Stages in sophistication of memory management

1) Whole jobs moved into memory, and left there until job complete, by the primitive first-fit or best-fit methods.  Disadvantages: waste of space, fragmentation, large jobs may have to wait or not run at all

2) Jobs may be swapped out of memory (back to hard drive), and space used for other jobs.  Jobs brought back when needed.  Bear in mind that CPU can only run one job at a time.  Disadvantage: slow, inefficient

3) Dynamic partitioning, allocation, de-allocation and re-allocation.  Partitions can be set up in memory according to the size of processes which come in.  Iniotially no space is therefore wasted, but when the processes finish, or need to be swapped out, the memory becomes full of ‘holes’.  A merging of free spaces and/or compaction is required to consolidate the holes into usable free spaces (garbage collection).  Disadvantage – compaction has a very high overhead, due to the processes being moved and address references having to be re-computed.

4) Base and limit registers (or relocation and bounds registers).  These are special registers in hardware used to quickly compute the position of a process in memory, and the size of the partition in which it is running (the bounds register is checked to see whether a process is addressing a location ‘outside itself’.)  Advantage of speed.

5) Jobs (programs) may be divided up into pieces or ‘pages’.  Pages usually taken as a convenient physical size, e.g. a sector of storage on the hard drive.  Equivalent spaces into memory (into which pages can fit) called page frames.  Pages of the program are then loaded into the page frames of memory.  Think of CD’s being slid into a CD storage rack.  The page frames of a program need not be contiguous.  Advantage: much better use of memory – disadvantage – overhead of keeping track of where every page in the program has been stored (which page frame).  Needs page memory table (PMT), and each program in memory must have one.

6) Demand paging.  We do not need to keep every page of a job in memory, bearing in mind again the CPU is actually only executing one command at a time.  Only bring in pages for which there is space.  CPU will run commands of one page, then switch to another page – if not in memory, will be brought into memory.  Advantage – much better use of memory again – disadvantage – there may not be a vacant page frame to bring the next page in (page fault).  Also overhead of keeing track of which pages of program are in memory, which not.  Algorithm necessary to decide which old page frame to overwrite for the sake of a new one – FIFO or LRU.  Also be careful of ‘thrashing’ – page brought into memory, thrown out, brought back again etc etc.

7) Virtual memory: the above, but handled automatically by the system, so that the program or user can request any amount of memory, whether or not this physically exists – it will be provided ‘virtually’.    Program divided into pages, and brought into or out of memory as required – continuous exchange of data, transparent to user, between secondary storage and memory.  Ideal for multiprogramming systems.

8) Segmentation.  Instead of dividing program into arbitrary physical divisions (pages) – program is divided into logical units – segments – e.g. modules, functions, subroutines etc.  Advantage – less likely to have page faults since program will spend more time within a module than crossing page boundaries – disadvantage – more complex sector management tables and dynamic memory allocation scheme needed as sectors are not of fixed size.

9) Combination of paging and segmentation, since segments themselves can be divided into pages!

10) Cache memory.  This is really a hardware issue.  A small amount of memory is configured, close to the CPU, into which ‘frequently’ used commands and data are put (just like frequently used books are kept on your desk, or frequently worn shirts at the front of your cupboard).  Saves access time, and speeds up the CPU.  Cache can be on several levels.  Cache space divided into ‘slots’.  Again, we have issue of what slots to overwrite for new material when the cache is full, and use similar algorithms to the above.  Sometimes called associative memory.

