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Operating Systems: Internals and Design Principles



Chapter 9 Uniprocessor Scheduling Seventh Edition By William Stallings



Dave Bremer Otago Polytechnic, N.Z.



Process Scheduling Aim is to assign processes to be executed by the processor in a way that meets system (performance) objectives, such as response time, throughput, and processor efficiency Broken down into three separate functions:  Long-Term scheduling Medium-Term scheduling Short-Term scheduling



Nested Form of Scheduling



Queuing



Terminologies CPU utilization – keep the CPU as busy as possible Throughput – # of processes that complete their execution per time unit Turnaround time – amount of time to execute a particular process waiting to get into memory + waiting in the ready queue + executing on the CPU + I/O



Waiting time – amount of time a process has been waiting in the ready queue Response time – amount of time it takes from when a request was submitted until the first response is produced, not output (for time-sharing environment)



Optimization Criteria  Maximize CPU utilization  Maximize throughput  Minimize turnaround time  Minimize waiting time  Minimize response time In most cases we optimize the average measure In some circumstances we want to optimize the min or max values rather than the average – e.g., minimize the max response time so all users get good service



Next CPU burst • Can only estimate the length. • Can be done by using the length of previous CPU bursts, using exponential averaging. 1. t n  actuallenght of n thCP U burst 2.  n 1  predictedvalue for thenext CP U burst 3.  , 0    1 4. Define: 5. If   0 then n 1   n and t n is ignored 6. If   1 then n 1  t n and n is ignored 7. Morecommonly,  1 2 so recentand past historyare equally weighted



Priority Scheduling • A priority number (integer) is associated with each process • The CPU is allocated to the process with the highest priority (smallest integer  highest priority). – Can be preemptive (compares priority of process that has arrived at the ready queue with priority of currently running process) or non-preemptive (put at the head of the ready queue)



• SJF is a priority scheduling where priority is the predicted next CPU burst time. • Problem  Starvation – low priority processes may never execute. • Solution  Aging – as time progresses increase the priority of the process.



Priority Scheduling Process



Burst Time



Priority



P1



10



3



P2



1



1



P3



2



4



P4



1



5



P5



5



2



Turnaround Time Varies With The Time Quantum



The average turnaround time of a set of processes does not necessarily improve as the time quantum size increases In general, it can be improved if most processes finish their next CPU burst in a single time quantum



Multilevel Queue Ready queue is partitioned into separate queues: foreground (interactive) background (batch) Each queue has its own scheduling algorithm, foreground – RR background – FCFS Scheduling must be done between the queues. – Fixed priority scheduling; (i.e., serve all from foreground then from background). Possibility of starvation. – Time slice – each queue gets a certain amount of CPU time which it can schedule amongst its processes; i.e., 80% to foreground in RR, 20% to background in FCFS



Multilevel Queue Scheduling



Each queue has absolute priority over lower priority queues A lower priority process that is executing would be preempted if a higher priority process arrived



Windows XP Priorities



Priority based, preemptive scheduling algorithm; highest priority always runs Priorities are divided into two classes 



Variable class – 1 through 15 and Real time class – 16 through 31



Priority is based on priority class it belongs to (realtime, high etc) and the relative priority within each class  



When a threads quantum runs out the thread is interrupt ed. If it is in the variable priority class its priority is lowered (never below the base priority for that class) Gives good response to interactive threads (mouse, windows) and enables I/O bound threads to keep the I/O devices busy while compute bound use spare CPU cycles in the background



Schedule the processes



Summary • The operating system must make three types of scheduling decisions with respect to the execution of processes: • Long-term – determines when new processes are admitted to the system • Medium-term – part of the swapping function and determines when a program is brought into main memory so that it may be executed • Short-term – determines which ready process will be executed next by the processor • From a user’s point of view, response time is generally the most important characteristic of a system; from a system point of view, throughput or processor utilization is important



• Algorithms: » FCFS, Round Robin, SPN, SRT, HRRN, Feedback
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