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                                           Overview of Scheduling

1. Basic Concepts
The objective of multiprogramming is to have some process running at all times, to maximize CPU utilization. For a uniprocessor system, there will never be more than one running process. If there are more processes, the rest will have to wait until the CPU is free and can be rescheduled.

The idea of multiprogramming is relatively simple. A process is executed until it must wait, typically for the completion of some I/O request. In a simple computer system, the CPU would then just sit idle. All this waiting time is wasted; no useful work is accomplished. With multiprogramming, we try to use this time productively. Several processes are kept in memory at one time. When one process has to wait, the operating system takes the CPU away from that process and gives the CPU to another process. This pattern continues. Every time that one process has to wait, another process may take over the use of the CPU.

Scheduling is a fundamental operating-system function. Almost all computer resources are scheduling before use. The CPU is one the primary computer resources. Thus, its scheduling is central to operating-system design.

2. Types of Scheduling

· Long-term Scheduling: 

              The long-term scheduling determines which programs are admitted to the system for processing. Thus, it controls the degree of multiprogramming. Once admitted, a job or user program becomes a process and is added to the queue for the short-term scheduler. In some systems, a newly created process begins in a swapped-out condition, in which case it is added to a queue for the medium-term scheduler.

            In a batch system, or for the batch portion of a general-purpose operating system, newly submitted jobs are routed to disk and held in a batch queue. The long-term scheduler creates process from the queue when it can. There are two decisions involved here. First, the scheduler must decide that the operating system can take on one or more additional processes. Second, the scheduler must decide which job or jobs to accept and turn into processes.  There are two decisions. 1). The decision as to when to create a new process is generally driven by the desired degree of multiprogramming. The more processes that are created, the smaller is the percentage of time that each process can be executed. Thus, the long-term scheduler may limit the degree of multiprogramming to provide satisfactory service to the current set of processes. Each time a job terminates, the scheduler may make the decision to add one or more new jobs. Additionally, if the fraction of time that the processor is idle exceeds a certain threshold, the long-term scheduler may be invoked. 2). The decision as to which job to admit next can be on a simple first-come-first-served basis, or it can be a tool to manage system performance. The criteria used may include priority, expected execution time, and I/O requirements. For example, if the information is available, the scheduler may attempt to keep a mix of processor-bound and I/O-bound processes. Also the decision may be made depending on which I/O resources are to be requested, in an attempt to balance I/O usage.

             For interactive programs in a time-sharing system, a process request is generated by the act of a user attempting to connect to the system. Time-sharing users are not simply queued up and kept waiting until the system can accept them. Rather, the operating system will accept all authorized comers until the system is saturated, using some predefined measure of saturation. At that point, a connection request is met with a message indicating that system is full and the user should try again later.

· Medium-term Scheduling: 

             Medium-term scheduling is part of the swapping function. Typically, the swapping-in decision is based on the need to manage the degree of multiprogramming. On a system that does not use virtual memory, memory management is also an issue. Thus, the swapping-in decision will consider the memory requirements of the swapping-out processes.

· Short-term Scheduling:

             In term of frequency of execution, the long-term scheduler executes relatively infrequently and makes the coarse-grained decision of whether or not to take on a new process, and which one to take. The medium-term scheduler is executed somewhat more frequently to make a swapping decision. The short-term scheduler, also knows as the dispatcher, executes most frequently and makes the fine-grained decision of which process to execute next.

             The short-term scheduler is invoked whenever an event occurs that may lead to the suspension of the current process or that may provide an opportunity to preempt a currently running process in favor of another. Examples of such events include the following:1)clock interrupts 2) I/O interrupts 3)Operating system calls 4) Signals

3. Scheduling Criteria

                  Different CPU scheduling algorithms have different properties and may favor one class of processes over another. In choosing which algorithm to use in a particular situation, we must consider the different properties of the various algorithms.

· CPU utilization: We want to keep the CPU as busy as possible. CPU utilization may range from 0 to 100 percent. In a real system, it should rang from 40 percent (for a lightly loaded system) to 90 percent (for a heavily used system).

· Throughput: If the CPU is busy executing process, then work is being done. One measure of work is the number of processes that are completed per time unit, called throughput. For long processes, this rate may be one process per hour; for short transactions, throughput might be 10 processes per second.

