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Abstract: Learning Web application design and development requires a deep understanding of the industry’s
technological ecosystem. To explore the core position and evolution trend of the Java language in the current computer
software field, this paper systematically surveys and analyzes Java’s domestic and international rankings, market share,
talent demand structure, and future development direction based on historical data from authoritative international
programming language rankings such as TIOBE and PYPL, combined with big data from major domestic recruitment
platforms such as Boss Zhipin and Lagou.com. The survey results show that despite challenges from Python in the field
of artificial intelligence and Go in the field of cloud-native infrastructure, Java remains firmly in the top tier of global
programming languages due to its over 33% market share in enterprise-level server applications and its dominant
position in big data processing and Android mobile development. The key innovations of this study lie in: 1)
constructing a multi-dimensional analytical framework that integrates technological rankings, market penetration, and
talent analytics to assess programming language ecosystems; 2) revealing the structural shift in Java talent demand from
basic coding to composite competencies in architecture, cloud-native, and Al engineering. Regarding talent demand, the
market exhibits significant structural changes: the demand for entry-level CRUD (Create, Read, Update, Delete)
positions is shrinking, while there is a shortage of advanced, multi-skilled talents with microservice architecture, cloud-
native technologies, and JVM low-level optimization capabilities. Furthermore, this paper also discusses the profound
impact of GraalVM native image technology and the engineering implementation of Spring Al on the future Java
ecosystem.

Keywords: Java ecosystem; Enterprise software; Talent analytics; Cloud-native transition; Programming language
trends

1 INTRODUCTION

In today's highly interconnected digital economic landscape, the Java technology stack has transcended its role as a
mere programming tool to become the foundational infrastructure supporting critical business operations [1-3]. This
transformation is particularly evident in enterprise environments where Java underpins large-scale financial systems,
telecommunications networks, and e-commerce platforms that process billions of transactions daily. While the
explosive growth of cloud computing and artificial intelligence has propelled Python's ascendancy in data science [4]
and fostered widespread adoption of Go in cloud-native architectures [5], sparking industry discussions about a "post-
Java era," empirical market data presents a distinctly different narrative [6, 7]. According to in-depth research on Asia's
labor market in the 2025 Hays Asia Salary Guide, Java remains the language of choice for building high-frequency
trading systems, core banking settlement platforms, and complex supply chain systems—particularly in financial hubs
such as Hong Kong region and Singapore, where Java architecture experts command significant salary premiums and
possess high irreplaceability [8].

The notion that "Java is dead" appears increasingly untenable in the context of enterprise application development
reality [9]. Data indicates that Java's ecosystem is undergoing a profound structural shift: it is moving beyond its
traditional stronghold in internet development to embed itself deeply within the digital transformation cores of
manufacturing, life sciences, supply chain management, and other substantial industries [10, 11]. This expansion is
facilitated by Java's mature middleware ecosystem, comprehensive testing frameworks, and extensive monitoring tools
that provide the reliability and maintainability required for mission-critical industrial applications. In the mainland
China market, even amid cyclical adjustments in the technology sector, salary ranges for senior Java development and
architecture positions remain notably high at 400,000-700,000 RMB, demonstrating remarkable market resilience and
"hard currency" attributes. The sustained demand for Java expertise across multiple sectors, coupled with the
technology's continuous evolution through initiatives like Project Loom and GraalVM, suggests a robust future
trajectory rather than technological obsolescence.

This paper aims to provide a quantitative analysis of Java's true market share and talent demand patterns across vertical
industries, using granular market data. We not only examine its dominance in financial technology but also focus on
how Java technology, through deep integration with cloud-native architectures and Al components, is evolving into a
career moat for multi-skilled technical talent amid widespread corporate efforts to reduce costs and enhance efficiency.
Our analysis specifically investigates the emerging skill combinations that command premium compensation, including
distributed systems design, JVM optimization, microservices architecture, and Al engineering integration. The study
offers commercially forward-looking guidance for computer science students' skill development and career path
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planning, highlighting how Java's ecosystem adaptability creates sustainable carcer advantages despite evolving
technological landscapes. By synthesizing insights from programming language indices, market share reports, and labor
market analytics, we seek to clarify the dynamic interplay between technological evolution, industrial adoption, and
workforce requirements in the contemporary Java ecosystem, ultimately providing evidence-based insights for strategic
decision-making in both technical education and corporate talent development.

