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ABSTRACT:

Traditional processor scheduling mechanism in operating systems is rigid. They control the sharing of machine’s CPU resources among threads using one  fixed scheduling scheme., typically based on priority. Sometimes variants on basic scheduling algorithms are provided But these various techniques are hard to implement and cannot be easily fulfill needs of individual applications.

 This paper represents novel processor scheduling framework based on generalized notion of priority inheritance. In this framework known as CPU inheritance scheduling, arbitrary threads can act as a schedulers for other threads by temporarily denoting their CPU time to selected threads while waiting on events of interest such as clock/timer interrupts. Different scheduling policies can be implemented under the framework and which can coexist in a single system, providing much greater scheduling flexibility. Framework ensures that all different policies work together logically and predictably. 

Moreover this framework clearly address priority inversion by providing generalized form of priority inheritance that works within various scheduling policies. CPU inheritance scheduling extend naturally to multiprocessor and support processor management techniques such as processor affinity and scheduler activation 

.
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1.Introduction

1.1 Problem with existing policies:

Traditional operating system uses fixed scheduling scheme to allocate CPU resources among various threads. For different application we requires different scheduling scheme . For example for interactive process , response  time is more important factor ,ie how fast user gets response to their command is more important. For batch jobs, throughput  is more important. In hard real time scheduling, deadlines are more important whereas in soft real time scheduling, missing of deadline is unfortunate but not catastrophic. There is no single scheduler that serves all above purposes.

Supporting multiple scheduling policies is also become important because we are using modern system in variety of ways. for example, system that supports multimedia application or video conference needs soft real time scheduling policies but that doesn’t mean that traditional  application does not need any focus. user still need quick response for their interactive programs. so for the various applications  OS must support multiple coexisting processor scheduling policies so that it can fulfill various application needs and moreover it can manage CPU  resources more effectively.

Finally, most existing systems still suffer from various priority inversion problems. Priority inversion occurs when a high-priority thread requesting a service has to wait arbitrarily long for a low-priority thread to finish being serviced. This problem can be addressed in priority-based scheduling algorithms by supporting priority inheritance wherein the thread holding up the service inherits the priority of the highest priority thread waiting for service. In some cases this approach can be adapted to other scheduling policies, such as with ticket transfer in lottery scheduling. However, the problem of resolving priority inversion between threads of different scheduling classes using policies with different and incomparable notions of “priority” has not been addressed so far.

1.2 Basic Idea Of scheduler:

In CPU inheritance scheduling, there is a generalized notion of priority inheritance.In this scheduling, arbitrary threads can act as schedulers for other threads by temporarily donating their CPU time to selected threads while waiting on events of interest such as clock/timer interrupts. The receiving threads can further donate their CPU time to other threads, and so on, forming a logical hierarchy of schedulers as illustrated in 
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                                    figure 1

Figure 1. A scheduler thread can be notified when the thread to which it donated its CPU time no longer needs it (e.g., because the target thread has blocked), so that the CPU can be reassigned to another target. The basic thread dispatching mechanism necessary to implement this framework does not have any notion of thread priority, CPU usage, or clocks and timers; all of these functions, when needed, are implemented  by threads acting as schedulers. Under this framework, arbitrary scheduling policies can be implemented by ordinary threads cooperating with each other through well-defined interfaces that may cross protection boundaries. For example, a fixed-priority multiprocessor scheduling policy can be implemented by maintaining, among a group of scheduler threads (one for each available CPU), a prioritized queue of “client” threads  to be scheduled; each scheduler thread successively picks a thread to run and donates its CPU time to the selected target thread while waiting for an interesting event such as quantum expiration (e.g., a clock interrupt). See Figure 2 for an illustration. If the selected thread blocks, its scheduler thread is notified and the CPU is reassigned. On the 
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other hand, if a different event causes the scheduler thread to wake up, the running thread is preempted and the CPU is given back to the scheduler immediately.

This scheduling framework has the following features:

1) It supports multiple arbitrary scheduling policies on the same or different processors.

2) Since scheduler threads may run either in the OS kernel or in user mode, applications can easily extend or replace the scheduling policies built into the OS.

