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License Agreement And Limited Warranty

The programs in this package are copyrighted. By using them, you indicat
acceptance of the following terms and conditions. If you do not agree with
these terms and conditions, return the programs to the place of purchase; a
your money will be refunded.

1. License.You may use the programs on a single machine, and you may mak
a reasonable number of copies of the programs for backup purposes.

2. Restrictions. You may not use the programs on more than one machine a
the same time. You may not distribute copies of the programs or documente
tion to others, or place them into any electronic bulletin board or information
retrieval system. You may not modify or reverse engineer the programs.

3. Limited Warranty on Diskettes. If a diskette in this package is defective,
Invisible Software will replace it at no charge if the defective diskette is
returned to Invisible Software, shipping prepaid, within 90 days of the date of
purchase.

4. Limited Warranty on Software. Invisible Software warrants that the
programs will operate substantially as described in the documentation. If yol
report a significant software defect in writing within 90 days of the date of
purchase, and Invisible Software is not able to correct the defect, then you me
return the programs and documentation to the place of purchase; and yol
money will be refunded.

5. Disclaimer.IN NO EVENT WILL INVISIBLE SOFTWARE BE LIABLE
TO YOU FOR ANY DAMAGES, INCLUDING ANY LOST PROFITS,
LOST SAVINGS OR OTHER INCIDENTAL OR CONSEQUENTIAL
DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE
PROGRAMS EVEN IF INVISIBLE SOFTWARE OR AN AUTHORIZED
REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES, OR FOR ANY CLAIM BY ANY OTHER PARTY.
SOME STATES DO NOT ALLOW THE LIMITATION OR EXCLUSION
OF LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES,
SO THIS LIMITATION OR EXCLUSION MAY NOT APPLY TO YOU. This
agreement will be governed by the laws of the State of California.
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About Invisible RAM 386

Invisible RAM 386 is a software package that unlocks the extendec
memory that is present in many 80386, 80386SX, and 80486 base
PCs.

Invisible RAM 386 increases the size of DOS memory from the normal
640K up to as much as 736K. Invisible RAM 386 also lets you load
memory-resident programs and device drivers into shadow RAM, sc
that they do not use any DOS memory. As much as 224K of shado\
RAM can be made available for memory-resident programs and devic
drivers.

With Invisible RAM 386, you can tap the power of shadow RAM to
greatly increase the amount of RAM available for DOS applications.

In addition, Invisible RAM 386 is an expanded memory manager.
Invisible RAM 386 uses the microprocessor’s built-in memory man-
agement facilities to provide expanded memory compatible with EMS
version 4.0. You can use the expanded memory to run EMS applica
tions such as Lotus 1-2-3, Desqview, and Ventura Publisher. As muc
as 14 megabytes of expanded memory can be made available.

Vil



About Invisible Software

Invisible Software, Inc., manufacturestal area networkardwareand
software for PCs. With our local area network product, you can
conrecttwo or more PCs agether to exchange data, $are disks and
printers, ard run multiuser software.

We havewo dfferert lines ofnetwork boardsthe Invsible Network,
and the Invible Etherne Boads areavailable forboth the standard
IBM PUXT/AT/386 computers, and the IBM Micro Channd. All
boards come complete with all required hardware and software; no
extra purchaesare neessary.

Invisible RAM technology was originally developed as part of our
NET/30-EMS network opemting system. NET/30-EMS sdves the
number one proldem facing retwork users today: memory shortage.
NET/30-EMSistheonly network operating system which canload into
expanded memory or stadow RAM. It can aso increase the size of
DOS memory, so thatthereis adually more freememory avalable
after loadng the networkthan before — as nch as 630K freeon a
non-dedicated fle serve.

In response to many requests, we are making Invisible RAM tecdhnol-
ogy available as a separatesoftwarepackage. Now all usersof 386 and
486 based PCscan wnleash the exta RAM hiddenin thér machines.

NET/30-EMS, complete with support for both expanded memory and

shadow RAM , is included with all our network beards If you have two

or more PCs tha you wart to connect contact Invisible Software for
the latestinformation about our retwork products.

Vi



What Is Invisible
RAM 3867

Invisible RAM 386 is a shadow RAM manager. Itis a software package
that provides additional memory to DOS applications. It also lets you
load memory-resident programs outside of DOS memory.

In addition, Invisible RAM 386 is an expanded memory manager. It lets
you run application programs that are designed to take advantage ¢
expanded memory, without purchasing an expanded memory board.

Invisible RAM 386 works by turning on the memory-management
functions that are built in to the 80386 and 80486 microprocessors
With these functions, your computer’s unused extended memory cal
be converted into shadow RAM and expanded memory, thereby in
creasing the amount of memory available to DOS.

This chapter covers the following topics:
m  What Invisible RAM 386 does for you
m Hardware requirements

m  Getting help
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What Invisible RAM 386 Does For You

The Invisible RAM 386 software does three things for you:

m Invisible RAM 386 increases the size of DOS memory from the
normal 640K up to as much as 736K.

m Invisible RAM 386 lets you load memory-resident programs and
device drivers outside of DOS memory, so that they do not use uj
memory that you need for your application programs. As much as
224K of memory can be made available to memory-resident pro-
grams and device drivers outside of DOS memory.

= Invisible RAM 386 acts as an expanded memory manager, compat
ible with the expanded memory specification (EMS) version 4.0.
You can make up to 14 megabytes of expanded memory availabl
to applications such as Lotus 1-2-3, Desqview, and Ventura Pub
lisher.

The exact amount of additional memory you get varies depending ol
what hardware you have installed in your computer. Invisible RAM
386 includes programs that let you determine what hardware you hav
installed, and configure the system to match your exact needs.

Hardware Requirements

You do not need to purchase extra hardware to use Invisible RAM. All
you need is a computer based on the 80386, 80386SX, or 8048
microprocessor. The computer must have at least 2 megabytes
memory installed.
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Getting Help

All Invisible RAM 386 programs have built-in help information. To get
help, simply type the name of the program followed by a question
mark. For example, to get help on ®idADOW command, type

SHADOW ?

What Is Invisible RAM 3867 1-3



1-4

What Is Invisible RAM 3867?



Quick Software
Installation

This chapter describes the basic procedures for installing the Invisibl
RAM 386 software. It is intended to get you up and running as quickly
as possible. Later chapters describe the advanced features of the Inv
ible RAM 386 software.

Software Modules

The Invisible RAM 386 software consist of two separate modules: ar
80386 control program, and an expanded memory manager. You nee
to install both modules.

The following paragraphs describe the functions of each module.
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The 80386 Control Program

The 80386 control program is calle®386.SYS and it is supplied on
the Invisible RAM 386 diskette.

The function of the 80386 control program is to activate the memory
management features that are built in to the 80386, 80386SX, an
80486 microprocessors. Once the memory management features a
activated, they can be used by the expanded memory manager.

The Expanded Memory Manager

The expanded memory manager is call86EMM.SYS, and it is
supplied on the Invisible RAM 386 diskette.

The expanded memory manager has three basic functions:

m  Provide access to expanded memory (up to 14 megabytes) fc
specially-written application programs, such as Lotus 1-2-3,
Desqview, Ventura Publisher, and NET/30.

m Create shadow RAM that can be used to hold ordinary memory-
resident programs (TSRs) and device drivers, thereby freeing uy
more memory for DOS.

m Increase the size of DOS memory beyond the normal 640K limit,
to as much as 736K on a color system or 704K on a monochrom
system.

In addition, the expanded memory manager offers many optional ad
vanced functions, which are described in Chapter 6.
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Software Installation

First, copy files CP386.SYS and C386EMM.SYS from the Invisible
RAM 386 diskette to the root directory on the disk that you use to boo
your system. Then install it as shown.

To install Invisible RAM 386, place the following lines into the
CONFIG.SYS file, in the order shown:

STACKS=0,0
DEVICE=CP386.SYS [/E=size]
DEVICE=C386EMM.SYS [/Z=config]

where the parameters have the following meaning:

[E=size Extended memory size. The valuesifeis
the number of kilobytes of memory that you
want to reserve for extended memory
applications, such as VDISK. The square
brackets indicate th#E is optional; if
omitted, it defaults to O.

1Z=config System configuration. The only allowed
values forconfigare 0, 1, and 2. The
meaning of this parameter is described beloj.
The square brackets indicate thais
optional; if omitted, it defaults #Z=0.

Note — If you are using DOS version 3.1 or earlier, omit the
STACKS command.

IMPORTANT — If you use any type of disk cache software (such as
IBMCACHE or PC-KWIK), you must install the disk cacladter
installing Invisible RAM 386.

Note — If you want to use an extended memory application program,
such as VDISK, you should install the extended memory application

Quick Software Installation 2-3



afterinstalling Invisible RAM 386. For example, suppose you want ot
use VDISK to create a RAMDISK with 512K capacity. You would
install VDISK after installing Invisible RAM 386, as follows:

STACKS=0,0
DEVICE=CP386.SYS /[E=512
DEVICE=C386EMM.SYS
DEVICE=VDISK.SYS 512 [E:8

In the second line, the parametEr512 reserves 512K of extended
memory for use by extended memory applications. In the last line, the
parametebl12tells VDISK to create a RAMDISK with a capacity of
512K, while the parametéE:8 tells VDISK to use extended memory.
(For information about VDISK, refer to the DOS command reference
manual.)

As indicated above, th& parameter selects among three different
system configurations. The following sections describe the three con
figurations.

Note — There are additional parameters that select other advance
functions, and allow you to customize the configuration to your exact
requirements. The additional parameters are described in Chapers
and 6.

Configuration 0 — Expanded Memory Only

In configuration 0, Invisible RAM 386 provides expanded memory, but
no shadow RAM. You can run programs designed for expanded menr
ory (like Lotus and Desqview), but you can’t load memory-resident
programs and device drivers outside DOS memory.

This configuration is the “standard” expanded memory configuration
provided by most expanded memory managers.

Configuration 0 is selected with the paraméZer0, as shown below.
If you omit/Z, it defaults to configuration O.
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STACKS=0,0
DEVICE=CP386.5YS
DEVICE=C386EMM.SYS /Z=0

Configuration 1 — Expanded Memory And Shadow RAM

In configuration 1, Invisible RAM 386 provides both expanded mem-
ory and shadow RAM. You can run programs designed for expande
memory (like Lotus and Desqgview), and you can also load memory-
resident programs and device drivers outside DOS memory.

Configuration 1 is selected with the paraméZerl, as shown below.

STACKS=0,0
DEVICE=CP386.5YS
DEVICE=C386EMM.SYS /Z=1

Configuration 2 — Shadow RAM Only

In configuration 2, Invisible RAM 386 provides shadow RAM, but no
expanded memory. You can load memory-resident programs and de
vice drivers outside DOS memory, but you can’t run application pro-
grams that require expanded memory.

Configuration 2 provides an additional 64K of shadow RAM as com-
pared to configuration 1.

Configuration 2 is selected with the paraméfer2, as shown below.

STACKS=0,0
DEVICE=CP386.5YS
DEVICE=C386EMM.SYS /Z=2
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Starting Invisible RAM 386

Invisible RAM 386 starts automatically when you boot the system. To
start it now, either turn on the computer, or pt€ssAlt-Del if the
computer is already on.

When Invisible RAM 386 starts, it performs a test of all the expanded
memory and shadow RAM. At the end of the test, your computer
continues to boot up as usual.

On many systems, Invisible RAM 386 automatically increases the size
of DOS memory to 704K (for a monochrome system) or 736K (for a
color system). This process is called “frontfill”. For additional informa-
tion about frontfill, see Chapter 6 and Appendix A.

NOTE — If you have an EGA or VGA video system, you need to run
a program called/GAOFF in order to increase DOS memory size
above 640K. Refer to Chapter 4 for details.

NOTE — Invisible RAM 386 reserves approximately 256K of ex-
tended memory for its own use. If you include tBeparameter, the
amount of extended memory specified My is also reserved. All
remaining extended memory is converted into expanded memory an
shadow RAM. The memory total displayed by the memory test is the
amount of available expanded memory.

Bypassing Invisible RAM 386

You can prevent Invisible RAM 386 from installing itself by pressing
the Ctrl-Alt-Shift keys. You must pres€trl-Alt-Shift before the
Invisible RAM 386 message appears on the screen, and you must ho
the keys down until both software modules tell you they are not
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installing.

