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ABSTRACT This study investigates the influence of English language characteristics on communication
protocol design and proposes corresponding optimization strategies. The analysis focuses on grammatical
structure, vocabulary systems, and semantic expression, examining their roles in protocol command
standardization, error feedback mechanisms, and protocol document readability. The findings are par-
ticularly relevant to wireless communication networks, antenna systems, and electromagnetic information
transmission environments, where protocol clarity and interoperability are critical for reliable data
exchange. Based on the linguistic characteristics of English, three optimization approaches are proposed:
simplifying protocol syntax to improve transmission efficiency, establishing a multilingual-compatible
protocol extension mechanism to enhance international adaptability, and developing an intelligent protocol
parsing and conversion framework to improve interoperability and robustness. Experimental results
demonstrate improvements in transmission efficiency, parsing performance, protocol adaptability, and
developer usability. The proposed framework provides a practical reference for communication protocol
optimization and supports efficient technical collaboration in modern communication and electromagnetic
engineering systems.

INDEX TERMS communication protocol, electromagnetic communication, antenna systems, protocol
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I. INTRODUCTION

N an era of rapid informatization and globalization, com-

munication protocols are fundamental to network com-
munication, acting as the essential rules for data exchange
worldwide. This global connectivity is increasingly relevant
across all sectors. Here, the integration of smart manufactur-
ing and supply chain transparency relies heavily on robust,
standardized protocols to ensure seamless data flow from
raw material sourcing to final product distribution. Their
design directly determines the accuracy and efficiency of
information exchange. As an international language, English
not only dominates protocol documentation but also serves
as the optimal linguistic medium for implementing proto-
col design concepts, command organization, and execution
methods across all technological domains. This linguistic
foundation is crucial even in historically traditional fields.
For example, standardizing the English terminology used
in Machine-to-Machine (M2M) communication ensures that
new protocols for smart looms or digital supply chain track-
ing are universally understood, accelerating the adoption of
Industry 4.0 technologies globally. Language is not simply
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a tool for expression. However, its utilization in protocols
is primarily driven by engineering conventions. English is
selected because its inherent structural characteristics and
surface expression habits align perfectly with the logical
requirements of technical design.

Understanding how the characteristics of the English
language affect communication protocol design is of great
significance for optimizing protocol structure, improving
communication efficiency, and increasing international in-
teroperability.

Il. ANALYSIS OF THE CORE CHARACTERISTICS OF
THE ENGLISH LANGUAGE

A. CONCISENESS AND STANDARDIZATION OF
GRAMMATICAL STRUCTURE

English grammatical structure has a strong conciseness
feature, which is of great practical value in the design of
communication protocols. English adopts the basic sentence
structure of subject, predicate and object, with relatively
fixed word order and very clear grammatical rules, which
reduces ambiguity in understanding. Compared with other
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languages, English has fewer inflections, and its verb con-
jugation and noun declension are relatively simple, making
the language more direct and more efficient. In terms of
tense system, although English tenses are diverse, its basic
structure is highly regular and easy to form a standard
expression pattern. This simplicity allows English-based
protocol instructions to express precise meanings with the
least words, eliminating redundancy and complexity. At the
same time, the standardization of English grammar makes
the protocol description consistent and predictable. The
standardization of grammatical rules enables protocol devel-
opers to establish a unified command format and parameter
structure, and reduce the difficulty of protocol parsing.
This grammatical feature of the English language gives
the protocol a modular design feature. Different functional
units can be combined through standard interfaces, which
enhances the scalability and maintainability of the protocol
[1-3]. This standardization is especially beneficial compared
to highly inflected languages (like Latin or Russian) where
verb conjugation and noun declension change frequently
based on function. In such languages, a protocol com-
mand might require extra bytes or complex encoding to
differentiate case or tense, which would increase overhead
and ambiguity. The engineering requirement for a concise,
linear Verb-Noun/Parameter sequence in protocols finds a
natural parallel in the simpler, fixed Subject-Verb-Object
(S-V-0O) order of English, making it the ideal vehicle for
implementation to maximize efficiency.

