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(57) ABSTRACT 

A computer System having a highly parallel System archi 
tecture with multiple central processing units, multiple core 
logic chipsets and pooled System memory is provided with 
one or more AGP ports capable of connection to AGP 
devices. A memory manager is provided within the operat 
ing System for allocating pooled memory resources without 
regard to the location of that memory. A method is presented 
for dynamically allocating memory for the AGP device that 
is located on the same core logic chipset to which the AGP 
device is connected. By allocating local memory instead of 
allocating memory on remote core logic units, the AGP 
device can access the needed memory quickly without 
memory transmissions along the hostbus, thereby increas 
ing overall performance of the computer System. 
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METHOD AND SYSTEM FOR ALLOCATING 
MEMORY FROM THE LOCAL MEMORY 

CONTROLLER IN A HIGHLY PARALLEL SYSTEM 
ARCHITECTURE (HPSA) 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This patent application is related to commonly 
owned U.S. patent application Ser. No. 07/926,422, filed on 
Sep. 9, 1997, entitled “SYSTEM AND METHOD FOR 
DYNAMICALLY ALOCATING ACCELERATED 
GRAPHICS PORT MEMORY SPACE” by Ronald T. 
Horan, Phillip M. Jones, Gregory N. Santos, Robert Allan 
Lester, and Robert C. Elliott; and Ser. No. 08/925,722, filed 
on Sep. 9, 1997, entitled “GRAPHICSADDRESS REMAP 
PING TABLE ENTRY FEATURE FLAGS FOR CUSTOM 
IZING THE OPERATION OF MEMORY PAGES WITH 
AN ACCELERATED GRAPHICS PORT DEVICE" by 
Ronald T. Horan, Phillip M. Jones, Gregory N. Santos, 
Robert Allan Lester, and Robert C. Elliott, and are hereby 
incorporated by reference for all purposes. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to computer systems 
using at least one accelerated graphics port (AGP) with at 
least two core logic chip Sets, and more particularly, in 
allocating AGP/GART memory from the system memory 
local to the AGP device. 

0004 2. Description of the Related Technology 
0005. Use of computers, especially personal computers, 
in busineSS and at home is becoming more and more 
pervasive because the computer has become an integral tool 
of most information workers who work in the fields of 
accounting, law, engineering, insurance, Services, Sales and 
the like. Rapid technological improvements in the field of 
computers have opened up many new applications hereto 
fore unavailable or too expensive for the use of older 
technology mainframe computers. These personal comput 
erS may be stand-alone workStations (high-end individual 
personal computers), desktop personal computers, portable 
laptop computers and the like. Moreover, personal comput 
erS may be linked together in a network by a "network 
Server' which is also a personal computer which may have 
a few additional features Specific to its purpose in the 
network. The network Server may be used to Store massive 
amounts of data, and may facilitate interaction of the indi 
vidual WorkStations connected to the network for electronic 
mail ("E-mail'), document databases, video teleconferenc 
ing, white boarding, integrated enterprise calendar, Virtual 
engineering design and the like. Multiple network Servers 
may also be interconnected by local area networks (“LAN”) 
and wide area networks (“WAN”). 
0006 A significant part of the ever-increasing popularity 
of the personal computer, besides its low cost relative to just 
a few years ago, is its ability to run Sophisticated programs 
and perform many useful and new tasks. Personal computers 
today may be easily upgraded with new peripheral devices 
for added flexibility and enhanced performance. A major 
advance in the performance of personal computers (both 
workstation and network servers) has been the implemen 
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tation of Sophisticated peripheral devices Such as Video 
graphics adapters, local area network interfaces, SCSI bus 
adapters, full motion video, redundant error checking and 
correcting disk arrays, and the like. These Sophisticated 
peripheral devices are capable of data transfer rates 
approaching the native Speed of the computer System's 
microprocessor central processing unit (“CPU”). The 
peripheral devices data transfer Speeds are achieved by 
connecting the peripheral devices to the microprocessor(s) 
and associated System random access memory through high 
Speed expansion local buses. Most notably, a high Speed 
expansion local bus Standard has emerged that is micropro 
ceSSor independent and has been embraced by a significant 
number of peripheral hardware manufacturers and Software 
programmers. This high-Speed expansion buS Standard is 
called the “Peripheral Component Interconnect” or “PCI. A 
more complete definition of the PCI local bus may be found 
in the following specifications: PCI Local Bus Specification, 
revision 2.1; PCI/PCI Bridge Specification, revision 1.0; 
PCI System Design Guide, revision 1.0; PCI BIOS Speci 
fication, revision 2.1, and Engineering Change Notice 
(“ECN") entitled “Addition of New Capabilities’ Struc 
ture,” dated May 20, 1996, the disclosures of which are 
hereby incorporated by reference. These PCI specifications 
and ECNs are available from the PCI Special Interest 
Group, P.O. Box 14070, Portland, Oreg. 97214. 
0007. A computer system has a plurality of information 
(data and address) busses. These busses include a hostbus, 
a memory bus, at least one high-speed expansion local bus 
such as the PCI bus, and other peripheral buses such as the 
Small Computer System Interface (SCSI), Extension to 
Industry Standard Architecture (EISA), and Industry Stan 
dard Architecture (ISA). The microprocessor(s) of the com 
puter System communicates with main memory and with the 
peripherals that make up the computer System over these 
various buses. The microprocessor(s) communicates to the 
main memory over a host bus to a memory bus bridge. The 
peripherals, depending on their data transfer Speed require 
ments, are connected to the various buses which are con 
nected to the microprocessor host bus through bus bridges 
that detect required actions, arbitrate, and translate both data 
and addresses between the various buses. 

0008 Increasingly sophisticated microprocessors have 
revolutionized the role of the personal computer by enabling 
complex applications Software to run at mainframe com 
puter Speeds. The latest microprocessors have brought the 
level of technical Sophistication to personal computers that, 
just a few years ago, was available only in mainframe and 
mini-computer Systems. Some representative examples of 
these new microprocessors are the “PENTIUM” and “PEN 
TIUM PRO” (registered trademarks of Intel Corporation). 
Advanced Micro Devices, Cyrix, IBM, Digital Equipment 
Corp., and Motorola also manufacture advanced micropro 
CCSSOS. 

0009. These Sophisticated microprocessors have, in turn, 
made possible running complex application programs using 
advanced three dimensional (“3-D) graphics for computer 
aided drafting and manufacturing, engineering simulations, 
games and the like. Increasingly complex 3-D graphics 
require higher speed access to ever-larger amounts of graph 
ics data Stored in memory. This memory may be part of the 
Video graphics processor System, but, preferably, would be 
best (lowest cost) if part of the main computer System 
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memory. Intel Corporation has proposed a low cost but 
improved 3-D graphics Standard called the "Accelerated 
Graphics Port” (AGP) initiative. With AGP 3-D, graphics 
data, in particular textures, may be shifted out of the 
graphics controller local memory to computer System 
memory. The computer System memory is lower in cost than 
the graphics controller local memory and is more easily 
adapted for a multitude of other uses besides Storing graph 
ics data. 

0010) The Intel AGP 3-D graphics standard defines a 
high-Speed data pipeline, or “AGP bus,” between the graph 
ics controller and system memory. This AGP bus has suffi 
cient bandwidth for the graphics controller to retrieve tex 
tures from System memory without materially affecting 
computer System performance for other non-graphics opera 
tions. The Intel 3-D graphics Standard is a specification, 
which provides signal, protocol, electrical, and mechanical 
specifications for the AGP bus and devices attached thereto. 
The original Specification is entitled "Accelerated Graphics 
Port Interface Specification Revision 1.0, dated Jul. 31, 
1996, the disclosure of which is hereby incorporated by 
reference. The newest specification is entitled “Preliminary 
Draft of Accelerated Graphics Port Interface Specification, 
Preliminary Draft of Revision 2.0,” dated Dec. 10, 1997. 
These AGP Specifications are available from Intel Corpo 
ration, Santa Clara, Calif. 
0011. The AGP interface specification uses the 66 MHz 
PCI (Revision 2.1) specification as an operational baseline, 
with three performance enhancements to the PCI specifica 
tion which are used to optimize the AGP Specification for 
high performance 3-D graphics applications. These 
enhancements are: 1) pipelined memory read and write 
operations, 2) demultiplexing of address and data on the 
AGP bus by use of side-band signals, and 3) data transfer 
rates of 133 MHz for data throughput in excess of 500 
megabytes per second (“MB/s”). The remaining AGPSpeci 
fication does not modify the PCI specification, but rather 
provides a range of graphics-oriented performance enhance 
ments for use by 3-D graphics hardware and Software 
designers. The AGPSpecification is neither meant to replace 
or diminish full use of the PCI standard in the computer 
System. The AGP Specification creates an independent and 
additional high Speed local bus for use by 3-D graphics 
devices Such as a graphics controller, wherein the other 
input-output (“I/O”) devices of the computer system may 
remain on any combination of the PCI, SCSI, EISA and ISA 
buses. 

