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ABSTRACT

Considering the prevailing rule of Large Language Models (LLMs) applications and the benefits of XML
in a compiler context. This manuscript explores the synergistic integration of Large Language Models
with XML-based compiler tools and advanced computing technologies. Marking a significant stride
toward redefining compiler construction and data representation paradigms. As computing power and
internet proliferation advance, XML emerges as a pivotal technology for representing, exchanging, and
transforming documents and data. This study builds on the foundational work of Chomsky's Context-
Free Grammar (CFG). Recognized for their critical role in compiler construction, to address and mitigate
the speed penalties associated with traditional compiler systems and parser generators through the
development of an efficient XML parser generator employing compiler techniques. Our research
employs a methodical approach to harness the sophisticated capabilities of LLMs, alongside XML
technologies. The key is to automate grammar optimization, facilitate natural language processing
capabilities, and pioneer advanced parsing algorithms. To demonstrate their effectiveness, we thoroughly
run experiments and compare them to other techniques. This way, we call attention to the efficiency,
adaptability, and user-friendliness of the XML-based compiler tools with the help of these integrations.
And the target will be the elimination of left-recursive grammars and the development of a global schema
for LL(1) grammars, the latter taking advantage of the XML technology, to support the LL(1) grammars
construction. The findings in this research not only underscore the signification of these innovations in
the field of compilation construction but also indicate a paradigm move towards the use of Al
technologies and XML in the context of the resolution of programming traditional issues. The outlined
methodology serves as a roadmap for future research and development in compiler technology, which
paves the way for open-source software to sweep across all fields. Gradually ushering in a new era of
compiler technology featuring better efficiency, adaptability, and all CFGs processed through existing
XML utilities on a global basis.

1. BACKGROUND

Lately, Extensible Markup Language (XML) has evolved into a paramount standard in all the fields of computing, where
it has been able to grow in the industries due to its human-readable, text-based, and self-descriptive nature [1]. XML is the
core markup language that is used across operating systems, programming languages, and many other computing
environments. This demonstrates XML's wide range of applicability and interoperability which is also supported by
libraries that conform to the XML standards [2][3]. This omnipresence makes the tools capable of getting the documents
in XML format and processing their data markups and exchanges without any difficulties [4][5].

In parallel with the growth of XML, the compiler—the inevitable component of the software development process that
translates high-level programming languages into machine code— has made considerable progress [6]. Compilers acting
as a bridge between human knowledge and computer algorithms are critical in achieving software development goals. An
innovation in this section is the ability of XML files to enclose Context-Free Grammar objects (CFGs). That not only helps
to develop new compilers, especially for the Unity Grammar Recognizer but also makes it possible to use XML for the
creation of compilers more widely. Artificial Intelligence (Al) rapidly improved and exponentially employed in many fields
and domains [7]. Text analysis is one of the extensively researched and developed fields. Text and language processing
has gained great attention from scientists and researchers because of its impact and importance.
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With the introduction of the epochal Large Language Models (LLMs), including GPT, BERT, and other architectures, there
is a new landscape for compiler technology according to recent powerful Al advancements [8]. LLMs are a source of
growth for XML-based compiler tools because of the machine's ability to detect grammatical problems, natural language
processing, and written text generation that is indistinguishable from humans. The area of research that is of most interest
to us deals with the synergy between LLMs and compiler construction. The revolutionizing role that LLMs can play in this
field is the main focus of our research. This integration is set to remove the development process obstacles, introduce new
parsing algorithms, and do semantic analysis differently and with error correction [9]. The integration of XML's wide
spectrum of applications with LLMs' powerful computational capacity exemplifies the inevitable way towards the
revolution in compilers” construction. It anticipates a future where compilers become not only more productive and
adaptable but also competent enough to deal with the confusing aspects of language and grammar with unbelievable
precision. This development is aimed to be achieved in a more agile, precise, and fault-resilient compiler development
process, that in turn will pave the way for new and innovative applications in software engineering [9,10,11]

The process of detailed experimentation and integration with different XML standards and LLMs to produce our work is
being discussed in the ongoing discussion on the interface of XML standards and LLMs in compiler technology. It clearly
demonstrates that the integration of these two approaches has the potential to overcome the limitations associated with
conventional compiler construction, and it creates a picture of the future, where these two approaches are combined and
the paradigms of programming language processing are modified.

