Overview of Centralized Operation system

     An operating system is a program, or a collection of programs which allocates computer resources (memory, CPU, I/O devices, files, etc.)  to processes (user commands, jobs, database managers, other operating systems). An operating system also gives the users a command language, also called control language in some system. It is used to access editor compiler utilities and other operating system resources. Typical functions performed by an operating system as follows:

· Receive, parse, and interpret the user commands.

· Authenticate the user request for proper authority.

· Allocate the resources needed to execute the user commands if the user is allowed to access the resources.

· Schedule the user request as a process.

· Monitor the processes in the system.

· Free the resources held by the processes at termination.

· Display results of the user session with information about resource utilization, etc.

Following figure show a functional model of operating systems. The user command manager parses and executes the user commands. The memory manager allocates the main memory and hardware registers to various processes. Most memory managers include the capabilities to manage virtual memory and translate between virtual memory to real memory. The CPU manager allocates the CPU to the processes. A variety of CPU scheduling schemes (time slicing, interrupt driven) has employed in the operating systems. The file managers manage the data resources in the system. This normally includes catalogs, file sharing, etc. The network communication facilities may be included in some operating systems as I/O facilities.
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Figure 1 A Functional View of Operating System

A very broad range of operating system has been developed for different users. Some operating systems are built for specialized single user system, while others manage large mainframes. These operating systems can be categorized according to the following characteristics:

· Numder of users supported

· Degree of multiprogramming/multiprocessing

· Batch versus interactive processing

In a centralized system primarily the operating system kernel performs all of the services.

Principles of distributed operating system

As early as 1978, Enslow specified five properties for defining a distributed computing system

1. Multicity of general-purpose resource components, both physical and logical, that can by dynamically assigned to specific tasks.

2. Physical distribution of the physical ad logical resources by means of a communication network.

3. High-level operating system that unifies and integrates the control of the distributed components.

4. System transparency; which allows services to be requested by name only.

5. Cooperative autonomy, characterizing the operation and interaction of both physical and logical resources

Although this definition has given out for more than 20 years, what is a distributed system is still an open problem. 

Schroeder, instead, gave a list of symptoms of a distributed system. 

1. Multiple processing elements (PEs)

2. Interconnection hardware

3. PEs fail independently

4. Shared states.

A Distributed Computer System emphasizes on distribution. Not only physical resources such as processor, I/O equipment, communication port, storage, but also logical resources like processing, files, catalog, database, have to be distributed. They are located in different physical locations. Connected by computer network to form a Distributed Computer System.

A distributed operating system handles its users very much like an ordinary centralized operating system but run on a distributed computer system. A distributed operating system provides complete transparency to the end-users so that the users view the network of interconnected computers as one computer system. 

In a vein similar to the centralized operating systems, a distributed operating system performs the following functions;

· Receive, parse, and interpret the user command from any computer.

· Authenticated the user request for proper authority. To handle security across multiple computers, global security tables need to be created, maintained and accessed.

· Allocated the resources needed to execute the user commands if the user is allowed to access the resources. This provides the major source of transparency because the resources (files, programs, directories, I/O devices, memory units, CPU cycles) may be at any machine. Global information about all resources in the network needs to be created, maintained and accessed for global resources allocation.

· Schedule the user request as a process or as a series of coordinated processes. The scheduling may involved dynamic resource allocation across multiple computers for process execution.

· Monitor the processes in the system. This may involve fault tolerance on processes running on multiple computers.

· Free all the resources held by the processes at termination. This may involve resources across multiple computer systems that may need to be freed if portion of a process fails on one of the computers.

· Display results of the users session with information about resources utilization, etc. The results may need to be routed to sites that are different than the originating request.
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Figure 2 A Functional View of Distributed Operating System

Figure2 shows a functional model of distributed operating systems in terms of global and local functional components. The local components are part of traditional local operating systems, while the global components are responsible for transparency between the local components. For example, the global user command manager would provide a unified user interface even if the local user command managers of various local operating systems were not the same. In fact, the X window system, developed as part of the Athena distributed operating system, is a global user command processor which provides a uniform user interface for all users in the system. 

As a rule of thumb, if you can tell which computer you are using, you are not using a distributed operating system. The users of a true distributed operating system should not know (or care) on which machine (or machines) their programs are running, where there files are stored, and so on.

Key characteristics of distributed computing system

Resource sharing: 

   It is the fundamental characteristic of distributed systems. Resources may be items of data, software or hardware component. Resources are used by the whole system not just by one computer, user or process.  

