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CHAPTER 5
 • Organization of Schedulers
 • Scheduling Methods
 • Priority Inversion
 • Multiprocessor and Distributed Scheduling
 Process and Thread Scheduling
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Process and Thread Scheduling
 • Process Scheduling
 -- embody decision-making policies to determine the order in which active processes should compete for the use of processors
 • Process Dispatching
 -- perform the actual binding of a selected process to a processor, which involves removing the process from the ready queue, changing its status, and loading the processor state
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5.1 Organization of Schedulers
 • 5.1.1 Embedded and Autonomous Schedulers
 • Embedded Schedulers:The scheduler is invoked by a function or procedure call as an indirect result of a kernel operation. The kernel and the scheduler are then contained in the address space of all processes.
 • Autonomous SchedulersThe scheduler is considered a separate and autonomous process, running on its own processor. It can continuously poll the system for work, or it may be driven by wakeup signals.
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• 5.1.2 Priority SchedulingScheduler(){
 do{
 Find highest priority ready_a process p;
 Find a free cpu;
 if( cpu!=NIL)
 Allocate_CPU(p, cpu);
 } while(cpu!=NIL);
 do {
 Find highest priority ready_a process p;
 Find lowest priority running process q;
 if(Priority(p)>Priority(q))
 Preempt(p,q);
 } while (Priority(p)> Priority(q));
 if(self->Status.Type!=‘ running’)
 Preempt(p,self);
 }
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5.2 Scheduling Methods
 • 5.2.1 A Framework for Scheduling
 -- decision mode: when the scheduler should be invoked;
 -- priority function&arbitration rule: how to choose a process among the currently acti
 ve processes
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The Decision Mode
 • Nonpreemptive decision mode
 -- scheduling conditionwhen a process terminates or blocks itself by requ
 esting a service from the OS;
 when a newly arriving process finds an idle CPU.
 -- characteristicmore economical;
 not adequate in real-time or time-shared systems
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• Preemptive decision mode
 -- scheduling conditionwhen a new process arrives or when an existing
 process is awakened as a result of a signal;
 periodically each time a process has executed for a period (quantum-oriented);
 whenever the priority of a ready process rises above the priority of a currently running process.
 -- characteristicmore costly;
 adequate in real-time or time-shared systems
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The Priority Function
 • Attained service time• Real time in system• Total service time• Deadline• Periodicity• External priorities• Memory requirements
 Attributes used to generate the priority:
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The Arbitration Rule
 • Goal
 resolving conflicts among processes with equal priority
 • Alternatives
 -- at random
 -- in a cyclic (round-robin) manner
 -- on a FIFO basis
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• 5.2.2 Common Scheduling Algorithms
 -- First-In/First-Out
 -- Shortest-Job-First
 -- Shortest-Remaining-Time
 -- Round-Robin
 -- Multilevel Priority
 -- Multilevel Feedback
 -- Rate Monotonic
 -- Earliest-Deadline-First
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First-In/First Out
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 Arrivals
 P1
 P2
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Shortest-Job-First
 0 1 2 3 4 5 6 7 8 9
 P1
 P2
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Shortest-Remaining-time
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 P1
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Round-Robin
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 P1
 P2
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Multilevel priority
 0 1 2 3 4 5 6 7 8 9
 P1
 P2
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Multilevel Feedback
 0 1 2 3 4 5 6 7 8 9
 P1
 P2
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Rate Monotonic
 0 1 2 3 4 5 6 7 8 9
 P1
 P2
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Earliest-Deadline-First
 0 1 2 3 4 5 6 7 8 9
 P1
 P2

Page 20
						

• 5.2.3 Comparison of Methods
 -- FIFO, SJF, and SRT( for batch processing systems)
 metric: average turnaround time
 -- RR and MLF (for time-shared systems)
 metric: response time
 -- RM and EDF (for real-time systems)
 metric: deadline
 CPU utilization: U=n
 i i
 i
 dt
 1
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Example: Scheduling Scheme of Linux
 • unsigned long policy
 -- SCHED_FIFO
 -- SCHED_RR
 -- SCHED_OTHER
 • rt_priority
 • counter
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Goodness
 1099
 1000
 1
 0
 Real-time
 Regular
 1000+ real-time priority
 (FIFO or RR)
 Goodness(if rq>0)
 + remaining quantum
 Base quantum
 Goodness(if remaining quantum==0)
 Epoch: all threads have either exhausted their current quantum or are blocked
 rq=bq+(rq/2)
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5.3 Priority Inversion
 • Priority Inversion Problem:
 In OSs with preemptive and priority-based scheduling mechanisms, the realistic environments that include CSs and other resource interactions cause a common problem that conflicts with the intent of priorities: higher-priority processes can be delayed or blocked, often unnecessarily, by lower-priority ones
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• Example:
 p1
 p2
 p3
 Enter CS_3
 P(mutex)
 a
 b
 . . .
 preempt
 preempt
 Block on
 P(mutex)
 c End of p2
 d eLeave CS_3
 V(mutex)
 preempt
 Enter CS_1
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• Dynamic priority inheritance
 p1
 p2
 p3
 Enter CS_3
 P(mutex)
 a
 b
 . . .
 preempt
 preempt
 Block on
 P(mutex)
 cLeave CS_3V(mutex)
 d
 e
 preempt
 Enter CS_1
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