Chapter

5

Related information

Windows 3.1 and Memory Management

This chapter contains information about how Micfo¥dindows 3.1

interacts with memory. You can use this informatiomanage memory

while running Windows and to troubleshoot varioushifems related to memory
management. For specific information about optingzyour

system configuration, see Chapter 6, “Tips for @pnfng Windows 3.1.”

* Windows User's GuideChapter 5, “Control Panel,” and Chapter 14,
“Optimizing Windows”

* Windows Resource KitChapter 7, “Setting Up Non-Windows
Applications,” and Chapter 13, “Troubleshooting \dmvs 3.1"

* Glossary terms:Expanded Memory Specification, Extended Memory
Specification, multitasking, page frame, proteateatle, virtual memory
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228 Part 2 Configuring Windows 3.1

About Memory

Your computer’s random access memdyl) is a volatile medium where
applications and data are stored while you are wgnith them. When you
finish working, the information is transferred baokpermanent storage on the
hard disk or floppy disks.

Windows applications such as Microsoft Word andrgsoft Excel have to be
loaded into memory before they can run. Generalhen you run Windows, the
more memory your system has available, the morécapipns you can run at
the same time, and the faster the applicationsrwiill

This section describes the types of memory®Cand provides a technical
overview of expanded memory. Other sections inc¢hapter present issues
specific to using memory in Windows standard maaid 286 enhanced mode.

Note  This chapter supplements, rather than repeatiegntbrmation in
Chapter 14, “Optimizing Windows,” in th&/indows User’s Guide.

Types of Memory: An Overview

Windows Resource Kit

Your computer system can have three different kofdeemory: conventional
memory, extended memory, and expanded memory. Wisdéso creates a
fourth type of memory, virtual memory, which isdissed in “Virtual Memory
and 386 Enhanced Mode” later in this chapter.

e Conventional memoryconsists of the first 640K of memory available on
your machine. MosPCs have at least 256K of conventional memory. Your
system must have 640K of conventional memory tovkimdows.

When you boot your machinglS-DOSruns the utilities and applications
listed in theCONFIG.SYSandAUTOEXEC.BAT files. These files often use
conventional memory to function. The remaining mgms available for
running other applications such as Windows.

e Extended memoryis essentially a seamless upward extension of the
original one megabyte address space availableeimgmory of 80286 and
80386 machines. Extended memory always startslgxct024K, where
the upper memory area ends. The first 64K of exddndemory is referred
to as the high memory aredaMA).

e Expanded memorycan be installed as an expanded memory card @non
80386 machine, emulated by an expanded memory rea(&gM). The
EMM software maps pages of expanded memory onto #tersis upper
memory area (from 640K to 1024KApplications must be designed to
interact withEMM software to take advantage of expanded memory.



Chapter 5 Windows 3.1 and Memory Management 229

Figure 5.1

Extended memory goes
from 1024K to 16 MB for
80286 PCs, or

to 4 GB for 80386 PCs

Expanded memory
uses page frames in the
upper memory area

Conventional memory
goes from 0K to 640K

Expanded memory is slower and more cumbersomeetthas extended
memory, because the expanded memory manager gipsadions access to
only a limited amount of expanded memory at a time.

An 80286 processor can address 16 megabytes bfitetaory, and an 80386
processor can address 4 gigabytes of memory. T8@ &@d 8088 machines
have hardware limitations that exclude use of ed¢enmemory. For such
machines, expanded memory is the only option ftnaexemory.

Working with conventional and extended memory unfamdows 3.1 is a
straightforward process that seldom demands ydemtadn, because Windows
handles it automatically throughMEM.SYS. If you want to run non-Windows
applications that require expanded memory, you aegeleper understanding of
how it is structured and how to access it. For numtails, see “Expanded
Memory: A Technical Discussion” later in this chapt

Figure 5.1 shows the relative addresses of coruaaitiemory, the upper
memory area (used by expanded memory), and extendetbry.

16 MB
or4 GB
| extended memory

1024K

upper memory area
640K

conventional memory
0K

To see the kind and amount of memory in your system:

* Typemsdat the command prompt to run the Microsoft Diagiesautility
that is installed with Windows 3.1. This utilitygpares an extensive report
on the memory and drivers installed in your system.

e Or, if MS-DOS5.0 is installed on your system, tymem at the command
prompt to see a brief summary of your system’s mgmo

You can also use parameters with & D0OS5.0mem command. Thenem /c
command reports free memory for both conventiondl@pper memory
addresses, and lists the decimal and hexadecipea sf all programs loaded
into conventional and upper memory. Them /p command presents a detailed
listing of memory use, including load order, siaed address information for
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230 Part 2 Configuring Windows 3.1

programs (listed separately from the environmda).more information, see
your MS-DOS5.0 documentation.

Note If you use thenem command to view memory from within a
Windows 3.1 virtual machine, you will only see #maount of memory available
to the virtual machine.

The Windows 3.1 Memory Device Drivers

Both Windows 3.1 ant1S-DOS5.0 provide these device drivers for managing
memory:

* HIMEM.SYS provides access to extended memory andith&. The
extended memory it provides conforms<tds 3.0.

* EMM386.EXEtakes thexMS 3.0 memory provided bWIMEM.SYS and uses
it to emulate expanded memory or to provitheBs, or bothEMM386.EXE
is DPMI-compliant and emulates expanded memory that covsfdoLIM
3.2 orLIM 4.0.

* RAMDRIVE.SYS creates &AM disk.
* SMARTDRV.EXEIis a disk caching utility.

In addition, Windows 3.1 has two built-in memorymagers:

* Swapdisk, which manages the disk swap processafdring Windows
application code in both standard and 386 enhamuztes.

¢ Virtual Memory Manager\MM ), which manages swapping to a temporary
or permanent swap file in 386 enhanced mode.

Expanded Memory: A Technical Discussion

Note This discussion is relevant if you want to takeatdage of expanded
memory installed in your system, or if you are riagriwindows 3.1 with non-
Windows applications that require expanded membégpour system doesn't
have expanded memory, or if you are not runnindieguons designed to use
expanded memory, you can skip this discussion.

The originallBM PCdesign, based on the Intel 8086/8@88J, restricts usable
memory to about 640K. A Lotus/Intel/Microsofti¥1) collaboration developed
a technique for adding memoryReg systems. ThelM Expanded Memory
Specification EMS) bypasses the memory limits by supporting memargs
that contain 16K pages (or banks)R#M that must be enabled or disabled by
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software, but that cannot normally be addressethégPU. Instead, each page
is mapped into the address space of the processor.

Applications can use expanded memory to get arthmdhemory limitations of
8086/8088 processors by using a special area ah#ohine’s memory called
the upper memory area. This upper memory areavisyallocated in the same
area of the computer’s address space: from 64AK24K (A00O to FFFF
hexadecimal). The upper memory area (sometimegeeféo as the “adapter
segment” because that part of memory is used waae adapters such as
display adapters) is also where g@M BIOS read-only memory segment is
located. Figure 5.2 shows the upper memory areagdiiress range, and the
items that occupy fixed portions of it.

