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.J\BCBl:'l'ECTURlj FOR Alf J/O PROCESSOR 

TQ.T IN'l'EGBATES A PC:t 'l'O PC+ prpGE 

BACKGROutJQ QF THE :CNVIHTXON 

1. Fie1d Of The Xpyention; 

The present invention pertains to the field of 
computer system architecture. More particularly, this 
invention relates to an intelligent bus briage for 
implementing intelligent input/output subsystems in 

computer and server systems. 
2. Baekgroupd; 

High performance computer systems commonly include 
separate input/output subsystems. Such input/output 
subsystem typically includes a microprocessor that 
performs input/output functions which is separate from 
what may be referred to as the host or main 
microprocessor. For example, such input/output 
subsystem may perform complex communication network 
interface functions or disk control functions for the 
computer system. 

Typically, an input/output subsystem includes a 
set of specialized input/output devices coupled for 
communication over a component bus. A processor in 
such an input/output subsystem typically performs the 
input/output functions via a bus without interfering 
with operations by other processors in the computer 
system. Such isolation of input/output transactions on 
the bus typically enables improved performance by the 
main processor or processors in such a computer system. 
Such architecture is common in mainframe computer 
systems where the processor and the input/output 
subsystem is referred to as an I/O channel. 
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With the advent of computer systems utilizing 
microprocessors, especially server/client systems, the 
demand for more powerful.microprocessors has been 

increasing to enable more powerful server/client 
systems. This need has been partially met by combining 
multiple microprocessors in a single system 11 as shown 
in Figure 1. Another problem which exists as more I/0 
devices are needed to implement more powerful 
server/client systems is that standard compdnent buses 
that couple input/outpu~ subsystems to other elements 
of the computer system typically impose electrical 
loading limitations. Such electrical loading 
limitations impose limits on the number of components 
coupled to the standard component bus. For example, 
one prior art bus standard requires that each connector 
on a system component interconnect bus presents only 
one electrical load. Such electrical loading 
limitations ensure that signal quality on a fully 
loaded bus is sufficient for reliable operation. 

In this connection, since some input/output 
subsystems require a large number of components that 
communicate via a local component bus which may exceed 
the electrical loading requirements imposed on each 
connector of a standard component bus, an input/output 
subsystem may also include a bus bridge circuit 13 that 
couples the local component bus 17 to other component 
buses 19 in the computer system which connect to a 
network such as a LAN through a network I/O card 21 or 
storage devices through SCSI controllers 23. Such a 
bus bridge electrically isolates the microprocessor or 
microprocessors 25, the memory 27 and the components of 
the input/output subsystem from the other component 
buses. Such a bus bridge circuit enables the 
input/output subsystem to contain a large number of 
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components required to implement input/output functions 
while meeting electrical loading requirements on other 
component buses. 

Moreover, the microprocessor or processors in 
system 11 must typically contend with other bus agents 
coupled to the component bus. Such bus contentions 
typically reduce the performance of the microprocessor 
or microprocessors while performing the input/output 
functions for the input/output subsystem. 

SJJMMMX OJ' THE rmrpTXOH 

The present invention is a multi-functional device 
that integrates a high performance processor into a PCI 
to PCI bus bridge (P2P) . Referring now to Figure 2, the 
invention consolidates a high performance processor, 
such as an 80960 JF processor available from Intel 
Corporation (the local processor), a PCI to PCI bus 
bridge 32, PCI bus-processor address translation unit, 
direct memory access CDMA) controller, memory 
controller, secondary PCI bus arbitration unit, inter­
integrated circuit (I2C) bus interface unit, advanced 
programmable interrupt (Al?IC) bus interface unit, and a 
messaging unit into a single system 31 which utilizes a 
local memory 33. It is an integrated processor that 
addresses the needs of intelligent I/O applications and 
helps reduce intelligent I/O system costs. 

The PCI bus is an industry standard (PCI Local Bus 
Specification, Revision 2.l), high performance, low 
latency system bus. The PCI to PCI Bridge provides a 
connection path between two independent 32-bit PCI 
buses and provides the ability-to overcome PCI 
electrical loading limits. The addition of the local 
processor brings intelligence to the PCI bus bridge. 
The local processor and other functional blocks shown 



W097/00480 PCT/US96/104Sl 

-4-

with dashed box 31 in Figure 3 illustrate a block 
diagram of what will hereinafter be referred to as the 
P2P processor. 

The P2P processor is a multi-function PCI device. 
Function 0 is the PCI to PCI bridge unit. Function 1 is 
the address translation unit. The P2P processor 

contains PCI configuration space accessible through the 
primary PCI bus. 

In the preferred embodiment, the local processor 
34 is an 80960 JF processor which is a member of the 
Intel i960 microprocessor family. The 80960 JF 

processor is implemented without functional 
modification in the P2P processor. The i960 Jx 
Microprocessor User's Manual available from Intel 
Corporation provides further details although all 
information concerning the local proc~ssor needed to 
practice the invention is provided herein. 

The local processor operates out of its own 32-bit 
address space and not PCI address space. Memory on the 
local processor bus can be: 

•made visible to the PCI address space 
;kept private to the local processor 
•combination of the two. 

Local Processor Bµs 41 

The local processor bus connects to P2P processor 
I/O pins to provide bus access to external devices. The 
P2P processor provides support for local bus 
arbitration. 
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Ad.dress Translation units 43a and 43b and 

Messaging Unit 45 

The address translation unit allows PCI 

transactions direct access to the local processor local 

memory 33. The local processor 34 has direct access to 

both PCI buses. Address translation is provided for 

transactions between the PCI address space and local 

processor address space. Address translation is 

controlled through programmable registers accessible 

from both the PCI interface and the local processor 

which allow flexibility in mapping the two address 

spaces. A messaging unit 45 provides a mechanism for 

data to be transferred between the PCI system and the 

local processor and notifying the respective system of 

the arrival of new data through an interrupt. The 

messaging unit can be used to send and receive 

messages. 

PCI to PCI Bridge Unjt 32 

The PCI to PCI Bridge Unit connects two 

independent PCI buses. The bridge allows certain bus 

transactions on one PCI bus to be forwarded to the 

other PC! bus. It also allows fully independent PCI bus 

operation, including independent clocks. Dedicated data 

queues support high performance bandwidth on the PCI 

buses. PCI 64-bit Dual Address Cycle (DAC) addressing 

is supported. 

The PCI to PCI bridge has dedicated PCI· 

configuration space that is accessible through the 

primary PCI bus. 

The PCI to. PCI bridge in the P2P processor is 

fully compliant with the PCI to PCI Bridge Architecture 

Specification, Rev. 1.0 published by the PCI Special 

Interest Gro~p. 
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Priyate PCT Deyices 

The P2P processor, by design, explicitly supports 
private PCI devices that can use the secondary PCI bus 
yet avoid detection by the PCI configuration software. 
The PCI to PCI bridge 32 and the secondary address 
translation unit 43b work together to hide private 
devices from PCI configuration cycles and to allow 
these devices to utilize a private PCI address space. 
These devices can be configured by the secondary 
address translation unit through normal PCI. 

configuration cycles. 

Integrated Memory Controller ·47 

The integrated memory controller provides direct 
control for external memory systems. Support is 
provided for DRAM, SRAM, ROM, and Flash Memory. The 
integrated memory controller provides a direct connect 
interface to memory 33 that usually does not require 
external logic. It features programmable chip selects, 
a wait state generator, and byte parity. 

The external memory can be configured as PCI 
addressable memory or as private local processor 
memory. 

DMA Controller Sla and Slb 

The DMA Controller allows low-latency, high­
throughput data transfers between PCI bus agents and 

local memory. 
There are three separate DMA channels to 

accommodate data transfers. Two channels are dedicated 
to primary PCI bus data transfers and one channel is 
dedicated to secondary PCI bus data transfers. The DMA 
Controller supports chaining and unaligned data 
transfers. It is programmable only through the local 
processor 34. 
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Secondary PCI Arbitration Unit 53 

The Secondary PCI Arbitration Unit provides PCI 

arbitration for the secondary PC! Bus. A fairness 

algorithm with programmable priorities is implemented. 

Six PCI Request and Grant signal pairs are provided. 

The arbitration unit may be disabled to allow for 

external arbitration. 

Internal PCI and Local Bus Arbitration Units 55a. 

55b and 57 

The P2P processor contains two internal 

arbitration units which control access to the internal 

PCI buses within the device, namely the primary 

internal PCI arbitration unit 55a which arbitrates for 

the primary bridge interface, the primary ATU, DMA 

Channel 0, and DMA Channel 1. The secondary internal 

PCI arbitration unit 55b arbitrates for the secondary 
bridge interface, the secondary ATU, and DMA Channel 2. 

Each internal PCI arbitration unit uses a fixed round­
robin arbitration scheme with each device on a bus 
having equal priority. 

The P2P processor also requires an arbitration 

mechanism to control local bus ownership. The local bus 
arbitration unit (LBAU) 57 implements a fairness 

algorithm which allows every bus master the opportunity 

to gain control of the local bus. The algorithm 

combines a round-robin scheme with a prioritizing 

mechanism. 

i2c Bµs Interface Unit 61 

The 12c (Inter-Integrated Circuit) Bus Interface 

Unit allows the local processor to serve as a master 

and slave device residing on the 12c bus. The r2c bus is 

a serial bus developed by Philips Corporation 
consisting ~f a two pin interface. The bus allows the 
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P2P processor to interface to other r2c peripherals and 

microcontrollers for system management functions. It 
requires a minimum of hardware for an economical system 
to relay status and reliability information on the I/O 
subsystem to an ext·ernal device. 

APIC Bus Interface Unit 63 

The APIC bus interface unit provides an interface 
to the three-wire Advanced P~ogrammable Interrupt 
Controller (APIC) bus that allows I/O APIC emulation in 
software. Interrupt messages can be sent on the bus and 
EOI messages can be received. 

Interrupt Routing 67 

Four PCI interrupt inputs are provided which can 
be routed to either local processor interrupt inputs or 
to PCI Interrupt output pins. 

TEBMINOLQGY AND CQNVENTIQNS 

Representing Numbers 

All numbers set forth herein are base 10 unless 
designated otherwise. In text, numbers in base 16 are 
represented as "nnnH", where the ~H" signifies 
hexadecimal. Binary numbers are shown with the 
subscript 2. 

Fields 

A preserved field in a data structure is one that 
the processor does not use. Preserved fields can be 
used by software; the processor will not modify such 
fields. 

A reserved field is a field that may be used by an 
implementation. If the initial value of a reserved 
field is supplied by software, this value must be zero. 
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Software should not modify reserved fields or depend on 
any values in reserved fields. 

A read only field can be read to return the 
current value. Writes to read only fields are treated 
as no-op operations and will not change the current 
value nor result in an error condition. 

A read/clear field can also be read to return the 
current value. A write to a read/clear field with the 
data value of 0 will cause no change to the"field. A 
write to a read/clear field with a data value of 1 will 
cause the field to be cleared (reset to the value of 
0). For example, if a read/clear field has a value of 
FOH, and a data value of SSH is written, the resultant 
field will be AOH. 

Terminology 

To aid the discussion of the P2P architecture, the 
following terminology is used: 

Downstream At or toward a PCI bus with a 
higher number (after configuration) 

DWORD 32-bit data word 
Host processor Processor located upstream from the 

P2P processor 
Local bus Local processor bus 
Local memory Memory subsystem on the local bus 
Upstream At or toward a PCI bus with a lower 

number (after configuration) 

BBIEF PESCR:IPT:IOH QI' '1'81 DBAWl:HGS 

Figure 1 is a block diagram showing a system 
using a prior art PCI to PCI bridge • 

Figure 2 is a block diagram showing a system 
using the invented PCI to PCI bridge with processor 
according to the present invention. 
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Figure 3 is a block diagram showing the invented 

:e2:e processor. 
Figure 4 shows the directions in which 

transactions flow between the primary and secondary 
address spaces of the PCI to PCI bridge. 

Figure 5 is a block diagram of the PCI to PCI 

bridge. 
Figure 6 is a block diagram of the primary and 

secondary ATUs. 
Figure 7 is a block diagram showing the 

connections of the DMA controllers to the various 
buses. 

Figure 8 is a block diagram of the memory 
controller. 

Figure 9 is a block diagram showing the 
connections between the local processor and the PPIC. 

Figure 10 is a block diagram showing the 
connections of the internal PCI arbitration units. 

Figure 11 is a block diagram of the r2c Bus 
Interface Unit and its interface to the local bus. 

DE'l'AXLBD DESCBXP'l';[QN or THI XBylNT:IQN 

The invention. wiil now be described in terms of 
its functional blocks as set forth in Figure 3. 

LOCAL PBOCJ'lSSQB 

The following is a description of the 80960 JF 

microprocessor used as the local processor in the P2P 

processor. It describes how the 80960 JF processor is 

configured or otherwise different from the description 
of the part in the i960 Jx Microprocessor User's 
Manual. 

• 
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OVERVIEW 
The 80960 JF processor is implemented without 

functional changes in the P2P processor, i.e. no 

internal logic is altered. Refer to the i960 Jx 
Microprocessor User's Manual for more details about the 
80960 JF processor. 

FEATURES 
The basic features of the 8~960 JF processor are 

as follows: 

•High performance instruction execution core 
•4-I<byte 2-way set associative instruction cache 

•2-I<byte direct mapped data cache 
•Thirty-two 32-bit integer registers 
•Programmable bus controller 
•1-Kbyte internal Data RAM 
•Local register cache, providing storage for up to 

8 local register sets 
•Advanced interrupt controller 
•Two 32-bit Timers 

D:tl'JrERENCES 

The following is a description of system design 
decisions made that impact t~e 80960 JF processor as 
used in the P2P processor. 

Memo:r:y Regions 

Because the P2P processor Peripheral Memory-Mapped 
Registers are 32-bits wide, Memory Region 0 and 1 must 
be designated a 32-bit region. Therefore, the PMCONO_l 
register must have the.Bus Width bits set to 102 
indicating a 32-bit wide bus. 

!ms. 
To achieve optimal performance from DMA accesses, 

bus masters on the local bus other than the local 
processor are allowed to have unlimited burst lengths 
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on the local processor bus. The address, however, will 
not increment for bursts longer than 4 words. This 
implies that memory controllers on the local bus must 
increment the address for each access in a burst. 

PCT TO PCX BBtpGE mJXT 

OVER.VIEW 

The PCI to PCI bridge unit 32 is a device that 
allows the extension of a PCI Bus beyond its limited 
physical constraint of 10 electrical PCI loads. The 
bridge unit uses the concept of hierarchical"busses 
where each bus in the hierarchy is electrically a 
separate entity but where all buses within the 
hierarchy are logically one bus. The PCI to PCI bridge 
unit does not increase the bandwidth 0£ a PCI bus, it 
only allows that bus to be extended for applications 
requiring more I/O components than PCI electrical 
specifications allow. 

The PCI to PCI bridge unit provides: 
•Independent 32-bit primary and secondary PCI 

buses with support for concurrent operations in either 
direction; 

•Separate memory· and I/O address spaces on the 
secondary side of the bridge; 

•Two 64 byte posting buffers for both upstream and 
downstream ~ransactions; 

•VGA palette snooping and VGA compatible 
addressing on the secondary bus; 

•64-bit addressing mode from the secondary PCI 
interface; 

•Private device configuration and address space 
for private PCI devices on the secondary PCI bus; 

.. 
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•Special mode of operation that allows for 
positive decoding on the primary and secondary 
interfaces • 

~HEORY OF OPERATJ:O'N 

The bridge unit operates as an address filter unit 
between the primary and the secondary PCI buses. PCI 
supports three separate address spaces: 
•Four Gbyte memory address space 
•64 Kbyte I/O address space (with 16-bit addressing) 
•Separate configuration space 

A PCI to PCI bridge is programmed with a 
contiguous range of addresses within the memory and I/O 
address spaces, which then become the secondary PCI 
address space. Any address present on the primary side 
of the bridge which falls within the programmed 
secondary space is forwarded from the primary to the 
secondary side while addresses outside the secondary 
space are ignored by the bridge. The secondary side of 
the bridge works in reverse of the primary side, 
ignoring any addresses within the programmed secondary 
ad~ress space and forwarding any addresses outside the 
secondary space to the primary side as shown in Figure 
4. 

The primary and secondary interfaces of the PCI 
bridge each implement PCI 2.1 compliant master and 
target devices. A PCI transaction initiated on one side 
of the bridge will address the initiating bus bridge 

. interface as a target and the transaction will be 
completed by the target bus interface operating as a 
master device. The bridge is transparent to PCI devices 
on either side. 

The PCI to PCI bridge unit of.the P2P processor 
adheres, at a minimum, to the required features found 
in the PCI to PCI Bridge Architecture Specification 
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Revision 1.0 and the PCI Local Bus Specification 

Revision 2.1. The following is a description of the 
bridge functionality and will refer to the PCI to PCI 
Bridge and PCI Bus Specifications where appropriate. 

ARCKITEC~URAL DESCRIPTION 
The PCI to PCI bridge unit can be logically 

separated into four major components as follows: 
•Primary PCI Interface 
•Secondary PCI Interface 
•Posting Buffers 
•Configuration Registers 
The block diagram of the bridge in Figure 5 shows 

these major functional units. 
Prim,a:cy PCl: J:nterfage 

The primary PCI interface 71 of the PCI to PCI 
bridge unit can act either as a target or an initiator 
of a PCI bus transaction. For most systems, the primary 
interface will be connected to the PCI side of a 
Host/PCI bridge which is typically the lowest numbered 
PCI bus in a system hierarchy. The primary interface 
consists of the mandatory 50 signal pins defined within 
the PCI to PCI Bridge Architecture Specification 
Revision 1.0 and four optional interrupt pins. 

The primary PCI interface implements both an 
initiator (master) and a target (slave) PCI device. 
When a transaction is initiated on the secondary bus, 
the primary master state machine, which is described in 
the PCI Local Bus Specification Revision 2.1, completes 

the transaction (write or read) as if it was the 
initiating device. The primary PCI interface, as a PCI 
target for transactions that need to complete on the 
secondary bus, accepts the transaction and forward the 
request to the secondary side. As a target, the primary 
PCI interface uses positive decoding to claim the PCI 

.. 
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transaction addressed below the bridge and then forward 
the transaction onto the secondary master interface. 

The primary PCI interface is responsible for all 
PCI command interpretation, address decoding and error 
handling. 

PCI configuration for the primary and secondary 
interfaces, interrupt routing logic (described below), 
secondary PCI bus arbitration (described below) is 
completed through the primary interface. Configuration 
space registers support these functions. 

Secondary PC:C :tnterf'ace 

The secondary PCI interface 73 of the PCI to PCI 
bridge unit functions in almost the same manner as the 
primary interface. It includes both a PCI master and a 
PCI slave device and implements the "second" PCI bus 
with a new set of PCI electrical loads for use by the 
system. The secondary PCI interface consists of the 
mandatory 49 pins. S_RSTf is an output instead of an 
input on the secondary side. 

As a slave (target), the secondary PCI interface 
is responsible for claiming PCI transactions that do 
not fit within the bridge's secondary memory or I/0 
address space and forwarding them up the bridge to the 
master on the primary side. As a_master (initiator), 
the secondary PCI interface is responsible for 
completing transactions initiated on the primary side 
of the bridge. The secondary PCI interface uses inver~e 
decoding of the bridge address registers and only 
forwards addresses within the primary address space 
across the bridge. 

The secondary PCI interface also implements a 
separate address space for private PCI devices on the 
secondary bus where it ignores and does not forward a 
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range of primary addresses defined at configuration 
time by the local processor. 

As a special mode of operation, the secondary PC! 
interface performs positive address decoding based upon 
its own set of memory and I/O address registers. This 
mode of operation is enabled through the Secondary 
Decode Enable Register (SDER) and has a side effect of 
disabling the inverse decoding of the standard bridge 
address registers on the secondary interface. 

Posting Buffers 

To hide the latency incurred in the arbitration 
and acquisition of a PC! target during read and write 
transactions to the opposite side of the bridge, the 
PCI to PCI bridge unit implements two 64 byte posting 
buffers 77 and 79. The bridge supports both Delayed and 
Posted transactions. 

In a Delayed transaction, the information required 
to complete the transaction is latched and the 
transaction is terminated with a Retry. The bridge then 
perfo~s the transaction on behalf of the initiator. 
The initiator is required to repeat the original 
transaction that was terminated with ·a Retry in order 
to complete the transaction. 

In a Posted transaction, the transaction is 
allowed to complete on the initiating bus before 
completing on the target bus. 

Delayed and Posted transactions are discussed in 
detail below. 

The bridge uses two posting buffers: 
•downstream posting buffer 77 for data flowing 

from the primary interface to the secondary interface 
•upstream posting buffer 79 for data flowing from 

the secondary interface to the primary interface 

.. 
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Each buffer has associated address/control 
registers to maintain information about the 
transaction • 

Configuration Registers 
Every PCI device implements a separate 

configuration address space and configura~ion registers 
81. The first 16 bytes of the bridge configuration 
header format implement the common configuration 
registers required by all PCI devices. The value in the 
read-only Header Type Register defines the format for 
the remaining 48 bytes within the header and returns a 
OlH for a PCI to PCI bridge. 