This feature is useful if you accidentally give incorrect parameters in
the DEVICE=CP386.SYSor DEVICE=C386EMM.SYS statement.
Sometimes, incorrect parameters can prevent your system from boo
ing. By pressingtrl-Alt-Shift , you should be able to boot the system.
(You can always boot the system successfully by turning off the
computer, placing your original DOS diskette in drive A:, and then
turning on the computer.)

Displaying DOS Memory Information

You can use the program call8sHADOW.EXE to display informa-
tion about DOS memory. This shows you how much additional mem-
ory you obtained as a result of the frontfill feature of Invisible RAM
386.

To display DOS memory information, type
SHADOW /D

The program produces a display similar to the following:

DOS version number:  3.30.
Total DOS memory: 736K,
Free DOS memory: 638K.

The first line tells you which version of DOS you are using.
The second line shows the total amount of memory available for DOS

The third line shows how much of the DOS memory is currently
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available for use.

NOTE — If you have an EGA or VGA video system, you need to run
a program called/GAOFF in order to increase DOS memory size
above 640K. Refer to Chapter 4 for details.
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Loading Memory-

Resident Programs
And Device Drivers

Into Shadow RAM

Many computer users like to use memory-resident programs (als
called terminate-stay-resident programs or TSRs). The memory-resi
dent programs include pop-up notepads, calculators, calendars, tel
phone dialers, spelling checkers, and keyboard enhancers, as well
network software.

A problem that many users encounter is that the memory-residen
programs may use a lot of memory, especially if several are installec
After loading all your memory-resident programs, you may not have
enough DOS memory left to run your application software.

Invisible RAM 386 lets you load memory-resident programs into
shadow RAM, so that they do not use any DOS memory. Depending o
your system configuration, you may have as much as 224K of shadov
RAM available for loading memory-resident programs.

Loading Memory-Resident Programs And Device Drivers Into 3-1
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This chapter covers:
m Loading memory-resident programs
m Loading device drivers

m Displaying shadow RAM usage

Loading Memory-Resident Programs

Invisible RAM 386 includes a program call&dBHADOW.COM
which is used to load memory-resident programs into shadow RAM.

To load a program into shadow RAM, type
LSHADOW [/A] filename [parameters]

The parameters have the following meanings:

IA An optional parameter that alters the behavipr
of LSHADOW, and is required for some
programs. Most programs do not requike

filename The name of the memory-resident program.
You must specify the complete file name of
the program, including the .COM or .EXE
extension. If the program file is not in the
current directory, you should include the
complete drive and path specification.

3-2 Loading Memory-Resident Programs And Device Drivers Into
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parameters Optional command-line parameters that you
want to specify for the memory-resident
program. The meaning of these parameters
varies depending on the program. Type the
same parameters that you would use if you
were loading the program from the DOS
command line.

Note — LSHADOW does not use the DOS PATH to find program
files. If the memory-resident program is not in the current directory,
you must include a path specification with the filename.

Note — In order to use SHADOW, you must tell the expanded
memory managerQ386EMM.SYS) to create some shadow RAM,
using either théZ or /S parameter.

Example 1— You have a memory-resident program called SK.COM.
To load the program into shadow RAM, type

LSHADOW SK.COM

Example 2 — You have memory-resident network software called
SERVER.EXE, which is installed on your hard disk in directory
C:\NET30. To load the program into shadow RAM, type

LSHADOW C:\NET30\SERVER.EXE

Example 3— You want to install the DOS print spooler program,
PRINT.COM, which is located in directory C:\DOS. You want to
include parameters to tell the print spooler to use printer LPT2 and
print buffer size of 1000 bytes. Type

LSHADOW C:\DOS\PRINT.COM /D:LPT2 /B:1000

In this example/D:LPT2 and/B:1000are parameters that are passed
to the PRINT.COM program. Refer to the DOS Reference Manual for
detailed information on the PRINT.COM program.

Example 4 — For this example, suppose that the memory-resident
program UTILITY.COM does not load successfully without the
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parameter. To load it with tHé parameter, type
LSHADOW /A UTILITY.COM

Loading Device Drivers

Invisible RAM 386 includes a program calleBHADOW.SY 'S which
is used to load device drivers into shadow RAM.

To load a device driver into shadow RAM, place the following I|ne
into the CONFIG.SYS file:

DEVICE=LSHADOW.SYS [/A] filename [parameters]

The parameters have the following meanings:

IA An optional parameter that alters the behavipr
of LSHADOW.SYS, and is required for
some device drivers. Most device drivers do
not requirdA.

filename The name of the device driver. You must
specify the complete file name of the device
driver, including the .SYS extension. If the
file is not in the root directory of your boot
disk, you should include a drive and path.

parameters Optional command-line parameters that you
want to specify for the device driver. The
meaning of these parameters varies
depending on the device driver. Use the same
parameters that you would use if you were
loading the device driver into DOS memory.
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Note— You must loadCP386.SYSandC386EMM.SY Sbefore using
LSHADOW.SYS.

Note — In order to useLSHADOW.SYS, you must tell
C386EMM.SYSto create some shadow RAM, using either/ther
/S parameter.

Note — LSHADOW.SYS uses approximately 120 bytes of DOS
memory. If the device driver you are loading is smaller than 120 bytes
you are better off to simply load it into DOS memory.

Example 1— To load the device drivé&fNSI.SY Sinto shadow RAM,
use the statement

DEVICE=LSHADOW.SYS ANSI.SYS

Example 2— You have a mouse driver callstODUSE.SYSwhich is
on your hard disk in directory C:\MOUSE. To load it in shadow RAM,
use the statement

DEVICE=LSHADOW.SYS C:\MOUSE\MOUSE.SYS

Example 3— You want to install the IBM DOS RAMDISK program,
VDISK.SYS, which is located in directory C:\DOS. VDISK requires
the/A parameter. Use the statement shown below. In this example, 12
is a parameter passed to VDISK.

DEVICE=LSHADOW.SYS /A C:\DOS\VDISK.SYS 128

Displaying Shadow RAM Usage

You can use th&6HADOW program to display the usage of shadow
RAM.

Loading Memory-Resident Programs And Device Drivers Into 35
Shadow RAM



To display the usage of shadow RAM, type
SHADOW /S

SHADOW displays information similar to the following:

Shadow RAM Manager: Installed.
Total shadow RAM: 192K.
Free shadow RAM: 84K.
Largest loadable program size: 68K

The first line indicates th&8386EMM.SYS is configured to support
shadow RAM.

The second line displays the total amount of shadow RAM that was
created byC386EMM.SYS. This figure includes all shadow RAM
available for use biySHADOW , plus all RAM used to frontfill DOS
memory.

The third line displays the amount of shadow RAM that has not yet
been used, and is available for loading additional memory-residen
programs.

The fourth line indicates the largest single program that can be loade
into the remaining free shadow RAM.

Note — The SHADOW program can display a great amount of
additional information about the memory in your computer. Refer to
Appendix B for details.
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Using VGA And
EGA Graphics

Invisible RAM 386 increases the size of DOS memory beyond 640K.
This presents a problem if you have a VGA or EGA video system,
because the high-resolution graphics modes use the same memory tt
is required to increase DOS memory.

Invisible RAM 386 deals with this problem by allowing you to disable
the high-resolution graphics modes of the VGA or EGA video system.
When you disable high-resolution graphics, DOS memory is increase!
to 736K, but you can only use the text mode and the low-resolutior
graphics modes (also called the CGA graphics modes).

When you enable high-resolution graphics, DOS memory is limited to
a maximum of 640K.

This chapter describes:

m  Enabling VGA or EGA high-resolution graphics

m Disabling VGA or EGA high-resolution graphics

m  Controlling the default VGA or EGA graphics state
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Enabling VGA Or EGA Graphics

To enable the high-resolution graphics modes of a VGA or HGA
video system, type

VGAON

After running VGAON, you can use the high-resolution graphics
modesVGAON reduces the size of DOS memory down to 640K.

Disabling VGA Or EGA Graphics

To disable the high-resolution graphics modes of a VGA or HGA
video system, type

VGAOFF

After runningVGAOFF, you cannot use the high-resolution graphics
modes.VGAOFF increases the size of DOS memory as much as
possible, usually to 736K.
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Controlling The Default VGA Or EGA Graphics
State

Normally, the VGA or EGA high-resolution graphics are enabled when
C386EMM.SYS is first loaded. In order to disable high-resolution
graphics and increase DOS memory size above 640K, you must run tt
VGAOFF program.

If you wish, you may instruc€386EMM.SY Sto disable the high-res-
olution graphics as soon as it loads. Then, DOS memory size i
immediately increased above 640K. You can ru8AON program

to enable the high-resolution graphics whenever you want to.

To disable the VGA or EGA high-resolution graphics at the time
C386EMM.SYSis loaded, include th&/=0 parameter, as shown:

STACKS=0,0
DEVICE=CP386.5YS
DEVICE=C386EMM.SYS /V=0
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Advanced Parameters
For CP386.SYS

This chapter describes the the advanced features supported by t
80386 control progran;P386.SYS The advanced features include:

m Allocating extended memory

m Installing the XMS interface for the high memory area
m Allocating EMS register sets

m Allocating stack space for interrupt processing

= Allocating buffers for DMA

These parameter are fairly technical in nature. Except for allocating
extended memory, you will probably not have to change these pararn
eters from their default values.

You will probably find that the advanced parametersd886EMM
(which are described in the next chapter) are much more useful than tt
advanced parameters f6P386 Therefore, on a first reading of this
manual, you may want to skip this chapter.
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Software Installation

The following shows all the parameters available when installing the
80386 control program.

To install the 80386 control program, place the following lines iLto
the CONFIG.SYS file, in the order shown:

STACKS=0,0
DEVICE=CP386.SYS [parameters]

(Exception — If you are using DOS version 3.1 or earlier, omit|the
STACKS line.)

The optionaparameteramay include the following:

[E=size Extended memory allocation. With this
parameter, you can reserve part of your
computer’'s extended memory for use by
extended memory programs such as
VDISK.SYS.sizeis a decimal number that
gives the desired amount of extended
memory, in kilobytes. The remaining
extended memory not reserved/Byis used
for expanded (EMS) memory, shadow RAM
and theCP386program code. IfE is
omitted, it defaults to 0 iH is not included,
or 64 if/H is included.
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H [=hmamin ]

IR=regsets

/S=stacks

High memory area. If you includel, then
programs can access the high memory area
(i.e., the first 64K of extended memory) usin
the Microsoft XMS interface. This is
equivalent to Microsoft's HIMEM.SYS
device driverhmaminis the minimum size
program, in kilobytes, that is allowed to use
the high memory area; its value can range
from 0 to 63 (this is equivalent to the
/HMAMIN= parameter of HIMEM.SYS).

The square brackets indicate thataminis
optional; if omitted, it defaults to 0. If thkel
parameter is completely omitted, theR386
does not supply an XMS interface.

Number of expanded memory (EMS)
alternate register setggsetds a decimal
number giving the desired number of
alternate register sets. These can be used b
multitasking systems (such as Desqview) to
speed up multitasking. Each register set usq
128 bytes of extended memory. The
minimum allowed value akegsetds 0, and
the maximum is 255. IR is omitted, the
default is 7.

Number of stack frames used for interrupt
processingstacksis a decimal number giving
the desired number of stack frames. This is
equivalent to the first number in the DOS
STACKS command. Each stack frame uses
512 bytes of extended memory, plus the
number of bytes of DOS memory specified i
the/Z parameter. The minimum allowed
value ofstacksis 8, and the maximum is 64.
If /Sis omitted, the default is 16.

S

-
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[Z=stacksize Size of stack frames used for interrupt
processingstacksizas a decimal number
giving the desired size of the interrupt stack
frames, in bytes. This is equivalent to the
second number in the DOS STACKS
command/Z determines the amount of DOS
memory used by each interrupt stack frame
the number of stack frames is determined b
the/S parameter. The minimum allowed
value ofstacksizéas 32, and the maximum is
512. If/Z is omitted, the default is 128.

/0=DMAsize The size of the data buffer for DMA channel
0, in kilobytes.

/1=DMAsize The size of the data buffer for DMA channel
1, in kilobytes.

[2=DMAsize The size of the data buffer for DMA channel
2, in kilobytes.

[3=DMAsize The size of the data buffer for DMA channel
3, in kilobytes.