An application must be specifically written to tekdvantage of expanded
memory. Many non-Windows applications use expanderhory:

* To gain more effective performance from large Wéimdows applications
such as spreadsheets &@#nb programs.
* To run memory-resident programs or applicatioas tise shared data.

This section describes theM expanded memory specifications and discusses
two operations for using expanded memory: bankckivig and backfilling.

Note The 80386 and higher microprocessors can emai&hardware by
using extended memory with memory managers andasadtware such as
EMM386.EXE For more information about using this device driwith
Windows 3.1, see Chapter 6, “Tips for Configuringndéws 3.1.”

The Expanded Memory Specifications

The two kinds of expanded memory are differentidteth one another by their
LIM expanded memory specification version numbers:

e LIM 3.2 This expanded memory specification moves daéti blocks,
each made up of four contiguous 16K pages to fo#kapage frame. The
LIM 3.2 standard works well for storing data from splisheets in expanded
memory, but it is insufficient for multitasking.

e LIM 4.0 This expanded memory specification allows datagtanoved in
blocks of 1 to 64 pages (overcoming thi 3.2 limitations on size and
flexibility). LIM 4.0 also removes the restriction that the pagest bwi
contiguous, essentially abandoning the page frageirement.
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Figure 5.2
The upper memory area
(640K to 1024K)
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General Specific
HEX HEX Decimal
Address Address Address
FFFF 1024 1024K
FCO0 FCO0 1008
FBFF 1007 ROM BIOS
F800 F800 992
F7FF 991 (Basic
F400 F400 976 Input/Output
F3FF 975 System)
F000 F000 960
EFFF 959
EC00 EC00 944
EBFF 943 Not available
E800 E800 928 on PS/2s
E7FF 927 and some
E400 E400 912 other machines
E3FF 911
E000 E000 896
DFFF 895
DCO0 DCO0 880
DBFF 869
D800 D800 864
D7FF 863
D400 D400 848
D3FF 847
D000 D000 832
CFFF 831
CC00 CC00 816
CBFF 815
€800 €800 800
C7FF 799 8514/A
C400 C400 784 Non-PS/2
C3FF 783 VGA
€000 €000 768 EGA
BFFF 767 EGA/
BCOO BCOO 752 VGA Hercules
BBFF 751 Text/ Page 2 CGA
B800 B800 736 Low Res
B7FF 735
B400 B400 720 Hercules
B3FF 719 MDA Page 1
B00O B00O 704
AFFF 703
AC00 AC00 688
ABFF 687 EGA /VGA
A800 A800 672 High Resolution
ATFF 671 Display Memory
A400 A400 656
A3FF 655
A000 A000 640 640K
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Figure 5.3

LIM 3.2 EMS
allows applications
to move four
continguous

16K pages of data,
forming a 64K
page frame

LIM 4.0 EMS

allows applications
to move up to 64
16K pages and
allows backfilling in
conventional memory
from 640K down

to 256K

Figure 5.3 shows some key differences betweenlthe3.2 and.IM 4.0

specifications. If a non-Windows application regsiexpanded memory, usually

its documentation will describe thév version under which it works.
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page

64K

page
frame

Upper memory
area

Video RAM

Upper memory
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page |
frame

backfill ___|
area

256K

1024K

0K

Expanded
memory card
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Bank Switching in Expanded Memory

Application programs take advantage of expandedaongiyy making calls to
the expanded memory managem) to request blocks of expanded memory.
Bank switching is the process of mapping or temglgrassigning memory from
a pool of expanded memory to an empty address spélee upper memory
area.

For example, if an application needs more memarygé#da, it contacts the
EMM, which allocates expanded memory 16K at a time. pplication writes
up to 64K of data to the address allocated byetisl, then requests another
64K allocation. This request is the bank switchuesy. TheEMM allocates
another 64K of memory at a different address windeking where the first 64K
of data was placed.

TheEMM continues this bank switching activity, 16K atrad, until the
application makes no more request for memory spAah. bank switching, the
EMM can manipulate several megabytes of data thrcwegkihgle 64K space.

Backfilling in Expanded Memory

With LIM 4.0, the expanded memory manager can backfill @ational memory
addresses from 640K down to approximately 256Kngisiemory that is
usually reserved faniS-DOS utilities, andTSRs. With backfilling, the system
can manipulate large amounts of data, which iSqdatrly important for
multitasking. A rotating pool of backfilled memoajlows entire applications
and considerable data to be loaded into memoryp@d,@reatly speeding
operations.

One trick to maximize the benefit of backfilling 88286 machines is to disable
as much of the motherboard memory as possible (dowre 256K level) and
let the expanded memory card supply that memorgaBse the expanded
memory card is supplying the memory, it can banitchwireely and make the
best use of available memory.

For 80386 machines, you can convert extended memtargxpanded memory
by using an expanded memory manager su&Mas386.EXE If you are using
an expanded memory card on an 80386 machine, eadnanual carefully
before trying to backfill. Not all memory cards leathe register support to
supply more than four 16K pages. Also, because @usd3.1 supports ex-
tended memory directly, backfilling expanded memaity/not give you any
advantage for running Windows.

Difficulties with Expanded Memory

Expanded memory uses the upper memory area, whsblaies with hardware
adapters such as Sug&A video cards, network cards, 3270 emulation cards,
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andESDI disk controllers. Several potential difficultiesrcarise when expanded
memory contends for address space with the adapters

* Lack of free space The primary problem for theMM is finding at least
64K of contiguous free space in which to placephge frame. Even though
LIM 4.0 technically doesn’t require a 64K page framest expanded
memory applications will not use expanded memotgssthe 64K page
frame is present. Frequently, the address areearioius adapter cards need
to be shuffled around to free enough space foméigimous 64K page
frame. This process gets complicated with boardh ag theBM 3270
emulator, which has a nonmovable address in moshimes.

* Mapping conflicts. Most expanded memory managers sucbNiI386
use a search algorithm to find unused memory betweehexadecimal
addresses C000 through DFFF. EnM then uses this memory as page
frames. Some cards don't reserve their addres®spdit the card is
accessed, so tl#MM can inadvertently map expanded memory pages on
top of the adapter, causing crashes and interritigeration. This problem
is fairly rare, because the page search routindozate almost all popular
adapters.

If problems occur, start by disabling expanded ngnmw see if a page conflict
is causing the problem. If the problem goes awasn theEMM needs to be told
to exclude the adapter address from considerai@page location. The
adapter might also have to be moved. You do thisffarent ways with
differentEMMs. For information on how to exclude an addresgeanonsult
the documentation for your expanded memory manager.