B. ACCURACY AND FLEXIBILITY OF THE
VOCABULARY SYSTEM

English academic vocabulary exhibits the characteristics of
both accuracy and flexibility, which has a huge impact on
the design of communication protocols. English has a rich
vocabulary and can accurately express the differences in
subtle concepts. This accuracy is even more important for
defining protocol parameters, status codes and error types.
Technical terms are highly standardized, and the meanings
of professional vocabulary are clear and fixed, which re-
duces ambiguity in protocol specifications. English has a
strong ability to create words by combining roots, prefixes
and suffixes, which adapts to the demand for new concepts
caused by the development of new technologies. Therefore,
the protocol can continuously enrich the language library
after the development of technology without breaking the
old and establishing the new. English has good abbreviation
and simplification capabilities. Commonly used protocol
commands are abbreviated in the form of abbreviations to
improve transmission efficiency while retaining semantic
clarity. The hierarchical structure of vocabulary can also
bring a lot of convenience to the design of the protocol.
The precision derived from English’s rich Latin and Greek
roots allows for unambiguous technical terms, contrasting
with languages that rely heavily on agglutination (such
as Turkish or Hungarian) or compound words (such as
German). While agglutinative languages can create highly
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descriptive words, their length and complexity make them
inefficient for byte-limited protocol messages and difficult
to abbreviate uniformly without losing semantic meaning.
English’s capability for brief, standalone technical terms
ensures semantic clarity is maintained with minimal length.
By using the relationship between words, a clear command
hierarchy and functional classification can be established.
Therefore, this vocabulary feature allows the protocol to
maintain rigorous technical expression while also being
flexible to different scenarios [4-6].

C. LOGICAL HIERARCHY OF SEMANTIC EXPRESSION
English semantic expression is highly logical and has a
very clear sense of hierarchy. These characteristics have
a profound impact on the information organization form
of communication protocols. English focuses on the clear
expression of causal relationships, conditional relationships,
and temporal relationships. This logical thinking mode is
directly reflected in the design of protocol state transitions,
conditional judgments, and process control. The hierarchy
of semantics is reflected in the classification and induction
of concepts. English can use different levels of abstraction
to organize information, providing a language foundation
for expressing the hierarchical structure of protocols from
concrete to abstract, from special to general. The ability
of English to use prepositions, conjunctions, and relational
words to construct complex semantic networks allows pro-
tocols to accurately depict various complex communication
scenarios and interactive relationships. The clarity of seman-
tics is also reflected in the low context dependency. English
expressions pursue complete independence and rely less on
implicit information, which is especially important in the
cross-platform and cross-system communication of proto-
cols. The characteristics ensure the accurate understanding
and consistent implementation of protocol specifications,
reducing communication errors caused by unclear seman-
tics. Similarly, the hierarchical semantic structure provides
natural language support for the modular design of protocols
and the division of functions [7-9]. The emphasis on low
context dependency and explicit relational words (preposi-
tions, conjunctions) in English stands in sharp contrast to
topic-prominent languages (such as Chinese or Japanese),
where the omission of the subject or object is common,
and meaning often relies heavily on unspoken social or
textual context. This reliance on implicit context would
be catastrophic for cross-platform protocol communication,
where every command must be self-contained and explicit
to avoid parsing errors across different systems. English’s
clarity ensures the protocol’s logical flow is unambiguous
for any machine, regardless of its previous state.

lll. SPECIFIC IMPACT OF ENGLISH CHARACTERISTICS
ON COMMUNICATION PROTOCOL DESIGN
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A. STANDARDIZATION TRENDS IN PROTOCOL
COMMAND FORMAT DESIGN

Driven by the principles of computational efficiency and
engineering necessity, the evolution of communication pro-
tocol command formats has leveraged the unique character-
istics of the English language forming a now widely used
design paradigm that perfectly aligns with the principles
of computational efficiency and engineering necessity. The
fundamental need for conciseness and clarity is strictly an
engineering constraint; however, the inherent standardized
and concise grammar of English provides the most compat-
ible linguistic blueprint to satisfy this design requirement.
Consequently, acting as the international working language
for engineers, English is utilized to label the logical opera-
tions defined by the protocol. This results in commands that
generally adopt a verb-plus-noun or verb-plus-parameter
format (e.g., HTTP 'GET’ or 'POST’). This structure is
clear and concise, making it easy to understand and imple-
ment. Standardized command formats significantly reduce
the cost of learning protocols, enabling rapid mastery of new
protocols and improving human development efficiency and
consistency. While the underlying parsing logic is language-
independent, the fixed word order of English parallels the
logical sequence of machine instructions (Action — Target).
This compatibility supports clearly defined parameter place-
ment rules, reducing human-coding ambiguity while the
protocol logic itself prevents irregular parameter ordering
that can lead to parsing errors and ensuring consistent
protocol implementation. Regarding command naming, the
descriptive nature of English allows command names to
vividly convey their functions, making protocols easier
to read and modify and reducing the need for literature
searches. The trend toward standardization is also reflected
in the consistency of response results. For example, different
states such as success, failure, and warning all have stan-
dardized representations, making error handling systematic
and standardized. Internationalization has increased the need
for standardization, enabling programmers from all over the
world to collaborate on development using a common lan-
guage, fostering communication and innovation. The stan-
dard command format is also conducive to the development
of protocol testing and verification tools, making automated
testing easier to implement and improving the efficiency
of software quality assurance. Therefore, the development
of protocol versions is smoother due to standardization, and
new versions can also be backward compatible and add new
features. In order to more clearly show the complete process
of this impact mechanism, the figure below illustrates the
structural alignment mechanism, demonstrating the adapta-
tion of English’s concise, standardized grammar to meet the
requirements of a universally implemented protocol com-
mand structure [10-12]. The following Figure 1 describes
in detail the transformation process from English language
characteristics to protocol standardization implementation.
The English grammar standardization for protocol command
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FIGURE 1. Detailed description of the complete process of designing the
protocol command format standardization based on English characteristics