0012 To functionally enable this AGP3-D graphics bus, 
new computer System hardware and Software are required. 
This requires new computer System core logic designed to 
function as a host bus/memory bus/PCI bus to AGP bus 
bridge meeting the AGPSpecification. Moreover, new Read 
Only Memory Basic Input Output System (“ROM BIOS") 
and Application Programming Interface (“API”) software 
are required to make the AGP dependent hardware func 
tional in the computer System. The computer System core 
logic must still meet the PCI standards referenced above and 
facilitate interfacing the PCI bus(es) to the remainder of the 
computer System. In addition, new AGP compatible device 
cards must be designed to properly interface, mechanically 
and electrically, with the AGP bus connector. 
0013 AGP and PCI device cards are neither physically 
nor electrically interchangeable even though there is Some 
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commonality of signal functions between the AGP and PCI 
interface Specifications. The present AGPSpecification only 
makes allowance for a single AGP device on an AGP bus, 
whereas, the PCI specification allows two plug-in slots for 
PCI devices plus a bridge on a PCI bus running at 66 MHz. 
The single AGP device is capable of functioning in both a 1x 
mode (264 MB/s peak) and a 2x mode (532 MB/s peak). The 
AGP bus is defined as a 32-bit bus, and may have up to four 
bytes of data transferred per clock in the 1x mode and up to 
eight bytes of data per clock in the 2x mode. The PCI bus 
is defined as either a 32 bit or 64bit bus, and may have up 
to four or eight bytes of data transferred per clock, respec 
tively. The AGP bus, however, has additional side-band 
Signals which enables it to transfer blocks of data more 
efficiently than is possible using a PCI bus. An AGP bus 
running in the 2x mode provides Sufficient Video data 
throughput (532 MB/s peak) to allow increasingly complex 
3-D graphics applications to run on personal computers. 
0014) A major performance/cost enhancement using AGP 
in a computer System is accomplished by shifting texture 
data Structures from local graphics memory to main 
memory. Textures are ideally suited for this shift for several 
reasons. Textures are generally read-only, and therefore 
problems of access ordering and coherency are less likely to 
occur. Shifting of textures serves to balance the bandwidth 
load between System memory and the local graphics 
memory because a well-cached host processor has much 
lower memory bandwidth requirements than does a 3-D 
rendering machine. Texture access comprises perhaps the 
Single largest component of rendering memory bandwidth, 
So avoiding loading or caching textures in local graphics 
memory Saves not only this component of local memory 
bandwidth, but also the bandwidth necessary to load the 
texture Store in the first place. Furthermore, texture data 
must pass through main memory anyway as it is loaded from 
a mass Store device. Texture size is dependent upon appli 
cation quality rather than on display resolution, and there 
fore may require the greatest increase in memory as Software 
applications become more advanced. Texture data is not 
persistent and may reside in the computer System memory 
only for the duration of the Software application. Conse 
quently, any System memory spent on texture Storage can be 
returned to the free memory heap when the application 
concludes (unlike a graphic controller's local frame buffer, 
which may remain in persistent use). For these reasons, 
shifting texture data from local graphics memory to main 
memory Significantly reduces computer System costs when 
implementing 3-D graphics. 
0015 Generally, in computer system memory architec 
ture, the graphics controller's physical address Space resides 
above the top of System memory. The graphics controller 
uses this physical address Space to access its local memory, 
which holds information that is required to generate a 
graphics Screen. In the AGPSystem, information Still resides 
in the graphics controller's local memory (textures, alpha, 
Z-buffer, etc.), but Some data which previously resided in this 
local memory is moved to System memory (primarily tex 
tures, but also command lists, etc.). The address space 
employed by the graphics controller to access these textures 
becomes virtual, meaning that the physical memory corre 
sponding to this address Space doesn’t actually exist above 
the top of the memory Space. In reality, each of these virtual 
addresses corresponds to a physical address in System 
memory. The graphics controller Sees this virtual address 
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Space, referenced hereinafter as “AGP device address 
Space,” as one contiguous block of memory, but the corre 
sponding physical memory addresses may be allocated in 4 
kilobyte (“KB), non-contiguous pages throughout the com 
puter System physical memory. 

0016. There are two primary AGP usage models for 3D 
rendering that have to do with how data are partitioned and 
accessed, and the resultant interface data flow characteris 
tics. In the “DMA” model, the primary graphics memory is 
a local memory referred to as local frame buffer and is 
associated with the AGP graphics controller or “video accel 
erator.” 3D Structures are Stored in System memory, but are 
not used (or “executed”) directly from this memory; rather 
they are copied to primary (local) memory, to which the 
rendering engine's address generator (of the AGP graphics 
controller) makes references thereto. This implies that the 
traffic on the AGP bus tends to be long, Sequential transfers, 
Serving the purpose of bulk data transport from System 
memory to primary graphics (local) memory. This sort of 
access model is amenable to a linked list of physical 
addresses provided by Software (similar to operation of a 
disk or network I/O device), and is generally not sensitive to 
a non-contiguous view of the memory Space. 

0.017. In the “execute” model, the video accelerator uses 
both the local memory and the System memory as primary 
graphics memory. From the accelerator's perspective, the 
two memory Systems are logically equivalent; any data 
Structure may be allocated in either memory, with perfor 
mance optimization as the only criteria for Selection. In 
general, structures in System memory space are not copied 
into the local memory prior to use by the Video accelerator, 
but are “executed” in place. This implies that the traffic on 
the AGP bus tends to be short, random accesses, which are 
not amenable to an access model based on Software resolved 
lists of physical addresses. Since the accelerator generates 
direct references into System memory, a contiguous view of 
that Space is essential. But, Since System memory is dynami 
cally allocated in, for example, random 4,096 byte blocks of 
the memory, hereinafter 4-kilobyte (“KB") pages, it is 
necessary in the “execute” model to provide an address 
mapping mechanism that maps the random 4 KB pages into 
a single contiguous address Space. 
0018. The AGP Specification supports both the “DMA” 
and “execute” models. However, Since a primary motivation 
of the AGP is to reduce growth pressure on the graphics 
controller's local memory (including local frame buffer 
memory), the “execute” model is preferred. Consistent with 
this preference, the AGP Specification requires a virtual-to 
physical address re-mapping mechanism, which ensures the 
graphics accelerator (AGP master) will have a contiguous 
View of graphics data Structures dynamically allocated in the 
System memory. This address re-mapping applies only to a 
Single, programmable range of the System physical address 
Space and is common to all System agents. Addresses falling 
in this range are re-mapped to non-contiguous pages of 
physical System memory. All addresses not in this range are 
passed through without modification, and map directly to 
main System memory, or to device Specific ranges, Such as 
a PCI device's physical memory. Re-mapping is accom 
plished via a “Graphics Address Remapping Table” 
(“GART") which is set up and maintained by a GART 
miniport driver Software, and used by the core logic chipset 
to perform the re-mapping. In order to avoid compatibility 
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issues and allow future implementation flexibility, this 
mechanism is specified at a software (API) level. In other 
words, the actual GART format may be abstracted to the API 
by a hardware abstraction layer (“HAL) or mini-port driver 
that is provided with the core logic chipset. While this API 
does not constrain the future partitioning of re-mapping 
hardware, the re-mapping function will typically be imple 
mented in the core logic chipset. 
0019. The contiguous AGP graphics controller's device 
addresses are mapped (translated) into corresponding physi 
cal addresses that reside in the computer System physical 
memory by using the GART which may also reside in 
physical memory. The GART is used by the core logic 
chipset to re-map AGP device addresses that can originate 
from either the AGP, host, or PCI buses. A software program 
called a “GART miniport driver” manages the GART. The 
GART miniport driver provides GART services for the 
computer Software operating System. 
0020. The size of AGP device address space is always 
greater than or equal to the amount of physical System 
memory allocated to AGP. The amount of physical memory 
allocated to AGP is managed by the computer operating 
System. AGP device address Space is specific to the core 
logic chipset. In the Compaq/RCC chipset, the AGP device 
address space may be from a minimum of 32 MB to a 
maximum of 2 GB, with a default value of, for example, 256 
MB. In the Intel 440 BX chipset, the minimum is 4 MB and 
the maximum is 256 MB. Some AGP graphics controllers do 
not require the default value of 256 MB of device address 
space, and may only need the minimum of 32 MB. 
0021 AGP memory issues are complicated greatly in 
computer Systems that utilize multiple central processing 
units and multiple core logic chipsets to facilitate parallel 
processing. These memory issues are compounded if there 
are multiple AGP buSSes present in the computer System. For 
example, AGP or GART physical system memory can be 
allocated to memory residing on the non-AGP memory 
controller controlled through another chipset. Although 
these addresses can be passed between controllers, doing So 
consumes both valuable bandwidth and time. 