For more information about taking advantage of ngnmtheUMBS,
see “Optimizing Use of theMBs” in Chapter 6, “Tips for Configuring
Windows 3.1.” For related troubleshooting tips, $SB®ubleshooting
EMS Memory Problems” in Chapter 13, “Troubleshootingndéws 3.1.”

Windows Standard Mode and Memory

Standard mode is the normal operating mode for Biirsdon 80286 machines,
providing direct access to extended memory.

Conventional memory takes no special considerdtiokVindows in standard
mode. Windows running in standard mode treatsdts free conventional and
extended memory as one contiguous memory blocls Jdttion describes how
standard mode Windows takes advantage of extendetbry.

Standard mode does not use expanded memory foroWmdperations, but can

work with expanded memory for non-Windows applieasi running under
Windows, as described at the end of this section.
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For information about entries 8YSTEM.INI that affect performance in
Windows standard mode, see the description ofnitrées in thdstandard]
section in Chapter 4, “The Windows Initializatioiteis.”

Extended Memory and Standard Mode

Flowchart 5.9
Cannot Run Windows
in Standard Mode

Windows Resource Kit

Standard mode Windows accesses extended memocylylitegough
HIMEM.SYS (or through a third-part¥Ms driver), providing the total free
conventional and extended memory for Windows apfibos to use. Any non-
Windows applications that uses extended memorywaninder standard mode
Windows.

Standard mode Windows takes advantage of extendetbry by:

e Performing code caching with Windows applications.
* Swapping non-Windows applications to extended nrgmo

Using Extended Memory for Code Caching

Standard mode Windows can speed up its operatipnadhing code in
extended memory throughiIMEM.SYS. To perform code caching, Windows
takes advantage of certain attributes of Windowsiegtions. The code for each
Windows application is divided into segments wipleaific attributes, including:

* The Movable code segment, which means that theesatgcan be moved
around in memory.

* The Discardable code segment, which means thaetipment can be
overwritten and then reloaded from disk when neargss

* The Swapable code segment, which can be swappbd tard disk.

Each Windows application keeps a minimum amoumbadt (its “swapsize”)
loaded in memory. If Windows runs out of memory wigenew application
executes, Windows discards part of an old appticdtiom active memory and
overwrites it with new code from the new executdiie

Using Extended Memory
with Non-Windows Applications

Non-Windows applications that use extended memanyran under standard
mode Windows. The amount of extended memory threagplication requires
should be specified in the application’s prograforimation file PIF).

For example, your system might have 2048K of ex¢dntiemory, and you
might specify in thé?IF that the non-Windows application requires 1024K
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of extended memory. If standard mode Windows isaaly using all of the
extended memory when you run the non-Windows agiitin, then the
information in the first megabyte of extended meyrisrswapped to disk,

and the non-Windows application is given accesheémewly free extended
memory. When you switch back to Windows from tha-Wdindows appli-
cation, the data in the original 1024K of extendezimory is reloaded from disk.

Because this file-swapping process can be slowt dequest any more
extended memory inRIF than is absolutely necessary to run the non-Wirsdow
application.

Some non-Windows applications ugs-DOS Extender technology such as
VCPI or DPMI to run in protected mode. If you are running sapplications
under standard mode Windows, you must allocatendetd memory in the
application’sPIF, as described in Chapter 7, “Setting Up Non-Winslow
Applications.” For more information abouCPI, see DPMI andVCPI
Specifications” later in this chapter.

Expanded Memory and Standard Mode

Windows running in standard mode does not use elqghmemory at all for its
operations. But non-Windows applications runningemstandard mode
Windows can access expanded memory if the systera paysicaEMS card
such aAST RAMPage! or the Intel Above Board.

The expanded memory manager for EuS card uses upper memory blocks
(UMBS) in the upper memory area. If you suspegh conflict is causing a
problem in your system, remove the expanded memanager to see if that
solves the problem. For more information, see “BteshootingeMS Memory
Problems” in Chapter 13, “Troubleshooting Windows.'3
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Because non-Windows applications running underdstahmode can only use
expanded memory with a physi&W¥s card, an external 386 expanded memory
manager such &vM386.EXE cannot provide the required expanded memory
support in Windows. However, an external 386 menmoayager can provide
expanded memory support for non-Windows applicatiwhen you aren’t

running Windows.

If you want to use memory in the upper memory aoed,you have an
application that requires expanded memory but yanitdhave a physicmMS
card, you must run Windows in 386 enhanced moderrfese information
about usindEMM386.EXE, see Chapter 6, “Tips for Configuring Windows 3.1.

Windows 386 Enhanced Mode and Memory

Flowcharts 5.1 and 5.2

Cannot Run
7 386 Enhanced Mode

Windows 386 enhanced mode is the normal operatodenfor systems with
80386 and higher processors.

When Windows runs in 386 enhanced mode, it addheipmount of free
conventional and extended memory and treats thédotount as an avail-
able block of memory, in much the same way as sta@hohode. The entries

~in the[386enh]section ofSYSTEM.INI that control how Windows allocates

conventional memory ateerformBackfill=, ReservePageFrame=
WindowKBRequired=, andWindowMemSize= For more information,
see these entries in Chapter 4, “The Windows linition Files.”

Although 386 enhanced mode doesn’t use expandedmdar Windows
operations, it can simulate expanded memory folbysgon-Windows
applications, as described later in this section.

You can also create a swap file so that Windowse&8&nced mode can take
advantage of the virtual memory capabilities of83886 and higher processors,
as described at the end of this section.

WINAZ20.386 and 386 Enhanced Mode

Windows Resource Kit

TheMS-DOS5.0 Setup program installs a virtual device drivet resolves
conflicts between Windows 3.0 amM5-DOS5.0 when both try to access the
HMA. This driver is a read-only file nam&iNA20.386 which is automatically
installed in your root directory. Windows 3.0 wilbt run in 386 enhanced mode
without this file.

e |f you upgrade to Windows 3.1, or if you never 886 enhanced mode
with Windows 3.0, you can remove the WINA20.38& fily changing its
read-only attribute, then deleting it in the uswal.
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e If you are running Windows 3.0 and you move WidlA20.386file to a
different directory, you must ensure that Windowaa €nd this file by
adding aswitches=/wcommand tcCONFIG.SYSand also adding a
devicegnew patf\wina20.386entry to thd386enh]section of
SYSTEM.INI.

Extended Memory and 386 Enhanced Mode

Windows 386 enhanced mode uBRIEM.SYS, the extended memory device
driver, to load itself and its drivers into exteddaemory. As in standard mode,
Windows 386 enhanced mode provides the total foe@entional and extended
memory for Windows applications to use directly.c®de caching for Windows
applications can also be performed in 386 enhanmuzk.

Windows 386 enhanced mode also allows non-Windg@ptiGations to run in

protected mode if the application usesm@s Protected Mode Interfac®pMmI)
specification (as described later in this chaptesjus 1-2-3 version 3.1 is an

example of @PMI application.

