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Abstract:

This report represents a technical overview of ChorusOS Operating System and its benefits and features. It also contains a brief description of the operating system components such as core executive, schedulers, memory management, communications, time services, synchronization, I/O management, file systems and networking. 

Introduction:     

The ChorusOS operating system is a highly scalable and reliable embedded operating system that has established itself among top telecom suppliers. The ChorusOS operating system is used in public switches and PBXs, as well as within access networks, cross-connect switches, voice-mail systems, cellular base stations, web-phones and cellular telephones.

The ChorusOS operating system software is the basis of the Sun embedded telecom platform, and provides the embedded foundation for Sun's Service-Driven Network. Offering high service availability, complete hardware and software integration, management capabilities and Java technology support dedicated to telecom needs, the ChorusOS operating system allows the dynamic and cost-efficient delivery of new features while maintaining the reliability and functionality of existing networks.

An open and flexible solution, the ChorusOS operating system also allows developers to rapidly respond to customer needs and market conditions by quickly and cost-effectively creating and deploying new services and mission-critical applications. With enhanced networking features, the ChorusOS operating system seamlessly supports third-party protocol stacks, legacy applications, real-time and Java technology based applications simultaneously on a single hardware platform. 

Component Based Operating System Architecture:

Sun Embedded Workshop uses a flexible, component-based architecture that allows different services to be configured into the runtime instance of the ChorusOS operating system. Essential services required to support real-time applications running on the target system are provided by the core executive, and each optional feature of the operating system is implemented as a separate runtime component that can be added to or removed from the operating system, as required. This means that the operating system can be very accurately configured to meet the exact needs of a given application or environment, saving on memory and improving performance. The core executive can support multiple, independent applications running in both user and supervisor memory space. This flexible architecture is shown in figure below.
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                       Figure1 Component-Based Operating System Architecture

By taking advantage of the component-based architecture, the application designer can choose between an extremely small operating system that offers simple scheduling and memory options, or a fully-featured, multi-API software platform. As well as making it possible to produce multiple versions of the operating system, each of which is optimized for its own environment, the component-based architecture provides the following additional benefits:

· Applications developed to run on a minimal configuration can also run unchanged on a more complex configuration, thus providing an evolutionary path for right-sizing devices and systems.

· The programming interfaces for the operating system components are available publicly, providing an open environment for combining third-party system software and development tools.
Operating System Components:

Optional features are implemented as components that can be added to, or removed from, an instance of the ChorusOS operating system. In this way, the operating system can be very finely tuned to meet the requirements of a given application or environment. The core executive component is always present in an instance of the ChorusOS operating system. Optional components in the operating system provide the following services:

· Actor management

· Scheduling

· Memory management

· Hot restart and persistent memory

· Inter-thread communication

· Time management

·  Inter-process communication

· Local Access Point (LAP) 

· File system options

· I/O management

· Networking
Each API function in the ChorusOS operating system is contained in one or more of the configurable components. As long as at least one of these components is configured into a given instance of the operating system, the function is available to be called. Some library functions are independent of any specific component and are always available.

The Core Executive
The essential services required to support real-time applications are provided by the executive. The core executive can support multiple, multi-threaded applications running in both user and supervisor memory space. It provides the following kernel functionality:
· Support for multiple independent applications

· Support for user and system applications

· Support for applications in user and supervisor address space
· Dynamic memory management
Optional Operating System Services:

Actor Management

An actor is the unit of loading for an application. It serves also as the encapsulation unit to associate all system resources used by the application and the threads running within the actor. Threads, memory regions and communication end-points are some examples of these resources. All system resources used by an actor are freed upon actor termination.

Some resources, known as anonymous resources, are not bound to a given actor. They must be freed explicitly when they are no longer required. Examples of anonymous resources are physical memory, reserved ranges of virtual memory, and interrupt vectors.

The ChorusOS operating system is dedicated to the development and execution of applications in a host-target environment where applications are developed, compiled, linked and stored on a host system and then executed on a target machine where the ChorusOS operating system is running.
An actor may be of two types: it may be either a supervisor actor or a user actor. This information defines the nature of the actor address space. User actors have separate and protected address spaces so that they cannot overwrite each other’s address spaces. 