Devices on the primary bus can only access the PCI 
to PCI bridge configuration space with Type 0 
configuration commands. Devices on the secondary PCI 
bus can not access bridge configuration space with PCI 
configuration cycles. The configuration registers hold 
all the necessary address decode, error condition and 
status information for both sides of the bridge. 

ADDRESS DECOD-J:HG 

The P2P processor provides three separate address 
ranges that are used to determine which memory and I/O 
addresses are forwarded in either direction across the 
bridge portion of the P2P processor. There are two 
address ranges provided for memory transactions and one 
address range provided for I/O transactions. The bridge 
uses a base address register and limit register to 
implement an address range. The address ranges are 
positively decoded on the primary interface with any 
address within the range considered a secondary address 
and therefore capable of being forwarded downstream 
across the bridge. On the secondary interface, the 
address ranges are inversely decoded. This means that 
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any address outside the programmed address ranges is 
capable of being forwarded upstream through the bridge. 

Standard bridge unit address decoding can also be 
modified by the Secondary Decode Enable Register 
(SDER) • The bits within this register enable positive 
address decoding by the secondary bridge ~nterface and 
disable the basic inverse address decoding used by PCI 
to PCI bridges. 

'I./O Address Space 

·The PCI to PCI bridge unit implements one 
programmable address range .for PCI I/O transactions. A 
continuous I/O address space is defined by the I/O Base 
Register (IOBR) and the I/O Limit Register (IOLR) in 
the bridge configuration space. The upper four bits of 
the IOBR correspond to AD[15:12J of the I/O address and 
the lower twelve bits are always OOOH forcing a 4 Kbyte 
alignment for the I/O address space. The upper four 
bits if the IOLR also correspond to AD[15:12] and the 
lower twelve bits are FFFH forcing a granularity of 4 

Kbytes. 
The bridge unit will forward from the primary to 

secondary interface an I/0 transaction that has an 
address.within the address range defined (inclusively) 
by the IOBR and the IOLR. In this instance the primary 
interface acts as a PCI target and the secondary 
interface acts as a PCI initiator for the bridged I/O 
transaction. 

If an I/O read or write transaction is present on 
the secondary bus, the bridge unit forwards it to the 

primary interface if the address is outside the address 
range defined by IOBR and IOLR. In this instance the 
secondary interface acts as a PCI target and the 
primary interface serves as a PCI initiator. 

, 
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The P2P processor only supports 16-bit addresses 
for I/O transactions and therefore any I/O transaction 
with an address greater than 64 Kbytes will not be 
forwarded over either interface. The bridge assumes 
AD[31:16] = OOOOH even though these bits are not 
implemented in the IOBR and the IOLR. The bridge unit 
must still perform a full 32-bit decode during an I/O 
transaction to check for AD[31:16] = OOOOH per the PCI 
Local Bus Specification. 

ISA Mode 

The PCI to PCI bridge unit of the P2P device 
implements an ISA Mode bit in the Bridge Control 
Register (BCR) to provide ISA-awareness for ISA I/O 
cards on subordinate PCI buses. ISA Mode only affects 
I/O addresses within the address range defined by the 
IOBR and IOLR registers. When ISA Mode is enabled by 
setting the ISA Mode bit, the bridge will filter out 
and not forward I/O transactions with addresses in the 
upper 768 bytes (300H) of each naturally aligned 1 
Kbyte block. Conversely, I/0 transactions on the 
secondary bus will inversely decode the ISA addresses 
and therefore forward I/O transactions with addresses 
in the upper 768 bytes of each naturally aligned 1 
Kbyte block. 

Memory Address Space 

The PCI to PC~ bridge unit supports two separate 
address ranges for forwarding memory accesses 
downstream from the primary to secondary interfaces. 
The Memory Base Register (MBR) and the Memory Limit 
Register (MLR) define one address range and the 
Prefetchable Memory Base Register (PMBR) and the 
Prefetchable Limit Register (PMLR) define the other 
address range. The prefetchable address range is used 
in determining which memory spaces are capable of 
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prefetching without side effects. Both register pairs 
determine when the bridge will forward Memory Read, 
Memory Read Line, Memory Read Multiple, Memory Write, 
and Memory Write and Invalidate transactions across the 
bridge. In the case where the two register pairs 
overlap, one address range results that is the 
summation of both registers combined with the 
prefetchable range having priority over bridge read 
transaction response. 

The upper twelve bits of the MBR, MLR, PMBR, PMLR 
registers correspond to address bits AD[31:20] of a 
primary or a secondary memory address. For decoding 
purp~ses, the bridge assumes that AD[l9:0] of both 
memory base registers are OOOOOH and that AD[l9:0] of 
both memory limit registers are FFFFFH. This forces the 
memory address ranges supported by the bridge unit to 
be aligned on 1 Mbyte boundaries and to have a size 
granularity of 1 Mbyte. The lower four bits in all four 
registers are read only an~ return zero when read. 

Any PCI memory transaction (not I/0) present on 
the primary bus that falls inside the address ranges 
defined by the two register pairs (MBR-MLR and PMBR­
PMLR) will be forwarded downstream across the bridge 
from the primary to secondary interface. The secondary 
master interface will always use the same PCI command 
type on the secondary bus that was claimed by the 
primary slave interface on the primary bus (except for 
certain cases during Memory Write and Inva~idate) • All 
dual address cycles (PCI transactions with 64-bit 
address) are always claimed by the secondary interface. 

Any PCI memory transaction present on the 
secondary b~s that falls outside the address range 
defined by the two register pairs {MBR-MLR and PMBR­
PMLR) will be forwarded upstream across the bridge from 

t 
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the secondary to primary interface. The secondary 
interface will forward all dual address cycles from the 
secondary bus to the primary bus. Dual address cycles 
ar~ constrained to the upper 4 Gbytes of the 64-bit 
address space. 

The bridge response to memory transactions on 
either interface may be modified by the following 
register bits from the bridge configuration space: 

•Master Enable bit in the Primary Cornm~nd Register 
(PCMD) 

•Memory Enable bit in the Primary Command Register 
(PCMD) 

•VGA Enable bit in the Bridge Control Register 
(BCR) 

•Secondary Positive Memory Decode Enable bit in 
the Secondary Decode Enable Register (SDER) 

The Secondary Positive Memory Decode Enable bit in 
the SDER modifies secondary address decoding. It 
enables an address range register pair, secondary 
Memory Base Register (SMBR) and Secondary Memory Limit 
Register (SMLR), that define an address window for 
claiming memory transactions on the secondary bus and 
forwarding through the bridge. The decoding and 
transaction claiming works in the same manner as 
positive decoding on the primary bus for the MBR/MLR 
and PMBR/PMLR address pairs. The Secondary Positive 
Memory Decode Enable bit also disables the inverse 
decoding performed on the secondary interface that 
claims memory transactions with addresses outside the 
:MBR/MLR and PMBR/PMLR address ranges. Inverse decoding 
is never performed on the primary interface on behalf 
of the :MBR/MLR and PMBR/PMLR address pairs. 
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64-B.it Address Decoding-Dual Address Cycles 

The bridge unit supports the dual address cycle 

command for 64-bit addressing on the secondary 
interface of the bridge unit only. Dual address cycles 
allow 64-bit addressing by using two PCI address 
phases; the first one for the lower 32 bits and the 
second one for the higher 32 bits. 

The bridge unit typically decodes and forwards all 
dual address cycles from the secondary to tne primary 
interface regardless of the address rang~s defined in 
the MBR/MLR and PMBR/PMLR register pairs. Dual address 
cycles will not be forwarded if the Secondary 
Subtractive Decoding Enable bit in the SDER is set. 

The bridge unit will use Subtractive Decode timing 
(assert DEVSELf on the fifth clock after FRAME# is 
asserted) for claiming dual address cycles. This allows 
other agents on the secondary PCI bus to claim dual 
address cycles before the bridge unit. 

The primary interface will not forward dual 
address cycles. 

The mechanism for holding and forwarding the high 
order 32 bits of a 64-bit address is the addition of 
32-bit address registers associated with the secondary 
to primary data path. These registers will store the 
high order 32 bits of a 64-bit address that is · 
transmitted during the second address phase of a dual 
address cycle. In addition, the master and slave state 
machines must be able to support the dual address cycle 
and the DAC command. 

The response to DAC cycles on the secondary 

interface may be modified by the following register 
bits from the bridge configuration space: 

•the Master Enable bit in the Primary Command 
Register (PCMD) 

" 
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•the Memory Enable bit in the Primary Command 

Register (PCMD) 

The Memory Enable bit in the PCMD register must be 

set to allow the oridge to enable the bridge to respond 

to any kind of memory cycle, 32 or 64 bit. The Master 
Enable bit in the PCMD must be set to allow the primary 
interface to master PCI transactions. 

BRJ:DGE OPERA!'ZOH 

The bridge unit of the P2P processor is capable of 
forwarding all types of memory, I/O and configuration 
commands from one PCI interface to the other PCI 

interface. Table 1 defines the PCI commands supported 
and not supported by the PCI to PCI bridge unit and its 

two PCI interfaces. PCI commands are encoded within the 
C/BE[3:0]i pins on either interface. To prevent 

deadlock due to two different interfaces, the bridge 
gives priority to the primary interface when 
transactions occur on both interfaces simultaneously • 
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C/BE# PCICommand Initiator: Primary 

Bus 
Target: 

Secondarv Bus 

00002 Interrupt Acknowledge · Ismore 

OOOb Snecial Cycle Ismore 

00102 J/ORead Forward 

OOlb I/OWrite Forward 

01002 Reserved 11more 

01012 Reserved Ignore 

01102 MemorvRead Forward 
Ollb Memorv Write Forward 

10()()? Reserved Im ore 

10012 Reserved Ismore 

10102 Co .. f! ·-·on Read Forward 

10112 Confil!U1'8don Write Forward 
11002 .... 

" Read Multiole Forward 

11012 Dual Address Cvcle I more 

11102 Memorv Read Line Forward 

11112 Memorv Write and Invalidate Forward 

Table l. PCI Commands 
PCI: :Interfaces 

PCT/US96/104Sl 

Initiator: 

Secondary Bus 
Target: Primary 

Bus 

I1more 

I more 

Forward 

Forward 

Ignore 

le;nore 

Forward 
Forward 

I more 

I more 

Forward 

Forward 

Forward 

Forward 

Forward 

Forward 

The P2P bridge unit has a primary PCI interface 
and a secondary PCI interface. When transactions are 
initiated on the primary bus and claimed by the bridge, 
the primary interface serves as a PCI target device and 
the secondary interface serves as an initiating device 
for the true PCI target on the secondary bus. The 
primary bus is the initiating bus and the secondary bus 
is the target bus. The sequence is reversed for 
transactions initiated on the secondary bus. The 
interfaces are defined below. 

• 
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Primary Interface 

The primary PCI interface 71 of the bridge unit is 
the interface connected to the lower numbered PCI bus 

between the two PCI buses that the P2P device bridges. 
The primary PCI interface must adhere to the 

definition of a PCI master and slave device as defined 
within the PCI Local Bus Specification and the PCI to 
PCI Bridge Architecture Specification. 

Secondary Interface 

The secondary PCI interface 73 of the bridge unit 
is the interface connected to the higher numbered PCI 

bus between the two PCI buses that the P"2P device 
bridges. 

The secondary PCI interface must adhere to the 
definition of a PCI master and slave device as defined 
within the PCI Local Bus Specification and the PCI to 
PCI Bridge Architecture Specification. 

POSTl:HG BUl'F'ERS 

The PCI to PCI bridge unit has two posting buffers 
that are used for both Delayed transactions and Posted 
transactions. The downstream posting buffer 77 is in 
the data path from the primary interface to the 
secondary interface. The upstream posting buffer 79 is 
in the data path from the secondary interface to the 
primary interface. Figure 5 shows the two posting 
buffers between the primary and secondary interfaces. 

The downstream posting buffer is used by: 
•Posted Writes from the primary bus 
•Delayed Write Requests from the primary bus 
•Delayed Read Completions returning to the 

secondary bus 
•Delayed Write Completions returning to the 

secondary bus 
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The upstream posting buffer is used by: 
•Posted Writes from the secondary bus 

PCTJUS96/1045l 

•Delayed Write Requests from the secondary bus 
•Delayed Read Completions returning to the primary 

•Delayed Write Completions returning to the 
primary bus 

Write posting allows the bridge to achieve its 
full bandwidth potential while hiding the latency 
associated with traveling through the bridge and the 
latency associated with acquiring the target bus. The 
two sets of posting buffers can be used simultaneously. 

Posting Buffer · Organization 
Each posting buffer can hold 64 bytes of data 

organized in 16 entries of 4 bytes each (16 DWORDs). 
Each buffer can hold: 

or 

•One Posted Write transaction of up to 64 bytes or 
•One Delayed Completion transaction up to 64 bytes 

•One Delayed Write transaction up to 4 bytes 
Associated with each posting buffer is an address 

register and a set of tag bits and valid bits. 
The bridge can also store one Delayed Read Request 

outside of the posting buffer. 
The internal addressing of the posting buffers is 

in a circular fashion such that when a transaction 
enters an empty buffer, it will be immediately 
forwarded to the top. No PCI clocks are required to 
move data from one entry in the buffer to the next. 

Posting Buff er Operation 
Both posting buffers are used to help the bridge 

achieve the full PCI bandwidth and to hide the latency 
of acquiring two PCI buses for every transaction 
crossing the bridge. The Posting Disable bit in the 
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EBCR register must be clear to allow the buffers to 
post transactions. 

The nature of the posting buffers allows for 
concurrent operations from the primary to secondary PCI 
interfaces and from the secondary to primary PCI 
interfaces. This means that transactions.~o opposite 
interfaces may occur on both PCI interfaces at the same 
time. From the moment a transaction is initiated to the 
bridge, the target interface attempts to gaih 
mastership of the target bus. The mechanism used for 
this is the standard PCI arbitration mechanism used on 
the primary and the secondary interfaces. 

As a default reset state, the posting buffers will 
be marked invalid. Any subsequent PCI reset event will 
force all the buffers to be cleared by being marked 
invalid. 

Transaction Orciering Rules 

Because the bridge can process multiple 
transactions, it must maintain proper ordering to avoid 
"deadlock conditions and improve throughput. Table 2 
contains the ordering rules for multiple transactions. 
The first row contains the transaction that has been 
accepted. The first column is the transaction that was 
just latched. The table indicates whether the new 
transaction can pass the previous accepted transaction 
(denoted as Yes), the new transaction can not pass the 
previous accepted transaction (No}, or the new 
transaction should not be accepted (Do Not Accept) . 
Transactions not accepted should be signaled a Retry. 
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Pass Pass Pass Pass Pass 

Pass? accepted accepred ~ accepjed accepted 

Posted Delayed DeJayed Delayed Delayed 

Memory Read Write Read Write 

Write? Request? Request.? Completio Completio 

n? n? 

New Posted Memory No Yes Yes Yes Yes 

Write -
New Delayed Read No Do Not Do Not No Yes 
- Acceot Acceot 

New Delayed Write No Do Not Do Not No Yes 

Reauest Accent AcN'!l'll 

New Delayed Read No Yes Yes Do Not Do Not 

Comnletion Ar.rent ~ 

New Delayed Write Yes Yes Yes No Do Not 

r~tetion ~ 

Table 2. Transaction Passing 

REGISTER DEFINXTIONS 

The PCI to PCI bridge configuration registers are 
described below. The configuration space consists of 8, 
16, 24, and 32-bit registers arranged in a predefined 
format. The configuration registers are accessed 
through Type 0 Configuration Reads and Writes on the 
primary side of the bridge and through local processor 
local operations. 

Each register other than those defined by the PCI 
Local Bus Specification and the PCI to PCI Bridge 

Architecture Specification is detailed in 
functionality, access type (read/write, read/clearw 
read only) and reset default condition. As stated, a 
Type 0 configuration command on the primary side with 
an active IDSEL or a memory-mapped local processor 
access is required to read or write these registers. 
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The format for the registers with offsets up to 3EH are 
defined with the PCI to PCI Bridge Architecture 
Specification Rev. 1.0, and therefore, are not detailed 
herein. Registers with offsets greater than 3EH are 
implementation specific to the P2P processor. 

An additional requirement exists to allow the 
local processor to access the bridge configuration 
space. Some registers that are read only from Type O 
Configuration Read and Write commands may be writable 
from the local processor. This allows certain 
configuration registers to be initialized before PCI 
configuration begins. 

The local processor reads and writes the bridge 
configuration space as memory-mapped registers. Table 3 
shows the register and its associated offset used in a 
PCI configuration command and its memory-mapped address 
in the local processor address space. 

The assertion of the P_RSTt signal on the primary 
side of the bridge affects the state of most of the 
registers contained within the bridge configuration 
space. Unless otherwise noted, all bits and registers 
will return to their stated default state value upon 
primary reset. The reset state of the secondary S_RST# 
output does not affect the state of the registers 
unless explicitly noted. 
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Register Name Size Address 
in Offset .... 
Bvtes 

Vendor ID Reaister ~ VIDR 2 OOH 
Device ID Reaister - DIDR 2 02H 
Primarv Command Reaister - PCMDR 2 04H 
Primarv Status Reaister - PSR 2 06H 
Revision ID Reqister - RIDR 1 0.8H 
Class Code Reaister - CCR 3 09H 
Cacheline Size Reaister - CLSR 1 OCH 
Primary Latency Timer Register - 1 ODH 
PLTR 

Header Tvoe Reaister - HTR 1 OEH 
Primarv Bus Number Reaister - PBNR 1 18H 

Secondary Bus Number Register - 1 l9H 
SBNR 

Subordinate Bus Number Register - 1 lAH 
SubBNR 

Secondary Latency Timer Register - 1 lBH 
SLTR 

I/0 Base Reaister - IOBR 1 lCH 
I/O Limit Reaister - IOLR 1 lDH 

Secondarv Status Reaister - SSR 2 lEH 
Memorv Base Reaister - MBR 2 20H 
Memorv Limit Reaister - MLR 2 22H 

. Prefetchable Memory Base Register 2 24H 
- PMBR 

Prefetchable Memory Limit Register 2 26H 
- l?MLR 

Bridae Control Reaister - BCR 2 3EH 
Extended Bridge Control Register - 2 40H 
EBCR 
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Secondary IDSEL Select Register - 2 42H 

SISR 

Primary Bridge Interrupt Status 4 44H 
Reaister - PBISR 

Secondary Bridge Interrupt Status 4 48H 

Reqister - SBISR 

Secondary Arbitration Control 4 4CH 
Reaister - SACR 

PCI Interrupt Routing Select 4 SOH 

Reqister - PIRSR 

Secondary I/0 Base Register - 1 54H 
SIOBR 

Secondary I/0 Limit Register - 1 SSH 
SIOLR 

Secondary Memory Base Register - 2 SSH 

SMBR 

Secondary Memory Limit Register - 2 SAH 
SMLR 

Secondary Decode Enable Register - 2 SCH 
SDER 

Table 3. PCI to PCI Bridge Configuration Register 
Addresses 

As previously noted, the bits in the Vendor ID 
Register through the Bridge Control Register-BCR adhere 
to the definitions in the PCI Local Bus Specification, 
and, therefore need not be described herein. The 
following is a description of the registers added to 
the PCI Local Bus Specification to implement the PCI to 
PCI bridge according to the present invention. The 
added registers begin at an address offset of 40H as 
shown in Table 3. 
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Extended Bridge Control R.egister-EBCR 

The Extended Bridge Control Register is used to 
control the extended functionality the bridge 
implements over the base PCI to PCI Bridge Architecture 
Specification. It has enable/disable bits for the 
extended functionality of the bridge. 

.. 
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Read/W Description 
rite 

Read Reserved 
Onlv 

PCT/US96/10451 

Read/W Configuration Cycle 
rite Disable - When this 

bit is set, the 
primary PCI i~terface 
of the P2P Processor 
will respond to all 
configuration cycles 
with a Retry 
condition. When clear, 
the P2P Processor will 
respond to the 
appropriate 
configuration cycles. 
The default condition 
for this bit is based 
on the external state 
of the CONFIG_MODE pin 
at the rising edge of 
P_RST#". If the 
external state of the 
pin is high, the bit 
is set. If the 
external state of the 
pin is low, the pin is 
cleared. 

Read 
Onlv 

Read 
Onlv 

Reserved 

Reserved 
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Read 
Only 

PCl'/US96/10451 

Sync# Mode - Describes 
which of the three 
clocks are 

synchronous: Primary 

PCI Bus, Secondary PCI 
Bus, and Local 
Processor. If clear, 
all three clocks are 
synchronous. If set, 
the Primary PCI Bus 
clock is asynchronous 
with respect to the 
Secondary PCI Bus 
clock and the Local 
Processor clock. The 
default values for 
this bit are based on 
the external state of 
the SYNC# pin at the 
risina edqe of P RST#. 
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Read/W Reset Bridge - When 
rite the bit is set, the 

entire PCI to PCI 

bridge will be reset. 