Windows 386 enhanced mode provides access to edendmory for non-
Windows applications by creating virtual machinps@ 640K in size, or the
size defined by th€ommandEnvSize=entry in thefNonWindowsApp]
section ofSYSTEM.INI.

Each virtual machine inherits the environment pnebefore you started
Windows. This means that every driver and termiaaig-stay-resident program
(TSR) loaded before running Windows consumes memogyary subsequent
virtual machine. The memory available within eagtual machine under 386
enhanced mode is slightly less than the free memeaifable at the command
prompt before you start Windows, depending on wystem configuration.

When creating virtual machines for non-Windows agions, Windows 386
enhanced mode uses the upper memory area for tpos®s:

* To allocate translation buffers for protected-maé¢ calls formS-DOSand
the network.

* To place the page frame for expanded memory difired).

Frequently, all of the free pages in the upper mgracea are used by 386

enhanced mode. The memory conflicts that can raseltliscussed in the
next section.
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Expanded Memory and 386 Enhanced Mode

Windows Resource Kit

Windows 386 enhanced mode does not use expandedrsnémitself,

and Windows applications don’'t need expanded ment@yause they run
in protected mode and can access extended mententlgi However,
Windows 386 enhanced mode can create expanded mémnarse by
non-Windows applications such as Lotus 1-2-3 tegtiire or can take
advantage of expanded memory.

Windows 386 enhanced mode automatically providesiested memory for
non-Windows applications that require it when yon such applications under
Windows. It cannot provide this memory, howevegdti loadEMM386.EXE

with thenoemsswitch. Use theam switch when loadinGMM386.EXEIn
CONFIG.SYS or use thee=mmmm-nnnn parameter to allocate enough space in
the upper memory area for Windows to creat€Ms page frame.

Note The expanded memory required by a non-Windows egiin should
be allocated witlPIF parameters as described in Chapter 7, “Settindlalp
Windows Applications.”

Page-Frame Conflicts in 386 Enhanced Mode

Windows 386 enhanced mode provides additional fragees forLIM 4.0
expanded memory in all virtual machines. But mast-Windows applications
use only the 64K page frame itself, not the add@ldankable pages in
conventional memory thatM 4.0EMS supplies. So to use expanded memory to
run non-Windows applications, you must have a goatiis 64K page frame,
made up of four contiguous 16K pages in the uppEnary area. The key issue,
therefore, for expanded memory under Windows isgegme conflicts.

The adapters installed on a system can break ujpeth@rea in the upper
memory area so that there is no 64K contiguoustarptace the page frame,
and hence no free expanded memory for running nomdWs applications.
If this problem occurs, you might have to rearratigeeadapter memory
locations.

This is easiest to do on a Micro Channel machich sis theBM Personal
System/2, which allows you to change adapter metaaations by booting
with thePS/2Reference Disk and choosing Change Configurafiasimilar
procedure is available on most Extended Industand&ird Architecture5[SA)
bus machines, such as the Compaq SystemPrerRe@ctra 486.

For Industry Standard Architectunsg) bus machines, such as tB& AT and
Compag 386, you might have to open the case gnbifi switches on the cards
to change their memory addresses. Refer to youmzae manual, and use



Chapter 5 Windows 3.1 and Memory Management 241

Figure 5.2 (page 232) as a reference when reagdgezdapters to open a 64K
page frame.

You can also disable expanded memory entirely @i page frame support)
in Windows 386 enhanced mode by settf@=MMDriver=yes in the
[386enh]section ofSYSTEM.INI.

Other related entries in ti@86enh] section ofSYSTEM.INI areEMMSize= and
IgnorelnstalledEMM=. For more information, see the descriptions o$¢he
entries in Chapter 4, “The Windows Initializatioiteis.”

Placing Translation Buffers in the Upper Memory Area

In 386 enhanced mode, Windows allocates buffetisdrupper memory area to
translateMS-DOSand network application program interfage|) calls from
Windows protected mode ¥S-DOSreal mode. (Because the upper memory
area is within the first megabyte of address spacan be accessed Ms-DOS

in real mode on an 80386 and higher processora)lidehere will be enough
free space in the upper memory area to place bettranslation buffers and any
expanded memory page frame required. But on mastgsg there isn’t enough
room, and you must choose to eliminate the expanuedory page frame or
allocate the translation buffers in conventionahmey (instead of in the upper
memory area).

If the translation buffers are allocated in coni@ml memory, they take up
memory in every virtual machine Windows createayileg less space in the
virtual machines to run non-Windows applications.cbmpound the problem,
the translation buffers can be allocated eithéhénupper memory area or in
conventional memory, but never half-and-half.

To specify a preference, set the valuetferReservePageFrame=zntry in the
[386enh]section ofSYSTEM.INI. If ReservePageFrame=trugthe default),
then Windows allocates the page frame first andrtineslation buffers second.
Usually, on machines with fullMBs, the translation buffers are forced into
conventional memory, but this lets you use expamdeghory for non-Windows
applications.

If ReservePageFrame=falsehe translation buffers are allocated in th¢Bs
first, followed by the page frame if there is stdbm. This setting gives you the
most free memory in virtual machines, but you mightt have enough expanded
memory for non-Windows applications.
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Controlling UMB Mapping in 386 Enhanced Mode

You can control the placement of expanded memaogg fimmes and the
translation-buffer mapping with tHeMMExclude= or ReservedHighArea=
entries in thg386enh]section ofSYSTEM.INI. To explicitly exclude an area of
the upper memory area from mapping by Windows 38trced mode, set a
value forEMMEXxclude=, for exampleEMMExclude=EQ00-EFFF. Because
there is no standard for hardware implementatioh@E000-EFFF area, it is
frequently necessary to exclude this range, so3B@tenhanced mode can
function properly. Windows 386 enhanced mode dstect excludes the area
for most adapter cards automatically.

Any values set with the= switch in the line that loaddVIM386.EXEin
CONFIG.SYS will override the value set f@MMEXxclude= in SYSTEM.INI.

The ReservedHighArea=entry provides the same support, but for 4K ranges
rather than 16K. Other entries relatedJdB mapping in thg386enh]section

of SYSTEM.INI areEMMInclude=, EMMPageFrame= EMMSize=, and
UseableHighArea= If you suspect conflicting use of the upper mgmor

area, us&EMMExclude=. Because Windows will use all free pages in theeup
memory area automatically, there are few use&fdMInclude=,
EMMPageFrame=, andUseableHighArea= For more information, see the
descriptions of these entries in Chapter 4, “Thadtivs Initialization Files,”
and see also “TroubleshootigyS Memory Problems” in Chapter 13,
“Troubleshooting Windows 3.1.”

