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Foreword by the Chairman of the IEEE 1275 Working Group
(Thisforeword is not a part of the Specification.)

Introduction

Firmware is the ROM-based software that controls a computer between the time it is turned on and the time the
primary operating system takes control of the machine. Firmware's responsibilities include testing and initializing
the hardware, determining the hardware configuration, loading (or booting) the operating system, and providing
interactive debugging facilities in case of faulty hardware or software.

Historical Perspective

Historically, firmware designs have been proprietary and often specific to a particular bus or instruction set archi-
tecture (ISA). This need not be the case. Firmware can be designed to be machine-independent and easily portable
to different hardware. There is a strong analogy with operating systemsin this respect. Prior to the advent of the
portable UNIX operating system in the mid-seventies, the prevailing wisdom was that operating systems must be
heavily tuned to a particular computer system design and thus effectively proprietary to the vendor of that system.

ThelEEE Sd 1275-1994 Standard for Boot (I nitialization Configuration), Core Requirements and Practices (re-
ferred to in the remainder of thisdocument as Open Firmware) specification isbased on Sun Microsystem's Open-
Boot firmware. The OpenBoot design effort began in 1988, when Sun was building computers based on three
different processor families, thus OpenBoot was designed from the outset to be | SA-independent (independent of
the Instruction Set Architecture). The first version of OpenBoot was introduced on Sun's SPARCstation 1 com-
puters. Based on experience with those machines, OpenBoot version 2 was developed, and was first shipped on
SPARCstation 2 computers. This standard is based on OpenBoot version 2.

Purpose and Features of the Open Firmwar e Specification
Open Firmware has the following features:

Mechanism for loading and executing programs (such as operating systems) from disks, tapes, network inter-
faces, and other devices.

| SA-independent method for identifying devices "plugged-in" to expansion buses, and for providing firm-
ware and diagnostics drivers for these devices.

An extensible and programmable command language based on the Forth programming language.
Methods for managing user-configurable options stored in non-volatile memory.

A "call back" interface allowing other programs to make use of Open Firmware services.
Debugging tools for hardware, firmware, firmware drivers, and system software.

Purpose of this Bus Binding

This document specifies the application of Open Firmware to the PCI Local Bus, including PCl-specific require-
ments and practices for address format, interrupts, probing, and related properties and methods.

The core requirements and practices specified by Open Firmware must be augmented by system-specific require-
ments to form a complete specification for the firmware for a particular system. This document establishes such
additional requirements pertaining to PCI.
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1. Overview and References

This specification describes the application of Open Firmware to computer systems that use the PCI Local bus as
defined in PCI Local Bus Specification, Revision 2.1, June 1, 1995 and PCI-to-PCI Bridge Architecture Specifi-
cation, Revision 1.0 April 5, 1994 and is to be used in conjunction with those documents.

1.1. Definitions of Terms
bus controller: ahardware device that implements a PCl bus.
hard decode: adecoding which isnot based upon a base register, but, rather, is fixed.

PCI device: ahardware device that connectsto or "plugsin” to a PCl bus PCI function: one of a number of log-
ically-independent parts of a PCI device. Many PCI devices have only one function per device; in such cases, the
terms "PCI function" and "PCI device" can be used interchangeably.

PCI-to-PCI bridge: ahardware device that is, from an electrical standpoint, a single PCI function on one PCI
bus (the "parent” bus) and the bus controller of a secondary PCI bus (the "child" bus).

PCI domain: agroup of PCI buses connected together in atree topology by PCI-to-PCI bridges.

relocatableregion: arange of PCl address space whose base addressis established by a single base address reg-
ister.
Master PCI bus: within a PCl domain, the PCI bus that forms the root of the tree structure.

busnode: an Open Firmware device node that represents a bus controller. In cases where a node represents the
interface, or "bridge", between one bus and another, the node is both a bus node relative to the busit controls, and
achild node of its parent bus. Note that an Open Firmware device nodeisnot initself aphysical hardware device;
rather, it is a software abstraction that describes a hardware device.

child node: an Open Firmware device node that represents a PCI function. Such anode can correspond to either
adevice that is "hardwired" to a planar PCI bus, or to an "add in" expansion card that is plugged into a standard
PCI Expansion Connector.

2. BusCharacteristics

2.1. Address Spaces
PCI has severa address spaces (Memory, 1/0, Configuration), with different addressing characteristics.

2.1.1. Memory Space

Memory Space is the primary address space of PCl; it corresponds to traditional memory and "memory-mapped”
[/0O. PCI alows for afull 64-bit address range in Memory Space; however, most devices will not require a full
64-bit range. In order to provide compatibility between devices designed for 64-bit addressing and those for 32-
bit addressing, the 32-bit address space appears as the first 4 GB region of the 64-bit space; i.e., 64-bit addresses
with the 32 most-significant bits equal to O are used to access 32-bit devices. 64-bit initiators are required to use
the 32-bit address protocol for any 64-bit address in which the upper 32 bitsare al 0.

The PCI specification requiresthat all of adevice'srelocatabl e resources must be mappable in Memory Space, i.e.
it is not permissible for aresource to be mappable only in I/O Space (described below).

Theregions of Memory Space to which a PCI device responds are assigned dynamically during system initializa-
tion, by setting device base address registers in Configuration Space (see below). The size of each such region
must be a power of two, and the assigned base address must be aligned on a boundary equal to the size of the re-
gion.

The encoding of the base address registersfor Memory Space allows aresource to require address allocation with-
inthefirst 1 MB. Thisrequirement isreflected inthe™ r eg” property entry for that base register by having the
"t' bit set.
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Memory Space addressing is "flat" across a PCl domain, in that addresses are not transformed as they cross PCI-
to-PCl bridges. The flat address space is not necessarily limited to asingle PCI domain; the PCI design attempts
to make it possible to have a flat address across multiple PCI domains that are peers of one another on a higher-
level host address bus.

An early revision of the PCI specification admitted the possibility that some devices might respond to fixed (non-
relocatable) address ranges. The current revision permitsthis behavior for VGA and IDE devices, but it ispossible
that some other devices still behave that way. The current specification allows devices to respond to fixed ad-
dresses after a system reset, but provides a standard way to disable such response, which devices are required to
implement.

2.1.2.1/0O Space

1/0 Spaceissimilar to Memory Space, except that it isintended asto be used with the special "1/O access' instruc-
tions that some processors have. As with Memory Space, 1/O Space addresses are assigned dynamically during
system initialization, and the addressing is "flat" across a PCl domain.

Relocatable 1/0 Space shall be allocated at addresses of the form
aaaa. aaaa. aaaa. aaaa. aaaa. aa00. aaaa. aaaa. Thisguaranteesthat relocatable 1/0 addresses will not conflict
with hard-decoded address that have non-zero bitsin AD[9...8]. Because PCI-to-PCI bridgesrestrict 1/0 address
space to 16 bits, relocatable 1/O Space across PCl-to-PCl bridges shall be of the form
0000. 0000. 0000. 0000. aaaa. aa00. aaaa. aaaa.

Note: although the PCI specification allows 32-bit 1/0 Space addresses, many of the processor s that have special
I/0 access instructions present only a 16-bit I/0O address. However, Open Firmware allows for the specification
of the full 32-bit range.

PCI also allows devices to have |/O base address registers that implement only the low-order 16 hits. 1.e., the
upper 16 bits are assumed to be 0. When probing, after writing al 1s, the data read back will have the high-order
16 bits equal to 0, while the low-order 16 bits will reflect the address space requirement. Address space for such
a base register must be allocated within the first 64 KB of I/O Space. Thisrequirement isreflected inthe" r eg”
property for that base register by having the' t ' -bit set. Thisis interpretation of the' t ' -bit for I/O Spaceis
distinquished from the "aias" case by having the' n' -bit equal toOinits" r eg" entry; the corresponding" as-
si gned- addr esses” entry shall havethe' t ' -bit equal to 0.

2.1.3. Hard-decoded Spaces

PCI allows devices to "hard-decode’ Memory and I/O addresses; i.e., the addresses are not subject to relocation
viaabaseregister. These address ranges are represented by having the non-relocatable bit (' n' ) set in their cor-
responding " r eg" and" assi gned- addr esses" properties, where the base-register field of the phys.hi isO.