All registers of the 
bridge will be set to 
their default values 

{except for s~condary 
bus reset bit of the 

BCR), all state 

machines will be reset 
and all buffers will 
be cleared. The 
secondary reset bit in 

the BCR will be set in 
insure minimum PCI 

reset time. Software 
will be required to 
clear this bit to 
deassert the secondary 

bus reset. 
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Read/W Processor Reset - This 
rite bit will reset the 

local processor only 
without resetting the 
secondary side of the 
bridge. Setting this 
bit will place the 
processor into a reset 
state and ke~p it 
there. Software will 
be required to clear 
this bit to deassert 
local processor reset. 
The default condition 
for this bit is based 
on the external state 
of the RST MODE pin at 
the rising edge of 
P_RSTi. If the 
external state of the 
pin is high, the bit 
is set. If the 
external state of the 
pin is low, the bit is 
cleared. 
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00 02 Read/W Posting Disable - If 

rite this bit is set, the 

bridge is not allowed 
to post write 
transactions from 
either bridge 
interface. All 
transactions are 
processed as Delayed 
transactions. If this 
bit is clear, the 
bridge is allowed to 

post write 
transactions. 

Table 4a. Extended Bridge Control Register - EBCR 

Primary Bridge Interrupt Status Register-PBISR 
The Primary Bridge Interrupt Status Register is 

used to notify the local processor of the source of a 
Primary Bridge interface interrupt. In addition, this 
register is written to clear the source of the 

interrupt to the interrupt unit of the P2P processor. 
All bits in this register are Read Only from PCI and 
Read/Clear from the local bus. 

Bits 4:0 are a direct reflection of bit 8 and bits 
14:11 (respectively) of the Primary Status Register 
(these bits are set at the same time by hardware but 
need to be cleared independently). The conditions that 
result in a Primary Bridge interrupt are cleared by 
writing a 1 to the appropriate bits in this register. 
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Bit Default Read/Write Description 

31:05 OOOOOOOH Read Onlv Reserved 

04 02 Read/Clear P_SERRf Asserted - This 
bit is set if P SERR# is 
asserted on the primary 

PCI bus. 

03 02 

02 02 

01 02 

Read/Clear PCI Master Abort - This 
bit is set when~ver a 
transaction initiated by 
the primary master 
interface ends in a 
Master-abort. 

Read/Clear PCI Target Abort 
(master) - This bit is 
set whenever a 
transaction initiated by 

· the primary master 
interface ends in a 
Master-abort. 

Read/Clear PCI Target Abort 
(target) - This bit is 

set whenever the primary 
interface, acting as a 
target, terminates the 

transaction on the PCI 
bus with a tarqet abort. 
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00 02 Read/Clear PCI Master Parity Error 
- The primary interface 
sets this bit when three 
conditions are met: 
1) the bus agent 
asserted P_PERR# itself 
or observed P_PERR# 
asserted -
2) the agent setting the 
bit acted as the bus 
master for the operation 
in which the error 
occurred 
3) the parity error 
response bit (command 
reaisterl is set 

Table 4b. Primary Bridge Interrupt Status Register -
PBISR 

Secondary Bridge :Cnterrupt Status Regi.ster­
SB:CSR. 

The Secondary Bridge Interrupt Status Register is 
used to notify the local processor of the source of a 
Secondary Bridge interface interrupt. In addition, this 
register is written to clear the source of the 
interrupt to the interrupt unit of the P2~ processor. 
All bits in this register are Read Only from PCI and 
Read/Clear from the local bus. 

Bits 4:0 are a direct reflection of bit 8 and bits 
14:11 (respectively) of the Secondary Status Register 
(these bits are set at the same time by hardware but 
need to be cleared independently) • The conditions that 
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result in a Primary Bridge interrupt are cleared by 
writing a 1 to the appropriate bits in this register. 



W097/00480 PCT/US96/104SI 

-41-

Bit Default Read/Write Descriotion 

31:05 OOOOOOOH Read Onlv Reserved 

04 02 Read/Clear P SERR# Asserted - This 
bit is set if P_SERR# is 
asserted on the 
secondarv PCI bus. 

03 02 Read/Clear PC! Master Abort - This 
bit is set whenever a 
transaction initiated by .. 
the secondary master 
interface ends in a 
Master-abort. 

02 02 Read/Clear PCI Target Abort 
(master) - This bit is 
set whenever a 
transaction initiated by 
the secondary master 
interface ends in a 
Master-abort. 

01 02 Read/Clear PCI Target Abort 
(target) - This bit is 
set whenever the 
secondary interface, 

acting as a target, 
terminates the 
transaction on the PCI 
bus with a taraet abort. 
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Read/Clear PCI Master Parity Error 
- The secondary 
interface sets this bit 
when three conditions 
are met: 
1) the bus agent 
asserted P_PERR# itself 
or observed P_PE!IB-# 
asserted 
2) the agent setting the 
bit acted as the bus 
master for the operation . 
in which the error 
occurred 
3) the parity error 
response bit (command 
reaister) is set 

Table 4c. Secondary Bridge Interrupt Status Register -
SBISR 

Secondary IDSEL Se1ect Register-SISR 
The Secondary IDSEL Select Register controls the 

usage of S_AD[20:16J in Type 1 to Type 0 conversions 
from the primary to secondary interface. In default 
operation, a unique encoding on primary addresses 
P_AD[lS:ll] results in the assertion of one bit on the 
secondary address bus S_AD[31:16] during a Type 1 to 
Type O conversion. This is used for the assertion of 
IDSEL on the device being targeted by the Type 0 
configuration command. This register allows secondary 
address bits s_AD[20:16] to be used to configure 
private PCI devices by forcing secondary address bits 
S_AD[20:16] to all zeros during Type 1 to Type 0 
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conversions, regardless of the state of primary 
addresses P_AD[l5:11] (device number in Type 1 

configuration command). 
If any address bit within S_AD[20:16] is to be 

used for private secondary PCI devices, the local 
processor must guarantee that the corresponding bit in 
the SISR register is set before the host tries to 
configure the hierarchical PCI buses. 
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Bit Default Read/Write Descriotion 

04 02 Read/Write AD20 - IDSEL Disable -
When this bit is set, 
AD20 will be deasserted 
for any possible Type 1 
to Type 0 conversion. 
When clear, AD20 will be 
asserted when prim~ry 
addresses ADilS:lll = 
001002 during a Type 1 
to Tvoe·o conversion. 

03 02 Read/Write AD19 - IDSEL Disable -
When this bit is set, 
AD19 will be deasserted 
for any possible Type 1 
to Type 0 conversion. 
When clear, AD19 will be 
asserted when primary 
addresses AD[l5:11] = 
000112 during a Type 1 
to Tvoe O conversion. 

02 02 Read/Write AD18 - IDSEL Disable -
When this bit is set, 
AD18 will be deasserted 
for any possible Type 1 
to Type 0 conversion. 
When clear, AD18 will be 
asserted when primary 
addresses AD[15:11] = 
000102 during a Type 1 

to Tvoe 0 conversion. 
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Read/Write AD17 - IDSEL Disable -
When this bit is set, 

AD17 will be deasserted 

for any possible Type 1 
to Type O conversion. 
When clear, AD17 will be 

asserted when primary 

addresses AD[lS:llJ = 
000012 during a Type 1 

to Tvoe O conversion. 

Read/Write AD16 - IDSEL Disable -
When this bit is set, 
AD16 will be deasserted 
for any possible Type 1 

to Type 0 conversion. 
When clear, AD16 will be 
asserted when primary 

addresses AD[lS:llJ = 
000002 during a Type 1 

to Tvpe 0 conversion. 

Table 4d. Secondary IDSEL Select Register - SISR 

Secondary Arbitration Contro1 Register-SACR 

The Secondary Arbitration Control Register CSACR) 

.is used to set the arbitration priority of each device 
which uses the secondary PCI bus. Writing a value will 
set the arbitration while reading the register will 
return the programmed value. Each device is given a 2 

bit priority. The priority is shown in Table 4e. 
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2-Bit Proqrammed Value Prioritv Level 

002 Hiah Prioritv 

012 Medium Prioritv .. 
102 Low Prioritv 

112 Disabled 

Table 4e. Programmed Priority Control 

The SACR register also contains the Secondary 

Arbiter Enable bit for the secondary bus arbitration 
unit. When this bit is clear, the secondary bus arbiter 
is disabled and the bridge will drive S_REQ# on S_GNTO# 
and sample S_GNT# on S_REQOi. The default state is fo~ 
the internal secondary arbitration unit to be enabled 

(Secondary Arbiter Enable bit is set) 
PCI Interrupt Routing Se1ect Register-PIRSR 

The PCI Interrupt Routing Select Register is 
described below with reference to the PCI and 

Peripheral Interrupt Controller (PPIC). 
Secondary I/O Base llegister-SIOBR 

The bits in the Secondary I/O Base Register are 
used when the secondary PCI interface is enabled for 
positive decoding. The Secondary I/0 Base Register 

defines the bottom address (inclusive) of a positively 
decoded address range that is used to determine when ~o 

· forward I/O transactions from the secondary interface 
to the primary interface of the bridge. It must be 

progranuned with a valid value before the Secondary 
Decode Enable Register (SDER) is set. The bridge only 

supports 16-bit addressing which is indicated by a 
value of OH in the 4 least significant bits of·the 
register. The upper 4 bits are programmed with 

S_AD[l5:12] for the bottom of the address range. 

S_AD[ll:O] of the base address is always OOOH forcing 
the secondary I/O address range to be 4 Kbyte aligned. 
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For the purposes of address decoding, the bridge 
assumes that S_AD[31:16], the upper 16 address bits of 
the I/O address, are zero. The bridge must still 
perform the address decode on the full 32 bits of 
address per PCI Local Bus Specification and check that 
the upper 16 bits are equal to OOOOH. 

The positive secondary I/O address range (defined 
by the SIOBR in conjunction with the SIOLR) is not 
affected by the state of the ISA Enable bit ~n the 
Bridge Control Register (BCR). 

Bit Default Read/Write Description 
07:04 OH Read/Write Secondary I/O Base 

Address - This field is 
programmed with 
S_AD[15:12] of the 
bottom of the positively 
decoded secondary I/O 
address range to be 
passed from the 
secondary to the primary 
side of the bridqe. 

03:00 OH Read Only I/0 Addressing 
Capability - The value 
of OH signifies that the 
bridge only supports 16 

bit I/O addressinq. 
Table 4f. Secondary I/O Base Register - SIOBR 

Secondary I./O Limit Registe:r-SJ:OLR 
The bits in the Secondary I/O Limit Register are 

used when the secondary PCI interface is enabled for 
positive decoding. The Secondary I/0 Limit Register 
defines the upper address (inclusive) of a positively 
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decoded secondary address range that is used to 
determine when to forward I/O transactions from the 
secondary to primary interface of the bridge. It must 

be programmed with a valid value greater than or equal 

to the SIOBR before the I/0 Space Enable bit in the 
Bridge Command Register and the Secondary Positive I/O 
Decode Enable bit in the Secondary Decode Enable 
Register (SDER) are set. If the value in the SIOBR is 
greater than the value in the SIOLR, I/O cyeles 
forwarded from the secondary to primary interface 
{positively decoded) are undefined. The bridge only 
supports 16 bit addressing which is indicated by a 
value of OH in the 4 least significant bits of the 
register. The upper 4 bits are programmed with 
S_AD[l5:l2] for the top of the address range. 
S_AD[ll:O] of the base address is always FFFH forcing a 
4 Kbyte I/0 range granularity. 

For the purposes of address decoding, the bridge 
assumes that S__.AD[31:16], the upper 16 address bits of 
the I/O address, are zero. The bridge must still 
perform the address decode on the full 32 ~its of 
address per PCI Local Bus Specification and .ch~ck that 
~he upper 16 bits are equal tp OOOOH. 

The Secondary I/O address range (defined by the 
SIOBR in conjunction with the SIOLR) is not modified by 
the ISA Enable bit of the Bridge Control Register. 
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Bit Default Read/Write DescriPtion 

07:04 OH Read/Write Secondary I/O Limit 

Address - This field is 

programmed with 

S_AD[l5:12) of the top 

of the positively 

decoded I/O address 
range to be passed from 

the secondary to primary 

interface. 

03:00 OH Read Only Secondary I/O Addressing 

Capability - The value 

of OH signifies that the 

bridge only supports 16-

bit I/O addressina. 

Table 4g. Secondary I/O Limit Register - SIOLR 

3Secondary Memory Base Req.istar-SMBR 

The bits in the Secondary Memory Base Register are 

used when the secondary interface of the bridge unit is 

enabled for positive address decoding. They are also 

used to define a private address space on the secondary 
PCI bus if the Private Address Space Enable bit in the 
SDER. The Secondary Memory Base Register defines the 

bottom address (inclusive) of a memory-mapped address 

range that is used to determine when to forward 

transactions from the secondary to primary interface. 

The Secondary Memory Base Register must be programmed 

with a valid value before the Secondary Positive Memory 

Decode Enable bit in the SDER is set. The upper 12 bits 

correspond to s_AD[31:20] of 32 bit addresses. For the 

purposes of address decoding, the bridge assumes that 

S AD[19:0], the lower 20 address bits of the memory 
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base address, are zero. This means that the bottom of 

the defined address range will be aligned on a 1 Mbyte 

boundary. 

Bit Default Read/Write DescriPtion 

15:04 OOOH Read/Write Secondary Memory Base 

Address - This field is 
programmed with 
S_AD (31: 20] of the 
bottom of the positively 

decoded secondary memory 

address range to be 
passed from the 
secondary to primary 
interface. 

03:00 OH Read Onlv Reserved 

Table 4h. Secondary Memory Base Register - S:MBR 

Secondary Memory Limit Register-SMLR 

The·bits in the Secondary Memory Limit Register 
are used when the secondary interface of the bridge 

unit is enabled for positive address decoding. The 
Secondary Memory Limit Register defines the upper 
address (inclusive) of a memory-mapped address range 

that is used to determine when to forward transactions 
from the secondary to primary interface. The Secondary 

Memory Limit Register must be programmed to a value 
greater than or equal to the SMBR before the Memory 

Space Enable bit and the Secondary Positive Memory 

Decode Enable bit are set. If the value in the SMLR is 

not greater than or equal to the value of the SMBR once 
the Memory Space Enable bit or Secondary Memory Enable 
bit are set, positively decoded memory transactions 
from the secondary to the primary will be 

.. 

.• 
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indeterminate. The upper 12 bits correspond to 
S_AD[31:20] .of 32 bit addresses. For the purposes of 
address decoding, the bridge assumes that S_AD[19:0], 
the lower 20 address bits of the secondary memory base 
address, are FFFFFH. This forces a 1 Mbyte granularity 
on the memory address range. 

Bit Default Read/Write Descriotion 
15:04 OOOH Read/Write Secondary Memory-Limit 

Address - This field is 
programmed with 
S_AD[31:20] of the top 
of the secondary memory 
address range to be 
passed from the 
secondary to primary 
side. 

03:00 OH Read Onlv Reserved 
Table 4i. Secondary Memory Limit Register - SMLR 

Secondary Decode Enable Register-SDER 
The Secondary Decode Enable Register is used to 

control the address decode functions on the secondary 
PCI interface of the bridge unit. The Secondary 
Positive I/O Decode Enable bit, when set, causes the 
bridge to decode and claim transactions within the 
addre~s range defined by the SIOBR/SIOLR address pair 
and forward them through the bridge unit. The Secondary 
Positive Memory Decode Enable bit has the same function 
as the Secondary Positive I/O Decode Enable bit but 
works with the SMBR/SMLR address range. Setting either 
of these bits disables all inverse decoding on the 
secondary interface. 
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The Secondary Subtractive Decoding Enable bit 
allows for subtractive bridge decoding on the secondary 
interface to support standard bus expansion bridges on 
the primary interface. This bit only enables 
subtractive decoding on the secondary interface if 
either the Secondary Positive I/O Decode Enable bit or 
the Secondary Positive Memory Decode Enable bit is set. 

The Private Memory Space Enable bit allows a 
private memory space to be created on the secondary PCI 
bus. This bit is used in conjunction with the SMBR/SMLR 
registers. If this bit is set, transactions with 
addresses within the SMBR/SMLR address range are 
ignored by the bridge. 

... 
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Default Read/Write 

0000000000002 Read Onlv 

02 Read/Write 

PCT/US96/10451 

Description 

Reserved 

Private Memory Space 

Enable - when set, this 
bit disables Bridge 

forwarding of addresses 
in the SMBR/SMLR address 

range. Thi~ creates a 
private memory space on 
the secondary PCI bus 

that allows peer to peer 
transactions. 

Read/Write Secondary Subtractive 

Decoding Enable - when 
set, this bit enables 
the secondary interface 
to use subtractive 
decoding (5 clocks after 
S_FRAMEf asserted) to 
claim transactions on 

the secondary bus. Any 

transaction not claimed 
by the 4th clock after 
S_FRAMEf will be claimed 
by the secondary 

interface on the 5th 

clock and forwarded to 
the primary PCI 

interface . 
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Read/Write Secondary Positive 
Memory Decode Enable -
when set, this bit 
enables the secondary 
interface of the bridge 
unit to positively 
decode memory.addresses 
on the se~ondary bus. 
Addresses within the 
SMBR/SMLR address range 
will be forwarded 
through the bridge. 
Inverse decoding will be 
disabled. 

Read/Write Secondary Positive I/O 
Decode Enable - when 
set, this bit enables 
the secondary interface 
of the bridge unit to 
positively decode I/O 
addresses on the 
secondary bus. Addresses 
within the SIOBR/SIOLR 
address pair will be 
forwarded through th~ 
bridge. Inverse decoding 
will be disabled. 

Table 4j. Secondary Decode Enable Register - SDER 

ADDBljSS 'l'BAlfSLA'!'+OB QNI'l' 

The following is a description of the mechanism 
which interfaces between the primary and secondary PCI 
busses and the local bus. The operation modes, setup, 
and implementation of the interface are described. 
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OVER.VJ:EW 

The P2P processor provides an interface between 
the PCI bus and the local bus. This interface consists 

of two address translation units (ATU) 43a/43b and a 
messaging unit 45. The ATUs support both inbound and 
outbound address translation. The first address 
translation unit is called the primary ATU 43a. It 
provides direct access between the primary PCI bus and 
the local bus. The second address translation unit, 
called the secondary ATU 43b, provides direct access 
between the secondary PCI bus and the local bus. The 
use of two ATUs in this manner provides significant 
advantages oirer prior ·art techniques. 

During inbound transactions, the ATU converts PCI 
addresses (initiated by a PCI bus master) to local 
processor addresses and initiates the data transfer on 
the local bus. During outbound transactions, the ATU 
converts local processor addresses to PCI addresses and 
initiates the data transfer on the respective PCI bus. 

Both address translation units and the messaging 
unit appear as a single PCI device on the primary PCI 
bus. These units collectively are the second PCI 
function in the multi-function P2P processor. The block 
diagram for the ATUs and the messaging unit is shown in 
Figure 6. 

The functionality of the ATUs and the messaging 
unit are described below. All of the units shown have a 
memory-mapped register interface that is visible from 
either the PCI interface 91, the local bus interface 
93, or both. 

A'l't7 DATA FLOW 

The primary ATU and the secondary ATU support 
transactions from both directions through the P2P 
processor. The primary ATU allows PCI masters on the 
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primary PCI bus to initiate transactions to.the local 
bus and allows the local processor to initiate 
transactions to the primary PCI bus. The secondary_ATU 
performs the same function, but on the secondary PCI 
bus and for secondary PCI bus masters. Transactions 
initiated on a PCI bus and targeted at the local bus 
are referred to as inbound transactions and 
transactions initiated on the local bus and targeted at 
a PCI bus are referred to as outbound transactions. 

ATtJ ADDRESS TRANSLATION 

The ATUs implement an address windowing scheme to 
determine which addresses to claim and translate to the 
appropriate bus. 

The primary ATU contains a data pa~h between the 
primary PCI bus and the local bus. Connecting the 
primary ATU in this manner enables data transfers to 
occur without requiring any resources on the secondary 
PCI bus. The secondary ATO contains a data path between 
the secondary PCI bus and the local bus. The secondary 
ATU allows secondary PCI bus masters to directly access 
the local bus and memory. These transactions are 
initiated by a secondary bus master and do not re~uire 
any bandwidth on the primary PCI bus. 

The ATU units allow for recognition and generation 
of multiple PCI cycle types. Table 5 shows the PCI 
commands supported b¥ both inbound and outbound ATUs. 
The type of operation seen by the inbound ATUs is 
determined by the PCI master (on either primary or 
secondary bus) who initiates the transaction. Claiming 
an inbound transaction is dependent on the address 
being within the programmed inbound translation window. 
The type of transaction ~sed by the outbound ATUs is 
determined by the local address and the fixed outbound 
windowing scheme. 

