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Linux Optimization Kit

Executive Summary

MapuSoft Linux OK™ (Linux Optimization Kit) is designed for embedded Linux applications that require
higher performance, improved resource efficiency, and greater control over runtime behavior while
retaining Linux as the underlying operating system.

Linux OK combines a Linux/POSIX interface, the MapuSoft OS Abstractor interface, application-specific
code generation, profiling, and configurable optimization features. It is designed to improve application
performance and resource efficiency without requiring modifications to the Linux kernel. Optimization
areas include CPU performance, boot time, memory footprint, operating system resource management,
and scheduling, task switching, and user/kernel-mode switching overhead. Rather than requiring an
application to depend directly on every underlying Linux implementation detail, Linux OK provides an
abstraction and optimization layer between the application and the Linux environment. The architecture
can be represented as:

Linux Application » Linux OK » GNU C Library » System Call Interface » Linux Kernel » Hardware

Within Linux OK, the Linux/POSIX interface provides the application-facing Linux API, while the OS
Abstractor interface provides additional capabilities for advanced optimization and operating system
resource management. Linux OK can therefore serve both as a performance-optimization technology and
as portability and abstraction technology, helping customers preserve their existing Linux investment
while introducing more controlled, application-specific runtime behavior.

1. The Linux Optimization Challenge

Embedded Linux is widely used because it provides broad processor support, mature networking
and device support, a large software ecosystem, and access to standard Linux/POSIX development
environments. As application requirements increase, however, developers may encounter constraints
related to CPU utilization, scheduling responsiveness, operating system resource management, boot
time, or memory footprint.

A common approach to addressing these constraints is to modify or rebuild the Linux kernel and/or
redesign portions of the application to achieve additional performance. Linux OK provides an alternative
optimization approach, introducing an application-facing optimization layer designed to improve the
efficiency and responsiveness of selected operating system services without requiring modifications to
the Linux kernel.

The goal is not to replace Linux, but to make more effective use of the existing Linux platform by
optimizing the application-facing runtime, operating system resource management, and selected
interactions with the underlying Linux environment. This approach allows optimization to be introduced
while preserving the customer’s existing Linux kernel, hardware platform, and overall application
investment.
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2. What Is Linux OK?

Linux OK is MapuSoft’s Linux Optimization Kit, designed to optimize and control the runtime behavior of
existing Linux applications. It provides header files and template code that allow application interfaces to
be redirected through Linux OK interfaces, enabling optimized interface code to be generated based on
the application’s APl usage, configured resources, and target-environment requirements.

Linux OK is integrated with MapuSoft’s Application Common Operating Environment (AppCOE), which
provides the development, analysis, profiling, and code-generation environment used with Linux OK. It
also Includes a MapuSoft Linux/POSIX interface providing supported POSIX/Linux APIs and access to OS
Abstractor capabilities.

Linux OK can therefore be viewed as an application-oriented optimization and OS abstraction layer,
rather than simply a replacement C library or a modification to the Linux kernel.

Linux OK uses a profile-guided optimization workflow to analyze an application’s actual runtime
behavior, identify the operating system services and resources it uses, and generate an application-
specific optimized runtime configuration.

The workflow from application profiling through analysis and optimized runtime generation using Linux
OK s illustrated below.

From Profiling to an Optimized Linux Runtime with Linux OK
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3. Linux OK Architecture

Linux OK places the application-facing Linux and OS Abstractor interfaces above the existing GNU C
library, system-call interface, and Linux kernel. This architecture enables Linux OK to optimize selected
operating system services while retaining the underlying Linux kernel and hardware platform.

The OS Abstractor interface provides an additional layer for advanced optimization and operating
system features. Some of these features can be used transparently while maintaining Linux API
compliance, while others provide additional capabilities that can be explicitly configured and utilized
by the application. These features include tiered memory pools, tiered shared-memory pools, software-
failure recovery through soft reset, thread pooling, and a common IPC interface for communication
within and across application processes.

The architecture is designed to preserve the customer’s existing Linux investment. Linux OK does not
inherently require replacing the Linux kernel, board support package (BSP), or overall application
architecture. Instead, it is designed to work with the existing Linux environment and allow optimization
to be introduced incrementally where it provides value.