Furthermore, such devices are allowed to "aias" their hard-decoded /O addresses by ignoring all but the lower
10 hits of an 1/0O address. To conserve " r eg" property space, abit (the' t ' -bit, for ten-bit) isincluded in the
encoding of hard-decoded (non-relocatable, ' n' -bit = 1) I/O address" r eg" and " assi ghed- addr esses”

entries to indicated that the address range includes all such aliases.

2.1.4. Configuration Space

Configuration Space is used primarily during device initialization. Each device contains a set of Configuration
Registers which are used to identify and configure the device. Configuration Cycles access adevice's Configura-
tion Registers, including the "address base registers’ which must be initialized before the device will respond to
Memory and 1/O Space accesses.

In contrast to Memory and /O Space addressing, Configuration Space addressing is effectively "geographica”,
in that the Configuration Space address of a particular device is determined by its physical location on a PCI bus
(i.e. thedotinwhichitisinstalled), or more generaly, its physical location within a"tree" of interconnected PCI-
to-PCI bridges.

The method for generating Configuration Cyclesis system-dependent. In some systems, specia registersare used
to generate Configuration Space cycles. In other systems, Configuration Space might be memory-mapped asare-
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gionwithin alarge physical address space. In particular, the hardware method for specifying the Bus Number and
Device Number is system-dependent. Bus Number and Device Number are described below as though they are
binary-encoded fields within an address; in practice, that is not necessarily true at the hardware level. However,
the representation described below is adequate as an internal software representation, becauseit is capable of rep-
resenting the entire possible space of PCI Configuration Space addresses.

A Configuration Space address consists of several fields:

2.1.4.1. BusNumber: 8 bits.

Each PCI bus within a PCl domain is assigned a unique identifying number, known as the "bus number". The
assignments occur during system initialization, when the bus controllers for the PCI buses within the PCI domain
are located. The bus number for a particular busiswritten into aregister in that bus's bus controller.

During a Configuration Cycle, each bus controller compares the bus number field of the address to its assigned
bus number. If they match, the bus controller selects one of the devices on its PCI bus, according to the value of
the Device Number field. Otherwise, the bus controller either forwards the configuration cycle to its subordinate
PCI-to-PCI bridges (if the bus number is for one of its subordinate bridges) or ignores the cycle.

2.1.4.2. Device Number: 5 bits

During a Configuration Cycle, the bus controller selected by the bus number field decodes the Device Number
field, activating the single corresponding "IDSEL" device select line to enable one of the PCI devices on that bus.
For PCI buses with plug-in slots, the Device Number field effectively selects a particular slot. Electrical limita-
tionsrestrict the number of devices on an individual PCI busto fewer than the 32 that could otherwise be selected
by this 5-bit field.

Some PCI bus controllers use the same physical wires for the IDSEL lines and higher-numbered address lines,
thus, on the bus that is selected by the bus number field, the Device Number does not appear on the address bus
inits 5-bit binary-encoded form. Rather, the 5-bit field is decoded to a "one of n" select that asserts exactly one
upper address line. This fact does not affect the logical representation of the Device Number as a 5-bit binary-
encoded field.

Note: the decoding mechanism (e.g., the address bit sel ected) from the Device Number is system dependent. Fur-
thermore, the implementation of the Open Firmware conf i g- xx words can "hide" this detail. However, it is
recommended that an Open Firmware implementation choose a numbering which is meaningful to the user.

2.1.4.3. Function Number: 3 bits

Each PCI device can have from one to eight logically-independent functions, each with its own independent set
of configuration registers. A PCI devicethat is selected during a Configuration Cycle decodes the Function Num-
ber field to sel ect the appropriate set of configuration registersfor that function. The assignment of Function Num-
bersto particular functionsisahard-wired characteristic of theindividual PCI device. For a PCl device with only
one function, the Function Number must be zero.

2.1.4.4. Register Number: 8 bits

The register number field, decoded by the PCI device, selects a particular register within the set of configuration
registers corresponding to the selected function. The layout (Iocations and meanings of particular bits) of thefirst
few configuration registers (i.e. those with small register numbers) is specified by the PCI standard; other config-
uration registers are device-specific. The standard configuration registers perform such functions as assigning
Memory Space and 1/O Space base addresses for the device's addressabl e regions.

In many PCI hardware implementations, Configuration Space does not appear as a direct subset of the system's
physical address space; instead, Configuration Space accesses are performed by a sequence of reads or writes to
specia system registers.

2.1.4.5." Address-less' Cycles
In addition to these address spaces, PCl has two types of transactionsin which the address busis not used. Special



OCoOoO~NOOUITR~AWNE

PCI BusBindingto Open Firmware Revision 1.6

Cycles (writes) are "broadcast" cyclesin which the data conveys all of the information. Interrupt Acknowledge
Cycles (reads) are intended to support interrupt control hardware associated with PCI devices. The PCI specifi-
cation does not specify the details of such interrupt control hardware.

2.1.4.6. Low-order AddressBits

The address characteristics described above do not take into account the way that the PCI bus uses the least-sig-
nificant two address hits. In general, at the hardware level, the PCI bus uses the two low address bits (AD[1::0])
not to identify the particular byte to be accessed, but instead to convey additional information about the datatrans-
fer, such asthe type of addressincrementing for burst transfers. The bytes are selected with "byte enable" signals.

That hardware subtlety isirrelevant for the purposes of this specification; within the Open Firmware domain, ad-
dresses identify individual 8-bit, 16-bit, and 32-bit registers or memory locations in the usual way. Within this
document, "address" refersto that software view of an address, which in the case of the two lower address bitsis
not necessarily the same as what is on the PCI address wires.

2.2. Address Formats and Representations

2.2.1. Physical Address Formats

2.2.1.1. Numerical Representation

(The Numerical Representation of an addressisthe format that Open Firmware uses for storing an address within
a property value and on the stack, as an argument to a package method.) The numerical representation of a PCI
address consists of three cells, encoded as follows. For this purpose, the least-significant 32 bits of acell is used;
if thecell sizeislarger than 32 bits, any additional high-order bitsare zero. Bit# O refersto the least-significant bit.

Bit# 33222222 22221111 11111100 00000000
10987654 32109876 54321098 76543210

phys. hi cell: npt 000ss bbbbbbbb dddddfff rrrrrrrr

phys. m d cell: hhhhhhhh hhhhhhhh hhhhhhhh hhhhhhhh

phys.lo cell: PP et rrrrrend

where;

n isOif the addressisrelocatable, 1 otherwise

p is1if the addressable region is "prefetchable”, 0 otherwise

t is 1if the addressis aliased (for non-relocatable 1/0), below 1 MB (for Memory),
or below 64 KB (for relocatable 1/0).

Ss is the space code, denoting the address space

bbbbbbbb isthe 8-bit Bus Number

ddddd is the 5-bit Device Number

fff is the 3-bit Function Number

rrrrrrrr  isthe 8-bit Register Number

hh..hh isa 32-hit unsigned number

[ isa 32-hit unsigned number

Whenthehh..hhandl | ..l | fieldsare concatenated to form alarger number, hh..hh isthe most significant por-
tionand! | ..l 1 istheleast significant portion.

