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Chatbots are computer programs designed to chat with users via text or voice 

through the use of techniques of Web services, data analysis, and artificial intelligence 
(AI). Currently, the use of chatbot is becoming an important trend in the field of data 
science. An increasing number of chatbots are being built on social platforms, such as 
Facebook, LINE, and Slack. This has led to the development of numerous tools and 
online platforms for the construction of chatbots; however, most of these services do not 
provide comprehensive support for the visual representation and control of conversation-
al flows, bi-directional Web service integration, or the systematic reuse of conversations. 
Developing a complex chatbot with external Web services requires the writing of exten-
sive conversation scripts and additional coding. In this paper, we propose a visual, 
flow-based approach to the construction of chatbots on the Node-RED platform, referred 
to as FCF (Flow-based Chatbot Framework). This system is based on the newly-devised 
data format for Webhook, thereby allowing bidirectional service integration for software 
applications. Five chatbot dialogue patterns and three chatbot application scenarios are 
provided to be components for the construction of complex chatbot applications.     
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1. INTRODUCTION 
 

Chatbots are computer programs designed to chat with users via text or voice. Ex-
isting chatbots allow the conversational user interface by using techniques of Web ser-
vices, data mining and analysis, rudimentary artificial intelligence (AI), and/or the for-
mulation of customized rules. Currently, chatbot is becoming an important trend in the 
field of data science [1, 2]. An increasing number of chatbots are being built on social 
platforms, such as Facebook, LINE, and Slack. The fact that smartphone users have be-
gun limiting the number of apps they download and use is hindering the promotion of 
new apps and promoting the development of chatbots on social platforms. This has led to 
the development of numerous tools and online platforms aimed at facilitating the con-
struction of chatbots. 

Chatbot tools can be divided into three trends: (1) chatbot scripts, such as AIML [3, 
4] and RiveScript [5], which provide dialog scripts or rules for the building of chatbots; 
(2) chatbot toolkits or online platforms, such as RedBot [6], Hubot [7], Cleverscript [8], 
and Chatfuel [9], which provide a programming framework or an online platform for the 
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construction of chatbots; and (3) AI-based developmental tools, such as API.AI [10] 
(now named Dialogflow), Wit.ai [11], and LUIS.AI [12], which provide semantic analy-
sis and machine learning capabilities. Unfortunately, these approaches do not provide 
comprehensive support for the visual representation and control of conversational flows, 
bi-directional Web service integration, or the systematic reuse of conversations. Inte-
grating a complex chatbot with external Web services requires the writing of extensive 
conversation scripts and additional coding. In this paper, we propose a visual, flow-based 
approach to the construction of chatbots, referred to as the FCF (flow-based chatbot 
framework). We constructed FCF on the Node-RED platform to provide a visual, flow- 
based environment to facilitate the design and deployment of chatbots. We adopted the 
newly-devised data format for Webhook, thereby allowing bidirectional service integra-
tion for full-fledged conversational applications. Five chatbot dialogue patterns and three 
chatbot application scenarios are provided to be components for the construction of 
complex chatbot applications. Two chatbot applications using FCF are also presented to 
illustrate the feasibility and efficacy of the proposed approach. 

The remainder of this paper is organized as follows: Section 2 presents a review of 
related research; Section 3 outlines the details of the proposed FCF approach; evalua-
tions of the proposed system are presented in Section 4; and conclusions are drawn in the 
final section. 

2. RELATED WORK 

AIML (Artificial Intelligence Markup Language) [3, 4] is an XML-based language 
for the creation of natural language software agents (i.e., chatbots). AIML provides sev-
eral mechanisms by which to define conversation rules, such as patterns, strings of char-
acters for matching one or more user inputs, and templates specifying the response to a 
matched pattern. AIML is the first widely used language developed specifically for 
chatbots. RiveScript [5] is a plain text, line-based scripting language commonly used to 
build chatbots. RiveScript is very similar to AIML, but superior to AIML on several as-
pects, such as pattern matching and control of conditions. AIML and RiveScript only 
provide dialog scripts or rules for the building of chatbots; i.e., they are not flow-based 
and do not provide facilities to visualize the process. 