· Turnaround time: From the point of view of a particular process, the important criterion is how long it takes to execute that process. The interval from the time of submission of a process to the time of completion is the turnaround time. Turnaround time is the sum of the periods spent waiting to get into memory, waiting in the ready queue, executing on the CPU, and doing I/O.

· Waiting Time: The CPU scheduling algorithm does not affect the amount of time during which a process executes or does I/O; it affects only the amount of time that a process spends waiting in the ready queue. Waiting time is the sum of the periods spent waiting in the ready queue.

· Response time: In an interactive system, turnaround time may not be the best criterion. Often, a process can produce some output fairly easy, and can continue computing new results while previous results are being output to the user. Thus, another measure is the time from the submission of a request until the first response is produced. This measure, called response time, is the time that it takes to start responding, but not the time that it takes to output that response. The turnaround time is generally limited by the speed of output device.

4. Scheduling algorithms

· First-Come-First-Served 

                The processes are served in the order of their arrival. The process occupying the CPU does not release it until the process finishes the service on the CPU. FCFS is the simplest one to implement, and is easy to understand. It is fair in the sense that the jobs are served by the order of their arrival (it may not be so fair from different point of view). 

· Shortest-Job-First 

The CPU executes the process with the shortest CPU burst first. SJF is optimal scheduling for a given set of processes because moving a short process before a long one decreases the waiting time of the short process more than it increases the waiting time of the long process. 

· Priority 

                 In SJF, the duration of CPU burst is taken as the scheduling index. It is a special case of the general priority scheduling algorithm. In priority scheduling, each process is assigned a priority which may or may not change. The CPU is allocated to the process with the highest priority. 

               Priority scheduling is most widely used in real operating system. For example, there are 32 different levels of priority in VMS. The priority for user process is between 0 and 15, only system process can possibly have higher priority. In Unix, user priority vary from -20 to 20 with the -20 as the highest priority. 

              The advantage of the priority scheduling is that the system can take better care of the processes that need priority execution. 

Preemptive algorithms 

               Preemptive: If the priority of a newly arrived process is higher than the priority of currently running process, the current process is stopped and replaced by this new process. 

              Non-preemptive: If the priority of a newly arrived process is higher than the priority of currently running process, the new process has to wait until the running process finishes its current burst before it can take over the CPU. 

              FCFS is non-preemptive scheduling algorithm. All other priority scheduling algorithm can be modified to be preemptive algorithm. Preemptive mechanism is very important in terms of system performance. For example, if a heavy CPU-bound process occupies the CPU, the other processes may have to wait much longer than they should, without preemptive. Preemptive algorithm makes the analytical analysis difficult. 

· Round-robin 

               In preemptive scheduling, a process might have to give up the CPU before finishing its burst, if a higher priority process comes in. In a round-robin algorithm, a running process gives up the CPU, not because of the arrival of a higher-priority process, but because of the time it has been occupying the CPU. Round-robin algorithm is a preemptive one. 

               Each process can only execute fixed amount of time, called time quantum or time slice before it has to release the CPU to other processes. 

            The performance of the round-robin algorithm is heavily dependent on the time quantum. At one extreme, if the time quantum is very large (infinite), round-robin is the same as FCFS. On the other hand, if the time quantum is very small, round-robin is called processor sharing, in which as if each of the n processes has its own processor running at 1/n the speed of the real processor. 

           In general, round-robin is fair. The problem is that the overhead often is very large. The context switch takes a lot of time. 

· Multi-level queues 

                  In the previous algorithms, there is a single ready queue. The algorithm is applied to the different processes in the same queue. 

               A multi-queue scheduling algorithm partitions the ready queue into separate queues. Processes in general are permanently assigned to one queue, based on some properties of the process. Each queue may execute its own scheduling algorithm which may be different from other queues. The scheduling among different queues is usually done through priority, or round-robin. 

· Multi-level feedback queues 

             Normally, in a multi-queue scheduling algorithm, processes are permanently assigned to a queue upon entry to the system. Multi-level feedback queues allow a process to move between queues. The idea is to separate out processes with different CPU-burst characteristics. 