.. 
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PCI Command Type Claimed on Generated by 

Inbound Outbound 
Transactions Transactions 

I/O Read No Yes 

I/O Write No Yes 

Memorv Read Yes Yes 

Memorv Write Yes Yes 
-

Memory Write and Yes No 

Invalidate 

Memorv Read Line Yes No 

Memorv Read Multiple Yes No 

Confiquration Read Yes Yes 

Conficruration Write Yes Yes 

Dual Address Cvcle No Yes 

Table 5. ATU Command Support 

Both ATUs support the 64-bit addressing extension 
specified by the PCI local bus specification. This 64-
bit addressing extension is for outbound data 
transactions only (i.e. data transfers initiated by the 
local processor) • 

Xnbound Address Translation 
The ATUs provide the mechanism which allow PCI bus 

masters to directly access the local bus. These PCI bus 
masters can read or write P2P processor memory-mapped 
registers or local memory space. The transactions where 
PCI bus masters are accessing the local bus are called 
inbound transactions. 

Inbound translation involves two steps: 
l. Address Detection. 
•Determine if the 32-bit PCI address is within the 

address window defined for the inbound ATU (primary or 
secondary) • 
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•Claim the·PCI transaction with fast DEVSELf 
timing. 

2. Address Translation. 
•Translate the 32-bit PCI address to a 32-bit 

local address. 
The primary ATU uses the following registers in 

inbound address translation: 
•Primary Inbound ATU Base Address Register 
•Primary Inbound ATU Limit Register 
•Primary Inbound ATU Translate Value Register 
The secondary ATU.uses the following registers in 

inbound address translation: 
•Secondary Inbound ATU Base Address Register 
•Secondary Inbound ATU Limit Register 
•Secondary Inbound ATU Translate Value R~gister 
By convention, primary inbound ATU addresses are 

primary PCI addresses and secondary inbound ATU 
addresses are secondary PCI addresses. In the event 
that an address is capable of being claimed by both the 
ATU and the bridge, the inbound ATU PCI interface will 
have priority. 

Inbound address detection is determined from the 
32-bit PCI address, the base address register and the 
limit register. The algorithm for detection is: 

lf(PCI Address & Limit Register == Base Register) then the 
PCI Address is claimed by the Inbound ATU 

The incoming 32-bit PCI address is bitwise .ANDed 
with the associated inbound limit register. If the 
result matches the base register then the inbound PCI 
address is detected as being within the inbound 
translation window and is claimed by the.ATU. 

Once the transaction has been claimed, then the 
address within the IAQ must be translated from a 32-bit 

,. 
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PCI address to a 32-bit local processor address. The 

algorithm for this translation is: 

Local Address = (PCI Address & -Limit Register) I Value 
Register 

The incoming 32-bit PCI address is first bitwise 
AND~d with the bitwise inverse of the limit register. 
This result is then bitwise ORed with the value 
register and the result is the local address. This 
translation mechanism is used for all inbound memory 
read and write commands excluding inbound configuration 
read and writes. Ad.dress aliasing of multiple PCI 
addresses to the same physical local address can be 
prevented by programming the inbound value register on 
boundaries matching the associated limit register, but 
this only enforced through application programming. 

Outbound Address '!l'ranslation 

In addition to providing the mechanism for inbound 
translation, the ATUs provide the hardware necessary to 
translate local processor initiated cycles to the PCI 
bus. This is known as outbound address translation. 
Outbound transactions are processor reads or writes 
targeted at one of the PCI buses (primary or 
secondary} • The ATU local bus slave interface will 

claim local processor bus cycle and complete the cycle 
on the PCI bus on behalf the local processor. The 
primary and secondary ATUs support two different 

outbound translation modes: 
•Address Translation Windows 
•Direct Ad.dressing Window 

EXPANSION ROM '!l'RANSLATION OHI'l 

The primary inbound ATU supports one address range 
(defined by a base/limit register pair) used for 
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containing the Expansion ROM. The PCI Local Bus 
Specification provides detaiis on Expansion ROM formats 
and usage. 

The initialization code from an Expansion ROM will 
be executed once by the host processor during the 
powerup sequence to initialize the associated device. 
The code can be discarded after it is executed. 

The inbound primary ATU will support an inbound 
Expansion ROM window which works like the inbound 
translation window. A read from the expansion ROM 
windows will be forwarded to the loc~l bus and to the 
Memory Controller. The address translation algorithm is 
the same as in inbound translation. Two different ROM 
widths are supported: 8-bit and 32-bit. The Expansion 
ROM Width bit of the ATUCR should be programmed by the 
software to reflect the physical configuration of the 
Expansion ROM. This bit determines how the ATU accesses 
the Expanslon ROM (see below) • 

The inbound ATU performs the following functions: 
•The primary ATU detects a ''hit" to the expansion 

ROM window. 
•The primary ATU translates the address (in the 

IAQ) using the ERTVR and the ERLR. 
•To accommodate the 8-bit device, the inbound ATU 

performs four separate reads on the local bus to return 
one 32-bit value to the primary PC! bus. Each read will 
consist of a 8-bit cycle with byte enables BEl:O# used 
as the byte address. Each read returns one data byte to 
the packing hardware (on the AD7:0 byte lane) contained 
within the primary ATU. 

•The P2P memory controller performs one read in 
response to each local bus request from th~ primary 
ATU. Since it is accessing an 8-bit device, the memory 
controller will perform an 8-bit read with an 8-bit 

.. 
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cycle. The memory controller will return the data on 
the appropriate byte lane (based on byte enable). 

•The packing hardware within the ATU will return 
the entire 32-bit word (from delayed read transaction) 
to the primary PCI bus when its four cycles are 
complete. The packing hardware is responsible for 
making sure the bytes are in the right lane. 

If the primary PCI bus requests less than.four 

bytes, the primary ATU adjusts the number of byte reads 
to accommodate. Any accesses that are not local bus 
aligned result in reads up to the aligned boundary. 

REGISTER DEFINITIONS 

Every PC! device implements its own separate 
configuration address space and configuration 
registers. The PCI Local Bus Specification Rev. 2.1 

requires that the configuration space be 256 bytes long 
with the first 64 bytes adhering to a predefined header 
format. 

Both the primary and secondary ATUs are programmed 
via a Type 0 configuration command on the primary 

interface. Secondary ATU programming is possible 
through secondary inbound configuration cycles. The ATU 
and messaging unit configuration space is function 
number one of the P2P processor multi-function PCI 
device. 

Beyond the required 64 byte header format, the ATU 
and messaging unit configuration space implements 
extended register space in support of the units 
functionality. The PC! Local Bus Specification contains 
details on accessing and programming configuration 
register space. 

The configuration space consists of 8, 16, 24, and 
32-bit registers arranged in a predefined format. Table 
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6 summarized all of the registers found within PCI 
function one configuration address space. 

Each register is described in functionality, 
access type (read/write, read/clear, read only) and 
reset default condition. The PCI register number for 
each register is given in Table 6. As stated, a type O 
configuration command on the primary or secondary bus 
with an active IDSEL or a memory-mapped local processor 
access is required to read or write these registers. 

.. 



W097/00480 PCT/US96/104Sl 

-63-

• 
Register Name Register PCI Local 

Size in Bits Configuration Processor 

Cycle Register Cycle Address 

Nmnber Offset 

AW Vendor ID 16 0 OOH 
AID Device ID 16 0 02H 
Primarv ATU Command Rel!ister 16 1 04H 

Primarv A TIJ Slams Resrlster 16 1 06H 
Aro Revision ID 8 2 08H 

Aro Class Code 24 2 09H 
AID Cacheline Size 8 3 OCH 
ATUJ ............ Timer 8 3 ODH 

AID HeaderTYDe 8 3 OEH 

BISTRemter 8 3 OFH 
?rimarv Inbound ATU Base Address 32 4 lOH 
Reserved 32 5 14H 
Rcaved 32 6 18H 
Reserved 32 7 lCH 
Reserved 32 8 20H 

Reserved 32 9 24H 
Reserved 32 10 28H 
Reserved 32 11 2CH 

Exmm1ionROM Base Ad~ 32 12 30H 
Reserved 32 13 34H 
Reserved 32 14 38H 
ATU lnterrnnl Llne 8 15 3CH 

ATU Intenuot Pin 8 15 3DH 

ATU Minimum Giant 8 15 3EH 

ATU Maximum Latencv 8 15 3FH 
-· ... Inbound ATU Limit ReJrister 32 16 40H .. 

.. Primary Inbound ATU Translate Value 32 17 44H 
Re&!ister 
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Secondary lnbmmd AnJ Base Address 32 18 48H 

- . 
> 

s - . v Inbound ATU Limit Retri11tM 32 19 4CH 

Secondary Inbound ATUTranslate Value 32 20 SOH 

Reoi11tP.1' 

Primary Outbound Memory Window 32 21 54H 

Value RelriRter 

Reserved 32 22 S8H 

Primarv Outbound J/O Window Relrillter 32 23 SCH 

Primary Outbound DAC Window Value 32 24 60H 

Ree:ister 

Primary Outbound Upper 64-Bit DAC 32 25 64H 

Rellhtter 

Secondary Outbound Memory Window 32 26 68H 

Value Reaiizter 

s • • Outbound I/O Window Remllter 32 27 6CH 

Reserved 32 28 70H 

Exminsion ROM Limit Rea:ister 32 29 74H 

'RTnS1nsion ROM Translate Value Reaister 32 30 78H 

Reserved 32 31 7CH 

Reserved 32 32 80H 

Reserved 32 33 84H 

ATUConfi~ 
. Relrisler 32 34 88H 

Reserved 32 35 SCH 

-· . v ATU lnbmuot stat.Us Reo111ter 32 36 90H -
Se . • Aro Intermnt Status Rcsrillter 32 37 94H 

Secondarv Aro Command ReJ?ister 32 38 98H 

Secondary Outbound DAC Window Value 32 39 9CH 
RP.ai!ilter • 
Secondary Outbound Upper 64-Bit DAC 32 40 AOH 

Remster 
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Primary Outbound Configmation Cycle 32 41 A4H 
Address-

Secondary Outbound Configuration Cycle 32 42 ASH 

Address Relrimr 

Primmy Outbound Configuration Cycle 32 Not Available in ACH 

Data Register PCI 

Configuration 

s~ 

Secondary Outbound Configuration Cycle 32 Not Available in BOH 

Dara Register PCI 

Configuration 

Smee 

Resetved 32 45 B4H 

Reservt.d 32 46 B8H 

Reseived 32 BCH 

Reserved 32 COH 

Table 6. Address Translation Unit PCI Configuration 
Register Summary 

The bits in the ATU Vendor ID Register through the 
ATU Maximum Latency Register adhere to the definitions 
in the PCI Local Bus Specification, and, therefore, are 
not described herein. 

Primary :Inbound AT'O Limit Register-P:IALR 

The primary inbound address translation occurs for 
data transfers occurring from the PCI bus (originated 
from the primary PCI bus) to the local bus. The address 
translation block converts the PCI addresses to local 
processor address. All data transfers are directly 
translated, thus, the bus master initiating the data 
transfers shall break unaligned transfers into multiple 
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data transfers. The byte enables shall specify which 
data paths are valid 

The primary inbound translation base address is 
specified in the, "Primary Inbound ATU Base Address 
Register - PIABAR". When determining the block size 
requirements, the primary translation limit register 
provides the block size requirements for the primary 
base address register. The remaining r.egisters used for 
performing address translation are discussed-above with 
reference to "Inbound Address Translation". 

The programmed value within the local processor 
value register must be naturally aligned with the 
programmed value found in the base address register. 
The limit register will be used as a mask thus the 
lower address bits programmed into the local processor 
value register will be invalid. The PCI local bus 
specification contains additional information on 
programming base address registers 

Bit Default Read/Write Description 
31:04 OOOOOOOH Read Only Primary Inbound 

Translation Limit - This 
is the read back value 
that determines the 
block size of memory 
required for the primary 
ATU translation unit. 

03:00 00002 Read Onlv Reserved 
Table 7a. Primary Inbound ATU Limit Register - PILR 

Primary :Cnbound A'rO 'rransiate Va1ue Req.ister­
PJ:A'r'VR 

The Primary Inbound ATU Translate Value Register 
(PIATVR) contains the local address used to convert 

• 

... 
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primary PC! bus addresses. The converted address will 
be driven on the local bus as a result of the primary 
inbound ATU address translation. 

Bit Default Read/Write 
31:02 0000.0800H Read Only 

01:00 Read Onlv 

Descriotion 

Primary Inbound ATU 
Translation Value - This 
register contains value 
used to convert the 
primary PCI address to 
local addresses. The 
primary inbound address 
translation value must 
be word aligned on the 
local bus. The default 
address will allow the 
translation unit access 
to the internal P2P 
memorv-manoed reqisters. 
Reserved· 

Table 7b. Primary Inbound ATU Translate Value Register 
- PIATVR 

Secondary Inbound A'l!U Base Address Reqister­
S IABAR 

The Secondary Inbound ATU Base Address Register 
(SIABAR) defines the block of memory addresses where 
the secondary inbound translation window begins. The 
inbound ATU will decode and forward the bus request to 
the local bus with a translated address to map into the 
local memory. The SIABAR defines the base address and 
describes the size of the block of memory needed. The 
effects on the base address register are that when a 
value of FFFF.FFFFH is written to the SIABAR, the next 
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read from the register will return data from the 
Primary Inbound ATU Limit Register (SIALR) and not the 
SIABAR. 

The programmed value within the base a~dress 
register must comply with the PCI programming 
requirements for address alignment. The PCI local bus 
specification contains additional information on 
programming base address registers 

" 

• 

" 
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Read/Write 

Read/Write 

Descriotion 

Secondary Translation 

Base Address - These 

bits define the actual 

location the Secondary 

Translation function is 

to respond to when 

addressed fro~ the 

secondary PCI bus. The 
default block size is 

indeterminate • 

Read Only Prefetchable Indicator -

This bit defines the 

memory spaces as 
Drefetchable. 

Read Only Address Type - These 

bits define where the 

block of memory can be 

located. The base 

address must be located 
anywhere in the first 4 

Gbyte of address space 
(lower 32-bits of 

address>. 

·Read Only Memory Space Indicator -

This bit field shows the 

register contents 

describes memory or I/O 

space base address. The 

ATU does not occupy I/O 

space, thus this bit 
must be zero. 
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Table 7c. Secondary Inbound ATU Base Address Register 
- SIBADR 

Secondary :Inbound A'rU Limit Register-S:CALR 
The secondary inbound address translation occurs 

for data transfers occurring from the secondary PCI bus 
to the local bus. The address translation block 
converts the PCI addresses to local processor address. 
All data transfers are directly translated, thus, the 
bus master initiating the data transfers breaks 
unaligned transfers into multiple data transfers. The 
byte enables specify.which data paths are valid. 

When determining the block size requirements, the 
secondary limit register provides the block size 
requirements for the secondary base address register. 
The remaining registers used for performing address 
translation are discussed above with reference to 
~Inbound Address Translation". 

The programmed value within the local processor 
value register must be naturally aligned with the 
programmed value found in the base address register. 
The limit register will be used as a mask thus the 
lower address bits programmed into the local processor 
value register will be invalid. 

• 

• 

... 
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Bit Default Read/Write Descriotion 

31:04 OOOOOOOH Read Only Secondary Inbound ATU 
Limit - This is the read 
back value that 
determines the block 
size of memory required 
for the secondary ATU 
translation unit. 

03:00 0000? Read Onlv Reserved 

Table 7d. Secondary Inbound ATU Limit Register - SIALR 

Secondary Inbound ATO Trans1ate Va1ue 
Register-SJ:A'l'VR 

The Secondary Inbound ATU Translate Value Register 
(SIATVR) contains the local address used to convert the 
secondary PCI bus address to a local address. This 
address will be driven on the local bus as a result of 
the secondary inbound ATU address translation. 
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Bit Default Read/Write Descriotion 

31: 02 0000. OBOOH Read Only Secondary Inbound ATU 

Translate Value - This 
value is used to convert 
the secondary PCI 

address to a local 

address. The secondary 

inbound address 

translation value must 
be word aligned on the 
local bus. The default 
address will allow the 
translation unit access 
to the internal P2P 
reaisters. 

01:00 002 Read Onl v Reserved 

Table 7e. Secondary Inbound Translate ATU Value 

Register - SIATVR 

Primary Outbound Memory Window Va1ue lleqister­

POMWOVR 

The Primary Outbound Memory Window Value Register 
(POMWVR) contains the primary PCI address used to 

convert local addresses for outbound transactions. This 
address will be driven on the primary PCI bus as a 

result of the primary outbound ATU address translation. 
Primary memory window 0 is from local processor 

address 8000.000H to 807F.FFFFH with the fixed length 
of 8 Mbytes •. 

• 
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Bit Default Read/Write 

31:02 OOOOOOOOH Read/Write 

01: 00 .002 . Read Only 

PCT/US96/10451 

Description 

Primary Outbound MW 

Value - This value is 

used to convert local 
addresses to PCI 
addresses. 

Burst Order - This bit 
field shows the address 
sequence during a memory 
burst. All targets must 
check the state of 
address bits zero and 
one to determine the 
memory addressing 
sequence that the 
initiator intends to use 
during the burst 
transfer. 
(002) Linear, or 

sequential, addressing 
sequence during the 
burst. 

Table 7f. Primary Outbound Memory Window Value 
Register - POMWOVR 

Primary Outbound 'I./O Window Value R.egister­

POl:OWVR. 

The Primary Outbound I/O Window Value Register 
(POIOWVR) contains the primary PCI I/O read or write 
which the ATU will convert the local bus access to • 

The primary I/O window is from local address 

8200.000H to 8200.FFFFH with the fixed length of 64 
Kbytes. 
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Bit Default Read/Write 

31:02 0000.0000H Read/Write 

01:00 Read Only 

PCT/US96J104Sl 

Description 

Primary Outbound I/O 

Window Value - This 

value is used to convert 

local addresses to PCI 

addresses. 

Burst Order - This bit 

field shows the address 
sequence during a memory 

burst. All targets ·must 

check the state of 

address bits zero and 

one to determine the 

memory addressing 
sequence that the 
initiator intends to use 
during the burst 
transfer. 
(002) Linear, or 

sequential, addressing 

sequence duripg the 
burst. 

Table 7g. Primary Outbound I/O Window Value Register -

POIOWVR 

Primary Outbound DAC Window Value Register­

PODWVR 

The Primary Outbound DAC Window Value Register 

(PODWVR) contains the primary PCI DAC address used to 

convert an local address. This address will be driven 

on the primary PCI bus as a result of the primary 

outbound ATU address translation. This register is used 

• 

• 
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in conjunction with the Primary Outbound Upper 64-Bit 

DAC Register. 

The primary DAC window is from local address 

8080.000H to 80FF.FFFFH with the fixed length of 8 

Mbytes. 

Bit Default Read/Write Description 

31:02 OOOOOOOOH Read/Write Primary Outbound DAC 
Window Value --This 

value the primary ATU is 

used to convert local 

addresses to PCI 

addresses. 

01: 00 002 Read Only Burst Order - This bit 
field shows the address 

sequence during a memory 

burst. All targets must 

check the state of 
address bits zero and 
one to determine the 

memory addressing 

sequence that the 

initiator intends to use 
during the burst 

transfer. 
(002} Linear, or 

sequential, addressing 

sequence during the 

burst. 

Table 7h. Primary Outbound DAC Window Value Register -

PODWVR 
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Primary OUtbound Opper 64-bi.t DAC Regi.ter­

POUDR 
The Primary Outbound Upper 64-bit DAC Register 

(POUDR) defines the upper 32-bits of address used 
during a dual address cycle. This enables the primary 

outbound ATU to directly address anywhere within the 

64-bit host address space. 

Bit Default Read/Write Descriotion-

31:00 0000.0000H Read/Write These bits define the 
upper 32-bits of address 
driven during the dual 

address cvcle (DAC). 

Table 7i. Primary Outbound Upper 64-bit DAC Register -
POUDR 

Secondary Outbound Memory Window Va1 ue 

Register-SOMWVR 

The Secondary Outbound Memory Window Value 
Register CSOMWVR) contains the secondary PCI address 

used to convert local addresses for outbound 

transactions. This address will be driven on the 
secondary PCI bus as a result of the secondary outbound 
ATU address translation. 

The secondary memory window is from local address 

8100.000H to 817F.FFFFH with the fixed length of 8 
Mbytes. 

.. 

" 
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Bit Default Read/Write 

31:02 0000.0000H Read/Write 

01:00 002 Read Only 

PCT/US96/l04Sl 

Description 

Secondary Outbound 
Memory Window Value -
This value is used to 
convert local addresses 
to PCI addresses. 

Burst Order - This bit 
field shows the address 
sequence during a memory 
burst. All targets must 
check the state of 
address bits zero and 
one to determine the 
memory addressing 
sequence that the 
initiator intends to use 
during the burst 
transfer. 
(002) Linear, or 

sequential, addressing 
sequence during the 
burst. 