RedBot [6] is a suite of expansion nodes developed on the Node-RED platform as a 
chatbot building tool. RedBot is meant to facilitate the construction and/or management 
of chatbots without the need for extensive programming skills. RedBot facilitates the 
construction of simple chatbots; however, putting together complex chatbots requires the 
use of other Node-RED nodes and additional coding. Hubot [7] is an open source chat-
bot framework maintained by the GitHub team. It uses Node.js as the development lan-
guage for the creation of ChatOps, which is a collaboration model used to connect peo-
ple, chatbots, and tools within an automated workflow featuring systems for monitoring 
and sharing the overall status of projects. Hubot does not support the visualizations re-
quired for the efficient design and rendering of chatbot processes. Cleverscript [8] is an 
online chatbot platform for the construction of chatbots using spreadsheets of conversa-
tion rules. Chatfuel [9], one of most popular chatbot tools, allows users to create Face-
book or Telegram chatbots without any coding experiences by setting dialog blocks. 
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Both Cleverscript and Chatfuel support convenient ways for the construction of chatbots, 
but do not provide facilities to visualize the process. 

API.AI [8] is a chatbot platform that supports natural language processing (NLP) 
and basic machine learning (ML). This system can be used to convert a user-entered 
message into usable information, analyze its intent, and convert it into actions by ena-
bling the resulting chatbot to comprehend human languages. Wit.ai also allows the chat-
bot construction using entities, intents, contexts, and actions, with the support of NLP. In 
other words, Wit.ai [11] provides natural language interface for applications to turn sen-
tences into structured data. LUIS.ai [12] is capable to take the sentences the user sends 
and interpret them in terms of the intention to allow further analysis. Basically, API.AI, 
Wit.ai, LUIS.ai provide similar and efficient NLP and ML features. However, extra cod-
ing effort and form-based development style of these methods considerably hinder their 
applicability. 

Based on the above examination of existing chatbot frameworks and development 
tools, we identified the following key requirements for the proposed approach. 

 
1. The ability to construct a chatbot by designing the chatbot process. 
2. Visualized process for the chatbot process. 
3. Support of the extraction of keywords and establishment of dialog branches. 
4. Straightforward integration of external RESTful services in a bi-directional way. 
5. Conversational interface using existing social platforms. 
6. Modularize chatbot processes for easy reuse of components in subsequent applications. 

3. FCF: FLOW-BASED CHATBOT FRAMEWORK 

In this research, the proposed FCF was built on Node-RED by installing a suite of 
FCF nodes to realize the core functionalities of chatbots. Node-RED [13] is a flow-based 
visual development tool used in the connection of hardware devices, APIs, and online 
services. Node-RED features (1) browser-based flow construction and editing; (2) pro-
grammable modules using node.js; and (3) support for social development. Multiple 
frameworks in various domains, such as IoT (Internet of Thins) [14, 15] and Health Care 
[16], are built atop Node-RED.  

The overall architecture of the proposed FCF framework is shown in Fig. 1. In this 
research, we focus on the newly-devised Node-RED nodes (chat nodes, IM bridge, and 
Web service bridge), the data format for the proposed Service Webhook, the chatbot 
dialogue patterns, and the chatbot scenarios. For the usage of FCF, the application de-
veloper may use the FCF nodes or the chatbot dialogue patterns to construct and deploy 
chatbot applications in a flow-based way using the visual development environment. The 
end users could use the published chatbot applications on the social platforms such as 
Facebook. 

3.1 Node-RED-based Chatbot Framework 

The proposed FCF (flow-based chatbot framework) provides the following three 
features.  
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Fig. 1. Overall architecture of FCF. 