2 JAVA LANGUAGE INTERNATIONAL AND DOMESTIC RANKING AND ECOSYSTEM RESEARCH
2.1 Analysis of International Authoritative Ranking Data

The quantitative evaluation of programming language popularity and lifecycle primarily relies on internationally
authoritative indices such as TIOBE and PYPL. These indices integrate multidimensional indicators, including search
engine query frequency, the size of the professional developer community, course system coverage, and code repository
activity, providing an objective reflection of the industrial standing of specific languages.

Time-series data from the TIOBE Programming Community Index over the past three years indicates, Java consistently
remains within the top tier of global programming languages. Although the paradigm shift towards artificial intelligence
has propelled Python to the top position, Java’s rating index continues to stabilize within the high range of 10%—13%.
Together with system-level languages such as C and C++, Java forms a “leading group” that demonstrates significant
volatility resistance in statistical terms, showing no structural decline despite the rise of emerging DSLs (domain-
specific languages).

The TIOBE scoring algorithm emphasizes the weight of the existing market and the depth of industrial application. The
exceptionally high time-series stability of Java's ranking directly reflects the coexistence of massive legacy systems and
newly added enterprise-level distributed architectures worldwide. Whether maintaining financial core transaction
systems or constructing cloud-native microservices, Java’s substantial asset scale and technical inertia constitute an
unshakable industrial foundation. The TIOBE indices for various programming languages are presented in Table 1.

Table 1 TIOBE Index of Programming Languages

Programming Language 2025 2020 2015 2010 2005 2000 1995 1990 1985
Python 1 3 6 7 8 26 10 - -
C++ 2 4 5 2 3 2 1 2 10
C 3 1 2 2 1 1 2 1 1
Java 4 2 1 1 2 3 32 - -

The PYPL index, based on Google Trends search frequency, better reflects the actual attention of learners and
developers. On the PYPL ranking, Java consistently ranks second globally, trailing only Python and significantly ahead
of third-ranked JavaScript. According to first-quarter data from 2024, Java’s global search share is approximately 16%,
meaning that one out of every six programming-related technical searches worldwide pertains to Java. This high-
frequency search behavior indirectly confirms that Java has one of the world’s most active developer communities,
where any technical challenge can be quickly resolved through community resources.

2.2 Domestic Popularity and Ecosystem Status: From the Cornerstone of the Internet to the Digital Engine for
All Industries