1.1 XML and XML Schema

XML, which is an acronym for eXtensible Markup Language, is a hierarchical meta markup language that was derived
from the Standard Generalized Meta Language (SGML). XML, which has been in use since 1996 and supported by the
W3C consortium, spearheaded by Jon Bosak of Sun Microsystems, has become an essential tool for data representation
across several areas of application. Unlike HTML which is used for data presentation, XML is used for the expression of
data structure. It is then able to facilitate data transmission among different applications. This capability is the essence of
XML as a global language widely used by organizations, industries, and academia to organize and classify data across
intranets and the internet [12,13,14].

From the Document Type Definitions (DTDs) to XML Schema the evolution is marked by the fact that the language
becomes capable of structuring data. While DTDs use Extended Backus-Naur Form (EBNF) grammar and serve as a base
structure to define the legal entities in an XML document, they are frequently seen as limited in their domain and
applicability. Instead, XML Schema exploits XML syntax itself, which introduces a higher level of complexity with support
for namespaces, occurrence constraints, and a massive set of simple and complex data types [15]. The switch to DTDs
eliminates the cryptic nature of DTDs and also improves XML's ability to respond to the growing sophistication of data
structuring requirements in the modern computing world.

The thing that is highlighted is that XML documents can be either well-formed (they are constructed according to the rules
of the XML syntax) or valid (they conform to a particular schema). This distinction shows us that the role of the XML
Schema is to validate and maintain the data that are in XML format [16]. XML is structured in a way that it can be easily
interpreted and processed by both human and computer systems, consequently making it an extraordinary resource for data
markup and exchange.

In essence, the combination of XML and XML Schema enables superior data representation, with a much higher degree of
efficiency than previous solutions. The XML features self-explanatory, human-readable and extensible characteristics.
Hence; XML is used for a wide variety of applications such as marking up data in different computing environments and
also for retrieving and validating complex data structures. With the computing environment ever-changing, the function
and significance of XML and its schemas remain vital in how the data is organized and transmitted [17][18].

1.2 Syntax Analysis

Compiler design is a complicated domain where translation, error detection, recovery, and other things are interconnected
to translate human-readable notations into low-level instructions [19]. At the core of the compiler is the front end, which
is responsible for lexical, syntax, and semantic analysis. These tasks transform input tokens into the structured form known
as the parse tree [20]. This architecture corresponds to the code text organized by the compiler and is an important aspect
of the code generation. It also plays a vital role in optimization that is part of the compiler's back-end, as optimization
emerges as a key player for algorithms and method improvement [21][22]. Parsing, which is one of the most important
steps during syntax analysis, relies on different approaches to break down the tokens produced by lexical analysis. As a
result, a structure that describes the program's intended logic and functions is created.
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The traditional parsing techniques, such as the top-down, bottom-up, and universal ones like the Earley algorithm
and the C-Y-K algorithm [23]. All these techniques address different classes of grammar. In particular, the LR
and LL grammars are accommodated to match the syntactic constructs of modern programming languages.
Nevertheless, these traditional techniques, although successful in dealing with some language subsets, might
encounter some limitations when it comes to efficiency and flexibility in production compilers.

The emergence of Large Language Models (LLMs) is an innovative channel to re-invent the compiler construction
approach. LLMs, which have the most sophisticated natural language processing capacities, offer a brand-new
method of advancement of the traditional parsing methods substantially. The utilization of LLMs could be a
gateway to more productive syntax analysis and error detection, as well as the automation of several tasks in code
generation [24]. Such an approach not only optimizes the compiler design process but also introduces a degree of
versatility and effectiveness unattainable with traditional parsing methods alone.

The merging of LLMs in the compiler design releases the capability to transform the landscapes of compiler
technology. The integration of conventional compiler architectures with the novel and distinctive capabilities of
LLMs is in a position to reshape the way compilers are developed. It ensures a more perceptive and intelligent
approach to the translation of human-legible notations into machine code. As well as a development in operational
approach for this scenario.

1.3 CFG and LL(1) grammar

Formal languages theory as a discipline is known to have originated from the work of Noam Chomsky who is a
linguist [25]. For the first time in the 1950s, an attempt was made by this linguist to precisely characterize the
structure of natural languages. In his work, he basically aimed to define the syntax of languages through the use
of precise and straightforward mathematical rules. Based on the classification given by Noam Chomsky, there are
four divisions of the hierarchy of grammars [26][27]. The four classes in the hierarchy include Regular grammar,
Unrestricted grammar, Context-free grammar, and Context-sensitive grammar. The classification of languages
provided by Chomsky was a result of the work he did involving the study of the structure of natural languages.
The classification provided by Chomsky was based on the complexity of the grammar. As a result of his work in
the area of natural language, CFG formalism emerged [28]. Through the CFG formalism, the syntax of
programming languages can be easily described. Since then, CFG has emerged as a crucial element in the
description of linguistic syntax [29]. In addition, the CFG has also emerged as the most popular means of
representing the rules of language syntax for English as well as that of other natural languages. In the work of
[30], the authors formally defined a Context-Free Grammar (CFG) as: a 4-tuple (V, >, R, S) where:

1. Visafinite set referred to as the variables,

2. Y is a finite set, different from V, and is known as the terminals,

3. Risafinite set of rules, and each of the rules is a variable and a string of variables and terminals, and

4. S €V is the start variable.
If u, v, and, w are strings of variables and terminals, and A - w is the grammar rule, assuming uAv yields uwv,
written uAv = uwv.
Assuming that u produces v, written u = v, if u = v or if a sequence ul, u2, ..., uk exists fork >0 and u > ul >
u2 > ... > uk > .
Example of Context-Free Grammar (CFG):
The parsing of construct keywords such as “int” or “while” is comparatively easy since the choice of grammar
production is guided by the keyword. The application of the grammar production must correspond with the input.
Here, the focus is on expressions that are more complex and challenging, because of the associativity and
precedence of operators. These two are expressed in the grammar below, through simple mathematical
expressions. In addition, they also describe terms, expressions, and factors. The terminal symbols in this grammar

include:id + - * /[ (), the nonterminal symbols are expression, term and factor, and expression is the
start symbol.

expression > expression + term

expression > expression — term

expression > Term

term > term * factor

term > term/factor

term > Factor

factor > (expression)

factor > Id

The result below can be obtained when the notational conventions for the above grammar are applied:
E: denotes expression that are made up of terms that are separated by + signs.

T: indicates terms that are made up of factors that are separated by * signs.

F: denotes the factors that can be classified as identifiers or parenthesized expressions.
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The table below shows another grammar that falls under the class f LR grammar; the bottom-up parsing approach
is more suitable for this kind of grammar. The reason why the top-down parsing approach is not suitable for this
kind of grammar is because it is inherently left recursive:

E > E+T|E-T|T
T > T*F|TIF|F
F > (E)|id

The LL(1) grammar which is shown below will be used for top-down parsing since it is a non-left-recursive variant
of this expression grammar:

E > TE

E > +TE|e
T > FT

T > *FT|e
F > (B]id

A grammar that possesses a nonterminal A, is considered as left recursive, such that string a has a derivation A
+-> Aa. It is impossible for left-recursive grammars to be handled by the top-down parsing methods, and for that
reason, the elimination of the left recursion can be achieved through a transformation.

The problem associated with the construction of a parse tree for the input string is the top-down parsing which
involves creating a parse tree starting from the root, and creating the nodes of the parse tree in preorder. In addition,
in top-down parsing, a leftmost derivation is found for the input string. One of the major issues encountered at
each step of this method is to determine what production is more is more suitable for application in a nonterminal.
Generally, the top-down method of parsing is referred to as recursive-descent parsing. In this method, the choice
of the most suitable production to be applied can be made through the process of backtracking. The recursive
descent has an exceptional case which is referred to as predictive parsing. In this exceptional case, the most
suitable production is selected by looking ahead at the input of a fixed number of symbols (the next input symbol)
3334 52.

Sometimes, the class of grammars that can be used for the construction of predictive parsers looking x symbols
ahead in the input is referred to as the LL(x) class. There are two functions that support the process of bottom-up
and top-down parsing which are, (FIRST and FOLLOW). Utilizing this function, the production that is suitable
for application can be selected based on the subsequent input symbol. More so, these two functions are sets of
computations through which a “predictive parsing table,” is constructed. This way, the selection of the most
appropriate production is done explicitly when bottom-up parsing is implemented 35 36.

LL(2) is a class of grammar which:

1. The first ”L” in LL(1) means that the input should be scanned from left to right.

2. The second ”L” is for the production of a leftmost derivation.

3. The “1” means that one input symbol of look ahead should be used at every stage for decision-making

about parsing action.

Even though caution must be taken when an appropriate grammar is written for the source language, the class of
LL(1) grammars can sufficiently cover the majority of programming constructs [31]. A Context-Free
Grammar G = (V, Y, R, S) that has a parsing table in which multiple entries are absent is referred to as LL(1). A
language is categorized as an LL(1) if it is derived from an LL(1) grammar. As seen, LL(1) grammars are not
characterized by ambiguity, and they are not left-recursive.
Formal definition of LL(1) Grammar:
A grammar G can only be referred to as LL(1), when A—> o | B are two different productions of G. The following
conditions hold:

For no terminal a, do both o and f derive strings beginning with a.