 

(1)  Chat Nodes: FCF provides visual nodes to handle the basic functionalities of con-
versation-related dialogs. In Node-RED, a node is created by packing three files: (1) 
JavaScript code, providing core functions written in node.js; (2) HTML code, in-
cluding the edit template to let users fill out configuration parameters; and (3) pack-
age.json, specifying the metadata for the node. In this study, we devised five types of 
Node-RED nodes: Message, Dispatcher, Keyword Extraction, Data Collection, and 
Frame. The objectives of these nodes are outlined in the following: 
 Message: Transmission of plain text messages. 
 Dispatcher: Analyzing the intent of the incoming messages from users to identify 

the branch for the following chatbot process. 
 Keyword Extraction: Retrieval of keywords from incoming messages for subse-

quent processing. 
 Data Collection: Collection of necessary data from the user.  
 Frame: Storage of data produced by Keyword and Pull Service nodes to serve as 

memory in the chatbot process. This node plays the role of memory for the whole 
conversation, which is a crucial part for a chatbot [2]. 

(2)  IM Bridge: It is used for connecting to the IM (instant messaging) function of ex-
isting social platforms  it currently contains three types of FCF nodes for support-
ing the integration of Facebook: Facebook In, Facebook Out, and Facebook Notifi-
cation. 
 Facebook In: Receiving messages sent from the user’s Facebook Messenger. 
 Facebook Out: Sending messages to Facebook Messenger by following incoming 

messages. 
 Facebook Notification: Proactively pushing messages to the user’s Facebook Mes- 

senger. 
(3)  Web Service Bridge: It links external services  currently contains two types of 

FCF nodes: Pull Service and Push Service. 
 Pull Service: Requesting data from external RESTful services. The external ser-

vice produces data in the format defined by FCF. 
 Push Service: Pushing data to external applications. FCF automatically generates 

a service URL for a Push Service node to allow external applications to invoke the 
service endpoint. 
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3.2 Service Webhook 
 
Webhook [17] is a user-defined HTTP callback, which is usually triggered by an 

event. When an event occurs, the source website sends an HTTP request for a URI con-
figured in Webhook. Social platforms, such as Facebook, LINE, and Slack are using 
Webhook to connect external services. When a social platform receives a message from 
a user, it sends the message via Webhook to the configured URI for subsequent actions. 
Based on Webhook, in FCF, we devised our Service Webhook mechanism to allow the 
integration of a chatbot process and external services. We devised the Pull/Push Service 
node, a series of Web APIs (Web service) in Webhook form, and specified the data ex-
change format using JSON (JavaScript Object Notation) to satisfy most business situa-
tions. 

 
(1) Pull Service 

As mentioned above, the Pull Service node requests data from external RESTful 
services. We achieved this by devising a JSON-based data format applicable to the re-
quests issued by FCF as well as the response received by FCF. As shown in Fig. 2, the 
data format of the requests and responses is the same, including Query, UserData, and 
Results.  

The Query and most of the UserData are derived from the Data Collection node, 
whereas UserID (a username on Facebook or another social platform) is obtained auto-
matically by FCF. In the request to the external service, the Result field is left blank. 
When the response is returned, the Result field is filled out by the service. In the example 
in Fig. 2, Query data in the Data Collection node includes the brand and the price ex-
pected by the user as well as the name and phone number entered by the user. Invoking 
the services specified in the Pull Service node leads to the filling out of the Result. The 
collected data is stored in the Frame node for subsequent use. 

 

 
Fig. 2. Example of data collected from Pull Service node. 

 
(2) Push Service 

The Push Service node is responsible for passively receiving data from external ap-
plications. As shown in Fig. 3, the external application submits to the Push node JSON- 
based data containing UserID and Message created by the application developer. When 
the Push Service node receives the data, FCF may send the message to other Pull Service 
nodes to perform subsequent tasks or to the Facebook Notification node for directly dis-
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playing the message in the user’s Facebook Messenger. The example in Fig. 3 displays 
an acknowledgement for an issued order. 

 

 
Fig. 3. Example showing transmission of Push Service node data. 

 

3.3 Chatbot Dialogue Patterns and Scenarios 
 
Based on FCF nodes, we devised five types of common dialog pattern, including 

Branch Dialogue, Data Collection Dialogue, Keyword Extraction Dialogue, Service 
Connection Dialogue, and Service Push Dialogue. These patterns allow users to con-
struct a variety of complex chatbot processes to satisfy the requirements of specific 
chatbot applications. 
 