3) It provides hierarchical control over the processor resource usage of different logical or administrative domains in a system, such as users, groups, individual processes, and threads within a process.

4) CPU usage accounting can be provided to various degrees of accuracy depending on the resources one is willing to invest.

5) Priority inversion is addressed naturally in the presence of resource contention, without the need for explicit priority inheritance/ceiling protocols.

6) CPU use is attributed properly even in the presence of priority inheritance.

2. CPU inheritance scheduling

2.1 Basic idea:

 In this scheduler we use the concept of thread which is similer to the traditional system. thread is virtual CPU whose purpose is to execute instructions.A thread may be in running state or either in block state or in ready queue. A thread can be preempted and its CPU can be reassigned to another ready thread at any given time. In the traditional system, there is a scheduler who decides which thread to schedule next and it is a main component of OS for scheduling. all the performance is dependent on the efficiency of scheduler. In contrast , the basic idea of CPU inheritance scheduling is that threads are scheduled by another threads. Any  thread can give its available CPU time at any instant  to another thread temporarily to another specific thread instead of using the CPU itself. This operation is similar to priority inheritance in conventional systems, expect that it is done explicitly by donating thread, and no notion of priority is involved here, only direct transfer of CPU  from one thread to another ,hence it is  called as “CPU inheritance”.

2.2 Architecture:

2.2.1 Scheduler threads:

There is one scheduler thread that spends its most of its time donating its CPU resources to the client threads. client thread are which waiting for CPU time from scheduler thread. client thread thus inherit some portion of the scheduler thread’s CPU resources and treat that portion as their virtual CPU. Client thread can also act as scheduler thread and distributing their CPU time among their own client and so on, forming scheduling hierarchy.

There is a concept of root scheduler thread in the scheduling which is the only thread that inherently have actual CPU time available to it . other threads can only run if CPU time is donated to them. They can’t run if root thread scheduler don’t denote its CPU time to them. There is a root thread scheduler for each real CPU in the  system; each CPU is permanently dedicated to supplying CPU time to its associated root scheduler thread. The actions of the root scheduler thread on a given CPU determines the base level scheduling policy for that CPU.

2.2.2 Dispatcher:


Even though all high-level scheduling decisions are performed by threads, a small low-level mechanism is still needed to implement primitive thread management functions. This low-level mechanism  is called the dispatcher to distinguish it clearly from high-level schedulers. The role of the dispatcher is to  implement thread blocking, unblocking, and CPU donation. The dispatcher fields events and directs them to threads waiting on those events, without actually making any real scheduling decisions.Events can be synchronous, such as an explicit wake-up of a sleeping thread by a running thread, or asynchronous,such an external interrupt (e.g., I/O or timer).The dispatcher itself is not a thread; it merely runs in the context of whatever thread owns the CPU at the time an event of interest occurs. The dispatcher inherently contains no notion of thread priorities, CPU usage, or even clocks and timers. In a kernel supporting CPU inheritance scheduling, the dispatcher is the only scheduling component that must be in the kernel;all other scheduling code could in theory run in usermode threads outside of the kernel (although this purist”approach may be impractical for performance reasons).

3. WORKING STRATEGY OF CPU INHERITANCE SCHEDULER: 

3.1 Requesting CPU time:


Because no thread (except a root scheduler thread) can ever run unless some other thread donates CPU time to it, a newly-created or newly-woken thread must request CPU time from some scheduler before it can run. Each thread has an associated scheduler which has primary responsibility for providing CPU time to the thread. When the thread becomes ready, the dispatcher notifies the thread’s scheduler that the thread needs CPU time. The exact form such as notification takes is not important; in our implementation, notifications are simply IPC messages sent by the dispatcher to Mach-like message ports. When a thread wakes up, the notification it produces may in turn wake up a scheduler thread waiting to receive such messages on its port. Waking up that scheduler thread will cause another notification to be sent to its scheduler, which may wake up still another thread, and so on. Thus, waking up an arbitrary thread can cause a chain of wakeups to propagate back through the scheduler hierarchy. Eventually, this propagation may wake up a scheduler thread that is currently being supplied with CPU time but is donating it to some other thread. In that case, the thread currently running on that CPU is preempted and control is given back to the woken scheduler thread immediately; the scheduler can then make a decision to re-run the preempted client, switch to the newly-woken client, or even run some other thread. Alternatively, the propagation of wake-up events may terminate at some point, for example because a notified scheduler is already awake (not waiting for messages ) but has been preempted. In that case, the dispatcher knows immediately.

