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Dalvik and ART: Understanding
Android's Runtime
Environments
(NewAndroidBook Perspective)
Android's performance and efficiency are heavily reliant on its runtime
environment, a crucial component handling application execution. This
article delves into the evolution from Dalvik to ART (Android Runtime),
exploring their inner workings, advantages, and disadvantages as
detailed in the hypothetical "NewAndroidBook." We'll cover key
aspects like garbage collection, JIT vs. AOT compilation, and the
impact on application performance and battery life. We will also
examine the implications for developers working with both
environments.

Introduction: From Dalvik to ART – A
Revolution in Android Performance
Understanding Android's runtime is essential for any serious developer
or enthusiast. Initially, Android relied on Dalvik Virtual Machine (DVM),
a register-based virtual machine designed specifically for mobile
devices. However, with the arrival of Android KitKat (4.4), Google
introduced Android Runtime (ART), representing a significant leap
forward in performance and efficiency. "NewAndroidBook" devotes a
substantial chapter to this transition, providing a detailed account of
the architectural changes and the reasons behind the switch.

Dalvik Virtual Machine (DVM): The Legacy
Runtime
Dalvik, named after the Icelandic village of Dalvík, was a crucial part of
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Android’s early success. It efficiently managed resources on relatively
low-powered devices. However, it employed a just-in-time (JIT)
compilation method. This meant that code was compiled into machine
code line by line *during* execution. This resulted in:

Slower initial application launch: The JIT compiler had to
translate the code before the app could run.
Increased battery drain: The constant compilation process
consumed significant processing power and battery life.
Less efficient memory management: Although Dalvik
featured garbage collection, its optimization was less
sophisticated than ART's.

"NewAndroidBook" highlights these limitations, explaining how they
spurred the development of ART. The book uses clear diagrams to
illustrate Dalvik's architecture and the JIT compilation process, making
it accessible to readers of varying technical backgrounds.

Android Runtime (ART): Ahead-of-Time
Compilation and Enhanced Performance
ART addressed many of Dalvik's shortcomings by adopting an ahead-
of-time (AOT) compilation approach. This means that applications are
compiled into native machine code *before* installation. The benefits
are significant:

Faster application startup: The code is already compiled,
leading to significantly faster app launches.
Improved application performance: Compiled native code
executes much faster than interpreted code.
Enhanced battery life: Less processing power is required
during execution, resulting in better battery efficiency.
Better garbage collection: ART features a more advanced
garbage collector, optimizing memory management and
reducing application pauses.
Improved debugging and profiling: ART provides better tools
for developers to debug and profile their applications.

"NewAndroidBook" thoroughly covers ART's architecture, explaining
the intricacies of AOT compilation and its impact on various aspects of
application behavior. The book provides real-world examples
illustrating the performance gains achievable with ART.
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The Transition: From Dalvik to ART – A
Smooth Upgrade
The transition from Dalvik to ART wasn't instantaneous. Google
implemented a gradual shift, ensuring compatibility with existing
applications. The book explores this transition in detail, discussing the
strategies employed by Google to ensure a smooth upgrade for users
and developers. This includes mechanisms for handling applications
compiled for Dalvik on ART-enabled devices and techniques for
optimizing applications for ART's capabilities. This section in
"NewAndroidBook" addresses common developer concerns related to
backward compatibility and provides practical guidance for writing
code compatible across both runtimes.

Dalvik and ART: A Developer's
Perspective (NewAndroidBook Insights)
For Android developers, understanding the differences between Dalvik
and ART is critical. While most developers now primarily target ART,
having a grasp of Dalvik's limitations aids in writing efficient and
performant code. "NewAndroidBook" provides practical advice and
best practices for developing apps that leverage the strengths of ART.
It also covers advanced topics such as optimizing for specific device
architectures and efficiently managing resources within the ART
environment.

The book emphasizes the importance of profiling and benchmarking
applications to identify performance bottlenecks and utilize ART’s
advanced features for optimization. It details the debugging and
profiling tools available within the Android Studio environment to help
developers better understand their apps' performance characteristics
within both Dalvik and ART.

Conclusion: The Future of Android
Runtimes
The shift from Dalvik to ART represents a significant advancement in
Android’s evolution. ART's superior performance, enhanced battery
life, and improved features demonstrate a commitment to enhancing
the user experience. "NewAndroidBook" concludes by exploring
potential future developments in Android runtime environments,
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hinting at ongoing research and innovations in areas like ahead-of-
time compilation techniques and more sophisticated garbage
collection algorithms. The book leaves readers with a solid
understanding of Android's runtime landscape and its crucial role in
shaping the mobile computing experience.

FAQ
Q1: Can I still develop applications for Dalvik?

A1: While Dalvik is no longer the default runtime, some older devices
may still be running it. However, targeting ART is recommended, as it
provides better performance and compatibility. Modern Android
development tools primarily focus on ART. Any code compatible with
ART will also run on devices that still utilize Dalvik through backwards
compatibility measures.

Q2: What are the main performance differences between
Dalvik and ART?

A2: ART significantly outperforms Dalvik in app launch times, overall
execution speed, and battery life. This is primarily due to ART's AOT
compilation, which translates the application code into native machine
code before execution, eliminating the runtime compilation overhead
present in Dalvik's JIT approach.

Q3: How does ART’s garbage collection differ from Dalvik’s?

