










































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 9 Option ROM Design 267

System BIOS Run-Time Functions

The Plug and Play system BIOS run-time functions can be used by the Plug and
Play option ROMs, but are not available until after the POST process has com-
pleted and Int 19 has been called. Option ROM routines should not try to use these
run-time functions until that time because the results may be unpredictable.

Display Adapter Option ROM

A display adapter can either be located directly on the motherboard, or can be
added as an expansion card device. For a display adapter located on the mother-
board, the contents of the option ROM can either be located in a separate ROM, or
can be built in as part of the system BIOS. If the display adapter is on an expansion
card, the option ROM must also be located there.

You must implement all of the Plug and Play capabilities previously mentioned in
this chapter for display adapter option ROMs. You can also add several new fea-
tures to enhance the option ROM’s interaction with the display monitor during the
boot process.

Display adapter option ROMs must implement the monitor power management
BIOS extensions documented in the VESA BIOS Extensions/Power Management
(VBE/PM) Standard. This standard documents a set of functions that software
can call to control the power management features of a VESA DPMS—compliant
monitor. These BIOS extensions are accessed through Int 10.

Another feature the display adapter option ROM should support is the data display
channel documented in VESA’s Display Data Channel standard. This standard
defines functions that support a data channel between the display adapter and a
DDC-compliant monitor. The display adapter uses this channel to determine the
identity of the monitor and its characteristics. In most cases, this information can be
used to load appropriate drivers. When more than one display adapter is connected
to the PC, DDC might also be useful in determining which display adapter is
actually driving a monitor. (The system BIOS could query the DDC-compatible
display adapter to determine whether the adapter is receiving an EDID data string
from a DDC-compatible monitor, and then boot from that adapter.) The option
ROM functions to support the display data channel are documented in the VESA
BIOS Extensions/Display Data Channel standard.
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SCSI Adapter Option ROM

Most IPL devices used on the PC 95 consist of either an ATA (IDE) interface,
a SCSI bus, or a combination of the two. If an attached SCSI peripheral is to
be used as a boot device, you may need to make firmware enhancements to the
option ROM:s to support Plug and Play functions and to meet some hardware
requirements and recommendations.

A SCSI host-adapter option ROM may need a variety of different functions. If
the SCSI bus is attached to a PC that contains an ATA (IDE) adapter, the system
ROM will force the primary master device on the IDE interface to be the boot
device for the system. If, however, there is no ATA (IDE) adapter on the PC, and
the system is depending on a SCSI device to be the IPL device, the SCSI host-
adapter option ROM must be capable of handling sufficient functions to properly
boot each time the system is reset or power is cycled.

SCSI devices must be capable of recovering from a software-initiated spin-down
that occurs during low-power management. To properly support power management
in a SCSI peripheral, you must ensure that the STOP UNIT and START UNIT
commands are properly implemented. Correct implementation of these commands
ensures the proper functioning of an APM 1.1 suspend and resume for the
peripheral.

A SCST host adapter SCAM master must ensure that the same SCSI identifier is
assigned to the SCSI devices on the system each time the system is reset or power is
cycled. If the SCAM master has no nonvolatile source for storing this information,
the option ROM should contain a SCAM identifier assignment algorithm, which
ensures that the same SCSI peripheral is always used as the boot device. This
algorithm is documented in the Plug and Play SCSI Specification.

Option ROMs must be capable of reporting to the system BIOS the device identi-
fiers that the SCSI protocol chip has set. The SCSI protocol chip sets the identi-
fication number using SCAM.

Plug and Play SCSI host adapters that support bus-mastering must support virtual
DMA services (VDS) in the host-adapter option ROM. VDS solves the problem of
mapping linear addresses (segment:offset) into physical addresses. VDS is not
applicable to host adapters that do not use bus-mastering. For information about
how to obtain the Virtual DMA Service (DMA) document, see Appendix D,
“References.”

Host-adapter option ROMs (or the system BIOS) must also support the Int 13h
BIOS extensions, as documented in the IBM BIOS Technical Reference Manual.
The host-adapter option ROM must also support the current Int 13h functions for
backward compatibility with non—Plug and Play systems.
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Plug and Play resource data type functions describe the resource requirements of an
ISA expansion card, along with the programmability available on the card and the
interdependencies. The system uses these functions to identify and configure the
properties contained on the card. Because of limited space to store some of these
functions, two types are defined: small and large. For more information about Plug
and Play ISA expansion cards, see Chapter 6, “Plug and Play Cards and Buses.”

Small Resource Data Type

Each small resource data type is preceded by the Small Resource Data Type tag.
The tag describes which resource data type is being tagged, and its length. The
resource data described by this tag can be 2 to 8 bytes in size. Table A.1 contains
the format of the Small Resource Data Type tag and the resource data that is
described by the tag.

Table A.1 Small Resource Data Type Tag Definitions
Offset Field

Byte 0 Tag bit[7]: Type =0
Tag bits[6:3]: Small item value
Tag bits[2:0]: Length = n bytes

Bytes 1ton  Resource Data Type Information

Byte 0 contains the tag information. Bit 7, when set to 0, means the tag is a Small
Resource Data Type tag. Bits[6:3] contain a value that describes the item name for
this tag. Small resource item names and their corresponding values are described in
Table A.2. Bits[2:0] indicate the length, in bytes, of the item information.

Bytes 1 through 7 contain the resource data information.

Table A.2 Small Resource Items

Small item name Value
Plug and Play version number 1h
Logical device ID 2h
Compatible device ID 3h
IRQ format 4h
DMA format 5h
Start-dependent function 6h
End-dependent function 7h
I/O port descriptor &h

Fixed-location 1/O port descriptor %h
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Table A.2 Small Resource Items (continued)

Small item name Value
Reserved 0Ah-0Dh
Vendor defined OEh

End tag OFh

The following paragraphs contain the resource data information. Note that the
tables described in these paragraphs also contain the tag information in byte 0.

Plug and Play Version Number

The Plug and Play version number, shown in Table A.3, identifies the version of the
Plug and Play specification with which this card is compatible. A vendor-specific
version number is included and can be used by a device driver to verify the version

of the card.

Table A.3 Plug and Play Version number

Offset Field name

Byte 0 Value = 00001010b (Type = 0, Small item name = 1h, Length = 2)

Byte 1 Plug and Play Version Number (in packed BCD format, major bits[7:4],
minor bits[3:0]) Example: version 1.0 = 10h, version 2.3 = 23h, version 2.91
=2%

Byte 2 Vendor-Specific Version Number

Logical Device Identifier

The logical device identifier, shown in Table A.4, provides a means of uniquely
identifying multiple logical devices on a single physical board. The format of the
logical device identifier is identical to the Vendor Identifier field described in
Chapter 6, “Plug and Play Cards and Buses.” This identifier consists of:

= Bits[16:00]. Three-character compressed ASCII EISA identifier.

= Compressed ASCII is defined as 5 bits per character, “00001” = “A” ...
6‘1 1010’9 - “Z79.

= Bits[31:16]. Manufacturer-specific device code. The vendor must select the
unique values for this field.
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This identifier can be used to select a device driver for the device. It also contains
information about supported optional commands. Bit 0 of the Flags field indicates
the device should be activated by the BIOS at boot time if the system includes a
Plug and Play BIOS. Nonbooting, single-function devices must not include the
logical device identifier.

Table A4 Logical Device ID

Offset Field name

Byte 0 Value = 000101xxb (Type = 0, Small item name = 2h, Length = [5 or 6]).
Byte 1 Logical Device ID, bits[7:0].

Byte 2 Logical Device ID, bits[15:8].

Byte 3 Logical Device ID, bits[23:16].

Byte 4 Logical Device ID, bits[31:24].

Byte 5 Flags:

Bit[0], if set, indicates that this logical device is capable of participating
in the boot process. Cards that power up active must have this bit set.
However, if this bit is set, the card may or may not power up active.

Bits[7:1], if set, indicate commands supported per logical device for
registers in the range of 31h to 37h, respectively.

Byte 6 Flags:

Bits[7:0], if set, indicate commands supported per logical device for
registers in the range of 38h to 3Fh, respectively.

Compatible Device Identifier

The compatible device identifier, shown in Table A.S, provides the identifiers of
other devices with which this logical device is compatible. The system uses this
information to load compatible device drivers, if necessary. Each logical device can
have several compatible device identifiers. The system can use the order of these
device identifiers as a criterion to determine which driver to search for and load
first.
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IRQ Format

Table A.5 Compatible Device ID

Offset Field name

Byte 0 Value = 00011100b (Type = 0, Small item name = 3h, Length = 4)
Byte 1 Compatible Device ID, bits[7:0]

Byte 2 Compatible Device ID, bits[15:8]

Byte 3 Compatible Device ID, bits[23:16]

Byte 4 Compatible Device ID, bits[31:24]

The compatible device identifier can be used if you have added functionality to a
new device, but that device is completely compatible with an older device. The old
device, for example, could have contained a logical identifier of ABCD000Oh. The
new device has a logical identifier of ABCDO0001h. For this device, you could
include the compatible device identifier of ABCDO000Oh. In this case, the driver for
ABCDO0001h is loaded, if it can be located. If the driver cannot be found, the driver
for device ABCDO00O0Oh is loaded for the device.

For information about device identifiers for standard buses and devices, see
Appendix B, “Device Information.”

The IRQ resource structure, shown in Table A.6, indicates that the logical device
uses an interrupt level and supplies a mask with bits set to indicate the levels imple-
mented in this device. Because there are 16 possible interrupt levels for a standard
ISA implementation, a 2-byte field is used. The IRQ resource structure is repeated
for each separate interrupt level required for the logical device.
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DMA Format

Table A.6 IRQ Format

Offset

Field name

Byte 0
Byte 1

Byte 2
Byte 3

Value = 0010001xb (Type = 0, Small item name = 4h, Length = [2 or 3]).

IRQ Mask, bits[7:0]. Bit[0] represents IRQO, bit[1] IRQ1, and so on. (Bit
2 is reserved and cannot be used.)

IRQ Mask, bits[15:8]. Bit[0] represents IRQS, bit[1] IRQ2(9), and so on.

IRQ Information. Each bit, when set, indicates that this device is capable
of driving a certain type of interrupt. (Optional — if not included, assume
ISA-compatible, edge sensitive, high true interrupts.)

Bits[7:4] Reserved and must be written as 0.

Bit[3] Low true, level sensitive.

Bit[2] High true, level sensitive.

Bit[1] Low true, edge sensitive.

Bit[0] High true, edge sensitive. (Must be supported for ISA
compatibility.)

Note Low, true, level-sensitive interrupts can be electrically shared. Only IRQs
that exist on the ISA bus connectors are valid.

The DMA resource structure, shown in Table A.7, indicates that the logical device
uses a DMA channel and supplies a mask with bits set to indicate the channels
implemented in this device. The DMA resource structure is repeated for each
separate channel required.
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Table A.7 DMA Format
Offset Field name
Byte 0 Value = 00101010b (Type = 0, Small item name = Sh, Length = 2).
Byte 1 DMA Channel Mask, bits[7:0]. Bit[0] is channel 0.
Byte 2 Bit[7] Reserved and must be written as 0.
Bits[6:5] DMA channel speed supported.
Status
00 Indicates compatibility mode.
01 Indicates Type A DMA as described in the EISA specification.
10 Indicates Type B DMA.
11 Indicates Type F.
Bit[4] DMA word mode.
Status
0 DMA may not execute in count-by-word mode.
1 DMA may execute in count-by-word mode.
Bit[3] DMA byte-mode status.
Status
0 DMA may not execute in count-by-byte mode.
1 DMA may execute in count-by-byte mode.
Bit[2] Logical device bus-master status.
Status
0 Logical device is not a bus master.
1 Logical device is a bus master.
Bits[1:0] DMA transfer type preference.
Status
00 8 bit only.
01 8 bit and 16 bit.
10 16 bit only.
11 Reserved.
Dependent Functions

Each logical device requires a set of resources. These resources may have inter-
dependencies that must be expressed to allow arbitration software to make resource
allocation decisions about the logical device. Dependent functions express these
interdependencies, and because these functions must be grouped together, there is a
Start-Dependent Functions field and an End-Dependent Functions field. For more
information about the use of dependent functions, see “Resource Data and
Dependent Function Examples” later in this appendix.
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Start-Dependent Function fields can be of the length O or 1 bytes. The extra byte
optionally denotes priority for the resource group following the Start-Dependent
Function tag. If the extra byte is not included, the dependent-function priority is
“acceptable.” The Start-Dependent Function field is described in Table A.8. If the
length in byte O of the Start-Dependent Function field is set to 1, the priority byte is
included. The priorities set by this byte are described in Table A.9.