The'p' bit reflects the state of the "P" bit in the corresponding hardware Base Address register.
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Encoding of type code " ss":

00 denotes Configuration Space, in which case:
n

p
t

01 denotes 1/O Space, in which case:

p
t

bbbbbbbb,ddddd,fff,rrrrrrrr

hh..hh
Ifnis0: 11 ..LI
fnisl: 1.1l

PCI BusBindingto Open Firmware

must be zero

must be zero

must be zero

bbbbbbbb,ddddd,f ff,rrrrrrrrristheConfigura
tion Space address

hh..bhh,I I ..L1 must be zero

must be zero

issetif 10-bit aliasing is present (for non-relocatable),
or below 64 KB required (for relocatable).

identifies the region's Base Address Register
rrrrrrrr canbe0x10, 0x14, 0x18, Ox1c, 0x20 or
0x24 (for relocatable).

rrrrrrrris0x00 for non-relocatable

must be zero

isthe 32-hit offset from the start of the relocatable region
of 1/0 Space

isthe 32-bit I/O Space address

10 denotes 32-bit-address Memory Space, in which case:

p
t

bbbbbbbb,ddddd,fff,rrrrrrrr

hh..hh
fnis0: 1.1l
fnisl: 1.1l

may be either O or 1
isset if an address below 1 MB isrequired
identifies the relocatable region's Base Address Register
rrrrrrrr canbe0x10, 0x14, 0x18, Ox1c, 0x20, 0x24,
0x30 (relocatable)

rrrrrrrr is0x00 for non-relocatable

must be zero

isthe 32-bit offset from the start of the relocatable region
of 32-bit address Memory Space

isthe 32-bit Memory Space address

11 denotes 64-bit-address Memory Space, in which case:

p
t

bbbbbbbb,ddddd,f ff rrrrrrrr

[fnisO: hh.hhll .l

Ifnisl: hh.hhl!l .l

may be either Oor 1

must be 0

identifies the first register of the relocatable region's
Base Address Register pair. rrrrrrrr canbe0x10,
0x14, 0x18, Ox1c, or 0x20

isthe 64-bit offset from the start of the relocatable region
of 64-bit address Memory Space to the start of the subre-
gion

isthe 64-bit Memory Space address

Note: Although the bit format of the phys.hi cell is generally consistent with the bit format of a particular kind of
hardware mechanism for Configuration Space access that is recommended by the PCI standard, the use of that
format does not imply that the har dware must use the same format. The numerical representation specified herein
contains the information needed to select a particular hardware device, specifying the format by which that infor-
mation is communicated among elements of Open Firmware firmware and client programs. A driver for a par-
ticular PCI bus hardware implementation is free to extract that information and reformat as necessary for the

hardware.

Note: Although the PCI Local Bus Specification defines both prefetchable and non-prefetchable 64-bit-address
Memory Soace, the PCI-to-PCl Bridge Architecture Specification does not specify a standard means of supporting
non-prefetchable 64-bit-address Memory Soace across PCI-to-PCl bridges.
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2.2.1.2. Text Representation

The text representation of a PCl address is one of the following forms:

DD
DD, F

[n]i[t] DD, F, RR, NNNNNNNN
[n]n{t][p] DD, F, RR, NNNNNNNN
[ n] X[ p] DD, F, RR, NNNNNNNNNNNNNNNN

where:
DD
F
RR
NNNNNNNN

isan ASCII hexadecima number in therange0..1F

isan ASCII numeral in therange0..7

isan ASCII hexadecima number in therange 0..FF

isan ASCII hexadecimal number in the range 0..FFFFFFFF

NNNNNNNNNNNNNNNN -+ isan ASCII hexadecimal number in the range 0..FFFFFFFFFFFFFFFF

[ n]
[t]
[ p]
|

m
X

isthe letter 'n', whose presence is optional
isthe letter 't ', whose presence is optional
isthe letter 'p', whose presence is optional
isthe letter 'i '

isthe letter 'm

isthe letter 'x'

isthe character ', ' (comma)

The correspondence between the text representations and numerical representation is as follows:

DD

corresponds to a Configuration Space address with the numerical value:

DD, F

ss is00

bbbbbbbb isthe parent's bus humber
ddddd isthe binary encoding of DD
fffiszero

rerrrrrr iszero

hh..hh iszero

I'l1.l1 iszero

corresponds to a Configuration Space address with the numerical value:

ss is00

bbbbbbbb isthe parent's bus number
ddddd isthe binary encoding of DD
f f f isthe binary encoding of F
rrrrrrrriszero

hh..hh iszero

I'1.l1 iszero

[n]i[t] DD, F, RR, NNNNNNNN

corresponds to arelocatable (if 'n' is not present) or a non-relocatable (if 'n' is present) 32-bit
I/0O Space address with the numerical value. If 't ' is present, only the low-order 10 bits of an
I/0O address range isindicated; aliases are assumed to for al high-order bits. The numerical
vaueis:

ssis01

bbbbbbbb isthe parent's bus number
ddddd isthe binary encoding of DD

f f f isthe binary encoding of F

rrrrrrrr isthebinary encoding of RR
hh..hh iszero

I'l..11 isthebinary encoding of NNNNNNNN
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[n]n{t][p] DD, F, RR, NNNNNNNN

corresponds to a relocatable (if 'n' is not present) or a non-relocatable (if 'n' is present) 32-hit
Memory Space address. If 't ' ispresent, the addressiswithinthefirst 1 MB of memory address
space. Thethe numerical valueis:

ssis10

bbbbbbbb isthe parent's bus number

ddddd isthe binary encoding of DD

f f f isthe binary encoding of F

rrrrrrrristhebinary encoding of RR

hh..bhiszero

['1.L1 isthebinary encoding of NNNNNNNN

[ n] X[ p] DD, F, RR, NNNNNNNNNNNNNNNN

corresponds to arelocatable (if 'n' is not present) or a non-relocatable (if 'n' is present) 64-bit
Memory Space address with the numerical value:

ssis10

bbbbbbbb isthe parent's bus humber

ddddd isthe binary encoding of DD

f f f isthe binary encoding of F

rrrrrrrr isthebinary encoding of RR

hh..bh,l I .11 isthe binary encoding of NNNNNNNNNNNNNNNN

Conversion of hexadecimal numbers from text representation to numeric representation shall be case-insensitive,
and leading zeros shall be permitted but not required.

Conversion from numeric representation to text representation shall use the lower case forms of the hexadecimal
digitsin therange a..f , suppressing leading zeroes, and the DD form shall be used for Configuration Space ad-
dresseswheref f f iszero.

2.2.1.3. Unit Address Representation

Asrequired by this specification's definition of the" r eg™ property, afunction's"”unit-number” (i.e. thefirst com-
ponent of its"r eg" value) isthe Configuration Space address of the function's configuration registers. Since the
"unit-number” is the address that appears in an Open Firmware 'device path’, it follows that only the DD and
DD, FF forms of the text representation can appear in a'device path'.

Note: Sncethe predominant use of the text representation iswithin 'device paths, text representations of 1/0 and
Memory Space addresses are rarely seen by casual users.

Note: The bus number does not appear in the text representation. If the bus number were present, then the path-
name of a particular device would depend on the particular assignment of bus numbers to bus controllers, so the
pathname could change if PCI-to-PCI bridges were added or removed from other slots. (It is generally undesir-
able for the pathname of a particular device to depend on the presence or absence of other devices that are not
itsancestorsinthedevicetree.) The combination of a device node's position in the devicetree, its Device Number
and its Function Number uniquely select an individual function based on physical characteristics of the system,
so the function's pathname does not change unless the device is physically moved.

Note: The bus number appearsin the numerical representation because that makes it easier to implement Con-
figuration Space access methods. The decode- uni t method automatically inserts the bus number in the nu-
merical representation; it can do so because each bus node knows the bus number of the busit represents.

Open Firmware implications:

Since some processors cannot generate 1/0 cycles directly, 1/0 Space accesses must be done with the register ac-
cesswords (e.g., rb@rw ).

It isrecommended that arange of virtual addresses be set aside for use by nap-i n to I/O Space devices so that the
register access words can determine when an 1/0 cycle needs to be generated.

Since Configuration Space often does not appear as a subset of the system's physical address space, this firmware
specification provides bus-specific methods to access Configuration Space. Likewise, it provides methods for

9
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Specia Cycles and Interrupt Acknowledge Cycles.

2.3. Bus-specific Configuration Variables

An Open Firmware-compliant User Interface on a system with a single built-in PCI bus may implement the

following PCl-specific Configuration Variable.

pci - probe-1i st (- list-str list-len ) N
Holdslist of dotsto probe with pr obe- pci .

A configuration variable containing a string, formatted as described in the following section, indicating the set of slots
that will be probed when pr obe- pci isexecuted. The maximum length shall be sufficient to contain a string listing all
of the PCI bus's implemented slots.

Configuration Variable Type: string
Default value: a system-dependent value that includes all available slots, in numerically-ascending order.

Note: pci - probe- | i st isintended for the common case of a system with a single built-in PCI bus. On systems with
multiple PCI buses, fine-grained control over the probe order can be achieved by repeated execution of the pr obe- sel f
method within individual bus nodes. In any case, the ability to control the probe order is primarily intended as a conve-
nience when debugging faulty expansion cards. Normally, the default probe order (all available slots) is used.