1. At most, the empty string can be generated by one of o and B.

2. If B = &, then no string that begins with a terminal in FOLLO (A) is derived by a.

3. Similarly, if o = €, then no string starting with a terminal in FOLLOW(A) is produced by f.
The first two conditions are the same as the statement that FIRST (a)) and FIRST(pB) are two different sets. The
third condition is the same as stating that if € is in FIRST(f), then FIRST(a)) and FOLLOW(A) are not the same
sets, and likewise if € is in FIRST(a). It is possible to construct predictive parsers for LL(1) grammars, because
the right production that should be applied to a nonterminal can be chosen by only having a look at the current
input symbol. The constraints of LL(I) can basically be satisfied by the flow-of-control constructs alongside their
different keywords.
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The FIRST and FOLLOW sets can be incorporated into a predictive parsing table M[A,a]. A two-dimensional
array (where “A” is a nonterminal and “a” is a terminal or the symbol §, the input end-marker). The predictive
parsing can be constructed using an algorithm that is based on the idea given below:

1. In the event that the subsequent input symbol is in FIRST(a), then the production A - «a is selected.
The problem will only arise if o= € or, more generally o 2«.
2. Insuch asituation, A - a should be selected again, if FOLLOW(A) contains the current input symbol,
or if the $ on the input has been reached and $ is in FOLLOW(A).
Upon completion of the algorithm implementation, production ends in M[A,a], and then M[A,a] should be set to
error (which is often denoted by an empty entry in the table). The application of this algorithm can be made to
any grammar G so that a parsing table M can be produced. For every LL(1) grammar, each entry of the parsing-
table has the capability to outstandingly detect production or error. However, in some grammars, M may possess
some entries that are defined in different ways. For instance, in a situation whereby G is characterized by
ambiguity or is left-recursive, then M will possess at least one entry that has been defined in multiple ways. In as
much as the elimination of left-recursive and left factoring can be easily achieved, there are some kinds of
grammars that no matter what kind of modifications are made in them, an LL(1) can never be produced [32][33].
The classification of grammar, as introduced by Noam Chomsky, provides a framework for understanding the
complexity of language syntax. Context-Free Grammar (CFG) has been instrumental in the syntax description of
programming languages. This incorporation of LLMSs into the compiler construction process will be a big deal,
especially in grammar analysis where it can be used to automate and optimize code. LLMs, which are trained on
large datasets and have a natural knowledge and ability to operate with CFGs, can automate and simplify compiler
design and language processing to a higher extent.

1.4 Large Language Model Advancement

The emergence and ongoing innovation of Artificial Intelligence (Al) in its different domains have dramatically
changed the Al environment. A step towards something far more advanced than machine learning. This
advancement utilized the enhanced models in healthcare, building and construction, and specific algorithm
developments as well as natural language processing and many other domains [34,35,36]. Improvements on
language processing and its application have had a tremendous effect [37]. The ability of these models to work
with large diverse and extensive datasets during their training has empowered them with an unmatched capability
to understand, generate, and interpret human language. As a result, they have kick-started major breakthroughs in
NLP and the development of compilers. The benefits of LLMs spread to different sectors such as customer support
with more intelligent and conversational bots, transforming education systems into personalized learning mediums
and improving narrative writing with Al-based text converters generating high-quality, contextually relevant
pieces.

LLMs have brought significant progress which built the foundation for such tasks as sentiment analysis, entity
recognition, and language translation with an amazing accuracy level. The fact that these advancements not only
demonstrate the models' ability to understand the details of human speech. At the same time, it also utilizes this
knowledge in actual practical applications. Moreover, the integration of LLMSs in the compiler construction
brought to life an intelligent age of compiler tools that are not only smart but also quite efficient [38]. By using
LLMs as the means of analyzing and optimizing programming languages, both researchers and developers have
managed to automate various intricate tasks such as grammar improvement, code generation, and even the
detection and correction of syntax mistakes. This is a significant milestone in compiler design which has resulted
in compiler efficiency rise and therefore reduction in time and resources required for software development while
also enhancing the flexibility and precision of compilers in handling different software tasks. Along with the rise
of LLMs, the auto-suggestions of code and the error corrections have also been brought about in compiler designs.
LLMs with deep learning capacity have become an asset for compilers to provide programmers with more intuitive
assistance that makes corrections and optimizations to code that aligns with code quality standards. This synergy
between LLMs and compiler tools is already not only speeding up the development process but is also making
programming available not only for people with deep knowledge of computer science but also for those with no
experience [39]. The further development of LLM is likely to provide NLP and compiler technologies a platform
to research and implement Al in a more efficient manner. The extent to of LLMs to augment machine-language
perception, supplemented by the integration of these tools in the automation and optimization of the
computationally complex tasks, is a subtle manifestation of Al's transformative power. The emergence of LLMs
which never ceases to evolve brings the dawn of a new age of innovations in technology, where a greater number
of Al-driven tools and systems are able to be deployed. Those models are intelligent, adaptable, and useful in an
increasing number of challenges across multiple domains.
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2. RELATED WORK

