1Fall 2002, Lecture 27Managing Segments(cont.) (Review)nTo enlarge a segment:lIf space above the segment is free, OScan just update the segmentÕs limit anduse some of that spacelMove this segment to a larger free spacelSwap the segment above this one to disklSwap this segment to disk, and bring itback into a larger free spacenAdvantages of segmentation:lSegments donÕt have to be contiguouslSegments can be swapped independentlylSegments allow sharingnDisadvantages of segmentation:lComplex memory allocation (first-fit, etc.)lExternal fragmentation

2Fall 2002, Lecture 27PagingnCompared to segmentation, paging:lMakes allocation and swapping easierlNo external fragmentationnEach

process is divided into a number ofsmall, fixed-size partitions called pagesl

Physical memory is divided into a largenumber of small, fixed-size partitionscalled frameslPages have nothing to do with segmentslPage size = frame sizenUsually 512 bytes to 16K byteslThe whole process is still loaded intomemory, but the pages of a process do not have to be loaded into a contiguousset of frameslVirtual address consists of page numberand offset from beginning of that page

3Fall 2002, Lecture 27Implementing PagingnA page table keeps track of every pagein a particular processlEach entry contains the correspondingframe in main (physical) memorylCan add protection bits, but not as usefulnAdditional hardware support required isslightly less than for segmentationlNo need to keep track of, and compareto, limit. Why not?

virtual address page offset page table frame physical address accessphysicalmemory

4Fall 2002, Lecture 27Paging Example

01234567891011121314framenumber mainmemory fifteen available frames load process A (4 pages)

A.0A.1A.2A.301234567891011121314framenumber load process B (3 pages)

A.0A.1A.2A.3B.0B.1B.201234567891011121314framenumber load process C (4 pages)

A.0A.1A.2A.3B.0B.1B.2C.0C.1C.2C.301234567891011121314framenumber swap B out (blocked)

A.0A.1A.2A.3C.0C.1C.2C.301234567891011121314framenumber load process D (5 pages)

A.0A.1A.2A.3C.0C.1C.2C.3D.0D.1D.2D.3D.401230123page tablefor Process A

012page tablefor Process B

789100123page tablefor Process C

456012page tablefor Process D

1314list offree frames

113124

5Fall 2002, Lecture 27Paging Example(cont.)

program D process D page 0 page 1 page 2 page 3 page 4

1501

4292 byteslong

828 bytesunused

5120 byteslong

0 0 0 0 0 1 0 1 1 1 0 1 1 1 1 0 relative address within program:1501 virtual address:page# = 1, offset = 478

4780 0 0 0 0 1 0 1 1 1 0 1 1 1 1 0

456page tablefor Process D

1112012340 0 0 1 0 1 0 1 1 1 0 1 1 1 1 0 physical address:frame# = 5, offset = 478

6Fall 2002, Lecture 27Managing Pages and FramesnOS usually keeps track of free frames inmemory using a bit maplA bit map is just an array of bitsn1 means the frame is freen0 means the frame is allocated to a pagelTo find a free frame, look for the first 1 bitin the bit mapnMost modern instruction sets have aninstruction that returns the offset of thefirst 1 bit in a registernPage table base pointer (special register)points to page table of active processlSaved/restored as part of context switchlPage table also contains:nOther bits for demand paging (discussednext time)

7Fall 2002, Lecture 27Evaluation of PagingnAdvantages:lEasy to allocate memory Ñ keep a list ofavailable frames, and simple grab firstone thatÕs freelEasy to swap Ñ pages, frames, and oftendisk blocks as well, all are same sizelOne frame is just as good as another!nDisadvantages:lPage tables are fairly largenMost page tables are too big to fit inregisters, so they must live in physicalmemorynThis table lookup adds an extra memoryreference for every address translationlInternal fragmentationnAlways get a whole page, even for 1 bytenLarger pages makes the problem worsenAverage = 1/2 page per process

8Fall 2002, Lecture 27Address Translation, RevisitednA modern microprocessor and OS hasmaybe a 32 bit virtual address space perprocess (232 = 4 GB)lIf page size is 4k (212), 32Ð12=20,meaning each page table could have upto 220 (approximately 1 million) pageentries, each maybe 4 bytes long = 4MBlProblem: page table is too large to storein one page, canÕt store contiguouslynTwo-level page tables: page tables arealso stored in virtual memorylNew problem: memory access time maydouble since the page tables are nowsubject to pagingn(one access to get info from page table,plus one access to get data from memory)nNew solution: use a special cache (calleda Translation Lookaside Buffer (TLB)) tocache page table entries

9Fall 2002, Lecture 27Two-Level Page Table

10Fall 2002, Lecture 27Translation Look-Aside Buffer

11Fall 2002, Lecture 27Paging and SegmentationnUse two levels of mapping:lProcess is divided into variable-sizesegmentsnSegments are logical divisions as beforelEach segment is divided into many smallfixed-size pagesnPages are easy for OS to managenEliminates external fragmentationlVirtual address = segment, page, offsetlOne segment table per process, onepage table per segmentnSharing at two levels: segment, pagelShare frame by having same framereference in two page tableslShare segment by having same base intwo segment tableslStill need protection bits (sharing, r/o, r/w)