Supervisor actors use a common but partitioned address space. Depending on the underlying hardware, a supervisor actor can execute privileged hardware instructions (such as initiating an I/O), while a user actor cannot.

Binary files from which actors are loaded may also be of two kinds: either absolute or relocatable. An absolute binary is a binary where all addresses have been resolved and computed from a well-known and fixed basis, which may not be changed. A relocatable file is a binary, which may be loaded or relocated at any address. Both user and supervisor actors can be loaded either from absolute or relocatable binary files. 

On most platforms, the address space is split into two ranges: one reserved for user actors and one for supervisor actors (see Figure 2). As user actor address spaces are independent and overlap each other, the address where these actors run is usually the same, even if the actors are loaded from relocatable binaries. On the other hand, available address ranges in supervisor address space may vary depending on how many and which supervisor actors are currently running. Since the ChorusOS operating system is able to find a slot dynamically within the supervisor address space to load the actor, the user does not need to be aware of the partitioning of the supervisor address space: using relocatable binary files will suffice.
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Figure 2 User and Supervisor Address Spaces

Scheduling

The ChorusOS operating system provides two alternative ways of scheduling threads. These two features are mutually exclusive:

· either the ChorusOS operating system is configured with the default scheduler,
· or it is configured with the ROUNDROBIN feature.
The default FIFO scheduler defines a pure priority-based, preemptive, FIFO (first-in first-out) policy. Priority of threads may vary from 0 (highest priority) to 255 (lowest priority). Within this policy, a thread, which becomes ready to run after being blocked is always inserted at the end of its priority ready queue. A running thread is preempted only if a thread of a strictly higher priority becomes ready to run. A preempted thread is placed at the head of its priority queue, so that it will be selected when no other ready thread has a greater priority.

The ROUNDROBIN feature is a general framework supporting simultaneous multiple scheduling policies. It’s a priority-based preemptive policy with round-robin time slicing. Priority of threads may vary from 0 (highest priority) to 255 (lowest priority). It is similar to the default scheduler policy, except that an elected thread is given a fixed time quantum. If the thread is still running at quantum expiration, it is de-scheduled and placed at the end of its priority queue, thus yielding the processor to other threads of equal priority if any.

Memory Management

There are three memory management models, MEM_FLAT, MEM_PROTECTED, and MEM_VIRTUAL. The model used is determined by the settings of the virtual address space and on demand paging.

· MEM_FLAT

This memory management model provides simple memory allocation services. The kernel and all applications run in one unique unprotected address space.

· MEM_PROTECTED
This memory management model is targeted at real-time applications able to benefit from the flexibility and protection offered by memory management units, address translation and separate address spaces. No swap or demand paging is provided. Accesses to programs and data stored on secondary devices must be done by application-specific file servers.

· MEM_VIRTUAL

This memory management model supports full virtual memory with swapping in and out on secondary devices. It has been specifically designed to implement distributed Unix subsystems on top of the kernel.

The Virtual address space feature enables separate virtual address space support using the MEM_PROTECTED memory management model. If this feature is disabled all the actors and the operating system share one single, flat, address space. When this feature is enabled a separate virtual address space is created for each user actor.

The on demand paging feature enables on demand memory allocation and paging using the MEM_VIRTUAL model. On demand paging is only available when the virtual address space feature is enabled.

Normally when a demand is made for memory, the same amount of physical and virtual memory is allocated by the operating system. When the on demand paging feature is enabled, virtual memory allocation of the user address space does not necessary mean that physical memory will be allocated. Instead, the operating system may allocate the corresponding amount of memory on a large swap disk partition. When this occurs, physical memory will be used as a cache for the swap partition.

Hot Restart and Persistent Memory Management

The HOT_RESTART feature provides support for rapidly reloading and reinitializing failed ChorusOS operating system actors, without accessing stable storage. Actors, which benefit from this support, are known as restartable actors. HOT_RESTART also provides all actors (not just restartable actors) with a means of storing persistent data, data that can persist beyond the lifetime of a run-time instance of an actor.

The main services exported by the HOT_RESTART feature are:

· An actor restart mechanism, which detects crashes in restartable actors, and automatically restarts them from an actor image in persistent memory.