The end-dependent function is described in Table A.10.

Table A.8 Start-Dependent Functions
Offset Field name '
Byte 0 Value = 0011000xb (Type = 0, Small item name = 6h, Length = [0 or 1])

Table A.9 Priority Byte Description

Value Definition

0 Best configuration—Best possible configuration.

1 Acceptable configuration—Lower priority but acceptable configuration.
2 Suboptimal configuration—Functional configuration but not optimal.
3-255 Reserved.

Table A.10 End-Dependent Functions
Offset Field name
Byte O Value = 00111000b (Type = 0, Small item name = 7h, Length = 0)

The priority of configuration options can be explicitly set to one of three priority
levels:

s Priority 0—Highest
= Priority 1—Middle
= Priority 2—Lowest

Each priority level can contain more than one set of configurations. Within priority
levels, Microsofte Windows™ 95 will process the resource requests in the order
the data is stored. So if a printer port reports three priority 0 configurations, cor-
responding to the standard LPT assignments, Windows 95 starts with the first data
resource configuration listed. If this conflicts with existing resources already allo-
cated (if the LPT port already exists), Windows 95 moves to the next resource
request in the list. This allows sublevel priorities to be ordered by rank.

If no priority byte is specified, Windows 95 still processes the functions in the order
the data is stored.
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I/O Port Descriptor

There are two types of descriptors for I/O ranges. The first descriptor, shown in
Table A.11, is a full-function descriptor for programmable ISA cards. The second
descriptor, shown in Table A.12, is a minimal fixed-location descriptor for old ISA
cards with fixed I/O requirements that use a 10-bit ISA address decode. The first
descriptor can also describe fixed I/O requirements for ISA cards that require a 16-
bit address decode. This is accomplished by setting the range minimum base
address and range maximum base address to the same fixed I/O value.

Table A.11 Full-Function I/O Port Descriptor

Offset Field name Definition

Byte 0 I/0 Port Description Value = 01000111b (Type = 0, Small item
name = 8h, Length = 7).

Byte 1 Information Bits[7:1] are reserved and must be zero.

Bit[0], if set, indicates that the logical
device decodes the full 16-bit ISA address.
If bit[0] is not set, this indicates that the
logical device decodes only ISA address

bits[9:0].
Byte 2 Range Minimum Base Address bits[7:0] of the minimum base
Address, bits[7:0] 1/O address for which the card can be
configured.
Byte 3 Range Minimum Base Address bits[15:8] of the minimum base
* Address, bits[15:8] I/0 address for which the card can be
configured.
Byte 4 Range Maximum Base Address bits[7:0] of the maximum base
Address, bits[7:0] 1/O address for which the card can be
configured.
Byte 5 Range Maximum Base Address bits[15:8] of the maximum base
Address, bits[15:8] 1/0 address for which the card can be
configured.
Byte 6 Base Alignment Alignment for minimum base address,

increment in 1-byte blocks. Valid values
are greater than 0.

Byte 7 Range Length The number of contiguous I/O ports
requested.
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Table A.12 Fixed-Location I/O Port Descriptor

Offset Field name Definition
Byte O Fixed-Location I/O Port Value =01001011b (Type = 0, Small item
Descriptor name = 9h, Length = 3).
Byte 1 Range Base Address, Address bits[7:0] of the base I/O address
bits[7:0] for which the card can be configured. This
descriptor assumes a 10-bit ISA address
decode.
Byte 2 Range Base Address, Address bits[9:8] of the base I/O address
bits[9:8] for which the card can be configured. This
descriptor assumes a 10-bit ISA address
decode.
Byte 3 Range Length The number of contiguous I/O ports
requested.
Vendor Defined

End Tag

The vendor-defined resource data type, shown in Table A.13, is reserved for use by
the vendor.

Table A.13 Vendor-Defined Resource Data Type

Offset Field name

Byte 0 Value = 01110xxxb (Type = 0, Small item name = Eh, Length = [1-7])
Byte 1to7 Vendor Defined

The End tag, shown in Table A.14, identifies the end of the resource data. (If the
checksum field is zero, resource data is treated as if the checksum were correct, and
configuration proceeds normally.) .

Table A.14 End Tag

Offset Field name
Byte 0 Value = 01111001b (Type = 0, Small item name = Fh, Length = 1).
Byte 1 Checksum covering all resource data after the serial identifier. This

checksum is generated such that adding it to the sum of all the data bytes
produces a zero sum.
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Large Resource Data Type

The Large Resource Data Type tag, shown in Table A-15, allows larger amounts of
data to be included in the resource data structure. The tag includes a 16-bit length
field that allows up to 64K of data.

Byte 0 contains the tag information. Bit 7, when set to 1, indicates that the tag is a
Large Resource Data Type tag. Bits[6:0] contain the value that describes the item
name for this tag. Large resource item names and their corresponding values are
described in Table A.16.

Bytes 1 and 2 contain the length of the resource data for the item.
Bytes 3 through n contain the resource data information.

Table A.15 Large Resource Data Type Tag Bit Definitions

Offset Field name

Byte 0 Value = 1xxxxxxxb (Type = 1, Large item name = XXXXXXX)
Byte 1 Length of Data Items, bits[7:0]

Byte 2 Length of Data Items, bits[15:8]

Bytes3ton  Actual Data Items

Table A.16 Large Resource Item Names

Large item name Value
Memory range descriptor 1h
Identification string (ANSI) 2h
Identification string (Unicode) 3h
Vendor defined 4h
32-bit memory range descriptor 5h
32-bit fixed-location memory range 6h
descriptor

Reserved 7h—7Fh
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Memory Range Descriptor

The memory range descriptor is described in Table A.17.

Table A.17 Memory Range Descriptor

Size Field name Defihition

Byte Memory Range Descriptor Value = 10000001b (Type = 1, Large item
name = 1).

Byte Length, bits[7:0] Value = 00001001b (9).

Byte Length, bits[15:8] Value = 00000000b.

Byte Information This field provides extra information about
this memory.

Bit[7] Reserved.
Bit[6] Memory is an expansion ROM.
Bit[5S] Memory is shadowable.
Bits[4:3] Memory control.
Status
00 8-bit memory only.
01 16-bit memory only.
10 8-bit and 16-bit memory supported.
11 Reserved.
Bit[2] Support type.
Status
1 Decode supports high address.
0 Decode supports extent.
Bit[1] Cache support type.
Status
1 Read-cacheable, write-through.
0 Noncacheable.
Bit[0] Write status.

Status
1 Writable.
0 Nonwritable (ROM).
Byte Range Minimum Base Address bits[15:8] of the minimum base
Address, bits[7:0] memory address for which the card can be
) configured. See note below for bits[7:0].
Byte Range Minimum Base Address bits[23:16] of the minimum base
Address, bits[15:8] memory address for which the card can be
configured.
Byte Range Maximum Base Address bits[15:8] of the maximum base
Address, bits[7:0] memory address for which the card can be
configured.
Byte Range Maximum Base Address bits[23:16] of the maximum base
Address, bits[15:8] memory address for which the card can be

configured.
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Table A.17 Memory Range Descriptor (continued)

Size Field name Definition

Byte Base Alignment, bits[7:0] This field contains the lower eight bits of
the base alignment. The Base Alignment
field provides the increment for the
minimum base address (0000h = 64K).

Byte Base Alignment, bits[15:8]  This field contains the upper eight bits of
the base alignment. The Base Alignment
field provides the increment for the
minimum base address (0000h = 64K).

Byte Range Length, bits[7:0] This field contains the lower eight bits
of the memory range length. The Range
Length field provides the length of the
memory range in 256-byte blocks.

Byte Range Length, bits[15:8] This field contains the upper eight bits
of the memory range length. The Range
Length field provides the length of the
memory range in 256-byte blocks.

Notes: Address bits[7:0] of memory base addresses are assumed to be 0.

A memory range descriptor can be used to describe a fixed-memory address by setting the range
minimum base address and the range maximum base address to the same value.

ANSI Identification String

The identification string, whose format is described in Table A.18, is 8-bit ANSL
Because the length of the string is defined in the structure, the string must not be
zero terminated. Display software must ensure that the proper termination is added
to the string so a termination byte must not be stored in the card’s nonvolatile
storage. Every Plug and Play ISA card is required to have an identification string.
Each logical device may optionally have an identification string.

Table A.18 ANSI Identification String

Size Field name Definition

Byte Identification String Value = 10000010b (Type = 1, Large item
name = 2)

Byte Length, bits[7:0] Lower eight bits of identification string
length

Byte Length, bits[15:8] Upper eight bits of identification string
length

N * bytes Identification String Device description as an ANSI string
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Unicode Identification String

Table A.19 contains the format of the Unicode identification string.

Table A.19  Unicode Identification String

Size Field name Definition

Byte Identification String Value = 10000011b (Type = 1, Large item
name = 3)

Byte Length, bits[7:0] Lower eight bits of length of string plus
four

Byte Length, bits[15:8] Upper eight bits of length of string plus
four

Byte Country Identifier, bits[7:0]  Not defined in version 1.0a of the Plug and
Play specification

Byte Country Identifier, Not defined in version 1.0a of the Plug and

bits[15:8] Play specification
N * bytes Identification String Device description characters
Vendor Defined

The vendor-defined resource data type, shown in Table A.20, is reserved for use by

the vendor.

Table A.20 Vendor Defined

Definition

Size Field name

Byte Vendor Defined
Byte Length, bits[7:0]
Byte Length, bits[15:8]

N * bytes Vendor Defined

Value = 10000100b (Type = 1, Large item
name = 4)

Lower eight bits of vendor-defined data
Upper eight bits of vendor-defined data
Vendor-defined data bytes
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32-Bit Memory Range Descriptor

The 32-bit memory range descriptor is described in Table A.21.

Table A.21 32-bit Memory Range Descriptor

Size

Field name

Definition

Byte

Byte
Byte
Byte

Byte

Byte

Byte

Byte

Memory Range Descriptor

Length, bits[7:0]
Length, bits[15:8]

Information

Range Minimum Base
Address, bits[7:0]

Range Minimum Base
Address, bits[15:8]

Range Minimum Base
Address, bits[23:16]

Range Minimum Base
Address, bits[31:24]

Value = 10000101b (Type = 1, Large item
name = 5).

Value = 00010001b (17).
Value = 00000000b.

This field provides extra information about
this memory.

Bit[7] Reserved.
Bit[6] Memory is an expansion ROM.
Bit[5] Memory is shadowable.
Bits[4:3] Memory control.
Status
00 8-bit memory only.
01 16-bit memory only.
10 8-bit and 16-bit memory supported.
11 32-bit memory only.
Bit[2] Support type.
Status
1 Decode supports high address.
0 Decode supports range length.
Bit[1] Cache support type.
Status
1 Read-cacheable, write-through.
0 Noncacheable.
Bit[0] Write status.
Status
1 Writable.
0 Nonwritable (ROM).

Address bits[7:0] of the minimum base
memory address for which the card can
be configured.

Address bits[15:8] of the minimum base
memory address for which the card can
be configured.

Address bits[23:16] of the minimum base
memory address for which the card can
be configured.

Address bits[31:24] of the minimum base
memory address for which the card can
be configured.
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Table A.21 32-bit Memory Range Descriptor (continued)

Size

Field name

Definition

Byte

Byte

Byte

Byte

Byte

Byte

Byte

Byte

Byte

Byte

Byte

Byte

Range Maximum Base
Address, bits[7:0]

Range Maximum Base
Address, bits[15:8]

Range Maximum Base
Address, bits[23:16]

Range Maximum Base
Address, bits[31:24]

Base Alignment, bits[7:0]
Base Alignment, bits[15:8]

Base Alignment,
bits[23:16]

Base Alignment,
bits[31:24]

Range Length, bits[7:0]

Range Length, bits[15:8]

" Range Length, bits[23:16]

Range Length, bits[31:24]

Address bits[7:0] of the maximum base
memory address for which the card can
be configured.

Address bits[15:8] of the maximum base
memory address for which the card can
be configured.

Address bits[23:16] of the maximum base
memory address for which the card can
be configured.

Address bits[31:24] of the maximum base
memory address for which the card can
be configured.

This field contains bits[7:0] of the base
alignment. The Base Alignment field
provides the increment for the minimum
base address.

This field contains bits[15:8] of the base
alignment. The Base Alignment field
provides the increment for the minimum
base address. ‘

This field contains bits[23:16] of the base
alignment. The Base Alignment field
provides the increment for the minimum
base address.

This field contains bits[31:24] of the base
alignment. The Base Alignment field
provides the increment for the minimum
base address.

