I' Woody International Publish Limited
i An Multidism'plinary Academic Journal Publisher Journal of Artificial Intelligence and Information, Volume 2, 2025

https://www.woodyinternational.com/

Research on the Application of Al Functional
Programming in JavaScript

Sihong Hao

School of Computer and Software, Jincheng College, Sichuan University, Chengdu 611731, China

Abstract: Traditional JavaScript development mainly uses object-oriented programming patterns, interspersed with some
functional programming ideas. In the latest ES6 standard, functional programming is increasingly used in front-end
development. This article introduces several main features, applications, and advantages and disadvantages of functional
programming in JavaScript.
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1. INTRODUCTION

Functional programming has a long history, but it was previously considered a theoretical concept that could not
be applied to practical production environments. However, in recent years, functional programming has become
widely used in various computer programming languages, and JavaScript, as an important language for front-end
development, naturally needs to join the team of using functional programming.

Functional programming is a programming paradigm that views computer operations as mathematical function
operations. A very important theoretical foundation of functional programming is lambda calculus, and the focus
of lambda calculus is that functions can also be operated on as parameters.

Several studies demonstrate the power of Al in image processing. Yan et al. (2024) investigate image
super-resolution reconstruction using convolutional neural networks. Chen et al. (2022) present a one-stage object
referring method integrating gaze estimation, improving object recognition accuracy. Chen et al. (2020) utilize
deep learning for printed mottle defect grading, showcasing Al's applicability in industrial quality control. Tian et
al. (2024) further advance medical image analysis with an improved U-Net model for brain tumor segmentation.
Xu et al. (2024) demonstrate the use of YOLOV5 for real-time object detection in an automated surveillance
context. These studies collectively illustrate the increasing sophistication and diverse applications of deep learning
in computer vision. A significant portion of the literature focuses on the applications of big data and Al in finance.
Tekaya et al. (2020), Hasan et al. (2020), Awotunde et al. (2021), Ravi & Kamaruddin (2017), Eltweri et al. (2021),
and Shakya & Smys (2021) collectively explore various applications of big data in finance, including risk
management, fraud detection, and customer segmentation. Murugan (2023) specifically focuses on large-scale
data-driven financial risk management and analysis using machine learning. VenkateswaraRao et al. (2023) detail
a credit investigation and risk management system for commercial banking. Bi et al. (2024) present research on a
financial intelligent risk control platform based on big data and deep machine learning. These works highlight the
crucial role of data analytics and Al in mitigating financial risks and improving decision-making processes within
the financial sector. Qi and Liu (2024) demonstrate the application of big data analysis (using Hadoop) to sales
forecasting, offering a practical application of these techniques. The application of NLP is shown in several studies,
particularly concerning dialogue systems. Ren (2024) proposes a novel approach for role-oriented dialogue
summarization, focusing on balancing contributions from different participants. Lu (2024) utilizes machine
learning to enhance chatbot user satisfaction. Wu (2024) explores the use of large language models (LLMs) for
semantic parsing in database query engines. These studies highlight the growing role of Al in improving
human-computer interaction and information retrieval. Foundational works in NLP by Jurafsky & Martin (2007),
Bethard et al. (2008), Nadkarni et al. (2011), and Teller (2000) provide the essential background for these
advancements. Chen et al. (2024) demonstrate Al-driven threat detection for enhancing cybersecurity. Chen and
Bian (2019) present a streaming media live broadcast system using MSE. Liang and Chen (2019) introduce a
high-performance dynamic service orchestration algorithm for hybrid NFV networks. Zheng et al. (2024) propose
enhancing deep learning optimizers through adaptive friction. Xie et al. (2024) utilize a Conv1D-based approach
for legal citation text classification. Wang et al. (2024) present a graph neural network-based recommendation
system for football formations. Zhu et al. (2024) introduce an adversarial approach for sequential
recommendations. Li et al. (2024) examine the effects of policies promoting technology and finance integration on
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green innovation. Shen et al. (2024) detail a dynamic resource allocation strategy for cloud-native applications. Li
(2024) explores multimodal data and multi-recall strategies for enhanced product recommendations in
e-commerce. Chen et al. (2024) explore the development and application of computerized data mining techniques.