The ubiquitous nature of XML in different domains is a further testimony to its great role in the modern computing
era regarding data markup and representation. The design principles, including self-description, readability by
humans, and versatility, have made XML the industry’s standard for the interchange of data across operating
systems, programming languages, and the broadest variety of computing devices. Moreover, the usability of XML
is to a great extent circumscribed by libraries that provide universal accessibility and manipulation. This, therefore,
lets XML documents be read and interpreted by any tool, thus reaffirming its importance as a foundational data
exchange protocol.

Language Data Description (DFDL) is presented by [40], which further extends the capabilities of XML beyond
the basic functionalities of XLink and XPointer. This expansion is crucial in that it is responsible for assembling
and connecting data from heterogeneous raw-data stores by looking into the declarative nature of compilers in
terms of the Combination Reduction Systems Extended (CRSX) for formal operational semantics and compiler
optimization. These developments open the door to the concept of FDXML (For Data Only eXtensible Markup
Language), which basically represents that any object being parsed can easily integrate into an XML pipeline thus
increasing the utility of XML for parsing and labeling documents.

The landscape of formal languages has seen notable advancements, such as packrat parsing and Parsing
Expression Grammar (PEG), paralleling BNF formalism but focusing on string recognition over construction.
This shift towards more precise specifications of backtracking recursive-descent parsers addresses the
longstanding challenges of direct and indirect left-recursion, enriching the parsing strategies available for complex
language constructions.

Further exploration into ALL(*) parsing strategies by [41] marries the efficiency and predictability of traditional
top-down LL(K) parsers with the robustness of GLR-like mechanisms. This hybrid approach, validated by the
widespread use of ANTLR 4, demonstrates the feasibility of moving grammar analysis to parse time, thereby
accommodating any non-left-recursive CFG. This flexibility is instrumental in parsing complex languages, such
as Bangla, where conventional parsing methods are augmented with XML for dictionary searches and parse tree
generation, as explored by [42].

Recent discussions also venture into the validity of HTML outputs from web applications, approximating outputs
as context-free grammars. This generalized validation algorithm for context-free grammars, modeled after DTD
languages, showcases the evolving methodologies in ensuring the syntactic and structural integrity of web-
generated content.

In the domain of High-Level Synthesis (HLS) techniques, intelligent methodologies such as RDF rules, compiler-
compilers, and XML validation emerge as cornerstones for correct-by-construction implementations. These
methods are the distinct example of the combining of RDF rules, logic programming, and XML validation in
order to meet the reliability and performance requirements of hardware compilers [43].

The development of Cetus' source-to-source compiler with XML capabilities demonstrates a key step in using
XML to enrich compiler architectures. This method leverages the Intermediate Representation of Cetus to be a
DOM tree in XML, which enhances the search of advanced code features using XPath expression, thereby
showing one of the ways XML proves to be very useful in compiler optimization and code analysis [44]

The dispute on XML validation manifests as a range of conflicting philosophies, from strict grammar descriptions
to the more permissive constraint languages such as Schematron. This dispute shows the changing nature of the
XML validation techniques whereby the two demands of the strict adherence to schemas and the practical
application domain are considered [45].

While several technological advancements have been witnessed in the area, using XML to enhance the capabilities
of the LL(1) grammars and compiler construction is an appealing approach. In this research, we are trying to fill
the void between classical compilers and the apparent possibilities of LLMs. The use of LLM technology for
grammar optimization, the application of natural language processing (NLP) for code generation, and
sophisticated parsing algorithms will be the milestones we aim for when considering transformative impacts for
XML-based compiler tools. Apart from the fact that the use of LLMs with XML to create compilers will result in
faster development and optimization, a new age of compiler technology will start, entailing higher efficiency,
adaptability, and user-friendliness in compiler building.

3. METHODOLOGY

The incorporation of LLMs in the testing and conversion of CFGs shows a methodological framework that utilizes
LLMs' skills for parsing and grammar revitalization. This methodology is centralized into two main steps, each
one depicted in the following flowcharts, that are used for the conversion from left-recursive grammars to LL(1)
grammars, implementing the specific features of LLMs.