This field contains bits[7:0] of the memory
range length. The Range Length field
provides the length of the memory range in
1-byte blocks.

This field contains bits[15:8] of the mem-
ory range length. The Range Length field
provides the length of the memory range in
1-byte blocks.

This field contains bits[23:16] of the mem-
ory range length. The Range Length field
provides the length of the memory range in
1-byte blocks.

This field contains bits[31:24] of the mem-
ory range length. The Range Length field
provides the length of the memory range in
1-byte blocks.
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32-Bit Fixed-Location Memory Range Descriptor

The 32-bit fixed-location memory range descriptor is described in Table A.22.

Table A.22 32-Bit Fixed-Location Memory Range Descriptor

Size

Field name

Definition

Byte

Byte
Byte
Byte

Byte

Byte

Memory Range Descriptor

Length, bits[7:0]
Length, bits[15:8]

Information

Range Base Address,
bits[7:0]

Range Base Address,
bits[15:8]

Value = 10000110b (Type = 1, Large item
name = 6).

Value = 00001001b (17).
Value = 00000000b.

This field provides extra information about
this memory.

Bit[7] Reserved.
Bit[6] Memory is an expansion ROM.
Bit[5] Memory is shadowable.
Bits[4:3] Memory control.
Status
00 8-bit memory only.
01 16-bit memory only.
10 8-bit and 16-bit memory supported.
11 32-bit memory only.
Bit[2] Support type.
Status
1 Decode supports high address.
0 Decode supports range length.
Bit[1] Cache support type.
Status
1 Read-cacheable, write-through.
0 Noncacheable.
Bit[0] Write status.
Status
1 Writable.
0 Nonwritable (ROM).

Address bits[7:0] of the base memory
address for which the card can be
configured.

Address bits[15:8] of the base memory
address for which the card can be
configured.
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Table A.22 32-Bit Fixed-Location Memory Range Descriptor (continued)

Size Field name Definition
Byte Range Base Address, bits Address bits[23:16] of the base memory
[23:16] address for which the card can be
configured.
Byte Range Base Address, Address bits[31:24] of the base memory
bits[31:24] address for which the card can be
configured.
Byte Range Length, bits[7:0] This field contains bits[7:0] of the memory

range length. The Range Length field
provides the length of the memory range in
1-byte blocks.

Byte Range Length, bits[15:8] This field contains bits[15:8] of the mem-
ory range length. The Range Length field
provides the length of the memory range in
1-byte blocks.

Byte Range Length, bits[23:16] This field contains bits[23:16] of the mem-
ory range length. The Range Length field
provides the length of the memory range in
1-byte blocks.

Byte Range Length, bits[31:24] This field contains bits[31:24] of the mem-
ory range length. The Range Length field
provides the length of the memory range in
1-byte blocks.

Resource Data and Dependent Function Examples

Resource data describes a Plug and Play card to system software. Resource
information for a Plug and Play card must include a Plug and Play version number
and an identification string. Each logical device on an ISA card must specify a
logical identifier and a list of all the Plug and Play resources the logical device
needs to use. The list of resources must completely describe the configurability

of the logical device.

Shown here are several examples of how to encode card resource data.

Note Dependent functions cannot be nested. Each Start DF tag identifies the
beginning of a dependent function, which is simply a set of interdependent resource
descriptors, optionally with an assigned priority, that must be allocated together.
The End DF tag indicates that the last of these dependent functions has been
reached. No accommodation is made for “nesting” relationships.
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Example 1

Example 2

Example 3

The first example is a simple card, such as a parallel printer card, with a limited
amount of configurability. This example card needs four consecutive I/O ports at a
base address of 378h, 278h, or 3BCh. This device also needs one interrupt, which
can be IRQS5 or IRQ7. The choice of the IRQ is completely independent from the
choice of I/O port. The resource data for this card would be:

TAG Plug and Play version number
TAG Identification string
TAG Logical device ID
TAG IRQ format (MASK IRQ5, IRQ7)
TAG Start DF (Length 0)

TAG I/0 format (Length 4, Min Base 0x0378, Max Base 0x0378)
TAG Start DF (Length @)

TAG I/0 format (Length 4, Min Base 0x0278, Max Base 0x0278)
TAG Start DF (Length @)

TAG I/0 format (Length 4, Min Base 0x03BC, Max Base 0x@3BC)
TAG End DF
TAG END tag

Dependent functions can be used to express relationships between resources that
are interdependent. For example, consider a card that can be configured to use I/O
port 300h and IRQS5 or I/O port 310h and IRQ7. This device has the following
resource structure:

TAG Plug and Play version number

TAG Identification string

TAG Logical device ID

TAG Start DF (Length 0)
TAG I/0 format (Length 4, Min Base 0x0300, Max Base 0x0300)
TAG IRQ format (MASK IRQ 5)

TAG Start DF (Length @)
TAG I/0 format (Length 4, Min Base 6x0310, Max Base 0x0310)
TAG IRQ format (MASK IRQ 7)

TAG End DF

TAG END tag

Dependent functions can also express the priority of configuration options (see

the explanation of priority of resource allocations earlier in this appendix). For
example, consider a card that performs DMA using a memory buffer, if memory
space is available. Alternatively, the card uses a DMA channel, if no memory
resources are available. This example card needs 16 consecutive I/O ports that can
be located anywhere in the range of 300h to 3FOh. The card needs one interrupt that
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can be either IRQ5, 7, 10, 11, or 12. The card needs a 128K memory window. If
that is not available, it can use a 64K memory window. If that is not available, it
will run using a DMA channel. It supports DMA channels 5, 6, and 7. This device
has the following resource data structure:

TAG Plug and Play version number
TAG Identification string
TAG Logical device ID
TAG I/0 format (Length 16, Min Base 0x0300, Max Base 0xQ3FQ)
TAG IRQ format (MASK IRQ 5,7,10,11,12)
TAG Start DF (Length 1) (Priority 0)
TAG Memory format (Length = 128K, Min Base 0x0C0000, Max Base
0x0EQ000)
TAG DMA format (MASK no DMA channel)
TAG Start DF (Length 1) (Priority 1)
TAG Memory format (Length = 64K, Min Base 0xQC0000, Max Base
0x0EQ000)
TAG DMA format (MASK no DMA channel)
TAG Start DF (Length 1) (Priority 2)
TAG Memory format (Length = @, Min Base 0x0C0000, Max Base
0x0EQ000)
TAG DMA format (MASK 5,6,7)
TAG End DF
TAG END tag

Example 4

The following example shows an illegal use of dependent functions. The structure
below includes two END DF tags, which is not allowed.

TAG Plug and Play version number
TAG Identification string
TAG Logical device ID
TAG IRQ format (MASK IRQ 5,IRQ7)
TAG Start DF (Length 0)
TAG I/0 format (Length 4, Min Base 0x0378, Max Base 0x0378)
TAG Start DF (Length 0)
TAG I/0 format (Length 4, Min Base 0x0278, Max Base 0x0278)
TAG Start DF (Length 0)
TAG 1/0 format (Length 4, Min Base 0x03BC, Max Base 0x@3BC)
TAG End DF
TAG Start DF (Length 1 - Priority 1)
TAG DMA format (MASK no DMA channel)
TAG Start DF (Length 1 - Priority 2)
TAG DMA format (MASK 5,6,7)
TAG End DF
TAG END tag
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The correct structure is:

TAG
TAG
TAG
TAG
TAG

TAG

TAG

TAG

TAG

TAG

TAG
TAG

Plug and Play version number

Identification string

Logical device ID

IRQ format (MASK IRQ 5,IRQ7)

Start DF (Length 0)

TAG I/0 format (Length 4, Min Base 0x0378, Max
TAG DMA format (MASK no DMA channel)

Start DF (Length 0)

TAG I/0 format (Length 4, Min Base 0x0278, Max
TAG DMA format (MASK no DMA channel)

Start DF (Length 0)

TAG I/0 format (Length 4, Min Base 0x@3BC, Max
TAG DMA format (MASK no DMA channel)

Start DF (Length 1 - Priority 2)

TAG I/0 format (Length 4, Min Base 0x0378, Max
TAG DMA format (MASK 5,6,7)

Start DF (Length 1 - Priority 2)

TAG I/0 format (Length 4, Min Base 0x0278, Max
TAG DMA format (MASK 5,6,7)

Start DF (Length 1 - Priority 2)

TAG I/0 format (Length 4, Min Base 0x@3BC, Max
TAG DMA format (MASK 5,6,7)

End DF

END tag

. Base

Base

Base

Base

Base

Base

0x0378)

0x0278)

0x03BC)

0x0378)

0x0278)

0x03BC)
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Every device and bus on the motherboard must have a unique device identifier that
distinguishes it from every other device. Many motherboard devices and buses, and
non—Plug and Play expansion card devices, do not have a standard EISA identifier.
To identify various devices that do not have the standard EISA identifier, an EISA

prefix of “PNP” has been reserved for Microsoft. Tables B.1 through B.16 list the

currently assigned EISA PNP device identifiers.

Note The current list of PNP device identifiers is available for downloading from
the CompuServe PLUGPLAY forum. You should also review the example mother-
board device identifier structure in Chapter 8, “System BIOS Design.”

PNP device identifiers enable existing legacy devices to report their resource
requirements to a Plug and Play operating system. These identifiers are useful only
if the operating system itself contains drivers that can use the hardware. Microsofte
Windows™ 95 uses a device identifier to map a hardware device to its correspon-
ding .INF driver information file, and therefore to its drivers. If the PNP identifier
is not assigned by Microsoft, Windows 95 will not recognize it.

All new Plug and Play ISA, EISA, and VL-bus cards must provide their own,
vendor-specific device identifier, .INF file, and device driver. These cards do not
use a PNP prefix; they use the vendor’s unique EISA device identifier. Using an
undefined number may cause conflicts. To obtain a standard EISA device identifier,
contact BCPR Services, Inc. (See Appendix D, “References,” for more
information.)

It may seem ironic that the PNP device identifier is used for non—Plug and Play
devices, but these device identifiers allow the non—Plug and Play devices to operate
with new Plug and Play devices and operating systems.

Table B.1 Interrupt Controllers

Description EISA device ID
AT interrupt controller PNP000O
EISA interrupt controller PNP0001
Micro Channel interrupt controller PNP0002
APIC ' PNPO0003

Cyrix SLiC MP interrupt controller PNP0004
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Table B.2 Timers

Description EISA device ID
AT timer PNP0100

EISA timer PNP0101

Micro Channel timer PNP0102
Table B.3 DMA

Description EISA device ID
AT DMA controller PNP0200

EISA DMA controller PNP0201

Micro Channel DMA controller PNP0202

Table B4 Keyboards

Description EISA device ID
IBM PC/XT™ keyboard controller (83-key) PNP0300

IBM PC/AT keyboard controller (86-key) PNP0301

IBM PC/XT keyboard controller (84-key) PNP0302

IBM Enhanced keyboard (101/102-key) PNP0303
Olivetti® keyboard (83-key) PNP0304
Olivetti keyboard (102-key) PNPO0305
Olivetti keyboard (86-key) PNP0306
Microsoft Windows keyboard PNP0307
General Input Device Emulation Interface (GIDEI) legacy PNP0308
Olivetti keyboard (A101/102 key) PNP0309
AT&Te 302 keyboard PNP0O30A

PS/2 port (for PS/2 Mouse) PNP0313

Table B.5 Parallel Devices

Description EISA device ID
Standard LPT printer port PNP0400

ECP printer port PNP0401
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Table B.6 Serial Devices

Description ; EISA device ID
Standard PC COM port PNP0500
16550A-compatible COM port PNP0501

Table B.7 Disk Controllers

Description EISA device ID
Generic ESDI/IDE/ATA —compatible hard disk controller PNP0600
Plus Hardcard II PNP0601
Plus Hardcard IXL/EZ PNP0602
PC standard floppy disk controller PNP0700
Table B.8 Display Adapters

Description EISA device ID
VGA compatible PNP0900
Video Seven™ VRAM/VRAM 11/1024i PNP0901
8514/A compatible PNP0902
Trident VGA PNP0903
Cirrus Logic laptop VGA PNP0904
Cirrus Logic VGA PNP0905
Tseng ET4000 PNP0906
Western Digitale VGA PNP0907
Western Digital laptop VGA PNP0908
S3 Inc. 911/924 PNP0909
ATI™ Ultra Pro/Plus (Mach 32) PNP090A
ATI Ultra (Mach 8) ' PNP(090B
XGA® compatible PNP090C
ATI VGA Wonder PNP090D
Weiteke P9000 graphics adapter PNPO90OE
Oak Technology VGA » PNPO90OF
COMPAQe QVision® PNP0910
XGA/2 PNP(0911