(1)  Pattern 1: Branch Dialogue 

The Branch Dialogue includes the three basic nodes (Facebook In, Facebook Out, 
and Message) as well as a Dispatcher node for use in analyzing the user’s intentions by 
examining the incoming message. This enables the chatbot to provide different response 
messages in accordance with the user’s intentions. In the current version of FCF, the 
Dispatcher node relies on API.AI for intention analysis; i.e., FCF sends the received 
message to the API.AI and obtains the “Action” of the user intent. The value of the re-
turned action indicates the appropriate branch for the conversation. Fig. 4 illustrates the 
flow of this pattern, which can be used in the construction of basic chatbot processes. 

 

 
Fig. 4. Branch dialogue pattern. 

 

(2) Pattern 2: Data Collection Dialogue 
In the Data Collection Dialogue, the Data Collection node is responsible for 

prompting the user to enter required information in accordance with the hint messages 
specified by the Facebook In node. When a user message is received, pre-defined re-
sponse messages are shown in Facebook Messenger using the Message node and the 
Facebook Out node. Meanwhile, the collected information is stored in the Frame node. 
Fig. 5 illustrates the flow of this pattern in FCF. 

 

 
Fig. 5. Data collection dialogue pattern.  
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(3) Pattern 3: Keyword Extraction Dialogue 
In the Keyword Extraction Dialogue, the Keyword Extraction node receives mes-

sages sent by the Facebook In node, filters out unnecessary content, and forwards the 
qualified content to API.AI for keyword analysis. The returned keywords are stored in 
the Frame node for further processing. Fig. 6 illustrates the flow of this pattern in FCF. 

 

 
Fig. 6. Keyword extraction dialogue pattern. 

 
(4) Pattern 4: Service Integration Dialogue 

The Service Integration Dialogue is meant to leverage external RESTful services in 
answering user questions. The Keyword Extraction pattern is used to capture the core 
information in the user question. The Pull Service node invokes a specified RESTful 
service using keywords stored in the Frame node as input parameters. The response of 
the service is also stored in another Frame node to allow access to the Message node. 
The wrapped response message is sent to the user’s Facebook Messenger by the Message 
node and Facebook Out node. Fig. 7 illustrates the flow of this pattern in FCF. 

 

 
Fig. 7. Service integration dialogue pattern. 

 

(5) Pattern 5: Service Push Dialogue 
FCF also supports the integration of RESTful services with converse direction. Ex-

ternal applications or services can transmit data to the chatbot by invoking Push Service 
node and triggering the subsequent nodes. As shown in Fig. 8, when the Push Service 
node is called, the message with service response is sent to the Facebook Messenger by 
the Facebook Notification node. Fig. 8 illustrates this pattern in FCF. 

 

 
Fig. 5. Service push dialogue pattern.  

 

These FCF nodes and chatbot dialogue patterns enable users to build a variety of 
application scenarios for their chatbots. We also designed three typical application sce-
narios as sample chatbots for use as references, including the Q&A chatbot, transaction 
chatbot, and hybrid chatbot with transaction and Q&A features. 
 
(1) Scenario 1: Simple Q&A Chatbot 

The Simple Q&A Chatbot applies the Branch Dialogue pattern to build a chatbot 
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with a common FAQ (frequently asked questions) feature (shown in Fig. 9). The user 
inputs a question and the chatbot responds. The Dispatcher node is used to identify the 
type of question, and assign answers to the Message nodes of each branch to provide 
replies for each type of questions. Obviously, this chatbot can only answer specific ques-
tions. Nonetheless, it could be made more powerful by including Service Pull nodes to 
provide answers based on the knowledge base behind the binding RESTful service. Stat-
ic information, such as product Q&A, service Q&A, or even regulations or laws, could 
be wrapped as chatbots using this type of chatbot process.   

 

 
Fig. 9. Q&A chatbot. 