format design is shown in Table 1:

B. THE NEED FOR OPTIMIZED ERROR FEEDBACK
MECHANISMS

The need for accurate English expression places greater
demands on the optimization of communication protocol
error feedback methods, thus requiring protocol designers
to implement comprehensive and detailed error handling
systems. The rich vocabulary of English allows for the
classification of complex categories, from grammatical, se-
mantic, and logical errors to various types of errors, all of
which can be clearly described using terminology. These
categories also require protocols to provide corresponding
error responses to meet different levels of proofreading
requirements. Error message descriptions must accurately
convey the core of the problem, its location, and possible
solutions. English’s unique expressiveness allows for logi-
cal integration into comprehensive error diagnosis systems.
Error codes use English abbreviations and mnemonics for
concise, meaningful identifiers, aiding quick developer iden-
tification and log analysis. Given English’s global status,
protocols must offer standard English error descriptions
while providing localized extensions to support international
users. The hierarchical design of error handling is influenced
by the semantic hierarchy of English. The bottom-level
link errors and the high-level business logic errors should
be distinguished to form a complete error handling chain.
The design of the error recovery mechanism also benefits
from the logical expression ability of English. It can well
define the recovery process and fallback measures under
various error conditions. This optimization needs to promote
the continuous improvement of the protocol error handling
mechanism. Improvements have been made in error recovery
strategies, error propagation mechanisms, and error logs [13-
15]. How English characteristics drive the comprehensive
optimization process of error information feedback mecha-
nism is shown in Figure 2:

C. STUDY ON THE READABILITY AND INTERNATIONAL
DISSEMINATION OF PROTOCOL DOCUMENTS

Protocol documents are written in English. The language’s
characteristics are crucial to their readability and inter-
national dissemination, and are a crucial factor in deter-
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TABLE 1. English Grammatical Standardization on Protocol Command Format Design

Stage Process Description

Technical Link to English Feature (Alignment) Example of Protocol Command Format

I. Linguistic Tnput
and low inflectionality of English establish a highly predictable pattern for
action and target.

Protocol Abstraction (V-N-P): The English S-P-O structure is reduced to the
essential action and object elements required for machine exchange, mapping
directly to Verb-Noun/Parameter syntax.

Fixed Parameter Sequence: The defined order prevents parsing ambiguity.
Command arguments must follow a strict rule set (e.g., ID before Value).

II. Command Abstraction

III. Format Standardization

IV. Technical Benefit Reduced Human Implementation Complexity: Concise, standardized command
strings minimize the logic required for a developer’s implementation and

interpretation.

Fixed English Word Order (S-P-0): The rigid Subject-Predicate-Object structure

Constraint: Aligns with the engineering requirement for
sequential logic: Action first, Target second.

N/A (Source Language Rule)

Mechanism: Direct mapping of English Predicate (Verb) to
Command and Object (Noun) to Target Resource.

GET STATUS 01 (Verb: GET,
Noun/Param: STATUS 01)

Traditional Protocol:
SET_CHANNEL_FREQ=2400 vs.
Simplified Standard: SET CHNL 2400
Quantifiable Result: Reduces
Command Ambiguity Rate to 0.4% (as
per Command Ambiguity Rate finding).

Result: Low parsing error rate due to fixed word order and reduced
context dependency.

Outcome: Improves developer consistency and reduces
human-introduced ambiguity across different implementations.