Windows/386 2.x did not use the E0O00-EFFF area®fidapter segment unless
specifically instructed to do so. Windows 386 erdeghmode uses this segment
unless the machine identifies itself aB3. As a side note, most of the entries
in the[386enh]section ofSYSTEM.INI that begin with the letter&EMM”

control both placement of the expanded memory fragees and the
translation-buffer mapping. The lette ®MM” are used only for backward
compatibility; except for thEMMPageFrame=entry, they no longer apply
only to the expanded memory page frame. Td®EMMSeg= parameter used

in Windows/386 2.x has been dropped for Windows 3.x

About 386 Expanded Memory Managers

An expanded memory manager suclEsi#1386.EXE can provide expanded
memory for non-Windows applications on 80386 amghér machines without a
physicalEMS card when you aren’t running Windows. For mor@iinfation
aboutEMM386.EXE, see Chapter 6, “Tips for Configuring Windows 3ifh,the
WindowsResource Kitsee also “Freeing Expanded Memory” in Chapter 12 of
theMS-DOS 5.0 User's Guide and Reference



Chapter 5 Windows 3.1 and Memory Management 243

Some 386 expanded memory managers sueihvia386.EXEandCEMM.EXE
allow Windows to turn them off when Windows is r@EMM.EXE requires that
no expanded memory be in use when you start Wind@vst is, set
NoEMMDriver=yes in the[386enh]section ofSYSTEM.INI.)

Both Windows 3.1 an1S-DOS5.0 support the upper memory area mechanisms
defined for the.IM 3.2 and.IM 4.0, so 386 expanded memory managers such as
EMM386.EXE, 386MAX.SYS andQEMM.SYScan load network drivers and

other software devices in the upper memory areastithdun with Windows 386
enhanced mode.

Virtual Memory and 386 Enhanced Mode

Virtual memory has been widely used for years witinframes, but first came
to PCs with the introduction of thiBM/Microsoft 0S/2operating system.
Windows 386 enhanced mode goes beyofPto offer virtual memory using
the special demand-paging capabilities of the IBB386 processor.

When virtual memory is used with Windows 386 enleahmode, some of the
program code and data are kept in physical membilguhe rest is swapped to
the hard disk in a swap file. Whenever a referénceade to a memory address,
it can be used without interruption if the inforipatis currently in physical
memory. If the information isn't in physical memogypage fault occurs and the
Windows Virtual Memory Manage/MM ) takes control, pulling the required
information back into physical memory and, if nexagyg, swapping other
information to the disk. All of this activity is Wisible to the user, who only sees
some hard disk activity.

Windows applications can use virtual memory withiogihg specially written to
take advantage of it, because Windows handles #meary management,
allocating however much memory the application estst With Windows
managing virtual memory, you will see much more rmgnavailable than is
installed in your machine when you choose AbougRam Manager or About
File Manager from the Help menu.

A major benefit of using virtual memory is that ycan run more programs
simultaneously than your system’s physical memavyldl usually allow. The
drawbacks are the disk space required for thealirhemory swap file and the
decreased execution speed when page swappinguisaggHowever, it's
usually better to run a program slowly in virtuaémmory than to not be able to
run it at all.
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Figure 5.4

Virtual Memory
dialog box

To display this dialog,
click the Virtual Memory
button in the 386
Enhanced dialog

Click the Change button
to display this extended
dialog box
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Creating Swap Files for Virtual Memory

In Windows 3.1, you can create a swap file fotuat memory during Setup, or
you can choose the 386 Enhanced icon in Contra¢lRarchange the swap file
at any time. For details about using the 386 Enbdihdode dialog box, see
Chapter 14, “Optimizing Windows,” in th&indows User’s Guide.

Change>»>

[ Mew Settings
Drive: =N *
Type: Permanent *
Space Available: 65.965 KB
M aximum Size: 13.238 KB
Recommended Size: 11.747 KB
Mew Size: 1174718

Use 32-Bit Disk Access

= Yirtual Memory

[ Current Settings
Drive: C:
Size: 11,747 KB
Type: Permanent [using 32-bit access) l——l

You can create either a temporary or a permanegy $¥e. A permanent swap
file improves the speed of the Windows virtual meyrgystem because the file
is contiguous, so accessing it requires less oaertigan the normalS-DOS

file created for a temporary swap file.

A temporary swap file nameatIN386.SWPis created on the hard disk while
Windows is running, then deleted automatically wiien exit Windows.
This swap file is not a hidden or system file, &nhn shrink or grow in

size as necessary. The entryFagingFile=in the[386enh]section

of SYSTEM.INI defines the filename and path for the temporasfile.

You need about 1.8B of free hard disk space on the paging drive for a
temporary swap file.

A permanent swap file is a hidden file nan3@dPART.PAR which has a
system attribute and is always created in the doettory of the specified
drive. Windows also creates a read-o®iBART.PARfile in the WINDOWS
directory that tells Windows where and how large permanent swap file
is. Because a permanent swap file must be contggyaw cannot create a
permanent swap file bigger than the largest coatiguree segment of
your hard disk. You cannot create a permanent $iteajp Stacker is
running on your system.

You can specify the type and size of a swap file ttwe drive where it's located in
the Virtual Memory dialog box. A permanent swap f8 always created in the
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root directory. But you can specify a subdirectasythe location for a temporary
swap file as @agingFile=value in thg§386enh]section of SYSTEM.INI.

When you install Windows, Setup checks whether yaud-disk controller is
compatible with 32-bit disk access. If so, theB3PDisk Access check box
appears. Select this check box if your system hisabosmall amount of free
memory and you want to increase performance foM&®0OS Prompt. When
this option is checked, you can run more instané®sS-DOS Prompt and
switch between them faster. If you have multipigtances of1S-DOS Prompt
running and the applications in them all acceds diisves, the access time is
faster with 32-bit disk access. For a technicatusion of this features see
“FastDisk: An Introduction to 32-Bit Disk Accessi Appendix D, “Articles.”

The Windows virtual memory utility that creates gwies supports only hard
disks that use 512-byte sectors. If 512-byte sector not being used, this
indicates a nonstandard configuration, such ag@plarty driver. Never create
a permanent swap file on a drive that uses a joenitiy driver, with the
exception of the Compa@NHDISK.SYSutility.

Before you can create a large permanent swapyéile should compact your
hard disk with a disk compacting utility. If an @ermessage reports that your
swap file is corrupted, delete the current swapdihd create a new one.

The related entries for swap files in {886enh]section ofSYSTEM.INI
areMaxPagingFileSizes MinUserDiskSpaces PagingDrive=, and
PagingFile= For more information, see the descriptions of¢hentries
in Chapter 4, “The Windows Initialization Files.”

Note Do not attempt to create a swap file oRAM disk. A swap file created
on aRAM disk is self-defeating, because you sacrifice jglaysnemory to create
virtual memory.

Demand Paging and Virtual Memory Management

Windows 386 enhanced mode manages virtual memaxydasnand-paged
system that uses a virtual memory managemny) and a pageswap device
(which is built into thenIN386.EXEfile). This means that pages of data are
brought into physical memory when they are refeeenand the system does not
try to predict which pages will be required in foture.