Tseng Labs W32/W32i/W32p PNP(0912
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Table B.8 Display Adapters (continued)

Description EISA device ID
S3 Inc. 801/928/964 PNP0913
COMPAQ Advanced VGA (AVGA) PNP0914

ATTI Ultra Pro Turbo (Mach 64) PNP0915

Chips & Technologies Super VGA PNP0930

Chips & Technologies Accelerator PNP0931

NCR® 77¢22e Super VGA PNP0940

NCR 77¢32blt PNP0941

Table B.9 Expansion Buses

Description EISA device ID
ISA bus PNP0OAOO

EISA bus PNP0OAO1

Micro Channel bus PNPOAO2

PCI bus PNP0OAO3
VESA/VL-bus PNPOAO4
Table B.10 Real-Time Clock, Motherboard Devices

Description EISA device ID
AT-style speaker sound PNP0800

AT real-time clock PNPOB00

Plug and Play BIOS (only created by the ROOT enumerator) PNPOCO00
Motherboard PNPOCO1
General ID for reserving private resources required by Plug and PNP0CO02

Play motherboard registers (not specific to a particular device)

Plug and Play BIOS event notification interrupt PNPOCO03

Math coprocessor PNPOC04

Table B.11 PCMCIA Controller Chip Sets

Description EISA device ID
Intel 82365—compatible PCMCIA controller PNPOEOO

Cirrus Logic CL-PD6720 PCMCIA controller PNPOEO1

VLSI BL82C146 PCMCIA controller PNPOE02
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Table B.12 Mouse

Description EISA device ID
Microsoft® Bus Mouse PNPOF00
Microsoft® Serial Mouse PNPOFO1
Microsoft® InPort™ Mouse PNPOF02
Microsoft® PS/2™ Mouse PNPOF03
Mouse Systems™ Mouse PNPOF04
Mouse Systems 3-Button Mouse (COM2) - PNPOFO05
Genius Mouse (COM1) PNPOF06
Genius Mouse (COM2) PNPOFQ7
Logitech™ Serial Mouse PNPOFO0S8
Microsoft® BallPoint™ Serial Mouse PNPOF09
Microsofte Plug and Play Mouse ' PNPOFOA
Microsoft® Plug and Play BallPoint Mouse ‘ PNPOFOB
Microsoft-compatible Serial Mouse ‘ PNPOFOC
Microsoft-compatible InPort Mouse PNPOFOD
Microsoft-compatible PS/2 Mouse PNPOFOE
Microsoft-compatible Serial BallPoint Mouse PNPOFOF
Texas Instruments® Quick Port Mouse PNPOF10
Microsoft-compatible Bus Mouse PNPOF11
Logitech PS/2 Mouse PNPOF12
PS/2 Mouse Port PNPOF13 1

1The system BIOS should report PS/2 port, not which type of mouse is connected to that port.

Table B.13 Modems

Description EISA device ID
Legacy modems! PNPCO000 to
PNPDFFF

1 Although legacy modems will use EISA device identifiers from PNPCO000 the PNPDFFF, the actual
identifiers have not been determined as of this printing. Before designing any hardware using this
information, download a copy of the current EISA device identifiers for legacy modems from
CompuServe. Type “go plugplay” and retrieve the file DEVIDS.ZIP.
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Table B.14 Network Adapters

Description EISA device ID
Novelle/Anthem NE3200 PNP8001
COMPAQ NE3200 PNP8004
Intel EtherExpress™/32 PNP8006
HPe Ethertwist® EISA LAN Adapter/32 (HP27248A) PNP8008
Ungermann-Bass NIUps or NIUps/EOTP PNP8065
DEC™ (DE211) EtherWorks MC/TP PNP8072
DEC (DE212) EtherWorks MC/TP_BNC PNP8073
HP MC LAN Adapter/16 TP (PC27246) PNP8074
DCA 10 MB MCA PNP8078
IBM Token Ring® PNP80OC9
IBM Token Ring Il® PNPSOCA
IBM Token Ring II/Short PNPSOCB
IBM Token Ring 4/16 MB PNPSOCC
Novell/Anthem NE1000 PNP80D3
Novell/Anthem NE2000 PNP80D4
NE1000 compatible PNP80DS5
NE2000 compatible PNP80OD6
Novell/Anthem NE1500T PNP80D7
Novell/Anthem NE2100 PNP80ODS
SMCe ARCNETPC PNP80DD
SMC ARCNET PC100, PC200 PNP8ODE
SMC ARCNET PC110, PC210, PC250 PNP8ODF
SMC ARCNET PC130/E PNPSOEO
SMC ARCNET PC120, PC220, PC260 PNPSOE1
SMC ARCNET PC270/E PNPSOE2
SMC ARCNET PC600W, PC650W PNPSOES
DEC DEPCA PNPSOE7
DEC (DE100) EtherWorks LC PNPSOES
DEC (DE200) EtherWorks Turbo PNP80E9
DEC (DE101) EtherWorks LC/TP PNPSOEA
DEC (DE201) EtherWorks Turbo/TP PNPSOEB
DEC (DE202) EtherWorks Turbo/TP_BNC PNP8OEC

DEC (DE102) EtherWorks LC/TP_BNC PNPSOED
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Table B.14 Network Adapters (continued)

Description EISA device ID
DEC EE101 (built-in) PNPSOEE
DECpc 433 WS (built-in) PNPSOEF
3Come EtherLink Plus® PNP80F1
3Com EtherLink IIe or IITP® (8 bit or 16 bit) PNP8OF3
3Com TokenLink® PNP80F4
3Com EtherLinke 16 PNP8OF6
3Com EtherLink IIle® PNPSOF7
Thomas-Conrad™ TC6045 PNP8OFB
Thomas-Conrad TC6042 PNPSOFC
Thomas-Conrad TC6142 PNPSOFD
Thomas-Conrad TC6145 PNPSOFE
Thomas-Conrad TC6242 PNP80OFF
Thomas-Conrad TC6245 PNP8100
DCA 10 MB PNP8105
DCA 10 MB Fiber Optic PNP8106
DCA 10 MB Twisted Pair PNP8107
Racale NI6510 PNP8113
Ungermann-Bass NIUpc PNP811C
Ungermann-Bass NIUpc/EOTP PNP8120
SMC StarCard Plus (WD/8003S) PNP8123
SMC StarCard Plus with on-board hub (WD/8003SH) PNP8124
SMC EtherCard Plus (WD/8003E) PNP8125
SMC EtherCard Plus with boot ROM socket (WD/8003EBT) PNP8126
SMC EtherCard Plus with boot ROM socket (WD/8003EB) PNP8127
SMC EtherCard Plus TP (WD/8003WT) PNP8128
SMC EtherCard Plus 16 with boot ROM socket (WD/8013EBT) PNP812A
Intel EtherExpress™ 16 or 16TP PNP812D
Intel TokenExpress™ 16/4 PNP812F
Intel TokenExpress MCA 16/4 PNP8130
Intel EtherExpress 16 (MCA) PNP8132
Artisofte AE-1 PNP8137
Artisoft AE-2 or AE-3 PNP8138
Amplicard AC 210/XT PNP8141
Amplicard AC 210/AT PNP8142
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Table B.14 Network Adapters (continued)

Description EISA device ID
Everex™ SpeedLink™ /PC16 (EV2027) PNP814B
HP PC LAN Adapter/8 TP (HP27245) PNP8155
HP PC LAN Adapter/16 TP (HP27247A) PNP8156
HP PC LAN Adapter/8 TL (HP27250) PNP8157
HP PC LAN Adapter/16 TP Plus (HP27247B) PNP8158
HP PC LAN Adapter/16 TL Plus (HP27252) PNP8159
National Semiconductor® Ethernode *16AT PNP815F
National Semiconductor AT/LANTIC Ethernode 16-AT3 PNP8160
NCRe Token-Ring 4 MB ISA PNPS16A
NCR Token-Ring 16/4 MB ISA PNP816D
Olicom™ 16/4 Token-Ring Adapter PNP8191
SMC EtherCard Plus Elite (WD/8003EP) PNP81C3
SMC EtherCard Plus 10T (WD/8003W) PNP81C4
SMC EtherCard Plus Elite 16 (WD/8013EP) PNP81C5
SMC EtherCard Plus Elite 16T (WD/8013W) PNP81C6
SMC EtherCard Plus Elite 16 Combo (WD/8013EW or PNP81C7
8013EWC)
Pure Data™ PDI9025-32 (Token Ring) PNP81E4
Pure Data PDI508+ (ARCNET) PNP81E6
Pure Data PDI516+ (ARCNET) PNPS1E7
Proteon™ Token Ring (P1390) PNP81EB
Proteon Token Ring (P1392) PNPS1EC
Proteon ISA Token Ring (1340) PNP81ED
Proteon ISA Token Ring (1342) PNPS1EE
Proteon ISA Token Ring (1346) PNPS1EF
- Proteon ISA Token Ring (1347) PNP81F0
Cabletron™ E2000 Series DNI PNP81FF
Cabletron E2100 Series DNI PNP8200
Zenith Data Systems™ Z-Note PNP8209
Zenith Data Systems NE2000 compatible PNP820A
Xircom Pocket Ethernet II PNP8213
Xircom Pocket Ethernet I PNP8214
RadiSys™ EXM-10 PNP821D
SMC 3000 Series PNP8227
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Table B.14 Network Adapters (continued)

Description EISA device ID
Intel *595-based Ethernet PNP8228A
TI12000-style Token Ring PNP8228B
Advanced Micro Devices AM2100/AM1500T PNP8231
Tulipe NCC-16 PNP8263
Exose 105 PNP8277
IBM PCMCIA-NIC PNP82BD
DEC Ethernet (all types) PNP8321
SMC EtherCard (all types except 8013/A) PNP8323
ARCNET Compatible PNP8324
Thomas-Conrad (all ARCNET types) PNP8326
IBM Token Ring (all types) PNP8327
Remote Network Access Driver PNP8385
RNA Point-to-point Protocol Driver PNP8387

Table B.15 SCSI and Proprietary CD Adapters

Description EISA device ID
Adaptec™ 154x—compatible SCSI controller - . PNPAOOO
Adaptec 174x~compatible SCSI controller PNPAOO1
Future Domain™ 16-700—compatible controller PNPA002
Panasonice proprietary CD-ROM adapter (SBPro/SB16) PNPAO003
Trantor™ 128 SCSI controller PNPAO1B
Trantor T160 SCSI controller PNPAOID
Trantor T338 Parallel SCSI controller PNPAO1E
Trantor T348 Parallel SCSI controller PNPAOIF
Trantor Media Vision™ SCSI controller PNPA020
Always IN-2000 SCSI controller PNPA022
SONYe proprietary CD-ROM controller PNPAO2B
Trantor T13b 8-bit SCSI controller PNPAQ02D

Trantor T358 Parallel SCSI controller PNPAO2F
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Table B.16 Sound, Video-Capture, and Multimedia Adapters

Description EISA device ID
Sound Blaster 1.5—compatible sound device PNPB000
Sound Blaster 2.0—compatible sound device PNPB001
Sound Blaster Pro—compatible sound device PNPB002
Thunderboard-compatible sound device PNPB004
Adlibe-compatible FM synthesizer device PNPB005
MPU401 compatible PNPB006
Microsoft Windows Sound System—compatible sound device PNPBO007
COMPAQ Waveform audio device PNPBO008
New Plug and Play Microsoft Sound System device PNPB0009
Motion Video Device (MCI) PNPB010
MIDI Sequencer Device (MCI) PNPBO11
Wave Audio Device (MCI) PNPBO012
VISCA VCR Device (MCI) PNPBO013
Pioneer® LaserDisk Device (MCI) PNPB014
CD Audio Device (MCI) PNPB015
Yamaha® OPL3-compatible FM synthesizer device PNPB020

Joystick/game port PNPBO2F
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Glossary

This glossary contains definitions of terms and phrases printed in italic throughout
this guide. Also included are additional terms and phrases important to the PC 95
that are found in various industry standard specifications and the Plug and Play
specifications published by Microsofte.

Among the definitions in this appendix, some words and acronyms also appear in
italics. This indicates that the definition for that term is also found in the glossary.

A

ACCESS.bus
A four-pin serial bus that connects a local computer with a low-speed I/O device
such as a keyboard, a mouse, and so on.

Advanced port replicator
A port replicator that provides some extra functionality not available in the
portable system. This makes it possible to offload onto an optional attachment
devices that add weight and hinder portability.