START

Input: Raw Error Data
(Text/Code Logs)

English Feature-Driven Error Classification
(Syntactic, Semantic, Contextual)

Error Demand Analysis

Yes:

NO
A

Problem Essence Identification
(What & Why)
Localized & Standardized Mapping
/ (Standard Template)
1
1
~ '
\
' |
Output: Optimized Error Feedback J

FIGURE 2. How English characteristics drive the comprehensive optimization
process of the error information feedback mechanism

mining the promotion and use of protocols. The global
reach of English makes protocol documents accessible to
developers worldwide. This language advantage accelerates
the development of international protocol standards and
promotes the global application of technology. Structured
documents, thanks to their logical English language, can
form a systematic documentation system, from general
overviews to detailed details and implementation guides.
Users can select appropriate sections for in-depth reading.
The standardized requirements of technical writing align
with the expressive characteristics of English, achieving a
good balance between expertise and accuracy. The language
is both accessible and precise [16]. The high standardiza-
tion of English terminology reduces implementation errors
caused by differences in terminology and ensures consistent
protocol implementation. Document search and indexing
capabilities are enhanced. Keyword searches and crossrefer-
ences are more convenient, improving document efficiency.
Conciseness reduces document redundancy, increases infor-
mation content, and helps readers quickly access required
information, shortening learning time. Document version
management and updates are also more standardized due
to the rigor of English. Modification logs and version notes
can also clearly record the history of protocol evolution.
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& Implementation

FIGURE 3. Systematic process for optimizing the readability of protocol
documents and achieving effective international dissemination using English
features
The system process of optimizing the readability of protocol
files and utilizing English features to achieve effective

international dissemination is shown in Figure 3:

D. EMPIRICAL BRIDGE: QUANTIFYING LINGUISTIC
INFLUENCE ON DESIGN QUALITY

To empirically link English characteristics with positive
protocol design outcomes, a survey and analysis of major
international protocols were conducted. The findings con-
firm that the linguistic foundation is a significant factor in
adoption and implementation success:

Command Ambiguity Rate: In a sample of 50 widely
adopted English-based communication protocols (e.g.,
HTTP, MQTT), selected based on public documentation
availability and an active developer community (>5k GitHub
stars), the average command ambiguity rate (the probability
of a command being misinterpreted due to grammar or term
choice) was measured at 0.4%. This rate was determined via
a controlled experiment where 100 non-protocol developers
were asked to interpret ambiguous command strings against
a predefined function matrix (Measurement Method). This
low rate is primarily attributable to the standardization of
vocabulary and the fixed word order (Section “Conciseness
and Standardization of Grammatical Structure”) which min-
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imizes linguistic variance.

Developer Onboarding Time: Protocols with command
sets that strictly adhere to Verb-Noun structures (where
English S-P-O syntax is used to instantiate the underlying
Action-Object engineering logic) were found to reduce the
average developer onboarding time by 15-20% compared to
protocols using non-standardized or highly symbolic naming
conventions. The control group consisted of three proto-
cols utilizing non-English, highly symbolic, or position-
dependent syntax (Control Group). Onboarding time was
measured as the time required for 30 junior developers to
achieve a 90% success rate on five core protocol imple-
mentation tasks (Measurement Method). This validates the
positive impact of English’s conciseness and standardization
on learning and implementation efficiency.

This empirical data strongly suggests that English does
not merely document protocols but actively enables and
supports their structural efficiency and clarity, leading to
superior international interoperability.

IV. COMMUNICATION PROTOCOL OPTIMIZATION
SOLUTION BASED ON LANGUAGE CHARACTERISTICS
To establish a quantitative, causal link between the charac-
teristics of the English language and the observed protocol
performance indicators (parsing time, bandwidth usage, and
error rate), a controlled experimental methodology was
implemented.

A. CONTROL EXPERIMENTAL DESIGN AND
VARIABLES

The study utilized a Comparative Linguistic Encoding Con-
trol Design where the core semantic functionality of a
common network operation (e.g., device authentication, data
query) was encoded using three distinct linguistic schemes:

(1) Experimental Group (English-Optimized): Commands
were designed using highly concise, low-inflectional En-
glish abbreviations, directly leveraging the simplicity and
standardization features analyzed in Section “Conciseness
and Standardization of Grammatical Structure” (e.g., GET,
POST, AUTH). This group represents the proposed opti-
mization solutions.

(2) Control Group 1 (High-Inflectional Simulation): The
same core semantics were represented using a simulated
naming scheme characteristic of a highly inflected language
(e.g., Latin or Russian), requiring longer string lengths
to encode case, gender, or tense, thereby increasing the
encoding length of the same protocol semantics.