Table 7j. Secondary Outbound Memory Window Value 
Register - SOMWVR 

Secondary Outbound I/O Window Value Register­

SOIOWVR 

The Secondary Outbound I/0 Window Value Register 
(SOIOWVR) contains the secondary PCI I/O address used 
to convert local addresses. This address will be driven 
on the secondary PCI bus as a result of the secondary 
outbound ATU address translation. 
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If the Secondary PCI Boot Mode bit in the ATUCR is 

set, then this register is used to translate local 

addresses that access the.region of FEOO.OOOOH to 

FFFF.FFFFH. If this .bit is clear, this register is used 

to translate local addresses that access the secondary 

I/O window from 8201.0000H to 8201.FFFFH. 

The secondary I/O window is from local address 

8201.0000H to 8201.FFFFH with the fixed length of 64 

Kbytes. 

Bit Default 

31:02 0000.0000H 

01:00 002 

Read/Write Description 

Read/Write Secondary Outbound I/0 

Window Value - This 

value is used to convert 

local addresses to PCI 

addresses. 

Read Only Burst Order - This bit 

field shows the address 
sequence during a memory 
burst. All targets must 

check the state of 

address bits zero and 

one to determine the 

memory addressing 

sequence that the 

initiator intends to use 

during the burst 
transfer. 
(002) Linear, or 

sequential, addressing 

sequence during the 

burst. 

Table 7k. Primary Outbound I/O Window Value Register -

POIOWVR 



.. 
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Expansion RQM Limit Register-E:RLR 

The Expansion ROM Limit Register (ERLR) defines 

the block size of addresses the primary ATU will define 

as Expansion ROM address space. The block size is 

programmed by writing a value into the ERLR from the 

local processor. The possible programmed values range 
from 2 Kbytes (FFFF.F800H) to 16 Mbytes (FFOO.OOOOH). 

Bit Default Read/Write Descriotion 

31:11 OOOOOOH Read Only Expansion ROM Limit -

Block size of memory 

requ~red for the 
Expansion ROM 

translation unit. The 

default value is 0 

meaning no expansion ROM 

address space. 

10:00 OOOH Read Onlv Reserved 

Table 71. Expansion ROM Limit Register - ERLR 

Expansion ROM 'l'rans1ate Va1ue Reqister-ERTVR 

The Expansion ROM Translate Value Register 
contains the local address which the primary ATU will 

convert the primary PCI bus access. This address will 

be driven on the local. bus as a result of the primary 

Expansion ROM address translation • 
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Bit Default Read/Write Descriotion 

31:02 OOOOOOOOH Read Only Expansion ROM Local 

Processor Translation 

Value - This value is 

used to convert PCI 

addresses to local 

addresses for Expansion 

ROM accesses. The 

Expansion ROM address 

translation value must 

be word aligned on the 

local bus. 

01:00 002 Read Onlv Reserved 

Table 7m. Expansion ROM Translate Value Register -

ERTVR 

ATU Configuration Ragister-ATOCR 

The ATU Configuration Register contains the 

control bits to enable and disable the interrupts 

generated by the doorbell registers. This register also 

controls the outbound address translation from both the 

primary and secondary outbound translation units and 

contains a bit for Expansion ROM width. 

.... 

• 
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Bit Default Read/Write Description 

31:12 OOOOOH Read Onlv Reserved 

11 02 Read/Write Secondary PCI Boot Mode 
- If set, the secondary 

ATU will claim all local 

bus accesses with 

addresses in the range: 

FEOOOOOOH to FFFFFFFFH. 

This allows the local 

processor to boot from 
the secondary PCI bus. 

The translation 

algorithm will use the 

Secondary Outbound I/O 
Window Value Register in 
this mode. 

10 02 Read Onlv Reserved 

09 02 Read Onlv Reserved 
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08 02 Read/Write Direct Addressing Enable 
- Setting this bit will 
enable direct addressing 
through the ATUs. Local 
bus cycles with an 
address between 
0000.lOOOH and 
07FFF.FFFFH will 
automatically be 
forwarded to the PCI bus 
with no address 
translation. The ATU 
which claims the direct 
addressing transaction 
is dependent on the 
state of the Secondary 
Direct Addressing Select 
bit. 
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Read/Write Secondary Direct 
Addressing Select -
Setting this bit will 
result in direct 
addressing outbound 
transactions to be 
forwarded through the 
secondary ATU to the 
secondary PCI bus. When 
clear, direct addressing 
uses the primary ATU and 
the primary PCI bus. The 
Direct Addressing Enable 
bit must be set to 
enable direct 
addressina. 

Read/Write Expansion ROM Width -
When clear, this bit 
signifies that an 8-bit 
Expansion ROM is being 
used. When set, this bit 
signifies that 32-bit 
Expansion ROM is in use. 
This bit is used in 
conjunction with the 
address decode enable 
lbit O \ of the ERBAR • 
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Secondary ATU PCI Error 
Interrupt Enable - This 
bit acts as a mask for 
bits 4:0 of the 
Secondary ATU Interrupt 
Status Register. Setting 
this bit will enable an 

· interrupt to the local 
processor when.any of 
these bits is set in the 
SATUISR. Clearing this 
bit will disable the 
interruot. 

Primary ATU PCI Error 
Interrupt Enable - This 
bit acts as a mask for 
bits 4:0 of the Primary 
ATU Interrupt Status 
Register. Setting this 
bit will enable an 
interrupt to the local 
processor when any of 
these bits is set in the 
PATUISR. Clearing this 
bit will disable the 
interruot. 

... 

• 
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Read/Write ATU BIST Interrupt 
Enable - Setting this 

bit will enable an 
interrupt to the local 
processor when the start 
BIST bit is set in the 
ATUBISTR register. This 
bit is also reflected as 
the BIST Capable bit 7 
in the ATUBISTR 
reqister. 

Read/Write Secondary Outbound ATU 
Enable - Setting this 
bit enables the 
secondary outbound 
address translation 
unit. Clearing disables 
the secondary outbound 
ATU. 

Read/Write Primary Outbound ATU 
Enable - Setting this 
bit enables the primary 
outbound address 
translation unit. 
Clearing this bit 
disables the primary 
outbound ATU • 
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00 02 Read/Write Doorbell Interrupt 

Enable - If set, this 

bit enables the 
Messaging Unit to 
generate a local 

. processor interrupt for 
every inbound doorbell 
write. If clear, no 
interrupt is qenerated. 

Table 7n. ATU Configuration Register - ATUCR 

Primary ATO Interrupt Status Register-PATQISR 
The Primary ATU Interrupt Status Register is used 

to notify the local processor of the source of a 
Primary ATU or Doorbell interrupt. In addition, this 
register is written to clear the source of the 
interrupt to the interrupt unit of the P2P processor. 
All bits in this register are Read Only from PCI and 
Read/Clear from the local bus. 

Bits 4:0 are a direct reflection of bit 8 and bits 
14:11 (respectively) of the Primary ATU Status Register 
(these bits are set at the same time by hardware but 
need to be cleared independently}. Bits 6:5 are set by 

an error associated with the Memory Controller. Bit 8 
is for software BIST and bits 10:9 are for the 
messaging unit. The conditions that result in a Primary 
ATU interrupt or a doorbell interrupt are cleared by 
writing a 1 to the appropriate bits in this register. 

• 
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Bit Default Read/Write Descriotion 

31:11 OOOOOOH Read Onlv Reserved 

10 02 Read Onlv Reserved 

09 0? Read Onlv Reserved 

08 02 Read/Clear ATU BIST Interrupt - If 

this bit is set, the 

host processor has set 
the start BIS'f, bit 6 of 

the ATUBISTR register, 

and the ATU BIST 

interrupt enable, bit 12 

of the ATUCR register, 

is enabled. The local 

processor can initiate 
the software BIST and 
store the result in bits 

[3: OJ of the ATUBISTR 

reaister. 

07 02 Read Onlv Reserved 

06 02 Read/Clear Local Processor Memory 

Fault - This bit is set 

when the Memory 

Controller detects a 

Memory Fault and the 
Primary ATU was the 

master for the 
transaction • 

• 
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Read/Clear Local Processor Bus 
Fault - This bit is set 
when the Memory 

· Controller detects a Bus 
Fault and the Primary 
ATU was the master for 
the transaction. 

Read/Clear P_SERR# Asser~ed - This 
bit is set if P_SERR# is 
asserted on the PCI .bus. 

Read/Clear PCI Master Abort - This 
bit is set whenever a 
transaction initiated by 
the ATU master interface 
ends in a Master-abort. 

Read/Clear PCI Target Abort 
(master) - This bit is 
set whenever a 
transaction initiated by 
the ATU master interface 
ends in a Master-abort. 

Read/Clear PCI Target Abort 
(target) - This bit is 
set whenever the ATU 
interface, acting as a 
target, terminates the 
transaction on the PCI 
bus with a taraet abort. 

• 
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02 Read/Clear PCI Master Parity Error 

- The ATU interface sets 

s this bit when three 
conditions are met: 
1} the bus agent 

asserted P_PERR# itself 

or observed P_PERR# 
asserted 
2) the agent setting the 
bit acted as the bus 
master for the operation 

in which the error 

occurred 
- 3) the parity error 

response bit (command 
register) is set 
This bit is cleared by 

the host processor 

performing a read/clear 
operation on bit 8 of 
the PATUSR. 

Table 7o. Primary ATU Interrupt Status Register -
PATUISR 

Secondary ATtJ :Cnterrupt Status Register­

SATOISR. 

The Secondary ATU Interrupt Status Register is 

used to notify the local processor of the source of a 

Secondary ATU interrupt. In addition, this register is 

written to clear the source of the interrupt to the 

interrupt unit of the P2P processor. All bits in this 

register are Read Only from PCI and Read/Clear from the 

local bus. 
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The conditions that result in a Secondary ATU 
interrupt are cleared by writing a 1 to the appropriate 
bit in this register. 

.. 
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Bit Default Read/Write Description 
31:07 OOOOOOOH Read Only Reserved 
06 02 Read/Clear Local Processor Memory 

OS 

04 

03 

02 

Fault - This bit is set 
when the Memory 
Controller detects a 
Memory Fault and the 
Secondary ATU was the 
master for the 
transaction. 

Read/Clear Local Processor Bus 
Fault - This bit is set 
when the Memory 
Controller detects a Bus 
Fault and the Secondary 
ATU was the master for 
the transaction. 

Read/Clear P_SERR# Asserted - This 
bit is set if P_SERR# is 
asserted on the PCI bus. 

Read/Clear PCI Master Abort - This 
bit is set whenever a 
transaction initiated by 
the ATU master interface 
ends in a Master-abort. 

Read/Clear PCI Target Abort 
(master) - This bit is 
set whenever a 
transaction initiated by 
the ATU master interface 
ends in a Master-abort. 
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Read/Clear PCI Target Abort 
(target)- - This bit is 
set whenever the ATU 
interface, acting as a 
target, terminates the 
transaction on the PCI 
bus with a taraet abort. 

Read/Clear PCI Master Parity Error 
- The secondary ATU 
interface sets s this 
bit when three 
conditions are met: 
1) the bus agent 
asserted P_PERR# itself 
or observed P_PERR# 
asserted 
2) the agent setting the 
bit acted as the bus 
master for the operation 
in which the error 
occurred 
3) the parity error 
response bit (conunand 
register) is set 
This bit is cleared _by 
the host· processor 
performing a read/clear 
operation on bit 8 of 
the PATUSR. 

Table 7p. Second~ry ATU Interrupt Status.Register - · 
SATUISR 

.. 
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Secondary A'l'U Command Register-SA'l'OCMD 

The bits in the Secondary ATU Command Register 
adhere to the definitions in the. PCI Local Bus 
Specification and in most cases affect the behavior of 
the device on the secondary PCI bus • 
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Read/Write Descriotion 

Read Onl v Reserved 

Read/Write Fast Back to Back Enable 
-·If this bit is 
cleared, the secondary 
ATU interface is not 
allowed to generate fast 
back-to-back cycles on 
its bus. 

Read/Write S_SERR# Enable - If this 
bit is cleared, the 
secondary ATU interface 
is not allowed to assert 
s_SERR# on the PCI 
interface. 

Read Only Wait Cycle Control -
controls address/data 
Stepping. Not 
implemented and a 
reserved bit field 

Read/Write Parity Checking Enable -
If this bit is set, then 
the secondary ATU 
interface must take 
normal action when a 
parity error is 
detected. If it is 
cleared, then parity 
checkina is disabled. 

.. 

.. 
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05 02 Read Only VGA Palette Snoop Enable 
- The secondary ATU 
interface does not 
support I/O writes and 
therefore, does not 
perform VGA palette 
snooPina. 

04 02 Read Only Memory Write and 
Invalidate Enable - Not 
applicable. Not 
implemented and a 
reserved bit field 

03 02 Read Only Special Cycle Enable -
The ATU interface does 
not respond to special 
cycle commands in any 
way. Not applicable. Not 
implemented and a 
reserved bit field 

.. 
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Read Write Bus Master Enable - The 
secondary ATU interface 
has the ability to act 
as a master on the PCI 
bus. A value of 0 
disables the device from 
generating PCI accesses. 
A value of 1 allows the 
device to b~have as a 
bus master. This enable 
bit also controls the 
master interface of the 
DMA channels 0 and 1. 
The bit must be set 
before initiating an DMA 
transfer on the PCI bus. 

Read/Write Memory Enable - Controls 
the secondary ATU 
interface's response.to 
PCI memory addresses. If 
this bit is cleared, the 
ATU interface will not 
respond to any memory 
access on the PCI bus. 

Read Only I/O Space Enable -
Controls the ATU 
interface response to 
I/O transactions on the 
primary side. Not 
implemented and a 
reserved bit field. 

Table 7q. Secondary ATU Command Register - SATUCMD .. 
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Secondary OUtbound DAC Window Value Register­

SODWVR 
The Secondary Outbound DAC Window Value Register 

(SODWVR) contains the secondary PCI DAC address used to 

convert an local address. This address will be driven 

on the secondary PCI bus as a result of the secondary 

outbound ATU address translation. This register is used 

in conjunction with the Secondary Outbound Upper 64-Bit 

DAC Register. 
The secondary DAC window is from local processor 

address 8180.000H to 81FF.FFFFH with the fixed length 

of 8 Mbytes • 
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Bit Default Read/Write Description 

31: 02 OOOOOOOOH Read/Write Secondary Outbound DAC 

Window Value - This 

value the secondary ATU 

is used to convert local 
addresses to PCI 

addresses. 

01:00 002 Read Only Burst Order - This bit 
field shows the address 
sequence during a memory 
burst. All targets must 
check the state of 
address bits zero and 
one to determine the 
memory addressing 
sequence that the 
initiator intends to use 
during the burst 
transfer. 
(002) Linear, or 

sequential, addressing 
sequence during the 
burst. 

Table 7r. Primary Outbound DAC Window Value Register -
PODWVR 

Secondary Outbound Upper 64-bit DAC R.egister­
SOUDR. 

The Secondary Outbound Upper 64-bit DAC Register 
(SOUDR) defines the upper 32-bits of address used 

during a dual address cycle. This enables the secondary 
outbound ATU to directly address anywhere within the 
64-bit host address space. 
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Default Read/Write Descriotion 

0000.0000H Read/Write Secondary Outbound Upper 
64-bit DAC Address -
These bits define the 
upper 32-bits of address 
driven during the dual 
address cvcle (DAC) • 

Table 7s. Secondary Outbound Upper 64-bit DAC 
Register - SOUDR 

Primary Outbound COnfiguration Cyc1e Address 
:R.egister-POCCAR 

The Primary Outbound Configuration Cycle Address 
Register is used to hold the 32-bit PCI configuration 
cycle address. The local processor writes the PCI 
configuration cycles address which then enables the 
primary outbound configuration read or write. The local 
processor then performs a read or write to the Primary 
OUtbound Configuration Cycle Data Register to initiate 
the configuration cycle on the primary PCI bus. 

Bit Default Read/Write Descriotion 
31:00 0000.0000H Read Only Primary Configuration 

Cycle Address - These 
bits define the 32-bit 
PCI address used during 
an outbound 
configuration read or 
write cvcle. 

Table 7t. Primary Outbound Configuration Cycle Address 
Register - POCCAR 
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Secondary Outbound Configuration Cycle Address 
Register-SOCCAR 

The Secondary Outbound Configuration Cycle Address 
Register is used to hold the 32-bit PCI configuration 
cycle address. The local processor writes the PCI 
configuration cycles address which then enables the 
secondary outbound configuration read or write. The 
local processor then performs a read.or write to the 
Secondary outbound Configuration Cycle Data "Register to 
initiate the configuration cycle on the secondary PCI 
bus. 

Bit Default Read/Write Descriotion 
31:00 0000.0000H Read Only Secondary Configuration 

Cycle Address - These 
bits define the 32-bit 
PCI address used during 
an outbound 
configuration read or 
write cvcle. 

Table 7u. Secondary Outbound Configuration Cycle 
Address Register - SOCCAR 

Primary Outbound Configuration Cycle Data 
Reg:Lster-POCCDR 

The Primary Outbound Configuration Cycle Data 
Register is used to initiate a configuration read or 
write on the primary PCI bus. The register is logical 
rather than physical meaning that it is an address not 
a register. The local processor will read or write the 
data registers memory-mapped address to initiate the 
configuration cycle on the PCI bus with the address 
found in the POCCAR. For a configuration write, the 
data is latched from the local bus and forwarded 

.. 

.. 
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directly to the ATU ODQ. For a read, the data is 
returned directly from the ATU IDQ to the iocal 
processor and is never actually entered into the data 
register (which does not physically exist} . 

The POCCDR is only useful from local proces~or 
address space and appears as a reserved value within 
the ATU configuration space. 

Secondary Outbound Configuration Cycle Data 
R.agister-SOCCDR. 

The Secondary Outbound Configuration Cycle Data 
Register is used to initiate a configuration read or 
write on the secondary PCI bus. The register is logical 
rather than physical meaning that it is an address not 
a register. The local processor will read or write the 
data registers memory-mapped address to initiate the 
configuration cycle on the PCI bus with the address 
found in the SOCCAR. For a configuration write, the 
data is latched from the local bus and forwarded 
directly to the ATU ODQ. For a read, the data is 
returned directly from the ATU IDQ to the local 
processor and is never actually entered into the data 
register (which does not physically exist) . 

The SOCCDR is only useful from local processor 
address space and appears as a reserved value within 
the ATU configuration space. 

ffESSAGXBG muT 

The following is a description of the messaging 
unit of the P2P processor. The messaging unit is 
closely related to the Primary Address Translation Unit 
(PATU) described above. 

OVER.VIEW 

The messaging unit provides a mechanism for data 
to be transferred between the PCI system and the local 
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processor and notifying the respective system of the 
arrival of new data through an interrupt. The messaging 

unit can be used to send and receive messages. 
The messaging unit has five distinct messaging 

mechanisms. Each allows a host processor or external 
PCI agent and the P2P processor to communicate through 
message passing and interrupt generation. The five 

mechanisms are: 
•Message Registers 
•Doorbell Registers 
•Circular Queues 
•Index Registers 
•APIC Registers 
The message registers allow the P2P processor and 

external PCI agents to communicate by passing messages 
in one of four 32-bit message registers·. In this 
context, a message is any 32-b~t data value. Message 
registers combine aspects of mailbox registers and 
doorbell registers. Writes to the message registers may 
optionally cause interrupts. 

The doorbell registers allow the P2P processor to 

assert the PCI interrupt signals and allow external PCI 

agents to generate an interrupt to the local processor. 
The circular queues support a message passing 

scheme that uses 4 circular queues. 
The index registers supports a message passi~g 

scheme that uses a portion of the P2P processor local 
memory ~o implement a large set of message registers. 

The APIC registers support the APIC bus interface 
unit by providing an external PCI interface for 

accessing APIC registers. 

'!rHEORY 01' OPERATJ:ON 

The messaging unit has five unique messaging 
mechanisms. 

.. 
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The message registers are similar to a combination 
of mailbox and doorbell registers. 

The doorbell registers support both hardware and 
software interrupts. The doorbell registers have two 
purposes: 

•Generate an interrupt when written. 
•Hold the status of interrupts generated by the 

other messaging unit mechanisms. 
The messaging unit uses the first 4 Kbytes of the 

primary inbound translation window in the Primary 
Address Translation Unit CPATU) • The address of the 
primary inbound translation window is contained in the 
Primary Inbound ATU Base Address Register. 

Table 8 provides a summary of the five messaging 
mechanisms used in the messaging unit • 
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Mechanism Quantity Assert PCI Generate 
Interrupt Local 
Signals'? Processor 

Interrut>t? 