/4=DMAsize The size of the data buffer for DMA channel
4, in kilobytes.

/5=DMAsize The size of the data buffer for DMA channel
5, in kilobytes.

/6=DMAsize The size of the data buffer for DMA channel
6, in kilobytes.

[7=DMAsize The size of the data buffer for DMA channel
7, in kilobytes.

The following sections give additional details and examples of the use
of the parameters.
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|E — Extended Memory Allocation

The/E parameter lets you reserve part of your extended memory fo
use by extended memory applications, such as the VDISK RAMDISK
program. The remainder of your extended memory is converted intc
expanded memory and shadow RAM.

The extended memory reserved My begins at segment address
10000, immediately above the first megabyte of memory. For example
suppose you have 3 megabytes of extended memory, occupying se
ments 10000 through 3FFFF. If you spec¢iEr1024 then segments
10000 through 1FFFF are reserved for extended memory application:
while segments 20000 througlirFBF are converted into expanded
memory and shadow RAM.

Example — To reserve 512K of extended memory, use

STACKS=0,0
DEVICE=CP386.SYS /E=512
DEVICE=C386EMM.SYS

In this example, you could use VDISK to make a 512K RAMDISK as
follows:

STACKS=0,0

DEVICE=CP386.SYS /[E=512
DEVICE=C386EMM.SYS
DEVICE=VDISK.SYS 512 128 256 [E:8

On the VDISK command lingg12 is the size of the RAMDISK (in
kilobytes), 128 is the sector size (in bytes)56 is the number of
directory entries, antE:8 tells VDISK to use extended memory.

Technical note— The reserved extended memory works with pro-

grams that access extended memory through interrupt INT 15H func
tions 87H and 88H, or through DMA. It does not work with programs
that actually switch the processor into protected mode.
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/H — High Memory Area XMS Interface

The /H parameter allows programs to access the high memory are
using the Microsoft XMS interface.

The high memory are# the first 64K of extended memory. This area
of extended memory is special, because DOS programs can access
directly. Certain DOS applications, such as Microsoft Windows, are
designed to make use of the high memory area.

Microsoft has developed an interface specification, caisty that
allows programs to use the high memory area. If you includéhe
parameterCP386 installs an XMS interface; this allows programs
such as Microsoft Windows to utilize the high memory area. If you
omit the/H parameter, the XMS interface is not installed.

Example — To install the XMS interface, use

STACKS=0,0
DEVICE=CP386.SYS [/H
DEVICE=C386EMM.SYS

Only one program at a time can use the high memory area. For thi
reason, theéH parameter can include a number which indicates the
minimum size, in kilobytes, that a program must have in order to use
the high memory area. This allows you to exclude small programs fron
the high memory area, thereby ensuring that big programs can obtai
access to the high memory area. This can optimize your use of memor

Example— Suppose that you want to limit the use of the high memory
area to programs that use at least 48K out of the 64K available. Yo
would use

STACKS=0,0
DEVICE=CP386.SYS /H=48
DEVICE=C386EMM.SYS

Note — Microsoft distributes a device driver called HIMEM.SY'S that
provides access to the high memory area. You cannot use HIMEM.SY:
with CP386 The/H parameter is eeplacementor the HIMEM.SYS
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device driver. The number included with thieparameter is equivalent
to the /HMAMIN= parameter supported by HIMEM.SYS.

Note — When you include théH parameterCP386 automatically
allocates 64K of extended memory. It is not necessary téEIse
allocate extended memory for use as the high memory area.

IR — EMS Alternate Register Sets

The/R parameter selects the number of alternate register sets availab
to expanded memory applications.

Expanded memory works by mapping each 16K page frame into an
16K page of expanded memory (refer to Appendix A for details). A
register sets simply a complete set of mappings for all the page frames
in the system. That is, a register set contains information that specifie
which expanded memory page is mapped into each page frame.

There is always at least one register set. If there is more than or
register set, then it is possible to quickly switdhthe page mappings
simply by switching from one register set to another. This is very usefu
in multitasking systems such as Desqview, because it allows each ta:
to define its own expanded memory page mappings in a separat
register set. Then you can switch quickly from one task to anothe
simply by switching register sets.

The /R parameter specifies the number of register sets to allocate
additionto the standard register set.

Example — To allocate 32 alternate register sets (for a total of 33
register sets), use

STACKS=0,0
DEVICE=CP386.SYS /R=32
DEVICE=C386EMM.SYS
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IS, IZ — Interrupt Stack Frame Allocation

DOS versions 3.2 and later include a STACKS command that can b
placed in the CONFIG.SYS file. The STACKS command allocates
stack frames that are used to process hardware interrupts. Wheneve
hardware interrupt occurs, DOS automatically switches from the appli-
cation program’s stack to one of the interrupt stack frames. The reaso
for this is that many application programs do not provide enough stacl
space to handle hardware interrupts.

The DOS STACKS command includes two parameters that let you
specify the number of interrupt stack frames, and the size (in bytes) ©
each stack frame.

CP386.SYSprovides its own interrupt stack frames. When using
Invisible RAM 386, you use the stack frames provide@Bg86.SY$
instead of the stack frames provided by DOS. To do this, you specify
the command STACKS=0,0 in order to tell DOS not to allocate any
interrupt stack frames.

The /S and/Z parameters replace the two parameters in the DOS
STACKS command'S specifies the number of interrupt stack frames
to allocate/Z specifies the size in bytes of each interrupt stack frame.

Example — To allocate 32 stack frames, each 256 bytes in size, use

STACKS=0,0
DEVICE=CP386.SYS /S=32 /Z=256
DEVICE=C386EMM.SYS

Note — DOS versions 3.1 and earlier do not have a STACKS com-
mand, and do not allocate any interrupt stack frames. When using DO
version 3.1 or earlier, you would not place a STACKS=0,0 command
in the CONFIG.SYS fileCP386.SY Salways allocates its own inter-
rupt stack frames, regardless of which version of DOS you use.
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/0 to /7 — DMA Data Buffer Allocation

DMA (Direct Memory Acce$ds a method for transferring data be-
tween the computer’'s memory and a peripheral device such as a dis
drive, tape drive, or network.

The computer has several builtifMA channelswvhich are used to
perform the data transfer. The number and capabilities of the DMA
channels vary depending on the type of computer you have:

On computers with the Industry Standard Architecture (ISA), the
standard PC AT design, there are seven DMA channels. Channe
0 to 3 perform 8-bit data transfers, and are able to transfer up t
64K bytes in a single operation. Channels 5 to 7 perform 16-bit dats
transfers, and are able to transfer up to 128K bytes in a single
operation. There is no channel 4.

On computers with the Micro Channel Architecture (MCA), there

are eight DMA channels, numbered 0 to 7. All channels can
perform either 8-bit or 16-bit data transfers. When performing 8-bit
transfers, they are able to transfer up to 64K bytes in a single
operation. When performing 16-bit transfers, they are able to trans
fer up to 128K bytes in a single operation.

With CP386installed, the DMA channels cannot transfer data directly
between an application’s memory and a peripheral device. Insteac
CP386uses a separatiata buffer

When transferring data from an application’s memory to a periph-
eral device,CP386 first copies the data from the application’s
memory to the data buffer, and then uses DMA to transfer the dat
from the buffer to the peripheral device.

When transferring data from a peripheral device to an application’s
memory, CP386 first uses DMA to transfer the data from the
peripheral device to the data buffer, and then copies the data fror
the buffer to the application’s memory.
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There is a separate data buffer for each DMA channel. The buffers ar
located in extended memory, so they do not take up any DOS memor
Each buffer must be big enough to hold the largest DMA transfer tha
is ever performed on the corresponding DMA channel. For example
the buffer for DMA channel 2 must be at least as large as the larges
DMA transfer that is ever performed on DMA channel 2.

With the/0 to /7 parameters, you can specify the size of each DMA
channel’s data buffefO specifies the buffer size for DMA channel 0,
/1 specifies the buffer size for DMA channel 1, and so on. You can
specify a buffer size ranging from OK to 128K bytes.

The minimum, maximum, and default buffer sizes are determined a:
follows:

m  For all channels, the minimum buffer size is OK, with the following
two exceptions: (1) For channel 2, the minimum buffer size is 9K.
(2) If the hard disk uses DMA, the minimum buffer size for the
hard disk’s DMA channel is 64K.

m  For channels 0 to 3 on ISA computers, the maximum buffer size is
64K.

m  For channel 4 on ISA computers, the maximum buffer size is OK.

m  For channels 5 to 7 on ISA computers, and for channels 0 to 7 ol
MCA computers, the maximum buffer size is 128K.

m  For all channels, the default buffer size is 12K, with the following
two exceptions: (1) On ISA computers, the default buffer size for
channel 4 is OK. (2) If the hard disk uses DMA, the default buffer
size for the hard disk’'s DMA channel is 64K.

With the/0 to /7 parameters, if you specify a buffer size less than the
permitted minimumCP386 automatically uses the minimum. Simi-
larly, if you specify a buffer size larger than the permitted maximum,
CP386automatically uses the maximum.

Example — You have a tape drive that uses DMA channel 3. The tape
drive transfers data 48K bytes at a time. To specify a buffer size of 48k
bytes for DMA channel 3, use
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STACKS=0,0
DEVICE=CP386.SYS /3=48
DEVICE=C386EMM.SYS

Example — You can free up memory by specifying a buffer size of 0K
for unused DMA channels. This frees up 12K bytes per channel, whict
becomes available for use as expanded memory. For example, if yo
have no peripheral devices that use DMA channels 0, 5, 6, or 7, you c&
use

STACKS=0,0
DEVICE=CP386.SYS /0=0 /5=0 /6=0 /7=0
DEVICE=C386EMM.SYS
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Advanced Parameters
For C386EMM.SYS

This chapter describes the the advanced features supported by t
expanded memory manag€386EMM.SYS. The advanced features
include:

m  Controlling allocation of expanded memory

m  Specifying internal expanded memory manager parameters
m  Controlling frontfill

m  Controlling the memory test

m  Creating high RAM

m Creating shadow RAM

To understand this chapter, you need a basic understanding of IBM P
memory. Refer to Appendix A for general information about IBM PC

memory. Refer to Appendix B for instructions on how to display a
complete memory map of your system.
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Software Installation

The following shows all the parameters available when installing the
expanded memory manager.

To install the expanded memory manager, place the following|line
into the CONFIG.SYS file:

DEVICE=C386EMM.SYS [parameters]

where the optionglarameteramay include the following:

/A=addr The starting address of the standard EMS
areaaddris a segment address, in
hexadecimal.

IC=contexts The number of EMS context save areas. Th|s

controls a resource that is used by EMS
applicationscontextsis a decimal number.
The minimum allowed value is 32, and the
maximum allowed value is 255./€ is
omitted, it defaults to the value 1.

IF=size Frontfill size.sizeis a decimal number giving
the desired size of DOS memory, in
kilobytes. A value of O can be specified to
request that the size of DOS memory not be
changed. IfF is omitted, the default is to
make DOS memory as large as possible. The
/F parameter cannot be used to reduce the
size of DOS memory below its original valug.

[H=handles Number of EMS handles. This controls a
resource that is used by EMS applications.
handlesis a decimal number. The minimum
allowed value is 32, and the maximum is 25
If /H is omitted, the default is 64.

OT
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[K=frames

IL

[P=page

Include memory aredii andjjjj are segment
addresses, in hexadecimal. All 16K page
frames that overlap the specified address
range are used as paged EMS memory. The

174

memory. Theél parameter may be repeated
as many times as desirédis not valid if you
specify/Z=2.

Number of 16K page frames in the standard
EMS areaframesis a decimal number. The
minimum allowed value is 2, and the
maximum is 12. IfK is omitted, it defaults to
4. Note— Most EMS applications won't
work if /K has a value other than 4.

Force driver into low memory. If you create
any shadow RAM (with thé or /Z
parameter), the expanded memory managef
automatically copies itself into the shadow
RAM, in order to free up DOS memory. If
you include/L, the expanded memory
manager does not copy itself into shadow
RAM. (If you don't create any shadow RAM,
the/L parameter is ignored.)

Create non-standard physical pguggeis a
decimal number; the only allowed values ar¢
254 and 255. This parameter is only useful
for IBM DOS 4.0 fotMS-DOS 4.0), if you
want to place DOS BUFFERS, FASTOPEN
or VDISK into expanded memory. Tl
parameter may be repeated.