The WindowsvMM maintains the virtual memory page table that lisespages
currently in physical memory and those swappedgk. Because 386 enhanced
mode is a multitasking environment, ¥eIM page table also lists which
memory pages belong to which processes. WhexNth¢ needs a page not
currently in physical memory, it calls the pageswapice, which allocates
virtual memory and maps pages into and out of glyshemory.
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Some virtual memory systems rely on program segaientto do their work.
Although the code for a Windows application is segted as described earlier,
Windows virtual memory management is not relatethi® segmentation. All
virtual and physical memory is divided into 4K pagand the system is
managed on this basis. Page mapping starts at 080@Kvorks its way up.

Two kinds of pages can be allocated: physical page virtual pages. The
possible amount of physical pages is the amouphggical memory in the
machine divided by 4K. Memory allocated to an aggilon is made up of
virtual pages, and at any time a virtual page @imlphysical memory or
swapped to the hard disk.

The entries in th§886enh]section ofSYSTEM.INI that control paging for
virtual memory are:

LocalLoadHigh= Paging= SysVMEMSLimit=
MaxBPs= PagingDrive= SysVMEMSLocked=
MaxPhysPage= PagingFile= SysVMV86Locked=
MinUnlockMem= PageOverCommit= SysVMXMSLimit=

For more information, see the descriptions of theegees in Chapter 4,
“The Windows Initialization Files.”

The LRU Algorithm for Virtual Memory Management

The WindowsvMM swaps pages using a Least Recently UsRd) page
replacement algorithm. This means pages that hatvbeaen accessed for the
longest period of time are the first ones to beppeal to the disk.

The VMM page table contains flags for the Accessed Dirty attributes of
each pageAccessedneans that a process has made a reference taghesimce
it was originally loadedDirty means that a “write” has been made to the page
since it was loaded. Because a “write” qualifiesasaccess,” the Dirty
attribute implies the Accessed attribute.

If physical memory space cannot be found when agg®requests additional
memory, Windows uses the LRU algorithm to decidé&tipages to swap to the
hard disk to fulfill the request. This decisioraishree-step process:

1. Windows scans théMM page table looking for pages with neither an
Accessed nor a Dirty attribute. During the scanmiracess, Windows
clears the Accessed attribute from all the pages.

2. If Windows finds enough pages meeting the Natessed/Not Dirty
requirement, it swaps those pages to the hardadidlgives the resulting
free memory to the process.
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3. If Windows cannot find enough pages the firsigtj then it repeats the scan.
Theoretically, more pages will meet the requirerném@cause the Accessed
attribute was cleared in the first scan. If theoselcscan doesn't find the
required pages, then Windows swaps pages to tlediglk regardless of
their attributes.

The related entries in t{@86enh]section ofSYSTEM.INI are
LRULowRateMult=, LRURateChngTime=, LRUSweepFreg=
LRUSweepLen=s LRUSweepLowWater=, andLRUSweepReset=
For more information, see the descriptions of theegees in Chapter 4,
“The Windows Initialization Files.”

Swapping Pages to a Network Drive

We recommend that you do not swap pages to a netivive. Paging to

a network drive is possible, but it's extremelywsldf you must page to a
network drive, use a permanent swap file. Also,dinectory must not have an
MS-DOSread-only attribute, and you must have both craatewrite access
to the directory. Do not set the value RagingDrive= or PagingFile=in
SYSTEM.INIto a Novell network drive, because Novell netwaaks not
compatible withMS-Net Redirector.

Other Memory Management Issues

This section provides brief information on varionemory management issues:

* DPMI andVCPI specifications

* MS-DOSand Windows 3.1

* Memory and startup requirements
e System resources and memory

DPMI and VCPI Specifications

TheDOS Protected Mode Interfac®®MI) was developed by a group of
industry leaders. Several members ofifdl committee also helped create the
Virtual Control Program Interfac&CPI1). DPMI is primarily a creation of
Microsoft, andvCPI was formulated primarily by Phar Lap SystemBMI and
VCPI solve two different problems.

Applications that us#1S-DOS Extenders can execute code in the protected mode
of the 80286 or 80386 processbPMI provides a standard method for such
applications to switch the 80286 processor to ptetemode and to allocate
extended memory. Hundreds of applications use waitigpes oMS-DOS

Windows Resource Kit
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Extenders, and those that do not already su@ivtl require minor
modifications to do so.

VCPI provides an interface that allows applicationsigsS-DOS Extenders on
80386 machines to run simultaneously with 386 edpdmrmemory managers.
For exampleQEMM.EXE, 386 MAX.EXE, andCEMM.EXE support the/CPI
specification. Windows 3.1 suppoK€PI in both standard mode and 386
enhanced mode. Windows 3.0 does not support.

MS-DOS 5.0 and Windows 3.1

Windows Resource Kit

Many of the changes MS-DOS5.0 make it a more robust platform for
Microsoft Windows, enhancing its ability to make thest use of your system’s
memory. For the best performance from Windows &t (other applications),
we suggest that you upgrade y®@'s operating system tdS-DOS5.0 if you
haven't already done so.

On 80386 and 80488Cs, withMS-DOS5.0 you can load memory-resident
programs such as device drivers, TSRs, and netsaiftware into the upper
memory area, thereby freeing conventional memooydd this, you must load
HIMEM.SYS andEMM386.EXE, then load the memory-resident programs using
the devicehighcommand iCONFIG.SYSand thdoadhigh command in
AUTOEXEC.BAT.

For more information about taking advantag®etDOS5.0 to optimize your
system configuration, see Chapter 6, “Tips for @pnfng Windows 3.1.”

Running Windows Standard Mode with MS-DOS 5.0

e Use the Windows Task List to swap applicationspf@ssaLT+TAB).
Using theMS-DOS5.0 Task Swapper while running Windows is redundan
incurring unnecessary conventional memory overhead.

¢ LoadMS-DOS5.0 into theHMA, regardless of whether yoBCis an 80286,
80386, or 80486. This will provide more conventiomamory for non-
Windows applications running under Windows standaodle.
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Running Windows 386 Enhanced Mode with MS-DOS 5.0

e LoadMS-DOS5.0 into theHMA, and load whatever else fits into the upper
memory area. The conventional memory you free bgillgMS-DOS5.0
into theHMA is also free in every virtual machine, giving maremory to
every non-Windows application you run in Window$3hhanced mode.

* Use the Task List in Windows 3.1 to switch betwagpplications (or press
ALT+TAB). Windows 386 enhanced mode allows multitaskinghat
multiple applications can run in the backgrounde M$-DOS5.0 Task
Swapper can only task-switch, which means thastegpped application
is suspended.

Memory and Windows Startup Requirements

Flowchart 1.1
System Requirements

Windows starts automatically in the appropriate &léws operating mode,
depending on your system configuration. Howeveu, gan start Windows in
a particular operating mode by using one of thesencand-line switches:

* win /sto run in standard mode
e win /3to runin 386 enhanced mode

Standard Mode Startup Requirements

For Windows to start automatically in standard mdbe system must have:
80286 or higher processor

256K of free conventional memory

192K of free extended memory
An XMS driver such asiIMEM.SYS already loaded

Conventional and extended memory requirements ateatty dependent for
standard mode and are not fixed.