0022 What is needed is a system and method of dynami 
cally allocating virtual address Space for an AGP device in 
a multi-processor/multi-core logic computer System without 
having to allocate memory in a portion of the computer 
System that would minimize communications between dif 
ferent memory controllers on Separate core logic units. 

SUMMARY OF THE INVENTION 

0023 The present invention solves the problems inherent 
in the prior art Systems by providing an advanced configu 
ration and power interface (ACPI) control method. ACPI is 
an operating-System-based Specification that defines a flex 
ible and abstract hardware interface for desktop and note 
book PCs. AS Such, the Specification enables System design 
ers to integrate power management throughout the hardware 
components, the operating System, and the Software appli 
cations. ACPI is utilized in both the Windows NTTM and the 
Windows 98TM operating systems, available from the 
Microsoft Corporation of Redmond, Wash. The method of 
the present invention calls for creating a new ACPI table 
called the Memory Bank Address Table (MBAT). System 
BIOS utilizes ACPI Source Language (ASL) to build the 
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MBAT dynamically at startup. The AGP driver and the 
GART miniport driver access the MBAT via an ACPI 
control method. The AGP driver and the GART miniport 
driver uses the MBAT information when making calls to the 
operating System's memory manager to allocate new 
memory. For example, the drivers pass ranges derived from 
MBAT information to the memory manager when the Win 
dows NT 5.0TM operating system service routine "Mm Al 
locatePagesForMdl()" is called. The memory manager 
attempts to allocate local memory within the Specified range. 
If local memory cannot be allocated within the required 
range, the driverS allocate memory from outside the range as 
a fall back. Once the memory is allocated, the AGP driver 
and the GART miniport driver access the allocated memory 
in the normal manner. If local memory is allocated, then the 
AGP device can utilize this memory without the need of the 
host bus, thereby eliminating the host bus-related latencies 
as well as conserving host bus bandwidth. 

0024. The MBAT is built before the need for memory 
allocation arises. In the preferred embodiment of the present 
invention, the MBAT is built dynamically by the system 
BIOS as needed. However, if the system configuration never 
changes, the MBAT may be built once at System startup and 
simply stored until needed. If the system BIOS does not 
support the building of the MBAT, the GART miniport 
driver can build the MBAT. The structure of the MBAT 
contains the ranges of memory local to the AGP device 
depending upon the configuration of the computer System 
found during startup (POST). The actual form of the MBAT 
is chipset specific because of the use of certain registers. In 
any case, by the time that the operating System has booted, 
the MBAT will have been created and the operating system, 
Specifically the memory manager of the operating System, 
will know of the location of the MBAT. The location of the 
MBAT can be in system memory, in non-volatile RAM 
(NVRAM), on a hard disk drive, a network drive that is 
connected to the computer System via a network interface 
card, or on any volatile or non-volatile memory that can be 
connected to the computer System which can contain the 
contents of the MBAT 

0.025 In operation, when the GART miniport driver or 
the AGP driver need to allocate memory, they reference the 
MBAT first. In Some cases, such as when the MBAT resides 
on non-local system memory, the AGP driver will receive a 
copy of the MBAT for future reference. Referencing the 
copy of the MBAT locally by the AGP driver further reduces 
demands upon the host bus of the computer System. Once 
the MBAT has been referenced, either the AGP driver or the 
GART miniport driver will use the ranges of the system 
memory that reside on the same core logic chipset as the 
AGP bus. It is these ranges that are used to allocate memory 
for the AGP driver or GART miniport driver. If the range of 
local memory is unavailable (i.e., it has already been allo 
cated for other devices), then the AGP driver or GART 
miniport driver request memory from any available 
resources as a fall back. 

0026. Other and further features and advantages will be 
apparent from the following description of presently pre 
ferred embodiments of the invention, given for the purpose 
of disclosure and taken in conjunction with the accompa 
nying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a schematic block diagram of a prior art 
computer System; 

0028 FIG. 2 is a schematic block diagram of a computer 
System according to the present invention; 
0029 FIG. 3 is a schematic functional block diagram of 
an embodiment of the present invention according to the 
computer system of FIG. 2; 
0030 FIG. 4 is a flowchart of the method of to build the 
MBAT of the present invention; 
0031 FIG. 5 is a flowchart of the building of the MBAT 
of the present invention; 
0032 FIG. 6 is a flowchart of the allocation of memory 
according to the present invention; 
0033 FIG. 7 is a flowchart of the allocation of memory 
according to an alternate embodiment of the present inven 
tion; and 
0034 FIG. 8 is a schematic diagram of memory alloca 
tion according to the AGP Specification. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0035. The present invention is an apparatus, method and 
system for allocating AGP/GART local memory whenever 
possible from the local memory controller to which the AGP 
device is connected. 

0036) The present invention provides a core logic chipset 
in a computer System which is capable of implementing a 
bridge between host processor and memory buses, an AGP 
bus adapted for an AGP device(s), and a PCI bus adapted for 
PCI devices. The AGP device may be a graphics controller 
which utilizes graphical data, Such as textures, by addressing 
a contiguous virtual address Space, hereinafter “AGP device 
address Space,” that is translated from non-contiguous 
memory pages located in the computer System physical 
memory by the core logic chipset. The core logic chipset 
utilizes a “Graphics Address Remapping Table” (“GART") 
which may reside in a physical memory of the computer 
System, Such as System random acceSS memory, and may be 
controlled by the core logic chipset's software driver(s). The 
function of the GART is to re-map virtual addresses refer 
enced by the AGP device to the physical addresses of the 
graphics information located in the computer System physi 
cal memory (see FIG. 8). Each entry of the GART describes 
a first byte address location for a page of physical memory. 
The page of physical memory may be 4,096 bytes (4 KB) in 
size. A GART entry comprises a memory address translation 
pointer and software controllable feature flags (see the AGP 
Specification). These feature flags may be used to customize 
the associated page of physical memory. API Software and 
miniport driverS may write to and/or read from these feature 
flags. 
0037 For illustrative purposes, preferred embodiments 
of the present invention are described hereinafter for com 
puter Systems utilizing the Intel x86 microprocessor archi 
tecture and certain terms and references will be specific to 
those processor platforms. AGP and PCI are interface stan 
dards are, however, hardware independent and may be 
utilized with any host computer designed for these interface 
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standards. It will be appreciated by those skilled in the art of 
computer Systems that the present invention may be adapted 
and applied to any computer platform utilizing the AGP and 
PCI interface standards. 

