different types 
of chatbots and the technical details used in them 
are different. 

The new generation of chatbots represented by 
ChatGLM relies on key features such as large-scale 
language models, naturally flowing conversations, 
multi-tasking, contextualization, personalization, 
and open source, and adopts the technological logic 
of "Big Data + Big Computing Power + Big 
Algorithms = Intelligent Models", which greatly 
improves its performance in the areas of natural 
language interpretation and digital content 
generation. The use of "big data + big computing 
power + big algorithm = intelligent model" 
technology logic, so that its performance in natural 
language interpretation and digital content 
generation is greatly improved, but "there are still 
technical limitations in logical reasoning, reliability, 
knowledge learning, and risk resistance", [5].  

In this paper, the design of a chatbot and its 
interaction system is constructed on the basis of a 
deep learning model, in order to improve the 
performance of the interaction system and provide 
certain references for the development of chatbots. 
 

 

3  Chatbot Design 
 

3.1  Sequence-to-sequence Model Seq2Seq 

The end-to-end Seq2Seq framework is best applied 
in the field of machine translation and is also widely 
used in the fields of text summarization and dialog 
generation. Therefore, the Seq2Seq framework is 
applied to a library chatbot to automatically answer 
user questions and generate coherent and diverse 
responses. The Seq2Seq framework is as follows: 

 
Fig. 1: Seq2Seq model 

 
As shown in Figure 1, the basic principle of the 

Seq2Seq framework is to translate the input 
sequence to the output sequence by the deep neural 
network and consists of an input encoder and output 
decoder. In dialog generation, the role of encoder 
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and decoder is to generate reply statements, [6]. The 
user input statement X contains n words, i.e., the 
reply statementY generated by the system has m  
words. The specific expressions of X and Y are as 
follows. 

 
 m

n

yyyyY

xxxxX

,...,,,

,...,,,

321

321




 

In the above equation, mn yx , refers to the 
vectors corresponding to the words in the original 
sentence. The intermediate vectorC can represent 
the state of the last moment output of 
the LSTM neuron h . AfterC is nonlinearly 
transformed, the following can be obtained. 

 

 nxxxxfC ,...,,, 321  
 
In the formula, the f denotes the nonlinear 

transformation done to the input sequence. 
 

3.2  Chatbot Structure Design 
In order to realize an automatic Q&A system for 
open-domain deep learning, it is proposed to design 
an open-domain oriented chatbot, through which the 
chatbot interacts with the library users in the text to 
increase the interest and attractiveness of the 
system. According to the characteristics of the 
chatbot and the user's question and answer, it is 
proposed to input the user's statement into the 
Seq2Seq model based on LSTM , and then output 
the reply statement after matching and analyzing the 
question and answer, [7]. This realizes the automatic 
generation of Q&A responses for the chatbot. Figure 
2 represents the structure of the chatbot designed in 
this paper. 

 

Fig. 2: Chatbot overall structure design 
 
AIML (Artificial Intelligence Markup Language) 

is used to realize template-based dialog matching 
model construction. Before replying to the user's 
question, the chatbot first uses the AIML model to 
obtain the reply, and if it cannot match the reply 
structure, it uses the generative model to generate 
the reply. This method ensures that the chatbot 

realizes accurate responses to the questions 
extracted by the user. 

 
3.3 Chatbot with Attention Mechanism and 

 Cluster Search 
Among the traditional chatbots designed with the 
Seq2Seq model and the template dialog model, the 
decoder is to obtain the input sequence information, 
it needs to obtain it in the form of intermediate 
vector states, which makes the decoder generation 
structure more general. To address this problem, we 
propose to add bottom-up unconscious attention, 
called the salient attention mechanism, to the 
Seq2Seq model. The structural properties of the 
bottom-up attention mechanism are shown in Figure 
3.  

 

Fig. 3: Schematic diagram of salience attention 
mechanism 
 

Referring to Figure 3, after the introduction of 
the salient attention mechanism in the model, the 
implied state of the output of the previous sequence 
and the context vector of the current generated word 
can be obtained. from this, we get the specific 
computational equation of the decoder at the 
moment of t is: 

   ttttt csygxyyyP ,,,,..., 111    
In the formula, ty and ts denote the output and 

implied state of the decoder and neuron at 
moment t , respectively;  g  denotes a series of 
nonlinear transformations. Among them, tC has a 
large influence on the output at moment t . The 
specific formula for tC  is as follows. 
 