Focusing on the domestic Chinese market, the market penetration of the Java language demonstrates remarkable
resilience and dominance. Despite the profound structural adjustments that China's internet industry has undergone in
recent years, entering a phase of "rebalancing development" in business trends, the Java technology stack continues to
maintain its central position. According to consecutive tracking data from the 2024 Hays Asia Salary Guide and
the 2025 Hays Asia Salary Guide, the annual salary range for Java developers in mainland China has remained
consistently high at 400,000-700,000 RMB between 2024 and 2025. This salary rigidity amidst market fluctuations
empirically validates Java's role as the "hard currency" benchmark in China's software talent market, with its
performance metrics far surpassing those of other, more volatile programming languages.The software development
compensation data from the 2024 Hays Asia Salary Guide and the 2025 Hays Asia Salary Guide are presented in Table
2 and Table 3, respectively.
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Table 2 2024 Hays Asia Salary Guide Software Development Compensation Data
Development Mainland Hong Kong Japan Malavsia
& Dels) iom China region SAR (million (kMYRy/ car) Singapore (kSGD/year)  Thailand (kTHB/year)
£ (kRMB/year)  (kHKD/year)  JPY/year) Y
Full-Stack 400 - 700 420 - 840 6-14 84 - 240 80 - 150 960 - 1,440
Developer
Mobile 350 - 650 350 - 840 6-12 84 - 220 80 - 150 720 - 1,680
Developer
Server-Side 54 600 350 - 700 6-10 72 - 240 80 - 150 720 - 1,440
Developer
Frontend 300 - 600 350 - 600 6-12 84- 180 80 - 150 600 - 1,440
Developer
Bmbedded 555 7 N/A 6-10 74 -220 80 - 150 720 - 1,080
Developer
Backend 350 - 700 350 - 800 8-14 72 - 240 80 - 180 720 - 1,440
Developer
WebDesign 55450 240 - 500 4-8 62 - 140 60 - 100 600 - 960
Engineer
UX/UL 250 - 600 500 - 900 5-12 84 - 240 80-120 600 - 1,200
Designer
Java 400 - 700 450 - 840 6-12 84 - 240 80 - 150 720 - 1,440
Developer
Test Analyst 250 - 350 420 - 800 6-8 80 - 120 60 - 90 480 - 840
Senior Test 350 500 600 - 1,000 8- 10 84- 140 80 - 140 840 - 1,200
Analyst
Quality
Control 420 - 630 600 - 880 8- 14 156 - 240 100 - 180 1,440 - 1,800
Manager
Quality
Control 580-850  700-1,100  10-16 264 - 330 160 - 240 2,100 - 2,640
Director
Table 3 2025 Hays Asia Salary Guide Software Development Compensation Data
. . Hong Kong region Japan
D(eg:zeé(g;;nent h/{(gﬁgi/cgrl;a SAR (million Malaysia (kMYR/year)  Singapore (kSGD/year)
en Y (KHKD/year) JPY /year)
Full Stack 400 - 700 420 - 840 8- 14 84 - 240 80 - 150
Developer
Mobile 350 - 650 350 - 840 6-12 84 - 220 80 - 150
Developer
Serverside 300 - 600 350 - 700 6-10 72 - 240 80 - 150
Developer
Frontend 300 - 600 350 - 600 6-12 84- 180 80 - 150
Developer
Embedded 350 - 700 N/A 6-10 74 -220 80 - 150
Developer
Backend 350 - 700 350 - 800 8- 14 72- 240 80 - 180
Developer
Web Design 250 - 450 240 - 500 4-8 62 - 140 60 - 100
Engineer
UX/UI 250 - 600 500 - 900 5-12 84 - 240 80 - 120
Designer
Java
400 - 700 450 - 840 6.5-12 84 - 240 80 - 150
Developer
Test Analyst 250 - 350 420 - 800 6-8 80 - 120 60 - 90
Senior Test 300 - 500 600 - 1,000 8- 10 84- 140 80 - 140
Analyst
Quality
Control 420 - 630 600 - 880 8- 14 156 - 240 100 - 180
Manager
Quality
Control 600 - 1,000 700 - 1,100 10- 16 264 - 330 160 - 240
Director

The driving force behind the prosperity of the domestic Java ecosystem is undergoing a structural transformation. While
early growth benefited from Alibaba's "de-IOE" strategy and the establishment of distributed architecture standards
through the Spring Cloud Alibaba microservices ecosystem, the latest insights from the 2025 Hays Asia Salary
Guide indicate that the demand for technical talent is now spilling over from pure internet companies to real-world
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industries such as smart manufacturing, new energy, life sciences, and consumer goods. In their digital transformation
journeys, these traditional sectors have adopted the mature Java technology architectures developed by major internet
companies, leveraging their established middleware systems to build highly available enterprise-level systems. This
signifies that Java's ecosystem influence has extended beyond the internet sector, becoming the foundational
infrastructure language for digital transformation across all industries in China.

On the talent supply side, although the "demonstration effect" of industry giants such as Meituan, JD.com, and
ByteDance remains, subtle shifts have emerged in market supply-demand dynamics. Data from 2025 shows an
"oversupply" in China's technology talent market, intensifying job competition. This indicates that while the substantial
existing base of Java developers forms an absolute foundation for employment, merely mastering the language syntax is
no longer sufficient to ensure competitiveness. Current market trends increasingly favor Java professionals with
composite skills—those who not only excel in Java backend architecture but also possess cloud architecture design
capabilities and even Al application integration skills. Therefore, in China, Java is not only a mainstream language with
significant existing advantages but also a critical hub connecting traditional IT architectures with the implementation of
emerging technologies such as Al and cloud computing.