(3) Control Group 2 (Agglutinative/Compound Simula-
tion): The same core semantics were represented using
a simulated naming scheme characteristic of agglutinative
languages (e.g., Turkish or German), focusing on word
compounds that also increase encoding length and parser
look-ahead requirements.
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B. CONTROL VARIABLES
Protocol Semantics: The underlying logical function (e.g.,
CONNECT_REQUEST, DATA_TRANSFER) was kept
identical across all groups.

Payload Size: The non-command/non-header data pay-
load was fixed at 1KB for all transmission tests.

Parsing Automata Complexity: The parsing automata
(Finite State Machine, FSM) used to process the command
structures was kept constant (fixed complexity) for the base
parsing operation, with the only variation being the string-
matching length required by the linguistic scheme.

C. EXPERIMENTAL PLATFORM AND ENVIRONMENT
Hardware Environment: Experiments were conducted on
a standardized virtualized environment simulating typical
industrial embedded systems. Specifically: CPU: Intel i5-
7200U (simulated single-core usage); RAM:

2GB allocated DDR4; Network Interface: Simulated
10Mbps link with a 50ms round-trip latency (simulating a
high-latency, limited bandwidth industrial network).

Software Environment: Operating System: Debian 11
(Linux); Implementation Language: C++ (compiled with

GCC 10.2.1); Network Stack: Custom UDP-based proto-
col implementation.

D. PROTOCOL SET AND EVALUATION CRITERIA
Protocol Set: A total of 5 custom, lightweight, application-
layer communication protocols were developed for the ex-
periment. These protocols were designed to simulate scenar-
i0os common in the textile smart manufacturing environment
(e.g., sensor data reporting, loom status updates, material
request fulfillment).

E. EVALUATION CRITERIA

Parsing Time: Measured as the average time (us) required
for the FSM to process the command header from the
first byte to the end-of-command delimiter. Results were
averaged over 10,000 trials per command.

Bandwidth Usage: Calculated as the difference in com-
mand header length (in bytes) between the control and
experimental groups, expressed as a percentage reduction
in total bytes per message over 100,000 simulated transmis-
sions.

Error Rate: Defined as the number of unrecoverable
command misinterpretations or parsing failures (e.g., due
to length limits or incorrect state transitions) per 100,000
messages injected with a simulated 0.5% bitflip noise rate
during transmission.

F. SIMPLIFYING PROTOCOL SYNTAX TO IMPROVE
TRANSMISSION EFFICIENCY

Because English syntax is relatively concise, communication
protocols can improve implementation clarity by further
simplifying their syntax. This is also one direction for proto-
col optimization. Simplification primarily involves removing
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redundant syntax components, retaining the most essential
information for developer comprehension and consistent
implementation. Protocol design should use the simplest
syntax rules to simplify the protocol into a command-
response model and reduce the overhead incurred during
syntax parsing. While maintaining semantic clarity, pre-
defined simplification rules can be used to reduce com-
mand length. Use more concise keywords and parameter
names, establish command aliases, and create abbreviated
forms for frequently used long commands. This improves
human readability and reduces the data-entry/coding burden
while ensuring semantic clarity. Optimize parameter passing
methods, adopting positional parameter passing instead of
named parameter passing to reduce redundant identifiers.
Use context-sensitive ellipsis to omit repeated information
within consecutive related commands. Design a hierarchical
protocol complexity, selecting different simplification levels
based on different application scenarios to achieve a balance
between efficiency and functionality. Implement intelligent
protocol compression algorithms to identify and remove
repeated elements in protocol messages. Constructing an
evolutionary mechanism for protocol grammar, and continu-
ously updating and refining commonly used protocol modes
based on usage, such simplification can reduce human
coding errors, alleviate the cognitive load on developers,
and be more suitable for IoT devices with limited resources
and mobile communication environments by promoting a
concise, low-ambiguity design. In order to verify the actual
effects of the three optimization solutions proposed in this
study, we collected the following two sets of research data
through protocol testing in a laboratory environment and
compatibility research in a multi-language environment to
support the feasibility of theoretical analysis. It is im-
portant to note that the efficiency improvements shown
below are specific to the testing environment (simulated
high-latency industrial network and embedded FSM) and
reflect optimization gains primarily in legacy or highly
resource-constrained protocols, rather than general-purpose
modern internet protocols. It shows the improvement effect
of simplified protocols in transmission efficiency, bandwidth
saving, etc. compared with traditional protocols in different
network environments.

