1Fall 2002, Lecture 19Shortest-Remaining-Time (SRT)nSRT is a preemptive version of SJFnPolicy:lChoose the process that has the smallestnext CPU burst, and run that processpreemptivelyÉn(until termination or blocking, ornuntil a process enters the ready queue(either a new process or a previouslyblocked process))lAt that point, choose another process torun if one has a smaller expected CPUburst than

what is left of the currentprocessÕ CPU burst

2Fall 2002, Lecture 19SJF & SRT ExamplenSJF Example:nSame Example, SRT Schedule:

05average waiting time = ((0+(10Ð1) + (1Ð1) + (17Ð2) + (5Ð3)) / 4 = 6.5

P1101724P4P2P1P3Process(Arrival Order)

Burst Time

Arrival Time

P1P2P3849012P408average waiting time = (0 + (8Ð1) + (12Ð3) + (17Ð2)) / 4 = 7.75

P1P3P2121726P453

3Fall 2002, Lecture 19SRT EvaluationnPreemptive (at arrival of process intoready queue)nResponse time Ñ goodlProvably optimal Ñ minimizes averagewaiting time for a given set of processesnThroughput Ñ highnFairness Ñ penalizes long processeslNote that long processes eventuallybecome short processesnStarvation Ñ possible for long processesnOverhead Ñ can be high (recording andestimating CPU burst times)

4Fall 2002, Lecture 19Priority SchedulingnPolicy:lAssociate a priority with each processnExternally defined, based on importance,money, politics, etc.nInternally defined, based on memoryrequirements, file requirements, CPUrequirements vs. I/O requirements, etc.nSJF is priority scheduling, where priority isinversely proportional to length of nextCPU burstlChoose the process that has the highestpriority, and run that process either:npreemptively, ornnon-preemptivelynEvaluationlStarvation Ñ possible for low-priorityprocessesnCan avoid by aging processes: increasepriority as they spend time in the system

5Fall 2002, Lecture 19Multilevel Queue SchedulingnPolicy:lUse several ready queues, and associatea different priority with each queuelChoose the process from the occupiedqueue that has the highest priority, andrun that process either:npreemptively, ornnon-preemptivelylAssign new processes permanently to aparticular queuenForeground, backgroundnSystem, interactive, editing, computinglEach queue can have a differentscheduling policynExample: preemptive, using timerÐ80% of CPU time to foreground, using RRÐ20% of CPU time to background, usingFCFS

6Fall 2002, Lecture 19Multilevel Feedback Queue SchedulingnPolicy:lUse several ready queues, and associatea different priority with each queuelChoose the process from the occupiedqueue with the highest priority, and runthat process either:npreemptively, ornnon-preemptivelylEach queue can have a differentscheduling policylAllow scheduler to move processesbetween queuesnStart each process in a high-priorityqueue; as it finishes each CPU burst,move it to a lower-priority queuenAging Ñ move older processes to higher-priority queuesnFeedback = use the past to predict thefuture Ñ favor jobs that havenÕt used theCPU much in the past Ñ close to SRT!

7Fall 2002, Lecture 19CPU Scheduling in UNIX usingMultilevel Feedback Queue SchedulingnPolicy:lMultiple queues, each with a priority value(low value = high priority):nKernel processes have negative valuesÐIncludes processes performing systemcalls, that just finished their I/O andhavenÕt yet returned to user modenUser processes (doing computation) havepositive valueslChoose the process from the occupiedqueue with the highest priority, and runthat process preemptively, using a timer(time slice typically around 100ms)nRound-robin scheduling in each queuelMove processes between queuesnKeep track of clock ticks (60/second)nOnce per second, add clock ticks topriority valuenAlso change priority based on whether ornot process has used more than itÕs ÒfairshareÓ of CPU time (compared to others)