174
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[T=level

High RAM memory arediii andjjjj are

segment addresses, in hexadecimal. All 16K

page frames that overlap the specified addr
range are used as non-paged high RAM. Th

high RAM. The/R parameter may be
repeated as many times as desiNmte —
high RAM can only be used by specially
designed applications.

Shadow RAM memory aredii andjjjj are

segment addresses, in hexadecimal. All 16K

page frames that overlap the specified addr
range are used as non-paged shadow RAM
The square brackets indicate tfjitis
optional; ifjjjj is omitted, the single 16K pagd
non-paged shadow RAM. Th8 parameter
may be repeated as many times as desired.
Note — Shadow RAM can be used to hold
DOS device drivers and TSRs, using the
programd. SHADOW.COM and
LSHADOW.SYS.

Memory test level. The only allowed values
of levelare 0, 1, and 2T=0 forces the
program to always use the short memory te
/T=2 forces the program to always use the
long memory tesfT=1 makes the program
use the long test following a cold boot
(power-on), and the short test following a
warm boot (Ctrl-Alt-Del). If/T is omitted,

the default is 1.

ESS

ESS

Bt.
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IV=state VGA or EGA high-resolution graphics enabl
state. The only allowed valuessiteare 0
and 1/V=0 disables high-resolution
graphics, allowing DOS memory to increase
above 640K/V=1 enables high-resolution
graphics, limiting DOS memory to a
maximum of 640K. In either case, the
VGAON andVGAOFF programs can be
used to enable and disable high-resolution
graphics as needed./\ is omitted, it
defaults to 1. If you don’t have a VGA or
EGA video system)V is ignored.

11%

IX=iiii [jii ] Exclude memory aredii andjjjj are
segment addresses, in hexadecimal. All 16K
page frames that overlap the specified addrgss
range are not used. The square brackets
indicate thafjjj is optional; ifjjjj is omitted,
the single 16K page frame containing addrefgs

repeated as many times as desired.

IZ=config System configuration. The only allowed
values ofconfig are 0, 1, and 2Z=0 selects
expanded memory only, with no shadow
RAM. /Z=1 selects expanded memory and
shadow RAM/Z=2 selects shadow RAM
only, with no expanded memory./E is
omitted, it defaults t&Z=0. The/Z parameter
can be overridden or modified by the/R,

/S, and/X parameters.

The following sections give additional details and examples of the use
of the parameters.
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Page Frames

To use the various parameters, you need to understand something abc
page frames and the types of memory that Invisible RAM 386 car
create.

The IBM PC can address a total of 1024K of memory. Invisible RAM
386 divides this 1024K into ggage frameseach 16K in size. The first
page frame occupies segments 0000-03FF, the second page frar
occupies segments 0400-07FF, and so on; the last (sixty-fourth) pac
frame occupies segments FCOO-FFFF.

Within each page frame, Invisible RAM 386 can create one of three
types of memory:

m Paged EMS memonA page frame set up as paged EMS memory
can access any 16K of expanded memory. In effect, the page fram
acts as a “window” into the expanded memory. The window can be
moved under software control. Page frames set up as paged EM
memory can be used by any application that is designed to us
expanded memory.

m  Shadow RAM.A page frame set up as shadow RAM contains a
fixed 16K block of memory. Page frames set up as shadow RAM
can be used to load DOS device drivers and TSRs (terminate-stay
resident programs) outside of DOS memory. The programs
LSHADOW.COM and LSHADOW.SYS provide access to
shadow RAM.

m  High RAM. A page frame set up as high RAM contains a fixed 16K
block of memory. High RAM is very similar to shadow RAM,
except that high RAM cannot be accessed with .t BADOW
programs. High RAM can only be used by specially-designed
application programs.

Additional information about segment addressing and IBM PC mem-
ory can be found in Appendix A.
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/Z — System Configuration

The/Z parameter selects one of three basic configurations. In éffect,
establishes the default configuration for Invisible RAM 386. The other
parameters act to modify the default configuration selecteéd.by

/Z=0 selects an expanded memory only configuration, with no shadow
RAM. The action ofZ=0 depends on the type of video board you have:

m If you do not have EGA or VGA videdZ=0 locates all unused
page frames and sets them up as paged EMS memory.

m If you have EGA or VGA video/Z=0 locates all unused page
frames except segments AOOO-AFFF, and sets them up as page
EMS memory. Segments AO0O-AFFF are set up as shadow RAM
This permits DOS memory frontfill, while still allowing the use of
high-resolution graphics.

/Z=1 selects a configuration that supports both expanded memory an
shadow RAM. Invisible RAM 386 locates all unused page frames. Foul
of the page frames are set up as paged EMS memory, and the rest :
set up as shadow RAM.

1Z=2 selects a shadow RAM only configuration, with no expanded
memory support. Invisible RAM 386 locates all unused page frames
and sets them up as shadow RAM.

/I, IR, IS, IX — Memory Allocation Control

The/l, IR, /S, and/X parameters let you change the default behavior
selected by thé&Z parameter. With these parameters, you can specify
the type of memory to be created in each page frame. Each paramet
includes a range of addresses that selects one or more page frames.
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NOTE — You can display a complete memory map of your system by
giving the command

SHADOW /M

This memory map can help you figure out how to customize your
memory allocation. Refer to Appendix B for a full description of the
SHADOW program.

The /X Parameter — Exclude Page Frames

The /X parameter lets you exclude one or more page frames. Thi
means Invisible RAM 386 does not use the specified page frames.

Normally, Invisible RAM 386 automatically excludes all page frames
that are already used by other equipment in the computer. Howeve
Invisible RAM 386 may not be able to detect all other equipment in the
computer. With/X, you can tell Invisible RAM 386 not to use page
frames that are required for other equipment.

Example — If you have EGA or VGA graphics, Invisible RAM 386
by default uses memory locations AOOO-AFFF as shadow RAM. This
allows you to disable and enable high-resolution graphics with the
VGAOFF andVGAON programs. If you never disable high-resolu-
tion graphics, you can free up an additional 64K of expanded memory
by telling Invisible RAM 386 not to use memory locations AO00-AFFF.
To do this, uséX as shown:

DEVICE=C386EMM.SYS /X=A000-AFFF

Example — The IBM VGA graphics adapter uses memory locations
CAO00-CA7F. (Non-IBM graphics adapters dot use these locations.
Also, the VGA that is built in to IBM PS/2 computers doesuse these
locations.) Invisible RAM 386 is not able to detect this memory usage.
and so it won't automatically exclude these locations. So, if you have
an IBM VGA graphics adapter, you must use tKeparameter as
follows:

DEVICE=C386EMM.SYS /X=CA00-CA7F
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In this example, théX parameter actually excludes the entire page
frame C800-CBFF. So the above command is actually equivalent t
any of the following commands:

DEVICE=C386EMM.SYS /X=C800-CBFF
DEVICE=C386EMM.SYS /X=CA00
DEVICE=C386EMM.SYS /X=C800

Example — Many debugger boards (for example, Periscope) use
memory locations that cannot be detected by Invisible RAM 386. If the
debugger board uses memory locations DO00-D7FF, you would in
clude the/X parameter as follows:

DEVICE=C386EMM.SYS /X=D000-D7FF

Example — Some network boards use memory locations that canno
be detected by Invisible RAM 386. For instance, the IBM Token Ring
adapter uses 16K of memory at address D800. If you had both the IBI
Token Ring adapter and the IBM VGA graphics adapter, you would ust
two /X parameters, as shown:

DEVICE=C386EMM.SYS /X=D800-DBFF /X=CA00-CATF

The /I Parameter — Create Paged EMS Memory

The/l parameter lets you set up one or more page frames as paged EN
memory. This means applications designed to use expanded memo
are able to use the page frames.

By default, Invisible RAM 386 sets up all unused page frames as page
EMS memory or shadow RAM. So the two main usedlfare:

m To create paged EMS memory in a page frame where Invisible
RAM 386 can't tell that the page frame is available.

m To create paged EMS memory in a page frame th@Ztharame-
ter would otherwise set up as shadow RAM.

Example — With monochrome video, segments BO00-B7FF are used
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as video RAM. However, with some monochrome video boards, seg
ments B400-B7FF can be converted into paged EMS memory. Specif

DEVICE=C386EMM.SYS /I=-B400-B7FF

Example — With color video, segments B800-BFFF are used as video
RAM. However, with some color video boards, segments BCO0O-BFFF
can be converted into paged EMS memory. Specify

DEVICE=C386EMM.SYS /I=BC00-BFFF

Example — EGA and VGA graphics adapters use segments A0QO-
AFFF for high-resolution graphics. By default, Invisible RAM 386 sets
up these segments as shadow RAM, so that you can use high-resoluti
graphics. If you want to use segments AOO0O-AFFF as paged EMS
memory, you can use thleparameter as shown below. Note that using
AO000-AFFF as paged EMS memory permanently disables the high
resolution graphics; you can’'t us6sAON. (Refer to Chapter 4 for
additional information on using EGA or VGA graphics.)

DEVICE=C386EMM.SYS /I=A000-AFFF

The /S Parameter — Create Shadow RAM

The/S parameter lets you set up one or more page frames as shadc
RAM. The shadow RAM can be used to hold memory-resident pro-
grams and device drivers, thus freeing up DOS memory. The
LSHADOW programs allow access to the shadow RAM; refer to
Chapter 3 for details.

In most cases, you can allocate required shadow RAM witfZtHe
or/Z=2 parameters. So the two main uses$amre:

m To create shadow RAM in a page frame where Invisible RAM 386
can't tell that the page frame is available.

m To create shadow RAM in a page frame that/thearameter
would otherwise set up as paged EMS memory.

Example — With some monochrome video boards, you can get an
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extra 16K bytes of shadow RAM by turning on shadow RAM in the
region from B400 to B7FF. Specify

DEVICE=C386EMM.SYS /S=B400-B7FF

Example — With some color video boards, you can get an extra 16K
bytes of shadow RAM by turning on shadow RAM in the region from
BCO0O0 to BFFF. Specify

DEVICE=C386EMM.SYS /S=BC00-BFFF

Example — Suppose you specifiZz=0 (or omit/Z), so that Invisible
RAM 386 creates paged EMS memory in all unused page frames. |
you would like to have 32K of shadow RAM at address C800, you
would specify

DEVICE=C386EMM.SYS /S=C800-CFFF

NOTE — The LSHADOW programs can use shadow RAM much
more efficiently if the shadow RAM is organized in one large, contig-
uous block, rather than a number of smaller blocks. When allocating
shadow RAM, try to allocate large blocks rather than small blocks.

The IR parameter — Create High RAM

The /R parameter lets you set up one or more page frames as hig
RAM. High RAM cannot be used by expanded memory applications,
and it cannot be accessed with H8HADOW programs. High RAM

can only be used by specially-designed programs.

By default, Invisible RAM 386 never creates high RAM. So, if you
want to have high RAM, you must create it explicitly with tfe
parameter.

Example — Suppose you want 32K of high RAM at address C800.
You would specify

DEVICE=C386EMM.SYS /R=C800-CFFF
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IA, IK — Standard EMS Area Control

There are two types of paged EMS page frarasidardand en-
hanced The standard EMS page frames always form a contiguous
block of memory, called thstandard EMS area

By default, there are four standard EMS page frames, arranged in
contiguous 64K block. Invisible RAM 386 automatically selects an
appropriate starting address. All other EMS page frames automaticall
become enhanced EMS page frames.

Most expanded memory applications use only the standard EMS pag
frames. Very few require any enhanced EMS page frames.

With the/A and/K parameters, you can customize the location and size
of the standard EMS area.

The /A parameter — Standard EMS Area Start Address

The /A parameter specifies the starting address of the standard EM.
area.

Example — If you would like to place the 64K standard EMS area in
segments EO00-EFFF, use

DEVICE=C386EMM.SYS /A=E000

NOTE — The/A parameter does not create paged EMS memory. It
only specifies which paged EMS memory should be used as standal
EMS page frames. If you need to create paged EMS memory, use tt
/I parameter in addition t6A. (However, if you usézZ=1, the /A
parameter specifies which page frames to use as paged EMS memol
remaining page frames are used as shadow RAM.)