 

(2) Scenario 2: Simple Transaction Chatbot 
The Simple Transaction Chatbot combines the Data Collection pattern and Service 

Integration pattern to build chatbot providing services for ordering items or services 
(shown in Fig. 10). The chatbot prompts the user to fill out required user and order-re- 
lated information, and invokes external services to actually place the order. Existing 
simple business Web services, such as those used for reservations in restaurants and 
booking train tickets, could be wrapped as chatbots using this type of chatbot process. 

 

 
Fig. 10. Transaction chatbot. 

 

 
Fig. 11. Chatbot with hybrid functions. 
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(3) Scenario 3: Hybrid Chatbot with Transaction and Q&A Features 
The Hybrid Chatbot combines the previous two scenarios to enable hybrid func-

tions using the Keyword Extraction node, Frame node, and Dispatcher nodes (shown in 
Fig. 11). This chatbot process enables users to query product information and place an 
order. This includes three implicit sub-flows: (1) The chatbot first prompts the user to 
enter relevant information pertaining to the product the user is seeking. The user then 
decides whether to accept the product recommendation (first sub-flow); (2) If the user 
does not accept the suggestion, the chatbot allows the user to ask further questions about 
the target product (second sub-flow), or asks the user to refine their requirements and 
then modifies the product parameters accordingly (back to the first sub-flow); (3) When 
the user accepts the suggestion, the chatbot prompts the user to enter information per-
taining to order placement (third sub-flow). Existing business Web services, such as 
online shopping, hotel reservations, flight bookings, and car rentals, could be wrapped as 
chatbots using this type of chatbot process. 

 

 
Fig. 12. Development stack for FCF. 

 

Fig. 12 summarizes a development stack for FCF that could be used by developers 
in the formulation of their own development style for the construction of chatbots. 
 
1. FCF Nodes: FCF Nodes is the core of the FCF framework. Developers can simply 

use FCF nodes to design and publish chatbot processes directly. 
2. Node-RED Nodes: Node-RED provides a large number of previously published 

nodes. A developer with specific needs can first search for published nodes meeting 
their requirements and integrate those that meet their criteria within the chatbot pro-
cess. 

3. Newly-Defined Nodes: When no suitable nodes can be found, the developer can de-
sign a new node according to their requirements. 

4. Chatbot Dialogue Patterns / Composite Processes: Developers can combine one to 
more chatbot dialogue patterns to facilitate the construction of chatbots. Developers 
can also combine multiple nodes to create a new composite flow, which can then be 
saved as a pattern for further use. 

5. Application Scenarios: A complete chatbot process includes one to more chatbot 
dialogue patterns (composite flows). Developers could modify sample scenarios to 
create applications or combine multiple scenarios to construct chatbots of greater 
complexity. 
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4. ILLUSTRATIVE EXAMPLES 

To demonstrate the feasibility and efficacy of the proposed FCF framework, we de- 
veloped two illustrative examples, parking lots finder and smartphone shopping. Mean-
while, as mentioned, chatbot tools can be divided into three trends: (1) chatbot scripts; (2) 
chatbot toolkits or online platforms; and (3) AI-based developmental tools. Since chatbot 
scripts only provide dialog scripts or rules for the building of chatbots without support-
ing development environments, we decide to compare FCF with the second and third 
types of chatbot tools. Accordingly, we use the second example as the benchmark to 
conduct comparison with RedBot, a typical toolkit in the second trend, and API.AI, a 
representative service in the third trend. 

4.1 Parking Lots Finder 

The first illustrative example is a chatbot that could help users find parking lots 
nearby based on open data in Taiwan. The RESTful service linked by the chatbot col-
lects the static open data of parking lots, such as basic information, location, and the 
parking fee for each parking lot, performs statistical analysis for parking lots in each 
region, and continuously updates the dynamic open data, such as available parking spac-
es. The expected chatbot conversations include: 

 
1. The user asks the chatbot about three kinds of questions: 

(1) The available and cheapest parking lot in the current region and its parking fee. 
(2) The average parking fee in the current region. 
(3) The available parking lot with highest ranking in the current region. 