· Persistent memory allocation. Actors can allocate blocks of persistent memory to store data, which will persist beyond the actor’s lifetime.
· A site restart mechanism to restart the kernel, boot actors and all restartable actors on a system without accessing stable storage.
Inter-thread Communication

The ChorusOS operating system provides the following services to support multithreaded programming:

Semaphore

A semaphore is an integer counter associated with a queue, possibly empty, of waiting threads. At initialization, the semaphore counter receives a user-defined positive or null value. The semaphore parameter is the location of the semaphore and count is the semaphore counter. The semaphore must have been previously allocated by the user: allocation is not performed by the ChorusOS operating system. This implies that semaphores may be freely allocated by the user where convenient for his applications. As data structures representing semaphores are allocated by the applications, the ChorusOS operating system does not impose any limit on the maximum number of semaphores, which may be used within the system.

Two main atomic operations are available on semaphores: P (or pass) and V (or free).

· The counter is decremented when a thread performs a P on a semaphore. If the counter reaches a negative value, the thread is blocked and put in the semaphore’s queue; otherwise, the thread continues its execution normally.

· The counter is incremented when a thread performs a V on a semaphore. If the counter is still lower than or equal to zero, one of the threads queued in the semaphore queue is picked up and awakened.
Mutex

Assume that the two threads need to access one or more global variables in a consistent fashion. A simple example could be that each of the threads needs to add two numbers to a unique global counter. Whatever the scheduling may be, the unique global counter should always reflect the accurate sum of all numbers added by both threads.

This could be done using semaphores. However, the ChorusOS operating system provides mutexes, which have been specifically designed and tuned for these types of needs.

A mutex is a binary flag associated with a queue, possibly empty, of waiting threads. The mutex can be locked or free. At initialization, the mutex is set to the free state. As for semaphores, the mutex must have been previously allocated by the user. This implies that mutexes may be allocated where convenient for the application, and that there is no limit imposed by the system on the maximum number of mutexes.

Three operations are provided on these mutexes.

· mutexGet() acquires the mutex: if the mutex is free, it is atomically locked and the thread continues its execution. If the mutex is locked when the mutexGet() operation is invoked, the thread is blocked and queued in the list of threads, waiting for the mutex to become free.
· mutexRel() releases the mutex, returning it to its free state. If threads are blocked while waiting for the mutex, one of them is picked up from the list and activated with the mutex locked.
· The last operation is similar to mutexGet(), but does not block if the mutex is already locked. By checking the return value of mutexTry(), you can determine whether the mutex was free and has been acquired by the current thread, or whether the mutex was already locked, in which case the operation has failed.
Event

An event flag set is a set of bits in memory that is associated with a thread wait queue. Each bit is associated with one event. Event flag sets are data structures allocated in the actors’ address spaces. No kernel data structure is allocated for these objects. They are simply designated by the address of the structures. The number of these types of objects that threads may use is therefore unlimited.

When a flag is set, it is said to be posted, and the associated event is considered to have occurred. Otherwise the associated event has not yet occurred. Both threads and interrupt handlers can use event flag sets for signaling purposes.
A thread can wait on a conjunctive (and) or disjunctive (or) subset of the events in one event flags set. Several threads may be pending on the same event. In that case, each of the threads will be made eligible to run when the event occurs.

Time Management

The following time management services are available:

· The tick service enables the system to manage the clock, counting ticks since the boot of the system. Thus the only time available is the time elapsed since the last reboot.

· The date service enables the ChorusOS operating system to maintain a current date, usually expressed in seconds since the 01/01/1970. 

· The time-out service enables supervisor actors to set up time-outs. A time-out may be roughly described as a callback, which will be performed when a given delay has expired. Callbacks are performed using a special invocation mechanism (called Local Access Point or LAP) reserved for supervisor actors.

· The timer service is an extension of the time-out mechanism, enabling user and supervisor actors to set up call backs in a more flexible fashion.

