1Fall 2002, Lecture 25Topics 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 25Dynamic Relocation(Review)nThere 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)

3Fall 2002, Lecture 25Static vs. Dynamic Relocation(Review)nProblems 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

4Fall 2002, Lecture 25Implementing Dynamic RelocationnMMU protects address space, andtranslates virtual addresseslBase register holds base physical addressof process, limit register holds highestvirtual address of processlTranslation:physical address = virtual address + baselProtection:if virtual address > limit, then trap to theOS with an address exception

+>base(relocation)register limitregister virtual address physical address address errorexception Ñtrap to OS MMU

5Fall 2002, Lecture 25Dynamic Relocation ÑOS vs. User ProgramsnUser programs (processes) address theirown virtual memorylRun in relocation mode Ñ indicated by abit in the PSW Ñ and in user modenUser programs can not change therelocation modenOS directly addresses physical memorylOS runs with relocation turned off, and inkernel modenWhen user program makes a system call:lCPU atomically goes into kernel mode,turns off relocation, traps to trap handlerlOS trap handler accesses physicalmemory and does whatever is necessaryto service the system calllCPU atomically turns on relocation, goesinto user mode, returns to user program

6Fall 2002, Lecture 25Dynamic Relocation and PartitioningnPhysical memory is divided into partitionslA process is loaded into a free partition (aÒholeÓ in the memory space)nFixed-size partitions:lMemory is divided into a predeterminednumber of fixed-size partitionsnPartitions may be either of equal size, orof different (although fixed) sizeslUse first-fit, best-fit, etc. as discussed fordynamic allocation of heapslNumber of partitions limits the degree ofmultiprogramming Ñ number of activeprocessesnDynamic (variable-size) partitions:lWhen a process gets brought intomemory, it is allocated a partition ofexactly the right size

7Fall 2002, Lecture 25Effect of Dynamic Relocation withDynamic Partitioning

8Fall 2002, Lecture 25CompactionnEvaluation:lMemory moved =lSpace created =

01100 address mainmemory

1400

5002400

1700

OSD2000

C500600300300300400E7000address

6002400

900OSD2000

C6003001100

4000address

C600300400400E7001600 want to place in memory

0address

C6008003003004000address

C600700300300400E1300 100

9Fall 2002, Lecture 25Swapping(Medium-Term Scheduling)nIf there isnÕt room enough in memory forall processes, some processes can beswapped out to make roomlOS swaps a process out by storing itscomplete state to disklOS can reclaim space used (not reallyÉ)by ready or blocked processesnWhen process becomes active again, OSmust swap it back in (into memory)lWith static relocation, the process mustbe replaced in the same locationlWith dynamic relocation, OS can placethe process in any free partition (mustupdate the relocation and limit registers)nSwapping and dynamic relocation makeit easy to increase the size of a processand to compact memory (although slow!)

10Fall 2002, Lecture 25UNIX Process Model(From Lecture 06)Figure from Operating Systems, 2nd edition, Stallings, Prentice Hall, 1995Original diagram from The Design of the UNIX Operating System, M.Bach, Prentice Hall, 1986

11Fall 2002, Lecture 25Evaluation of Dynamic RelocationnAdvantages:lOS can easily move a processlOS can allow processes to growlHardware changes are minimal, but fairlyfast and efficientåTransparency, safety, and efficiency areall satisfied, although there is some smalloverhead to dynamic relocationnDisadvantages:lCompared to static relocation, memoryaddressing is slower due to translationlMemory allocation is complex (partitions,holes, fragmentation, etc.)lIf process grows, OS may have to move itlProcess limited to physical memory sizelNot possible to share code or databetween processes