3.2 Relinquishing the CPU

At any time, a running thread may block to wait for one or more events to occur, such as I/O completion or timer expiration. When a thread blocks, the dispatcher returns control of the CPU to the scheduler thread that provided it to the running thread. That scheduler may then choose another thread to run, or it may relinquish the CPU to its scheduler, and so on up the line until some scheduler finds work to do.

3.3 Voluntary Donation

Instead of simply blocking, a running thread can voluntarily donate its CPU to another thread while waiting on an event of interest; this is done in situations where priority inheritance would traditionally be used. For example, when a thread attempts to obtain a lock that is already held, it may donate its CPU time to the thread holding the lock; similarly, when a thread makes an RPC to a server thread, the client thread may donate its CPU time to the server for the duration of the request. When the event of interest occurs, the donation ends and the CPU is given back to the original thread. In our implementation of this framework, the basic synchronization and IPC primitives automatically invoke the dispatcher to perform voluntary donation appropriately when the thread blocks; however, voluntary donation could also be done optionally or through explicit dispatcher calls. It is possible for a single thread to inherit CPU time from more than one source at a given time: for example, a thread holding a lock may inherit CPU time from several threads waiting on that lock in addition to its own scheduler. In this case, the effect is that the thread has the opportunity to run at any time any of its donor threads would have been able to run. A thread only “uses” one CPU source at a time; however, if its current CPU source runs out (e.g., due to quantum expiration), the dispatcher will automatically send scheduling request notifications on behalf of all the threads depending on (donating to) to the preempted thread, effectively switching the thread automatically to another available CPU source. One potential worry is that a thread consuming CPU time from many sources will cause an “avalanche effect” every time it is preempted or woken as the dispatcher fires off several scheduling requests, each of which may cause more scheduling requests as intermediate-level schedulers are woken up. We believe that in practice it should be uncommon for a thread to inherit from more than one or two other threads at once, so this should not be a major problem; however, we have not yet examined this issue in detail.
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3.4 The schedule operation

The call a scheduler thread makes to donate CPU time to a client thread is simply a special form of voluntary CPU donation, in which the thread to donate to and the event to wait for can be specified explicitly. In our implementation, the schedule operation takes as parameters a thread to donate to, a port on which to wait for messages from other client threads, and a wakeup sensitivity parameter indicating in what situations the scheduler should be woken. The operation donates the CPU to the specified target thread and puts the scheduler thread to sleep on the specified port; if a message arrives on that port, such as a notification that another client thread has been woken or a message indicating that a timer has expired, then the schedule operation terminates and control is returned to the scheduler thread. In addition, the schedule operation may be interrupted before a message arrives, depending on the behavior of the thread to which the CPU is being donated and the value of the wakeup sensitivity parameter. The wakeup sensitivity level acts as a hint to the dispatcher allowing it to avoid waking up the scheduler thread except when necessary; it is only an optimization and is not in theory required for the system to work. Our system supports the following three sensitivity levels: 

WAKEUP ON BLOCK:

 If the target of the schedule operation blocks without further donating the CPU, then the schedule operation terminates and control is returned to the scheduler immediately. For example, in Figure 3, if scheduler thread S1 has donated the CPU to thread T2  using this wakeup sensitivity setting, but T2 blocks and can no longer use the CPU, then S1 will receive control again. WAKEUP ON BLOCK is the “most sensitive” setting, and is typically used when the scheduler has other client threads waiting to run.

WAKEUP ON SWITCH: 

If the client thread using the CPU T2 blocks, control is not  immediately returned to its scheduler S1 the dispatcher behaves instead as if S1 itself blocked, and passes control on back to its  scheduler,S0. If T2 is subsequently woken up, then when S0 again provides the CPU to S1, the dispatcher passes control directly back to T2 without actually running S1 . However, if a different client of S1, such as T1 , wakes up and sends a notification to S1’s message port, then S1’s schedule operation will be interrupted. This sensitivity level is typically used when a scheduler has only one thread to run at the moment and doesn’t care when that thread blocks or unblocks, but it still wants to switch between different client threads manually: for example, the scheduler may need to start and stop timers when switching between client threads.

