1Fall 2002, Lecture 24Topics in Memory ManagementnUniprogrammed 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 24Managing the Free ListnHeap-based dynamic memory allocationtechniques typically maintain a free list,which keeps track of all the holesnAlgorithms to manage the free list:lBest fitnKeep linked list of free blocksnSearch the whole list at each allocationnChoose the hole that comes the closest tomatching the request sizeÐAny unused space becomes a new(smaller) holenWhen freeing memory, combine adjacentholesnAny way to do this efficiently?lFirst fitnScan the list for the first hole that is largeenough, choose that holenOtherwise, same as best fitlWhich is better? Why??

3Fall 2002, Lecture 24Reclaiming Dynamic MemorynWhen can memory be freed?lWhenever programmer says tolAny way to do so automatically?nPotential problems in reclamationlDangling pointers Ñ have to make surethat

everyone is finished using itlMemory leak Ñ must not ÒloseÓ memoryby forgetting to free it when appropriatenImplementing automatic reclamation:lReference countsnUsed by file systemsnOS keeps track of number of outstandingpointers to each memory itemnWhen count goes to zero, free thememory

4Fall 2002, Lecture 24Reclaiming Dynamic Memory(cont.)nImplementing automatic reclamation:lGarbage collectionnUsed in LISP for years, now used in JavanStorage isnÕt explicitly freed by a freeoperation; programmer just deletes thepointers and doesnÕt worry about what itÕspointing atnWhen OS needs more storage space, itrecursively searches through all the activepointers and reclaims memory that no oneis usingnMakes life easier for applicationprogrammer, but is difficult to program thegarbage collectornOften expensive Ñ may use 20% of CPUtime in systems that use itÐMay spend as much as 50% of timeallocating and automatically freeingmemory

5Fall 2002, Lecture 24Multiprogramming Ñ Goalsin Sharing the Memory SpacenTransparency:lMultiple processes must coexist inmemorylNo process should be aware that thememory is sharedlEach process should execute regardlessof where it is located in memorynSafety:lProcesses must not be able to corrupteach other, or the OSlProtection mechanisms are used toenforce safetynEfficiency:lThe performance of the CPU andmemory should not degrade very muchas a result of sharing

6Fall 2002, Lecture 24Static RelocationnPut the OS in the highest memorynCompiler and linker assume eachprocess starts at address 0nAt load time, the OS:lAllocates the process a segment ofmemory in which it fits completelylAdjusts the addresses in the processes toreflect its assigned location in memory

0220024001200AOS0220024001200AOSB1900

7Fall 2002, Lecture 24Static vs. Dynamic RelocationnProblems with static relocation:lSafety Ñ not satisfied Ñ one processcan access / corrupt anotherÕs memory,can even corrupt OSÕs memorylProcesses can not change size (whyÉ?)lProcesses can not move after beginningto run (why would they want to?)lUsed by MS-DOS, and early versions ofWindows and Mac OSnAn alternative: dynamic relocationlThe basic idea is to change each memoryaddress dynamically

as the process runslTranslation done by hardware Ñ betweenthe CPU and the memory is a memorymanagement unit (MMU) that convertsvirtual addresses to physical addressesnThis translation happens for everymemory reference the process makes

8Fall 2002, Lecture 24Dynamic RelocationnThere are now two different views of theaddress space:lThe physical address space Ñ seen onlyby the OS Ñ is as large as there isphysical memory on the machinelThe virtual (logical) address spaceÑseen by the process Ñ can be as largeas the instruction set architecture allowsnFor now, weÕll assume itÕs much smallerthan the physical address spacelMultiple processes share the physicalmemory, but each can see only its ownvirtual address spacenThe OS and hardware must now managetwo different addresses:lVirtual address Ñ seen by the processlPhysical address Ñ address in physicalmemory (seen by OS)