· The virtual time and time-out service allows you to measure the CPU time used by threads, and to define handlers, which will be called if a per-thread or per-actor CPU quota, is reached.
Table 1 Time Management Service Availability
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TIMER

The TIMER feature implements a high-level interval timing service for both user and supervisor actors. It includes one-shot and periodic timers. The time-out notification is achieved through user-provided handler threads, which are woken up in the application actor. Handler threads may invoke any kernel or subsystem system call.
VTIMER

The virtual time option provides a number of functions that are typically used by higher-level operating systems for controlling and accounting thread-execution. Virtual time-outs can be set on:

· Individual threads, to support subsystem-level timers.

· Entire actors (that is, multiple threads), to support process CPU limits.

DATE

The DATE feature maintains the time of day expressed in Universal Time, which is defined as the interval since 1st January 1970. Since the concept of local time is not supported directly by the operating system, time zones and local seasonal adjustments must be handled by libraries outside the kernel.
RTC

The RTC feature indicates whether a real-time clock (RTC) device is present on the target machine. When this feature is set, and an RTC is present on the target, the DATE feature will retrieve time information from the RTC. If the RTC feature is not set, indicating an RTC is not present on the target, the DATE feature will emulate the RTC in software.

Inter-process Communication

Inter-process Communication (IPC) is a set of programming interfaces that allow you to create and manage individual program processes that can run concurrently in an operating system. This allows a program to handle many user requests at the same time. Since a single user request may result in multiple processes running in the operating system on the

user’s behalf, the processes need to communicate with other users. The IPC interfaces make this possible. Each IPC method has its own advantages and limitations so it is not unusual for a single program to use all of the IPC methods. IPC methods include:

· Pipes and named pipes

· Message queueing 

· Semaphores

· Shared memory
· Sockets
Local Access Point (LAP)

Low overhead, same-site invocation of functions and APIs exported by supervisor actors may be done through use of Local Access Points (LAPs). A LAP is designated and invoked via its LAP descriptor. This may be directly transmitted by a server to one or more specific client actors, via shared memory, or as an argument in another invocation.

File System Options

The ChorusOS operating system supports the following types of file system:

· Network file system, NFS (client and server)

· MS-DOS file system
· UNIX file system, UFS
I/O Management

The ChorusOS operating system provides the following I/O management services:

BPF

The BPF feature provides a raw interface to data link layers in a protocol independent fashion. All packets on the network, even those destined for other hosts, are accessible through this mechanism.

FS_MAPPER

The FS_MAPPER feature provides support for swap in the IOM. It requires either the IDE Disk or SCSI Disk to be configured, as well as Virtual address space and on demand paging.

RAM_DISK

The RAM_DISK feature provides an interface to chunks of memory, which can be seen and handled as disks. These disks may then be initialized and used as regular file systems, although their contents will be lost at system shutdown time. This feature is also required to get access to the MS-DOS file system, which is usually embedded as part of the system boot image.

FLASH

The FLASH feature provides an interface to access a memory device. The flash memory may then be formatted, labeled and used to support regular file systems. The FLASH feature relies on the flash support based on the Flite 1.2 BSP, and is not supported for all target family architectures. 

VTTY

The VTTY feature provides support for serial lines on top of the BSP driver for higher levels of protocols. It is used by the SLIP and PPP features.

Networking

The following features provide various methods of networking on the target:

SLIP

The SLIP feature allows serial lines to be used as network interfaces. 

POSIX_SOCKETS

The POSIX_SOCKETS feature provides a TCP/IP stack through POSIX-compatible socket system calls.

PPP

The PPP feature allows serial lines to be used as network interfaces using the Point-to-Point Protocol. 

Features of ChorusOS Operating System:

The ChorusOS operating system incorporates several features that successfully address the needs of this demanding market, including:

· Memory Protection

· Hot Restart

· Dynamic Reconfiguration

Memory Protection:

Different applications can run in different memory address spaces protected from one another. If one application fails, it can corrupt only its own data but cannot corrupt the data of other applications, or of the system itself. This mechanism confines errors and prevents their propagation.
Hot Restart:

An important benefit of the ChorusOS operating system is its hot restart capability, which provides one of the fastest mechanisms available in the industry today for restarting applications or entire systems if a serious error or failure occurs. The conventional technique, cold restart, involves rebooting or reloading an application from scratch. This causes unacceptable downtime in most systems, and there is no way to return the application to the state in which it was executing when the error occurred.