Advanced power management
(1) A software interface (defined by Microsoft and Intel) between hardware-
specific power management software (such as that located in a system BIOS)
and an operating system power management driver. Advanced power manage-
ment supplies one or more layers of software that can reduce the power con-
sumption of power-manageable hardware in a computer system.

(2) The specification that documents the software interface—that is, an
abridgment of the Advanced Power Management (APM) BIOS Interface
Specification title.

APM

See advanced power management.
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Arbitrator

A software module in Windows 95 that handles the allocation of hardware
resources among devices.

ASIC
Acronym for application-specific integrated circuit.

ATA

Acronym for AT Attachment, formerly known as, and used interchangeably
with, Integrated Drive Electronics.

ATAPI
See AT Attachment Packet Interface.

AT Attachment
An integrated bus generally used between host processors and disk drives.

AT Attachment Packet Interface

A hardware and software specification that documents the interface between
a host computer and CD-ROM drives using the AT Attachment (ATA) bus.

B

Bus enumerator

A bus device driver that detects devices located on a specific bus and loads
information on these devices into the hardware tree.

C

Card select number

The handle created by the system BIOS or the operating system through the
isolation process, and assigned to each Plug and Play card on the ISA bus as
a unique identifier.

Children

Any number of devices attached to a system bus that must be enumerated by
a bus enumerator.

Cold docking

A method of removing or installing a mobile system in a docking station, in
which the computer must be completely shut down (power off) before it can
be docked or undocked.

Compatibility mode
See printer port compatibility mode.
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Configurable resources

A group of resources, such as IRQ signals, DMA channels, I/O port addresses,
and memory addresses, available on a device from which the configuration
manager can choose one of each to represent the resources of the device, and
thus avoid resource conflicts with other devices. See also static resources.

Configuration manager

The Plug and Play system component that drives the process of locating
devices, setting up their nodes in the hardware tree, and running the resource
allocation/deallocation process.

Conflict
See resource conflict.

CSN

See card select number.

D

DCI
See Display Control Interface.

DDC
See display data channel.

Device
Any circuit that performs a specific function, such as a parallel port.

Device ID
A device identification string, in many cases beginning with a three-letter
standard EISA identifier, that distinguishes every logical device and bus from all
others on the system.

Device node

A data structure that contains the unique characteristics of each logical device
and bus on the system. This structure consists of the device identifier, a list of

resources required by the logical device or bus, a list of resources allocated to
the logical device or bus, and, in the case of a bus, a list of children associated
with the device node. Commonly referred to as a devnode.
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DIB
Acronym for device-independent bitmap.

DIB engine
A dynamic-link library (DLL) provided by Microsoft. Minidrivers call the
functions in this library to perform bitmap operations, manage graphics objects,
manage color palettes, and draw lines, curves, filled shapes, and text. Display
drivers written for display adapters that do not allow direct access to the frame
buffer can also use the DIB engine to perform memory-bitmap operations.

Digital signal processor

An integrated circuit designed for high-speed data manipulations, used in audio,
communications, image manipulation, and other data-acquisition and data-
control applications.

Direct memory access
A method of moving data from a device to memory (or vice versa) without the
help of the microprocessor. The motherboard uses a DMA controller to handle a
fixed number of “channels,” each of which may be used by only one device at a
time.

Display Control Interface

A driver-level software interface that provides access to display devices. DCI
provides a device-independent way for Windows subsystem software such as
3-D graphics packages, games interface packages, or digital video codecs to
access display device—dependent features.

Display data channel

A communications channel between a monitor and the display adapter to which
it is connected. This channel provides a method for the monitor to convey its
identity to the display adapter.

Display power management signaling

A standard method by which the display adapter signals the monitor to enter into
a defined set of power management states. This method is defined in VESA’s
Display Power Management Signaling (DPMS) standard.

DL-vxD
See Dynamic Load Virtual “anything” Driver.

DMA

See direct memory access.
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Dock serial identifier

An identification method used by Windows 95 that involves combining the
docking station location identifier and the serial number returned by the system
BIOS Function 5, Get Docking Station Information. Windows 95 uses the dock
serial identifier during the boot process, and after a warm docking or undocking
event, to determine whether to use the docked or undocked configuration.

Docking station
A base unit into which a user can insert a mobile system to provide additional
hardware functionality and expansion.

DPMS

See display power management signaling.

DSP

See digital signal processor.

Dynamic detection

The process by which a system can detect that a new device has been added or
removed from the PC. This process allows the operating system and applications
to immediately begin using the added devices or stop using the removed devices
without rebooting the system.

Dynamic Load Virtual “anything” Driver

A type of VxD that can be dynamically loaded or unloaded after the system
starts. DL-VxDs are the best type of driver for devices in docking systems that
employ warm docking or hot docking because Windows 95 does not have to be
rebooted after the portable system is docked or undocked. This type of driver
can also receive messages from Windows 95, which means that if a device is
going to be removed during a warm undocking event, it can be consulted first.

E

ECP
See Extended Capabilities Port.

EDID
See Extended Display Identification.

EISA
See Extended Industry Standard Architecture bus.
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Energy Star ,
Abridgment of EPA Energy Star computers. A program initiated by the U.S.
Environment Protection Agency and computer manufacturers documenting
standards of power management designed to reduce the electricity load of
computer systems in the commercial sector. Computers that meet the
requirements of the Energy Star program qualify for the Energy. Star logo.

Enhanced Parallel Port

An asynchronous, 8-bit-wide parallel channel controlled by the computer,
as defined by the IEEE P1284 standard.

Enumeration

The process by which logical devices and buses, and their available resources,
are identified. The logical devices and buses can be enumerated by the system
BIOS, the operating system, or device drivers.

Enumerator
A Plug and Play system component that takes responsibility for detecting
logical child devices and reports the existence of those devices to the
configuration manager during startup. Enumerators can also take responsibility
for setting up their children.

EPP
See Enhanced Parallel Port.

Exit-point terminator
A SCSI bus terminator that resides at the conjunction of the internal and
external connectors on the host adapter. This terminator can be automatically
turned on or off depending on the configuration of the SCSI bus. If an internal
and external drive are connected to the bus, the exit-point terminator is disabled.
For all other configurations, the terminator is enabled. The exit-point terminator
can be enabled or disabled either mechanically or through a software interface.

Expansion bus

A group of address, data, and control lines that provide a buffered interface

to devices located either on the motherboard or on cards that are plugged into
expansion connectors. Common expansion buses included on the motherboard
are the ISA, EISA, Micro Channel, PCMCIA, VL-bus, and PCI buses.

Expansion card
A card that connects to an expansion bus that contains one or more devices.

Expansion ROM
See option ROM.
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Extended Capabilities Port
An asynchronous, 8-bit-wide parallel channel defined by IEEE P1284 that
provides PC-to-peripheral and peripheral-to-PC data transfers.

Extended Display Identification

A data structure containing information about the identity and capabilities of a
monitor that supports VESA’s Display Data Channel standard.

Extended Industry Standard Architecture bus
A 32-bit PC expansion bus designed as a superset of the Industry Standard
Architecture (ISA) bus. This bus was designed to expand the speed and data
width of the PC expansion bus, while still supporting older ISA cards.

F

FDC
Acronym for floppy disk drive controller.

H

Hardware Compatibility Tests
A suite of tests that verify hardware and device driver operation under a specific
operating environment. These tests exercise the combination of a device, a
software driver, and an operating system under controlled conditions, to verify
that all three components are operating properly.

Hardware tree
A collection of hierarchical device nodes that describe the devices and buses on
the PC. The main data structure in the Plug and Play framework of Windows
95. The hardware tree is an in-memory tree of all existing device nodes that
represent logical devices currently on the system. The hardware tree on a purely
Plug and Play system is completely dynamic and is populated every time the PC
boots. The hardware tree can also be changed without booting if certain devices
are added or removed from the system. The hardware tree reflects existing
logical devices and resources, resource requirements (including
interdependencies), and current resource allocation.

HCT ,
See Hardware Compatibility Tests.

Hot docking

A method of removing or installing a mobile system in a docking station, with
which the user can dock or undock while the computer is running at full power.
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Hot-plugging
The capability of connecting or disconnecting a peripheral to the PC without
turning off the peripheral or the PC. Neither the peripheral nor the PC can be
permanently damaged during hot-plugging. The user need not intervene for
the peripheral and the PC to recover fully. Hot-plugging does not necessarily
indicate that the peripheral can be dynamically detected. See also dynamic
detection.

I

IHV
Acronym for independent hardware vendor.

Industry Standard Architecture bus

An 8-bit, and later a 16-bit, expansion bus that provides a buffered interface
from devices on expansion cards to the PC internal bus. The most common
expansion bus found on PC-compatible motherboards.

JINF file

A file typically provided on a disk with an adapter that provides SETUP with
the information required to set up that device, such as a list of valid logical
configurations for that device, the names of driver files associated with the
device, and so on.

Initial program load :

A device used by the system BIOS during the boot process to load an operating
system into memory.

Initiation key
A sequence of hexadecimal writes to the ADDRESS port on the ISA bus used
as a key to enable the Plug and Play logic on all ISA cards in the system
(including boot devices). The sequence consists of 32 known hexadecimal
values supplied by the system software that are compared with the hexadecimal
values generated by an initiation key linear feedback shift register. The initia-
tion key sequence occurs after any system reset, whether it is a hardware or
software reset. If the proper series of I/O writes is detected, the ISA Plug and
Play auto-configuration ports are enabled and the actual configuration sequence
can begin. '

Integrated devices

Any devices, such as parallel ports, display adapters, and so on, that are
designed on the motherboard rather than on an expansion card.
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Integrated pointing device
Any pointing device, such as a mouse, that is mechanically integrated into the
case of a mobile computer.

Interrupt request

A method by which a device can request to be serviced by the device’s software
driver. The motherboard uses a programmable interrupt controller (PIC) to
monitor the priority of the requests from all devices. When a request occurs, the
microprocessor suspends the current operation and gives control to the device
driver associated with the interrupt number issued. The lower the number, for
example, IRQ3, the higher the priority of the interrupt. Many devices only
support raising requests of specific numbers.

IPL
See initial program load.

IrDA
Acronym for Infrared Data Association.

IRQ

See interrupt request.

ISA
See Industry Standard Architecture.

Isolation

The process by which cards on an ISA bus are distinguished from one another
after power is applied to the system, or the system is reset.

L

Legacy
A colloquial description usually referring to older devices or systems that are
not Plug and Play compatible.

LFSR
See linear feedback shift register.

Linear feedback shift register
A function used on a Plug and Play ISA expansion card that generates an
initiation key and provides a checksum verification of serial data that is read
during the ISA isolation sequence.
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Local bus

Generally refers to a system bus that is directly connected to the microprocessor
on a motherboard. Local bus is used colloquially to refer to motherboard buses
located closer to the microprocessor than are ordinary expansion buses (that is,
with less buffering), which are therefore capable of greater throughput. The PCI
bus and VL-bus are often referred to as local buses.

M

Micro Channel architecture

A high-performance, 32-bit bus structure developed by IBM and implemented in
the PS/2-series computers.

Motherboard

The primary circuit board in a computer system that contains most of the basic
components of the system. Also referred to as system board and planar.

MPEG

Acronym for Motion Picture Experts Group, used when referring to one of
several standard video-compression schemes.

N

8

NDIS
Acronym for Network Driver Interface Specification.

Network Driver Interface Specification

An interface for network card drivers. It provides transport independence for
network card vendors because all transport drivers call the NDIS interface to
access network cards.

Nibble mode

An asynchronous, peripheral-to-host channel defined in the IEEE P1284 stan-
dard. This mode provides a channel for the peripheral to send data to the host,
which is commonly used as a means of identifying the peripheral.
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O

OEM
Acronym for original equipment manufacturer, used in this guide primarily
to refer to PC systems manufacturers.

Option ROM
An optional read-only memory found on PC bus expansion cards. This ROM
usually contains additional firmware required to properly boot the peripheral
connected to the expansion card, for instance, a hard drive. Also referred to
as an expansion ROM.

P

Packed-pixel frame buffer

A portion of the display memory that holds the contents of a single screen image
with screen bits stored in a single plane, with each pixel on the screen having a
set of two or more corresponding bits that define the pixel color.

Parent

A device node located on the hardware tree that is capable of having one or
more children (typically a system bus of some sort).

PC 95

A PC specifically designed to incorporate all aspects of the Plug and Play
initiative (hardware, BIOS, and device drivers), which includes additional
hardware enhancements optimized for Windows 95.

PCI

See Peripheral Component Interconnect.

PCMCIA

Although this acronym makes up the name of the Personal Computer Memory
Card International Association, it is generally used to refer to a type of
expansion card documented in the PCMCIA standards.