The /K Parameter — Standard EMS Area Size

The /K parameter specifies the size of the standard EMS area. Nor
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mally, the standard EMS area consists of 4 page frames (64K). How
ever, with/K you can adjust the size from a minimum of 2 page frames
to a maximum of 12 page frames. Note that there must be a contiguot
block of paged EMS memory large enough to hold the specified
standard EMS area.

Example — If you would like to make the standard EMS area 2 page
frames (32K) in size, use

DEVICE=C386EMM.SYS /K=2

NOTE — Most expanded memory applications won't work if the
value of/K is different from 4.

IF, /L, N — DOS Memory Control

By default, Invisible RAM 386 automatically makes DOS memory as
large as possible. Th&, /L, and/V parameters let you alter this
behavior, if you so desire.

The /F Parameter — Frontfill Size

The /F parameter lets you control the total size of DOS memory. In
most cases, Invisible RAM 386 automatically increases the size o
DOS memory to 704K on a monochrome system, or 736K on a colo
system. This process is call&ontfill. With /F, you can control the
amount of frontfill.

Example — If you want the total DOS memory size to be 672K, use
DEVICE=C386EMM.SYS /F=672

Example — If you don't want Invisible RAM 386 to change the size
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of DOS memory, specify a value of O fé1, as shown:
DEVICE=C386EMM.SYS /F=0

NOTE —/F cannot be used to reduce the size of DOS memory below
its initial value.

NOTE — Page frames not used for frontfill become available for use
as paged EMS memory, shadow RAM, or high RAM.

NOTE — If you have VGA or EGA video, you can still specify a value
for /F larger than 640. WheG386EMM.SYSfirst loads, DOS mem-
ory size is limited to a maximum of 640K (unless you spe®ify0).
However,C386EMM.SY S remembers the value you specified for

and DOS memory size is increased to the specified value when you ru
VGAOFF.

The /L Parameter — Force Driver Into Low Memory

When there is shadow RAM in the system not used for frontfill,
C386EMM.SYS automatically copies itself into the shadow RAM.
This frees up approximately 9K of additional DOS memory.

If you specify /L, then C386EMM.SYS does not copy itself into
shadow RAM; it remains in low DOS memory. This frees up about 9K
of additional shadow RAM.

Example — To keepC386EMM.SYSin low DOS memory, use
DEVICE=C386EMM.SYS /L

The IV Parameter — VGA/EGA Graphics Enable State

The /V parameter lets you specify whether high-resolution VGA or
EGA graphics should be enabled or disabled. Disabling high-resolutior
graphics allows DOS memory size to be increased above 640K.

Example —To disable VGA or EGA high-resolution graphics, specify
a value of 0 as shown:
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DEVICE=C386EMM.SYS /V=0

Example —To enable VGA or EGA high-resolution graphics, specify
a value of 1 as shown:

DEVICE=C386EMM.SYS /V=1

NOTE — Regardless of the value you specify far, you can use
VGAON andVGAOFF to enable and disable high-resolution graphics
as needed.

NOTE — /V isignored if you don't have a VGA or EGA video system.

IC, H, [P — Internal Expanded Memory
Parameters

The/C, /H, and/P parameters adjust certain internal parameters of the
Expanded Memory Manager. Generally, they are needed only fo
special applications.

The /P Parameter — Create Non-Standard Page Frames

The /P parameter lets you create enhanced EMS page frames wit
non-standard page frame numbers. This is used only with IBM DOS
4.0 (hotwith MS-DOS 4.0), to use the expanded memory features of
DOS.

Example — If you want to use VDISK or FASTOPEN in expanded
memory, you must create page number 254, as shown:

DEVICE=C386EMM.SYS /P=254

Example — If you want to use BUFFERS in expanded memory, you
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must create page number 255, as shown:
DEVICE=C386EMM.SYS /P=255

NOTE — /P does not create paged EMS memory. It merely specifes
that one of the enhanced EMS page frames should be reserved for DC
(note thatP can't use a standard EMS page frame). If necessarf}, use
to create paged EMS memory.

The /H Parameter — Number of EMS Handles

The /H parameter controls the number of EMS handizsdlesare
used by expanded memory application programs to request memol
from the Expanded Memory Manager. Generally, you need one or twc
handles for each expanded memory application that is running concul
rently in the computer.

The default value odH should be adequate for almost any application.
However, if an application reports that there are no expanded memor
handles available, increase the valugbf

Example — If you want to have 150 EMS handles, use
DEVICE=C386EMM.SYS /H=150

The /C Parameter — Number of EMS Contexts

The/C parameter controls the number of EMS conteQtmtextsare
used by some (but not all) expanded memory application programs.

The default value ofC should be adequate for almost any application.
However, if an application reports that there are no expanded memor
contexts available, increase the valué®f

Example — If you want to have 220 EMS contexts, use
DEVICE=C386EMM.SYS /C=220
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/T — Hardware Test

The/T parameter controls the testing of the expanded memory.

The /T Parameter — Memory Test Level

When the Expanded Memory Manager is loaded, it automatically
performs a test of the expanded memory. Two tests are provided: a shc
test and a long test. Since the long test can take an annoyingly lon
time, the/T parameter is provided to let you select the memory test you
want.

Example — If you always want to use the short test, specify a value of
0 as shown:

DEVICE=C386EMM.SYS /T=0

Example — If you always want to use the long test, specify a value of
2 as shown:

DEVICE=C386EMM.SYS [T=2

Example — If you specify a value of 1, the Expanded Memory
Manager performs the long test after a cold boot (power-on), and th
short test after a warm boot (Ctrl-Alt-Del). This is the default.

DEVICE=C386EMM.SYS [T=1

Note — We have found that with some versions of BIOS1 always
results in the long test. If you find this happens on your computer,
simply use¢/T=0 to get the short test.

Advanced Parameters For C386EMM.SYS 6-17



6-18 Advanced Parameters For C386EMM.SYS



Advanced Memory
Configuration
Information

In this chapter we describe technical information about memory in the
PC. The topics covered are:

m  Conventional memory

m  Extended memory

m  Expanded memory

s Shadow RAM and high RAM
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Conventional Memory

The IBM PC can address 1024K bytes of memory. This 1024K is
divided intosegmentseach containing 16 bytes. Thus, there are 65,536
different segments. It is conventional to number the segments using
hexadecimahumbering system (@ase-16humber system with digits
that range from 0 to 9 and A to F). Thus, segments are numbered frol
0000 to FFFF.

Segments 0000-9FFF are reserved for DOS. This &adhdard DOS
640K area.

Segments BO00-BFFF are reserved for the video system. Segmen
AO000-AFFF are used by the high-resolution graphics modes of VGA
and EGA video systems.

The highest-numbered segments (FFFF down) are used feydtem
BIOS a ROM which is physically located on the motherboard. The size
of the system BIOS can range from a little as 8K to as much as 128K
Most AT-type computers have either a 64K BIOS which occupies
segments FOO0O-FFFF, or a 32K BIOS which occupies segments F80(
FFFF. Most XT-type computers have an 8K BIOS which occupies
segments FEOO-FFFF.

Segments from C00O to the bottom of the BIOS are available for us
by plug-in adapter boards. Many adapters locate ROM in this area.

Extended Memory

The 80286, 80386, and 80486 microprocessors can address more th
one megabyte of memory. Memory beyond one megabyte is calle
extended memaory
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Like conventional memory, extended memory is humbered in seg:
ments. On the 80286, there can be up to 15 megabytes of extends
memory, occupying segments 10000 to FFFFF. On the 80386 an
80486, there can be up to 4095 megabytes of extended memor
occupying segments 10000 toRFH-FF.

Unfortunately, extended memory is not directly accessible to DOS.
This is because the microprocessor must be switched into a speci
mode of operation, callegrotected modein order to access the
extended memory. DOS cannot operate in protected mode, and so DC
cannot use extended memory.

With Invisible RAM 386, your computer’s extended memory is con-
verted into memory that DOS programs can use. Some of the extende
memory is used to increase the size of DOS menfaytfill), and
create shadow RAM that can be used by memory-resident progran
and device drivers. The rest of the extended memory is converted int
expanded memoyrwhich can be used by many application programs.

Expanded Memory

Expanded memoiig a method for adding as much as 32 megabytes of
memory, while remaining within the 1024K addressing limit of the PC.
Expanded memory is also callEMS memoryfor Expanded Memory
Specification) oLIM memory(for Lotus-Intel-Microsoft, the compa-
nies that originally defined expanded memory).

The expanded memory is divided imiages each 16K bytes in size.
Since expanded memory can be as large as 32 megabytes, there car
as many as 2048 pages.

The PC’s 1024K address space is divided intp&dge frameseach
16K bytes in size. Each page frame acts as a “window” into the
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expanded memory. The memory hardware allows any page frame t
map into any page. Software can change the mapping at any time, ¢
that every page frame can view any part of the expanded memory. A
a result, a handful of 16K byte page frames can provide access to mar
megabytes of memory.

Not all of the 64 page frames can be used to access the expand
memory. For example, some of the page frames are required for th
system BIOS, plug-in adapter boards, and the video system. A pag
frame may be used to access expanded memory only if it does n
conflict with any equipment installed in the computer. Typically, page
frames available for expanded memory are located in the area fror
segment CO0O to the start of the BIOS, and, if the video system permit:
in the area AOOO-AFFF.

Application programs do not exercise direct control over the expandec
memory page frames. Instead, they make requests to a program call
the expanded memory managdihe expanded memory manager is
responsible for manipulating the expanded memory hardware.

Every expanded memory system provides at least four 16K pag
frames, arranged in a contiguous 64K block of memory. This is callec
the standard EMSarea. For example, the standard EMS area may
consist of four 16K page frames located in segments D0O00-D3FF
D400-D7FF, D800-DBFF, and DCOO0-DFFF; notice that the page
frames form a contiguous 64K block from D000 to DFFF.

Invisible RAM 386 provides additional page frames beyond the four
standard page frames. The additional page frames are called-the
hanced EMSrea. They may not be contiguous. Invisible RAM 386
creates a page frame wherever there is a 16K block of memory that
not being used for some other purpose. For example, there may k
enhanced EMS windows in segments A000-A3FF, A400-A7FF, A800-
ABFF, AC00-AFFF, C800-CBFF, and CC00-CFFF; notice that they
are not all contiguous.

Invisible RAM 386 also creates enhanced EMS page frames within the
DOS 640K area. This allows certain programs, such as Desqview, t
provide multitasking by changing the mapping of conventional DOS
memory.
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Shadow RAM And High RAM

We have explained how a page frame acts as a window into expande
memory. By calling the expanded memory manager, software can us
a page frame to access any 16K byte page of expanded memory.

With Invisible RAM 386, it is possible to make some page frames
access dixed 16K page of memory. Such page frames are called
shadow RAMor high RAM A page frame used for shadow RAM or
high RAM cannot access any 16K page of expanded memory; it onl
accesses one, fixed, unchangeable 16K page of memory.

From a hardware standpoint, shadow RAM is exactly the same as hig
RAM. The difference between shadow RAM and high RAM lies in the
way they are utilized by software.

Shadow RAM is used by theSHADOW programs supplied with
Invisible RAM 386 (see Chapter 3 for detailssHADOW.COM lets

you load TSR'’s (terminate-stay-resident programs) into the shadov
RAM. LSHADOW.SYS lets you load DOS device drivers into the
shadow RAM. In either case, more DOS memory is freed up for
application programs. Notice that you don’t need specially-designec
TSR’s or device drivers in order to use shadow RABHADOW
works with ordinary TSR’s and device drivers.

High RAM is used only by specially-designed programs. It cannot be
used by SHADOW . If you don’t have any programs that are designed
to work with high RAM, then there is no use in creating any high RAM.
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Displaying The
Memory Map

We have already described how to useSHADOW.EXE program to
display the current shadow RAM usage. We now describe the advance
capabilities oSHADOW.EXE to display extensive information about
the memory in your computer, including a complete memory map.

The information thaBHADOW can display includes:
m  DOS memory information

m Expanded memory information

m Table of expanded memory handles

m  Extended memory size

m  Chips and Technologies chipset information

s NET/30-EMS network software information

m  Shadow RAM usage

= Memory map
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Displaying Memory Information

The following shows all the parameters available when using
SHADOW.EXE to display information about the memory in your
computer.

To display information about the memory in your computer, type
SHADOW [options]

where theoptionsdetermine which information is to be displaygd.
The optionsmay include one or more of the following:

IA All. Display all of the following information.

