1Fall 2002, Lecture 28Topics in Memory Management(Review)nUniprogrammed operating systemslAssembling, linking, loadinglStatic memory allocationlDynamic memory allocationnStacks, heapsnManaging the free list, memoryreclamationnMultiprogrammed operating systemslIncludes most of the above topicslStatic relocationlDynamic relocationnVirtual vs. physical addressnPartitioning (and compaction)nSegmentationnPaginglSwappinglDemand paging

2Fall 2002, Lecture 28Memory Management So FarnAn application’s view of memory is itsvirtual address spacenOSÕs view of memory is the physicaladdress spacenA MMU (hardware) is used to implementsegmentation, paging, or a combinationof the two, by providing addresstranslationnLimitation until now Ñ

all segments /pages of a process must be in main(physical) memory for it to runnInsight Ñ at a given time, we probablyonly need to access some small subsetof processÕs virtual memorylLoad pages / segments on demand

3Fall 2002, Lecture 28Demand Paging (Virtual Memory)nAt a given time, a virtual memory pagewill be stored either:lIn a frame in physical memorylOn disk (backing store, or swap space)nA process can run with only part of itsvirtual address space in main memorylProvide illusion of almost infinite memory

virtualmemory physicalmemory MMU disk (swap space)

4Fall 2002, Lecture 28Starting a New ProcessnProcesses are started with 0 or more oftheir virtual pages in physical memory,and the rest on the disknPage selection Ñ

when are new pagesbrought into physical memory?lPrepaging Ñ pre-load enough to getstarted: code, static data, one stack page(DEC ULTRIX)lDemand paging Ñ start with 0 pages,load each page on demand (when a pagefault occurs) (most common approach)nDisadvantage: many (slow) page faultswhen program starts runningnDemand paging works due to theprinciple of locality of referencelKnuth estimated that 90% of a programÕstime is spent in 10% of the code

5Fall 2002, Lecture 28Page FaultsnAn attempts to access a page thatÕs notin physical memory causes a page faultlPage table must include a present bit(sometimes called valid bit) for each pagelAn attempt to access a page without thepresent bit set results in a page fault, anexception which causes a trap to the OSlWhen a page fault occurs:nOS must page in the page Ñ bring it fromdisk into a free frame in physical memorynOS must update page table & present bitnFaulting process continues executionnUnlike interrupts, a page fault can occurany time thereÕs a memory referencelEven in the middle of an instruction!(how? and why not with interrupts??)lHowever, handling the page fault must beinvisible to the process that caused it

6Fall 2002, Lecture 28Handling Page FaultsnThe page fault handler must be able torecover enough of the machine state (atthe time of the fault) to continueexecuting the programnThe PC is usually incremented at thebeginning of the instruction cyclelIf OS / hardware doesnÕt do anythingspecial, faulting process will execute thenext instruction (skipping faulting one)nWith hardware support:lTest for faults before executing instruction(IBM 370)lInstruction completion Ñ continue whereyou left off (Intel 386É)lRestart instruction, undoing (if necessary)whatever the instruction has already done(PDP-11, MIPS R3000, DEC Alpha, mostmodern architectures)

7Fall 2002, Lecture 28Translation Lookaside Buffer (TLB)

8Fall 2002, Lecture 28Performance of Demand PagingnEffective access time for demand-pagedmemory can be computed as:eacc = (1Ðp)(macc) + (p)(pfault)where:p = probability that page fault will occurmacc = memory access timepfault = time needed to service page faultnWith typical numbers:eacc = (1Ðp)(100) + (p)(25,000,000)= 100 + (p)(24,999,900)lIf p is 1 in 1000,eacc = 25,099.9 ns (250 times slower!)lTo keep overhead under 10%,110 > 100 + (p)(24,999,900)np must be less than 0.0000004nLess than 1 in 2,5000,000 memoryaccesses must page fault!

9Fall 2002, Lecture 28Page ReplacementnWhen 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