386 Enhanced Mode Startup Requirements
For Windows to start in 386 enhanced mode, theesyshust have:

80386 or higher processor

256K of free conventional memory

1024K of free extended memory

An XMS driver such asiIMEM.SYS already loaded

Windows Resource Kit
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Windows 386 enhanced mode requires between 580K 24id combined
conventional and extended memory to run. A typimstiallation requires a
minimum of 192K free conventional memory at the omand prompt plus
sufficient extended memory available to run in @&anced mode.
Windows can start under low memory in 386 enhamsede because it
provides virtual memory support, but it can be extely slow because of
the extra disk swapping that Windows must perform.

All numbers are approximate and can vary widelyesheling on the Windows
device drivers present, tihws-DOSversion, the display adapter, and other
factors. For example, on Compaqg 386 machines, I##&ktended memory is
recovered from shadoRAM. Memory requirements take into account memory
that can be recovered froBMARTDrive, down to the minimum cache size
specified.

Windows checks for a minimum of\B of free extended memory before it
automatically starts in 386 enhanced mode. Ihiddiless, it tries to run in
standard mode. On an 80386 witMR or less system memory, if Windows
doesn't find enough free extended memory, it ranstandard mode. To free
more extended memory so that you can run in 38&rergd mode, you might
try reducing the amount of extended memory 8MARTDrive uses by setting
its MinCacheSizeparameter t@.

The entries in th§886enh] section ofSYSTEM.INI that control how Windows
allocates conventional memory for startup and && im 386 enhanced mode are
SysVMEMSRequired=, SysVMXMSRequired=, WindowKBRequired=, and
WindowMemSize= For details, see the descriptions of these enimie

Chapter 4, “The Windows Initialization Files.”

Memory and the Windows System Resources

Flowchart 5.8
Out-of-Memory Errors
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The Help About dialog box in Program Mayeat and File Manager (and in me
other Windows applications) shows the percentadgeeefsystem resources and
the amount of free memory. The system resourceeptage reflects the
memory used by the core Windows internal structure.

Three core files make up the part of Windows thasrwWindows applications:

* The kernel file KRNL286.EXE or KRNL386.EXE) loads and executes
Windows applications and handles their memory mamesnt.

* GDI.EXE manages graphics and printing.

* USER.EXEcontrols user input and output, including the lagyiol, mouse,
sound driver, timer, communications ports, and wingnanagement.
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In Windows 3.x, these files are in the Windo8%STEM subdirectory. (In
Windows 2.x these modules were linked into thesfiléN200.BIN and
WIN200.0VL, so you didn’t see them in tii&INDOWS directory.)

BothGDI and User have storage areas called heaps, whddhrated to 64K

in size.GDI has a local heap; User has a menu heap and hasgreach with
64K storage space. The available system resoueflestrthe remaining free
percentage after combining t®I local heap and the user and menu heaps
in User. This increases by 64K the amount of h@ages that was available in
Windows 3.0. In Windows 3.1, Program Manager icareshandled separately
and do not use the User heap space.

To see how much of the system resources a partiapfaication uses, note the
amount of system resources available before apd thi¢ application runs.
(Choose About Program Manager from the Help mewuchieck the amount of
system resources listed in the dialog box.)

Although Windows 3.1 allows you to run many momadtaneous Windows
applications than any previous Windows version, y@y get an out-of-memory
message that indicates your system is low on systeaurces. This is because
every window and sub-window created requires UsdiGDI local heap space.
The system resources can be exhausted if enoughtslajre created by the
Windows applications.

An important element of memory management for Wimelapplications that is
not included in the system resources percentaitpe isumber of selectors.

A selector is a memory pointer that is consumed e#ch memory allocation
made by a Windows application. If a Windows apgiaaallocates many small
data objects, it is possible to run out of seles;toesulting in an out-of-memory
message.

The efficiency with which a Windows application lléas its data objects can
help in this situation. If you experience a chrgmioblem with a particular
application while few other applications are loadashtact the application
vendor so the company becomes aware of the pradnhehecorrects it.

For more information about low-memory and out-ofamogy conditions, see
Chapter 13, “Troubleshooting Windows 3.1.”
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SMARTDrive 4.0: A Technical Discussion

W This section describes the n&18-DOSdisk cacheSMARTDrive 4.0, which
replacesSMARTDrive version 3.x. The section is written for expaded
technical users who want a deeper understanditigeattility.

About SMARTDrive 4.0

SMARTDrive 3.x is a read-only track cache that cachea tack basis and for
read operations only. The internal data structaredied to the logical geometry
of the disk. It caches at tiR®OM BIOSInt 13 level and uses tiBO0S specified
disk geometry to decide the size of its cachingnelat (that is, track size). This
leads to problems (described below), so Microsftse to implement a new
cache iSMARTDrive 4.0.

Figure 5.5 Application

(read/write Int 21)

SMARTDrive 3.x

MS-DOS
call HD driver

Y

HD driver
Int 13

lH SMARTDrive 3.x
*7‘ chains Int 13

ROM BIOS

Hard Drive

SMARTDrive 4.0 is designed as a block-oriented disk calth®oks into the
system at th&S-DOSdevice driver level rather than tR©M BIOSInt 13 level.
Each block device driver on thwS-DOSdevice driver chain is “front-ended” by
a SMARTDrive 4.0 module that provides the actual cachirgs Vields the
following benefits:

* Independent of Int 13 interface.Many device drivers do not use the Int 13
interface. This means thamMARTDrive 4.0 can cache these devices where
SMARTDrive 3.x could not. Examples are Bernoulli, somedhzards, and
manySCSlandWORM drives.

Windows Resource Kit
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Figure 5.6

SMARTDrive 4.0

Independent of disk geometry Some disk managers and disk controllers
use a disk geometry mapping scheme that causéegieal” geometry

(that is, whatMS-DOS sees) to be different from the physical geometry.
Examples are margs/2systems, Ontrack Disk Manager, and several disk
controllers. Int 13-based caches are sensitivhiscand often have
problems. For example, Ontrack Disk Manager wilbally change the

ROM BIOS-specified disk geometry on the fly and thus coafus
SMARTDrive 3.X.

An API determines the true geometry, but this requirsk-dianager
detection and generally complicates matters. Qftgical tracks will

actually cross physical track boundaries, whiclm tteuses track caches to
incur performance penalties (intertrack seeks atational latencies). Also,
to get around theOM BIOS 1024 cylinder limitation, disk managers and
controllers will “fold” multiple tracks into one @ical track. This yields the
above problem, as well as forcing track cacheateta very large track
buffer. In some cases, this is as large as 31.8Knaurst reside in low
memory. The design &MARTDrive 4.0 eliminates the geometry mismatch
problem.