2. The chatbot provides the answers for the user questions. For questions #1 and #3, the 
chatbot also displays the map for the recommend parking lot. 
 

 
Fig. 13. Process for the parking lots finder. 

 

For the detailed process that realizes the chatbot (shown in Fig. 13), initially, the 
chatbot receives the user request and collects the user location by the Facebook In node, 
and uses the Dispatcher node and Keyword Extraction node to analyze which question 
the user wants to raise. Next, the question keyword is stored in the Frame node. Based 
on the keyword, the chatbot invokes an external RESTful service by using the current 
user location as the input parameter to obtain answers. The external service has three 
endpoints to provide services about the cheapest parking lot, the average parking fee, and 
the top-rated parking lot for the region the user resides. Finally, the answer sends to the 
user’s Facebook Messenger through the Facebook Out node. 

From the viewpoint of development, the user, e.g., the application developer, should 
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develop the RESTful service firstly and design the chatbot process using FCF in a visu-
alized and flow-based way. Since designing the chatbot process is simple, the core task 
of this application is developing the RESTful service providing various information of 
parking lots by integrating open data of parking lots in Taiwan and leveraging techniques 
of statistic data analysis. In other words, domain-specific services in the field of data 
science could be wrapped as chatbot applications easily using the proposed FCF. 

4.2 Smartphone Shopping 

The second illustrative example is a chatbot that could help users to select smart- 
phones and place orders. The expected chatbot conversations include: 
 
1. The chatbot prompts the user to enter a series of information, such as brand and budg-

et, for the user requirement. 
2. The chatbot gives the user the information of recommended smartphones. 
3. The user can ask the chatbot to modify the requirements or provide more detailed pa-

rameters for the smartphone. 
4. The chatbot recommends another smartphone to the user. If the user is dissatisfied 

with the recommendation, back to step 3. 
5. If the user is satisfied with the recommendation, the chatbot asks the user to provide 

additional order information, such as name, payment details, and delivery address, to 
place an order. 

6. The external service directly pushes the status of order information to the user. 
 

 
Fig. 14. Process for the smartphone shopping chatbot in FCF. 

 

For the detailed process that realizes the chatbot (shown in Fig. 14), initially, the 
Data Collection node prompts the user to enter the expected brands and budget for the 
smartphone. The information is then sent out to the fist external RESTful service by the 
Frame node and the Pull Service node to give the user a preliminary recommendation 
result. In this study, we devised a RESTful service based on the our previous work, 
BRSD (business-rule-based service discovery) [18], to offer the functionality of recom-
mendation. The result is stored in a Frame node for further processing. Using the Dis-
patcher node, the chatbot can analyze whether the user accepts the recommendation or 
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not. If not, the user can ask the chatbot to modify the requirements or provide more de-
tailed parameters for the smartphone, including the phone memory capacity, the screen 
size, and the camera level by using the Keyword Extraction node. It is noted that the 
Frame node continues to update the data provided by the user so that the user does not 
need to input the same information again when the recommendation is rejected. Once the 
user accepts the recommendation, the Data Collection node prompts the user to give 
required information for the order, and then sends all collected information to the exter-
nal RESTful service by the Frame node and the Pull Service node to place an order. It is 
also noted that the external service can actively push the message to the user using the 
Push Service node since the user’s Facebook ID is already collected by the Facebook In 
node in the early stage of the conversation. 

4.3 Comparison with RedBot and API.AI 

Building chatbots by RedBot is similar to the proposed FCF, however, in order to 
meet the requirements of the experimental scenario, developers have to rely on other 
nodes of Node-RED and write additional code. The Node-RED flow using RedBot is 
shown in Fig. 15. Using RedBot, users have to use different ways to realize the function-
ality of FCF nodes, as follows: 

 

 
Fig. 15. Process for the smartphone shopping chatbot in RedBot. 

 

 Data Collection: During the collection of multiple data items from a user, RedBot must 
include multiple sub-flows comprising of Text, Facebook Sender, and Function nodes. 

 Frame: RedBot needs to use Function nodes with customized code to store and adapt 
the data collected from the user for further use. 

