1Fall 2002, Lecture 26Evaluation of Dynamic Relocation(Review)nAdvantages:lOS can easily move a processlOS can allow processes to growlHardware changes are minimal, but fairlyfast and efficientåTransparency, safety, and efficiency areall satisfied; overhead is smallnDisadvantages:lAddresses must be translatedlMemory allocation is complex (partitions,holes, fragmentation, etc.)lIf process grows, OS may have to move itlProcess limited to physical memory sizelProcess needs contiguous memory spacelNot possible to share code or databetween processes

2Fall 2002, Lecture 26SegmentationnBasic idea Ñ using the programmerÕsview of the program, divide the processinto separate segments in memorylEach segment has a distinct purpose:nExample: code, static data, heap, stackÐMaybe a separate segment for eachfunction or objectnSegments may be of different sizesnStack and heap donÕt conflictlThe whole process is still loaded intomemory, but the segments that make upthe process do

not have to be loadedcontiguously into memorynSpace within a segment is contiguousnEach segment has protection bitslRead-only segment (code)lRead-write segments (data, heap, stack)lAllows processes to share code and data

3Fall 2002, Lecture 26Segment AddressesnVirtual (logical) address consists of:lSegment numberlOffset from beginning of that segmentlBoth are generated by the assemblernWhat is stored in the instruction?lSimple method:nTop bits of address specify segmentnBottom bits of address specify offsetlImplicit segment specification:nSegment is selected implicitly by theinstruction being executed (code vs. data)nExamples: PDP-11, Intel 386/486lExplicit segment specification:nInstruction prefix can request that aspecific segment be usednExample: Intel 386/486ÉnMost common technique

4Fall 2002, Lecture 26Implementing SegmentsnA segment table keeps track of everysegment in a particular processlEach entry contains base and limitlAlso contains protection information(sharing allowed, read vs. read/write)nAdditional hardware support required:lMultiple base and limit registers, orlSegment table base pointer (points to asegment table stored in a PCB)

virtual address segoffset segment table baselimit segphysical address baseoffset accessphysicalmemory

<addresserrorexception

5Fall 2002, Lecture 26Segmentation Example

6Fall 2002, Lecture 26Managing SegmentsnWhen a process is loaded into memory:lAllocate space in physical memory for allof the processÕs segmentslCreate a (mostly empty) segment table,and store it in the processÕs PCBnWhen a context switch occurs:lUpdate the segment table base pointer topoint to the segment table in the newprocessÕs PCBnIf thereÕs no space in physical memory:lCompact memory (move segments,update bases) to make contiguous spacenTradeoff efficiency for overheadlSwap one or more segments out to disknTo run that process again, swap all of itssegments back into memory

7Fall 2002, Lecture 26Managing Segments(cont.)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

8Fall 2002, Lecture 26Sharing Segments