A3: ART employs a more advanced and efficient garbage collection
system than Dalvik. This results in fewer application pauses and better
overall memory management, contributing to smoother performance
and reduced application crashes.

Q4: Does the choice of runtime affect application size?

A4: Applications compiled for ART tend to be larger than those
compiled for Dalvik. This is because the AOT compilation process
produces larger native executables compared to the bytecode used by
Dalvik. However, the performance benefits usually outweigh the
increase in application size.

Q5: How can I optimize my application for ART?

A5: Optimizing your application for ART involves using efficient code,
managing resources properly (memory, CPU usage), and utilizing
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Android Studio’s profiling tools to identify and resolve performance
bottlenecks. Focus on writing clean, well-structured code and leverage
Android’s built-in optimization tools.

Q6: What are the implications of ART's AOT compilation for
security?

A6: Because code is pre-compiled, some security vulnerabilities that
could be exploited during JIT compilation are mitigated. However,
security remains a complex issue, and AOT compilation doesn't
eliminate all potential vulnerabilities.

Q7: Is there a way to switch back to Dalvik?

A7: No, there's no practical way to switch back to Dalvik on modern
Android devices. Android's newer versions and device hardware are
designed and optimized for ART.

Q8: What are the future trends in Android runtime
environments?

A8: Future trends include further optimization of AOT compilation
techniques, exploration of alternative compilation strategies (e.g.,
hybrid JIT/AOT), and advancements in garbage collection to improve
performance and efficiency even further. Research into improving the
performance of languages beyond Java (like Kotlin and others) on
Android will also shape future runtime environments.

Delving into the Heart of Android: A Deep
Dive into Dalvik and ART
Android, the prevalent mobile operating system, owes much of its
efficiency and flexibility to its runtime environment. For years, this
environment was ruled by Dalvik, a innovative virtual machine.
However, with the advent of Android KitKat (4.4), a fresh runtime,
Android Runtime (ART), emerged, gradually replacing its predecessor.
This article will explore the inner operations of both Dalvik and ART,
drawing upon the insights gleaned from resources like "New Android
Book" (assuming such a resource exists and provides relevant
information). Understanding these runtimes is essential for any serious
Android coder, enabling them to enhance their applications for peak
performance and reliability.

### Dalvik: The Pioneer
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Dalvik, named after a small town in Iceland, was a tailored virtual
machine designed specifically for Android. Unlike conventional Java
Virtual Machines (JVMs), Dalvik used its own unique instruction set,
known as Dalvik bytecode. This design choice enabled for a smaller
footprint and better performance on resource-constrained devices, a
critical consideration in the early days of Android.

Dalvik operated on a principle of on-demand compilation. This meant
that Dalvik bytecode was converted into native machine code only
when it was necessary, adaptively. While this provided a degree of
versatility, it also brought overhead during runtime, leading to less
efficient application startup times and subpar performance in certain
scenarios. Each application ran in its own isolated Dalvik process,
giving a degree of protection and preventing one faulty application
from crashing the entire system. Garbage collection in Dalvik was a
substantial factor influencing performance.

### ART: A Paradigm Shift

ART, introduced in Android KitKat, represented a significant leap
forward. ART moves away from the JIT compilation model of Dalvik and
adopts a philosophy of AOT compilation. This implies that application
code is entirely compiled into native machine code during the
application setup process. The consequence is a significant
improvement in application startup times and overall speed.

The pre-compilation step in ART boosts runtime efficiency by removing
the necessity for JIT compilation during execution. This also results to
better battery life, as less processing power is used during application
runtime. ART also features enhanced garbage collection algorithms
that enhance memory management, further adding to overall system
stability and performance.

ART also offers features like better debugging tools and improved
application performance analysis capabilities, making it a more
effective platform for Android developers. Furthermore, ART's
architecture facilitates the use of more sophisticated optimization
techniques, allowing for more precise control over application
execution.

### Practical Implications for Developers

The change from Dalvik to ART has major implications for Android
developers. Understanding the differences between the two runtimes
is critical for optimizing application performance. For example,
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developers need to be cognizant of the impact of code changes on
compilation times and runtime performance under ART. They should
also evaluate the implications of memory management strategies in
the context of ART's superior garbage collection algorithms. Using
profiling tools and understanding the limitations of both runtimes are
also crucial to building robust Android applications.

### Conclusion

Dalvik and ART represent significant stages in the evolution of
Android's runtime environment. Dalvik, the pioneer, laid the
foundation for Android's success, while ART provides a more polished
and effective runtime for modern Android applications. Understanding
the differences and strengths of each is essential for any Android
developer seeking to build efficient and intuitive applications.
Resources like "New Android Book" can be invaluable tools in
deepening one's understanding of these sophisticated yet vital aspects
of the Android operating system.

### Frequently Asked Questions (FAQ)

1. Q: Is Dalvik still used in any Android versions?

A: No, Dalvik is no longer used in modern Android versions. It has been
entirely superseded by ART.

2. Q: What are the key performance differences between Dalvik
and ART?

A: ART offers significantly faster application startup times and overall
better performance due to its ahead-of-time compilation. Dalvik's just-
in-time compilation introduces runtime overhead.

3. Q: Does ART consume more storage space than Dalvik?

A: Yes, because ART pre-compiles applications, the installed
application size is generally larger than with Dalvik.

4. Q: Is there a way to switch back to Dalvik?

A: No, it’s not possible to switch back to Dalvik on modern Android
devices. ART is the default and only runtime environment.
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