2.4. Format of a ProbeList

A PCI probe list is atext string consisting of a series of lower-case hexadecimal numbers separated by commas.
Each number isin therange0..1F, corresponding to the slot with the same Device Number. For agiven PCI bus
implementation, only the numbers corresponding to existing slots are valid.

The first number in the series specifies the first slot to be probed, and so on.

2.5. FCode Evaluation Semantics
See the description of pr obe- pci for the precise specification of the FCode evaluation semantics.

3. Bus Nodes

Note: A PCI-to-PCl bridge is a parent of one PCI bus and a child of another. Consequently, a device node
representing a PCI bridge is both a Bus Node and a Child Node, with both sets of properties and methods.

3.1. Properties

3.1.1. Open Firmware-defined Propertiesfor Bus Nodes
Thefollowing standard properties, asdefined in Open Firmware, have special meanings or interpretationsfor PCI.

"devi ce_t ype" S
Standard prop-name to specify theimplemented interface. prop-encoded-array: astring encoded withencode- st ri ng.

The meaning of this property is as defined in Open Firmware. A Standard Package conforming to this specification and
corresponding to a device that implements a PCI bus shall implement this property with the string value "pci ".

" #addr ess-cel | " S
Standard prop-name to define the number of cells necessary to represent a physical address.
prop-encoded-array: Integer constant 3, encoded with encode- i nt .

Thevalue of " #addr ess- cel | s" for PCl Bus Nodesis 3.

"#si ze-cel | s" S

Standard prop-name to define the number of cells necessary to represent the length of a physical address range.
prop-encoded-array: Integer constant 2, encoded as with encode-i nt.
Thevalue of " #si ze- cel | s" for PCI Bus Nodesis 2, reflecting PCl's 64-bit address space.
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"reg" S
Standard prop-name to define the package's unit-address.

For nodes representing PCI-to-PCI bridges, the" r eg" property is as defined for PCI Child Nodes. The value denotes
the Configuration Space address of the bridge's configuration registers.

For bridges from some other busto PCI bus, the" r eg" property is as defined for that other bus.
"ranges" S

Standard prop-name to define the mapping of parent address to child address spaces.

This property shall be present for al PCI bus bridges. In particular, for PCI-to-PCl bridges, this property shall indicate
the settings of the mapping registers, thus representing the addresses to which the bridge will respond. For PCI-to-PCI
bridges, there shall bean entry inthe" r anges" property for each of the Memory, Prefetchable Memory and/or I/O spac-
esif that address space is mapped through the bridge.

3.1.2. Bus-specific Propertiesfor Bus Nodes
“cl ock- f requency” S

prop-name, denotes frequency of PCI clock.
prop-encoded-array: Aninteger, encoded aswith encode- i nt , that represents the clock frequency, in hertz, of the PCI
bus for which this node is the parent.

"bus-range" S
prop-name, denotes range of bus numbers controlled by this PCI bus.

prop-encoded-array: Two integers, each encoded aswith encode- i nt , thefirst representing the bus number of the PCI
bus implemented by the bus controller represented by this node (the secondary bus number in PCI-to-PCI bridge nomen-
clature), and the second representing the largest bus number of any PCI busin the portion of the PCI domain that is sub-
ordinate to this node (the subordinate bus number in PCI-to-PCI bridge nomenclature).

"sl ot - nanes" S

prop-name, describes external labeling of add-in slots.

prop-encoded-array: An integer, encoded as with encode- i nt , followed by alist of strings, each encoded aswith en-
code-stri ng.

Theinteger portion of the property valueis abitmask of available dots; for each add-in slot on the bus, the bit correspond-
ing to that slot's Device Number isset. Theleast-significant bit correspondsto Device Number O, the next bit corresponds
to Device Number 1, etc. The number of following strings is the same as the number of slots; thefirst string gives the
label that is printed on the chassis for the slot with the smallest Device Number, and so on.

3.2. Methods

3.2.1. Open Firmwar e-defined M ethods for Bus Nodes

A Standard Package implementing the" pci " devicetype shall implement the following standard methods as de-
fined in Open Firmware, with the physical address representations as specified in section 2.1 of this standard, and
with additional PCI-specific semantics:

open (-- okay?) Prepare this device for subsequent use
cl ose (--) Close this previously-open device
map-in ( phys.low phys.mid phys.hi size -- virt) Map the specified subregion.

PCI-to-PCl bridges pass through addresses unchanged. Consequently, a PCI-to-PCI bridge node's implementation of
map- i n typicaly just forwards the request to its parent.

For amaster PCI bus nodein "probe state", if the physical addressisrelocatable, thenap- i n method shall assign abase
address and set the appropriate base address register to that address. Such "probe state” assignments are temporary and
are not necessarily valid after the corresponding map- out .

map- out (virtsize--) Destroy mapping from previous map-in

PCI-to-PCl bridges pass through addresses unchanged. Consequently, a PCI-to-PCI bridge node's implementation of
nap- out typically just forwards the request to its parent.

For amaster PCI bus node in "probe state”, if the physical addressis relocatable and there are no other active mappings
within the rel ocatabl e region containing that address, the map- out method shall unassign the base address of the region,
freeing the corresponding range of PCI address space for later re-use. A Standard FCode program shall unmap (as with
map- out ) all base addresses that it mapped and shall disable memory or 1/O space access in the Command Register.

dna-al | oc (size--virt) Allocate amemory region for later use

dna-free (virtsize--) Free memory allocated with dma-alloc

dnma- map-in (.. virt size cacheable? -- devaddr ) Convert virtual address to device bus DMA address.
dnma- map- out (virt devaddr size --) Free DMA mapping set up with dma-map-in

dna- sync (virt devaddr size --) Synchronize (flush) DMA memory caches
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probe-sel f (arg-str arg-len reg-str reg-len fcode-str fcode-len -- )Interpret FCode, as a child of this node

decode- uni t (‘addr len -- phys.lo phys.mid phys.hi ) Convert text representation of address to numerical repre-
sentation

encode- uni t ( phys.lo phys.mid phys.hi -- addr len) Convert numerical representation of address to text repre-
sentation

Note: The PCI busislittle-endian; i.e. a byte address whose least-significant two bits are both zero uses the bus

byte lane containing the least-significant portion of a 32-bit quantity. Typically, a bridge from a big-endian bus

to a PCI bus will swap the byte lanes so that the order of a sequence of bytesis preserved when that sequence is

transferred acrossthe bridge. Asaresult, the hardware changes the position of byteswithin a 32-bit quantity that

isviewed as a 32-bit unit, rather than as a sequence of individually-addressed bytes. In order to properly imple-

ment the semantics of the Open Firmwareregister accesswords (e.g. rl!), the device node for such byte-swapping

bridges must substitute versions of those words that "undo” the har dwar e byte-swapping.

3.2.2. Bus-specific Methods for Bus Nodes

3.2.3. Configuration Access Words

The methods described below have execution semantics similar (especially with respect to write-buffer flushing,
atomicity, etc.) to those of the register access words (e.g., r b@, rw!); in most implementations, these methods
will be implemented via the register access words.

The data type 'config-addr’ refersto the 'phys.hi' cell of the numerical representation of a Configuration Space ad-
dress. The'config-addr' shall be aligned to the data type of the access.

config-1 @ ( config-addr -- data)
Performs a 32-bit Configuration Read.

config-I! ( data config-addr -- )
Performs a 32-hit Configuration Write.

confi g-w@ ( config-addr -- data)
Performs a 16-hit Configuration Read.

config-w ( data config-addr -- )
Performs a 16-bit Configuration Write.

config-b@ ( config-addr -- data)
Performs an 8-bit Configuration Read.

confi g-b! ( data config-addr -- )
Performs an 8-bit Configuration Write.

assi gn- package- addr esses ( phandle--)
Assigns addresses (i.e., creates " assi gned- addr esses" property) for the child node denoted by phandle.

3.2.3.1. Address-less Access Words
intr-ack (--)
Performs a PCI Interrupt Acknowledge Cycle.
speci al -! ( data bus# -- )
Performs a PCl Special Cycle on the indicated bus#.