Peripheral Component Interconnect

A high-performance 32-bit or 64-bit bus designed to be used with devices that
have high bandwidth requirements, such as the display subsystem.

PIC
Acronym for programmable interrupt controller.
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Planar
See motherboard.

Plug and Play

A design philosophy and a set of specifications that describe hardware and
software changes to the PC and its peripherals that automatically identify and
arbitrate resource requirements among all devices and buses on the system.

PnP
See Plug and Play.

Port replicator

Low-cost docking station substitute, intended to provide convenient, one-step
connection to multiple desktop devices.

POST

See power-on self test.

Power-on self test

A procedure of the system BIOS that identifies, tests, and configures the PC
in preparation for loading the operating system.

Printer port compatibility mode

An asynchronous, host-to-peripheral parallel port channel defined in the IEEE
P1284 standard. This mode is compatible with existing peripherals that attach to
the Centronics-style PC parallel port.

R

RAMDAC
See random access memory digital-to-analog converter.

Random access memory digital-to-analog converter

A chip built into some VGA and SVGA display adapters that translates the
digital representation of a pixel into the analog information needed by the
monitor to display it. The presence of a RAMDAC chip generally enhances
overall display performance.

Redbook audio

The data format standard for conventional audio CDs used in home and auto-
motive stereo systems.
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Registry
The tree-structured hierarchical database in which general system hardware and
software settings are to be stored. The registry is intended to supersede use of
separate .INI files, over time.

Resource arbitrator

A set of functions used by the configuration manager to arbitrate and allocate
resources on the PC.

Resource conflict

The result of more than one device sharing the same, nonsharable resource.
Conflicts may cause the device to be partially functional or nonfunctional,
or may cause the PC to malfunction completely.

Resource data type function

A function that describes the resource requirements of an ISA expansion card,
along with the programmability available on the card and its interdependencies.

Resources

A general term that refers to inferrupt request (IRQ) signals, direct memory
access (DMA) channels, I/O port addresses, and memory addresses.

RLE
Acronym for run-length encoding, a data-compression scheme.

RLE compression
A data-compression technique in which successive bytes of identical data are
converted to a 2-byte pair, consisting of the repeated data byte and the repeat
count.

ROM scan

(1) The process the system BIOS performs to detect any option ROMs on the
PC. The system BIOS performs a read at addresses located on 2K boundaries
between C0000h and EFFFFh. If an AAS55h is detected at one of the addresses,
a verification process determines whether an option ROM actually exists at that
address.

(2) The process the operating system performs to determine whether the system
BIOS supports Plug and Play. The operating system performs a read at
addresses located on 16-byte boundaries between 0F0000h and OFFFFFh. If

a $PnP ASCII string is located, the system BIOS is Plug and Play compatible.
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S

SCAM
See SCSI Configured AutoMatically.

ScCsi

See small computer system interface.

Small computer system interface

An I/O bus designed as a method of connecting several classes of peripherals to
a host system without requiring modifications to generic hardware and software.

SCSI Configured AutoMatically

A protocol that defines a means of automatically setting the identifier assign-
ment of any host adapters and SCSI devices connected to the bus.

Soft ejection
A method of removing a device from the PC, or media from a PC peripheral, by
using a software command.

Soft power-down

The process by which the PC system can be powered down using a software
command. ’

SPI
Acronym for SCSI-3 Parallel Interfaces.

Spin-down
A power management capability in which a hard drive shuts down its spindle
motor to conserve power.

Static resources

Device resources, such as IRQ signals, DMA channels, I/O port addresses,
and memory addresses, that cannot be configured or relocated. See also
configurable resources, resources.

Surprise-style ejection mechanism

A simple mechanical button that physically disconnects a portable system from a
docking station without any prior warning to the operating system or the system
BIOS. ‘

System board
See motherboard.
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T

Tree model
See hardware tree.

Tuple
A data structure defined by the PCMCIA that describes a single, specific char-
acteristic of a PC card. Tuples are chained together to form the PC card’s card
information structure (CIS), which describes to system software the PC card’s
resource requirements and other characteristics. Tuples consist of a tuple code,
an offset to the next tuple, and a number of bytes specific to the tuple.

v

VBE/DDC
Acronym for VESA BIOS Extensions/Display Data Channel.

VBE/PM
Acronym for VESA BIOS Extensions/Power Management.

VCR-style ejection mechanism

A method for ejecting a portable system from a docking station. A VCR-style
system provides a fail-safe (locking) mechanism for docking and undocking.
Pressing the eject button signals the user’s intent to the BIOS, which consults
Windows 95, which in turn consults various hardware and software components
of the system. Programs have a chance to save and close files they have open
over the network, and potentially even to veto the undocking. Only when all
processes approve the undocking event is the portable system ejected. A VCR-
style mechanism is also useful during docking, because the docking station may
reject a portable system that the user has attempted to insert in the wrong power

- state. At a minimum, a VCR-style system should have a locking mechanism. At
most, a VCR-style system could have a fully motorized locking and unlocking
mechanism. )
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VESA
Acronym for Video Electronics Standards Association.

VESA BIOS Extensions/Display Data Channel

A standard that defines a set of display BIOS extensions that provide a software
interface for reading the identity of a DDC-compatible monitor.

VESA BIOS Extensions/Power Management

A standard that defines a set of display BIOS extensions that provide a software
interface for controlling the power management features of flat-panel displays
and DPMS-compatible monitors.

Virtual “anything” Driver
A device driver that runs at the privileged Ring 0 protect mode of the micro-
processor. These drivers can extend the services of the Windows 95 kernel, or
supervise hardware operations, or perform both functions. Such driver files are
usually named according to the scheme Vxxxx or VxxxxD, where xxxx refers to
the device or service supported.

VL-bus

Abridgment of VESA local bus. An expansion bus designed to provide a high-
speed interface to microprocessors specifically based on the 386SX, 386DX,
and 486 architectures.

Voice view
Capability for a modem to dynamically switch between voice and data.

VxD
See Virtual “anything” Driver.

W

Warm docking

A method of removing or installing a mobile system in a docking station, with
which the computer can be docked or undocked while in a reduced power state,
such as suspend.
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The following documents are available in the CompuServe Plug and Play library
(log in, enter “go plugplay”).

Advanced Power Management (APM) BIOS Interface SpecificationPlug and Play
Plug and Play BIOS Specification

Plug and Play External COM Device Draft Specification

Plug and Play ISA Specification

Plug and Play Parallel Port Devices

Plug and Play SCSI Specification

The following document is available in the CompuServe Windows Multimedia
library (log in, enter “go winmm”).

Display Control Interface

The CompuServe Plug and Play library also contains several diagnostic programs
for testing Plug and Play hardware.

Infrared Data Association Serial Infrared (SIR) Physical Layer Specification

For general information about infrared technology, contact the Infrared Data
Association (IrDA), an organization for defining infrared standards:

John LaRoche

Infrared Data Association Administrator
23 San Marino

Walnut Creek, CA 94598

Internet:  jlaroche @netcom.com

A copy of the Infrared Data Association Serial Infrared (SIR) Physical Layer
Specification is accessible by password account. You can access the FTP site by
using anonymous ftp to hplose.hpl.hp.com (IP address 15.254.100.100). Use your
email address as the password. Then issue the ftp user command to access the I'DA
area: .

user irda
password: t@phat

Note that the password includes a zero, not a capital O. Do not log into the FTP site
as irda. Use the “user” command after you have logged in anonymously.



328 Hardware Design Guide for Microsoft Windows 95

Microsoft Compatibility Labs

Microsoft Corporation
One Microsoft Way
Redmond, WA 98052-6399

Telephone: 1-206-635-4949

Fax: 1-206-936-7329
Internet: mclinfo@microsoft.com
CompuServe: 72350,2636

Microsoft Developers Network (MSDN)

Telephone: 1-800-759-5474
1-402-691-0173 (outside the US and Canada)

Microsoft Internet FTP server
Internet: ftp:/ftp.microsoft.com/developr/pc95
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The docking station scenarios in this appendix describe the sequence of events that
occur during various docking and undocking situations, including events occurring
in the hardware, operating system, system BIOS, and device drivers. These
scenarios are included to show, generally, how these events interact.

Cold Booting

Microsofte Windows 95™ keeps no record of the docking state a computer was
in the last time it was started, so the cold-booting process is the same whether the
user recently docked the computer or undocked it.

1. During the power-on self-test (POST) phase, the Plug and Play BIOS configures

all motherboard devices and Plug and Play ISA cards necessary to boot the
system. This involves serving as a resource arbitrator to make sure there are no
conflicts in the IRQ signals, DMA channels, and I/O addresses allocated to
these devices. After the POST process, control of the system configuration
passes to the configuration manager in Windows 95.

. Before processing CONFIG.SYS, Windows 95 determines the configuration the

system is in, using the dock identifier and serial number. (If the user has multiple
menu blocks set up while Windows 95 processes CONFIG.SYS, the system will
process only the block mapped to the detected configuration.)

. 'Windows 95 builds the hardware tree, a hierarchical data structure that tells

what hardware is. present in the system. Every nonleaf node in the tree is an
enumerator. The children of the ROOT of the tree are all the static devices and
the BIOS enumerator. The hardware tree is built as follows:

a. The ROOT enumerator automatically enumerates all static devices listed
in the registry.

b. The configuration manager tells the BIOS enumerator to enumerate all of its
children. The children of the BIOS enumerator are all the motherboard
devices and all buses present in the system.

c. The BIOS enumerator can enumerate all motherboard devices without doing
any hardware detection, because it has the enumeration information in ROM.

d. The configuration manager tells all other enumerators (such as the ISA
enumerator) to enumerate their children.

e. The ISA enumerator and all other bus drivers enumerate their children using
standard Plug and Play device detection.

f. As enumerators enumerate their devices, they call the configuration manager
and ask it to create device nodes. The configuration manager checks the
configuration flags (the bits set on a per-configuration basis for each device,
which indicate whether to create a device node or not and whether to load the
driver).
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4. As the window manager part of Windows 95 is loading, the drivers for all

Plug and Play devices in the hardware tree and for all static devices in the
current hardware profile are loaded. Windows 95 does not attempt to load
drivers for those device nodes marked as disabled for a specific configuration.

As drivers are loading and Windows 95 is configuring itself, applications call
into the HKEY_CURRENT_CONFIG section of the registry (which has
already been remapped for the new configuration) and read out their appropriate
settings (for example, video resolution).

Warm VCR-Style Undocking

Warm VCR-style undocking is a fail-safe way of disconnecting a portable PC
from a computer while the computer is in a reduced power state (suspended or
on standby). After the user presses the eject button or issues a command in the
Windows 95 user interface to eject the portable, applications can first save and
close any files they have open over the network. Only after all components signal
approval of the undocking is the portable ejected.

Initiated by Button on Dock

1.

The user presses the eject button on the docking station. This generates a hard-
ware interrupt or an SMI, which the Plug and Play BIOS traps.

The BIOS uses the event notification interface to communicate to BIOS.VXD
that an undocking event has been initiated. This involves setting bit O of the
Event flag to 1, to indicate that a message is waiting. For more information
about the event notification interface, see the Plug and Play BIOS Specification.

BIOS.VXD polls this bit and notices that it is set, then calls the Plug and Play
BIOS function Get Event to retrieve the ABOUT_TO_CHANGE_CONFIG
message .

BIOS.VXD calls the configuration manager routine CHANGE_CONFIG.
QUERY_CHANGE_CONFIG “query-removes” all device nodes for which
the bits Don’t Create or Disable have been set.

. When a device node is query-removed, the configuration manager broadcasts

a message to all event sinks (including the driver of the device itself) that the
device is going to be removed. If there is no objection, it returns Success. If any
application objects, it should query the user about what to do next.

If any of the query-removes fail, the QUERY_CHANGE_CONFIG returns
Failure to BIOS.VXD.
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10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

If QUERY_CHANGE_CONFIG succeeds, the BIOS enumerator recursively
warns all of its offspring of the undocking event. All of its immediate leaf-node
children are motherboard devices, so the BIOS should have built-in knowledge
about which of them are on the docking station and which are on the portable
system. Only those devices not on the portable system are warned.

All of the BIOS enumerator’s non-leaf-node children are other enumerators.
Each will be marked as either on the docking station or on the portable system.
For all enumerators marked as on the docking station, the BIOS enumerator
sends the QUERY_REMOVE_SUBTREE message.

All enumerators that receive QUERY_REMOVE_SUBTREE should then warn
all their device children. If they have enumerator children, they should pass on
the QUERY_REMOVE_SUBTREE message.