T

j

jjt hatC
1

 

In the formula, jh denotes the implicit state of 
the encoder neuron in processing the input sequence 
value at moment j ; jat denotes the degree of 
influence of the encoder input at moment j on the 
decoder output at moment t . 
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The generating sequence vocabulary and the input 
sequence vocabulary are associated through the 
saliency attention mechanism, so that the generating 
vocabulary can pay attention to some of the words 
in the input sequence, thus increasing the accuracy 
of the question-and-answer results, [8]. In the 
chatbot dialog process, there may be inconsistencies 
in the bot's responses, which reduces the user's chat 
experience. To address this problem, we propose to 
add a cluster search algorithm, BeamSearch, to the 
Seq2Seq model to constrain the information of the 
robot itself. Cluster analysis is an exploratory 
analysis method, which can analyze the internal 
characteristics and laws of things and group things 
according to the similarity principle. This is a 
common technology in data mining, [9]. 
BeamSearch is a heuristic search algorithm that 
combines the greedy strategy with the exhaustive 
strategy, which has been widely used in the field 
of NLP  and achieved good results. The search 
process of the BeamSearch algorithm is shown in 
Figure 4. 

 

Fig. 4: Search process of Beam Search algorithm 
 

As can be seen from Figure 4, the basic 
principle of cluster search is to prune the search 
space when searching. In the Seq2Seq model, 
adding the beam search algorithm can greatly 
enhance the diversity of model-generated replies, 
keep the questions and answers consistent, thus 
enhancing the user experience of the Q&A effect. 
 
 
4 Interaction Design Ideas for 

 Chatbots based on Social 

 Characteristics 
 

4.1  Intelligent Dialog 
 

4.1.1  Proactivity 

Proactivity indicates that the chatbot system takes 
conversational actions autonomously instead of the 
user, which can help the user reduce the energy and 
time for thinking and replying. In the process of 

human-robot interaction, proactivity enables the 
chatbot to share with the user, using natural forms to 
carry out conversations. For example, chatbots can 
initiate topics, propose exchanges, provide 
information, and follow-up comments to actively 
communicate with users. 
 

4.1.2  Due Diligence 

Due diligence is the ability of a chatbot to show 
dedication to the conversation at hand. Based on the 
dialog flow setup, the context is scientifically 
interpreted and each sentence is taken seriously as 
something that makes sense throughout the 
conversation. 
 

4.1.3  Communicability 

The primary way that users want to achieve their 
communication goals is by exchanging messages 
with the system, interactive software is inherently 
communicable. Its ability of the software to 
communicate underlying design intent and 
interaction principles to the user. Providing 
communicability can help users improve the 
learnability of the system. The problem with chatbot 
communicability is the nature of its human-robot 
interaction. Chatbots take turns demonstrating their 
functionality through dialog, and the lack of 
communicability may lead to users abandoning the 
use of chatbots when they are unable to understand 
the available features and how to use them. 
 

4.1.4  Natural Interaction 

Natural interaction means that the user uses multiple 
sensory channels and interacts with the interface in a 
non-mechanical, parallel way. Therefore, natural 
interaction is mainly characterized by: (1) 
naturalness: which reduces the learning cost, the 
user can operate with the help of experience; (2) 
habituation: which conforms to the user's habits and 
common sense; (3) non-precision: the user interacts 
with the interface through rough behavior; (4) high 
efficiency: the interaction method is more intuitive 
and improves the interaction efficiency. Combined 
with the chatbot interaction design described in the 
article, it can be found that the natural interaction 
method can significantly improve the user 
experience, so the integration of natural interaction 
into the chatbot interaction design can improve the 
interactivity of chatbots to a certain extent, [10]. 

 
4.2  Intelligent Socialization 

 
4.2.1  Damage Control 

Damage control specifically refers to the fact that 
chatbots may encounter conflict problems during 

WSEAS TRANSACTIONS on COMPUTER RESEARCH 
DOI: 10.37394/232018.2024.12.37 Zijian Zeng, Kurunathan Ratnavelu

E-ISSN: 2415-1521 380 Volume 12, 2024



human communication and are unable to handle the 
problem well. Users interacting with chatbots may 
result in users being harassed. Test the chatbot's 
abilities and knowledge, and get frustrated with 
mistakes. When a chatbot fails to respond correctly, 
it may engage in abusive language behavior, 
frustrate another user, etc., which ultimately leads to 
the failure of the conversation, among other things. 
Therefore, it is necessary to set up damage control 
for chatbots so that they can recover as quickly as 
possible, quickly find a way to handle the situation 
in a way that is acceptable to the user and reduce the 
harm created by inappropriate handling. 
 
4.2.2  Linguistic Permeability 

Linguistic fluency refers to the ability of a chatbot 
to fluently use various languages and communicate 
well with users. In a traditional user interface, visual 
capabilities such as buttons, menus, or links may be 
used for user communication. The most crucial tool 
in the process of human-robot interaction is 
language. Therefore, a chatbot should have the 
appropriate language style and be able to compute 
the words that are expected to be answered. 
Therefore, chatbots should consistently use 
language that depicts the desired style. When 
chatbots use inconsistent language or unintended 
language patterns, it can lead to miscommunication 
between users and them, affecting their satisfaction. 
 