Note: Sandard PCI-to-PCl bridges provide a mechanismfor converting Configuration Cycleswith particular addresses
to Special Cycles. Consequently, for a PCI-to-PCl bridge, the likely implementation of speci al - ! involvesinvoking the
parent node'sconfi g-1! method.

4. Child Nodes

Note: A PCI-to-PCI bridge is a parent of one PCI bus and a child of another. Consequently, a device node rep-
resenting a PCI bridge is both a Bus Node and a Child Node, with both sets of properties and methods.
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4.1. Properties

4.1.1. Open Firmwar e-defined Propertiesfor Child Nodes

The following properties, as defined in Open Firmware, have special meanings or interpretations for PCI.
"reg" S
Standard prop-name, defines device's addressabl e regions.

prop-encoded-array: Arbitrary number of (phys-addr size) pairs.

phys-addr is (phys.lo phys.mid phys.hi), encoded as with encode- phys. sizeisapair of integers, each encoded aswith
encode-int .

The first integer denotes the most-significant 32 bits of the 64-bit region size, and the second integer denotes the least
significant 32 bits thereof.

Thisproperty ismandatory for PCI Child Nodes, as defined by Open Firmware. The property val ue consi sts of asequence
of (phys-addr, size) pairs. Inthefirst such pair, the phys-addr component shall be the Configuration Space address of the
beginning of the function's set of configuration registers(i.e. therrrrrrrr field iszero) and the size component shall
be zero. Each additional (phys-addr, size) pair shall specify the address of an addressable region of Memory Space or |/
O Space associated with the function. Inthese pairs, if the"n" bit of phys.hi is 0, reflecting a rel ocatable address, then
phys.mid and phys.|lo specify an address relative to the value of the associated base register. In general thisvalue will be
zero, specifying an address range corresponding directly to the hardware's. If the"n" bit of phys.hi is 1, reflecting anon-
relocatable address, then phys.mid and phys.hi specify an absolute PCI address.

In the event that afunction has an addressabl e region that can be accessed rel ative to more than one Base Address Register
(for example, in Memory Space relative to one Base Register, and in |/O Space relative to another), only the primary ac-
cess path (typically, the onein Memory Space) shall belistedinthe" r eg" property, and the secondary access path shall

belistedinthe™" al t er nat e-r eg" property.

Note: The device FCodeis free to construct the second and later pairsin any order, including or omitting referencesto
base address registers, hard-decoded registers, and so on. However, for compatibility between FCode and earlier non-
FCode versions of a device and between Open Firmware and non-Open Firmware systems, it is recommended that the
device FCode construct the “reg” property exactly as the platform firmware would have in the absence of device
FCode, as described under pr obe- pci .

“interrupts" S

prop-name, the presence of which indicates that the function represented by this node is connected to a PCl expansion
connector's interrupt line.

prop-encoded-array: Integer, encoded aswithencode- i nt. Theinteger representstheinterrupt lineto which thisfunc-
tion'sinterrupt is connected; INTA=1, INTB=2, INTC=3, INTD=4. Thisvalueis determined from the contents of the
device's Configuration Interrupt Pin Register.

4.1.2. Bus-specific Propertiesfor Child Nodes

Standard Packages corresponding to devices that are children of a PCl bus shall implement the following prop-
erties, if applicable.

"al ternat e-reg" S

prop-name, defines alternate access paths for addressabl e regions.
prop-encoded-array: Arbitrary number of (phys-addr size) pairs.

phys-addr is (phys.lo phys.mid phys.hi), encoded aswith encode- phys. sizeisapair of integers, each encoded aswith
encode-int .

The first integer denotes the most-significant 32 bits of the 64-bit region size, and the second integer denotes the least
significant 32 bits thereof.

This property describes alternative access paths for the addressable regions described by the" r eg" property. Typically,
an alternative access path exists when a particular part of a device can be accessed either in Memory Space or in 1/0O
Space, with aseparate Base Addressregister for each of the two access paths. The primary access paths are described by
the"reg" property, and the secondary access paths, if any, are described by the " al t er nat e- r eg" property.

If the function has no alternative access paths, the device node shall haveno" al t er nat e-r eg" property. If thedevice
has alternative access paths, each entry (i.e. each phys-addr size pair) of its value represents the secondary access path for
the addressabl e region whose primary access path isin the corresponding entry of the" r eg" property value. If the num-
ber of "al t er nat e-r eg" entries exceeds the number of "r eg" property entries, the additional entries denote address-
able regionsthat are not represented by " r eg" property entries, and are thus not intended to be used in normal operation;
such regions might, for example, be used for diagnostic functions. If the number of " al t er nat e-r eg" entriesisless
than the number of " r eg" entries, theregions described by theextra™ r eg" entries do not have alternative access paths.
An"al ternate-reg" entry whose phys.hi component is zero indicates that the corresponding region does not have an
alternative access path; such an entry can be used as a"place holder" to preserve the positions of later entries relative to
the corresponding " r eg" entries. Thefirst"al t er nat e-r eg" entry, corresponding to the" r eg" entry describing the
function's Configuration Space registers, shall have a phys.hi component of zero.
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"f code-rom of f set " S

prop-name, denotes offset of FCode image within the device's Expansion ROM.
prop-encode-array: one integer, encoded as with encode- i nt .

This property indicates the offset of the PCI Expansion ROM image within the device's Expansion ROM in which the
FCodeimagewasfound; i.e., the offset of the OXAAS55 signature of that image's PCl Expansion ROM Header. Thisvalue
shall be generated before the FCode is evaluated. Note that the absence of this property indicates that no FCode exists
for this device node.

"assi gned- addr esses" S

prop-name, denotes assigned physical addresses

prop-encoded-array: Zero to six (phys-addr size) pairs.

phys-addr is (phys.lo phys.mid phys.hi), encoded as with encode- phys. sizeisapair of integers, each encoded aswith
encode-int .

Thefirst integer denotes the most-significant 32 bits of the 64-bit region size, and the second integer denotes the |east
significant 32 bits thereof.

Each entry (i.e. each phys-addr size pair) in this property value corresponds to either one or two (in the case 64-bit-ad-
dress Memory Space) of the function's Configuration Space base address registers. The entry indicates the physical PCI
domain address that has been assigned to that base address register (or register pair), and the sizein bytes of the assigned
region. Thesizeshall beapower of two (sincethe structure of PCI Base Addressregistersforcesthe decoding granul arity
to powers of two). The 'n’ bit of each phys-addr shall be set to 1, indicating that the address is absolute (within the PCI
domain's address space), not relative to the start of arelocatable region. The type code shall not be '00' (Configuration
Space). The 'bbbbbbbb,ddddd,fff,rrrrrrrr field indicates the base register to which the entry applies, and the

‘hh..hh, I'l .11 field contains the assigned address.

If addresses have not yet been assigned to the function's rel ocatable regions, this property shall be absent.

The valuesreported in " assi gned- addr esses” represent the physical addresses that have been assigned. If Open
Firmware can not assign address space for aresource (e.g., the address space has been exhausted), that resourceswill not
have an entry inthe" assi gned- addr esses" property. If no resourceswere assigned address space, the" assi gned-
addr esses" property shall have a prop-encoded-array of zero length.

Note: Thereisno implied correspondence between the order of entriesinthe "r eg” property value and order of entries
inthe "assi gned- addr esses” property value. The correspondence between the "r eg” entriesand "assi gned-
addr esses” entriesis determined by matching the fields denoting the Base Address register.

" power - consunpt i on" S

prop-name, describes function's power requirements

prop-encoded-array: list of integers, encoded as with encode- i nt , describing the device's maximum power consump-
tionin microwatts, categorized by the various power railsand the device's power-management state (standby or fully-on).
The ints are encoded in the following order:

unspecified standby, unspecified full-on, +5V standby, +5V full-on, +3.3V standby, +3.3V full-on, I/O pwr standby,
1/0 pwr full-on, reserved standby, reserved full-on

The "unspecified" entriesindicate that the power division among the variousrailsis unknown. The "unspecified" entries
shall be zero if any of the other entries are non-zero. The "unspecified" entries are provided so that the " power - con-
sunpt i on" property can be created for devices without FCode, from the information on the PRSNT 1# and PRSNT2#
connector pins.