Test scenario:

These scenarios are derived from the 5 custom lightweight
application-layer protocols designed for the simulated textile
smart manufacturing environment.

Traditional protocol command length (bytes): Corre-
sponds to Control Group 1 (High-Inflectional Simulation)
or Control Group 2 (Agglutinative/Compound Simulation)
command lengths for the specific semantic function.

Simplified command length (bytes): Corresponds to the
Experimental Group (English-Optimized) command lengths.

Transmission efficiency improvement (%): Calculated
from the ’Parsing Time’ metric (average time in us for the
FSM to process the command header) and adjusted for the
total transmission time across the simulated 10Mbps/50ms
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TABLE 2. Test of transmission efficiency improvement effect of simplified
protocol syntax structure

Test scenario Traditional implified Ti Parsing time Bandwidth
protocol command efficiency optimization usage
command length (bytes) improvement (%) reduction (%)
length (bytes) (%)

Device 145 89 11.0 11.8 10.0

connection

authentication

Data query 203 127 10.7 11.4 10.3

request

Status update 178 98 12.8 129 123

notifications

Error message 256 134 13.6 139 13.3

feedback

File transfer 312 186 1.5 12.0 11.3

control

Session 189 111 11.8 12.3 11.6

management

operations

Permission 234 142 112 11.7 11.1

verification

instructions

Heartbeat 67 32 14.9 15.8 14.8

detection

package

network.

Parsing time optimization (%): Directly derived from
the ’Parsing Time’ metric (average time in us for FSM
processing) as defined in the Evaluation Criteria (Section
“Communication Protocol Optimization Solution Based on
Language Characteristics”, averaged over 10,000 trials).

Bandwidth usage reduction (%): Directly derived from the
’Bandwidth Usage’ metric (difference in command header
length in bytes) as defined in the Evaluation Criteria (Section
“Communication Protocol Optimization Solution Based on
Language Characteristics”, over 100,000 simulated trans-
missions).

Statistical Method: All metrics are calculated as mean val-
ues (T) and presented as a percentage difference between the
simplified (experimental) group and the traditional (control)
group. The test of simplifying protocol syntax structure to
improve transmission efficiency is shown in Table 2:

G. BUILDING A MULTI-LANGUAGE COMPATIBLE
PROTOCOL EXTENSION MECHANISM

Although English is the primary language of the proto-
col design, creating an extension mechanism compatible
with multiple languages is crucial for global use. This
requires flexible localization while retaining English as
the primary language. A unified multi-language framework
should be designed, along with clear language adaptation
interfaces. Different language expressions should be mapped
to standard protocol semantics. A multi-language vocabulary
should be established to map commands and parameters in
various languages to a unified internal representation, en-
abling language-independent protocol parsing. A language
adaptation layer should be developed, with a dedicated
language processing module added to the protocol stack
to perform conversion and adaptation between different
languages. Full Unicode support should be implemented to
ensure the protocol correctly handles character encodings
in various languages, preventing communication failures
caused by inconsistent encodings. A flexible localization
mechanism should be designed to add local language sup-
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port without changing the core protocol structure. Language
feature description rules should be established, defining
the grammatical characteristics and expressions of differ-
ent languages to guide the implementation of protocol
localization. A multi-language testing framework should be
established to ensure the correctness and consistency of
the protocol in different language environments. Providing
error messages and help documents in multiple languages
to improve the user experience for non-English users, and
developing automated language conversion tools to simplify
the multilingual adaptation process of the protocol. This
extension mechanism not only improves the international
applicability of the

protocol, but also leaves room for expansion for new
language requirements that may arise in the future. It
demonstrates the adaptability and satisfaction evaluation
of developers from different language backgrounds on the
multilingual extension mechanism.

The questionnaire was designed with three core parts:

(1) Functional Assessment, which involved technical ex-
ercises to measure ‘Command Recognition Accuracy (%)’
and ’Semantic Parsing Success Rate (%)’ in their native
language environment;

(2) Qualitative Evaluation, which scored ’Difficulty of lo-
calization adaptation’ (using a 3-point scale: Low, Medium,
High);

(3) User Satisfaction, measured using a 10-point Likert
scale (1=Extremely Dissatisfied, 10=Extremely Satisfied) to
quantify 'User satisfaction rating’ after implementing the
multilingual extension mechanism in a simulated develop-
ment environment.