The ChorusOS hot restart feature allows execution to recommence without reloading code or data from the network or from disk. When a hot-restartable process fails, persistent memory is preserved, its text and data segments are reinitialized to their original content without accessing stable storage, and the process resumes at its entry point. Hot restart is significantly faster than the conventional cold restart technique and retains the critical information that allows an application to be reconstructed quickly with little or no interruption of service. Furthermore, the hot restart technique has been applied to the entire ChorusOS operating system and not only to the applications it runs, thus ensuring a very high quality of service availability.

Dynamic Reconfiguration:

The dynamic process management feature of the ChorusOS operating system allows processes to be loaded dynamically, from either disk or the network, without first halting the system. This provides the basis for a dynamic reconfiguration capability that minimizes service downtime, and keeps existing services available while the system is modified or upgraded. Dynamic reconfiguration also relies on the inter-process communication (IPC) facilities of the ChorusOS operating system to transfer inbound communication to the new processes transparently.

For example, with the ChorusOS operating system running in a Private Branch Exchange (PBX), new features such as call forwarding (or follow me) can be added without interrupting the basic telephone service and without reconfiguring the entire telephone network.
Benefits of ChorusOS Operating System:

A high-end, real-time operating system, ChorusOS software brings the following features and benefits: 

· Component-based architecture for super-configurability:
The ChorusOS operating system uses a highly flexible, component-based architecture that allows different services to be configured into the runtime instance of the operating system. This allows the runtime instance of the ChorusOS operating system to be finely tuned, according to the underlying hardware platform, the memory footprint requirements and the application features.

· Mission-Critical Quality:
From its origin, the operating system has been jointly defined and created in collaboration with leading network equipment providers, in order to allow it to comply fully with their requirements for the real-time embedded elements of network equipment. The ChorusOS operating system has already been used over the past six years in mission-critical telecom products dedicated to PSTN and IP switching, for which high performance was a key requirement.

· Exceptional scalability:
The component-based design of the ChorusOS operating system allows a very high degree of scalability. An operating system based on only the micro core executive typically requires only about 10 Kilobytes of memory to run. Additional components can be added, to create a tailor made instance, to the level of the resources available.

· Multiple OS personalities and APIs:
Multiple operating system personalities and APIs can be run simultaneously on a common hardware platform using the ChorusOS operating system, in such a way that diverse applications can communicate transparently. This feature allows quick integration of existing applications on top of the ChorusOS microkernel. The system can then be extended by adding new applications that run over standard APIs, to create powerful combinations of legacy applications, real- time POSIX applications, and Java(tm) applications.

· Support for Java Dynamic Management Kit and Jini Connection Technology:
The support for multiple OS personalities provided by Sun's embedded telecom platform has enabled extension of the system implementation from the ChorusOS operating system's real-time oriented POSIX sub-system, to include key Java technologies valuable in network equipment, such as the Java DMK framework. The inclusion of Java DMK brings OAM&P capabilities to the platform, as well as providing an efficient plug-in for network management applications or Jini Network Technology.

· Transparent Distribution:
The ChorusOS operating system's Inter-Process Communication feature allows applications to be distributed across multiple machines. The IPC feature identifies the location of a process (local or remote), and then identifies the shortest path and quickest execution time that can be used to reach it, managing the communication in a way that makes the process location entirely transparent to the application.

· Code re-use:
ChorusOS operating system implementations are upward compatible. Developers can therefore reuse applications on the same core operating system, for a larger range of equipment. For example, an ATM router card is developed, using a small instance of the ChorusOS operating system. Later another project, to develop a broadband ATM switch, can build on the routing module, reusing the code.

Conclusion:

ChorusOS is a Micro-kernel based system used in distributed operating system. It provides a binary compatibility with Unix. It has a component based architecture which consist of three layers:

· Kernel – consists microkernel

· Subsystems – support for user programs

· User processes at top layer

Thus it allows developers to rapidly respond to customer needs and market conditions by quickly and cost-effectively creating and deploying new services and mission-critical applications.
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Figure 1.15   Distributed System Example.
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