 Keyword Extraction: RedBot requires at least two Function nodes to send and receive 
data from API.AI, and an HTTPRequest node. 

 Push Service: RedBot needs to establish an http server to receive external service re-
quests. 

 
For API.AI, at least three intents need (as shown in Fig. 16) to be established by 

filling out the web forms to achieve the requirements of the experimental scenario while 
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the user data are obtained by the slot filling mechanism of API.AI. The first intent 
prompts users to provide data on the expected brands and budget and sent out the re-
quirement to the first external service to get the recommendation result. If the user is 
satisfied with the result, the chatbot enters the second intent to prompt the user to provide 
required data for the order and send out the data to the second external service to com-
plete the order. If the user is dissatisfied with the result, the chatbot switches to a third 
intent for changing requirements. Because API.AI cannot retain previously obtained data, 
the chatbot may prompt the user to provide all data that he/she has given. If we plan to 
keep user data automatically, extra coding effort is required. 

 

 
Fig. 16. Intent setting. 

 

To evaluate the proposed FCF approach more formally, we compare RedBot, API.AI, 
and FCF based on three key quality indicators of ISO/IEC 25010 [19]:  

 
1. Functional suitability, the degree to which a product provides functions that meet 

needs. 
2. Usability, the degree to which a product can be used by specified users to achieve 

specified goals with effectiveness, efficiency and satisfaction in a specified context of 
use.  

3. Maintainability, the degree of effectiveness and efficiency with which a product can 
be modified to improve it, correct it or adapt it to changes.  

 
We adopt the three indicators firstly to conduct comparison since these indicators 

are closely relevant to the identified requirements in Section 2 than other ones in ISO/ 
IEC 25010. The comparison is shown in Table 1. From the comparison results, it is ob-
vious that FCF is superior to RedBot and API.AI from the viewpoint of functional suita-
bility, usability, and maintainability. 

5. CONCLUSIONS 

In this research, we developed a novel chatbot framework, referred to as FCF 
(Flow-based chatbot Framework). FCF has two main features: (1) We provided a visual, 
flow-based environment for the design and deployment of chatbots; and (2) FCF is based 
on the newly-devised data format for Service Webhook, which allows bidirectional ser-
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vice integration for chatbots created using this system. Besides, we also devised five 
chatbot dialogue patterns and three chatbot application scenarios to be components for 
the construction of complex chatbot applications. In a nutshell, we provided a visualized 
and composable chatbot framework to let building chatbot is like stacking bricks. 

In the future, we will be developing an independent machine learning module to re-
place the API.AI service in order to improve the efficacy of keyword extraction and en-
hance the accuracy of branch determination. 

 

Table 1. Comparison of RedBot, API.AI, and FCF. 
 Functional suitability Usability Maintainability 

RedBot 

RedBot cannot satisfy all the 
requirements for chatbot 
development directly. Users 
must use other NoderRed 
nodes and write additional 
code. 

Although RedBot also sup-
plies a visualized, flow-based 
environment, extra coding 
effort decreases its usability. 

Because RedBot needs to 
rely on additional Node-RED 
nodes and related code to 
build chatbots, numerous 
codes are possibly required to 
be changed when the re-
quirement change comes. 

API.AI 

API.AI also cannot satisfy all 
the requirements for chatbot 
development directly. Extra 
coding effort is required to 
collect and keep user data 
since API.AI is not able to 
store collected data cross 
different intents. 

API.AI provide a form-based 
development environment, 
not in a visualized and 
flow-based way. 
The usability of FCF and 
RedBot is better than API.AI.

Because API.AI also need to 
rely on additional nodes to 
build chatbots, numerous 
code could be possibly re-
quired to be changed when 
the requirement change 
comes. 

FCF (The 
proposed 
approach) 

FCF can satisfy all the re-
quirements for chatbot de-
velopment. 

FCF provides a visualized 
and flow-based development 
environment with a set of 
straightforward nodes. 

FCF could only need to ad-
just the chatbot process to 
satisfy the requirement 
changes. Coding effort is 
minimized using the 
flow-based way. 
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