3.1 Testing CFGs toward Left-Recursive and Converting to Non-Left-Recursive

The first phase utilizes LLMs in order to eradicate left recursion which is a must before grammar transformations
into the LL(1) grammar can take place. This process involves the following steps, as depicted in Figures 1 and 2:
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Fig. 1. Testing CFGs toward Left-Recursive
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Fig. 2. Convert Left-Recursive CFG to Non Left-Recursive

1. LLM-Assisted Detection of Left Recursion: Leveraging the LLMs' advanced abilities to analyze CFGs
for the reoccurring left-recursive patterns. This step ensures that LLM identifies the left recursive
elements with a good accuracy level through their capability to comprehend and break down complex
grammar structures.

2. Automated Conversion to Non-Left-Recursive Grammars: Then, after the left recursions have been
detected, LLMs are automatically applied to rewrite the CFGs in a non-left-recursive form. This step
entails the grammar prompting approach, in which LLMs construct new grammar structures that preserve
the original grammar's semantics but are devoid of left recursion.



Zahid, Mesopotamian Journal of Big Data Vol. (2024), 2024, 23-39

3.2 Testing CFG towards LL(1)
Upon converting CFGs to non-left-recursive formats, the methodology advances to testing and validating these
grammars for compliance with LL(1) conditions. This involves two sub-stages, detailed in Figures 3 and 4:

1. Generation of FIRST and FOLLOW Sets: LLMs can be programmed so as to calculate FIRST and
FOLLOW sets. the non-left-recursive CFGs. This step is critical because it forms the basis of
constructing lexical parsing tables and many more. Enabled through the LLM’s computational prowess
in terms of processing large data volumes and grammar rules efficiently.

2. Construction of Predictive Parsing Tables: Employing LLMs to construct predictive parsing tables
based on the FIRST and FOLLOW sets. This stage leverages LLMs' pattern recognition and data
structuring capabilities, automating the table construction process and ensuring accuracy in identifying
valid grammar productions.

Start

]

Get Root

v

if Found >

ffYes
11

—| GetFist(oo) e feminal >

Yes
v
Get Root
X
-~ Theck™.
< _forOR<

split and get Or

=< /
e e g

Return first

]

3 End ——

Fig. 3. Get First )

Tow sub-stage was used for testing. The first step here is to get FIRST and FOLLOW sets as seen in the flowchart
in Figure 3. Afterward, the sets which have been collected for testing CFG towards LL (1) grammar are used in
constructing the predictive parsing table as presented in Figure 4.
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End

Fig. 4. Get Follow
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4. RESULTS AND DISCUSSION

The application of this methodology is demonstrated through various experiments, showcasing the effectiveness
of LLMs in optimizing grammar testing and conversion processes. Experiment results, as seen in Figures 6
through 19, validate the potential of LLMs to automate and refine the development of compiler tools. Notably,
the insertion of grammars into the application and the automated conversion of left-recursive CFGs to non-left-
recursive, and ultimately to LL(1) grammars, illustrate the substantial improvements in efficiency and accuracy
afforded by LLM integration.

The experiments underscore the LLMs' capability to not only detect and eliminate left recursion but also to
generate FIRST and FOLLOW sets and construct predictive parsing tables with high precision. This demonstrates
a significant advancement in compiler construction methodologies, paving the way for more intelligent, efficient,
and automated compiler tools.

This article has proposed a novel approach for schema extraction from XML structures tailored to CFG grammars,
specifically those of the LL(1) variety. The methodology reveals itself as an effective way of removing left-
recursive grammars from the algorithm, while at the same time providing a simple means of grammar testing and
validation, which in turn makes the algorithm LL(1) compliant. The presented schema is specially designed to
easily convert LL(1) grammars to XML format, thus increasing parsing efficiency and simplifying syntax analysis
during compiler construction. Hence, the schema supports the developer most efficiently.

In addition to the advanced functionalities of LLMs, this study also shows the benefits of incorporating LLM
techniques, including grammar prompts, as well as model parallelism, into the XML-based schema of the CFGs.
It is expected that this integration will raise grammar optimization automation to another level, create the required
natural language processing for the purposes of code generation, introduce advanced parsing algorithms, and
simplify the work of developers and optimizers of the compiler tools.