WAKEUP ON CONFLICT:

 The scheduler is only awakened if a second client thread wakes up while the scheduler is already donating CPU to a client (e.g., if T1 wakes up while T2 is running). If  T2 blocks, the scheduler blocks too; then, if any single client of scheduler S1 is subsequently woken, such as T1, the dispatcher passes control directly to the woken client thread without waking up the scheduler. At this weakest sensitivity level, the dispatcher is allowed to switch among client threads freely; the scheduler only acts as a “conflict resolver,” making decisions when two client threads are runnable at the same time.

4. IMPLEMENTATION:


This section describes  how the basic CPU inheritance mechanism can be used to implement high level scheduling policies.

4.1 FIFO scheduler:

void fifo_scheduling_loop()

{ cur_thread = NULL;

more_msgs = 1;

for (;;) {

if (more_msgs) {

more_msgs = msg_rcv(&fifo_pset, &msg);

} else {

/* Select the thread to run next. */

if ((cur_thread == 0) && !queue_empty(&fifo_runq))

cur_thread = q_remove(&fifo_runq);

/* Select wakeup sensitivity level. */

cond = q_is_empty(&fifo_runq) ?

WAKEUP_ON_CONFLICT : WAKEUP_ON_BLOCK;

/* Schedule and wait for messages. */

if (cur_thread != NULL)

more_msgs = schedule(fifo_pset, &msg, cur_thread, cond);

else

more_msgs = msg_rcv(fifo_pset, &msg);

}

/* Process the received message. */

switch (msg.request_code) {

case MSG_SCHED_REQUEST:

/* A client thread wants to run. */

q_enter(&fifo_runq, msg.thread_id);

break;

case MSG_SCHED_BLOCKED:

/* Last thread gave up the CPU. */

cur_thread = 0;

break;

}

}

}


CPU inheritance scheduling mechanism is used to implement FIFO scheduling police which is known as first come first out police.In this police,client thread which comes first is served first.There is no notion of priority here. Above simplified code fragment from basic non prioritized FIFO. Scheduler maintains a queue of client threads waiting for CPU time.scheduler then runs each client thread using the schedule operation, while waiting for messages to arrive on its port , e.g, notification from newly woken client threads. When there are no client thread waiting to be run, scheduler uses ordinary non donating msg_rcv operation instead of schedule operation in order to relinquish the CPU while waiting for messages. If there is only one client thread in the scheduler’s queue, the scheduler uses the weaker WAKEUP ON CONFLICT sensitivity level when running it to indicate that the dispatcher may switch among client threads arbitrarily as long as only one client thread attempts to use the CPU at a time.

4.2 RR scheduler:


The simple FIFO scheduler above can be converted to a round-robin scheduler by introducing some form of clock or timer. For example, if the scheduler is the root scheduler on a CPU, then the scheduler might be directly responsible for servicing clock interrupts. Alternatively, the scheduler may rely on a separate “timer thread” to notify it when a periodic timer expires. In any case, a timer expiration or clock interrupt is indicated to the scheduler by a message being sent to the scheduler’s port. This message causes the scheduler to break out of its schedule operation and preempt the CPU from whatever client thread was using it. The scheduler can then move that client to the tail of the ready queue for its priority and give control to the next client thread at the same priority.