IC Chips and Technologies chipset. Display
information about special memory-
management chips manufactured by Chips
and Technologies. (These chips are built in fo
many AT-type computers.)

D DOS. Display information about DOS
memory.

IE Extended. Display the size of extended
memory.

H Handles. Display a table of all expanded

memory handles.

M Memory map. Display a complete memory
map of the system.

IN NET/30-EMS network software. Display
information about the NET/30-EMS network
operating system that is manufactured by
Invisible Software.
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IS Shadow RAM. Display the usage of shadow
RAM.

IX Expanded. Display information about
expanded memroy.

The following sections describe each type of memory information in
detail.

/D — DOS Memory Information

If you include theD or /A parameterSHADOW produces a display
similar to the following:

DOS version number:  3.30.
Total DOS memory: 736K,
Free DOS memory: 638K.

The first line indicates which version of DOS you are using.

The second line indicates the total amount of memory available fol
DOS.

The third line indicates the amount of DOS memory that is available
for application programs.
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IX — Expanded Memory Information

You can display information about expanded memory by including the
/X or/A parameter.

If there is no expanded memory manager software installed,
SHADOW displays the following:

Expanded Memory Manager: Not installed.

If there is an expanded memory manager instaf#tADOW pro-
duces a display similar to the following:

Expanded Memory Manager: Installed.
Version number:  4.0.
Total expanded memory: 2048K.
Free expanded memory: 1824K.
EEMS (enhanced EMS) functions: Available.

The first line indicates that the expanded memory manager is installec

The second line gives the version number of the expanded memor
manager software.

The third line gives the total amount of expanded memory in the
system.

The fourth line gives the amount of expanded memory that is available
for use by application programs.

The fifth line tells whether the expanded memory manager software
supports thenhanced EMEEEMS) functions. These extra functions
are not part of the official EMS specification, but are used by some
application programs.
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/H — Expanded Memory Handles

When an application uses expanded memory, it obtdiasdlefrom

the expanded memory manager. The handle lets the expanded memc
manager keep track of which portion of the expanded memory belong
to each application program.

If you include the/H or /A parameterSHADOW displays a table of
all the expanded memory handles currently in use, in a form similar tc
the following:

EMS handles, names, and sizes:
0 SYSTEM  512K.
1 1088K.

Each line in the table shows three items of information:

m  The handle number. This can range from 0 to 255. With Invisible
RAM 386, handle number 0 is created by the expanded memon
manager itself; other handles are created by application program:

m  The handle name, if any. An application program can optionally
assign a name to a handle. With Invisible RAM 386, handle
number O is always hamed SYSTEM.

m  The amount of expanded memory allocated to the handle, ir
kilobytes.

|E — Extended Memory Size

If you include theE or /A parameterSHADOW displays the amount
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of extended memory in the system, in a form similar to the following:

Extended memory size: 1024K.

If CP386is installed, the size displayed is the amount of extended
memory you reserved with tH& parameter, not the total extended
memory in the computer.

NOTE — On an XT-type computer, the size displayed is always zero.

/C — Chips And Technologies Chipset
Information

Chips and Technologies is a company that makes special chips whic
are used in many PCs. These special chips provide advanced mema
management features. For this reas®iHADOW displays informa-
tion about these special chips, if you specify/@er /A parameter.

Chips and Technologies makes two different special chips that provid
advanced memory management features:

m  The NEAT chipset This chipset is used with the 80286 or
80386SX microprocessors. NEAT has the ability to provide RAM
in the area between 640K and 1024K, in the area normally used fo
BIOS ROMSs and the video system. With NEAT, you can speed up
the execution of BIOS code by copying the BIOS ROMs into
RAM. NEAT also has a built-in expanded memory controller.

m  The AT/386 chipsefThis chipset is used with the 80386 micropro-
cessor. Like the NEAT chipset, it can provide RAM in the area
between 640K and 1024K. With AT/386, you can speed up the
execution of BIOS code by copying the BIOS ROMs into RAM.
Unlike the NEAT chipset, AT/386 does not have a built-in ex-
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panded memory controller.

NOTE — Invisible Software manufactures a software package called
Invisible RAM that allows you to take advantage of the built-in features
of the Chips and Technologies chipsets. However, Invisible RAM 386
provides all the features of Invisible RAM on any 386 or 486 based PC
regardless of whether or not it has a Chips and Technologies chipset

If there is no Chips and Technologies chipset in your computer,
SHADOW displays the following:

Chips and Technologies chipset: Not present.

If the NEAT chipset is present in your compuf&{ADOW produces
a display similar to the following:

Chips and Technologies chipset: NEAT version B.
Total RAM on motherboard: 1024K.
640K to 1M memory relocation: Disabled.
Shadow RAM:  Available.
Expanded memory controller; Enabled.
EMS I/O port address: 02ES8.
EMS memory base address: E000.

The first line indicates that NEAT is installed, and tells you which
version of the chipset you have.

The second line gives the total amount of RAM installed on the
motherboard. It can range from 512K to 8192K. This number does na
include RAM installed on memory expansion boards.

If there is exactly 1024K RAM on the motherboard, the first 640K is
used for DOS. NEAT offers two options for the use of the remaining
384K. If memory relocatiolis disabled, the remaining 384K is mapped
into segments AO0O-FFFF, where it can be used to hold copies of BIO:
ROMs. Ifmemory relocatiolis enabled, the remaining 384K is mapped
into segments 10000-15FFF, where it can be used as extended
expanded memory. (If there is more than 1024K RAM on the
motherboard, then memory relocation must be disabled.) The third line
tells if memory relocation is enabled or disabled.
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The fourth line indicates if RAM is available to hold copies of BIOS
ROMs, and for use as shadow RAM. In order for RAM to be available,
there must be at least 1024K RAM on the motherboard, and memor
relocation must be disable®lOTE — With Invisible RAM 386
installed, any shadow RAM you create (using/@er/Z parameters
with C386EMM.SYS) is created using extended memory, not the
NEAT chipset RAM. In order to use the NEAT chipset RAM as shadow
RAM, you need to obtain the Invisible RAM software package.

The fifth line indicates if the NEAT chipset's built-in expanded mem-
ory controller is enabled or disabled. When using Invisible RAM 386,
you would normally disable NEAT’s built-in expanded memory con-
troller.

The sixth and seventh lines appear only if the expanded memon
controller is enabled. They indicate the address of the I/0O port used b
the controller, as well as the starting address of the 64K byte standatr
EMS area.

NOTE — To change the configuration of the NEAT chipset, you need
to use your computer’s set-up program.

If the AT/386 chipset is presentin your compusADOW produces
a display similar to the following:

Chips and Technologies chipset: AT/386 version B.
Total RAM on motherboard:  1024K.
Shadow RAM: Available.

The first line indicates that AT/386 is installed, and tells you which
version of the chipset you have.

The second line gives the total amount of RAM installed on the
motherboard. It can range from 1024K to 16384K. This number doe:
not include RAM installed on memory expansion boards.

The third line indicates if RAM is available to hold copies of BIOS
ROMs, and for use as shadow RAM. With AT/386, this RAM is always
available NOTE — With Invisible RAM 386 installed, any shadow
RAM vyou create (using the/S or /Z parameters with
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C386SEMM.SYY is created using extended memory, not the AT/386
chipset RAM. In order to use the AT/386 chipset RAM as shadow
RAM, you need to obtain the Invisible RAM software package.

NOTE — To change the configuration of the AT/386 chipset, you need
to use your computer’s set-up program.

IN — NET/30-EMS Network Software Information

NET/30-EMS is a network software package manufactured by Invisi-
ble Software. It allows PC’s to share data when they are interconnecte
with Invisible Software’s local area network boards. One of the unique
features of NET/30-EMS is its ability to use expanded memory.

You can display information about NET/30-EMS by including iie
or /A parameter. If NET/30-EMS is not install&@;IADOW displays
the following:

NET/30-EMS network software: Not installed.

If NET/30-EMS is installedSHADOW produces a display similar to
the following:

NET/30-EMS network software: Installed.
NETBIOS 32K data segment address: C800.

Refer to the NET/30 instruction manual for an explanation of this
message.
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IS — Shadow RAM Usage Information

If you include theS or/A parameteiSHADOW displays information
about shadow RAM.

If you have not created shadow RAM (by specifying appropriate
parameters when starti€@386EMM.SYS), the SHADOW program
displays the following:

Shadow RAM Manager: Not installed.

If you have created shadow RAMSHADOW displays information
similar to the following:

Shadow RAM Manager: Installed.
Total shadow RAM:  192K.
Free shadow RAM:  128K.
Largest loadable probram size: 84K.

The first line indicates that the shadow RAM manager is installed. This
means you can use th6&HADOW programs to load TSR’s (termi-
nate-stay-resident programs) and device drivers into shadow RAM.

The second line indicates the total amount of shadow RAM that is
available for loading memory-resident programs. This figure includes
not only shadow RAM, but also all RAM that is used to increase
(frontfill) the size of DOS memory; thus, it indicates the total increase
in the amount of RAM available under DOS.

The third line indicates the amount of unused shadow RAM available
for loading memory-resident programs.

The fourth line indicates the size of the largest contiguous block of
shadow RAM. This is the size of the largest single program you car
load into shadow RAM, since a program must always be loaded into
single contiguous block of shadow RAMote — Most TSRs use
more memory when first loaded than they do after they become resi
dent. To load a TSR into shadow RAM, the “largest loadable prograrn
size” must be big enough for all the memory required when the
program first loads, as well as after it becomes resident.
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IM — Memory Map

If you include theM or /A parameterSHADOW displays a map of
all the memory in the computer system. It is similar to the following:

0000-9FFF DOS RAM

AQ00-AFFF  DOS SHADOW RAM
B000-B7FF DOS ENAHNCED-EMS RAM
B800-BFFF VIDEO RAM

C000-C5FF ROM

C600-C7FF

C800-DFFF SHADOW RAM

EO00-EFFF  STANDARD-EMS RAM
FO00-FFFF  BIOS

Each line shows a range of addresses, followed by a description of wh
memory is located there. The following words may appear in the
description:

DOS— The memory is usable by DOS applications.
RAM — The address range contains read/write memory.

ROM — The address range contains a BIOS ROM for a plug-in
adapter board.

BIOS — The address range contains the motherboard’s built-in ROM
BIOS.

VIDEO — The address range is reserved for use by the video systen

STANDARD-EMS — The address range contains page frames usec
for expanded memory. These page frames make up the standard EN
area that is used expanded memory (EMS) applications.

ENHANCED-EMS — The address range contains page frames usec
for expanded memory. These page frames are not part of the standa
EMS area. Only a few applications use this type of page frame.

SHADOW — The address range contains shadow RAM supplied by
Invisible RAM 386. This memory can be used to hold memory resident
programs and device drivers, using tlBHADOW programs.
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HIGH — The address range contains high RAM supplied by Invisible
RAM 386. This memory can only be used by specially designed
application programs.

CHIPSET — The address range contains memory supplied by the
Chips and Technologies chipset. This memory can be used to hol
copies of BIOS ROMs, thereby speeding up execution of BIOS code.

WRITE-PROTECTED — The address range contains memory sup-
plied by the Chips and Technologies chipset which has been write-prc
tected, so that it cannot be modified. This allows the chipset memon
to act as if it was a ROM (ROMs cannot be modified)

Where appropriate, more than one word can appear in the descriptiol
Here are explanations for the more commonly encountered combing
tions:

DOS RAM — Read/write memory available to DOS applications. The
word DOS should never appear without RAM.

DOS SHADOW RAM — Shadow RAM that has been used to in-
crease (frontfill) DOS memory.

DOS HIGH RAM — High RAM that has been used to increase
(frontfill) DOS memory.

DOS ENHANCED-EMS RAM — Expanded memory that is located
within the DOS memory space.

VIDEO RAM — Read/write memory used by the video system. If
VIDEO appears without RAM, it means that the address range is
reserved for the video system, but there is currently no memory in thi
range; this occurs for address range A0O00-AFFF with an EGA or VGA
video card operating in text mode.

SHADOW VIDEO — An address range that can contain shadow
RAM, but the shadow RAM was temporarily disabled with the
VGAON program.

HIGH VIDEO — An address range that can contain high RAM, but
the high RAM was temporarily disabled with M &AON program.
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STANDARD-EMS RAM — Indicates a portion of the standard EMS
area that currently has memory enabled. If STANDARD-EMS appears
without RAM, it means the address range is part of the standard EM:
area, but there is no memory currently mapped there.

