Memory

Keep in mind that DOS was originally designed to run with an 8086 processor; a processor limited to addressing 1 MB of total memory.  Of that 1 MB of memory, some of it had to be set aside for system information such as addresses used for video, expansion cards, and other system components. By design, MS-DOS is limited to 

640 KB of memory.

There are four specific areas of memory:  conventional, upper memory area, expanded and extended.

Conventional Memory

We know that the 8086 processor could address 1 MB (1024KB) of memory and part of that memory had to be set aside for system addresses.  Therefore, DOS was designed to work with only 640 KB of memory.  

This first 640 KB of system memory is commonly called conventional memory.  It is also referred to as base memory.  It is used to load the DOS command processor, memory resident programs (TSRs), and device drivers.  Traditionally, this was the only memory available to DOS applications.  So when a DOS application is launched, it too occupies this area of memory.

Upper Memory Area (UMA)

So we have seen what the first 640 KB of memory is used for, but as we said, the earlier processors could address 1 MB (1024 KB) of memory.  What is the other 384 KB used for?  This area is reserved for system components.  That's why the Upper Memory Area is also know as "Reserved Memory."

Located between 640 KB and 1 MB, the Upper Memory Area (UMA) contains the ROM BIOS, device controller ROM, and video controller ROM and RAM.  Shadow RAM uses this memory area to shadow the ROM BIOS instructions and hardware devices can store their program code here.  When supporting expanded memory, it will also contain the expanded memory page frames.

Upper Memory Blocks (UMB)

Upper Memory Blocks (UMB) are free areas within the UMA. UMBs can be used to contain device drivers and memory resident programs (TSRs).  Access to UMBs requires an extended memory manager such as HIMEM.SYS and a UMB manager such as EMM386.EXE loaded.

Expanded Memory (EMS)

Expanded Memory (EMS) uses an expanded memory card placed in an expansion slot.  It is basically just a card with memory chips on it.  Using an application written to work within the LIM Expanded Memory Specification (EMS), data can be stored in the expanded memory area for later access.  When needed, the data stored in expanded memory is moved to the system memory area by "paging" the data through a window, or page frame, created in the 

Upper Memory Area. 

The page frame is 64 KB in total size and is made up of four 16 KB pages.  Since DOS assumes all applications are running in the Conventional memory area, you must use an expanded memory manager in order for this technique to be successful.  It is the expanded memory manager's job to keep track of what data is placed where in the expanded memory area.  The DOS expanded memory manager is EMM386.EXE.

Extended Memory (XMS)

With the debut of the 80286 processor came the ability to address 16 MB of memory.  Memory above 1 MB (1024 KB) is called extended memory (XMS.) This is physically limited to 16 MB for 80286 microprocessors and 4 GB for 80386 and above microprocessors. 

Unfortunately, systems running DOS are not able to directly access this memory.  Remember DOS only recognizes 640 KB.  To make full use of this memory, a user must have an operating system written to access this range, such as Windows 95, Windows NT or OS/2, or they must use an extended memory manager.  

Microsoft Windows v3.1, a DOS-based operating environment, uses this area with the help of an extended memory manager, HIMEM.SYS.  DOS for uses XMS memory for:

Applications  - Many large applications, such as multimedia applications and games, are written to use XMS, if available.

Disk caching  - Part of XMS is commonly used for setting up a disk cache.  This helps to improve both read and write performance of local hard disks.

EMS emulation - Physical EMS memory boards are quickly becoming a rarity, with users instead using part of XMS as emulated EMS.

Windows - Extended memory is required to launch and run Windows v3.1.

You must load HIMEM.SYS, or its equivalent, as part of CONFIG.SYS to make extended memory available. HIMEM.SYS must be loaded before any other memory drivers or programs that use extended memory.

High Memory Area (HMA)

The first 64 KB of Extended Memory (address range 1024 KB - 1088 KB) has a special name, the High Memory Area.  An XMS driver, such as HIMEM.SYS, is required for DOS to use the HMA.  It is commonly used for loading of DOS components, but may be used for a different memory resident program.  However, only one program at a time may reside in the HMA.

Virtual Memory

Virtual memory is physically a file on the hard disk that emulates physical RAM.  A swap file is created on the hard disk.  This may be either a Temporary or Permanent swap file.  A portion of program and data will be kept in RAM at all times, with the rest being swapped out to the hard disk.  When an attempt is made to access code or data residing on the hard disk, it is swapped back into RAM.  If necessary, other code or data will be swapped out to make additional room available.  This process is controlled by the VMM (Virtual Memory Manager).  Except for a loss of performance when swapping occurs, virtual memory use is transparent to both the user and the application.

Virtual memory effectively gives you more memory, allowing you to launch a greater number of concurrent applications and to work with larger data files.  However, hard disk space must be allocated to the swap file, and performance will be degraded somewhat in comparison to systems with a larger amount of physical memory.