4.3 Multiprocessor support:


In above examples, scheduler contains only a single scheduler thread, so it can schedule a single client thread at any given instance. So that eventhough it runs on multiprocessor system,it can’t take advantages of multiple processors. In order to provide real multiprocessor scheduling to its client thread, where different client threads can be dynamically assigned to different processor on demand, the scheduler must be multi-threaded. For supporting multiprocessor capabilities, assume for now that scheduler knows how many processors are available, and bind threads to processors. The scheduler creates a separate thread bound to each processor; each of these scheduler threads then selects and runs client threads on that processor. The scheduler threads cooperate with each other using shared variables, e.g., shared run queues in the case of a multiprocessor FIFO scheduler. Since a scheduler’s client threads are supposed to be unaware that they are being scheduled on multiple processors, the scheduler exports only a single port representing the scheduler as a whole to all of its clients. When a client thread wakes up and sends a notification to the scheduler port, the dispatcher arbitrarily wakes up one of the scheduler threads waiting on that port. A good policy is for the dispatcher to wake up the scheduler thread associated with the CPU on which the wakeup is being done; this allows the scheduler to be invoked on the local processor without interfering with other processors unnecessarily. If the woken scheduler thread discovers that the newly woken client should be run on a different processor  because it is already running a high-priority client but another scheduler thread is running a low-priority client, it can interrupt the other scheduler thread’s schedule operation by sending it a message or “signal”; this corresponds to sending interprocessor interrupts in traditional systems. 

4.3.1 Processor affinity:


Processor affinity means, on a multi-CPU machine, the processes run only on  dedicated set of CPUs.  In other words processes are bound to isolated (subset) of the CPUs. Scheduling policies that take processor affinity into consideration can  be implemented by treating each scheduler thread as a processor and attempting to schedule a client thread from the same scheduler thread that previously donated CPU time to that client thread. Of course, this will only work if the scheduler threads themselves are consistently run on the same processor. Any processor affinity support in one scheduling layer will only work well if all the layers between it and the root scheduler also consider processor affinity. 

4.3.2 Scheduler activations:

 In the common case, client threads “communicate” with their schedulers implicitly through notifications sent by the dispatcher on behalf of the client threads. However, there is nothing to prevent client threads from explicitly communicating with their schedulers through some additional interface. One particularly useful explicit interface is scheduler activation, which allows clients to determine initially and later track the number of actual processors available to them. Clients can then create or destroy threads as appropriate in order to make use of all available processors without creating superfluous threads that compete with each other uselessly on a single processor. Since scheduler threads are notified by the dispatcher when a client thread blocks and temporarily cannot use the CPU (e.g., because the thread is waiting for an I/O request or a page fault to be serviced), the scheduler can notify the client in such a situation and give the client an opportunity to create a new thread to make use of the CPU while the original thread is blocked. For example, a client can create a pool of “dormant” threads, or “activations,” which the scheduler knows about but normally never runs. If a CPU becomes available, e.g., because of another client thread blocking, the scheduler “activates” one of these dormant threads on the CPU vacated by the blocked client thread. Later, when the blocked thread eventually unblocks and requests CPU time again, the scheduler preempts one of the currently running client threads and notifies the client that it should make one of the active threads dormant again. Scheduler activations were originally devised to provide better support for application-specific thread packages running in a single user mode process. In an OS kernel that implements CPU inheritance scheduling, extending a scheduler to provide this support should be quite straightforward. However, in a multiprocessor system based on CPU inheritance scheduling, scheduler activations are also useful in stacking of first-class schedulers. As mentioned previously, multiprocessor schedulers need to know the number of processors available in order to use the processors efficiently. As long as a base-level scheduler (e.g., the root scheduler on a set of CPUs) supports scheduler activations, a higher-level multiprocessor scheduler running as a client of the base-level scheduler can use the scheduler activations interface to track the number of processors available and schedule its clients effectively. (Simple singlethreaded schedulers that only make use of one CPU at a time don’t need scheduler activations and can be stacked on top of any scheduler.)

 4.4 Timing

Most scheduling algorithms require a measurable notion of time in order to implement preemptive scheduling. For most schedulers, a periodic interrupt is sufficient, although some real-time schedulers may need finer-grained timers whose periods can be changed at each quantum. With CPU inheritance scheduling, the precise nature of the timing mechanism is not important to the general framework;all that is needed is some way for a scheduler thread to be woken up after some amount of time has elapsed. In our implementation, schedulers can register timeouts with a central clock interrupt handler; when a timeout occurs, a message is sent to the appropriate scheduler’s port, waking

up the scheduler. The dispatcher automatically preempts the running thread if necessary and passes control to the scheduler so that it can account for the elapsed time and  potentially switch to a different client thread.