4.2.3  Social Etiquette 

Social etiquette refers to the ability of chatbots to 
engage in polite behavior and conversational habits 
during chats. Although politeness may be perceived 
differently by people with different personalities and 
cultural backgrounds, Politeness creates goodwill 
and leads to better relationships. In doing so, 
chatbots should endeavor to control the rapport 
during human-robot interactions. Chatbots can 
behave politely by adopting language such as 
greetings and apologies, [11]. 
 
4.2.4  Moral Constraints 

Binding morality refers to the concepts of right and 
wrong and values that chatbots possess, knowing the 
laws and regulations, moral codes, etc. that society 
needs to abide by. Chatbots should have correct 
values with strong moral constraints, when chatbots 
have this personalization feature, it can prevent 
them from reproducing hate speech or abusive 
speech and increase user goodwill. 
 
4.2.5  Emotion Management 

Emotion management can help the robot assess the 
user's emotions and choose the appropriate response 

to help the user regulate the emotional response and 
better solve the user's problems through emotions 
and so on. Even though chatbots have no real 
emotions, there are many opinions expressed by 
users about the advantageous role of chatbots 
emotional expression. Chatbots with intelligent 
emotions can recognize and influence the user's 
feelings, demonstrating respect and empathy, among 
other things, helps users achieve rapport with 
chatbots, [12]. 
 

4.2.6  Personalization 

Personalization mainly focuses on the chatbot 
system interface and access content and adjusts the 
relevant content through technology to help the 
chatbot better understand the characteristics and 
relevant information of specific users. 
Personalization is achieved by understanding the 
context of the chat process and making dynamic 
adjustments to ensure that it is more adaptable to the 
user's individual needs and to achieve the goal of 
chatbot socialization. When chatbots are equipped 
with personalization features, there are the obvious 
advantages of (1) enriching interpersonal 
relationships and increasing anthropomorphic 
authenticity, and (2) providing users with private 
and unique services. 
 
4.3  Anthropomorphization 
Anthropomorphism refers to the assignment of non-
human factors to personal traits, including 
appearance, emotional state, etc. In the HCI domain, 
an important way to realize natural interaction is to 
apply anthropomorphic characters in the user 
interface. Chatbots should have at least one human-
like characteristic.1) Sense of belonging. Belonging 
specifically refers to an individual's demonstrated 
ability to exist within a particular social group. 
While chatbots cannot autonomously choose which 
trait group to belong to, designers will intentionally 
or unintentionally, assign identities to them, and 
when they define the way chatbots talk or behave, 
the partner's identity (even if it is only perceived) 
creates new processes that have the effect of 
anticipating and influencing the outcome of the 
interaction, [13]. Communicate information about 
the chatbot's personality, such as name, gender, and 
age.2) Prediction in terms of personality. 
Specifically refers to the chatbot's prediction of the 
user's thoughts, feelings, and behavior. A robot with 
personality prediction can better communicate with 
the user and solve the user's problems in a targeted 
way. If the chat robot has emotional recognition 
obstacles, it will also make users feel confused and 
dissatisfied, [14]. Therefore, personality prediction 
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ensures that the chat robot participates in the 
dialogue behavior that meets the user's expectations 
in a given scene. 
 
 
5   Conclusion 
In this paper, through an in-depth analysis of the 
development of chat robot technology and related 
models, a design model of chat robot is constructed. 
This paper puts forward the concept of chat robot 
interaction and holds that chat robots should have 
the functions of intelligent conversation, intelligent 
socialization, personification, and interactive 
technology. In the process of designing the chat 
robot, the Seq2Seq framework is applied to the 
library chat robot, which automatically answers the 
user's questions and produces coherent and diverse 
answers. At the same time, the user's sentence is 
input into the Seq2Seq model, which realizes the 
automatic generation of question-and-answer 
responses of the chat robot. AIML is also used to 
realize the construction of dialogue dialogue-
matching model based on a template. Ensure that 
the chat robot can accurately answer the questions 
extracted by users. As a result, more clear ideas are 
put forward, such as responsiveness, due diligence, 
communicability, natural interaction, intelligent 
socialization, language permeability and so on. 
Therefore, I hope to provide some references for the 
research and development of chat robots. However, 
the deep learning technology applied to chat robots 
is still in the early stage of development. No matter 
the technical method or the actual system 
performance, there is great room for improvement. I 
hope that in future research work, we can find better 
and more effective technologies to realize the chat 
robot with better performance. 
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