0038. The PCI specifications referenced above are 
readily available and are hereby incorporated by reference. 
The AGPSpecification entitled “Accelerated Graphics Port 
Interface Specification, Revision 1.0, dated Jul. 31, 1996, 
as referenced above, is readily available from Intel Corpo 
ration, and is hereby incorporated by reference. Further 
definition and enhancement of the AGP Specification is 
more fully defined in “Compaq's Supplement to the Accel 
erated Graphics Port Interface Specification Version 1.0.” 
Revision 0.8, dated Apr. 1, 1997, and is hereby incorporated 
by reference. Both of these AGP specifications were 
included as Appendices A and B in commonly owned 
co-pending U.S. patent application Ser. No. 08/853,289; 
filed May 9, 1997, entitled “Dual Purpose Apparatus, 
Method and System for Accelerated Graphics Port and 
Peripheral Component Interconnect” by Ronald T. Horan 
and Sompong Olarig, and which is hereby incorporated by 
reference. 

0.039 Referring now to the drawings, the details of pre 
ferred embodiments of the present invention are Schemati 
cally illustrated. Like elements in the drawings will be 
represented by like numbers, and Similar elements will be 
represented by like numbers with a different lower case letter 
suffix. Referring now to FIG. 1, a schematic block diagram 
of a computer System illustrates the basic architecture of 
prior art Systems. A computer System is generally indicated 
by the numeral 100 and comprises a central processing 
unit(s) (“CPU”) 102, core logic chipset 104, system random 
access memory (“RAM”) 106, a video graphics controller 
110, a local frame buffer 108, a video display 112, a 
PCI/SCSI bus adapter 114, a PCI/EISA/ISAbridge 116, and 
a PCI/IDE controller 118. Single or multilevel cache 
memory (not illustrated) may also be included in the com 
puter System 100 according to the current art of micropro 
cessor computer systems. The CPU 102 may be a plurality 
of CPUs 102 in a symmetric or asymmetric multi-processor 
configuration. 

0040. The CPU(s) 102 is connected to the core logic 
chipset 104 through a host bus 103. The system RAM 106 
is connected to the core logic chipset 104 through. a memory 
bus 105. The video graphics controller(s) 110 is connected 
to the core logic chipset 104 through a primary PCI bus 109. 
The PCI/SCSI bus adapter 114, PCI/EISA/ISA bridge 116, 
and PCI/IDE controller 118 are connected to the core logic 
chipset 104 through the primary PCI bus 109. Also con 
nected to the PCI bus 109 are a network interface card 
(“NIC”) 122 and a PCI/PCI bridge 124. Some of the PCI 
devices such as the NIC 122 and PCI/PCI bridge 124 may 
plug into PCI connectors on the computer system 100 
motherboard (not illustrated). 
0041 Hard disk 130 and tape drive 132 are connected to 
the PCI/SCSI bus adapter 114 through a SCSI bus 111. The 
NIC 122 is connected to a local area network 119. The 
PCI/EISA/ISA bridge 116 connects over an EISA/ISA bus 
113 to a ROM BIOS 140, non-volatile random access 
memory (NVRAM) 142, modem 120, and input-output 
controller 126. The modem 120 connects to a telephone line 
121. The input-output controller 126 interfaces with a key 
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board 146, real time clock (RTC) 144, mouse 148, floppy 
disk drive (“FDD”) 150, and serial/parallel ports 152, 154. 
The EISA/ISAbuS 113 is a slower information bus than the 
PCI bus 109, but it costs less to interface with the EISA/ISA 
buS 113. 

0042 FIG. 2 is a simplified schematic block diagram of 
the computer system of FIG. 1. Identical components are 
numbered identically between the two figures. FIG. 2, 
however, shows more details of the core logic unit 104. 
Specifically, the PCI controller 166 and the Memory con 
troller 164, and their connections to the memory bus 105 and 
the PCI bus 109, respectively, are illustrated. 
0043 Traditionally, PC systems have contained only one 
root I/O bridge and one memory controller (see FIG. 2). In 
certain high-bandwidth applications found in WorkStations 
and servers, these systems can bottleneck at either the PCI 
controller 166 or the memory controller 164. To avoid these 
limitations, System designers are creating highly parallel 
architectures incorporating multiple memory controllers and 
multiple core logic units. 

0044 FIG. 3 shows a computer system 300 having two 
core logic units 304a and 304b. As shown in FIG. 3, system 
RAM 306a is connected to a memory bus 305a, which, in 
turn, is connected to the first memory controller 364a of the 
first core logic unit 304a. PCI slots 316, 322, and 324 are 
connected as a unit to the first PCI bus 309a. A graphics 
controller 310 is also connected to the PCI bus 309a. The 
PCI bus 309a is connected to the PCI controller 366a of the 
first core logic unit 304a. The second core logic unit 304b 
contains its own bank of system memory 306b which, as 
with the system memory 306a, contributes to the overall 
memory resources of the computer system 300. As with the 
first core logic unit, the system memory 306b of the second 
core logic unit 304b is connected to a Second memory bus 
305b which, in turn, is connected to the second memory 
controller 364b. Similarly, the PCI slots 318, 342 and 340 
are connected to the second PCI bus 309b. A hard disk drive 
330 is also connected to the Second PCI bus 309b via SCSI 
controller 314. A second PCI controller 366b links the 
Second PCI bus 309b to the host bus 303. Both of the core 
logic units 304a and 304b are connected to the hostbus 303 
as shown in FIG. 3. It is through the host bus 303 that data 
in memory from the second bank of system RAM 306b is 
transferred to, for example, graphics controller 310 of the 
first core logic unit 304a. Although these enhanced memory 
and I/O architectures do not directly affect operating Sys 
tems, Specifically memory managers, one class of devices is 
affected-AGP. 

004.5 FIG. 4 shows the preferred embodiment of a 
computer system 400 of the present invention. As FIG. 4 
shows, the computer system 400 has two core logic units 
404a and 404b in a highly parallel system architecture 
(although more CPUs can be added). As shown in FIG. 4, 
system RAM 406a is connected to a memory bus 405a, 
which, in turn, is connected to the first memory controller 
464a of the first core logic unit 404a. PCI slots 416,422, and 
424 are connected as a unit to the first PCI bus 409a. A 
graphics controller 410 is connected to the AGP bus 413, 
which, in turn, is connected to the AGP request and reply 
queues 411 that link the AGP bus 413 to the hostbus 403 and 
the first memory controller 464a. The PCI bus 409a is 
connected to the PCI controller 466a of the first core logic 
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unit 404a. The second core logic unit 404b contains its own 
bank of system memory 406b which, as with the system 
memory 406a, contributes to the overall memory resources 
of the computer system 400. As with the first core logic unit, 
the system memory 406b of the second core logic unit 404b 
is connected to a second memory bus 405b which, in turn, 
is connected to the second memory controller 464b. Simi 
larly, the PCI slots 418, 442 and 440 are connected to the 
Second PCI bus 409b. A hard disk drive 430 is also con 
nected to the Second PCI bus 409b via SCSI controller 414. 
A Second PCI controller 466b links the Second PCI bus 409b 
to the host bus 403. Both of the core logic units 404a and 
404b are connected to the hostbus 403 as shown in FIG. 4. 
It is through the host bus 403 that data in memory from the 
second bank of system RAM 406b is transferred to, for 
example, graphics controller 410 of the first core logic unit 
404a. According to the highly parallel System architecture, 
system resources share all of the system memory 406a and 
406b, regardless of the location of the specific device within 
the computer system 400. When the operating system allo 
cates memory, it does So as viewing all of the System 
memory as one contiguous unit. 
0046) AGP Specification 
0047. The Intel AGP Specification entitled “Preliminary 
Draft of Accelerated Graphics Port Interface, Preliminary 
Draft Specification Revision 2.0,” dated Dec. 10, 1997, 
incorporated by reference hereinabove, provides signal, pro 
tocol, electrical, and mechanical Specifications for the AGP 
bus. However, further design must be implemented before a 
fully functional computer system with AGP capabilities is 
realized. The following disclosure defines the implementa 
tion Specific parts of an AGP interface according to the 
present invention. The following disclosure includes the 
GART and related technologies so that one of ordinary skill 
in the art may practice the present invention without undue 
experimentation when used with the aforementioned Intel 
AGPSpecification incorporated by reference herein. 
0.048 Moving textures and other information required by 
the graphics controller, Such as command lists, out of the 
local frame buffer into System memory creates a problem: 
the presently implemented prior art computer System archi 
tecture, illustrated in FIG. 1, cannot support the bandwidth 
requirements of tomorrow's 3-D graphics enhanced appli 
cations. The standard PCI bus 109 (33 MHz, 32 bit) band 
width is 132 MB/s peak and 50 MB/s typical. Microsoft 
Corporation estimates that future graphics applications will 
require in excess of 200 MB/s. This means that the PCI bus 
109 in the computer system architecture illustrated in FIG. 
1 will likely starve the graphics controller 110 as well as 
other PCI devices (122, 124, 114, 116 and 118) also trying 
to access the PCI bus 109. 

