1Fall 2002, Lecture 29Page Replacement(Review)nWhen the OS needs a frame to allocateto a process, and all frames are busy, itmust evict (copy to backing store) a pagefrom its frame to make room in memorylReduce overhead by having CPU set amodified / dirty bit to indicate that a pagehas been modifiednOnly copy data back to disk for dirty pagesnFor non-dirty pages, just update the pagetable to refer to copy on disknWhich page to we choose to replace?Some page replacement policies:lRandomnPick any page to evictlFIFOnEvict the page that has been in memorythe longest (use a queue to keep track)nIdea is to give all pages ÒfairÓ (equal) useof memory

2Fall 2002, Lecture 29Page Replacement

3Fall 2002, Lecture 29Page Replacement PolicynWhen OS needs a frame to use, and allare busy, which page does it evict?lRandomnPick any page to evictlFIFOnEvict the page that has been in memorythe longest (use a queue to keep track)lOptimal (Minimal)nEvict the page that will be referenced thefarthest into the futureÐRequires knowledge of futurenCannot really be implementedÐUseful for evaluating other policieslLeast-Recently-Used (LRU)nUse the past to predict the futurenEvict the page that has been unreferencedfor the longest period of time

4Fall 2002, Lecture 29Page Reference ExamplenAssumptions:4 pages, 3 framesPage references: ABCABDADBCB

frame 1 frame 2 frame 3

ABCABDADBCBFIFO

ABCABDADBCBOptimal

ABCABDADBCBLRU

5Fall 2002, Lecture 29Implementing LRUnA perfect implementation would besomething like this:lAssociate a clock register with everypage in physical memorylUpdate the clock value at every accesslDuring replacement, scan through all thepages and find the one with the lowestvalue in its clock registerlWhatÕs wrong with all this?nSimple approximations:lFIFOlNot-recently-used (NRU)nUse an R (reference) bit, and set itwhenever a page is referencednClear the R bit periodically, such as everyclock interruptnChoose any page with a clear R bit toevict

6Fall 2002, Lecture 29Implementing LRU (cont.)nClock / Second Chance AlgorithmlUse an R (reference) bit as beforelOn a page fault, circle around the ÒclockÓof all pages in the user memory poolnStart after the page examined last timenIf the R bit for the page is set, clear itnIf the R bit for the page is clear, replacethat page and set the bitlQuestions:nCan it loop forever?nWhat does it mean if the ÒhandÓ is movingslowly? Éif the hand is moving quickly?nLeast Frequently Used (LFU) / N-thChance AlgorithmlDonÕt evict a page until hand has sweptby N timeslUse an R bit and a counterlHow is N chosen? Large or small?

7Fall 2002, Lecture 29Frame AllocationnHow many frames does each processget (M frames, N processes)?lAt least 2 frames (one for instruction, onefor memory operand), maybe moreÉlMaximum is number in physical memorynAllocation algorithms:lEqual allocationnEach gets M / N frameslProportional allocationnNumber depends on size and prioritynWhich pool of frames is used forreplacement?lLocal replacementnProcess can only reuse its own frameslGlobal replacementnProcess can reuse any frame (even ifused by another process)

8Fall 2002, Lecture 29ThrashingnConsider what happens when memorygets overcommitted:lAfter each process runs, before it gets achance to run again, all of its pages mayget paged outlThe next time that process runs, the OSwill spend a

lot of time page faulting, andbringing the pages back innAll the time itÕs spending on paging is timethat itÕs not getting useful work donenWith demand paging, we wanted a verylarge virtual memory that would be as fastas physical memory, but instead weÕregetting one thatÕs as slow as the disk!nThis wasted activity due to frequentpaging is called thrashinglAnalogy Ñ student taking too manycourses, with too much work due

9Fall 2002, Lecture 29Working SetsnThrashing occurs when the sum of allprocessesÕ requirement is greater thanphysical memorynSolution Ñ use local page framereplacement, donÕt let processes competeÐ DoesnÕt help, as an individual process canstill thrashnSolution Ñ only give a process thenumber of frames that it ÒneedsÓÐChange number of frames allocated toeach process over timeÐIf total need is too high, pick a process andsuspend itnWorking set (Denning, 1968) Ñ thecollection of pages that a process isworking with, and which must be residentin main memory, to avoid thrashinglAlways keep working set in memorylOther pages can be discarded asnecessary