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Data Structures - 

// DEVICE OBJECT structure definition 
typedef struct tDEVOBJ 

WORD wDeviceType; // Device type like bus, IDE, VGA etc. 
BYTE bBus Type; // Bus type like PCI, VxB etc. 
ADDRESS tDeviceAddress; // Device address depends on bus type 
CLASS CODE tClass Code; // Depends on bus type 
WORD wVendor ID; // Manufacturer identification number 
WORD wDeviceID; // Device identification number 
BYTE bPath (DEVICE PATH SIZE); // ASCII string identifying the 
eNode 

DEVICE STATE enDevicestate; // State of the device 
WORD wStatus Word; // Word used to indicate specific 
// feature for the eNode 

// bit 0 - indicates option ROM present 
// bits 1-15 - reserved 

P_RESOURCE pResList; // List of resources allocated 

P IRQ TBL ENTRY plRTTable; // pointer to the IRT for a bridge 
BYTE bIRTLen; // number of entries in the IRT 

struct tDEV OBJ * pparent; // Pointer to the parent DO 
struct tDEV OBJ * pFirst Child; // Pointer to the first child DO 
struct tDEV OBJ * pNext Sibling; // Pointer to the next siblink 
DO 

FP EDRIVER HDR fpDriver; // Pointer to the eDriver 
} DEVICE OBJECT, * P_DEVICE OBJECT; 

FIG. 4 
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// RESOURCE data structure definition 
typedefstruct res 
{ 
BYTE bType; // Resource type like IO, memory etc 
union 

Struct 

{ 
BYTE bOonfigRegister; // helps us coordinate which Base 

// address register gets programmed 
PHY ADDR tLength; 
PHY ADDR tAlignment; 
PHY ADDR tLowAddress; 
PHY ADDR thighAddress; 
struct respNextAllocation; // this pointer is used to point to 

// the next eNode in the unallocated or allocated list 
?/ based on the status of the eNode's allocation 

} PORTS, MEMORY, ROM, ALLOC ADDR; 

Struct 

BYTE bSPIRQ; 
BYTE bIntNum; 
WORD tBMP; 
struct respNextIRQ; 
INTERRUPT, IRQ; 

Struct 

{ 
DWORD dwLowChannel; 
DWORD dwHighChannel; 
} DMA; 

Struct 

{ 
DWORD dwLength; 
DWORD dwLowBusNumber; 
DWORD dwHighBusNumber; 
BUSNUMBER: 
u; 

Struct reS "pNextResource; 
struct tDEV OBJ pDevice; // pointer to device that owns the resource 
RESOURCE, *P RESOURCE; 

FG. 7 
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BIOS IDENTIFICATION, INITIALIZATION AND 
MANAGEMENT 

TECHNICAL FIELD 

0001. The present invention relates generally to methods 
of programming electrical computers and data processing 
systems, and more specifically to a BIOS (Basic Input/ 
Output System) method, apparatus and system for device 
identification, initialization and management in said sys 
temS. 

BACKGROUND OF THE INVENTION 

0002. When computers are initially turned on or reset, 
they typically go through a “booting process. When a 
computer "boots” a built-in diagnostic program known as a 
power-on self-test (POST) is performed wherein various 
tests are run to confirm core components of the computer 
system are present and functioning properly and wherein the 
registers within certain hardware devices are initialized. Part 
of performing the POST involves loading the basic input and 
output system (BIOS) code into memory. A computer system 
requires BIOS to control the basic hardware operations, such 
as interactions with disk drives, hard drives, the keyboard, 
and other peripheral devices. After performing the POST, 
the computer typically loads an operating system (OS). 
0003) More specifically, the BIOS is a collection of 
instructions known as firmware routines typically hardwired 
into a read-only-memory (ROM) device of a computer used 
by a processor of a computer to identify, initialize, allocate 
and manage other system hardware. The BIOS is the lowest 
level Software in the computer system acting as an interface 
between the hardware (especially the processor) and higher 
level programs such as the OS. By providing a set of 
low-level routines the BIOS enables the OS to interface with 
different hardware devices while in operation, thus facili 
tating the operation of various Software applications. The 
BIOS is also responsible for allowing control of a comput 
er's hardware settings, for booting up the computer when the 
power is turned on or when the reset button is activated, and 
various other system functions. 
0004. However, in view of the present invention, the prior 
art BIOS is deficient in many ways. More specifically, the 
prior art BIOS implementation consists of a lengthy series of 
undivided code unable to perform discrete functions or 
tasks. Additionally, the prior art BIOS consists of undivided 
code unable to perform any Subset of functions specific to a 
particular hardware. If a programmer wishes to amend the 
prior art BIOS to add or delete an existing feature or 
function, or to add or delete hardware, the programmer must 
search the entire code line-by-line to locate the appropriate 
code section or sections within the BIOS, thus resulting in 
an inefficient and time consuming task. 
0005. In addition, the prior art BIOS implementation is 
unable to cope with the growing complexity and require 
ments of new computer platforms, components, features, 
processors, peripherals, applications and/or operating sys 
tems. More specifically, complete re-writing of the BIOS 
code is required for compatibility with new platforms, such 
as going from Intel Architecture IA32 to IA64. 
0006 Furthermore, the prior art BIOS implementation 
for resource allocation for devices is set to allocate 2x the 
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resource requirement for a device resulting in over alloca 
tion and waste of system resources for each device within 
the computer system. 
0007. Therefore, it is readily apparent that there is a need 
for a new BIOS method that is modular in design allowing 
for a simplified process for the removal or addition of 
Support for new computer platforms, components, features, 
processors, peripherals, applications, operating systems and/ 
or avoiding over allocation of system resources. 