If the number of intsin the encoded property valueis|ess than ten, the power consumption is zero for the cases corre-
sponding to the missing entries. For example, if there arefour ints, they correspond to the two "unspecified” and the two
"+5" numbers, and the others are zero.

4.1.2.1. Standard PCI Configuration Properties

Thefollowing properties are created during the probing process, after the device node has been created, but before
evaluating the device's FCode (if any). They represent the values of standard PCI configuration registers. This
information is likely to be useful for Client and User interfaces.

Unless specified otherwise, each of the following properties has a prop-encoded-array whose valueis an integer
taken directly from the corresponding hardware register, encoded as with encode- i nt .
"vendor-id"

"devi ce-i d"

"revision-id"

"cl ass- code"

nnononon

"interrupts"”

This property shall be present if the Interrupt Pin register is non-zero, and shall be absent otherwise.
"mn-grant”
"max- | at ency" S

2]
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"devsel - speed"” S

"f ast - back- t o- back" S
prop-encoded-array: <none>
This property shall be present if the "Fast Back-to-Back" bit (bit 7) in the function's Status Register is set, and shall be
absent otherwise.

"subsystemid" S
This property shall be present if the "Subsystem ID" register is non-zero, and shall be absent otherwise.

"subsyst em vendor -i d" S
This property shall be present if the " Subsystem Vendor ID" register is non-zero, and shall be absent otherwise.

" 66nhz- capabl e" S

prop-encoded-array: <none>
Thisproperty shall be present if the"66 MHz Capable" bit (bit 6) in the function's Status Register is set, and shall be absent
otherwise.

" udf - suppor t ed" S
prop-encoded-array: <none>
This property shall be present if the"UDF Supported” bit (bit 5) in the function's Status Register is set, and shall be absent
otherwise.

4.2. Methods

5. Bus-specific User Interface Commands

An Open Firmware-compliant User Interface on a system with PCI should implement the following PCI-specific
user interface commands.
pr obe- pci (--)

Interprets FCode for al built-in PCI slotsin numerical order.

Enter "probe state", thus affecting subsequent behavior of the map- i n and nap- out methods.

Scan dl slotsin numerical order. For each dot, read the header type field in the configuration register set for function
number 0. If the header type field indicates a PCI-to-PCl bridge, perform the function described in the Probing PCI-to-
PCI bridges section. If the header type field indicates a multi-function device, perform the following sequence for each
of the functions that are present (as determined by the presence of a non-FFFFh valuein the Vendor ID field of the func-
tion's Configuration Space header). Otherwise, perform the following sequence for the card's function number 0. The
first attempted access to each function shall use | peek, because in some systems an attempted access to a non-existent
device might result in a processor exception (e.g. a"bus error").
Note: Although some PCI implementations will not generate processor exceptions for aborted cycles, that is not an in-
herent limitation of PCI itself, but instead an implementation choice that is appropriate for some systemarchitectures. A
PCI host bridge knows if it terminated a cycle with a master abort. Since the PC system ar chitecture lacks the notion of
abuserror, PC to PCI host bridges cannot report a bus error to the PC, so they have to complete the cycle and return
all onesto the x86 processor. However, in a non-PC system, the PCI host bridge could terminate the processor cycle
with abuserror. Open Firmware peek and poke can behavein their normal way; if the processor can get a bus error,
peek and poke can report it. If not, peek and poke will never say they got a bus error, they will just return whatever data
the cycleyielded. Thisis not a problem, because the probing process involves doing a peek and also looking at the data
to seeifitisright.
Create the following properties from the information given in the configuration space header.

"vendor-id"

"devi ce-id"

"revision-id"

"cl ass- code”

"interrupts"

"mn-grant” (Unless Header Typeis01h)

"max-| at ency" (Unless Header TypeisOlh)

"devsel - speed"

"f ast - back- t o- back"

"subsystemi d"

"subsyst em vendor -i d"

"66nhz- capabl e"

" udf - support ed"

Note: The feasibility of automatically creating the above properties depends on the ability to recognize the config-
uration header format. At present, there are two such formats - the base format defined by the PCI Local Bus Spec-
ification and the PCI-to-PCl bridge format defined by the PCI-to-PCI Bridge Architecture Specification. Those two
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formatsare almost, but not entirely, consistent with respect to the fiel ds defined above (in particul ar, the max-latency

and min-grant fields have a different meaning in the bridge header format). If additional formats are defined in the

future, then it is possible that firmware written before those formats are defined will not be able to recognize them.

The question arises: Should the firmware assume that, with respect to the above fields, new formats are consistent

with the existing ones, creating the properties without regard to header type, or should the firmware do nothing if it

sees an unrecognized header type. The latter is, in some sense, safer, but it also precludes forwards compatibility,
which is a serious deficiency.
Then determine whether or not the function has a expansion ROM image containing an FCode Program.

Note: The location of the Expansion ROM Base Address Register differs between the two currently-defined header

types. Where will it bein future header types? Furthermore, the details of Expansion ROMs on PCI-to-PCI bridges

are not specified by the current revision of the PCI-to-PCI bridge spec.
If the function has an FCode Program, evaluate the FCode Program as follows:

Copy the FCode program from expansion ROM into atemporary bufferin RAM and evaluateit aswithbyt e- | oad.

(Thetemporary RAM buffer may be deallocated afterwards.) Setthe" f code- r onmt of f set " property to the offset

of the ROM image at which the FCode was found.

When the FCode Program begins execution, ny- addr ess and ny- space together return the Configuration Space

address of the device's configuration register set.

Note: Since the phys.mid and phys.lo components of Configuration Spaces addresses must be zero, ny- ad-
dr ess returnsa pair of zeros; the interesting phys.hi information, which is necessary for accessing the config-
uration registersvia the conf i g- xx methods, is returned by ny- space.

The FCode Program is responsible for creating the" nanme" and "r eg" properties.

If the function does not have an FCode Program:

Create the following properties from information in the device's Configuration Space registers:

"r eg" Create the following entries, in the order shown:

e Anentry describing the Configuration Space for the device.

«  For each active base addressregister, in Configuration Space order, an entry describing the entire space mapped
by that base address register (or, register pair). The phys-mid and phys-lo components of these entries are
to be zero, and the size components are to be derived by probing the base address register (or register pair).

¢ |f the device supports an Expansion ROM, an entry describing the Expansion ROM base address register, con-
structed as for normal base address registers.

e |f applicable, "legacy" entries described in section 7., in the order shown.
Note: Without FCode, it is not possible to determine whether or not there are multiple base address registers
mapping the same resource, so it isnot possibleto createan "al t er nat e-reg” property.

Note: the number of active base address registers depends in part on the header type configuration field; in partic-
ular, header types OxOland 0x81, denoting the standard PCI-to-PCI bridge header format, have at most
two base address registers, whereas header types 0x00 and 0x80have up to seven base address registers
(including the Expansion ROM's).

" name" Construct a name of the form pci VWW, DDDD. If the Subsystem ID field in the configuration registers for
thisdeviceisnon-zero, VVVV,DDDD shall be the Subsystem Vendor ID and Subsystem ID respectively;
otherwise VVVV,DDDD shall be the value of the Vendor ID and Device ID fields. VVVV and DDDD
are ASCII hexadecimal numbers, lower case, without leading zeros.

Createthe " power - consunpt i on" property from the state of the PRSNT 1# and PRSNT 2# connector, if possible.

Disable fixed-address response by clearing the Command Register.

After al slots have been so probed, exit "probe state”" and assign base addresses (by all ocating the address space and set-
ting the base address register) for each distinct base address register (or register pair). For each base address register (or
register pair) listed in any child's" r eg" property, create an " assi gned- addr esses" properties describing those as-
signments in the corresponding child device nodes.

On each PCI bus within the domain, set the Latency Timer registers for each master to values appropriate for the other
devices on that bus, according to the values of the other devices MIN_GNT and MAX_LAT registers.

On each PCI buswithin thedomain, if all target devices on that bus have "fast back-to-back" capability, set the"fast back-
to-back™ enable bits in the Command registers of master devices.

meke- properties (--)
Create the default PCI properties (as described above for pr obe- pci ) for the current instance.