2. THE CHARACTERISTICS OF JAVASCRIPT IN FUNCTIONAL
PROGRAMMING LANGUAGES

Just as JS has three major features in object-oriented programming: inheritance, polymorphism, and encapsulation.
JS also has corresponding characteristics in functional programming mode: functions are isomorphic, curried,
high-order functions, closures, lazy evaluation, partial functions, etc. Two important features of closures and
partial functions are as follows.

2.1 Closure

In the unique "nested scope” of the JS language, an internal object can search up layer by layer for all variables of
its external objects that contain it, but external objects cannot access the internal object's variables inward.
Therefore, it can be imagined that as long as a function can be placed inside another function and returned, its local
variables can be accessed outside the function scope, and because the function inside references the variables of the
external function, it will not be eliminated by the garbage collection mechanism after the external function is
called.

So it is concluded that when a function defined inside a function is referenced outside its scope, a closure of that
internal function is created. The function of a closure is to store internal data and assist external access to internal
data.

2.2 Partial functions

Partial functions can be considered as functions used to fix one or more parameters of a function, and then return a
new function that accepts parameters that are not fixed. Partial functions can be implemented through the bind
function, and their expression can be semantically understood as: new function=original function. bind
(parameters 1, 2,...), where the body parts of the new function and the original function are the same. When calling
a new function, you only need to receive an undefined parameter value (remaining parameter value) and then
perform the operation on the function body.

By fixing different parameter values to the function, different new functions can be obtained, which adds many
variant functions to the original function. These variant functions are more convenient and efficient to use, without
having to write a lot of repetitive code like the original function. So the function of a partial function is to add
universal variants to the function, reduce code volume, and improve code writing efficiency.

3. THE APPLICATION OF FUNCTIONAL PROGRAMMING IN JAVASCRIPT

In the actual JavaScript development process, developers have used many functional programming methods to
solve problems, among which the use of closures is the most widespread. Here are two practical applications of
closures and currying.

3.1 Changing the Size of Page Content by Closing Packages

When creating web pages, it is inevitable to encounter animation effects that cannot be achieved solely through
CSS, such as clicking on one component triggering another component's size or other style changes. If closures are
not used for implementation, then a separate click event needs to be bound for each component and a separate
function needs to be written for them. Because under the condition of using a regular function, if all click events
are also called to the same function, it will cause each time this function is called and new parameters are passed to
it, the previously passed parameters will be overwritten, and only the last passed parameter will be retained. When
the mouse clicks on other components, the corresponding page changes cannot be achieved because the parameters
are overwritten. So for ordinary functions, only a separate function can be written for each component's click event,
and they cannot share the same function. This results in redundant writing of functions with the same body, making
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JS code less concise and increasing memory consumption. This problem can also be solved by using an object
constructor to create a function

As a prototype, this function has a parameter that controls the size of fonts and pictures, binds the currently called
context object through this, modifies the size of page content in the object method, creates a new instance object
for each component through the new keyword, and binds the method of the instance object to the click event. It is
complicated to implement such an object constructor, and it is not easy to understand. Especially, pay attention to
the context object currently called.

Compared to the above two solutions, using closures to implement this problem has more advantages because it
requires less code and is easier to understand. In the core code of using closed packets to solve the problem in
Figure 1, the peripheral function changeSize

The actual parameter of () is passed in with the value size that needs to be changed, while the inner function returns
the processed text size and image width. Here, the inner layer references the outer layer parameters to save the data
and prevent it from being processed by the garbage collection mechanism. Then, based on the different parameters
passed in, different variant functions are created (similar to fixed parameters for partial functions), and these
variant functions are bound to the click events of different components according to the corresponding parameter
values.

function changeSize(size){
return function(){
document.body.style.fontSize = size+"px";
pl.style.width = size*10+"px";
pl.style.height = size®*10+"px";

13
Figure 1: Closure code
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Figure 2: Page effect

When the mouse clicks on 12 to display the left side of Figure 2, and clicks on 14 to display the right side of Figure
2, comparing the navigation bar on the right, it can be seen that when clicking on 12, the font size and image height
and width are smaller, which proves that using function closures can change the size of page content.

3.2 Recording monthly expenses through function currying

In JS functional programming, currying is an extension of closures, which refers to the process of splitting a
function that originally contained multiple parameters into a new function that accepts a single parameter. Curry
functions do not execute immediately after passing parameters, but instead form a closure through nested functions
to save data. When the function needs to be used, the previously passed parameters will be used for evaluation at
once.