0049 AGP Architecture 
0050. The AGP interface specification uses the 66 MHz 
PCI (PCI Local Bus Specification) specification as an opera 
tional baseline, and provides four significant performance 
extensions or enhancements to the PCI Specification which 
are intended to optimize the A.G.P. for high performance 3D 
graphics applications. These A.G.P. extensions are not 
described in, or required by, the PCI Local Bus, Specifica 
tion. These extensions are: 

0051 1. Deeply pipelined memory read and write 
operations, fully hiding memory access latency. 
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0052 2. Demultiplexing of address and data on the 
bus, allowing almost 100% bus efficiency. 

0053. 3. New AC timing in the 3.3 V electrical 
Specification that provides for one or two data trans 
fers per 66-MHz clock cycle, allowing for real data 
throughput in excess of 500 MB/s. 

0054 4. A new low voltage electrical specification 
that allows four data transfers per 66-MHz clock 
cycle, providing real data throughput of up to 1 
GB/s. 

0055. These enhancements are realized through the use of 
“side-band' signals. The PCI specification has not been 
modified in any way, and the A.G.P. interface Specification 
has specifically avoided the use of any of the “reserved” 
fields, encodings, pins, etc., in the PCI Specification. The 
intent is to utilize the PCI design base while providing a 
range of graphics-oriented performance enhancements with 
varying complexity/performance tradeoffs available to the 
component provider. 

0056 AGP neither replaces nor diminishes the necessity 
of PCI in the system. This high-speed port (AGP) is physi 
cally, logically, and electrically independent of the PCI bus. 
It is an additional connection point in the System, as shown 
in FIG. 4. It is intended for the exclusive use of visual 
display devices with all other I/O devices remaining on the 
PCI bus. The add-in slot defined for AGP uses a new 
connector body (for electrical signaling reasons) which is 
not compatible with the PCI connector; PCI and AGP boards 
are not mechanically interchangeable. 
0057 Two Usage Models: “Execute” and “DMA” 
0.058. There are two primary AGP usage models for 3D 
rendering that have to do with how data are partitioned and 
accessed, and the resultant interface data flow characteris 
tics. In the “DMA” model, the primary graphics memory is 
the local memory associated with the accelerator, referred to 
as “local frame buffer.” 3D structures are stored in system 
memory, but are not used (or “executed”) directly from this 
memory; rather they are copied to primary (local) memory 
(the “DMA” operation) to which the rendering engine's 
address generator makes its references. This implies that the 
traffic on the AGP tends to be long, Sequential transfers, 
Serving the purpose of bulk data transport from System 
memory to primary graphics (local) memory. This sort of 
acceSS model is amenable to a linked list of physical 
addresses provided by Software (similar to operation of a 
disk or network I/O device), and is generally not sensitive to 
a non-contiguous view of the memory Space. 

0059. In the “execute” model, the accelerator uses both 
the local memory and the System memory as primary 
graphics memory. From the accelerator's perspective, the 
two memory Systems are logically equivalent; any data 
Structure may be allocated in either memory, with perfor 
mance optimization as the only criteria for Selection. In 
general, Structures in System memory Space are not copied 
into the local memory prior to use by the accelerator, but are 
“executed” in place. This implies that the traffic on the AGP 
tends to be short, random accesses, which are not amenable 
to an access model based on Software resolved lists of 
physical addresses. Because the accelerator generates direct 
references into System memory, a contiguous view of that 
Space is essential. However, because System memory is 
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dynamically allocated in random 4K pages, it is necessary in 
the “execute’ model to provide an address mapping mecha 
nism that maps random 4K pages into a single contiguous, 
physical address Space. 

0060. The AGP supports both the “DMA” and “execute” 
models. However, since a primary motivation of the A.G.P. 
is to reduce growth pressure on local memory, the “execute” 
model is the design center. Consistent with that emphasis, 
this interface Specification requires a physical-to-physical 
address re-mapping mechanism which insures the graphics 
accelerator (an AGP master) will have a contiguous view of 
graphics data Structures dynamically allocated in System 
memory. 

0061 This address re-mapping applies only to a single, 
programmable range of the System physical address Space, 
as shown in FIG. 8. The 32-bit physical address space 806 
shown is common to all System agents. Addresses falling in 
the GART range 804 are remapped (812) to non-contiguous 
pages of physical system memory 808. All addresses not in 
this range are passed through without modification. From 
the processor's point of view, this means that requests are 
mapped directly to main system memory 808 or to device 
Specific ranges, Such as the graphicS local frame buffer 
memory 802 shown in FIG.8. From the AGP master's point 
of View, this means the request is only mapped to System 
memory 808. Note that the core logic may optionally trap 
(not pass) requests out of the GART range 804 and report an 
error. If the mode of reporting the error is implemented, the 
core logic is required to default to the mode of not reporting 
an error after reset. How Software enables the core logic to 
report an access out of the GART range as an error (if 
Supported) is implementation specific. 
0062) Remapping is accomplished via a memory-based 
table called the Graphics Address Remapping Table (GART) 
and used (“walked”) by the core logic to perform the 
re-mapping. In order to avoid compatibility issues and allow 
future implementation flexibility, this mechanism is speci 
fied at a software (API) level. In other words, the actual 
GART format is not specified; rather a HAL or miniport 
driver that must be provided with the core logic abstracts it 
to the API. While this API does not constrain the future 
partitioning of re-mapping hardware, the re-mapping func 
tion will initially be implemented in the chipset or core 
logic. Note: this re-mapping function should not be confused 
in any way with the System address translation table mecha 
nism. While Some of the concepts are Similar, these are 
completely Separate mechanisms, which operate indepen 
dently, under control of the operating System. 
0.063 Understanding the necessity for the Graphics 
Address Remapping Table (“GART") requires a full under 
Standing of the AGP addressing Scheme. Such an under 
Standing can be had from U.S. patent application Ser. No. 
08/925,772 referenced above. 

0064 Dual Memory Controllers 
0065 Dual memory controllers process memory requests 
in parallel, Significantly increasing overall memory band 
width. Other servers using the x86 architecture offer 
memory bandwidth of either 267 MB/second or 533 
MB/second depending on the memory controller chipset 
used. In contrast, HPSA includes two memory controllers, 
each with a bandwidth of 533 MB/second. Therefore, total 
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memory bandwidth increases to 1.07 GB/second-two to 
four times that of other Systems. 
0066 Dual memory controllers process memory requests 
in parallel, Significantly increasing overall memory band 
width. Other servers using the x86 architecture offer 
memory bandwidth of either 267 MB/second or 533 
MB/second depending on the memory controller chipset 
used. The new servers with HPSA include two memory 
controllers, each with a bandwidth of 533 MB/second. 
Therefore, total memory bandwidth increases to 1.07 
GB/second; two to four times that of prior art systems. 
0067. Dual peer-PCI buses provide greater I/O band 
width, the ability to balance System resources and greater 
system I/O integration and expandability. A single PCI bus 
provides I/O bandwidth of 133 MB/second, which must be 
shared by many key peripherals Such as the hard drive and 
NIC. With dual-peer PCI buses, each bus can provide peak 
bandwidth in parallel with the other controller, allowing an 
aggregate I/O bandwidth of 267 MB/second. This imple 
mentation provides twice the bandwidth of Single bus archi 
tectureS. 