2.3 International Ecosystem Perspective: The Dual Engines of Financial Core and Offshore Centers

Compared to the extensive penetration of the Java technology stack from the internet to physical industries in the
domestic Chinese market, its presence in international markets—especially in Asian financial hubs such as Hong Kong
region, Singapore, and Japan—exhibits a highly focused characteristic as "high-value financial
infrastructure." According to the survey data from the 2025 Hays Asia Salary Guide on the "Software Development |
Financial Services (Java/C++/C#)" segment, Java remains the preferred language for building low-latency trading
systems, core banking settlement platforms, and risk management systems. In the Hong Kong Special Administrative
Region and Singapore, Vice President (VP)-level technical experts with deep Java expertise and financial business
knowledge can command annual salaries of 950,000—1,500,000 HKD and 175,000-250,000 SGD, respectively. Such a
significant talent premium indicates that in the international market, Java's niche is no longer merely an application
development tool but a cornerstone for supporting the stable operation of high-frequency, high-concurrency financial
businesses.

Another notable trend in the international Java ecosystem is the rise of "offshore delivery and shared service centers
(SSC)." The guide notes that to cope with global economic uncertainties and optimize cost structures, many
multinational corporations are relocating core Java-related development and maintenance functions to emerging
markets in Southeast Asia, such as Malaysia. Malaysia’s strategic position as a regional shared service center is
increasingly prominent, with Java development leads earning a stable salary range of 180,000-300,000 MYR, making
the country a key hub for undertaking global enterprise-level Java application development. This "dual-track"
ecosystem—where financial centers (HK/SG/JP) focus on high-end architectural design, and offshore centers (MY)
handle standardized implementation—forms a robust industrial chain for Java in the international market.

Furthermore, unlike the "talent surplus" concerns in the domestic market, some international markets face structural
shortages. For example, in Japan, despite Java’s dominance in enterprise applications, severe population aging and
language barriers have led to an extreme scarcity of bilingual professionals capable of managing complex Java
architectures. As a result, companies are forced to offer higher salaries (VP-level positions can command 13-20 million
JPY annually) to compete for the limited pool of existing talent. In summary, Java in the international landscape
exhibits dual ecosystem characteristics of a "deep financial moat" and a "mature global delivery system," with career
development paths tending toward deep specialization in vertical fields rather than broad coverage.

3 MARKET SHARE ANALYSIS
3.1 Enterprise Server-Side Application Market

In the enterprise server-side development domain, Java has established a near-monopoly market dominance, thanks to
its mature ecosystem and industrial-grade stability. Particularly in scenarios involving stringent technical requirements
such as high-concurrency transaction processing, high availability assurance, and strong consistency distributed
transactions, Java demonstrates irreplaceable architectural advantages. Leveraging the robustness of the JVM memory
model and the comprehensive middleware ecosystem, including Spring Boot and Dubbo, Java has long been the
preferred language for constructing critical infrastructure, such as global financial settlement centers,
telecommunications billing networks, large-scale e-commerce middleware platforms, and logistics dispatch systems.
This forms the foundational bedrock of the digital economy's operations.The JetBrains Developer Ecosystem Research
Report is shown in Table 4.

Table 4 JetBrains Developer Ecosystem Research Report

Languages Proportion
Python 35%
Java 33%
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Languages Proportion
JavaScript 26%
TypeScript 22%
HTML /CSS 16%
SQL 16%

This exceptionally high market share is attributed to the continuous evolution of the Spring ecosystem. From the early
SSH and SSM frameworks to the current cloud-native era's Spring Boot and Spring Cloud, Java frameworks have
consistently reduced development complexity while providing industrial-grade stability. For industries with extremely
high demands for transaction consistency and high availability, such as banking, insurance, and securities, Java and its
mature middleware ecosystem offer time-tested and reliable solutions.