4.4.1 CPU Usage Accounting

Besides simply deciding which thread to run next, schedulers often must account for CPU resources consumed. CPU accounting information is used for a variety of purposes, such as reporting usage statistics to the user on demand, modifying scheduling policy based on CPU usage (e.g., dynamically adjusting thread priority), or billing a customer for CPU time consumed for a particular job. As with scheduling policies, there are many possible CPU accounting mechanisms, each with different cost/benefit tradeoffs. The CPU inheritance scheduling framework allows a variety of accounting policies to be implemented by scheduler threads. There are two well-known approaches to CPU usage accounting: statistical and time stamp-based.

 With statistical accounting, the scheduler wakes up on every clock tick, checks the currently running thread, and charges the entire time quantum to that thread. This method is quite efficient, since the scheduler generally wakes up on every clock tick anyway; however, it provides limited accuracy. A variation that provides better accuracy at slightly higher cost is to sample the current thread at  random points between clock ticks.

 Alternatively, with time stampbased accounting, the scheduler reads the current time at every context switch and charges the appropriate thread for the time since the last context switch. This method provides extremely high accuracy, but also imposes a high cost  due to lengthened context switch times, especially on systems on which reading the current time is expensive. In the root scheduler on a processor, these methods can be applied directly. 

To implement statistical accounting, the scheduler simply checks what thread it ran last upon being woken up by the arrival of a timeout message. To implement time stamp-based accounting, the scheduler reads the current time each time it schedules a different client thread. The scheduler must use the WAKEUP ON BLOCK sensitivity level in order to ensure that it can check the time  at each thread switch and to ensure that idle time is not charged to any thread. For schedulers stacked on top of other schedulers, CPU accounting becomes a little more complicated because the CPU time supplied to such a scheduler is already “virtual” and cannot be measured accurately by a wall-clock timer. For example, in Figure 3, if scheduler S1 measures T2 ’s CPU usage using a wall-clock timer, then it may   mistakenly charge against T2 time actually used by the high-priority thread T0, which S0 has no knowledge of because it is scheduled by the root scheduler S0 . In many cases, this inaccuracy caused by stacked schedulers may be ignored in practice on the assumption that high-priority threads and schedulers will consume relatively little CPU time; this assumption is similar to the one made in many existing kernels that hardware interrupt handlers consume little enough CPU time that they may be ignored for  accounting purposes. In situations in which this assumption is not valid and accurate CPU accounting is needed for stacked schedulers, virtual CPU time information provided by base-level schedulers can be used instead of wall-clock time, at the cost of additional communication between schedulers. For example, in Figure 3, at each clock tick (for  statistical accounting) or each context switch (for time stamp-based accounting), scheduler S1 could request its own virtual CPU time usage from S0 instead of checking the current wallclock time. It then uses this virtual time information to maintain usage statistics for its clients, T1 and T2 . 

[image: image4.png]TT=om
L e
P

(low-priority)




figure-5 

4.4.2 Effects of CPU Donation on Timing

CPU donation can occur implicitly as well as explicitly, e.g., to avoid priority inversion when a high-priority thread attempts to lock a resource already held by a low-priority thread. For example, in Figure 5, scheduler S0  has donated the CPU to high-priority thread T0 in preference over low-priority thread T1 . However, it turns out that T1 is holding a resource needed by T0, so T0 implicitly donates its CPU time to T1. Since this donation merely extends the scheduling chain, S0 is unaware that the switch occurred, and it continues to charge CPU time used to T0 instead of T1 which is the thread that is actually using the CPU. While it may seem non-intuitive at first, in practice this is often precisely the desired behavior; it stems from the basic rule that with privilege comes responsibility. WhileT0 is donating CPU to T1, T1 is effectively doing work on behalf of T0  , even if T1 is unaware that it is receiving the CPU time from T0.since T0’s share of the CPU is being used to perform this work,the CPU time consumed must also be charged to T0, even if the work is actually being done by another thread. Demonstrated another way, charging T1 rather than T0 would allow the accounting system  to be subverted. For example, if high-priority CPU time is “expensive” and low-priority CPU time is “cheap,” then T0 could collude with T1 to use high-priority CPU time while being charged the low-priority “rate” simply by arranging for T1 to do all the actual work while T0 blocks on a lock perpetually held by T1 . This ability to charge the “proper” thread for CPU usage even in the presence of priority inheritance is unnatural and difficult to implement in traditional systems, and therefore is generally not implemented by them; on the other hand, this feature falls out of the CPU inheritance framework automatically. 