ENHANCED-EMS RAM — Indicates an enhanced EMS page frame

that currently has memory enabled. If ENHANCED-EMS appears
without RAM, it means the address range is mappable by the expande
memory manager, but there is no memory currently mapped there.

SHADOW RAM — Read/write memory supplied by Invisible RAM
386 that is useable as shadow RAM. The memory can be used by tt
LSHADOW programs for loading TSR’s and device drivers, or for
frontfill.

HIGH RAM — Read/write memory supplied by Invisible RAM 386
that is useable as high RAM. The memory can be used by speciall
designed programs, or for frontfill.

CHIPSET RAM — Read/write memory supplied by the Chips and
Technologies chipset.

ROM CHIPSET — Memory supplied by the Chips and Technologies
chipset, which contains a copy of a BIOS ROM for a plug-in adapter
board.

ROM CHIPSET WRITE-PROTECTED — Memory supplied by
the Chips and Technologies chipset, which contains a copy of a BIO!
ROM for a plug-in adapter board, and is write-protected so it cannot b
modified.

BIOS CHIPSET WRITE-PROTECTED — Memory supplied by
the Chips and Technologies chipset, which contains a copy of the
motherboard’s built-in ROM BIOS, and is write-protected so it cannot
be modified.

NOTE — A blank line indicates an address range that has no memor
of any type.
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Using LSHADOW
With DOS 4.0

With DOS 4.0, you can install some memory-resident programs from
within the CONFIG.SYS file. (Not all programs can be installed this
way.) For example, to install the memory-resident program called
SHARE.EXE, you would place the following line into the CON-
FIG.SYS file:

INSTALL=SHARE.EXE

When installing programs this way, you can uS&IADOW to load
them into shadow RAM. For example, you could inS&lARE.EXE
into shadow RAM as follows:

INSTALL=LSHADOW.COM SHARE.EXE

Note — When usind.SHADOW with the DOS 4.0 INSTALL com-
mand, you may get an error message saying “Error in CONFIG.SY S
line XX". You may ignore this error message; the program is correctly
installed.
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Error Messages For
CP386.5YS

This chapter describes the error messages that can be generated by
Invisible RAM 386 control progranP386.SYS There are two types
of error messages:

m [nitialization error messages

» Run-time error messages

CP386 Initialization Error Messages

Initialization error messages occur wheR386is first loaded. They
indicate a condition that makes it impossible to in€&B886

Error Messages For CP386.SYS D-1



Invalid parameters.
Explanation: One or more parameters on thB386.SYScommand
line are invalid, or given in incorrect form, or have unacceptable values

Recommended action:Edit the CONFIG.SYS file and correct the
erroneous parameters. If you don’t know which parameters are errone
ous, remove all parameters from @E386.SYScommand line, and
then add them back one-by-one.

This program requires an 80386 or 80486.

Explanation: Your computer does not have an 80386, 80386SX, or
80486 microprocessor.

Recommended actionUse a computer with an 80386, 80386SX, or
80486 microprocessor.

Insufficient extended memory.

Explanation: There is not enough extended memory to inS2B36

Recommended actioni(1) Reduce the amount of extended memory
reserved with théE parameter. (2) Reduce the size of the DMA data
buffers. (3) Add more extended memory to your computer.
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Ctrl-Alt-Shift detected. At user request, program will not install.

Explanation: You pressed Ctrl-Alt-ShifCP386.SY Sdoes not load if
these keys are pressed.

Recommended actionNone.

The 386/486 Control Program is already installed.

Explanation: You tried to installCP386 whenCP386or some other
80386 control program is already installed.

Recommended action(1) Do not try to instalCP386more than once.
(2) Remove any other 80386 control program you have installed ir
your computer.

Cannot determine DMA controller type (standard PC or Micro Channel).

Explanation: WhenCP386is installed, it needs to determine whether
your computer has the Industry Standard Architecture (ISA) or the
Micro Channel Architecture (MCA). This error message indicates that
CP386was not able to make the required determination.

Recommended actionWrite down the make and model of computer
that you have, and contact Invisible Software technical support.
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Fixed disk read error - cannot determine fixed disk DMA channel.

Explanation: WhenCP386is installed, it needs to determine which
DMA channel is used by your hard disk, if any. This error message
indicates thaCP386was not able to make the determination because
a disk read error occurred.

Recommended actionCorrect the problem with your hard disk. Make
sure that the hard disk is correctly formatted, and that the disk type i
correctly specified in your computer’s set-up program.

Cannot determine fixed disk DMA channel.

Explanation: WhenCP386is installed, it needs to determine which
DMA channel is used by your hard disk, if any. This error message
indicates tha€CP386was not able to make the required determination.

Recommended action:Write down the make and model of your
computer and hard disk, and contact Invisible Software technical sup
port.

CP386 Run-Time Error Messages

Run-time error messages occur aE&386is installed. They indicate
a condition that makes it impossible ©©P386to continue executing.
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When a run-time error occuSP386halts execution of the system and
displays the following information:

m  An error code This numerical code identifies the exact cause of
the error.

m  Anerror messagerhis message describes the general nature of the
error.

m A diagnostic memory dumfhis is a hexadecimal display of the
contents of certain memory locations internaC®386 In some
cases, Invisible Software personnel can use the diagnostic memot
dump to help determine the source of an error.

After a run-time error, it is not possible to continue executing your
application program. You must re-boot the system, either by pressin
Ctrl-Alt-Del or by turning off the power.

CP386 fatal system failure: Error code 13-1
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
the CP386kernel.

Recommended actionThere is probably a bug @P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.
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CP386 fatal system failure: Error code 13-2
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, and tbE386kernel cannot read the limit of the
offending code segment.

Recommended actionThere is probably a bug @P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

CP386 fatal system failure: Error code 13-3
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, and tG®386 kernel cannot read the access
rights of the offending code segment.

Recommended actionThere is probably a bug @P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.
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CP386 fatal system failure: Error code 13-4
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, and tBE386kernel cannot read the offending
instruction because the offending code segment is marked execut:
only.

Recommended actionThere is probably a bug ©@P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

CP386 fatal system failure: Error code 13-5
General protection error (exception 0D hex)

Explanation: A general protection exception occurred because an
attempt was made to execute past the end of the code segment. This ¢
occur in both real-mode and protected-mode code.

Recommended actionThere is probably a bug in your DOS applica-
tion program, or in a DOS memory-resident program (TSR) or device
driver. Try to determine which program is causing the error.
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CP386 fatal system failure: Error code 13-6
General protection error (exception 0D hex)

Explanation: A general protection exception occurred because an
attempt was made to execute a priveleged 80386 instruction. This ca
occur in both real-mode and protected-mode code.

Recommended actionMost likely, a DOS application program tried
to switch the processor into protected mode, or tried to use specic
features of the 80386. See if the application can be configured notto d
this.

CP386 fatal system failure: Error code 13-7
General protection error (exception 0D hex)

Explanation: A general protection exception occurred because an
attempt was made to read a non-existent 80386 control register. Th
can occur in both real-mode and protected-mode code.

Recommended actionThere is probably a bug in your DOS applica-
tion program. Try to determine which program is causing the error.
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CP386 fatal system failure: Error code 13-8
General protection error (exception 0D hex)

Explanation: A general protection exception occurred because an
attempt was made to read a non-existent 80386 debug register. This ¢
occur in both real-mode and protected-mode code.

Recommended actionThere is probably a bug in your DOS applica-
tion program. Try to determine which program is causing the error.

CP386 fatal system failure: Error code 13-9
General protection error (exception 0D hex)

Explanation: A general protection exception occurred because an
attempt was made to write a non-existent 80386 debug register. Thi
can occur in both real-mode and protected-mode code.

Recommended actionThere is probably a bug in your DOS applica-
tion program. Try to determine which program is causing the error.
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CP386 fatal system failure: Error code 13-10
General protection error (exception 0D hex)

Explanation: A general protection exception occurred because an
attempt was made to execute a priveleged 80386 instruction. This ca
occur in both real-mode and protected-mode code.

Recommended actionMost likely, a DOS application program tried
to switch the processor into protected mode, or tried to use specic
features of the 80386. See if the application can be configured notto d
this.

CP386 fatal system failure: Error code 13-11
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
real-mode code, because an attempt was made to read or write past
end of the data segment (i.e., to an offset greater than OFFFFH).

Recommended actionThere is probably a bug in your DOS applica-
tion program. Try to determine which program is causing the error.
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CP386 fatal system failure: Error code 13-12

General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, and t8&386 kernel cannot read the access
rights of the offending data segment.

Recommended actionThere is probably a bug ©@P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

CP386 fatal system failure: Error code 13-13
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, and the offending data segment has an inval
type code in its segment descriptor.

Recommended actionThere is probably a bug @P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

Error Messages For CP386.SYS D-11



CP386 fatal system failure: Error code 13-14
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, because an attempt was made to write into
read-only data segment.

Recommended actionThere is probably a bug @P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

CP386 fatal system failure: Error code 13-15
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, and tbE386kernel cannot read the limit of the
offending data segment.

Recommended actionThere is probably a bug ©@P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.
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CP386 fatal system failure: Error code 13-16
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, because an attempt was made to read or wr
outside the data segment limit.

Recommended actionThere is probably a bug ©P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

CP386 fatal system failure: Error code 13-17
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, because an attempt was made to write into a cc
segment.

Recommended actionThere is probably a bug @P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.
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CP386 fatal system failure: Error code 13-18
General protection error (exception 0D hex)

Explanation: A general protection exception occurred while executing
protected-mode code, because an attempt was made to read from
execute-only code segment.

Recommended actionThere is probably a bug @P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

CP386 fatal system failure: Error code 32-1
DMA channel x requires a buffer of at least yyK

Explanation: An attempt was made to perform a DMA operation too
large to fit in the DMA data buffer. In the error messagegdicates the
offending DMA channel number, angs gives the buffer size, in
kilobytes, that would be required for the DMA operation to proceed.

Recommended actionUse the appropriate parameter on @386
command line to increase the buffer size for the offending DMA
channel. For example, if the error message is “DMA channel 3 require:
a buffer of at least 48K”, you would specify the param@e48on the
CP386command line.
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CP386 fatal system failure: Error code 33-1
Unexpected operating system service call (interrupt 5B hex)

Explanation: TheCP386kernel attempted to call itself recursively.

Recommended actionThere is probably a bug ©@P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

CP386 fatal system failure: Error code 34-1
Exhausted resources for handling hardware interrupts

Explanation: There were no kernel interrupt stack frames available to
handle a hardware interrupt.

Recommended actionincrease the value of th8 parameter on the
CP386command line.
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CP386 fatal system failure: Error code 34-2

Exhausted resources for handling hardware interrupts

Explanation: There were no real-mode interrupt stack frames avail-
able to handle a hardware interrupt.

Recommended actionincrease the value of th8 parameter on the
CP386command line.

CP386 fatal system failure: Error code 34-3

Exhausted resources for handling hardware interrupts

Explanation: An error occurred while attempting to free a real-mode
interrupt stack frame at the conclusion of a hardware interrupt handlel

Recommended action:There is probably a bug in a DOS device
driver, memory-resident program (TSR), or application program. Try
to determine which program is causing the error.
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CP386 fatal system failure: Error code 35-1
Unable to process software interrupt xx hex

Explanation: TheCP386kernel attempted to execute an invalid soft-
ware interrupt (INT) instruction. In the error message,ndicates
which software interrupt was attempted.

Recommended actionThere is probably a bug @P386 Write down
the diagnostic memory dump and contact Invisible Software technica
support.

CP386 fatal system failure: Error code 35-2
Unable to process software interrupt xx hex

Explanation: Real-mode code attempted to execute a software inter-
rupt (INT) instruction, but there was insufficient stack space to proces:
the instruction. In the error message, indicates which software
interrupt was attempted.

Recommended action:There is probably a bug in a DOS device
driver, memory-resident program (TSR), or application program. Try
to determine which program is causing the error.
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Error Messages For
C386EMM.SYS

This chapter describes the error messages that can be generated by
Invisible RAM 386 expanded memory manaG&6EMM.SYS,

Invisible RAM 386/486 Control Program is not installed.

Explanation: The Invisible RAM 80386 control prograf@P386 is
not installed.