0068 Another benefit of dual-peer PCI buses is the 
ability to balance System resources across the two buses to 
gain improved performance. For example, the embedded 
Wide-Ultra SCSI controller and PCI-based network inter 
face controller can be associated with Separate buses. This 
means that these two highly used peripherals do not have to 
compete for access to the same PCI bus, which again 
improves performance. 
0069 Finally, dual-peer PCI buses also allow for greater 
System I/O integration and expandability by Supporting up to 
12 PCI devices which is twice the number supported on 
single bus implementations. Dual peer PCI buses allow the 
new present invention to deliver more PCI-based I/O expan 
Sion slots while also integrating other PCI components, Such 
as the SCSI, on the system board. 
0070. With dual memory controllers and dual peer-PCI 
buses, the present invention deliverS optimized multipro 
cessing support. Both the Intel Pentium II and Pentium Pro 
processors provide enhanced multiprocessor Support by 
enabling the multiple processors to share the CPU bus. 
However, most multiprocessing implementations using the 
X86 architecture take advantage of this Support by Simply 
adding an additional processor to an already existing Single 
processor design. However, HPSA can be used to enhance 
memory and I/O bandwidth as well. Multiprocessor systems 
designed without the HPSA will encounter a bottleneck as 
the multiple processors try to access the other System 
resources, Such as memory and I/O Subsystems that have not 
been enhanced to accommodate the additional data traffic. 
The HPSA reduces these bottlenecks by enhancing the 
memory and I/O subsystems with dual memory controllers 
and dual peer-PCI buses, to accommodate the increased data 
traffic from multiple CPUs. 
0.071) Adding AGP to HPSA 
0072 Adding AGP to a HPSA computer system creates 
Several problems. First, because memory is located on both 
memory controllers, it is possible that the AGP or the GART 
physical System memory can be allocated to memory resid 
ing on the non-AGP memory controller. While this infor 
mation can be passed between controllers, Such processing 
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degrades System performance because it consumes both time 
and valuable hostbus bandwidth. It is desirable, therefore, 
for the operating system to allocate AGP and GART memory 
to physical System memory that is connected to the same 
core logic unit as the AGP device in order to reduce the need 
to contact memory across the host bus. Second, multiple 
core logic architectures equipped with AGP can quickly lead 
to computer systems with multiple AGP busses-exacerbat 
ing the problem. 
0.073 HPSA has many advantages. One of the most 
important advantages is its ability to utilize all of the System 
memory 406 (see FIG. 4) on all of the various core logic 
chipsets 404 for any device, dynamically, at runtime. Con 
Sequently, memory allocated for a first central processing 
unit can reside both on the first set of RAM 406a as well as 
on the second set of system RAM 406b. While this “pool 
ing” of resource can yield tremendous benefits, it can also 
increase demands on the host bus 403, through which all 
data is transferred between the CPUs 402 and core logic 
chipsets 404. This is the problem solved by the present 
invention. According to the present invention, memory 
allocated for AGP 410, for example, is first allocated from 
system RAM 406a thereby avoiding use of the hostbus 403 
resources and increasing overall System performance. 
0.074 To support multiple core logic architectures 
equipped with AGP, the operating System requires Specific 
information not readily available, Such as how many core 
logic units are present, how much memory resides on each 
core logic, how is memory interleaved between core logic 
units, etc. The present invention utilizes one of the advanced 
configuration power interface (ACPI) control methods that 
pass along crucial information to the operating System. 
ACPI is a System regulatory Scheme that governs the inter 
faces between the operating System Software, the hardware, 
and the BIOS Software. ACPI also defines the semantics of 
those interfaces. Intel Corporation, MicroSoft Corporation, 
and Toshiba developed the ACPI specification. The Revision 
1.0 ACPI specification was released on Dec. 22, 1996 and is 
readily available from Microsoft Corporation of Redmond 
Washington and is incorporated herein by reference for all 
purposes. Additional information can be found in the “Draft 
ACPI Driver Interface Design Notes and Reference” which 
is also available from the Microsoft Corporation of Red 
mond, Wash. and this document too is incorporated herein 
by reference for all purposes. 
0075. By employing the ACPI control methodology, a 
computer System with one or more AGP-equipped core logic 
chipsets can pass to the operating System (OS) the informa 
tion required to Solve the above-mentioned problems in the 
prior art and still retain the advantages afforded by HPSA. 
Specifically, a new ACPI table is developed in the present 
invention to pass pertinent information to the operating 
system. The table is called the Memory Bank Address Table 
(MBAT). Special system BIOS ACPI Source Language 
(ASL) builds the MBAT dynamically at runtime. Accessed 
via an ACPI control method, the AGP driver and GART 
miniport driver use the MBAT information before making 
calls to the operating System's memory manager. The drivers 
pass ranges, derived from the MBAT, to the memory man 
ager to, for example, the Windows NT 5.0 operating system 
routine “MmAllocatePagesForMdl().” The MmallocateP 
agesForMdl() routine allows drivers to allocate pages of 
memory that lie within driver-specified physical address 
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ranges. The memory manager attempts to allocate memory 
within the Specified range. If memory cannot be allocated 
within the required range, the driverS allocate memory from 
outside the range as a fallback. 

0076) The Memory Bank Address Table (MBAT) con 
tains all of the information needed by the AGP driver to 
build a suitable memory descriptor list (MDL) for allocating 
AGP/GART resources. The MBAT is a predefined structure, 
format, or record that contains Several elements or fields. In 
the preferred embodiment of the present invention, these 
elements include a Table Version, the AGP Bus Number, a 
Valid Entry Bitmap, and a Decode Range array. The Table 
Version field allows for future changes to the format or the 
structure of the MBAT. Typically, the Table Version contains 
an integer value that is incremented by one for each new 
version. The first Table Version is assigned the number 1. 
0077. In systems that support multiple AGP devices, the 
Bus Number field provides a means to distinguish between 
AGP devices if more than one AGP device is present. The 
value in the Bus Number field is typically the number of the 
bus behind a PCI-to-PCI bridge device. If the OS is using 
virtual bus numbers, the AGP driver or GART miniport 
driver will need to convert the bus number returned by the 
OS to a virtual equivalent. 

0078. The MBAT has a fixed number of physical address 
ranges contained in the Decode Range array. The Valid Entry 
Bitmap is used to indicate the entries that are filled with 
actual information. Each bit has a one-to-one correspon 
dence with an element in the Decode Range array. 
0079 The physical address ranges are contained within 
the Decode Range array. Only entries with enabled Valid 
Entry Bitmap bits contain information. In the preferred 
embodiment of the present invention, the Decode Range 
array element has two values, a Begin value and an End 
value. The Begin value is the Starting physical address of an 
address range. An address can being anywhere in a 64-bit 
address Space as provided by the System architecture. The 
End value is the physical address that defines an inclusive 
range from the Begin address, and, therefore defines the 
physical address range. Obviously, the End address must 
come after the Begin address in the physical memory region. 

0080. The MBAT is built before the need for memory 
allocation arises. In the preferred embodiment of the present 
invention, the MBAT is built dynamically by the system 
BIOS as needed. Dynamic generation of the MBAT as 
needed allows for reconfiguration of the computer System 
without rebooting. This reconfiguration of the computer 
System while the System is running is often called “hot 
Swapping” or “hot-plugging.” However, in an alternate 
embodiment where the System configuration never changes, 
the MBAT may be built once at system startup and simply 
Stored until needed, thereby Speeding up Somewhat those 
system memory allocation calls that require the MBAT 
0081. If the system BIOS does not support the building of 
the MBAT, the GART miniport driver or the AGP driver can 
build the MBAT. The structure of the MBAT contains the 
ranges of memory local to the AGP device depending upon 
the configuration of the computer System found during 
startup (POST). The actual form of the MBAT is chipset 
Specific because of the use of certain registers. In any case, 
by the time that the operating system has booted, the MBAT 
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will have been created and the operating System will know 
of the location of the MBAT. The location of the MBAT can 
be in system memory, in non-volatile RAM (NVRAM), on 
a hard disk drive, a network drive that is connected to the 
computer System via a network interface card, or on any 
Volatile or non-volatile memory that can be connected to the 
computer System which can contain the contents of the 
MBAT. In the preferred embodiment of the present inven 
tion, however, the MBAT will be contained within the 
System memory. 