Openness: 

  A distributed system can be extended in various ways. New resource-sharing services can be added without disruption to or duplication of existing services. Openness is achieved by specifying and documenting the key software interfaces of a system and making them available to software developer, it is said that the key interfaces are published. The provision of a uniform interprocess communication mechanism also play very critical roll in the openness of a distributed system.

Concurrency: 

  When several processes exist in a single computer we say they are executed concurrently. In a distributed system, Many users simultaneously invoke commands or interact with application programs. Many server processes run concurrently, each responding to different requests from client processes. Concurrency and parallel execution arises naturally from the separate activities of users, the independence of resources and the location of server processes in separate computers. The separation of these activities enables processing it proceed in parallel in separate computers. Concurrent accesses and updates to shared resources must be synchronized.

Scalability: 

  Distributed systems operate effectively and efficiently at many different scales. The smallest can be made up of two workstations, and a file server. The largest distributed system is the internet around world includes millions of computers. The system and application software should not need to change when the scale of the system increases. This characteristic is achieved to significant extent in most current distributed system and components, but it is an area in which further research is required and in progress to accommodate the very large scale systems and applications that are likely to emerge as internet increases and high performance networks appear.

Fault tolerance:

 The design of fault tolerance system is based on two approaches, both of which must be deployed to handle each fault: hardware redundancy and software recovery. The single nodes or path fault of distributed system normal don't cause the whole system crash, but reduce it service.

Transparency: 

The distributed system is a collection of networked computers as an integrated system, hiding the distributed nature of the resources used to perform the user's task. Make the users of the system unaware of the existence of multiprocessor (or multicomputer) in the system. To the users, as if it were a single processor computer. There are different kinds of transparency. 

· Name transparency: the name of the resource does not indicate where in the distributed system the file, data, or process is physically located. Furthermore, if users change location, their view of the system would not change since the name is not tied to a particular location. Overall this implies some sort of global naming scheme. 

· Location transparency: the users cannot tell where the resources are located. This has been achieved partially in the UNIX and NFS. The users usually don't know where the files are. However, resources such as printers do not desire location transparency. 

· Access transparency: access transparency takes location transparency even further in that a user cannot distinguish a local resource from a remote resource. The interface, command and timing (the most difficult aspect) are all consistent for local and remote access to resource. (e.g. nomadic computing from Kleinrock of UCLA). 

· Migration transparency: resources can move at will without changing their names. Users cannot notice if a resource or their job has been migrated to another location within the distributed system. 

· Replication transparency: the users cannot tell how many copies of resources exist. Example: n servers form a ring. Each can hold a copy of the directory. The actual data files are distributed among these servers. Whenever a file is requested, the system will search and locate it. 

· Concurrency transparency: multiple users can share resources automatically. 

· Parallelism transparency: users who want to use multiple processors wouldn't have to worry how to get it, the system will do it. 

· Failure transparency: if a link or a system within the distributed system fails, the entire system should not fail. Failure transparency is a key benefit to distributed computing over centralized computing. 

Design issues related to distributed

Naming:

    Distributed systems are based on the sharing of resources and on the transparency of their distribution. The names assigned to resources or objects must have global meanings that are independent of the locations of the object, and they must be supported by a name interpretation system that can translate names in order to enable programs to access named resources. A design issue is to design naming schemes that will scale to an appropriated degree and in which names are translated efficiently to meet appropriate goals for performance.  The term name refers to names that can be interpreted by user or by programs and the term identifier refers to names that are interpreted or used only by programs. 

Communication: 

   The performance and reliability of the communication techniques used for the implementation of distributed systems are critical to their performance. Even very high transmission speeds can now be achieved in both local and wide area networks, communication can be time consuming because of the number and complexity of the software layers involved. A design issue is to optimize the implementation of communication in distributed systems while retaining a high-level programming model for its use.

Software structure

Openness is achieved through the design and constructions of software components with well-defined interfaces. Data abstraction is an important design technique for distributed systems. Services can be viewed as the managers of objects of a given data type; the interface to a service can be viewed as a set of operations. A design issue is to structure a system so that new services can be introduced that will interwork full with exiting services without duplicating existing service elements..

Workload allocation

 Good performance is a requirement of most engineered products, and is a major concern for most programmers and system designers. The design issue for distributed systems is how to deploy the processing and communication and resources in a network to optimum effect in the processing of a changing workload.

Consistency maintenance

Several problems of consistency that can arise in distributed operating system design have significantly impact on the performance of distributed systems and applications. The maintenance of consistency at reasonable cast is perhaps the most difficult problem encountered in the design of distributed systems.