Recommended actioninstall CP386.SYS
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Memory hardware is not present or incorrectly configured.
Expanded memory hardware malfunction.

Explanation: Either of these messages can indicate that the memory it
your computer is not functioning correctly.

Recommended action(1) Check the switches and jumpers on your
computer’s motherboard, and any memory expansion boards, to b
sure they are set correctly. (2) Make sure that you ran your computer’
set-up program correctly. (3) Make sure that the memory chips in youl
computer are fast enough. If necessary, replace the memory chips wi
faster chips.

Unable to locate required standard window for expanded memory.

Explanation: The expanded memory manager cannot locate a 64K-
byte block of available memory to use for the standard EMS area.

Recommended action(1) Try to change the addresses used by ROM
and RAM in your computer to free up a contiguous 64K-byte block.
You can us&HADOW /M to help determine what ROM and RAM is
present in your computer. (2) Use theparameter to include additional
page frames as paged EMS memory. (3) If you specifiedAhe
parameter, make sure there is 64K of memory available at the specifie
address. (4) If you specified tfe parameter, remove it. (5) In certain
special applications, you can use figarameter to reduce the size of
the standard EMS area.
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No RAM available for use as expanded memory.

Explanation: All the RAM in the computer was used up for backfill,
frontfill, shadow RAM, and high RAM.

Recommended action:(1) Reduce the amount of RAM used for
backfill, frontfill, shadow RAM, and high RAM. (2) Use thg=2
configuration. (3) Reduce the amount of extended memory reserved b
the/E parameter on th€P386.SYScommand line.

Invalid parameters.

Explanation: One or more parameters on (B8@86EMM.SYS com-
mand line are invalid, or given in incorrect form, or have unacceptable
values.

Recommended action:Edit the CONFIG.SYS file and correct the
erroneous parameters. If you don’'t know which parameters are errone
ous, remove all parameters from tB886EMM.SYS command line,
and then add them back one-by-one.
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Conflicting parameters.

Explanation: Two or more of the parameters on the C386EMM.SYS
command line are in conflict with each other. For example, the same
page frame may be specified in béthand/l parameters.

Recommended action:Edit the CONFIG.SYS file and correct the
erroneous parameters. If you don’'t know which parameters are errone
ous, remove all parameters from tB886EMM.SYS command line,
and then add them back one-by-one.

Ctrl-Alt-Shift detected. At user request, program will not install.

Explanation: You pressed Ctrl-Alt-ShiftC386EMM.SYS does not
load if these keys are pressed.

Recommended actionNone.
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Include, Shadow, or High RAM addresses conflict with installed hard-
ware.

Explanation: The page frames you specified with/S, or /R are in
conflict with equipment installed in your computer.

Recommended action:(1) Change thdl, /S, or R parameters. (2)
Change the addresses used by RAM or ROM in your computer.

Include addresses are too low in memory.

Explanation: The page frame address specified in/thearameter is
too small.

Recommended actionChange thél parameter.

Cannot create High RAM inside DOS memory.

Explanation: The page frame address specified in/Eh@arameter is
too small.

Recommended actionChange théR parameter.
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Cannot create Shadow RAM inside DOS memory.

Explanation: The page frame address specified in/$yparameter is
too small.

Recommended actionChange théS parameter.

Cannot locate standard EMS area inside DOS memory.

Explanation: The standard EMS address specified inghparameter
is too small.

Recommended action(1) Change théA parameter. (2) Delete thé
parameter and |€2386EMM.SYS select the standard EMS address.

Memory hardware cannot create Shadow or High RAM at the specified
addresses.

Explanation: The page frames specified in tH& or /R parameter
cannot be used for shadow or high RAM.

Recommended actionChange théS or/R parameter.
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No Shadow RAM available.

Explanation: You specified the /Z=2 configuration, but
C386EMM.SYSis unable to create any shadow RAM because (1) all
available RAM was used up for backfill and frontfill, or (2) there are
no page frames available.

Recommended action:(1) Reduce the amount of RAM used for
backfill, frontfill, and the high memory area. (2) Change the addresse:
used by RAM or ROM in your computer. (3) Reduce the amount of
extended memory reserved by itie parameter on thEP386.SYS
command line.

Unexpected internal driver error.

Explanation: TheC386EMM.SYS program has a bug.

Recommended action:Write down the circumstances under which
this error occurred and contact Invisible Software technical support.
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Parameters /A, IC, [E, IH, /I, IK, and /P are not valid with /Z=2.

Explanation: When you select th&=2 configuration, you cannot use
the/A, IC, /H, /1, IK, or /P parameters.

Recommended action:Edit the CONFIG.SYS file and correct the
parameters.

Memory hardware cannot include mappable memory at the specified
addresses.

Explanation: The page frames specified in thgparameter cannot be
used for paged EMS memory.

Recommended actionChange thél parameter.

Requested frontfill size is out of range.

Explanation: The value specified with th& parameter is either too
large or too small.

Recommended actionChange théF parameter.
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Memory hardware does not provide page frames for requested frontfill.

Explanation: The amount of frontfill requested by tHe parameter
cannot be provided because one or more of the required page frames
not available.

Recommended actionChange théF parameter.

Insufficient memory to perform frontfill.

Explanation: The requested frontfill cannot be provided because all
the RAM in the computer was used up for backfill, shadow RAM, and
high RAM.

Recommended action{1) Add or change th# parameter to reduce
the requested frontfill. (2) Reduce the amount of RAM used for back-
fill, shadow RAM, and high RAM. (3) Reduce the amount of extended
memory reserved with tH& parameter on theP386.SYScommand
line.
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No page frames available for requested non-standard pages.

Explanation: The expanded memory manager cannot find any page
frames to use for the non-standard pages requested with plagam-
eter.

Recommended action(1) Try to change the addresses used by ROM
and RAM in your computer to free up more page frames. You can us
SHADOW /M to help determine what ROM and RAM is present in
your computer. (2) Use thié parameter to include additional page
frames as paged EMS memory. (3) In certain special applications, yo
can use thé&K parameter to reduce the size of the standard EMS area

Testing page frames: XXXX
Memory test failed.

Explanation: The expanded memory manager was unable to read an
write memory in the page frame indicatedXyXX .

Recommended action(1) Check the switches and jumpers on your
computer’s motherboard, and any memory expansion boards, to b
sure they are set correctly. (2) Make sure that you ran your computer’
set-up program correctly. (3) Check to see that the memory chips i
your computer are fast enough. If necessary, replace the memory chij
with faster chips.
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Testing memory: XXXX
Memory test failed.

Explanation: An error was detected in testing the expanded memory
supplied by Invisible RAM 386XXXX indicates how much memory
was successfully tested before the error occurred.

Recommended action(1) Check the switches and jumpers on your
computer’s motherboard, and any memory expansion boards, to b
sure they are set correctly. (2) Make sure that you ran your computer
set-up program correctly. (3) Check to see that the memory chips i
your computer are fast enough. If necessary, replace the memory chij
with faster chips.

Memory size set incorrectly.

Explanation: The computer’s memory is not functioning correctly.

Recommended action(1) Check the switches and jumpers on your
computer’s motherboard, and any memory expansion boards, to b
sure they are set correctly. (2) Make sure that you ran your computer
set-up program correctly. (3) Check to see that the memory chips i
your computer are fast enough. If necessary, replace the memory chij
with faster chips.
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EGA/VGA high resolution graphics have been disabled.
Use VGAON to enable high resolution graphics.

Explanation: Invisible RAM 386 is using the page frames required for

high-resolution graphics, thereby disabling high-resolution graphics.
This can be caused by (1) specifyiitgO to allow C386EMM.SYS

to frontfill into the high resolution graphics memory (segments A000-
AFFF), or (2) using thél parameter to create paged EMS memory

within memory segments AO0O-AFFF.

Recommended action(1) Run thevGAON program before running

an application that uses high-resolution graphics. (2) Configure youl
applications to use low-resolution graphics (also calléd graphic}

or text mode. (3) Use th&X=A000-AFFF parameter to prevent
C386EMM.SYS from using the area of memory required for EGA or
VGA high-resolution graphics. (4) Remove &0 parameter if you
prefer for high-resolution graphics to be enabled when
C386EMM.SYSfirst loads. (5) Remove the parameter that creates
paged EMS memory in segments AOOO-AFFF, if you want to be able
to use high-resolution graphics (note that udng000-AFFF perma-
nently disables high-resolution graphics; you can't U&AON if
there is paged EMS memory in segments AO00-AFFF).
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EGA/VGA high resolution graphics are enabled.
Use VGAOFF to disable high resolution graphics and increase DOS
memory size.

Explanation: DOS memory size is limited to 640K, because high-res-
olution graphics uses the same page frames required to increase D(
memory size above 640K. However, you can increase DOS memor
size by using th GAOFF program to disable high-resolution graph-
ics.

Recommended action:(1) Run theVGAOFF program to disable
high-resolution graphics and increase the size of DOS memory. (2) Us
the /V=0 parameter if you prefer to have high-resolution graphics
disabled at the timE€386EMM.SY Sfirst loads.
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Invisible RAM 386
Command Summary

Install the 80386 control program:
DEVICE=CP386.SYS [parameters]

[E=size

[H [=hmamin ]
IR=regsets
/S=stacks
[Z=stacksize
/0=DMAsize
/1=DMAsize
[2=DMAsize
13=DMAsize
/4=DMAsize
/5=DMAsize
/6=DMAsize
[7=DMAsize

Extended memory size.

High memory area (XMS) support.
Number of EMS alternate register sets.
Number of interrupt stack frames.
Size of interrupt stack frames.
Size of buffer for DMA channel 0.
Size of buffer for DMA channel 1.
Size of buffer for DMA channel 2.
Size of buffer for DMA channel 3.
Size of buffer for DMA channel 4.
Size of buffer for DMA channel 5.
Size of buffer for DMA channel 6.
Size of buffer for DMA channel 7.
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Install the expanded memory manager:
DEVICE=C386EMM.SYS [parameters]

[A=addr
/C=contexts
[F=size
/H=handles
[K=frames
L

[P=page
IS=iiii [+jjj ]
[T=level
[V=state

IZ=config

Address of standard EMS area.
Number of EMS context save areas.
DOS memory frontfill size.

Number of EMS handles.

Create paged EMS memory.

Size of standard EMS area.

Force driver into low memory.
Create non-standard physical page.
Create high RAM.

Create shadow RAM.

Memory test level.

VGA or EGA high-resolution graphics enable state
Exclude page frames.

System configuration.

Load memory-resident program into shadow RAM:

LSHADOW [/A] filename [parameters]

Load device driver into shadow RAM:

DEVICE=LSHADOW.SYS [/A] filename [parameters]

Display memory map information:
SHADOW [options]

IA
IC
ID
IE
H
™M
IN
IS
IX

All information

Chips and Technologies chipset information
DOS memory usage

Extended memory information

Table of expanded memory handles
Memory map

Network information for NET/30

Shadow RAM usage

Expanded memory inforamtion
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Enable high-resolution VGA or EGA graphics:
VGAON

Disable high-resolution VGA or EGA graphics:

VGAOFF

Get help:
LSHADOW ?
SHADOW ?
VGAON ?
VGAOFF ?
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INVISIBLE RAM 386

Shadow RAM Manager

And Expanded Memory Manager
For 386 And 486 Based PCs

Invisible RAM 386 is a software package that unlocks the extendec
memory that is present in many 80386, 80386SX, and 80486 base
PCs.

Invisible RAM 386 increases the size of DOS memory from the normal
640K up to as much as 736K. Invisible RAM 386 also lets you load
memory-resident programs and device drivers into shadow RAM, sc
that they do not use any DOS memory. As much as 224K of shado\
RAM can be made available for memory-resident programs and devic
drivers.

With Invisible RAM 386, you can tap the power of shadow RAM to
greatly increase the amount of RAM available for DOS applications.

In addition, Invisible RAM 386 is an expanded memory manager.
Invisible RAM 386 uses the microprocessor’s built-in memory man-
agement facilities to provide expanded memory compatible with EMS
version 4.0. You can use the expanded memory to run EMS applica
tions such as Lotus 1-2-3, Desqview, and Ventura Publisher. As muc
as 14 megabytes of expanded memory can be made available.

Hardware Requirements

80386, 80386SX, or 80486 based personal computer, equipped with
least 2 megabytes of RAM.
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