Taking e-commerce scenarios as an example, during the annual "Double Eleven" shopping festival, platforms face peak
traffic surges of hundreds of thousands of transactions per second. The core trading systems, inventory centers, and
payment gateways supporting this scale almost entirely run on deeply customized JVMs. Such outstanding performance
under high-pressure conditions has solidified Java's dominant position in the high-end enterprise market.

3.2 Mobile and Embedded Markets

In the mobile market, the success of the Android operating system has directly cemented Java's market position. Despite
Google's strong promotion of Kotlin as the preferred language for Android development in recent years, Kotlin
maintains 100% interoperability with Java, and the Android SDK's underlying code is still largely written in Java.
Consequently, Java continues to hold a significant share in Android development.

In the embedded and Internet of Things (IoT) fields, Java Card technology, though not widely recognized by the general
public, has an astonishing scale. Billions of SIM cards, bank cards, social security cards, and identity recognition cards
worldwide run Java Applets. With the rise of IoT edge computing, Java's applications in smart gateways, industrial
controllers, and other devices are also steadily growing.

3.3 Big Data and Cloud Computing Infrastructure

Java's market share in the big data domain is often underestimated. In reality, most core components of the big data
ecosystem run on the JVM. Key frameworks and tools such as the Hadoop ecosystem, Spark in-memory computing
engine, Flink real-time stream processing framework, and Kafka message queue are either directly written in Java or in
Scala. This means that while data analysts may use Python for data mining at the application layer, the underlying
engineering tasks—such as big data platform construction, data cleansing, and real-time data pipeline development—
remain firmly within the domain of the Java technology stack.

4 INVESTIGATION INTO MARKET TALENT DEMAND
4.1 Talent Demand Volume and Industry Distribution

According to an analysis of data from 2023-2024 on mainstream recruitment platforms such as Boss Zhipin, Lagou,
and Liepin, the recruitment demand for Java engineers has consistently ranked first among all technical R&D positions.
Against the backdrop of digital transformation across all industries, the demand for Java talent is no longer confined to
traditional software outsourcing and internet companies.

Research indicates that traditional sectors such as financial technology, new retail, smart manufacturing, and
the Internet of Vehicles are experiencing explosive growth in demand for Java professionals. For instance, the fintech
subsidiaries established by major commercial banks and the in-car backend teams of new energy vehicle companies are
actively recruiting Java developers. In terms of geographical distribution, demand growth in new first-tier cities like
Chengdu, Wuhan, Xi'an, and Nanjing is particularly notable, in addition to major hubs like Beijing, Shanghai,
Guangzhou, Shenzhen, and Hangzhou. This highlights the high employment versatility and geographical flexibility of
Java development skills.

4.2 Salary Levels and Experience Requirements

The salary levels for Java developers show a significant positive correlation with work experience, with a notably high
salary ceiling.

(1) Junior Engineers: The market competition is most intense for this group, and salary levels tend to stabilize.
Employers place greater emphasis on a solid foundation and learning ability.

(2) Mid-level Engineers: This group experiences significant salary growth and represents the segment with the highest
market demand. Employers expect them to be capable of independently designing modules and proficiently mastering
mainstream framework principles, database optimization, and caching strategies.
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(3) Senior Engineers/Architects: This group represents a scarce resource with highly competitive salaries. Requirements
include experience in high-concurrency system design, microservices governance capabilities, JVM underlying
optimization skills, and a deep understanding of cloud-native architecture.

4.3 Changes in the Core Skill Demand Map

Research reveals that the skill requirements for Java talent in the market are undergoing profound changes. "Merely
knowing how to code" is no longer sufficient to meet enterprise needs. The current skill demand map includes:

Solid Computer Science Foundation: Data structures, algorithms, computer networks, and operating system principles.
In-Depth Java Fundamentals : Concurrent programming, JVM memory model and garbage collection algorithms, and
design patterns.