0082) The method of building of the MBAT is illustrated 
in FIG. 5. The method is started in step 502. First, the 
machine is turned on (or is reset), step 504. Next, as is 
typically of most computer Systems, the basic input-output 
system (BIOS) POST is activated. At this point, the BIOS 
POST program has absolute control over everything in the 
computer System. Initially, no memory is allocated for any 
use, except for the first 1 KB that reserved for the interrupt 
vector table (IVT) and the top of the first megabyte with a 
ROM containing suitable boot code. During the POST 
process, some IVT entries are filled in with pointers to 
interrupt service routines (ISRs) located in the motherboard 
BIOS. Also, some data is placed in the BIOS area, which is, 
typically, in the region immediately following the IVT. It is 
at this point when the MBAT is built, step 508 and placed in 
NVRAM. When the BIOS POST is completed, it loads the 
operating System, Specifically loading the boot Sector pro 
gram from the boot disk. The boot Sector program then loads 
the actual operating System. Once the operating System is 
booted, it recognizes the MBAT, step 510, and the process is 
completed, step 512. 
0.083. Accessing the MBAT is accomplished through an 
ACPI control method owned by the AGP device. The AGP 
driver attempts to invoke the BANK method through the 
ACPI interface. The value that is returned from the method 
call is a buffer filled with the MBAT. In the preferred 
embodiment of the present invention, the size of the buffer 
is no less than 131 bytes. 
0084. A typical MBAT is shown in Table 1. Each number 
on the right indicates the byte offset to the table needed by 
the control method to place data in the appropriate field 
positions. The ACPI Source language (ASL) implementation 
provided below uses the offset values to create field objects. 

TABLE 1. 

OxO1 If O 
OxO1 If 1. 
OxOS If 2 
OxOOOOOOOOOOOOOOOO OxOOOOOOOOO7FFFFFF if 3 7 11 
OxOOOOOOOOOOOOOOOO OxOOOOOOOOOOOOOOOO if 19 23, 27 
OxOOOOOOOOOCOOOOOO OxOOOOOOOOOFFFFFFF i? 35 39 43 
OxOOOOOOOOOOOOOOOO OxOOOOOOOOOOOOOOOO if 51 55 59 
OxOOOOOOOOOOOOOOOO OxOOOOOOOOOOOOOOOO if 67 71 75 
OxOOOOOOOOOOOOOOOO OxOOOOOOOOOOOOOOOO if 83 87 91 
OxOOOOOOOOOOOOOOOO OxOOOOOOOOOOOOOOOO if 99 103 107 
OxOOOOOOOOOOOOOOOO OxOOOOOOOOOOOOOOOO if 115 119 123 

0085. In the preferred embodiment, the MBAT (as shown 
in Table 1) contains eleven lines. The first line contains the 
Table Version field. The second line contains the Bus Num 
ber field. The third line contains the Valid Entry Bitmap 
Field. Finally, the next eight lines contain the Decode 
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Ranges, with the Begin field on the left and the End field 
adjacent to the right of the Begin field. The various offset 
numbers are shown on the right of each line, after the “// 
characters. 

0086) The ASL builds the MBAT using dynamic infor 
mation from the memory controller. The memory decode 
rows are read directly from the memory controller and 
translated into the MBAT buffer. The AGP parent PCI-to 
PCI bridge is queried to get the bus number dynamically. If 
the OS is using virtual bus numbers, the AGP driver will 
need to convert the Bus Number to a virtual equivalent. 
0087. The AGP driver and GART miniport driver must 
invoke the ACPI control method associated with the AGP 
device to retrieve physical memory information. This is 
accomplished by issuing, for example, IRP MJ PNP and 
IRP MN QUERY INTERFACE calls to the AGP's physi 
cal device object (PDO) to get the ACPI direct call interface. 
Although the interface is not necessarily needed, a Success 
ful query indicates that an ACPI object is associated with the 
device driver object. Otherwise, there is no reason to attempt 
to invoke the BANK control method and the AGP driver 
should resume normal handling for GART allocations. The 
PDO is an ideal vehicle for this activity because the PDO is 
constructed for the express purpose of allowing the I/O 
manager of the operating System and the device drivers to 
know that status of an I/O device at all times. Device objects 
make instant Status checking possible by keeping informa 
tion about a device's characteristics and State. There is one 
device object for each virtual, logical, and physical device 
on the computer system. Consequently, a PDO for the AGP 
device will be constructed and available as a matter of 
COSC. 

0088. The AGP driver takes the following specific steps 
to accomplish the task of retrieving physical memory infor 
mation. First, a reference variable is loaded with the attached 
device reference (the AGP PDO). Second, an I/O request 
packet (IRP) is allocated for Subsequent use. Third, the 
query interface (QUERY INTERFACE method in Windows 
NT) is used to obtain the address of the direct-call ACPI 
interfaces. Fourth, the IRP retrieves the ACPI interface. 
Fifth, the bank control method (e.g., CM BANK 
METHOD in Windows NT) is invoked to retrieve the 
MBAT that is needed to build a set of memory descriptor 
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lists (MDL) using the ICTRL ASYNC EVAL METHOD 
and passing a buffer large enough to hold the MBAT. It is 
important to note that the memory manager of new operating 
Systems may now Support the function MmAllocatePages 
ForMdl() that was designed for use by AGP drivers to create 
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MDLS that cover specific bands of physical memory. This 
Support is necessary on Systems with multiple memory 
controllers (such as HPSA). However, the current imple 
mentation of MmAllocatePagesForMdl() assumes that all of 
the memory bands are of the same width. The equal-width 
memory band Scenario exists only if the memory banks are 
populated with identically sized dual inline memory mod 
ules (DIMMs). Flexible memory architectures allow vari 
able sized DIMMs and, therefore, renders the banding 
technique supported by MmAllocatePagesForMdl() use 
leSS. In that Situation, multiple calls must be made to create 
MDLS that describe the memory bands and those (multiple) 
MDLS must be combined to form a single MDL. 

0089. The actual memory allocation scheme depends 
upon how the driver intends to use the memory So allocated. 
In this instance, the driver need only perform the following 
steps for the GART memory. It will be understood by those 
skilled in the art that the exact procedural Steps will depend 
upon the operating System involved and the procedures and 
methods available in that operating System. In the preferred 
embodiment as described herein, the Microsoft Windows 
NT 5.0 operating System is used and the following procedure 
depends upon that operating System. Once the driver obtains 
the MBAT, the driver examines the Valid Entry Bitmap field 
to determine which entries in the Decode Range array is 
valid. Next, for each valid entry, a call is made to MmAl 
locatePagesForMdl() passing a skip value of Zero. A com 
bined MDL must be created before attempting to lock the 
pages. The pages described by the MDL are then locked into 
memory using MmProbe AndLockPages() method. Finally, 
the pages are mapped into the virtual address Space using 
MmMaplockedPages.SpecifyCache?) method. The driver 
must manage multiple MDLS, tiling the mapped ranges to 
create the contiguous virtual address Space needed by the 
AGP device. 