Warning a device involves sending the DEVICE_QUERY_REMOVE message
to the device driver, and broadcasting an event to all Windows 95 event sinks
that the device is being removed.

If at any time an application rejects a query-remove, that rejection will filter
back up to BIOS.VXD. If BIOS.VXD receives any rejections from device
drivers, event sinks, or from the ROOT enumerator, it will cancel the undocking
event by calling the Plug and Play BIOS function Send Message, with a
message of ABORT.

If there are no “objections” to the undocking event, BIOS.VXD sends the OK
message to the Plug and Play BIOS.

The BIOS then suspends the computer (if necessary) through the APM 1.1

- interface and tells the VCR-style ejection mechanism to eject the portable

system.
The computer remains suspended for some time.
The user “wakes up” the computer after the undocking event has taken place.

The Plug and Play BIOS sets the message bit. BIOS.VXD notices this, calls
Get Message, and retrieves the DOCK_CHANGED message.

BIOS.VXD calls the configuration manager CM_RECOMPUTE_CONFIG
service with the new dock serial identifier as a parameter (which it has retrieved
from the Plug and Play BIOS using the GetDockSerialID function). The
configuration manager recomputes the current hardware profile, updates the
CurrentConfig key in the registry, and tells the ROOT enumerator to
reenumerate the hardware tree.

The configuration manager broadcasts the message “configuration has changed”
to all event sinks.

Any configuration-aware control-panel applications or other “interested”
applications may receive the “configuration has changed” message and change
their settings dynamically.
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Initiated by Windows 95

1.

2.

4,

The user tells a Windows 95 user interface component to eject the portable
system.

Windows 95 broadcasts an undocking event for which only BIOS.VXD is
listening. This message says “please initiate an undocking sequence.”

. BIOS.VXD calls the Plug and Play BIOS service Send Message with the

message UNDOCK_DEFAULT_ACTION. The purpose of this message is
to tell the BIOS to behave exactly as if the user had pushed the button on
the docking station.

The system then behaves exactly as in the previous scenario, starting at step 2.

Warm VCR-Style Docking

A warm VCR-style docking mechanism is useful in rejecting improper docking—
for example, attempting to dock a portable PC that is in the wrong power state.

1.
2.

The user inserts the portable system into the docking station.

If the portable is in a suspended state, the docking event should take place
immediately.

If the portable is running and is incapable of hot-docking, the BIOS should
suspend it before completing the docking event. If the suspension fails, the
portable should be ejected; if it succeeds, the portable should then be docked.

In neither of these two cases is the ABOUT_TO_CHANGE_CONFIG
Plug and Play BIOS message sent. This message is sent only during an
undocking event; the message could lead to user interaction, which is not
acceptable during a docking event because there may be no display.

The portable remains suspended for some time.

. The user “wakes up” the portable after the docking event has taken place.

The Plug and Play BIOS sets the message bit. BIOS.VXD notices this, calls
Get Message, and retrieves the DOCK_CHANGED message.

BIOS.VXD calls the configuration manager CM_RECOMPUTE_CONFIG
service with the new dock serial identifier as a parameter (which it has retrieved
from the Plug and Play BIOS using the GetDockSerialID function). The con-
figuration manager recomputes the current hardware profile, updates the
CurrentConfig key in the registry, and tells the ROOT enumerator to
reenumerate the hardware tree.

BIOS.VXD also broadcasts a Windows 95 event that says “configuration has
changed.” Any configuration-aware applications can then change their settings
accordingly.
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external peripherals 91
features common to the desktop PC 86
features different from the desktop PC 87
infrared ports 92
modem 87-88
overview 85
pen 92-93
VCR-style or locking mechanism 89-90
warm or hot docking 88
required features
Advanced Power Management (APM) 83-84
display panels 85
features common to the desktop PC 82
features different from the desktop PC 82
serial port 83
requirements vs. recommendations 81
Mode 2 capabilities, CD-ROM drives 69
Mode support
mobile systems 82
parallel devices 222
parallel ports 111, 114
MODEL key, parallel device identifier strings 223
Modem adapters, internal 115-118
Modem communications, improved support for 80
Modems
device identifiers 298
mobile systems 87-88
serial modem requirements 219
table of device features 226



Index

343

Monaural sound, audio circuit requirements 127
Monitor timings 58, 104, 194
Monitors
See also Display adapters
connector 195
display data channel specifications 195-197
hot-plugging 197

illustration of DDC pins on the monitor connector 196

monitor timings 194
overview 58, 193
power management 194, 240
resolution
display adapter recommendations 109
display adapter requirements 104
monitor requirements 194
multimedia system recommendations 70
table of device features 225
Motherboard buses 144
Motherboard devices
configuring 242-243
device identifiers 297
device node layout 250-261
retrieving information about 241
Motherboard enumerator, system BIOS as 233
Motherboards
adding devices to 101
advantages of placing devices on 35

circuits not required to be completely configurable 46

designing for Plug and Play 20, 37-38
determining components 34-37
eliminating jumpers and switches 38
enumerating and configuring using system BIOS 37
fully programmable 42
illustration of components 36
mobile systems 82
motherboard devices 50, 57
power management support 60
recommendations 56
requirements 49-50
using configurable resources 37
using static resources 37
Motion Picture Experts Group (MPEG) IC 71
Mouse
device identifiers 298
illustration of serial mouse connector 218
Plug and Play serial mouse 218-219
recommendations 210
requirements 208-210
table of device features 226
Mouse port
mobile systems 82, 86
multimedia systems 69
recommendations 58, 136-137
requirements 134-135

MPEG data compression 71
Multimedia device identifiers 303
Multimedia PC 95 systems
audio I/O 73
audio waveform 72
balanced systems, described 66
broadcast-quality developer systems 63, 64
bus 67
CD-ROM 68-69
CD-ROM-quality developer systems 63, 64
consumer systems 63, 64
disk space considerations 66
display acceleration hardware 70-71
display monitor resolution 70
finely tuned development system, creating 74
hard drive /O 68
microprocessor 67
MIDI 72-73
mixing capabilities 73
MPEGIC 71
overview 63-65
ports 69
RAM 67
signal-to-noise ratio 74
table of recommended components 64
video capture and compression 74
Musical Instrument Digital Interface (MIDI) 72-73

N

NDIS 3.1 support, network adapter requirements 132
Network adapters
device identifiers 299-302
mobile systems 86
recommendations 133-134
requirements 131-133
table of device features 141
Nibble mode support
mobile systems 82
parallel devices 222
parallel ports 111
Noise in PC audio systems, controlling 74
Null modem cable 69, 80
Numbers, conventions used in this guide xiii
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Offline video capture and compression 74
Option ROMs
boot process 236
display adapter option ROM 267
expansion cards 147, 264
hooking interrupts 265-266
initialization of devices on ISA expansion cards 102
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Option ROMs (continued)
mobile system requirements 82
non—Plug and Play initialization 266
Plug and Play option ROMs
design 265-267
overview 264-265
power management extensions 108
SCSI adapter option ROM 268
system BIOS run-time functions 267
Organization tuple 185, 186
Output connector, audio circuit requirements 128

P

P1284 compliance
label required on cables 62
parallel devices 221, 224
parallel ports 113
Packed-pixel frame buffers 103, 106
Parallel devices
device driver information 224
device identifiers 295
illustration of P1284-compliant connectors 222
recommendations 223-224
requirements 221-223
Parallel ports
assigning LPT1 249
Centronics interface 110
example ECP parallel port 43-46
illustration of P1284-compliant connectors 113
mobile systems 82, 86
multimedia systems 69
recommendations 59, 112-114
requirements 52, 110-112
table of device features 140
Passive vs. regulated terminators 203
PC 95 systems
See also Desktop PC 95; Mobile systems; Peripherals
design philosophy xii
key elements of 4
overview
costs and benefits 8-9
definition of PC 95 system 4
new hardware standards 7-8
Plug and Play, described 5
Windows 95 operating system, described 6—7
required vs. recommended features 48
Windows 95 Logo, meaning of 4
PC problems to overcome with Plug and Play 12-13
PCI bus
See also Buses
connecting integrated devices to 34
interrupts, rules for 42

PCI bus (continued)
mobile systems 86
multimedia systems 67
PCI cards
bus-master privileges 144
placing expansion ROM on 180
requirements for Plug and Play 179-180
using an ISA bus with a PCI bridge 180
PCMCIA cards
assigning I/O or memory regions 181
1/O card recommendations 183-184
I/O card requirements 181-183
memory card requirements 185-186
overview 180
PCMCIA controller chip set device identifiers 297
PCMCIA port 69, 86
PCMCIA socket controllers 145
Pen-based input, support for 81
Pen pointing devices 92-93
Pen tables See Mobile systems
Pentium 60 or 100 system 67
Performance, enhancing by connecting devices to high-speed
expansion bus 34
Peripheral Component Interconnect See PCI bus; PCI cards
Peripherals
ATA (IDE) peripherals 204-207
cable icons 52-53
cables 225
display monitors 58, 193-197
hot-plugging 193
identification of 21, 192
illustrations
cabling inside peripheral device cases 202
connector icons 52-53
DDC pins on the monitor connector 196
P1284-compliant connectors 222
SCSI external peripheral configuration 203
serial mouse connector 218
typical Plug and Play internal cabling 201
keyboard 211-214
mobile system recommendations 91
mouse 208-210
other input devices 215
other storage peripherals 207-208
overview 191
parallel devices 221-224
Plug and Play features 192
power management 224
requirements vs. recommendations 192
SCSI peripherals 197-204
serial devices 215-220
serial modem 219
serial mouse 218
tables of device features 225-227
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Piano-style keyboard, standard MIDI port for 73
Plug and Play

Plug and Play cards and buses (continued)
ISA expansion cards (continued)

See also Plug and Play cards and buses; Plug and Play
option ROMs; Plug and Play system BIOS
architecture, described 16
benefits of 14, 25-27
costs of 24-25
device enumeration, described 6
device IDs See Device identifiers
device drivers 77
docking, described 6
example ECP parallel port 43-46
functions See Resource data type functions
hardware overview 20-21
how Plug and Play works 16-19
illustrations
mapping circuit control for ECP parallel port 44
Plug and Play ECP parallel port 43
Plug and Play PC system block diagram 15
tree model of a PC system 17
ISA extensions 178
new operating system capabilities 22—-24
overview 5, 14-19
PC problems to overcome 12-13
peripherals, general features of 192
recommendations for complete support of 54-55
software compatibility with existing PCs 25
specifications, list of titles 15
static resources vs. Plug and Play resources 42
version number 273

Plug and Play cards and buses

ACCESS.bus devices 188

bus-master privileges 144

device identification 145-146

EISA cards 187

illustrations
checksum linear feedback shift register 163
deriving values for the initiation key 157
initiation key block diagram 158
initiation key linear feedback shift register 156
ISA card, logic flow for auto-configuration 150
isolation sequence block diagram 162
Plug and Play standard register map 169
Plug and Play standard register space 153
serial identifier and resource data 165
shifting the serial identifier 160
using address configuration registers 176

using interrupt and DMA configuration registers 176

ISA expansion cards
accessing configuration information 175-177
auto-configuration ports 151-153
BIOS support 178
card control registers 153-154
configuration sequence 150-151

configuring the card 168-175
conflict resolution 149
initiation key sequence 155-158
ISA boot devices 177-178
isolating 159-164
option ROM support 264
overview 148
Plug and Play ISA standards 149
reading the resource data 164-168
recommendations 179
requirements, overview of 148
serial identifier, construction of 166
Micro Channel cards 187
motherboard buses 144
overview of required changes 39, 144
PCI cards 179-180
PCMCIA cards
assigning I/O or memory regions 181
I/0 card recommendations 183184
I/O card requirements 181-183
memory card requirements 185-186
overview 180
PCMCIA socket controllers 145
requirements vs. recommendations 146
slots for expansion cards, updating 144
VL-bus cards 186, 264
Plug and Play option ROMs
design 265-267
hooking interrupts 265-266
non—Plug and Play initialization 266
overview 264-265
system BIOS run-time functions 267
Plug and Play system BIOS
See also System BIOS
detection of Plug and Play support 236
function recommendations 246-247
function requirements 241-246
mobile systems 82, 86
motherboard 49, 56
overview 19, 232
POST process 235-236
support for Plug and Play ISA devices 178
VCR-style or locking mechanism 90
PNP device identifiers
See also Device identifiers
PNP prefix, defined 294
Pointing device port on mobile systems 82
Polymessage MID], including support for 73
Polyphony, including support for 72
Port replicators, mobile systems 87

Ports See Keyboard port; Mouse port; Parallel port; SCSI port;