While the utility of the application depends on the user's knowledge of production rules and CFG restrictions, it
is seen that the user's understanding of these concepts is a crucial factor. So this research work is primarily aimed
at the construction of a parser for LL(1) grammar using ML and showing the potential of such a system. Future
researches need to be directed towards the design of a complex global architecture that will be able to incorporate
different CFGs. This Al extension will not only extend the utility of the application to different phases of compiler
construction but also increase the flexibility of adaptation to complex grammar structures

Intelligent software is a new trend that has blurred the borders of many domains, it highlights the role of advanced
tools for building compilers. However, by broadening the scope to encompass the programming languages used
in lexical analysis and other phases, another compiler toolchain application might be developed which could
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promote the spread of the web-based application. This will lead to a widespread usage and improvement of these
compiler technologies thereby capturing the advantages of artificial intelligence in the compiler’s environment.
This will be a particularly strong step in the integration of artificial intelligence and traditional compiler
methodology.

By utilizing the LLMs with the XML for the CFG grammar representation, this research has shown how there is
a new paradigm for the development of compilers. The integration heralds a new era of compiler construction,
characterized by enhanced efficiency, adaptability, and a deeper synergy between computational linguistics and
compiler theory. As we look toward the future, it becomes increasingly clear that the fusion of LLM advancements
and XML structures will play a pivotal role in overcoming traditional constraints and unlocking new possibilities
in compiler development.

It can be seen from Figure 6 that the insertion of grammar into this application is possible. This can be achieved

by inserting the production rules of the grammar by clicking on (1) | "seft Freduction | and afterward it is saved into
the database. The grammar can be recalled and tested from the database by clicking on (2) ' S®Pata. | eft-
Recursive can be gotten rid of, and the grammar can be converted to non-Left recursive by clicking on (3) | 1

. Lastly, when the user clicks on (4) 50 the grammar moves to test towards LL(1) which is performed in the
second stage.

GetData Convert GO insert Production

2 3 4 1

Fig. 6. WFLeftRec.aspx Page

When | insedt Preduction | \which is shown in figure (6), is clicked, the page below in Figure (7) will run, thereby
allowing the insertion of production. Initially, the roots must be inserted by addressing features (1 to 6), and
afterward, the bodies should be inserted by addressing the features (7 to 12) as shown below. There is no limit to
the number of grammars that can be inserted and tested by this application. Figure (7) shows how this page which
contains several features can be used.

Save to database, repeat this
process ungl reach kxst head

If the production has OF. element inform it here by insent
(¢ for terminal or » for nonterminal)

| To inzert head (root) of production In case of grammar have only one s@art
symbed (if the nonterminal is start symbsl)

Sequence of the
ETAammars Mumber of grammar (starting from 1)

1 2 3 4 5 6
ot O Schema Nursber Hav
m Koot Do Schema MamBoot

To insert Select root (head) of nodes
(terminal monterminal) of
body, with respect to 8 In case of input is not root
Select parent of nodes | | If case of input in 7 is terminal —|

Save input data into database

Fig. 7. WFInsertSchema.aspx Page
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Following the description of how the application works, below is the testing of different grammars:
Experiment (1): an example of left-recursive can be seen in the grammar below, and the results are presented in Figures

(8,9, and 10):
E > E+T|T
T > T*FIF
F > (©®]|id
Root I:I Production |:| back
1)) Parent Production
I B E4T.|T
2 T TLE|F
3 F ()it
Fig. 8. Result of Insert Productions
E--->E+T|T
T-----»T*F|F
F----- =(E) | id

This CFG grammar is left-recursive and cannot be LL(1)
i GetData | | Convert | [ Go | insert Production |

Fig. 9. Result of testing

E--s--- =>TE'

E-ree- =+TE|S

j EEE =FT

g E— =*FT5

e ={E) |id

GeiData | | Cormt | | GO | | insedt Production

Fig. 10. Result of Conversion to non Left-recursive

Test (2): the grammar presented below is classified as an LL(1) type of grammar, and it is also non-left recursive. The
result is shown in Figures (11,12,13,14, and 15):

E > TE

E > +TE|e
T > FT
T > *FT|e
F > (®]id

Schema Number |1 Saue

Schema

1
2 5t 1
3 - 1
4 5t 1
5 idt 1

Fig. 11. Result of insert roots of grammar
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Node Name ,— Parent Node . v Root Node 7| LUNoRoot [ Terminal | Save |
NodeName ParentNode RootNode Terminal OrNode

B E 1 2

370+ ) v

BT p) 3

] E ) )

4] F 3 5

a4 r 3 4

4] & 4 ‘

#LF 4 5

1T 4 3

LR 5 ’

46 \E 5 1

]

Fig. 12. Result of inserting terminal and nonterminal grammar

As seen in Figure 18, the (Next) button which is circled with black color can be used to generate the grammar tree which
is presented in Figure 19. There are several features possessed by the tree, and the details are presented below.