0090 The general method of memory allocation opera 
tion is illustrated in FIG. 6. The process is started in step 
602. First, in step 604, a check is made to determine if a copy 
of the MBAT is already available to the AGP driver (or 
GART miniport driver) locally. If so, execution skips to step 
612. Otherwise, execution continues to step 606 where the 
driver calls the ACPI bank method of the memory manager 
of the operating system. Next, in step 608, the memory 
manager returns a copy of the MBAT to the requesting 
driver. Optionally, the copy of the MBAT can be stored 
locally to the requesting driver for quick reference in Sub 
Sequent memory allocations procedures, Step 610. In Step 
612, the AGP driver (or GART miniport driver) references 
the MBAT to determine if any ranges of local memory (i.e., 
memory connected to the same core logic chipset as the AGP 
device) is available. The local memory So identified, as 
much as needed, and the ranges of those memory locations 
are used to generate parameters for the call to the memory 
manager for the allocation of new memory (for example, the 
MmAllocatePagesForMdl() in Windows NT). If the call is 
successful, step 616, then the AGP device can use the newly 
allocated local memory in the normal fashion. If the call was 
not successful, the AGP driver (or GART miniport driver) 
can make the same call to the memory manager without 
requesting specific ranges (i.e., allocate memory from any 
available resources within the computer System). Finally, the 
process ends in step 618. 
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0091 Aspecial situation arises for those operating sys 
tems that do not accommodate specific ranges in the 
memory allocation request. In those cases, the method 
described above can be modified to Suit the situation. Such 
a method is illustrated in FIG. 7. First, the method is started, 
step 702. Next, in step 704, the AGP driver or GART 
miniport driver checks to see if it has a copy of the MBAT 
If so, execution skips to step 716. Otherwise, execution 
continues to step 706, where the AGP driver (or GART 
miniport driver) invokes the ACPI bank method call to the 
operating System. The operating System returns the MBAT, 
step 708, and the requesting driver stores the MBAT locally, 
step 710. In step 716, the memory manager of the operating 
System is called, requesting that new memory be allocated. 
It is at step 718 where this alternate embodiment differs from 
the preferred embodiment. In step 718, the newly allocated 
memory range that was returned by the memory manager of 
the OS is compared to the MBAT. The comparison of step 
718 is used to determine if the newly allocated memory is 
physically located within the same core logic chipset as the 
AGP device. In contrast, in the preferred embodiment, if the 
pages cannot be allocated within the specified range (i.e., 
local memory), then the method call returns an error and the 
preferred method then allocates memory anywhere, without 
restriction, as a fall back (see step 616 of FIG. 6). In this 
alternate embodiment, if the newly allocated memory is 
local (i.e., step 718 is positive), then step 720 is executed. In 
step 720, a check is made to determine if sufficient memory 
has been allocated. If not, execution returns back to step 716 
So that more memory can be allocated. Otherwise, the 
non-local memory is released (while the local memory is 
retained) in step 722 and execution ends in step 722. Once 
the memory is allocated, the AGP driver or GART miniport 
driver utilizes the memory in the normal manner. 
0092. The present invention, therefore, is well adapted to 
carry out the objects and attain the ends and advantages 
mentioned, as well as others inherent therein. While the 
present invention has been depicted, described, and is 
defined by reference to particular preferred embodiments of 
the invention, Such references do not imply a limitation on 
the invention, and no Such limitation is to be inferred. The 
invention is capable of considerable modification, alterna 
tion, and equivalents in form and function, as will occur to 
those of ordinary skill in the pertinent arts. The depicted and 
described preferred embodiments of the invention are exem 
plary only, and are not exhaustive of the Scope of the 
invention. Consequently, the invention is intended to be 
limited only by the Spirit and Scope of the appended claims, 
giving full cognizance to equivalents in all respects. 

What is claimed is: 
1. A computer System, Said computer System comprising: 

a central processing unit connected to a hostbus, 
a System memory having an addressable memory Space 

comprising a plurality of bytes of Storage, wherein each 
of Said plurality of bytes of Storage has a unique 
address, 

a first memory controller connected to Said hostbus, Said 
first memory controller connected to a first portion of 
Said System memory; 
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a Second memory controller connected to Said host bus, 
Said Second memory controller connected to a Second 
portion of Said System memory; 

an input-output bus connecting an input-output device to 
Said first memory controller and to Said hostbus, Said 
input-output device being controlled by a driver; and 

a memory bank allocation table, Said memory bank allo 
cation table capable of containing Said unique 
addresses of Said first portion of Said System memory; 

wherein Said driver references Said memory bank alloca 
tion table in order to determine a range of Said System 
memory connected to Said first memory controller So 
that said driver may allocate Some of Said first portion 
of Said System memory. 

2. A computer System as in claim 1, wherein Said memory 
bank address table contains a version number. 

3. A computer System as in claim 1, wherein Said memory 
bank address table contains a bus number. 

4. A computer System as in claim 1, wherein Said memory 
bank address table contains a valid entry bitmap. 

5. A computer System as in claim 1, wherein Said memory 
bank address table contains an array of decode ranges. 

6. A computer System as in claim 5, wherein Said decode 
ranges of Said memory bank address table each contain a 
begin field. 

7. A computer System as in claim 5, wherein Said decode 
ranges of Said memory bank address table each contain an 
end field. 

8. A computer system as in claim 1, wherein said memory 
bank address table is created by BIOS. 

9. A computer System as in claim 1, wherein Said memory 
bank address table is created by a GART miniport driver. 

10. A computer System as in claim 1, wherein Said 
memory bank address table is created by an AGP driver. 

11. A computer System as in claim 1, wherein Said driver 
is a GART miniport driver. 

12. A computer System as in claim 1, wherein Said driver 
is an AGP driver. 

13. A method of building a memory bank address table, 
Said method comprising the Steps of: 

activating a BIOS, said BIOS capable of building said 
memory bank address table; and 

building Said memory bank address table in a memory 
location. 

14. A method as in claim 13 wherein said memory 
location is System memory. 

15. A method as in claim 13 wherein said memory 
location is a non-volatile random acceSS memory. 

16. A method of building a memory bank address table, 
Said method comprising the Steps of: 

activating a driver, Said driver capable of building Said 
memory bank address table; and 

building Said memory bank address table in a memory 
location. 

17. A method as in claim 16, wherein said driver is a 
GART miniport driver. 

18. A method as in claim 16, wherein said driver is an 
AGP driver. 

19. A method of allocating local memory for an AGP 
device, Said method comprising the Steps of 
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(a) providing an operating System; 
(b) providing a driver; 
(c) calling an ACPI method of Said operating System with 

Said driver; 
(d) retrieving a memory bank address table from Said 

operating System; 

(e) reading said memory bank address table with said 
driver in order to determine ranges of System memory 
local to said AGP device; and 

(f) allocating System memory local to said AGP device 
based upon said ranges determined in Said step (e). 

20. A method as in claim 19 wherein said driver is an AGP 
driver. 

21. A method as in claim 19 wherein said driver is a 
GART miniport driver. 

22. A method of allocating local memory for an AGP 
device, Said method comprising the Steps of 

(a) providing an operating System having a memory 
manager, 

(b) providing a driver; 
(c) calling an ACPI method of Said operating System with 

Said driver; 
(d) retrieving a memory bank address table from Said 

operating System; 

(e) calling said memory manager to allocate a range of 
system memory for said AGP device; 

(f) comparing said range of System memory allocated in 
Said step (e) with said memory bank address table to 
determine if Said range of System memory is physically 
located on a core logic chipset connected to Said AGP 
device; and 

(g) repeating said steps (e) and (f) until Sufficient System 
memory has been allocated. 

23. A method as in claim 22, said method further com 
prising the Step of 

(h) releasing System memory determined not to be local to 
said AGP device in said step (f). A method as in claim 
22 wherein said driver is an AGP driver. 

24. A method as in claim 22 wherein said driver is a 
GART miniport driver. 

26. A computer System having at least two memory 
controllers which connects a computer processor and 
memory to an input-output bus, Said input-output bus con 
nected to at least one input-output device, Said System 
comprising: 

a System processor executing Software instructions and 
generating data; 

a System memory having an addressable memory Space 
comprising a plurality of bytes of Storage, wherein each 
of Said plurality of bytes of Storage has a unique 
address, 

Said Software instructions and Said data being Stored in 
Some of Said plurality of bytes of Storage of Said System 
memory, wherein Said data are Stored in a plurality of 
pages of data, each of Said plurality of pages of data 
comprise a number of Said plurality of bytes of Storage; 
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a core logic chipset having an accelerated graphics port a graphics address re-mapping table (GART) having a 
(AGP) adapted for an AGP processor, wherein said plurality of entries, each of said plurality of GART 
AGP processor generates video display data from Said entries comprising an address pointer to a correspond 
graphics data for display on a Video display; ing one of Said plurality of pages of graphics data and 

feature flags for customizing Said corresponding one of 
Said core logic chipset having a first interface logic for said plurality of pages of graphics data, wherein said 

connecting Said System processor to Said System core logic chipset uses Said plurality of GART entries 
for re-mapping Said plurality of pages of graphics data 
into an AGP device address space for use by said AGP 
processor in generating Said Video display data, and 
Said feature flags for customizing the operation thereof. 

memory; 

Said core logic chipset having a Second interface logic for 
connecting Said System processor and Said System 
memory to said AGP; and k . . . . 