Message 2 Inbound Yes Optional 
Reaisters 2 Outbound 

Doorbell 1 Inbound Yes Optional 

Reaisters 1 Outbound 

Circular 4 Circular Under certain Under 
Queues Queues conditions certain 

conditions 

Index 1004 32-bit No Optional 
Registers Memory 

Locations 
APIC 1 Register No Yes 
Registers Select 

l·Window 

Table 8. Messaging Unit Summary 

MESSAGE REGZSTZRS 

Messages can be sent and received by the P2P 
processor through the use of the message registers. 
When written, the message registers may cause an 
interrupt to be generated to either the local processor 
or the PCI interrupt signals. Inbound messages are sent 
by the host processor and received by the P2P 
processor. Outbound messages are sent by the P2P 
processor and received by the host processor. 

The interrupt status for outbound.messages is 
recorded in the outbound doorbell register. Interrupt 
status for inbound messages is recorded in the inbound 
doorbell register. 

,. 

~-



.. 

WO 97/00480 PCT/US!J6/10451 

-105-

Outbound Messages 

When an outbound message register is written by 

the local processor, an interrupt may be generated on 

the P_INTAf, P_INTBf, P_INTC#, or P_INTD# interrupt 

lines. Which interrupt line used is determined by the 

value of the ATU Interrupt Pin Register. 

The PCI interrupt is recorded in the Outbound 

Doorbell Register. The interrupt causes the Outbound 

Message bit to be set in the Outbound Doorbe11 

Register. This is a Read/Clear bit that is set by the 

messaging unit hardware and cleared by software. 

The interrupt is cleared when an external PCI 

agent writes a value of 1 ·to the Outbound Message bit 

in the Outbound Doorbell Register to clear the bit. 

I:nbound Messages 

When an inbound message register is written by an 

external PCI agent, an interrupt may be generated to 

the local processor. The interrupt may be masked by the 

Mask bits in the Inbound Doorbell Mask Register. 

The local processor interrupt is recorded in the 

inbound doorbell register. The interrupt causes the 

Inbound Message bit to be set in the inbound doorbell 

register. This is a Read/Clear bit that is set by the 

messaging unit hardware and cleared by software. 

The interrupt is cleared when the local processor 

writes a value of 1 to the inbound message interrupt 

bit in the inbound doorbell register. 

DOORBELL REGISTERS 
There are two Doorbell Registers: the Inbound 

Doorbell Register and the Outbound Doorbell Register. 

The Inbound Doorbell Register allows external PCI 

agents to generate interrupts to the local processor • 

The Outbound Doorbell Register allows the local 

processor to generate a PCI interrupt. Both Doorbell 
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Registers hold a combination of hardware generated and 

software generated interrupts. They contain interrupt 
status from other messaging unit me~hanisms and they 
also allow software to set individual bits to cause an 
interrupt. 

Outbound Doorbe1ls 

When the Outbound Doorbell Register is written by 
the local processor, an interrupt may be generated on 
the P_INTAf, P_INTBi, P_INTC#, or P_INTD# interrupt 
pins.· An interrupt is generated if any of the bits in 
the doorbell register is written to a value of 1. 
Writing a value of 0 to any bit does not change the 
value of that bit and does·not cause an interrupt to be 
generated. Once a bit is set in the Outbound Doorbell 
Register, it cannot be cleared by the.local processor. 

Which PCI interrupt pin used is determined by the 
value of the ATU Interrupt Pin Register. 

The interrupt may be masked by the Mask bits in 
the Outbound Doorbell Mask Register. If the Mask bit is 
set for a particular bit, no interrupt is generated for 
that bit. The Outbound Doorbell Mask Register affects 
only the generation of the interrupt and not the values 
written to the Outbound Doorbell Register. 

The interrupt is cleared when an external PCI 
agent writes a value of 1 to the bits in the Outbound 
Doorbell Register that are set. Writing a value of O to 
any bit does not change the value of that bit and does 
not clear the interrupt. 

In summary, the local processor generates an 
interrupt by setting bits in the Outbound Doorbell 
Register and external PCI agents clear the interrupt by 
also setting bits in the same register. 

• 
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Inbound Doorbells 
When the Inbound Doorbell Register is written by 

an external PCI agent, an interrupt may be generated to 

the local processor. An interrupt is generated if any 
of the bits in the doorbell register is written to a 
value of 1. Writing a value of 0 to any bit does not 
change the value of that bit and does not cause an 
interrupt to be generated. Once a bit is set in the 
Inbound Doorbell Register, it cannot be cleared by any 
external PCI agent. 
The interrupt may be masked by the Mask bits in the 
Inbound Doorbell Mask Register. If the Mask bit is set 
for a particular bit, no interrupt is generated for 
that bit. The Doorbell Mask Register affects only the 
generation of the interrupt and not the values written 
to the Inbound Doorbell Register. 

One bit in the Inbound Doorbell Register is 
reserved for an NM! interrupt. This interrupt can not 
be masked by the Inbound Doorbell Mask Register. 

The interrupt is cleared when the local processor 
writes a value of 1 to the bits in the Inbound Doorbell 
Register that are set. Writing a value of 0 to any bit 
does not change the value of that bit and does not 
clear the interrupt. 

CXllC'OLAR QUEUES 

The messaging unit implements four circular 
queues. There are 2 inbound queues and 2 outbound 
queues. In this case, inbound and outbound refer to the 
direction of the flow of messages. Inbound messages are 
either new messages posted by other processors for the 
local processor to process or are empty or free 
messages that can be reused by other processors • 
Outbound messages are either posted messages by the 
local processor for other processors to process or are 
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free messages that can be reused by the local 

processor. 

PCT/US96/10451 

The four Circular Queues are used to pass message~ 
in the following manner. The two inbound queues are 
used to handle inbound messages and the outbound queues 
are used to handle outbound messages. One of the 
inbound queues is .designated the Free queue and it 
contains inbound free messages. The other inbound queue 
is designated the Post queue and it contains inbound 
posted messages. Similarly, one of the outbound queues 
is designated the Free queue and the other outbound 
queue is designated the Post queue. 

SECOliDAltX PCX :BUS MBX'l'RA'l'XON QHIT 

This following is a description of the secondary 
PCI bus arbitration unit 53. The operation modes, 
setup, and implementation of the arbitration are 
described below. 

OVERVIEW 

The PCI local bus requires a central arbitration 
resource for every individual PCI bus within a system 

environment. PCI uses the concept of access based 
arbitration rather than the traditional time slot 
approach. Each device on a PCI bus will arbitrate for 
the bus for every time the device, functioning as a bus 
master, requires the bus for an access. 

PCI arbitration utilizes a simple REQ# and GNTt 
handshaKe protocol. When a device requires the bus, it 
will assert its REQt output. The arbitration unit 53 

will allow the requesting agent acces_s to the bus by 

the assertion of that agent's GNT# input. PCI 

arbitration is a "hidden" arbitration scheme where the 
arbitration sequence occurs in the background while 

.. 
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some other bus master currently has control of the bus. 
This has the advantage of not consuming any PCI 
bandwidth for the overhead of bus arbitration. 
The only requirements placed on the l?CI arbiter is that 
it must implement a fair arbitration algorithm. The 
arbitration algorithm chosen must guarantee that there 
will be no more than one GNT# active on an individual 
PCI bus at any orie time. 

THEORY 01' OPERATJ:ON 

The secondary bus arbiter 53 supports.up to 6 
secondary bus masters plus the secondary bus interface 
itself. Each request can be programmed to one of three 
prior_ity levels or be disabled. A memory mapped control 
register, programmed by the application software, sets 
the priorities for each of the bus masters. Each 
priority level is handled in a round-robin fashion. 
Round-robin is defined as a mechanism in which every 
device will have a turn as master of the bus. The 
sequence moves in a circular fashion. The next possible 
bus master will be directly in front of the current bus 
master and the previous bus master will be directly 
behind the current bus master. 

The round-robin arbitration scheme supports three 
levels of round-robin arbitration. The three levels 
define a low, medium, and high priority. Using the 
round-robin mechanism ensures that for each level of 
priority there will be a winner. To enforce the concept 
of fairness, a slot is reserved for the winner of each 
prior~ty level (except the highest) in the next highest 
priority. If the winner of a priority level is not 
granted the bus during that particular arbitration 
sequence, it will be promoted to the next highest level 
of priority. Once it has been granted the bus, it will 
return to its preprogrammed priority. By reserving this 
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slot, the algorithm guaran~ees fairness by allowing 
lower priority requests to be promoted through the 
priority mechanism to the point of being the highest 
priority device and being granted the bus in the next 
opening. 

The arbiter interfaces to all requesting agents on 
the bus through the REQ#-GNT# protocol. A bus master 
will assert its REQ# output and wait for its GNT# input 
to be asserted. An agent can be granted the bus while a 
previous bus owner still has control. The arbiter is 
only responsible for deciding which PCI device is 
assigned the bus next. Each indi_vidual PCI device is 
responsible for determining when the bus actually 
becomes free and it is allowed to start its bus access. 

The secondary bus arbiter 53 is capable of being 
disabled through the programming interface to allow the 
implementation of a custom arbitration algorithm. When 
disabled, one set of REQi-GNT# signals will serve as 
the arbitration signals for the P2P secondary PCI 
interface. 

PR:CORITY MECBAHISM 

The priority mechanism is programmable by either 
the BIOS code or application software. The priority of 
the individual bus master will determine which level 
the device will be placed in the round-robin scheme. 
This priority determines the starting priority or the 
lowest priority the device shall be. If the application 
programs the device for low priority, the device may be 
promoted up to medium and then high priority ~ntil it 
is granted the local bus. Once granted, the device will 
be reset to the programmed priority and may re-initi~te 
the arbitration once again. Further details needed for 
implementing a suitable secondary PCI bus ·arbitration 
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unit should be well within the abilities of a person 

skilled in the field of the invention. 

DNA COll'lROLLER 

The following is a description of the integrated 
Direct Memory Access (DMA) Controller utilized in the 

present invention. The operation modes, setup, external 

interface, and implementation of the DMA Controller are 

described below. 

OVERVIEW 

The DMA Controller provides low-latency, high­

throughput data transfer capability. The DMA Controller 

optimizes block transfers of data between the PCI bus 
and the local processor memory. The OMA is an initiator 
on the PCI bus with PCI burst capabilities to provide a 
maximum throughput of 132 Mbytes/sec at 33 MHz. 

The DMA Controller hardware is responsible for 
executing data transfers and for providing the 
programming interface. The DMA Controller features: 

•Three Independent Channels 
•Utilization of the P2P Memory Controller 

Interface 
•232 addressing range on the local processor 

interface 
•264 addressing range on the primary and secondary 

PCI interfaces by using PCI Dual Address Cycle (DAC) 

•Independent PCI interfaces to the primary and 

secondary PCI buses 
•Hardware support for unaligned data transfers for 

both the PCI bus and the local processor local bus . 
•Full 132 Mbytes/sec burst support for both the 

PCI bus and the P2P local bus 

•Direct addressing to and from the PCI bus 
•Fully programmable from the local processor 
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•Support for automatic data chaining for gathering 

and scattering of data blocks 
•Demand Mode Support for external devices on OMA 

channel 0 

Figure 7 shows the connections of the OMA 
channels to the PCI busses. 

'l'BEORY OF OPERA'? ION 

The OMA Controller Sla and Slb provides three 
channels of high throughput PCI-to-memory transfers. 
Channels O and 1 transfer blocks of data between the 
primary PCI bus and the local processor local memory. 
Channel 2 transfers blocks of data between the 
secondary PCI bus and.the local processor local memory. 
All channels are identical, except for Channel 0. It 
has additional support for demand mode transfers. Each 
channel has a PCI bus interface and a local processor 
local bus interface. 

Each DMA channel uses direct addressing for both 
the PCI bus and the local processor local bus. It 
supports data transfers to and from the full 64-bit 
address range of the PCI bus. This includes 64-bit 
addressing using PCI DAC command. The channel provides 
a special register which contains the upper 32 address 
bits for the 64-bit address. The DMA channels do not 
support data transfers that cross a 32-bit address 
boundary. 

Further details necessary for implementing a 
suitable DMA mechanism for use in the present invention 
should be well with the abilities of a person skilled 
in the field of the invention. 

MEMORY CONTROLLER 

The following is a description of the integrated 
memory controller 47 utilized in the present invention. 

,. 
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The operation modes, setup, external interface, and 

implementation of the memory controller are described 
below. 

OVEB.V:tEW 

The P2P processor inteqrates a main memory 
controller 47 to provide a direct interface between the 
P2P processor and a memory system 33. The memory 
controller supports: 

•Up to 256 Mbytes of 32-bit or 36-bit (32-bit 

memory data plus 4 parity bits) DRAM 
•Interleaved or Non-Interleaved DRAM 
•Fast Page-Mode (FPM) DRAM 
•Extended Data Out (EDO) DRAM 

•Burst Extended Data Out (BEDO) DRAM 

•Two independent memory banks for SRAM/ROM 
•Up to 16 Mbytes (per bank) of 8-bit or 32-bit 

SRAM/ROM 
The memory controller qenerates· the row-address 

strobe (RAS#), column-address strobe (CASf), write 
enables (WEt) and 12-bit multiplexed addresses 
(MA[ll:O]} for the DRAM array. For interleaved DRAM, 
the DRAM address-latch enable (DALE#) and LEAF# signals 
are provided for address and data latching. 

The memory controller support two banks of SRAM, 
ROM or flash memory. Each bank supports from 64 Kbytes 
to 16 Mbytes of memory. Each bank can independently be 
configured for 8-bit or 32-bit wide memory. The chip 
enable (CE#), memory write enable (MWEf) and 
incrementing burst address for SRAM/ROM are provided by 
the memory controller. 

An overview of the memory controller inteqrated 
into the P2P processor is provided in Pigure 8. 
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'l'HEOR.Y 01' OPER.A'l'ION 

The memory controller 47 optimally translates the 
burst access protocol of the local bus masters to the 
access protocol supported by the memory being 
addressed. Address decode 101 decodes local bus 
addresses presented on the internal address/data bus 
41, and generates the proper address and control 
signals to the memory array 33 connected to the memory 
controller. Burst accesses generated by local-bus 
masters provide the first address. The memory 
controller provides an incremented address which is 
presented to the memory array on the MA[ll:O] pins. The 
address is incremented until either the cycle has been 
completed by the local-bus master signified by 
asserting the BLAST# signal or a local bus parity error 
(for DRAM read cycles) occurs. The maximum burst size 
for a single data transfer cycle is 2 Kbytes. Local bus 
masters are responsible for keeping track of the 
incrementing burst count and ending data transfers when 
reaching a 2 Kbyte address boundary. 

The address presented on the MA[ll:O] bus 103 
depends on the type of memory bank addressed. For DRAM, 
the MA[ll:O] provide t~e multiplexed row and column 
address. The column address increments to the nearest 2 
Kbyte address boundary. For both SRAM· and FLASH/ROM 
memory banks, the MA[ll:O] bus is based on the address 
presented on the AD[l3:2] signals during the address 
phase. For burst data, the burst counter 105.will 
increment the address to the nearest 2 Kbyte boundary. 

The memory controller generate~ the number of wai~ 
states as programmed into the memory controller 
registers 107 for controlling the signals connected to 
the memory arrays. In addition, the WAIT# signal 
provides the local bus masters (except the local 

... 
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processor) to indicate additional wait states by wait 
state generator 109 are required during a memory 
access. 

Byte wide data parity generation and checking unit 
111 can be enabled for DRAM arrays. Parity checking 
will provide a memory fault error upon detection of a 
parity error. The faulting word address is captured in 
a register. 

The memory controller provides a bus monitor 113 
for detecting address ranges which do not return a 
external RDYRCV# signal. This mechanism is designed to 
detect accesses to undefined address ranges. Upon 
detection of an error, the wait state generator 
generates an internal LRDYRCV# to complete the bus 
accesses and an optionally generates an bus fault 
signal. 

Further details necessary for implementing a 
suitable memory controller for use with the invention 
should be apparent to persons skilled in the field of 
the invention. 

PC:I pp PIR:CPBERJ\L INTERR.UP'l' CQBTBOLLBR. 

This following is a description of the P2P 
processor inter;rupt controller support. The operation 
modes, setup, external memory interface, and 
implementation of the interrupts are described below. 

OVERVIEW 
The PCI And Peripheral Interrupt Controller CPPIC) 

67 provides the ability to generate interrupts to both 
the local processor and the PCI bus. The P2P processor 
contains a number of peripherals which may generate an 

· interrupt to the local processor. These devices 
include: 
• DMA Channel 0 
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• Primary ATU 
• DMA Channel 1 

• Secondary ATU 
• DMA Channel 2 

• I2C Bus Interface Unit 
• Bridge Primary Interface 

• APIC Bus Interface Unit 
• Bridge Secondary Interface 
• Messaging Unit 

In addition to the internal devices, external 
devices may also generate interrupts to the local 
processor. External devices can generate interrupts via 
the XINT7:0t pins and the NMii pin. 

The PCI And Peripheral Interrupt Controller 
provides the ability to direct PCI interrupts. The 
routing logic enables, under software control, the 
ability to intercept the external secondary PCI 
interrupts and forward to the primary PCI interrupt 
pins. 
The i960 Jx Microprocessor User's Manual further 
describes the local processor interrupt and interrupt 
priority mechanisms. The user manual also provides a 
full explanation of the various modes of operation for 
the local processor interrupt controller. 

THEORY or OPERATION 

The PCI And Peripheral Interrupt Controller has 
two functions: 

•Internal Peripheral Interrupt Control 
•PCI Interrupt Routing 
The peripheral interrupt control mechanism 

consolidates a number of interrupt sources for a given 
peripheral into a single interrupt drive~ to the local 
processor. In order to provide the executing software 
with the knowledge of interrupt source, there is a 
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memory-mapped status register that describes the source 

of the interrupt. All of the peripheral interrupts are 

individually enabled from the respective peripheral 

control registers. 

The PCI interrupt routing mechanism allows the 

host software (or local processor software) to route 

PCI interrupts to either the local processor or the 

P_INTAf, P_INTBi, P_INTCi, and P_INTDi output pins. 

This routing mechanism is controlled through a memory­

mapped register accessible from the primary PC! bridge 

configuration space or the P2P processor local bus. 

LOCAL PROCESSOR. :CRTER.ROPTS 

The interrupt controller on the local processor 

has eight external interrupt pins and one non-maskable 

interrupt pin for detecting external interrupt 

requests. The eight external pins can be configured for 

one of three modes: dedicated, expanded, and mixed. In 

dedicated mode, the pins may be individually mapped to 

interrupt vectors. In expanded mode, the pins may be 

interpreted as a bit field which can represent an 

interrupt vector. In this mode, up to 240 vectors can 

be directly requested with the interrupt pins. In mixed 

mode, five pins operate in expanded mode and can 

request 32 different interrupts and three pins operate 

in dedicated mode. 
The nine interrupt pins of the local processor 

have the following definitions and programming options: 

XINT7:0t External Interrupt (Input) - These pins 

cause interrupts to be requested. Pins are software 

configurable for three modes: dedicated; expanded, 

mixed. Each pin can be programmed as an edge-detect 

input or as a level-detect input. Additionally; a 

debouncing mode for these pins can be selected under 

program control. 
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NMI# Non-Maskable Interrupt (Input} - Causes a 
non-maskable interrupt event to occur. NMI is the 
highest priority interrupt recognized. The NMI# pin is 

an edge-activated input. A debouncing mode for NMI# can 
be selected under program control. This pin is 
internally synchronized. 

For correct operation of the P2P processor, the 
local processor external interrupt pins must be 
programmed for direct mode operation only, Ievel­
sensitive interrupts, and fast sampling mode. This is 
done through the Interrupt Control Register (ICON} in 
the local processor memory-mapped register space. The 
i960 Jx Microprocessor User's Manual provides full 
details on programming the local processor interrupt 
controller. 

Utilization of the P2P interrupt mechanism relies 
on the configuration of the local processor interrupt 
controller and XINT Select bit in the PCI Interrupt 

Routing Selec~ Register. Table 9 describes the 
operational modes and functionality enabled of the 
local processor interrupt controller and Table 10 
describes the usage of the XINT select bit. 

A 
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.. 
Local Processor Interrupt Controller Mode 

Dedi:a Expan Mixed ICON. Level- ~ IC Samp ICON. Local 

fed d:d Mode im Triggmd Triggezed CN ling sm Proce 

Mode Mode Intemlpt Intemlpt .sd Mode ssor 
m lnt.en-

Ul>l 

Enable Disabl Disabl OOz Enabled Disabled Oi fast 12 XINT 

d m m 0#/IN 

TA# 

Enable Disabl Disabl O()i Enabled Disabled 02 fast 12 XINT 

d m m 1#/IN 

TB# 

Enable Disabl Disabl OOz Enabled Disabled Oz fast 12 XINT 

d «I m 2#/IN 

TC# 

Enable Disabl Disabl 002, Enabled Disabled 02 fast 12 XINT 

d «I «I 3#/fN 

lD# 

Enable Disabl Disabl 002 Enabled Disabled Oz fast 12 X1NT 

d «I «I 4# 

Enable Disabl Disabl O()z Enabled Disabled 02 fast 12 XINT 

d ttl m 5# 

Enable Disabl Disabl OOz Enabled Disabled 02 fast 12 XINT 

d ttl «I 6# 

Enable Disabl Disabl 002 Enabled Disabled Oi fast 12 XINT 

d m m 7# 

N/A N/A N/A NIA N/A Default NI fast 12 NMI# 

A 

Table 9. P2P Interrupt Controller Programming Surranary 
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OPERATIONAL BLOCKS 

The PCI and Perlpheral Interrupt Controller 

provides the connections to the local processor. These 

connections are shown in Figure 9. 