If function currying is not used for this problem, the solution is to first put all monthly expenses into an array, and
then iterate and accumulate the array. By using this method, each time an element is added to the array, the array
will be traversed and evaluated again. This solution is not flexible enough, because whenever the elements in the
array change, the subsequent evaluation operation will be repeated, and the elements that were not originally
changed will be forced to perform the operation again, which increases some unnecessary repetitive calculations
and makes the overall running efficiency of the code low.
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But when using function currying, the code becomes very flexible and adding elements is also convenient. It will
perform elastic evaluation based on the provided elements. The input of parameters is also very flexible. Each time,
you only need to call the Curry function and pass the monthly cost as an actual parameter. The value can be saved
through the closure generated by currying. Finally, when evaluation is needed, all previously passed parameters
will participate in the unified evaluation. As shown in Figure 3 of the core code below, first design a currying
function. In the currying function, when the arguments object parameter is empty, that is, when the first parameter
is passed in, the previously defined array ARGs is used to receive all parameters. When the parameter is not empty,
the parameters in the following methods are merged with ARGs, and the function containing the arguments object
is called. In this problem, when the cost function is curried and passed with a parameter such as cost (100), the
function cost is not evaluated, but returns a function and passes 100 into the arguments. This process is repeated no
matter how many times the value is passed. Only when the cost() function is called separately at the end, will the
function with arguments object inside the cost be executed, evaluated once, and then return the total money value.

Using currying to record costs will be more flexible, as the values of arguments can be increased or decreased at
any time through currying functions, and a unified evaluation will be performed at the end. This final evaluation
method involves delayed execution, which is another important feature of functional programming. From this, it
can be seen that currying functions are more suitable for performing accumulation calculations on large data.
Because when the delayed execution determines that the data behind it is no longer needed or an error occurs, the
function will immediately stop and no longer execute. This greatly reduces the probability of the program
performing meaningless calculations, increases the efficiency of the program, and makes it easier for operators to
understand and practice through this method.

war currying = function{ fn ){

var args = [J;

return function(y

if ( argurnents.length === 0){

return fr.apphy( this, args J;

Jelza]

[-push_apply{ args, arguments J;

return arguments.callee; 1} };

wvar cost = (function}

var money = 0;

return function(y

for (wvari=0,|=arguments_length; i < i++ }{
money += arguments[1]; }

FETLMT MOnEY;

}30;

var cost = currying( cost J; & HE4{k Al currying HET
cost{ 100 ) & R EIF#{E

Figure 3: Curry code

4. ADVANTAGES OF JAVASCRIPT FUNCTIONAL PROGRAMMING

JavaScript functional programming has many advantages, such as concise code, fast development, being more like
natural language, easy to understand, and using pure functions.

4.1 Simple code and fast development

Functional programming contains features such as closures and partial functions, which make it faster than
object-oriented programming in the actual project development process. This is because it uses a large number of
functions to solve problems, and a small amount of function code can achieve the same goal.

4.2 Using Pure Functions
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Functional programming has the characteristic of pure functions (returning the same output for the same input),
which brings many benefits to functional programming, such as no side effects, testability, ability to write
concurrent code, and caching [3].

5. DISADVANTAGES OF JAVASCRIPT FUNCTIONAL PROGRAMMING

In JavaScript programming, functional programming still has some shortcomings, such as the lack of immutable
data structures, the absence of tail recursion optimization, and excessive encapsulation.

5.1 Lack of immutable data structures

Immutability refers to the feature that does not allow data structures to be transformed through expressions, but is
missing in the JS language. For example, arrays and objects can be transformed through expressions. Variable data
structures can affect the cached data if the user of the function modifies the return value.

5.2 Lack of tail recursion optimization

Tail recursion refers to a recursive call that occurs at the end of a function, so there is no need to maintain the
context and stack for the next call. In JS, tail recursion optimization is lacking, and the stack space is not infinite.
When encountering too many call layers, stack overflow and performance degradation may occur.

6. CONCLUSION

JavaScript lacks immutable data structures and tail recursion optimization in functional programming, but with its
continuous development and more standardization of its own language, it still has a lot of room for development in
functional programming languages. JavaScript and functional programming can be said to achieve mutual success.
JS has become increasingly widely used and the most widely used programming language in the world, which can
indirectly promote functional programming to further enter the public eye, allowing more people to use functional
programming and experience its charm. Functional programming will also make the JavaScript language more
standardized, providing JS with simpler and more efficient code and expanding its application scenarios.
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