Serial port
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POST See Power-on self-test (POST) process
Power-down feature 60-61, 86
Power management

ATA (IDE) adapters 122

ATA (IDE) peripherals 207

display monitors 194

interface for power management in peripherals 224

mobile systems 83-84
option ROM extensions 108
overview 60
Plug and Play system BIOS functions 243
SCSI peripherals 204
storage peripherals 208
system BIOS support for APM 1.1 237-240
Power-on self-test (POST) process
overview of Plug and Play BIOS 20
steps performed by system BIOS 235-236
Power-up phase, described 18
Printer ports See Parallel ports
Printers
device driver information 224
mobile systems 91
recommendations 223-224
requirements 221-223
table of device features 227
Proprietary adapter requirements 207
Proprietary CD-ROM adapter device identifiers 302
Protocols
ATAPI support 62, 205
Compatibility mode and nibble mode
support 82,111, 222
Extended Capabilities Port (ECP) 43, 86, 114
SCAM protocol 124, 199
PS/2-style keyboard port 137
PS/2-style mouse 209
PS/2-style mouse port 86, 135, 136
Publications 322-328

Q

_ Quadruple-speed CD-ROM drives 69

R

RAMDAC entries, downloadable 109
Random access memory (RAM)
: digital-to-analog converter (RAMDAC) 109
mobile systems 82, 86
motherboard 50, 56
multimedia systems 67
Windows 95 system requirements 47
READ_DATA port, ISA cards 152
Real-time clock device identifier 297
Real-time video capture and compression 74

Redbook audio 69, 130
Reference of publications 322-328
Registers for Plug and Play cards 153-154
Regulated terminators 203
Reserved configuration registers 175
Resolution, display monitor
display adapter recommendations 109
display adapter requirements 104
flexible video resolution, support for 80
monitor requirements 194
multimedia system recommendations 70
Resolving conflicts See Conflict resolution
Resource arbitrator 23
Resource data for Plug and Play ISA cards, reading 164-168
Resource data type functions
examples 288-291
large resource data type
32-bit fixed-location memory range descriptor 287
32-bit memory range descriptor 285-286
ANSI identification string 283
memory range descriptor 282-283
tag bit definitions 281
Unicode identifier string 284
vendor defined 284
small resource data type
compatible device identifier 274-275
dependent functions 277-278
DMA format 276-277
End tag 280
I/O port descriptor 279-280
IRQ format 275-276
logical device identifier 273-274
Plug and Play version number 273
tag definitions 272
vendor defined 280
Resource recommendations for integrated devices 40-42
ROM scan 177
Run-time functions, system BIOS 267

S

Sampled sound, including support for 73
SCAM ID assignment algorithm 268
SCAM protocol 124, 199
SCAM SCSI peripherals 199-200
Scan codes for new keyboard keys 213-214
Scanners 215
SCSI bus termination 200-203
SCSI connectors 124
SCSI device identifiers 302 .
SCSI device requirements for Windows 95 Logo 226
SCSI host adapter
described 123
illustration of expansion card layout 126
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SCSI host adapter (continued)
option ROM 268
recommendations 125-126
requirements 123-125
table of device features 141
SCSI interface for CD-ROM drive 62
SCSI peripherals
cable configuration 200-203
identifier assignments 199-200
illustrations
cabling inside peripheral device cases 202
SCSI external peripheral configuration 203
typical Plug and Play internal cabling 201
overview 197
power management 204
recommendations 204
requirements 198-203
software-activated ejection 204
termination 203
SCSI port 61, 69
SCSI-2 alternative-2 terminators 124, 203
SCSI-2 host adapter, mobile systems 86
SCSI-3 SPI terminators 124, 203
Sensing the network connection 133
Sensing the presence of the network adapter 134
Sensing the transceiver type 133
Serial devices
device identifiers 296
infrared devices 87
recommendations 220
requirements 216-220
Serial identifier, Plug and Play ISA cards 159, 166
Serial modem requirements 219
Serial mouse
identification 209
interface requirements 208

Plug and Play serial mouse requirements 218-219

port requirements 135
Serial ports

illustration of typical 16550A serial port circuit 117

mobile systems 83
multimedia systems 69
nonstandard serial port interfaces 118
recommendations 59, 116-118
requirements 52, 115-116
table of device features 140
Shielding of sound card and cables 74
Shut-down feature 60-61, 86
Signal-to-noise ratio 74
Signals followed by an asterisk in this guide xiii
Single-speed CD-ROM drives 68
Sleep state, Plug and Play ISA cards 159

Small resource data type See Resource data type functions

Socket controllers, PCMCIA 145

Soft ejection See Software-activated ejection
Soft power-down 60-61, 86
Software-activated ejection

See also Ejection mechanisms

ATA (IDE) peripheral recommendations 206

overview 61

SCSI peripheral recommendations 204

storage peripheral requirements 207
Software-activated latch mechanism 61
Sound

See also Audio adapters; CD-ROM drives;

Multimedia PC 95 systems

device identifiers 303

MIDI 72-73

mixing capabilities, including 73

mobile systems 86

noise, controlling 74

overview of recommendations 59

Redbook audio, including support for 69

TrueSpeech compression, support for 72

waveform recommendations 72

Sound Blaster compatibility, audio circuit requirements 128

Sources of information 322-328
Speaker jacks, recommended placement of 59
Speaker-Out port, including 73
Specifications
Plug and Play specifications, list of titles 15
where to obtain 324
Speed
See also High-speed expansion bus
device speed, increasing by placing devices on
motherboard 35

hard drive transfer rate for multimedia systems 68

Spin-down 204, 207, 268

Standard MIDI port 73

Standards, where to obtain 324

STANDBY command, ATA (IDE) drives 207

Start-dependent function, small resource data type 278

START UNIT command 204, 268
Static devices
integrating Plug and Play devices with 40
vs. Plug and Play devices 36
Static resources
used by basic motherboard chip set 37
vs. Plug and Play resources 42
Stereo headphones 59
Stereo support 72
STOP UNIT command 204, 268
Storage peripherals 207-208
Stretching feature, display adapters 70
Studio-quality developer systems 63, 64, 66
Super VGA display 70
Surprise-style ejection mechanism, defined 89
Suspend requests, managing 238-239
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Switches
eliminating 38, 40
labeling 63
Synchronization of files on notebook systems, support for 81
System BIOS
32-bit and 16-bit stack 248-249
APM 1.1 power management 60, 237-240
boot process 234-236
configuration tasks during power-up 18
detection of Plug and Play support 236
enabling boot devices through bus bridges 234
function recommendations 246-247
function requirements 241-246
Int 13h Extensions 250
LPT1, assigning 249
mobile systems 82, 86
motherboard
device node layout 250-261
enumerator 233
recommendations 56
requirements 49-50
overview 232
Plug and Play system BIOS 19, 232
run-time functions 267
support for Plug and Play ISA devices 178
System devices See Devices
System-initiated suspend 238
System requirements for Windows 95 47

T

Tables
32-bit fixed-location memory range descriptor 287-288
32-bit memory range descriptor 285-286
32-bit memory space configuration 171
Additional recommended tuples 184
Advanced Power Management states 194
ANSI identification string 283
ATA (IDE) hard disk interface features 140
Audio adapter features 141
Auto-configuration ports for ISA cards 152
Basic mobile PC system configuration 94
Basic PC system configuration 75
Card control registers 154
Color ordering 108
Compatible device identifier 275
Connector icons 52
DDC-compatible VGA connector 196
DDCI display adapter connector 107
Disk controller device identifiers 296
Display adapter device identifiers 296-297
Display adapter features 139
DMA configuration registers, ISA cards 175
DMA device identifiers 295

Tables (continued)

DMA format 277

End-dependent function 278

End tag 280

Expansion bus device identifiers 297
Fixed-location I/O port descriptor 280

Floppy disk drive interface features 140
Full-function I/O port descriptor 279

I/O configuration registers, ISA cards 173
Interrupt configuration registers, ISA cards 174
Interrupt controller device identifiers 294

IRQ format 276

Keyboard device identifiers 295

Large resource data type tag bit definitions 281
Large resource item names - 281

Logical device identifier 274

Memory range descriptor 282-283

Memory space configuration 170

Mobile PC system features 95

Mobile PC system Plug and Play capabilities 94
Modem device identifiers 298

Modem features 226

Monitor features 225

Mouse device identifiers 298

Mouse features 226

Multimedia recommendations 64—65

Network adapter device identifiers 299-302
Network adapter features 141

Parallel device identifiers 295

Parallel port features 140

PC system features 76

PC system Plug and Play capabilities 75
PCMCIA controller chip set device identifiers 297
Plug and Play documents 15

Plug and Play serial identifier 166

Plug and Play specifications 15

Plug and Play version number 273

Printer features 227

Priority byte description 278

Real-time clock, motherboard device identifiers 297
Recommended SCSI identifiers 200

Required I/0 card tuples 182

Required memory card tuples 185

Reserved and vendor-defined configuration registers 175
Scan codes for new keyboard keys 213-214
SCSI and proprietary CD adapter device identifiers 302
SCSI device features 226

SCSI host-adapter features 141

Selecting DMA channel (for ECP parallel port) 45
Selecting I/O base address (for ECP parallel port) 45
Selecting interrupt number (for ECP parallel port) 45
Serial device identifier string 217

Serial device identifiers 296

Serial port features 140
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Tables (continued)
Small Resource Data Type Tag definitions 272
Small resource items 272
Sound, video-capture, and multimedia adapter device
identifiers 303
Start-dependent function 278
Timer device identifiers 295
Unicode identifier string 284
Vendor-defined resource data type 280, 284
Tape drives, using software-activated ejection or latch 61
Television-quality video
MPEG data compression 71
offline compression 74
recommended CPU 67
Termination, SCSI bus 200-203
Terminator power (TERMPWR) 203
Terminators 124,203
TERMPWR (terminator power) 203
Timer device identifiers 295
Tone passthrough 130
Touch screens 215
Trackballs 215
Transceiver type, sensing 133
Tree model of an arbitrary PC system, illustrated 17
TrueSpeech compression 72
Tuples
detection of card type by Windows 181
displaying information derived from 186
PCMCIA I/O card recommendations 184
PCMCIA I/O card requirements 181-183
PCMCIA memory card requirements 185-186
placement of configuration information 184
resource flexibility 184
tables .
additional recommended tuples 184
required I/O card tuples 182
required memory card tuples 185
Turning off power See Power-down

U

Undocking, warm VCR-style 331-333
Unicode identifier string, large resource data type 284
User-initiated suspend 238

v

VCR-style ejection mechanism 89-90

VDS (Virtual DMA Services) 268
Vendor-defined configuration registers 175
Vendor-defined resource data type 280, 284
Vendor identifier 159, 167

Version number, Plug and Play 273

VESA local bus (VL-bus)
See also Buses .
connecting integrated devices to 34
mobile systems 86
multimedia systems 67
VL-bus cards 186, 264

VGA BIOS 109

VGA cable 195

VGA display requirement 47

VGA monitor connector 195, 196

VGA option ROMs 147

VGA resources 105

Video"
capture and compression support, including 74
improving playback 70 :
rate of capture and hard drive performance 68
TV-quality, recommended CPU for 67
video-capture device identifiers 303

Virtual DMA Services (VDS) 268

VL-bus See VESA local bus

Volume control registers, master digital 73

w

‘Warm docking
mobile systems 88
VCR-style docking 333
Windows 95 support for 80
Warm undocking
undocking process with APM, described 240
VCR-style undocking 331-333
Wave table synthesis 130
Waveform synthesis vs. sampling 73
Waveforms, recommendations for multimedia systems 72
Windows 95 Logo
certification for
basic mobile PC system configuration 94
basic PC system configuration 75
Hardware Compatibility Tests (HCT) 74, 76-77
mobile PC Plug and Play capabilities 94
mobile PC system features 95
overview 74
PC system features 76
Plug and Play capabilities 75
device feature set
ATA (IDE) hard disk interface 140
audio adapter 141
display adapter 139
display monitor 225
floppy disk drive interface 140
modem 226
mouse 226
network adapter 141
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Windows 95 Logo (continued)
device feature set (continued)
parallel port 140
printer 227
SCSI device 226
SCSI host adapter 141
serial port 140
meaning of 4
required vs. recommended features of PC 95 systems 48
Windows 95 operating system
backward compatibility 6
disk space requirement 51
mobile system features 80-81
multimedia support 63
overview 6-7
Plug and Play features, described 22-24
system requirements 47
Windows NT xi
Wireless devices, support for 81
Write protect, reporting by the floppy disk controller 120
WRITE_DATA port, ISA cards 152
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YUV-to-RGB conversion 71
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