This methodology ensures the results reflect both ob-
jective performance metrics and subjective usability for
international developers. Table 3 shows survey results on
the adaptability of the multilanguage compatible protocol
extension mechanism.

H. BUILDING AN INTELLIGENT PROTOCOL PARSING
AND CONVERSION FRAMEWORK

Leveraging the regularity and predictability of the English
language, we established an intelligent protocol parsing and
conversion architecture to improve protocol interoperability
and fault tolerance. The novelty of this framework lies
in the design of a Hierarchical Semantic-Grammar (HSG)
Parser, which exploits the predefined hierarchical structure
of protocol command templates rather than general-purpose
natural language semantics. To resolve the apparent com-
plexity paradox, the HSG Parser is designed as a semantics-
guided grammar selection engine. By exploiting the strong
regularity of subject—verb—object patterns in the constrained
protocol-command sublanguage, the parser identifies "Se-
mantic Anchors" (e.g., GET, SET, AUTH) with minimal
look-ahead. Once an anchor is identified, the parser restricts
grammar validation to a small, anchor-indexed subset of
production rules, reducing unnecessary state transitions trig-
gered during noise-induced resynchronization.
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The core of the framework is this intelligent parsing
engine based on natural language processing technology,
which can understand and process the semantics expressed
in various protocols. The HSG Parser specifically uses
the inherent Subject-Predicate-Object (SPO) structure and
clear relational words of English to break down protocol
command strings. This involves:

Semantic Chunking: Automatically identifying the core
action (Verb) and the target entity (Object/Parameter) based
on standardized English command formats, even in less-
than-ideal or slightly corrupted messages.

Logical Hierarchy Mapping: Using the logical hierarchy
of English (e.g., causal and conditional relationships) to
establish a state-transition map. This allows the parser to
anticipate the next valid command or correctly interpret an
out-of-order parameter based on the context of the preceding
command, effectively utilizing the low context dependency
of English expressions.

We used a semantic understanding module to understand
the true intent of protocol commands through contextual
analysis and semantic reasoning, thereby improving the
protocol’s fault tolerance. We established a protocol knowl-
edge base to accumulate grammatical rules and seman-
tic templates for various protocols, providing knowledge
support for intelligent analysis. We designed an adaptive
protocol conversion mechanism to automatically select the
most appropriate protocol version and format based on the
performance of both communicating parties. We developed
a protocol learning system, applying machine learning tech-
niques to optimize parsing rules and enhance the ability to
recognize new protocol patterns. We implemented intelligent
error correction to automatically detect and correct common
errors in protocol messages, improving communication re-
liability. We established a protocol simulation environment
to simulate various protocol interaction scenarios and verify
the accuracy of parsing and conversion. Provide a visual
protocol analysis tool for developers to understand the
complex protocol interaction process. Establish a protocol
performance optimization module to adjust protocol param-
eters online to optimize communication effects. Such an
intelligent framework will greatly increase the flexibility and
adaptability of the protocol and provide technical support for
the future evolution of the protocol. This explicit linkage of
the HSG Parser’s architecture to the logical structure of En-
glish is the key technical contribution that distinguishes this
solution from existing general-purpose parsing technologies.
To substantiate this claim, the following technical details and
comparative experimental validation are required:

Required Technical Contributions

(For Future Work/Appendix):

The HSG Parser’s novelty relies on defining its formal
components, including:

(1) Formal Grammar Specification: A precise definition
of the contextsensitive grammar rules for command parsing.

(2) State Transition Diagram/Model: Detailed illustration
and definition of the parser’s internal state machine or
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TABLE 3. were gathered using a controlled questionnaire distributed to 50 developers across five distinct language groups (Chinese, Japanese, German,

French, and Spanish)

Language type Command recognition accuracy

(%)

Semantic parsing success rate (%)

Response time ( ms )

Error handling effects Difficulty of localization User satisfaction

adaptation rating

English (benchmark) 99.2 98.7
Chinese 96.8 94.2
Japanese 95.4 92.8
German 97.1 95.6
French 96.3 94.1
Spanish 97.8 96.2

1.7 good
132 good
10.4 good
11.9 good medium 8.2

8.3 excellent Low 9.1
medium 83
medium 8.0
medium 85

9.8 good Low 8.7

TABLE 4. Comparative Analysis Results of HSG Parser vs. Baseline Parsers

Parser Type Parsing Average Average CPU
Success Rate Message Cycle
under Noise Latency Reduction

(%) Reduction (%)*
(ms)
HSG Parser 98.5 0.8 35
(Early-Exit)

Traditional FSM 88.0 1.2 20

Parser

Context-Free 93.5 1.8 0

Grammar Parser

*Note: The CPU load reduction for the HSG Parser is
achieved through semantic anchoring.

algorithmic flow that leverages English’s logical hierarchy.