4.5 Threads with Multiple Scheduling Policies

Sometimes it is desirable for a single thread to be associated  with two or more scheduling policies at once. For example, a thread may normally run in a real-time ratemonotonic scheduling class; however, if the thread’s quantum expires before its work is done, it may be desirable for the thread to drop down to the normal timesharing class instead of simply stopping dead in its tracks. Support for multiple scheduling policies per thread can be achieved in our framework even under a dispatcher that supports only a single scheduler association per thread, by creating one or more additional “dummy” threads which perpetually donate their CPU time to the “primary” thread. Each of these threads can have a different scheduler association, and the dispatcher automatically ensures that the primary thread always uses the highest priority scheduler available, situations in which this solution is not acceptable due to performance or memory overhead, the dispatcher could easily be extended to allow multiple schedulers to be associated with a single thread, so that when such a thread becomes runnable  the dispatcher automatically notifies all of the appropriate schedulers.

Although it may at first seem inefficient to notify two or more schedulers when a single thread awakes, in practice many of these notifications never actually need to be delivered.

For example, if a real-time/timesharing thread wakes up, finishes all of its work and goes back to sleep again before its real-time scheduling quantum is expired (presumably

the common case), then the notification posted to the low-priority timesharing scheduler at wakeup time will be canceled (removed from the queue) when the thread goes to

sleep again, so the timesharing scheduler effectively never sees it.

 5.7 Scheduling Overhead

 In comparison to traditional multi-class scheduling mechanisms, our framework introduces two additional sources of overhead: first, the overhead caused by the dispatcher itself while computing the thread to switch to after a given event, and second, the overhead resulting from additional context switches to and from scheduler threads. The computation overhead caused by a given scheduling algorithm is not an issue, since the same algorithms can be used in each case. 

5.7.1 Dispatcher Costs
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     Table 1: Basic dispatching costs.
To address the first issue, Table 1 shows the basic costs of the dispatcher’s computation. These costs are dependent on the depth of the scheduling hierarchy since the dispatcher must often iterate through trees and linked lists whose length is proportional to the depth of the hierarchy. One concern raised by the dependence of dispatch time on scheduling hierarchy depth is that, since in theory the framework imposes no depth limit and the dispatcher itself is always effectively the “highest priority activity in the system,” this creates a source of unbounded priority inversion that would be unacceptable in hard real-time systems. However, in practice there is no reason a particular dispatcher must support unlimited depth; the dispatcher in a hard real-time system could limit the depth to four or eight levels, which should be sufficient for all practical purposes and still impose little computational overhead.

5.7.2 Context Switch Costs

The second type of overhead in our framework is the cost of additional context switches to and from scheduler threads. Unfortunately, the cost of a context switch varies widely between different environments, from user-level threads packages in which context switches are almost free, to monolithic kernels in which context switches are several orders of magnitude more expensive. An obvious inference is that our framework is likely to be practical in some environments but not in others. Therefore, in order to gain a meaningful idea of how expensive our framework is likely to be in a given environment, we first measure the number of additional context switches produced, which varies with different applications and system loads but is not dependent on thread and protection boundary-crossing costs. 

Conclusion:



In this paper we have presented a novel processor scheduling framework in which threads are scheduled by other threads. Different scheduling policies can coexist in a single system, providing modular, hierarchical control over CPU usage. Applications as well as the OS can implement customized local scheduling policies, and CPU resources consumed are accounted for and attributed accurately. The framework also cleanly addresses priority inversion by providing a generalized form of priority inheritance that automatically works within and among multiple diverse scheduling policies. CPU inheritance scheduling extends naturally to multiprocessors, and supports processor management techniques such as processor affinity and scheduler activations. . We have shown that this flexibility can be provided with negligible overhead in environments in which context switches are fast, and that the framework should be practical even in some kernel environments in which context switches are more expensive.
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