4. Linux/POSIX Interface and Portability

Linux OK includes a POSIX-oriented interface designed to provide broad API coverage and portability
across supported Linux/POSIX environments. It enables developers to have a common code base across
multiple Linux kernel/distribution platforms.

The MapuSoft architecture also supports integration with native code. Where source is available, the
preferred approach is to build the application and required libraries in the Linux OK environment. For
native libraries without source code, MapuSoft documentation describes integration mechanisms
including adoption of native threads into the OS Abstractor environment. The exact mechanism should
be selected based on the library and its runtime behavior.

Actual APl availability and behavior are release- and target-specific. The Linux OK supported-API release
notes should therefore be used as the authoritative compatibility reference for a particular Linux OK/
AppCOE release.

5. Application-Specific Code Generation

Linux OK generates optimized interface code according to application APl usage and user-configured
target and resource requirements. This application-specific approach configures the runtime around
the resources actually required by the application rather than treating every possible operating system
service as equally important. MapuSoft’s materials identify code generation for Linux and OS Abstractor
interface components that are specific to the application, together with project-file generation for the
target.

The result is a target-oriented runtime configuration that can be evaluated and refined using actual
application behavior.
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6. Application-0S Profiling and Optimization

The Linux OK product includes profiling capabilities for viewing application performance data, API
usage, and generated reports. The product material describes the profiler as a mechanism for identifying
performance bottlenecks and the level of APl usage so that specific optimizations can be made.

A typical workflow is to establish a baseline, execute representative workloads, collect application and
OS-interface measurements, identify heavily used services and performance bottlenecks, configure
the target environment, generate optimized interface components, and compare the resulting
implementation against the baseline.

This approach makes optimization application-specific rather than relying only on generic assumptions
about which Linux services the application needs.

7. Resource Pooling and Runtime Efficiency

Linux OK can reduce runtime resource-creation overhead through resource pooling, preallocation, and
reuse where applicable. For example, thread and memory resources can be configured to use pooled
resources, reducing the overhead associated with repeated resource creation and initialization. The
specific allocation behavior depends on the resource type and Linux OK configuration. For example,
threads with different stack sizes can be pre-created and placed in a thread pool. When an application
creates a POSIX thread (pthread), Linux OK can obtain a matching pre-allocated thread from the pool
rather than dynamically creating and initializing a new thread at runtime. This reduces the overhead
associated with dynamic memory allocation and operating system resource creation.

Resource pooling can be particularly beneficial for applications that repeatedly create and destroy
threads or other operating system objects. By reusing pre-allocated resources, Linux OK can reduce
allocation overhead, improve runtime efficiency, and provide more predictable resource-management
behavior.

The actual performance benefit depends on the application’s resource-usage pattern and should be
measured on the target platform.

8. Task Switching and User/Kernel-Mode Switching

Linux OK is designed to reduce unnecessary task switching and user/kernel-mode transitions as part
of its application optimization strategy. This capability is explicitly identified in the supplied Linux OK
product material.

Reducing avoidable transitions can be beneficial for workloads in which frequent operating system
interactions or resource operations contribute materially to CPU overhead. The degree of improvement is
workload-dependent and should be established through measurement.

Linux OK should therefore be evaluated using representative application workloads rather than
assuming a fixed performance gain across all applications.
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9. Scheduling and Real-Time Application Support

Linux OK provides POSIX-oriented thread and scheduling interfaces based on the MapuSoft OS Abstractor
real-time platform. This gives an application a consistent interface for configuring and controlling
supported scheduling behavior while Linux remains the underlying operating system.

Linux OK should not be presented as a universal hard-real-time guarantee. Actual latency and
determinism depend on the processor, Linux configuration, interrupts, drivers, workload, application
architecture, and selected Linux OK configuration. Production requirements should be validated
empirically on the intended target.

10. Native Linux and Existing Application Integration

Linux OK is designed to enhance existing Linux applications without requiring a complete rewrite. It can
be introduced into an existing application while preserving Linux and POSIX APl compatibility, allowing
engineering teams to improve runtime behavior without fundamentally changing the application’s
architecture or functionality.

Linux OK provides a runtime thread-adoption mechanism that allows native Linux threads to be adopted
as OS Abstractor threads. This enables integration of natively compiled Linux objects with application
code compiled using Linux OK headers and interfaces. Applications can continue to use native Linux
functionality where appropriate. Linux OK can therefore be introduced selectively, allowing engineering
teams to focus optimization efforts on portions of the application where operating system overhead,
thread management, scheduling, or resource utilization are most important.