This user interface word isintended to be used for debugging FCode within the context of begi n- package ... end-
package. Thisword should be executed before evaluating the FCode for the node.

assi gn- addr esses (--)

Assign addresses for the current instance.

This user interface word is intended to be used for debugging Fcode within the context of begi n- package ... end-
package. Executing thisword causes addressesto be assigned to thisnode (based on the current™ r eg" property value),
creating an " assi gned- addr esses" property reflecting those addresses. This word should be executed after evalu-
ating the FCode for the node.
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6. Probing PCI-to-PCI bridges

Therecursive algorithm described in this section allows bus number and address assignment to be donein asingle
depth-first manner. Bus numbers are assighed on the way down the PCI bus hierarchy and addresses are assigned
to on the way back up. Another algorithm may be used.

Note: while thisis a simple algorithm (e.g., it does not require a "global" address allocation pass), it does not
provide the most optimal system-wide address assignment.

If the function is a standard PCI-to-PCl bridge (as indicated by the class code and the header type fields), set the
bridge's Primary Bus # register to the bus number of the parent bus, assign the next bus number to that bridge,
setting its Secondary Bus # register to that number, set the bridge's Subordinate Bus # register to Ox FF, and re-
cursively scan the slots of that bridge's subordinate bus.

When that recursive scanning process returns, set the bridge's Subordinate Bus# register to the largest bus number
assigned during the recursive scan. At this point, bus numbers have been assigned to all subordinate buses, and
addresses have been assigned for all devices on the subordinate buses, for this bridge within the PCI domain.
Then, assign addresses to all devices on the Secondary Bus and set the Memory Base, Memory Limit, 1/0O Base
and /O Limit registers of the bridge to their appropriate values and enable Memory and I/O transactions. Dueto
the mapping characteristics of PCI-to-PCl bridges, the ranges of Memory addresses for subordinate devices shall
be aligned to 1 MB boundaries, and the ranges of 1/0 addresses shall be aligned to 4 KB boundaries.

After setting the Memory Base, Memory Limit, I/O Base and I/O Limit registers, create a” r anges" property that
represents the Memory and I/0O mappings that have been established.

7. Legacy devices

"Legacy" VGA and IDE devices that are implemented on PCI will typically have the same "hard-decoded" ad-
dressesasthey did on ISA. Such devicesthat have FCode can use explicit indication of their address requirements
as described above. However, for cards that have no FCode image, Open Firmware shall assume the standard
address ranges and shall createthe " r eg" property with these ranges, in addition to any relocatable regions that
have base registers.
For VGA devices (class-code = 0x000100 or 0x030000), the address ranges are:

0x3B0- 0x3BB (I/O, diased; t =1)

0x3C0- 0x3DF (I/0, aliased; t =1)

0xA0000- OxBFFFF (Memory, below 1IMB, t =1)
For IDE devices (class-code = 0x010100), the address ranges are:

Ox1FO0- Ox1F7 Primary Command Block (1/0)
Ox3F6 Primary Control Block (1/0)
0x170- Ox17F Secondary Command Block (1/0)
0x376 Secondary Control Block (1/0)

8. Relationship between PCI Base Registersand Open Firmwar e Properties

Especially in the case of aPCl device with onboard FCode support, thereis no particular relationship between PCI
baseregistersandthe” r eg" and" assi gned- addr esses" properties. A particular base register may or may
not berepresentedin” r eg"” and" assi gned- addr esses" , and those properties may contain entriesreferring
to addresses not controlled by any base register. No particular ordering is required in either the" r eg" property
or the" assi gned- addr esses" property. A client wishing to make use of the addressing information pro-
vided by Open Firmware must scanthe" assi gned- addr esses™ property looking for an entry specifying the
desired base-register field in its phys.hi.

9. ROM Image Format for FCode:

Offset from start
of ROM Image Data

00h - Olh ROM signature field of ROM Header (PCI spec 6.3.1.1)
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02h - 03h Pointer to FCode program. Thisisa 16-bit field that isthe offset from the start of
the ROM image and pointsto the FCode Program. Thefieldisinlittle-endian for-
mat. (Thisfield iswithin the "Reserved for processor-unique data" field of the

ROM Header.)
04h - 17h Reserved (remainder of "Reserved for processor-unique data' field of the ROM
Header).

18h - 19h "Pointer to PCI Data Structure” field of ROM Header.
1Ah - FFFFh PCI Data Structure (PCl spec 6.3.1.2) with "Code Type"' =1

38h - FFFFh ThePCIl Data Structure (PCl spec 6.3.1.2), Vital Product Data, and FCode Pro-
gram can each begin anywhere within thisrange, in any order. The"Code Type"
field of the PCI Data Structure shall have the value "1".

The FCode Program is as described in Open Firmware; its sizeis given by the
standard Open Firmware FCode Program header. FCode bytes shall appear at
consecutive byte addresses.

10. Encapsulated Drivers

This section describes a mechanism which allows the encapsulation of run-time drivers within the standard Open
Firmware expansion ROM.

The FCode contained within a PCl card's expansion ROM provides for Open Firmware driversfor thedevice. To
enhance the "plug-and-play" of cardsin common system platforms, it is desirable to be able to include run-time
drivers within this expansion ROM, thus eliminating the extra step of installing drivers onto the OS boot device.

The information about run-time driversis encoded as additional standard propertieswithin the devicetree. These
properties are created by the FCode probe code of the plug-in card, and are used by the OS to locate and load the
appropriate driver. Two new properties are defined; they differ as to how the location of the run-time driver is
defined.
“driver, .. format

This property, encoded as with encode- byt es, contains the run-time driver.
Thisformat is used when the run-time driver is contained within the FCode image, itself. The value of the prop-
erty isthe encapsulated driver; thepr op- addr, pr op- | en reported by the various "get-property" FCodes and/
or get pr op Client interface call represent the location and size of the driver within the device tree's data space.
l.e., decode- byt es could be used to copy the driver into the desired run-time location.
“driver-reg, .." format

This property, encoded aswith the " r eg" standard property , contains a relative pointer to the run-time driver.
Thisformat isused when the driver isnot directly contained within the FCode image, but rather, islocated in some
other portion of the Expansion ROM. Thevalueisencodedina”reg" format, where the addressisrelativeto the
expansion ROM's base address. This format conserves device tree (and, FCode) space, but requires the OS to
perform the actions of mapping in the Expansion ROM, using the information supplied by this property and the
" assi gned- addr esses" for the Expansion ROM, and copying the driver, itself.

Note: the "fcode-rom of fset " property facilitates the generation of this property within the context of the
FCode'simage. Thedriver can be located relative to the ROM image that contains the FCode (but, does not have
to be within the FCode, itself) without regard to the location of that ROM image relative to otherswithin the same
Expansion ROM. |.e., "self-relocating” images containing encapsulated drivers can be created that can be con-
catenated with other images without altering any data within an image (except, of course, for the Indicator to
properly indicate the last image).

10.1. Naming conventions

The complete property name for these encapsulated drivers is chosen to allow multiple driversto co-exist within
the expansion ROM. An OSwill locate its desired driver by an exact match of its property name among any such
“driver," ("driver-reg,") properties contained within the device tree for thisdevice. The formats of the
complete names are:
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"driver, G5-vendor, OS-t ype, I nstruction-set”
"driver-reg, G5-vendor, OS-type, I nstruction-set”

The OS-vendor component is as defined for device-names; i.e., organizational unique identifier (e.g., stock sym-
bol). The OS-type & Instruction-set components are defined by the OS-vendor. An example would be:

“driver-reg, AAPL, MacCS, Power PC'

11. Examplesof "reg" and " assi gned- addr esses" properties

The examplesin these sections demonstrate the generation and use of the" r eg” and" assi gned- addr ess-
es" properties for PCI devices. The first sections demonstrate how " r eg” and " assi gned- addr esses™
properties get created while the | ast sections show how a Client can use the information to determine PCl address-
es of device resources.

In the following examples:
XXXX represents the bus, device, function numbers as appropriate
hhhhhhhh represents the high 32 bits of a PCl domain address
FTErrrn represents the low 32 bits of a PCl domain address

11.1. Creation of "reg" and " assi gned- addr ess" properties

The following sections describe several scenarios of how "r eg” and " assi gned- addr esses" properties
would get created in various situations.