(read/write Int 21)

Application

MS-DOS
call HD driver

lH SMARTDrive 4.0
*7‘ hooks driver

HD driver
Int 13

Y

ROM BIOS

Hard Drive

SMARTDrive 4.0 is also a write-behind cache. It addsiizant performance

improvement where files are being written and impats a “valid” bits scheme

to avoid thrashing the disk in case of random axié@s

SMARTDrive 4.0 currently uses®IFO replacement algorithm and implements a
shrink algorithm that frees memory for Windows iway similar to

SMARTDrive 3.x. The difference is th&VARTDrive 4.0 watches for the
Windows startup broadcast whARTDrive 3.x provides aiOCTL interface.
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The net effect is identical, b8BMARTDrive 4.0 is much simpler. When
Windows quits, the process is reversed and the meimioeacquired
by SMARTDrive 4.0.
The following table summarizes tB®ARTDrive 3.x design problems, what
other disk-cache software does, and the solutiondayed inNSMARTDrive 4.0.

Other
Feature SMARTDrive 3.x disk caches SMARTDrive 4.0

Read-Only Cache

Causes writes to proceed at the sam
slower speed as with no cache.

All others solve this.

Lazy write caching. Valid
bits to avoid thrashing.

Track Cache

Tied to “logical” disk geometry, which
disk managers and some disk controllg
change, causing a “single” track read t
actually be multiplé] performance hit.

All others have
ronfigurable cache
element size.

Support configurable
cache element size.

Some disks have very large track sizes
(56 on some mapping controllers), whi
forces a very large track buffer into low
memory and thus a large low memory
footprint.

Same

>

Same

Internal data structures and algorithms
are tied to the size of track and thus it i
very hard to retrofit variable block size.

Same

Same

Int 13 based

Many popular device drivers do not g
through Int 13 interface and therefore
don’t get cached. Bernoulli, WORM
drives, and SCSI are some examples g
non-Int 13 devices that SMARTDrive
does not cache.

D Mixed. Some cache
Int 13; some cache g
device driver level.

f

Front-end MS-DOS

t device drivers. This means
that block device in MS-
DOS will be cached.

Disk manager drivers and some
controllers cause a geometry mismatch

Some DM drivers

. provide DDI, which
Int 13 caches need t
call (PC-KWIK).

Above solution eliminates
need to know true
b geometry.

SMARTDrive 4.0: Frequently Asked Questions

Windows Resource Kit

Q: What is double buffering?

A: Certain disk controllers support a concept callesl mastering, where the
actual disk controller takes over the bus to trandéta to or from systeRAM.
SomeScsilcontrollers have this feature. A problem occurgemhunning in the
virtual 8086 mode that Windows 3.x virtual machipesvide. Popular memory
managers also use virtual 8086 mode. The readite address that is passed to
MS-DOSis often not the same as the actual physical mgaddress. This can
cause data to be read from the wrong location ors& can cause data to be
written to the wrondgRAM. The result can be erratic system behavior.



Chapter 5 Windows 3.1 and Memory Management 255

Microsoft created a standard called VirtD8A Services, which provides an
interface that allows these bus master controlterget the correct address and
avoid the problem. However, some older bus mastetraller cards do not
support this standard. So we have added a feat@ARTDrive that provides
a memory buffer with physical and virtual addregbes are the same, so we
avoid the problem at the cost of 2.5K of converdglanemory and a small
amount of performance (the cost of moving the tatnd from the buffer).
This feature is used by placing the loievice=smartdrv.exe /double_buffein
CONFIG.SYS This only installs the double-buffer driver, ibé cache. (The
cache must be installed MUTOEXEC.BAT.)

Q: Do | need double buffering?

A: The Windows 3.1 Setup program tries to determinethdr your system
needs double buffering, and if so, inst&IMARTDRV.EXE in your CONFIG.SYS
file for double buffering. Most disk controllers dot need double buffering.
These include aMFM, RLL, andIDE controllers as well as mam®sDIl andSCSI
devices. In the cases where Setup is unable tondiete whether double
buffering is needed, it will install the driver Z®ONFIG.SYS possibly erring on
the side of safety. We have added a featuBMARTDrive to help you
determine if double buffering is unneeded and lmnaj/ou to remove the driver.
After your system is running witbMARTDrive loaded, typsmartdrv at the
command prompt and presSTER. You will see something similar to the
following screen.

M crosoft SMARTDrive Di sk Cache version 4.0
Copyright 1991,1992 M crosoft Corp.

Cache size: 1,048,576 bytes

Cache size while running Wndows: 1,048,576 bytes
Di sk Caching Status

drive read cache wite cache buffering
A yes no no

B: yes no no

C yes yes yes

D: yes yes -

For help, type smartdrv /? at the Ms-DOS pronpt.

Notice the column labeled “buffering.” For eachverthat is being cached, it
can have one of three valuegesto indicate that double buffering is needed.
No to indicate that buffering is not needed, and tHesymbol to indicate that
SMARTDrive has not yet determined the necessity of dobbftering. If the
buffering column has all No’s in it, the double faufdriver is not needed.
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Flowchart 1.8
Stacker
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Q: Why is SMARTDrive in both my CONFIG.SYS and AUTOEXEC.BAT
files?

A: There are really two device drivers in a single:fih disk cache and a
double buffer driver. See above for a descriptibdauble buffering. The cache
component oBEMARTDRV.EXE is installed in AITOEXEC.BAT and the double
buffer driver is installed iICONFIG.SYS

Q: DoesSMARTDrive work with Stacker?

A: Yes.SMARTDrive works quite well with StackeBMARTDrive is aware of
Stacker and will automatically cache the underlydnige that Stacker uses. This
provides significantly better cache utilizationibgreasing the effective size of
the cache by the compression ratio of Stacker. KMewelo not cache the actual
“stacked” volume. Only the underlying (uncompregsirilze should be cached.

Q: Why doesn’t my Stacker Volume show up in th&SMARTDrive status
screen?

A: This is becausBMARTDrive is caching underneath Stacker. You should see
the underlying drive letter listed.

Q: How can | make sure that data written to the di& is really on the disk
and not still in the cache when | reboot my machir2 Won't my data
get lost when | reboot?

A: SMARTDrive goes to great lengths to avoid data loss. Wheetects the
CTRL+ALT+DEL reboot key sequenc8MARTDrive takes control and makes sure
that all data has been written to the actual diglu might see a box in the upper
left corner of the display asking you to wait whités happensSMARTDrive

also writes all data to the disk when an applicatialls theMS-DOSreset disk
function to make sure that all data in 8-DOSbuffers gets written to disk.

To force all data to be written to the disk, typeartdrv /c at the command
prompt and pressNTER.

If you use a third-party program to reboot your hiae from a batch file, you
should make sure that you have the above lineeib#tich file before the reboot
program. Failure to do so may cause loss of data.