This hybrid approach allows existing Linux software to progressively take advantage of Linux OK’s
optimization and OS abstraction capabilities while maintaining interoperability with existing native Linux
components.

11. IPC, Shared Memory, and Advanced OS Abstractor Features

The OS Abstractor interface provides capabilities beyond the standard Linux/POSIX interface. It
includes a tiered memory-pool mechanism designed to reduce dynamic memory-allocation overhead
and minimize memory fragmentation. It also provides a tiered shared-memory pool that can reduce
unnecessary data copying between processes and simplify the use of shared memory for inter-process
communication.

The OS Abstractor provides a common interface for inter-process communication (IPC) that can provide
a mechanism for sharing a broad range of supported operating system resources between processes.
For example, one process can create a semaphore in shared mode, while another process can query the
resource by name, obtain its identifier, and use the same semaphore. This approach extends IPC beyond
the traditional mechanisms commonly used for inter-process synchronization and communication, such
as mutexes and message queues.

These capabilities are optional optimization mechanisms and do not require an existing application to

change its current IPC or shared-memory architecture. Applications can continue to use standard Linux/
POSIX mechanisms where appropriate, while OS Abstractor memory-pooling, shared-memory, and
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IPC capabilities can be introduced selectively where they provide measurable benefits in performance,
resource utilization, or inter-process communication efficiency.

12. Memory Footprint and Boot-Time Optimization

Linux OK is designed to address more than CPU execution time. The original datasheet identifies
increased CPU performance, faster boot time, and reduced memory footprint as key optimization
objectives.

Because Linux OK generates interface components based on the application’s APl usage and configured
resource requirements, the runtime environment can be tailored to the services and resources

required by the application. Resource requirements can be configured statically by modifying the

usr.h configuration file or through the Optimized Target Code Generation (OTCG) GUI. These static
configuration settings, including Linux OK feature and resource requirements, can also be overridden
dynamically during application initialization when required.

Linux OK can further reduce resource overhead through its resource-pooling architecture. Application
resources can be pre-allocated and reused as pooled objects rather than repeatedly created and
destroyed at runtime. These resources can be associated with a single process or, where supported,
shared across multiple processes using OS Abstractor process features. By reducing redundant resource
allocation and initialization, Linux OK can reduce runtime resource requirements and potentially shorten
application initialization and system boot time.

The resulting memory footprint, initialization time, and boot-time improvements are application- and
target-dependent and should be measured on the intended target system.

13. Build and Target Integration

Linux OK is designed to support configurable target environments and resource requirements across
different Linux kernel versions and system configurations, including 32-bit and 64-bit platforms and SMP
and UP systems.

For embedded Linux platforms, the existing Linux kernel, BSP, compiler/toolchain, and target hardware
can remain part of the development environment, subject to the specific Linux OK release and target
configuration. This allows Linux OK to be integrated into an existing embedded Linux development
workflow without requiring a fundamental change to the underlying platform.

For ARM64, Yocto, and other cross-development environments, the specific integration process should be
established based on the customer’s existing toolchain, BSP, kernel configuration, and target hardware
during the initial technical assessment.

Profiler Target Integration: The Linux OK profiler requires access to a high-resolution hardware timing
source to accurately measure application execution times. As part of target integration, two target-
specific files must be ported to provide access to the hardware timer frequency and the corresponding
timer/counter register values supported by the target platform. Using the standard Linux system clock
alone may not provide the timing resolution required for accurate profiling of short-duration operations.
Therefore, Linux OK uses a target-specific high-resolution timing mechanism where necessary to provide
meaningful execution-time measurements. The required timing interface is established during target
integration based on the processor, BSP, and available hardware timer facilities.
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14. Typical Linux OK Optimization Workflow

The optimization workflow begins with the existing Linux application and its build environment.
The application is configured to use Linux OK interfaces, compiled, executed, and profiled to collect
information on API usage, execution performance, thread activity, and resource requirements.

The Application-OS Profiler collects the runtime data, while AppCOE analyzes the results to identify
performance bottlenecks and determine the target configuration and required resources. OTCG then
generates optimized interface and runtime components based on the application’s actual requirements.
The resulting runtime is deployed to the target system and measured against the baseline.