To ger FIRST and FOLLOW sefs
and results for testing towards LL(1)

Transfers and save the production
ules as XML document( xml)

K Gt First And Follow | | Get XML DOC

Return back to (Fig 17 and Fig 18) ’ ek OpenTebe

| To Building predictive parsing table
in case of try another inputs

Fig. 13. Tree of Grammar

First of E-(.id

First of E":+.5

First of T:(.id

First of T"#.5

First of Fo(.id

follow of E =75

follow of E" = .5

follow of T = +_).5

follow of T" = +1.5

follow of F = # +).5

These Production Rules is LL{1)
Fig. 14. FIRST and FOLLOW sets of grammar with result of the test
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[ooeg |
n O o O :
.$ -
6 8 0 om=
@ - enlpw L T T

Fig. 15. Predictive parsing table of the grammar

The red-colored circles shown in Figure 15 are the terminals, whereas the nonterminal are denoted by the black rectangle,

the blue-colored circles represent the intersection between terminal and nonterminal based on the grammar’s production
rules.

Test (3):it can be observed that the grammar below cannot be classified as LL (1) because it is not; the results are presented

in Figures (16,17,18, and 19). The red-colored circles show that the new sequence (2) has been allocated to the grammar
contained in Figure (22) below.

S > iEtSS]a
S 2> eS|e
E > B

Root | Or Root | SchemaNumb [ M

Schema MamRoot

Fig. 16. Result of insertion of grammar roots

NokMae|  Pumlode v RooNode | v| [NoRoot [ Temmind e
D NodeName ParentNode RootNode ~ Terminal ~ OrNode

# i 9 ‘

5% B 9 11

%t 9 ‘

5§ 9 9

% 9 0

9 e 10 ‘

Fig. 17. Insertion of other terminal and nonterminal grammar (3.2)
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First of Si.a

First of 8":e 5

First of E b

follow of 5 =5

follow of 8" =5

follow of E =t5

These Production Fules is not LL(1)

= 5

wow o

e
=1

= E
b

Get First And Follow Get XML DOC

Back Open Table

Fig. 18. FIRST and FOLLOW sets of grammar with results of test and tree

WA drh i ¢ Find | Nt d;' A
M$ 2 b g |
t X

§ X A
§' X X

Fig. 19. Predictive parsing table of grammar

5. CONCLUSION

In this article, we introduced a novel approach to schema extraction from XML structures specifically tailored for Context-
Free Grammars (CFGs) that adhere to the LL(1) classification, propelling forward the efficiency and adaptability of
compiler construction. The integration of Large Language Models (LLMs) with XML -based compiler tools has emerged
as a pivotal development, automating and optimizing grammar analysis, thereby streamlining the parsing process and
semantic analysis. This synergy between LLMs and XML not only simplifies the representation of LL(1) grammars,
making parsing both easy and rapid, but also enhances the compiler's internal syntax analysis phase. We have shown that
such integration has a significant effect on the compiler's speed, and this is still true even if we include the complexity of
inserting various grammars. Nonetheless, understanding production rules and CFG constraints by the users is the key to
unlocking the true value of this application.

With a look to the future, | see the development of LLMSs' abilities, particularly their success in the area of programming
language understanding and generation, as a significant factor in the advancement of compiler technology. The possibility
of exploiting higher-end LLM methods for grammar optimization, error detection, and even the computerization of
compiler tool development contributes to the breadth of the research and development. By applying the use of LLM
integration for more programming paradigms and languages, we would like to increase the scope and impact of compiler
tools meaningfully.

The findings of this study represent a giant leap toward the development of more intelligent, flexible and helpful compiler
tools. The development of an XML schema for LL(1) grammar representation in combination with the modern features of
LLMs marks the advent of a major breakthrough in compiler technology. By this trailblazing implementation, not only the
existing problems of compiler design but also the groundwork for future innovations are being laid down. With this in
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view, the machine learning technology is poised to inspire the development of global schemas capable of handling the
whole range of CFGs, thereby ushering the era of flexibility in compiler construction. Free and open-source software can
be used to further extend their reach into different areas by using an integrated approach; this could eventually lead to the
development of web-based applications that will be able to handle a variety of grammars, such as lexical analysis, employed
by various compiler stages.

This is the essence of the fact that the collaboration of LLMs with XLM-based compiler builders reflects the transformative
character of the compiler development field. The pioneering approach to grammar analysis and optimization of the compiler
is what heralds the advent of a new era in the evolution of compiler technology, which sets the stage for a future when
compilers will be more efficient, intelligent, and accessible to a wider audience of developers and educators.
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