BRIEF SUMMARY OF THE INVENTION 

0008 Briefly described, in the preferred embodiment, the 
present invention overcomes the above-mentioned disad 
vantages and meets the recognized need for Such a process 
by providing a new modular firmware solution of BIOS 
code. 

0009. According to its major aspects and broadly stated, 
the present invention in its preferred embodiment is an 
Enhanced Device Initialization Manager (e)IM). More spe 
cifically, eDIM in its preferred form is a modular system of 
POST BIOS code that simplifies and quickens the process 
for the removal or addition of support for new computer 
platforms, components, features, processors, peripherals, 
applications, operating systems and/or avoiding over allo 
cation of system resources. Modularity eliminates the need 
for a programmer to rewrite and debug code line-by-line 
when Supporting new and evolving architectures including 
new devices and features as well as down scaling the BIOS 
code for a specific computer system. 

0010 Since eldIM is modular in design and consists of 
isolated code sections that perform specific functions and/or 
further consists of subroutines that support specific hardware 
devices, a programmer may amend individual code sections 
or subroutines without having to search the entire BIOS 
code line-by-line for applicable code. Thus, because eLDIM 
is modular, it allows a programmer to quickly remove or add 
Support for new computer platforms, components, features, 
processors, peripherals, applications and/or operating sys 
tems by accessing, editing, adding and/or deleting the spe 
cific BIOS code section or subroutine that pertains to a 
particular device, technology, feature and/or function. 
0011 edIM performs several functions in its preferred 
embodiment consisting of but not limited to the following 
steps. eIDIM facilitates bus and device enumeration, and 
device resource allocation during POST. eIDIM finds, 
unpacks, and creates a driver list for all drivers; eDIM 
initializes both the configuration manager and the resource 
manager; eDIM allocates the root node and searches the 
driver list for the root node driver; eDIM prepares to 
enumerate the root node and enumerates the root node and 
all buses and devices systematically stemming from the root 
node, each an eNode; and eDIM allocates resources for the 
root node and all buses and devices Stemming from the root 
node by allocating correct memory and I/O space resource 
requirement for Such devices. 
0012. Accordingly, a feature and advantage of the present 
invention is its ability to provide support for IA64 and IA32 
platform architectures, 64 bit addressing and its ability to 
evolve with future architectures. 

0013 Another feature and advantage of the present 
invention is its ability to provide support for full BIOS 
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modularity and scalability solution, thereby facilitating the 
removal or addition of support for a particular bus or device. 
0014 Still another feature and advantage of the present 
invention is its ability to provide a modular solution, thereby 
allowing customization and specialization of the BIOS code 
for specific computer system. 

0.015 Yet another feature and advantage of the present 
invention is its ability to provide Support for legacy free and 
legacy platform architecture, including, extended industry 
standard architecture (EISA), industry standard architecture 
(ISA) and plug-n-play industry standard (PnPISA). 
0016 Yet another feature and advantage of the present 
invention is its ability to provide support for efficient 
resource management and manual resource configuration. 
0017. Yet another feature and advantage of the present 
invention is its ability to provide Support for pre-configured 
or closed platform configured systems. 

0018 Yet another feature and advantage of the present 
invention is its ability to provide Support for bridge hopping. 

0019. Yet another feature and advantage of the present 
invention is its ability to provide Support for docking hot 
plug PCI. 