This establishes a repeatable optimization cycle:

Application > Profiling » Analysis > Optimized Code Generation - Target Execution » Measurement

The cycle allows optimization decisions to be based on measured application behavior rather than
assumptions and can be repeated as the application or its requirements change.

Linux Application Application-OS Profiler Analysis / AppCOE
' B Existing source/build B APl usage and timing | W |dentify bottlenecks B Generate optimized
B Existing services » l m Thread/resource * B Configure target/ ’ interface/runtime
</ > and IPC ’ . Q activity [ resources I (/ > components
— B Performance data B Determine required ¢

| -] L B services _J B )

Target Linux

l 0 B Linux Interface + OS Abstractor # B 32/64-bit, SMP/UP configurations
v B Pooling and reuse | M Existing Linux kernel/platform
ua B Scheduling/runtime optimization \ 3

) S

Linux OK Runtime

B Application execution

Figure 2 — Linux OK application-specific optimization workflow

The profiler can generate reports showing the minimum, maximum, and average execution times for
Linux OK interfaces and selected application functions. It also supports differential profiling, allowing
two profiling runs of the same application or project to be compared. The differential report highlights
components whose performance has improved or degraded, helping engineers evaluate the impact of
code, configuration, and optimization changes.

10 | White paper MAPUS@FI



Linux Optimization Kit

15. Performance Evaluation and Benchmarking

Linux OK performance should be evaluated at both the API/runtime level and the complete application
level. API-level measurements can identify implementation overhead and optimization opportunities,
but they do not automatically translate into an equivalent percentage improvement in total application
performance.

A meaningful evaluation uses the same target hardware, compiler, Linux configuration, workload,

and test methodology for the baseline and Linux OK configurations. Measurements can include CPU
utilization, APl execution time, task-switching behavior, user/kernel-mode transitions, thread latency,
resource utilization, boot time, memory footprint, throughput, and application-specific response time.
Historical or third-party benchmark results can provide useful evidence about implementation behavior,
but they should not be treated as a performance guarantee for a different hardware platform, Linux
release, workload, or Linux OK release.

The most relevant production decision should therefore be based on measurements from the customer’s
actual application and target environment.

16. Proof-of-Concept Approach

A Linux OK proof of concept can be structured around measurable objectives: application integration,
functional compatibility, scheduling behavior, CPU utilization, memory footprint, boot time, and
application-specific performance.

Recommended stages are: application/build assessment; Linux OK integration; compilation and
functional validation; baseline profiling; Linux OK profiling; optimization and code generation;
comparative testing; and documentation of remaining engineering work.

A PoC should preserve the customer’s existing hardware and Linux environment wherever practical. This
reduces variables and makes the resulting comparison easier to interpret.

The final PoC report should identify measured improvements, unchanged characteristics, limitations,
source-code changes, configuration changes, and any additional work required for production
deployment.

17. Key Benefits

Linux OK provides a combination of Linux compatibility, application-specific optimization, portability,
and OS Abstractor advanced features.

Key capabilities documented in the supplied MapuSoft material include performance optimization
without kernel modification; Linux/POSIX interface coverage; application-specific optimized interface
generation; resource and thread pooling; reduced unnecessary task and user/kernel-mode transitions;
configurable target environments; profiling; tiered memory pools; tiered shared-memory pools; soft-
reset recovery; and common IPC interfaces.

These capabilities allow Linux OK to address performance and runtime-efficiency issues without
requiring every application to adopt the same optimization strategy.

11 | White paper MAPUS@FI



Linux Optimization Kit

Conclusion

Linux OK is MapuSoft’s Linux Optimization Kit for embedded applications that need to improve
performance, resource efficiency, portability, or runtime behavior while retaining Linux as the underlying
platform.

Its architecture combines a Linux/POSIX interface, OS Abstractor advanced services, application-specific
code generation, profiling, and resource-optimization techniques. The supplied product material
specifically identifies optimization of CPU performance, boot time, memory footprint, resource creation,
task switching, and user/kernel-mode switching.

The recommended engineering approach is empirical: establish a baseline, integrate Linux OK, profile
the real application, generate and configure the required runtime components, and measure the
resulting system against clearly defined requirements.

Linux OK can therefore serve as an incremental optimization and modernization path for embedded

Linux applications without requiring an immediate replacement of the Linux kernel, target hardware, or
complete application architecture.
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