11.1.1. A single 256-byte addr ess base register, without FCode.
This example device has a single a single 256-byte, non-prefetchable memory range and no Expansion ROM:
Base address register 0x10:

Discovered to be present, and requiring 0x 100 bytes of address space, by reading
OxFFFFFFOO after writing OXx FFFFFFFF.

Base address register 0x14:
Not present, as discovered by reading back 0x00000000 after writing
OxFFFFFFFF.

(same for 0x18, 0x1C, 0x20, 0x24, and 0x30)

"reg" property (created during probing)
phys _hi phys nmid phys lo size hi size lo

00xxxx00 00000000 00000000 00000000 00000000
02xxxx10 00000000 00000000 00000000 00000100

"assi gned- addr esses" property (created after probing, during address assignment)

82xxxx10 00000000 11111100 00000000 00000100
with the resulting base address registers contents:
0x10: [1111100

11.1.2. A simple VGA device, without FCode.
Thisexample consistsof asimple VGA device, with no relocatabl e regions and a4K non-FCode Expansion ROM.
Base address register 0x10:

Discovered to be not implemented by reading back a 0x00000000 after writing
OxFFFFFFFF.

(same for 0x14, 0x18, 0x1C, 0x20, 0x24)
Expansion ROM base address register (0x30):
Discovered to be present, and requiring 0x1000 bytes by reading back a OxFFFFFO00
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after writing OxFFFFFFFF.

"reg" property (created during probing)
phys hi phys nmid phys lo size hi size lo
00xxxx00 00000000 00000000 00000000 00000000
02xxxx30 00000000 00000000 00000000 00001000
81xxxx00 00000000 000003BO 00000000 0000000C
81xxxx00 00000000 000003C0 00000000 00000020
82xxxx00 00000000 000AO000 00000000 00020000

"assi gned- addr esses" property (created after probing, during address assignment)

82xxxx30 00000000 II111000 00000000 00001000
with the resulting base address registers:
0x30: [1111000

11.1.3. A single 256 resour ce, Memory and 1/O accessible, without FCode

This example consists of a device that has a single resource, requiring 256 bytes of address space, but which is
accessible as either 1/0 or Memory mapping; i.e., it contains two address base registers, one for 1/0 Space and
one for Memory Space. For thisexample, no Expansion ROM base addressregister isimplemented; hence, there
isno FCode.

Base address register 0x10:

Discovered to beaMemory base addressregister, requiring 256 bytes of address space,
by reading back a Ox FFFFFFOO after writing Ox FFFFFFFF.

Base address register 0x14:

Discovered to be al/O base address register, requiring 256 bytes of address space, by
reading back a Ox FFFFFFO1 after writing OX FFFFFFFF.

Base address registers 0x18, 0x1C 0x20, 0x24 and 0x30:

Discovered to be not implemented by reading back a 0x00000000 after writing
OxFFFFFFFF.

"reg" property (created during probing)

phys_hi phys_nid phys_lo size_hi size_lo
00xxxx00 00000000 00000000 00000000 00000000
02xxxx10 00000000 00000000 00000000 00000100
01xxxx14 00000000 00000000 00000000 00000100

"assi gned- addr esses" property (created after probing, during address assignment)

81xxxx14 00000000 11111100 00000000 00000100

82xxxx10 00000000 11111100 00000000 00000100
with the resulting base registers:

0x10: [1111100 (amemory address)

0x14: [1rrrrol (an 1/0O address)

Note that this platform appearsto allocate I/O space first, yielding an assigned-addresses property in a different
order fromthereg property.

11.1.4. A single 256 resource, Memory and 1/0 accessible, with FCode.

The same function asin 11.4, but with 4K of FCode that revealsthat the first 32 bytes of the registers are unused
and the second 32 bytes are used only for diagnostic purposes:

Base address register 0x10:

Discovered to beaMemory base addressregister, requiring 256 bytes of address space,
by reading back a 0x FFFFFFOO after writing Ox FFFFFFFF.

Base address register 0x14:
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Discovered to be al/O base address register, requiring 256 bytes of address space, by
reading back a Ox FFFFFFO1 after writing OX FFFFFFFF.

Base address registers 0x18, 0x1C 0x20, 0x24:

Discovered to be not implemented by reading back a 0x00000000 after writing
OxFFFFFFFF.

Expansion ROM base address register (0x30):

Discovered to be present, and requiring 0x 1000 bytes of address space, by reading
OxFFFFFOO0O0 after writing Ox FFFFFFFF.

The Expansion ROM is discovered to contain a valid FCode image which is evaluated. This FCode creates its
own "reg" property, reflecting knowledge of the intended usage of the addressable resource.

"reg" property (created during probing by the FCode program)

phys hi phys nmid phys lo size hi size lo
00xxxx00 00000000 00000000 00000000 00000000
02xxxx10 00000000 00000040 00000000 000000CO

"al t er nat e-reg" property (created during probing by the FCode program)
00000000 00000000 00000000 00000000 00000000
01xxxx14 00000000 00000040 00000000 000000cO *1
02xxxx10 00000000 00000020 00000000 00000020 *2
01xxxx14 00000000 00000020 00000000 00000020 *3

Notes:

*1 Secondary access to operational registers
*2 Primary access to diagnostic registers
*3 Secondary access to diagnostic registers

"assi gned- addr esses"” property (created after probing, during address assignment)

81xxxx14 00000000 11111100 00000000 00000100

82xxxx10 00000000 11111100 00000000 00000100
with the resulting base registers:

0x10: [1111100 (amemory address)

0x14: [1rrriol (an I/O address)

11.2. Computing PCI addressesfrom " r eg" and " assi gned- addr esses”

The following sections show how a device driver or Client program could use the information provided in the
"reg" and" assi gned- addr esses" properties.

The phrases "PCl address space" or "PCl domain” indicate an address is the PCI physical address space as used
on the PCI busin question. This PCI physical address space is not necessarily the same as the physical address
spaceinwhich aprocessor would accessthe PCI resource. Especially inthe case of PCI 1/O space, host PCI bridg-
es (i.e., PCI bridges that are attached to the processor bus) may perform an address trandlation function. In the
following examples, another sequence of stepsis, in general, necessary to determine the appropriate processor ad-
dressto use. Theinformation necessary for these stepsis contained inthe" r anges” properties of bus nodes.

11.2.1. Deter mining the address of aregister of examplein Section 11.1.4.

Problem: Given the last device described in Section 11.1.4., determine the physical address associated with the
3rd byte of its operational registers.

1. Extract the second phys-addr,size pair from the " r eg" property. (We know to use the second pair because
thefirst pair isthe Configuration Space entry and the device documentation tells us that the second pair is the op-
erational registers.)

2. Notethat the’n’ hit is zero, indicating arelocatable region. Notethattherrrrrrrr fieldisOx10.

3. Searchthe" assi gned- addr esses" property for an entry withanrrrrrrrr field of 0x10. Findthe
second entry.
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4. Add the phys mid,phys lo value fromthe" assi gned- addr esses" entry to the phys mid,phys |lo value
(0x40) from the " r eg" entry. Thisyields the physical base (in PCl address space) of the device's operational
registers.

5. Add thisvalue to the desired register offset, 3. Thisyieldsthe (PCl domain’s) physical address of the desired
register.

11.2.2. Determining the address of aregister of examplein Section 11.1.2.

Problem: Given the VGA device described above (in Section 11.1.2.), determine the PCl address associated with
the sequencer index register (1/0 address 0x3C4 in the documentation).

(Of course, we could "just know" that the answer is 0x3C4, but let's do it according to the book.)

1. Extract the fourth phys-addr,size pair fromthe" r eg" property. (We know to use the fourth pair because the
first pair isthe Configuration Space entry, the second pair isthe ROM, the third pair isthe monochrome 1/O range,
the fourth pair isthe color 1/0 range, and the fifth pair is the video memory.)

2. Notethat the’n’ bit is one, indicating a non-relocatable region.

3. Addthe phys mid,phys lovaluesfromthis" r eg" entry to the desired register offset, 4. Thisyieldsthe phys-
ical address (in the PCI domain) of the sequencer index register.
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