PC:t Interrupt Routing 

The four PCI interrupt inputs can be routed by 

MUXes 121 to either local processor· int_errupt inputs or 

to PC! Interrupt output pins. Routing of ineerrupt 

inputs is controlled by the XINT Select bit in the PC! 

Interrupt Routing Select Register as shown in Table 10. 

XINT Select bit Description 

INTA#/XINTO# Input Pin Routed to Local 

0 Processor XINTO# Input Pin 

INTB#/XINTl# Input Pin Routed to Local 

Processor XINTl# Input Pin 

INTC#/XINT2# Input Pin Routed to Local 

Processor XINT2# Input Pin 

INTD#/XINT3# Input Pin Routed to Local 

Processor XINT3# Input Pin 

INT A#/XINTO# Input Pin Routed to P _INT A# 

1 _Output Pin 

IN1B#/XINT1# Input Pin Routed to P _INTB# 

Output Pin 

INTC#/XINT2# Input Pin Routed to P _INTC# 

Output Pin 

IN1D#/XINT3# Input Pin Routed to P _INTD# 

OutoutPin 

Table 10. PCI Interrupt Routing Summary 

As stated earlier, XINTOf through XINT3# of the 

local processor must be programmed to be level 

sensitive to accommodate PCI interrupts. In addition, 

.. 

" 
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the logic external to the local processor input must 
drive an inactive level (a '1') when the XINT Select 
bit is set. 

Internal. Periphera1 Interrupt Routing 
The XINT6f, XINT7i, and NMI# interrupt inputs on 

the local processor receive inputs from multiple 
internal interrupt sources. There is one internal latch 
before each of these three inputs that provides the 
necessary multiplexing of the different interrupt 
sources. Application software can determine which 
peripheral unit caused the interrupt by reading the 
corresponding interrupt latch. More detail about the 
exact cause of the interrupt can be determined by 
reading status from the peripheral unit. 

The XINT6# interrupt of the local processor 
receives interrupts from the external pin and the three 
DMA channels. Each DMA channel interrupt is either for 
DMA End of Transfer interrupt or DMA End of Chain 
interrupt. The XINT6 Interrupt Latch 123 accepts the 
interrupt inputs from the DMA channels as well as the 
external XINT6f pin. A valid interrupt from any of 
these sources sets the bit in the latch and outputs a 
level-sensitive interrupt to the local processor XINT6# 
input. The interrupt latch should continue driving an 
active low input to the processor interrupt input as 
long as a one is present in the latch. The XINT6 
Interrupt Latch is read through the XINT6 Interrupt 
Status Register. The XINT6 Interrupt Latch is cleared 
by clearing the source of the interrupt at the internal 
peripheral . 

The unit interrupt sources which drive the inputs 
to the XINT6 Interrupt Latch are detailed in Table 11. 
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Unit Interrupt Register Bit 
Condition Position 

DMA Channel O End of Channel Status 08 
Chain Reaister O 

End of Channel Status 09 
Transfer Reqister 0 

DMA Channel 1 End of Channel Status 08 
Chain Reaister 1 
End of Channel Status 09 
Tran sf er Reaister 1 

DMA Channel 2 End of Channel Status 08 
Chain Reaister 2 

End of Channel Status 09 
Transfer Reaister 2 

Table 11. XINT6 Interrupt Sources 

The XINT7# interrupt on the local processor 
receives interrupts from the external pin, the APIC Bus 
Interface Unit, the 12c Bus Interface Unit, the Primary 
ATU, and the Messaging Unit. The XINT7 Interrupt Latch 
125 accepts the one interrupt input from each of the 
four units above as well as the external XINT7# pin. A 
val~d interrupt from any of these sources sets the bit 
in the latch and outputs a level-sensitive interrupt to 
the local processor XINT7# input. The interrupt latch 
should continue driving an active low input to the 
processor interrupt input as long as a one is present 
in the latch. The XINT7 Interrupt Latch is read through 
the XINT7 Interrupt Status Register. The XINT7 
Interrupt Latch is cleared by clearing the source of 
the interrupt at the internal peripheral. 

The unit interrupt sources which drive the inputs 
to the XINT7 interrupt latch are detailed in Table 12. 

., 

.. 
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Unit Error Condition Register Bit 

Position 
APICBus EOIMessage APIC ControVStatus 14 

Received ReJtister 
Interface Unit APIC Message APIC ControVStatus 06 

Sent Resrlster 

Receive Buffer J2C Status Register 07 
Full 

Transmit Buffer I2c Status Register 06 
Empty 

I2C Bus Interface Slave Address J2c Status Register 05 
Detect 

Unit STOP Detected J2c Status Register 04 
BusEtror :J2C Status Register 03 
Detected 

Arbitration Lost J2C Status Register 02 
Detected 

Messaging Unit Doorbell Primary ATU Interrupt 09 
Intemmt Status Rel!ister 

PrimaryATU A TU BIST Start Primary ATU lntemJpt 08 
Status Ref!ister 

Table 12. XINT7 Interrupt Sources 

The Non-Maskable Interrupt (NMI) on the local 
processor receives interrupts from the external pin, 
the primary and secondary ATUs, the primary and 
secondary bridge interfaces, the local processor and 
each of the three DMA channels. Each one of these eight 
interrupts represents an error condition in the 
peripheral unit. The NMI Interrupt Latch 127 accepts 
the one interrupt inputs from each of the eight sources 
above and the external NMI# pin. A valid interrupt from 



W097~80 PCT/US96/10451 

-124-

any of these sources sets the bit in the latch and 
outputs an edge-triggered interrupt to the local 

processor NMif input. The NMI Interrupt Latch is read 

through the NMI Interrupt Status Register. The NM! 

Interrupt Latch is cleared by clearing the source of 
the interrupt at the internal peripheral. 

The unit interrupt sources which drive the inputs 

to the NMI interrupt latch are detailed in Table 13. 
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Unit Error Condition Relrister Bit Position 

PCI Master Parity Primary Bridge lntenupt 00 

EmJr Status Re2ister 

PCI Target Abort Primary Bridge Interrupt 01 

{tAraP.t'\ Status RP.aillter 

Primary PCI PCI Target Abort Primary Bridge Interrupt 02 

. (master) Status Ree:ister 

Bridge Interface PCI Master Abort Primary Bridge Inrerrupt o~ 

Status Reaister 

P _SERR# Asserted Primary Bridge Interrupt 04 

Status ReJrister 

PCI Master Parity Secondary Bridge Interrupt 00 

Enor Status Re2ister 

PCITargetAbort Secondary Bridge Interrupt 01 

(tanret) Status Rel!ister 

Secondary PCI PCI Target Abort Secondary Bridge Interrupt 02 

(master) Status Relrister 

Bridge lnteifitce PCI Master Abort Seoondary Bridge Interrupt 03 

Status Ree:ister 

S_SERR# Asserted Secondary Bridge Interrupt 04 

Status Ree:ister 

PCI Master Parity Primary ATU Interrupt 00 

Enor Status Reaister 

PCI Target Abort Primary ATIJ Interrupt 01 

(lan!el) Status Ree:ister 

PCI Target Abort Primary A 11J Inte:rrupt 02 

(master) Status Remster 

Primary ATIJ PCI Master Abort Primary A 11J Interrupt 03 

Status Relrister 

P _SERR# Asserted Primary A TU Interrupt 04 

Status Reirister 

Local Processor Bus Primary ATU Interrupt 05 

Fault Status Relrister 
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Local Processor Primary A 111 Interrupt 06 

Memorv Fault Statns Re1dster 

PCI Master Parity Secondary A 111 Interrupt 00 

Bnor Slatus Relrister 

PCI Target Abort Secondary ATU Intermpt 01 

{13nret) Status Re2ister 

PCI Target Abort Secondary ATU Inrenupt 02 

(master) Status Rellister 

Secondary ATU PCI Master Abort Secondary ATU lnl:emlpt 03 

Status Rellister 

S_SERR# Asserted Secondary ATU Interrupt 04 

Status RP.uister 

Local Processor Bus Secondary ATIJ Interrupt 05 

Fault Status Reidster 

Local Processor Secondary A TU lnrenupt 06 

Memorv Fault Status Rel!ister 

Local Procesmr Local Processor Bus Local Processor Status 05 

Fault Rel!:ister 

Local Processor Local Processor Status 06 

Memorv Fault Re2ister 

PCI Master Parity Channel Status Register O 00 

Em>r 

PCI Target Abort Channel Status Register 0 02 

(master) . 
DMA Channel 0 PCI Master Abort Channel Status Relrister 0 03 

Local Processor Bus Channel Status Register 0 05 

Fault 

Local Processor Channel Status Register 0 06 

Memorv Fault ... 
PCI Master Parity Channel Status Register 1 00 

Em>r 

PC! Target Abort Channel Status Register 1 02 

(master) 
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DMA Channel 1 PCl Master Abort Channel Status R.eirister 1 03 

Local Processor Bus Chailnel Status Register 1 05 

Fault 

Local Processor Channel Status Register 1 06 

Memorv Fault 

PCI Master Parity Channel Status Register 2 ()() 

Bnor 

PCI Target Abort Channel Status Register 2 ~ 
(master) 

DMA Channel 2 PCI Master Abort Channel Status Relrister 2 03 

Local Processor Bus Channel Status Register 2 05 

Fault 

Local Processor Channel Status Register 2 06 

Memorv Fault 

Table 13. NMI Interrupt Sources 
The PCI Interrupt Routing Select Register, XINT6 

Interrupt Status Register, XINT7 Interrupt Status 
Register, and NMI Interrupt Status Register are 
described below. 

P2P Processor External J:nter:r:upt :Cnterface 

The external interrupt input interface for the P2P 

processor consists of the following pins: 

Si211al Description 

INTA#/XINTO# This interrupt input can be directed to the P _INT A# 

output or the local processor interrupt input 

XINTO. 

INTB#/XINTl# This interrupt input can be directed to the P _INTB# 

output or the local processor interrupt input 

XINTl • 

INTC#JXINT2# This interrupt input can be directed to the P _INTC# 

output or the local processor interrupt input 

XINT2. 
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INTD#/XINT3# This intemJ.pt input can be directed to the P _INto# 

output or the local processor interrupt input 
T 

XINT3. 

XINT4# This intemJpt input is always connected to the local 

"Processor interrupt in-out XINT4. 

XINT5# This intem1pt input is always connected to the local 

mocessor intemmt input XINTS. 

XINT6# This interrupt input is shared ~th three intern~ 

intemipts. They are the intemipts from each of the 

internal DMA channels. All of the interrupts are 

directed to the local processor interrupt input 

XINT6#. The software must read the XINT6 

Interrupt Status Register to detennine the exact 

source of the intemmt. 

XINT7# This interrupt input is shared with four internal 

interrupts. They are the interrupts from the APIC 

Bus Interface Unit, the I2C Bus Interface Unit, the 

Primary A TU, and the Messaging Unit. All of the 

interrupts are directed to the local processor 

interrupt input XINT7#. The software must read 

the XINT7 Interrupt Status Register to determine 

the exact source of the interrupt 

NMI# This interrupt input is shared with eight internal 

interrupts. They include the collected error 

interrupts from the local processo.r, primary PCI 

bridge interface, secondary PCI bridge interface, 

primary ATU, and secondary ATIJ, and the three 

OMA channels. All of the interrupts are directed to 

the local processor NMI# input. The software must 

~the NMI Interrupt Status Register to d~nnine 

the exact source of the intemint. 

Table 14. Interrupt Input Pin Descriptions 
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PCI Outbound Doorbell Interrupts 
The P2P processor has the capability.of generating 

interrupts on any of the primary PCI interrupt pins. 
This is done by setting a bit within the Doorbell Port 
Register within the primary ATO. Bits 0 through 3 
correspond to P_INTA# through P_INTDI res~ectively. 
Setting a bit within the register will generate the 
corresponding PCI interrupt. 

REGISTER DEFIHITIOHS 
There are four control and status registers for 

the PCI And Peripheral Interrupt Controller: 
•PCI Interrupt Routing Select Register 
•XINT6 Interrupt Status Register 
•XINT7 Interrupt Status Register 
•NMI Interrupt Status Register 
Each is a 32-bit register and is memory-mapped in 

the local processor memory space. 
All of the registers are visible as P2P memory 

mapped registers and can be accessed through the 
internal memory bus. The PCI Interrupt Routing Select 
Register is accessible from the internal memory bus and 
through the PCI configuration register space (function 
#0) • 

PCI Interrupt Routing Select Register - PIRSR. 
The PCI Interrupt Routing Select Register (PIRSR) 

determines the routing of the external input pins. The 
input pins consist of four secondary PCI interrupt 
inputs which are routed to either the primary PCI 
interrupts or local processor interrupts. The PCI 
interrupt pins are defined as "level sensitive," 
asserted low. The assertion and deassertion of the 
interrupt pins are asynchronous to the PCI or processor 
clock. 
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If the secondary PCI interrupt inputs are routed 
to the primary PCI interrupt pins, the local processor 
XINT3:0# inputs must be set inactive. 

XINT6 Interrupt Status Register - X6ISR 
The XINT6 Interrupt Status Register (X6ISR) shows 

the current pending XINT6 interrupts. The source of the 
XINT6 interrupt can be the internal peripheral devices 
connected through the XINT6 Interrupt Latch or the 
external XINT64 input pin. The interrupts which can be 
generated on the XINT6# input.are described above with 
reference to Internal Peripheral Interrupt Routing. 

The X6ISR is used by application software to 
determine the source of an interrupt on the XINT6# 
input and to clear that interrupt. All bits within this 
register are defined as read only. The bits within this 
register are cleared when the source of the interrupt 
(status register source shown in Table 11) are cleared. 
The X6ISR will reflects the current state of the input 
to the XINT6 Interrupt Latch. 

Due to the asynchronous nature of the P2P 
peripheral units, multiple interrupts can be active 
when the application software reads the X6ISR register. 
The application software must handle these multiple 
interrupt conditions appropriately. In addition, the 
application software may subsequently read the X6ISR 
register to determine if additional interrupts have 
occurred during the interrupt processing for the prior 
interrupts. All of the interrupts from the X6ISR 
register will be at the same priority level within the 
local processor (The i960 Jx Microprocessor User's 
Manual provides a description for setting the interrupt 
priority mechanism). 

Table 15 details the definition of the X6ISR. 

11 

•· 
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Bit Default Read/Write Description 

31: 04 OOOOOOOH Read Onlv Reserved 

03 02 Read Only External XINT 6# 

02 Read Only 

01 Read Only 

00 Read Only 

Interrupt Pending - when 
set, an interrupt is 
pending on the external 

XINT6# input. When 
clear, no interrupt 
exists. 

DMA Channel 2 Interrupt 
Pending - when set, an 

end of chain of channel 
active condition has 

been signaled by DMA 

channel 2. When clear, 
no interrupt condition 
exists. 

DMA Channel 1 Interrupt 
Pending - when set, an 

end of chain of channel 
active condition has 
been signaled by DMA 
channel 1. When clear, 
no interrupt condition 

exists. 

DMA Channel 0 Interrupt 
Pending - when set, an 
end of chain of channel 

active condition has 

been signaled by DMA 

channel 0. When clear, 
no interrupt condition 

exists. 
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Table 15. XINT6 Interrupt Status Register- X6ISR ., 

X:IH'l'7 Interrupt Status Register- X7 I:SR 

The XINT7 Interrupt Status Register (X7ISR) shows 
the current pending XINT7 interrupts. The source of the 
XINT7 interrupt can be the internal peripheral· devices 
connected through the XINT7 Interrupt Latch or the 
external XINT7# input pin. 

The X7ISR is used.by application·softwaTe to 

determine the source of an interrupt on the XINT7# 
input and to clear that interrupt. All bits within this 
register are defined as read only. The bits within this 
register are cleared when the source of the interrupt 
(status register source shown in Table 12) are cleared. 
The X7ISR will reflects the current state of the input 
to the XINT7 Interrupt Latch. 

Due to the asynchronous nature of the P2P 
peripheral units, multiple interrupts can be active 
when the application software reads the X7ISR register. 
The application software must·handle these multiple 
interrupt conditions appropriately. In addition, the 
application software may subsequently read the X7ISR 

register to determine if additional interrupts have 
occurred during the interrupt processing for the prior 
interrupts. All of the interrupts from the X7ISR 
register will be at the same priority level within the 
local processor 

Table 16 details the definition of the X7ISR. 

"· 
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Bit Default Read/Write Description 

31 :OS OOOOOOOH Read Onlv Reserved 

04 Read Only 

03 Read Only 

02 Read Only 

01 Read Only 

External XINT7f 
Interrupt Pending - when 
set, an interrupt is 
pending on the external 
XINT7# input. When 
clear, no inter~upt 
exists. 

Primary ATU/Start BIST 
Interrupt Pending - when 
set, the host processor 
has set the start BIST 
request in the ATUBISTR 
register. When clear, no 
start BIST interrupt is 
oendina. 

Inbound Doorbell 
Interrupt Pending - when 
set, an interrupt from 
the Inbound Messaging 
Unit is pending. When 
clear, no interrupt is 
pendina. 

I2C Interrupt Pending -
when set, an interrupt 
is from the I2C Bus 
Interface Unit is 
pending. When clear, no 
interruot is oendina. 
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00 02 Read Only APIC ·Interrupt Pending -
when set, an interrupt 
from the APIC Bus 
Interface Unit is 
pending. When clear, no 
interruot is pendinq. 

Table 16. XINT7 Interrupt Status Register- X7ISR 

RMI :Cnterrupt Status Register - N~SR. 

The NMI Interrupt Status Register (NISR} shows the 
current pending NMI interrupts. The sour~e of the NMI 
interrupt can be the internal peripheral devices 
connected through the NMI Interrupt Latch or the 
external NMif input pin. 

The NMI Interrupt Status Register. is used by 
application soft~are to determine the source of an 
interrupt on the NMii input and to clear that 
interrupt. All of the bits within the NISR are read 
only. The bits within this register are cleared when 
the source of the interrupt (status register source 
shown in Table 13) are cleared. The NISR reflects the 
current state of the input to the NMI Interrupt Latch. 

Due to the asynchronous nature of the P2P 
peripheral units, multiple interrupts can be active 
when the application software reads the NISR register. 
The application software must handle these multiple 
interrupt conditions appropriately. In addition, the 
application software may subsequently read the NISR 
register to d~termine if additional interrupts have 
occurred during the interrupt processing for the prior 
interrupts. All of the interrupts from the NISR 
register are at the same priority level within the 
local processor). 
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Table 17 shows the bit definitions for reading the 

NMI interrupt status register. 
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Default Read/Write Description 

OOOOOOH Read Onlv Reserved 

Read Only External NMI# Interrupt 
- when set, an interrupt 
is pending on the 
external NMI# input. 
When clear, no interrupt 
exists. 

Read Only DMA Channel 2 Error -
when set, a PCI or local 
bus error condition 
exists within DMA 

channel. When clear, no 
error exists. 

Read Only OMA Channel 1 Error -
when set, a PCI or local 
bus error condition 
exists within DMA 

channel. When clear, no 

error exists. 

Read Only DMA Channel 0 Error -
when set, a PCI or local 
bus error condition 
exists within DMA 
channel. When clear, no 
error exists. 

Read Only Secondary Bridge Error -
when set, a PCI error 
condition exists within 

the secondary interface 
of the bridge. When 
clear. no error exists. 
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Read Only Primary Bridge Interface 
Error - when set, a PCI 
error condition exists 
within the primary 
interface of the bridge. 
When clear, no error 
exists. 

Read Only Secondary ATU Error -
when set, a PCI or local 
bus error condition 
exists within the 
secondary ATU. When 
clear. no error exists. 

Read Only Primary ATU Error - when 
set, a PCI or local bus 
error condition exists 
within the primary ATU. 
When clear, no error 
exists. 

Read Only Local Processor Error -
when set, an error 
condition caused by the 
local processor exists 
within the internal 
memory controller. When 
clear. no error exists. 

Table 17. NMI Interrupt Status Register- NISR 

INTERNAL l\RBiTRJl'I'iQN 

The following is a description of the internal 
arbitration of the P2P processor. This includes 
arbitration for the internal local bus as well as 
arbitration for each of the PCI interfaces within the 
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processor. The operation modes, setup, external memory 
interface, and implementa~ion of the arbitration are 
described below. 

LOCAL BUS ARBI'l'RA'l'J:ON 

The P2P process.or requires an arbitration 
mechanism to control local bus ownership. Bus masters 
connected to the local bus consist of three DMA 
channels, primary PCI Address Translation Unit, 
secondary PCI Address Translation Unit, local 
processor, and external bus masters. 