Microservices Architecture Stack: Spring Cloud Alibaba suite, RPC frameworks, and service registries.

Distributed Technologies: Distributed transactions, distributed locks, and message middleware.

Engineering and DevOps: Build tools, version control, containerization, orchestration tools, and CI/CD pipelines.

5 FUTURE DEVELOPMENT AND APPLICATION DIRECTIONS
5.1 Cloud-Native and Serverless Transformation

The future of Java lies in cloud-native technologies. In the past, Java was criticized for its slow startup times and high
memory consumption, which are significant drawbacks in serverless computing scenarios. However, with the
maturation of GraalVM technology and the introduction of Spring Native, Java is undergoing a "slimming"
revolution.Performance optimization comparison of GraalVM Native Image is shown in Figure 1.
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Figure 1 GraalVM Native Image Performance Optimization Comparison

GraalVM can compile Java applications directly into native binary executables via static compilation technology,
enabling them to run without a JVM. Test data show that native images achieve millisecond-level startup speeds and
reduce memory usage by over 50%. This allows Java applications to perfectly adapt to Kubernetes’ rapid scaling
requirements and the cold-start scenarios of serverless computing. The rise of next-generation cloud-native Java
frameworks such as Quarkus and Micronaut marks Java's formal entry into the cloud-native era.

5.2 Innovation in High-Concurrency Programming Models

Project Loom (virtual threads), introduced in Java 21, represents a major upgrade to Java's concurrency programming
model. Traditional Java threads are directly mapped to operating system kernel threads, which consume significant
resources and incur high context-switching costs. In contrast, virtual threads are lightweight threads managed by the
JVM, allowing millions of them to run on a small number of system threads. This enables developers to write high-
concurrency programs with performance comparable to asynchronous non-blocking code, using the
simpler synchronous blocking coding style. This greatly lowers the barrier to high-concurrency programming and
enhances system throughput.

5.3 Deep Integration of AI and Big Data

Although Python is primarily used for Al model training, Java holds significant advantages in the engineering
deployment phase of Al Enterprises need to deploy trained models into highly available production environments,
which is exactly where Java excels.
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Projects like Spring Al aim to simplify the process for Java developers to call large language models. In the future, Java
developers will leverage existing enterprise-level architectures to integrate technologies such as Retrieval-Augmented
Generation (RAG) and vector databases, building intelligent enterprise applications. Java will serve as a bridge
connecting traditional business systems with Al capabilities, such as integrating intelligent Q&A into customer service
systems or smart recommendations into e-commerce platforms.

6 CONCLUSIONS

This comprehensive investigation, integrating quantitative rankings and qualitative market insights, establishes Java as a
resilient and dominant force in the global software industry. The evidence robustly refutes narratives of decline,
demonstrating Java's sustained leadership through its foundational role in enterprise systems, pivotal evolution via
cloud-native technologies, and critical position in big data and Android ecosystems.

This study offers two primary theoretical contributions. First, it constructs and validates a multi-dimensional analytical
framework that moves beyond singular metrics of language popularity. By systematically integrating technological
rankings, market penetration data, and granular talent analytics, the framework provides a more holistic and robust
model for assessing the vitality and evolutionary trajectory of programming language ecosystems. Second,
it empirically reveals and defines a profound structural transformation in talent demand. The analysis documents a
decisive shift from valuing basic coding proficiency toward a premium on “T-shaped” professionals who combine deep
Java expertise with competencies in microservices architecture, cloud-native deployment, and Al engineering
integration.

While this study provides a multi-dimensional assessment, its reliance on aggregated reports presents opportunities for
more granular methodologies. Future work should employ large-scale NLP analysis of job descriptions to track skill
evolution dynamically and conduct industry-specific case studies to establish causal relationships between Java
advancements (e.g., GraalVM, Project Loom) and measurable outcomes in developer productivity or system
performance. As Al integration accelerates, dedicated research on scalable patterns and engineering best practices for
building “Al-augmented” enterprise Java systems will be crucial for guiding the ecosystem’s next phase of evolution.
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