In general, a multi-queue feedback scheduler is defined by the following parameters: 

1. The number of queues. 

2. The scheduling algorithm for each queue, and the relationship among different queues. 

3. A method of determining when to upgrade a process to a higher priority queue. 

4. A method of determining when to demote a process to a lower priority queue. 

5. A method of determining which queue a process will enter when it needs service. 

· Thread Scheduling

                With threads, the concept of execution is separated from the rest of the definition of a process. An application can be implemented as a set of threads, which cooperate and execute concurrently in the same address space. On a uniprocessor, threads can be used as a program structuring aid and to overlap I/O with processing, Because of the minimal penalty in doing a thread switch compared to a process switch, these benefits are realized with little cost. However, the full power of threads becomes evident in a multiprocessor system. In this environment, threads can be used to exploit true parallelism in an application. If the various threads of an application are simultaneously run on separate processors, dramatic gains in performance are possible.

Among the many proposals for multiprocessor thread scheduling and processor assignment, four general approaches stand out.

1. Load sharing

2. Gang scheduling

3. Dedicated processor assignment

4. Dynamic scheduling

· Real-Time Scheduling

Real-Time computing is of two types. 

1. Hard real-time systems are required to complete a critical task within a guaranteed amount of time.  Generally, a process is submitted along with a statement of the amount of time in witch it needs to complete or perform I/O. The scheduler then either admits the process, guaranteeing that the process will complete on time, or rejects the request as impossible. Such a guarantee, made under resource reservation, requires that the scheduler know exactly how long it takes to perform each type of operating-system function; therefore, each operation must be guaranteed to take a maximum amount of time.  Such a guarantee is impossible in a system with secondary storage or virtual memory,  because these subsystems cause unavoidable and unforeseeable variation in the amount of time to execute a particular process. Therefore, hard real-time systems are composed of special-purpose software running on hardware dedicated to their critical process, and lack the full functionality of modern computers and operating systems.

2. Soft real-time computing is less restrictive. It requires that critical processes receive priority over less fortunate ones. Although adding soft real-time functionality to a time-sharing system may cause an unfair allocation of resources and may result in longer delays, or even starvation, for some processes, it is at least possible to achieve.  The result is a general-purpose system that can also support multimedia, high-speed interactive graphics, and a variety of tasks that would not function acceptably in an environment that does not support soft real-time computing.

                Implementing soft real time functionality requires careful design of the scheduler and related aspects of the operating system. First, the system must have priority scheduling, and real-time processes must have the highest priority. The priority of real-time processes must not degrade over time, even though the priority of non-real-time processes may.  Second, the dispatch latency must be small. The smaller the latency, the faster a real-time process can start executing once it is runnable.

                   It is relatively simple to ensure that the former property holds. For example, we can disallow process again on real-time processes, thereby guaranteeing that the priority of the various processes does not change.  However, ensuring the latter property is much more involved.  The problem is that many operating systems, including most versions of UNIX, are forced to wait either for a system call to complete or for an I/O block to take place before they can do a context switch. The dispatch latency in such systems can be long, since some system calls are complex and some I/O devices are slow.

To keep dispatch latency low, we need to allow system calls to be preemptible. There are several ways to achieve this goal. One is to insert preemption points in long-duration system calls, which check to see whether a high-priority process needs to be run.  If one does, a context switch takes place; when the high-priority process terminate, the interrupted process continues with the system call.  Preemption points can be placed at only safe locations in the kernel-only where kernel date structures are not being modified.  Even with preemption points, dispatch latency can be large, because it is practical to add only a few preemption points to a kernel.

                 Another method for dealing with preemption is to make the entire kernel preemptible. So that correct operation is ensured, all kernel date structures must be protected through the use of various synchronization mechanisms that we discuss in chapter 7. With this method, the kernel can always be preemptible, because any kernel data being updated are protected from modification by the high-priority process.  This method is used in Solaris 2.

                     What happens if the higher-priority process needs to read or modify kernel date that are currently being accessed by another, lower-priority process? The high-priority process would be waiting for a lower-priority one to finish.  This situation is known as priority inversion.  In fact, there would be a chain of processes, all accessing resources that the high-priority process needs.  This problem can be solved via the priority-inheritance protocol, in which all these processes (the processes that are accessing resources that the high-priority process needs) inherit the high priority until they are done with the resource in question. When they are finished, their priority reverts to its original value.

The conflict phase of dispatch latency has two components:

1. Preemption of any process running in the kernel 

2. Release by low-priority processes of resources needed by the high-priority process

As an example, in Solaris 2 with preemption disable, the dispatch latency is over 100 milliseconds; with preemption enabled, it is usually reduced to 2 milliseconds.
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