The Local Bus Arbitration Unit (LBAU) 57 
implements a fairness algorithm which allows every bus 
master the opportunity to gain .control of the local 
bus. The algorithm combines a round-robin scheme with a 
prioritizing mechanism. In the preferred embodiment, 
the implementation should allow the application to 
assign priorities to each local bus master 
independently. 

The Local Bus Arbitration Unit is responsible for 
granting the local bus to a bus master. All bus masters 
contain logic to remove themselves as a bus master from 
the local bus once they have lost their internal GNT# 
signal. There is a programmable 12-bit counter to limit 
the amount of time a bus master has control of the 
local bus and to dictate when a bus master must 
relinquish ownership if other bus masters are 
requesting the local bus. 

External bus masters may be used on the local bus 
by adding external logic to control HOLD/HOLDA. The P2P 
processor allows for one external bus master to 
participate in the fairness algorithm. If more than one 
external bus master is used on the local bus, external 
logic is required to treat all external devices as one 
device (detects HOLD and drives HOLDA) • 

.. 
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The Local Bus Arbitration Unit controls the local 
processor backoff unit. This unit allows the local 
processor to be "backed off" of the local bus to 
prevent possible deadlock situations. While in back~ff, 
the processor is held in waitstates CL_RDYRCV# 
inactive) • Internal buffers tri-state the multiplexed 
address/data bus allowing other local bus masters (ATU, 
OMA, etc.) to control the bus and therefore prevent the 
situation where an outbound transaction requires the 
resources being used by an inbound transaction. 
Additionally, the backoff unit optimizes local bus 
performance during all outbound processor reads. 

In addition to the Local Bus Arbitration Unit, the 
P2P processor contains two local PCI arbitration units. 
The local primary arbitration unit 55a controls access 
to the internal primary PCI bus. Arbitration occurs for 
the primary PCI bus between the primary ATU, OMA 

channels 0 and 1, and the primary interface of the PCI 
to PCI Bridge Unit. The local secondary arbitration 55b 
unit controls access to the internal secondary PCI bus. 
Arbitration occurs for the secondary PCI bus between 
the secondary ATU, DMA channel 2, and the secondary 
interface of the PCI to PCI Bridge Unit. Both local PCI 
arbitration units function in a similar manner. 
Preferably, the arbitration logic should be designed to 
allow multiple bus masters control of the local bus. 
When a bus master requests the local bus, the Local Bus 
Arbitration Unit should first obtain control of the 
local bus from the local processor by asserting the 
HOLD request signal. The local processor should grant 
the bus to the arbitration logic by asserting the HOLDA 
signal and placing the processor signal pins in the 
tri-state mode. The arbitration logic should then grant 
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the other bus master the local bus by returning the 
respective internal GNT# signal. 

INTERNAL PCI BUS ARBITRATION 

The P2P processor contains two internal 
arbitration units which control access to the internal 
PCI buses within.the device. Figure 10 sh.ows a diagram 
of these internal arbitration units and the resources 
they control. 

The Primary Internal PCI Arbitration Unit 
arbitrates for the following internal units: 

•Primary Bridge Interface 
•Primary ATU 
•DMA Channel 0 
•DMA Channel 1 
The Secondary Internal PCI Arbitration Unit 

arbitrates for the following internal units: 
• Secondary Bridge Interface 
• Secondary ATU 
• DMA Channel 2 

Each internal PCI arbitration unit uses a fixed 
round-robin arbitration scheme with each device on a 
bus having equal priority. 

The fixed round-robin arbitration is interpreted 
in the following manner: 

•After reset, the token for arbitration belongs to 
device #1 within each internal PCI arbitration unit. 

•Arbitration is performed on every clock that a 
device asserts an internal REQ# to the arbiter. 

•The next owner of the token (i.e. the bus) will 
be the closest device number to the current owner (or 
last is the bus is idle) • For example if device #3 is 
the current owner and device #4 and device #1 are 
requesting the bus, device #4 will win. 
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· •The token is passed when the arbiter activates an 
internal grant to the internal bus master. This is the 
arbiter's grant signal. The actual outputs to the 
internal bus masters are still masked with the external 
GNTi input. 

~heory of Operation 
Each unit on an internal PCI bus requests use of 

the PCI bus for a master operation. Arbitration occurs 
whenever a resource attached to an.internal bus 
activates a request (REQ#). Grant is made to the next 
resource in the round-robin scheme. The granting of the 
internal PCI bus is tied to the state of the external 
PCI bus. The state of the external request pins (P_REQ# 
or S_REQ#) is a direct reflection of the logical OR of 
the request pins on each internal PCI bus. 

The internal PCI bus master may receive the 
internal GNTf at any time from the internal PCI arbiter 
(hidden arbitration) • The internal bus masters are 
still responsible for continuously monitoring FRAME#, 
IRDY#, and their internal GNT# input to guarantee bus 
ownership is maintained before starting the access. 
FRAME# and IRDY# must be high and the grant input must 
be low on the rising clock edge which defines the clock 
cycle in which the master then drives FRAME# low to 
start a cycle. The internal PCI arbitration units will 
monitor the external grant signals CP_GNT# and S_GNT#) 
and will only apply an internal grant based on the 
external grant signals being true. 

The internal PCI arbiter will remove an internal 
bus master's GNT# under the following situations: 

•The external grant (P_GNT# and S_GNT#) signal 
goes inactive. 

•The internal arbiter deactivates an internal bus 
masters internal grant signal. 
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•The current bus owner removes its REQ# output. 
Each bus masters grant input can be considered the OR 
condition of the external grant and the internal grant 
from inside the internal PCI bus arbitration unit. The 
arbitration unit will activate an internal grant to a 
bus master based on the winner of the arbitration 
scheme, but the actual GNT# signal driven to the grant 
input of a bus master is derived from the OR condition 
of the internal grant with the external grant input. 

The internal arbitration unit is responsible for 
making sure that only one internal GNT# is active at 
any one time. Once an internal bus master loses the 
internal GNTi signal, it must eventually release bus 
ownership. The internal GNTi signal adheres to the 
rules for GNTi signal deassertion in the PCI Local Bus 
Specification (Arbitration Signaling Protocol). Further 
details needed to implement internal PCI bus 
arbitration should be readily apparent to persons 
skilled in the field of the invention • 

.1,.2.c BUS :CHTIBJ'ACI VJIX'l' 

The following is a description of the r2c (Inter­
Integrated Circuit) Bus Interface Unit of the P2P 
processor. The operation modes, setup, and 
implementation of the I2C Bus Interface Unit are 
described below. 

OVER.VIEW 

The I2C bus interface unit 61 allows the local 
processor 34 to serve as a master and slave device 
residing on the r2c bus. The I2c bus is a serial bus 
developed by Philips Corporation consisting of a two 
pin interface. SDA is the data pin for input and output 
functions and SCL is the clock pin for reference and 
control of the r2c bus. 

• 
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The I2C bus allows the P2P processor to interface 
to other r2c peripherals and microcontrollers for system 
management functions. ~he serial bus requires a minimum 
of hardware for an economical system to relay status 
and reliability information on the P2P subsystem to an 
external device. 

The r2c bus interface unit is a peripheral device 
that resides on the internal P2P local bus. Data is 
transmitted to and received from the r2c bus via a 
buffered interface. Control and status information is 
relayed through a set of local processor memory mapped 
registers. The I2C Bus Specification contains complete 
details on 12c bus operation. 

THEORY OF OPERATION 

The 12c bus defines a complete serial protocol for 
passing information between agents on the bus using 
only a two pin interface. Each device on the bus is 
recognized by a unique 7-bit address and can operate as 
a transmitter or as a receiver. In addition to 
transmitter and receiver, the 12c bus functions in a 
master/slave mode. 

As an example of I2C bus operation, consider the 
case of a microcontroller acting as a master on the 
bus. The microcontroller, as a master, could address an 
EEPROM as a slave to receive write data. The 
microcontroller would be a master-transmitter and the 
EEPROM would be a slave-receiver. If the 
microcontroller wanted to read data, the 
microcontroller would be a master-receiver and the 
EEPROM would be a slave-transmitter. In both cases, the 
master initiates and terminates the transaction. 

The r2c bus allows for a multi-master system, 
which means more than one device can try to initiate 
data transfers at the same time. The r2c bus defines an 
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arbitration procedure to handle this situation. If two 
or more masters drive the bus at the same time, the 
first master to produce a one when the others produce a 
zero will lose the arbitrati.on. This is dependent on 
the wired-AND operation of the SDA and the SCL r2c bus 
lines. 

The serial operation of the r2c bus uses a wired­
AND bus structure. This is the method for multiple 
devices· to drive the bus lines and to signal each other 
about events such as arbitration, wait states, error 
conditions and so on. For instance, when a master 
drives the clock (SCL) l_ine during a data transfer, it 
will transfer a bit on every instance that the clock is 
high. If the slave is unable to accept or drive data at 
the rate that the master is requesting, it can hold the 
clock line low between the high states to essentially 
insert wait states. The wired-AND is implemented on the 
output stage of the device. Data on the r2c bus can be 
transferred at a maximum rate of 400 Kbits/sec. 

r2c transactions are either initiated by the local 
processor as a master or are received by the processor 
as a slave. Both conditions may result in the processor 
doing reads, writes, or both to the r2c bus. 

Operationai B1ocks 
The I2C Bus Interface Unit of the P2P processor is 

a slave peripheral device that is connected to the 
local bus. The unit uses the P2P processor interrupt 
mechanism for notifying the local processor that there 
is activity on the r2c bus. Figure 11 shows a block 
diagram of the r2c Bus Interface Unit and its interface 
to the local bus. 

The r2c Bus Interface Unit consists of the two 
wire interface 61 to the 12c bus, an 8-bit buffer 61a 
for data passing to and from the local processor, a aet 

,,. 
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of control and status registers 6lb, and a shift 
register for parallel/serial conversions 61c. 

The I2C interrupts are signaled through processor 
interrupt XINT7t and the XINT7 Interrupt Status 
Register {X7ISR) • The r2c Bus Interface Unit sets a bit 
within the X7ISR register when a buffer full, buffer 
empty, slave address detected, arbitration lost, or bus 
error condition occurs. All interrupt conditions are 
cleared explicitly by the local processor. 

The I2C Data Buffer Register (IDBR) is an 8-bit 
data buffer that receives a byte data from the shift 
register interface of the I2C bus on one side and 
parallel data from the P2P processor local bus on the 
other side. The serial shift register is not user 
accessible. 

AP:r:C ags :CB'1'SRl'J\CS QNJ'1' 

The following is a description of the APIC Bus 
Interface Unit 63 which provides a mechanism for 
communication between the local bus and the 3-wire APIC 
bus. It provides two basic functions: 

•It gives the local processor the ability to send 
an interrupt message out onto the APIC bus and 
optionally be interrupted when the message has been 
sent. The local processor can then read the resulting 
status of the message transmission to check for errors. 

•It can also receive EOI messages from the APIC 
bus and optionally interrupt the local processor to 
inform it that an EOI vector is available. 

The operation modes, setup and implementation of 
the interface are described below. 

AP IC ARCJlI'l'li:C'l'tJRE OVli:RVIli:W 

The APIC interrupt architecture is specified as 
the interrupt architecture for all Multiprocessor 
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Specification (MPS) compatible systems. MPS Version 1.1 
is available from Intel Corporation, Order No. 242016-
003. The main features of the APIC architecture are: 
1. APIC provides multiprocessor interrupt management 
for Intel Architecture CPUs such as the 90 and 100 MHz 
Pentium Processors, providing both static and dynamic 
symmetric interr~pt distribution across all processors. 
2. Dynamic interrupt distribution includes ·routing of 
the interrupt to the lowest-priority proces~or. 
3. APIC works in systems with multiple I/O 
subsystems, where each subsystem can have its own set 
of interrupts. 
4. APIC provides inter-processor interrupts, allowing 
any processor to interrupt any processor or set of 
processors, including itself. 
5. Each APIC interrupt input pin is individually 
programmable by software as either edge or level 
triggered. The interrupt vector and interrupt steering 
information can be specified per pin. 
6. APIC supports a naming/addressing scheme that can 
be tailored by software to fit a variety of system 
architect~re's and usage mo~els. 
7. APIC supports system-wide processor control 
functions-related to NMI,_INIT, and System Management 
Interrupt (SMI). 
8. APIC co-exists with the 8259A PIC to maintain PC 
compatibility. 
9. APIC provides programmable interrupt priority 
(vectors) for each interrupt Input Pin. Since the APIC 
programming interface consists of two 32-bit memory 
locations, I/O APIC functionality can be emulated by 
the local processor in the P2P processor. 

Specific implementation details for an I/O APIC 
suitable for use with the invention should be readily 
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apparent to persons skilled in the field of the 

invention • 
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CLAIMS 
We Claim: 

1. An integrated circuit for coupling a first 

external bus to a second external bus comprising: 
a) a first internal bus coupled to said first 

external bus; 
b) a second internal bus coupled to said second 

external bus; 
a.) bus bridge means having a first bus interface 

coupled to said first internal bus and a second bus 
interface coupled to said second internal bus, said bus 
bridge for allowing transactions to be passed between 
said first and second external buses; 

b) local processor means coupled to said bus 
bridge means for processing transactions received from 
external sources and transactions input to said first. 
bus interface and said second bus interface; 

c) a local bus for passing data between said 
processor means and an external memory. 

2. The integrat~d circuit defined by Claim 1 
further comprising: 

a) a first address translation circuit coupled 
to said local bus and said first internal bus adapted 
to convert for inbound transactions addresses on said 
first internal bus to addresses usable by said local 
processor means, and for outbound transactions 
addresses on said local bus to addresses usable by 
devices coupled to said first external bus; 

b} a second address translation circuit coupled 
to said local bus and said second internal bus adapted 

to convert for inbound transactions addresses on said 
second internal bus to addresses usable by said local 
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processor means, and for outbound transactions 
addresses on said local bus to addresses usable by 
devices coupled to said second external bus . 

3. The integrated circuit defined by Claim 2 
further comprising: 

a messaging circuit coupled to said first address 
translation circuit adapted to generate an interrupt 
for use by said local processor means when new data is 
placed onto said first internal bus and to generate an 
interrupt on at least one interrupt line of said first 
internal bus when said local processor means puts data 
onto said local bus for use by a device coupled to said 
first external bus. 

4. The integrated circuit defined by Claim 1 
further comprising: 

first DMA controller means coupled to said local 
bus and said first internal bus for transferring blocks 
of data between said first internal bus and said local 
memory; 

second DMA controller means coupled to said local 
bus and said second internal bus for transferring 
blocks of data between said second internal bus and 
said local memory. 

5. The integrated circuit defined by Claim 2 
further comprising: 

a) first bus arbitration means for controlling 
accesses to said first internal bus between said first 
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bus interface and said first address translation 

circuit; 
b) second bus arbitration means for controlling 

accesses to said second internal bus between said 
second bus interface and said second address 
translation circuit. 

6. The integrated circuit defined by Claim·2 
further comprising: 

local bus arbitration means for controlling 
accesses to said local bus among said local processor, 
said first address translation circuit and said second 
address translation circuit. 

7. The integrated circuit defined by Claim 1 
further comprising memory controller means for 
controlling writes to and reads from said external 
memory using data and addresses on said local bus. 

8. The integrated circuit defined by C"laim 1 
further ·comprising: 

a} peripheral interrupt controller means for 

routing a plurality of interrupt sources into a single 
interrupt input to said local processor means; 

b} a status register defining which one of said 
plurality of interrupt sources caused said single 
·interrupt. 
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9. The integrated circuit defined by Claim 1 
further comprising: 

a) an 12c bus for coupling to external sensors 
suitable for management of a system utilizing said 
integrated circuit; 

b) 12c interface means for allowing said local 
processor means to serve as a master and slave device 
residing on said an 12c bus. 

10. The integrated circuit defined by Claim 1 
further comprising: 

a) an APIC bus for coupling to external 
processors; 

b) APIC interface means for enabling 
communications between said external processors and 
said local processor. 

11. A system including at least one host 
processor coupled to a primary PCI bus and at least one 
peripheral device coupled to a secondary PCI bus 
comprising in a single integrated circuit: 

a) a first internal bus coupled to said primary 
PCI bus; 

b) a second internal bus coupled to said 
secondary PCI bus; 

a) bus bridge means having a first bus interface 
coupled to said first internal bus and a second bus 
interface coupled to said second internal bus, said bus 
bridge for allowing transactions to be passed between 
said primary PCI bus and said secondary PCI bus; 
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b) local processor means coupled to said bus 

bridge means for processing transactions received from 
external sources and transactions input to said first 

bus interface and said second bus interface; 
c) a local bus for passing data between said 

processor means and an external memory. 

12. The system defined by Claim 11 wherein said 
integrated circuit further comprises: 

a) a first address translation circuit coupled 
to said local bus and said first internal bus adapted 
to convert for inbound transactions addresses on said 
first internal bus to addresses usable by said local 
processor means, and for outbound transactions 
addresses on said local bus to addresses usable by 
devices coupled to said primary PCI bus; 

b) a second address translation circuit coupled 
to said local bus and said second internal bus adapted 
to convert for inbound transactions addresses on said 
second internal bus to addresses usable by said local 
processor means, and for outbound transactions 
addresses on said local bus to addresses usable by 
devices coupled to said secondary PCI bus. 

13. The system defined by Claim 12 wherein said 
integrated circuit further comprises: 

a messaging circuit coupled to said first address 
translation circuit adapted to generate an interrupt 

for use by said local processor means when new data is 
placed onto said first internal bus and to generate an 
interrupt on at least one interrupt line of said first 
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internal bus when said local processor means puts data 
onto said local bus for use by a device coupled to said 
primary PCI bus. 

14. The system defined by Claim 11 wherein said 
integrated circuit further comprises: 

first OMA controller means coupled to said local 
bus and said first internal bus for transferring blocks 
of data between said first internal bus and said local 
memory; 

second DMA controller means coupled to said local 
bus and said second internal bus for transferring 
blocks of data between said second internal bus and 
said local memory. 

15. The system circuit defined by Claim 12 

wherein said integrated circuit further comprises: 
a) first bus arbitration means for controlling 

accesses to said first internal bus between said first 
bus interface and said first address translation 
circuit; 

b) second bus arbitration means for controlling 
accesses to said second internal bus between said 
second bus interface and said second address 
translation circuit. 

16. The system defined by Claim 12 wherein said 
integrated circuit further comprises: 

local bus arbitration means for controlling 
accesses to said local bus among said local processor, 
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said first address translation circuit and said second 
address translation circuit. 

1 7. The system defined by Claim 11 wherein said 
integrated circuit further comprises memory controller 
means for controlling writes to and reads from said 
external memory using data and addresses on said local 
bus. 

18. The system defined by Claim 11 wherein said 
integrated circuit further comprises: 

a) peripheral interrupt controller means for 
routing a plurality of interrupt sources into a single 
interrupt input to said local processor means; 

b) a status register defining which one of said 
plurality of interrupt sources caused said single 
interrupt. 

19. The system circuit defined by Claim 11 
wherein said integrated circuit further comprises: 

a) an r2c bus for coupling to external sensors 
suitable for management of a system utilizing said 
integrated circuit; 

b} r2c interface means for allowing said local 
processor means to serve as a master and slave device 
residing on said an r2c bus. 

20. The system defined by Claim 11 wherein said 
integrated circuit further comprises: 
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a) an APIC bus for coupling to external 
processors; 

b) APIC interface means for enabling 
communications between said external processors and 
said local processor. 

21. The integrated circuit defined by Claim 1 
wherein said bus bridge means further comprises: 

a) a downstream posting buffer coupled between 
said first bus interface and said second bus interface; 

b) an_upstream posting buffer coupled between 
said first bus interface and said second bus interface; 

c) a set of configuration registers coupled to 
said first bus interface. 

22. The integrated circuit defined by Claim 1 
wherein said local processor means comprises a 
microprocessor. 

23. The system defined by Claim 11 wherein said 
bus bridge means further comprises: 

a} a downstream posting buffer coupled between 
said first bus interface and said second bus interface; 

b) an upstream posting buffer coupled between 
said first bus interface and said second bus interface; 

c) a set of configuration registers coupled to 
said first bus interface. 
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24. The system defined by Claim 11 wherein said 
local processor means comprises a microprocessor. 

25. The integrated circuit defined by Claim 4 
further comprising: 

a) first bus arbitration means for controlling 
accesses to said first internal bus among said first 
bus interface, said first address translation circuit 
and said first DMA controller means; 

b) second bus arbitration means for controlling 
accesses to said second internal bus among said second 
bus interface, said second address translation circuit 
and said second DMA controller means. 

26. The system defined by Claim 14 wherein said 
integrated circuit further comprises: 

a) first bus arbitration means for controlling 
accesses to said first internal bus among said first 
bus interface, said first address translation circuit 
and said first DMA controller means; 

b) second bus arbitration means for controlling 
accesses to said second internal bus among said second 
bus interface, said second address translation circuit 
and said second DMA controller means. 
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