Amoebae As an Example of distributed Operating Systems

1.History
· Developed at the Vrije Universiteit Amsterdam, Netherland. Chief designer: Andrew S. Tanenbaum; other developers were Frans Kaashock, Sape J. Mullender, Robbert van Renesse, Leendert van Doorn, Kees Verstoep and many, many more. 

· First proto release in 1983 (V1.0), last official release 1996 (V5.3) 

· Supports multiple architectures: 68k, i80386, SPARC 

2Design goals

· One of the main goals of the Amoeba development was to design a transparent distributed system that allows users to log into system as a whole: Transparency. That means: Hiding the complexities of a distributed system from the users. Amoeba users should not be concerned about the number of processors in the system, nor must they know the location of the other machines or servers (like the Filesystem server...). 

· Several machines connected over a network operate as a single system: Distribution. Amoeba gives its users the illusion of interacting with a single, powerful system. 

· Parallelism: On an Amoeba system, a single program or command can use multiple processors to increase performance. The user simply requests an operation, and the Amoeba OS decides the best way to execute the request. Amoeba will decide which processor (or processors) is appropriate for the request, based on the current state of the system. Additionally, special development tools have been made for an Amoeba environment that take advantage of the inherent parallelism. For example, Amoeba supports a parallel 'make' program. 

· Performance: Much effort was given to meet this goal!!! This is accomplished with a newly developed High Performance network protocol called FLIP (Fast Local Internet Protocol). When FLIP was developed, none of the current protocols provided adequate support for distributed systems. FLIP performs clean, simple and efficient communication between distributed nodes. 

· Development from the scratch; Amoeba doesn't based on any existing operating system 

· Amoeba interact with the user as a UNIX-like Timesharing System 

3. System architecture
Amoeba implements a universal distributed Client-Server-Model. In fact, basically the whole system needs only three Functions to do all the work: The transaction call from the Client, and the GetRequest and PutReply functions on the Server side. 
An Amoeba System consists of four principle components: 

1. Workstations 

2. Pool Processors 

3. Specialized Servers (File server...) 

4. Gateways 
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In more detail: 

· Amoeba is designed as a collection of micro kernels. Thus the Amoeba system consists of many CPU's connected over a network. Each CPU owns his own local Memory in the range from 2MB to several 100MB. A huge number of Processor's build the so called Processor pool. This group of CPUs can be dynamically allocated as needed by the system and the users. Specialized servers, called Run server, distribute processes in a fair manner to these machines. 

· Many different Processor architectures are supported: i80386(Pentium), 68k, SPARC. Today, only the i80386 architecture is significant for building an Amoeba system (cheap!!!). 

· Workstations allow the users to gain access to the Amoeba system. There is typically one workstation per user, and the workstations are mostly diskless; only a workstation kernel must be booted (from floppy, via tftp, burned in Flash-EEPROM). Amoeba supports X-Windows and UNIX-emulation. 

· At heart of the Amoeba system are several specialized servers that carry out and synchronize the fundamental operations of the kernel. Amoeba has a directory server (called SOAP) that is the naming service for all objects used in the system. SOAP provides a way to assign ASCII names to an object so it's easier to manipulate (by humans). The directory server can replicate files without fearing their change. Amoeba has of course a file server (called the Bullet Server) that implements a stable high-speed file service. High speed is achieved by using a large buffer cache. Since the files are first created in cache, and are only written to disk when they are closed, all the files can be stored contiguously. The underlying idea behind immutable files is to prevent the replication mechanism from undergoing race conditions. And file server crashes normally don't result in an inconsistent file system! The Bullet server uses the virtual disk server to perform I/O to disk, so it's possible that the file server run as a normal user program! The Boot server controls all global system servers (outside the kernel): start, check and poll, restart if crashed. 

· All Amoeba objects (files, programs, memory segments, and servers) are protected and described with so called Capabilities (see below). 


4. The Amoeba Micro-kernel 

A small piece of code, called the microkernel, is present on all Amoeba machines and they run nearly the same microkernel which handles 

· Low level I/O management 

· Communication between processes or threads 

· Low level Memory management 

· Process and thread (kernel/user space) management 

Server processes (see above) supply other operating system services and generally run in user mode. This job specialization allows the microkernel to be small and efficient, increases reliability, allows as much as possible of the operating system to run as user processes, providing flexibility and no extra burdens are added to individual CPUs with facilities that it doesn't need. 