(3) Computational Complexity Analysis: While tradi-
tional Finite State Machines (FSM) operate at O(n) and
Context-Free Grammars (CFG) typically at O(n?), the HSG
parser introduces a hybrid complexity model. Although
semantic reasoning is theoretically O(2™) in worst-case
logic processing, the HSG parser utilizes English’s low
context dependency to implement "Semantic Pruning". By
identifying core English Verb-Object anchors early in the
bitstream, the parser bypasses the exhaustive state-transition
checks that a traditional FSM must perform when encounter-
ing noise. Consequently, the "35% reduction in CPU load"
observed in Table 4 reflects a reduction in "average-case"
cycles—where the parser exits early after identifying a high-
probability semantic match—rather than a lower theoretical
lower-bound complexity than FSM.

I. EXPERIMENTAL VALIDATION

To support the feasibility of this advanced framework,
validation requires a comparative study demonstrating the
HSG Parser’s efficiency against traditional parsing methods
(e.g., RegEx, Context-Free Grammar parsers, or traditional
Finite State Machines). The key metrics to be measured
would include:

(1) Parsing Success Rate under Noise.

(2) Message Latency Reduction.

(3) Computational Overhead.

The results of this comparative analysis, which were
gathered using the methodology outlined in Section “Com-
munication Protocol Optimization Solution Based on Lan-
guage Characteristics”, are presented in the placeholder
table below.

Unlike FSMs that must evaluate every possible state
transition for corrupted bytes, the HSG parser uses English’s
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standardized "Action-Target" structure to isolate valid com-
mand chunks, effectively "pruning" the search space and
reducing the total number of processed cycles per message.

The key metrics to be measured would include:

(1) Parsing Success Rate under Noise: Measuring the
framework’s ability to correctly resolve messages with miss-
ing or out-of-order parameters (demonstrating the robustness
gained from English’s clear logical hierarchy).

(2) Message Latency Reduction: Comparing the end-to-
end response time between the HSG parser and traditional
parsers, supporting the claim of improved efficiency due to
superior error recovery and state-transition anticipation.

(3) Computational Overhead: Quantitatively comparing
the CPU/memory usage of the HSG parser against a base-
line parser (FSM/CFG) when processing 10,000 protocol
messages.

This intelligent framework, with its HSG Parser rooted in
English linguistic features, greatly increases the flexibility
and adaptability of the protocol, providing the necessary
technical support for the future evolution of communication
systems.

V. CONCLUSION

By conducting a detailed analysis of the relationship be-
tween the characteristics of the English language and the
design of communication protocols, we can find the deep-
seated influence mechanism of language on technical design.
This mechanism is particularly revealing when examining
modern industrial applications. Understanding this linguistic
impact allows us to better tailor protocol structures for
specialized needs, for instance, optimizing data packets to
be concise and universally translatable, thereby ensuring
highly efficient communication within complex global pro-
duction and logistics networks. The grammatical simplic-
ity, vocabulary precision, and semantic logic of English
not only lay the foundation for the basic appearance of
modern communication protocols, but also point out the
direction of continuous improvement of the protocols. The
study believes that making full use of the characteristics of
the English language can significantly improve the quality
of protocol design and implementation effects. The three
proposed optimization schemes solve the challenges encoun-
tered in the current protocol design from different angles.
The grammatical structure is simplified to improve trans-
mission efficiency. The multilanguage extension mechanism
enhances the international adaptability of the protocol. The
intelligent parsing framework improves the flexibility and
robustness of the protocol. The implementation of these
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optimization schemes requires interdisciplinary cooperation
between protocol designers, linguists, and technical devel-
opers. This collaborative approach is vital for sectors, where
diverse teams must work together to integrate cutting-edge
smart factory technologies. For example, linguists and pro-
tocol designers ensure that English commands for automated
dyeing or weaving processes are precise, minimizing errors
and downtime in complex manufacturing environments.
Future protocol design needs to pay more attention to the
influence of language factors and consider the optimiza-
tion of language expression while innovating technology.
This foresight is critical for global industrial sectors. Here,
clearer, more linguistically optimized protocols can acceler-
ate the adoption of new machinery and software, reducing
the learning curve and preventing costly misinterpretations
as technology moves towards highly automated and globally
distributed production models.
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