Process concept:
· Amoeba supports traditional process concept 

· Processes consists of several threads (at least one) 

· Each thread has his own registers, Instruction Pointer, stack; but all threads of a process share the same memory region 

· Example: File server. Each request is handled by one thread, but all threads use the same cache; synchronization through Mutex and Semaphores 
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Memory management: 

· Threads can allocate and deallocate blocks of memory, called Segments . 

· These segments can be read and written, and can be mapped into and out of the address space of the process. 

· A process owns at least one segment, but may have many more of them. 

· Segments can be used for text, data, stack, or any other purpose the process desires. The operating system doesn't enforce any particular pattern on segment usage. 

I/O-Management:
· For each I/O-Device attached to a machine, there is a device driver in the kernel. The driver manages all I/O for the device. 

· All drivers are static linked to the kernel; no dynamic Module support 

· Mostly the communication with Device-Drivers are performed through the standard message protocol (like the rest of the system in user space) 

Communication:
Two forms of communication are provided: 

· Point-to-Point communication 

· Group communication 

5. Amoeba's Object concept 
The central point of the software concept for a server implementation is the Object concept. Each object consists of 

· Data and 

· Operations on this data 

Amoeba is organized as a collection of objects (essentially abstract data types), each with some number of operations that processes can perform on it. Operations on an object are performed by sending a message to the object's server. Objects are created by processes and managed by the corresponding server. There are many different object classes: 

· Files 

· Directories 

· Memory segments 

· Processes 

· I/O-Devices (Hard drive...) 

· Terminals 

· ... 

Operations on objects are performed with Stub-procedures. When an object is created, the server returns a Capability. The capability is used to address and protect the object. A typically capability is shown below. 
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The Port field identifies the server. The Object field tells which object is being referred to, since a server normally will manage several objects. The Rights field specifies which operations are allowed (e.g. capability for a file may be read only). Since capabilities are managed in user space, the Check field is needed to protect them cryptographically, to prevent users from tampering with them. 

6. Process management 

A process is an object in Amoeba. Information about the processes in Amoeba are contained in capabilities and in a data structure called a process descriptor, which is used for process creation and stunned processes (and process migration). The process descriptor consists of four components: 
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· The host descriptor provides the requirements for the system where the process must run, by describing what machine it can be run 

· The capabilities include the capability of the process which every client needs, and the capability of a handler, which deals signals and process exit 

· The segment component describes the layout of the address space (see below) 

· The thread component describes the state of each of the threads (see below) in the process and their state information (IP, Stack,...) 

Amoeba supports a simple thread model. When a process starts up, it has at least one thread. The number of threads is dynamic. During execution, the process can create additional threads. And existing threads can terminate. All threads are managed by the kernel. The advantage of this design is that when a thread does a RPC, the kernel can block that thread and schedule another one in the same process if one is ready! 

Three methods are provided for thread synchronization:

· Mutexes 

· Semaphores 

· Signals 

A Mutex is like a binary semaphore. It can be in one of two states, locked or unlocked. Trying to lock an unlocked mutex causes it to become locked. The calling thread continues. Trying to lock a mutex that is already locked causes the calling thread to block until another thread unlocks the mutex. The second way threads can synchronize is by counting Semaphores. These are slower than mutexes, but there are times when they are needed. A semaphore can't be negative. Try down a zero semaphore causes the calling thread to block until another thread do a up operation on the semaphore.


Signals are asynchronous interrupts sent from one thread to another in the same process. Signals can be raised, caught, or ignored. Asynchronous interrupts between processes use the stun mechanism.

Summary 

Currently, Amoeba has been used for several practical situations from a development environment, for parallel programming, to industrial applications. It definitely has a UNIX feel to it, and supports many UNIX-like commands and constructs. Amoeba also has a POSIX emulation library! Although I have no practical experience with Amoeba, it seems like all the interfaces and dependencies have been well designed, and it deserves a closer look. 

Amoeba is an Operating System for the 90's that allows multiple machines to be connected together to form a single powerful computing system. The Amoeba project has shown that it is possible to build an efficient, high-performance distributed operating system. Amoeba relies heavily on memory (RAM) to speed operations, and performance drops when memory is low. However, this is not really a problem since memory prices have dropped, and are still coming down (while capacity increases). Also, as the price of processors (CPU chips) continues to decrease, it is becomes even more feasible to make systems that contain multiple processors. Machines in an Amoeba system do not have to be the same type. Currently, Amoeba runs on Sun SPARC stations, Sun 3/60, and 3/50 workstations, Intel 386/486/Pentium/Pentium Pro, and 68030 VME-bus boards. In theory, all the work can be done on a single machine, but Amoeba really requires more than one machine to execute efficiently. 
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