0020 Yet another feature and advantage of the present 
invention is its ability to provide Support to handle option 
ROMs efficiently. 

0021. Yet another feature and advantage of the present 
invention is its ability to provide support for separate north 
and South bridge code. 
0022. Still yet another feature and advantage of the 
present invention is its ability to provide support for 
resource and error logging for debugging purposes. 

0023 These and other features and advantages of the 
invention will become more apparent to one skilled in the art 
from the following description and claims when read in light 
of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The present invention will be better understood by 
reading the Detailed Description of the Preferred and Alter 
nate Embodiments with reference to the accompanying 
drawing figures, in which like reference numerals denote 
similar structure and refer to like elements throughout, and 
in which: 

0.025 FIG. 1 is a block diagram of a computer system 
environment for embodiments of the present invention. 
0026 FIG. 2 is a block diagram of a sample bus and 
device configuration for a computer system of FIG. 1. 

0027 FIG. 3 is an operational flow of BIOS POST 
according to the preferred embodiment of the present inven 
tion. 

0028 FIG. 4 is BIOS code for a device object structure 
according to the preferred embodiment of the present inven 
tion. 

0029 FIG. 5 is an operational flow of eDIM according to 
the preferred embodiment of the present invention. 
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0030 FIG. 6 is a block diagram of a sample bus and 
device configuration of FIG. 2 including device object, 
drivers and pointers according to the preferred embodiment 
of the present invention. 
0031 FIG. 7 is BIOS code for a resource data structure 
according of the preferred embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED AND ALTERNATIVE 

EMBODIMENTS 

0032. In describing the preferred and alternate embodi 
ments of the present invention, as illustrated in FIGS. 1-7. 
specific terminology is employed for the sake of clarity. The 
invention, however, is not intended to be limited to the 
specific terminology so selected, and it is to be understood 
that each specific element includes all technical equivalents 
that operate in a similar manner to accomplish similar 
functions. 

0033. As will be appreciated by one of skill in the art, the 
present invention may be embodied as a method, data 
processing system, or computer program product. Accord 
ingly, the present invention may take the form of an entirely 
hardware embodiment, entirely software embodiment or an 
embodiment combining Software and hardware aspects. 
Furthermore, the present invention may take the form of a 
computer program product on a computer-readable storage 
medium having computer-readable program code means 
embodied in the medium. Any suitable computer readable 
medium may be utilized including hard disks, ROM, RAM, 
CD-ROMs, optical storage devices, or magnetic storage 
devices. 

0034. The present invention is described below with 
reference to flowchart illustrations of methods, apparatus 
(systems) and computer program products according to 
embodiments of the invention. It will be understood that 
each block or step of the flowchart illustrations, and com 
binations of blocks or steps in the flowchart illustrations, can 
be implemented by computer program instructions. These 
computer program instructions may be loaded onto a general 
purpose computer, special purpose computer, or other pro 
grammable data processing apparatus to produce a machine, 
Such that the instructions which execute on the computer or 
other programmable data processing apparatus create 
devices and/or means for implementing the functions speci 
fied in the flowchart block or blocks/step or steps. 
0035. These computer program instructions may also be 
stored in a computer-usable memory that can direct a 
computer or other programmable data processing apparatus 
to function in a particular manner, such that the instructions 
stored in the computer-useable memory produce an article of 
manufacture including instruction means which implement 
the function specified in the flowchart block or blocks/step 
or steps. The computer program instructions may also be 
loaded onto a computer or other programmable data pro 
cessing apparatus to cause a series of operational steps to be 
performed on the computer or other programmable appara 
tus to produce a computer implemented process such that the 
instructions which execute on the computer or other pro 
grammable apparatus provide steps for implementing the 
functions specified in the flowchart block or blocks/step or 
steps. 

Meta Platforms Exhibit 1004 
Page 0010



US 2007/0O88943 A1 

0036). Accordingly, blocks or steps of the flowchart illus 
trations Support combinations of means for performing the 
specified functions, combinations of steps for performing 
the specified functions and program instruction means for 
performing the specified functions. It will also be under 
stood that each block or step of the flowchart illustrations, 
and combinations of blocks or steps in the flowchart illus 
trations, can be implemented by special purpose hardware 
based computer systems which perform the specified func 
tions or steps, or combinations of special purpose hardware 
and computer instructions. 
0037 Computer programs for implementing the present 
invention may be written in various programs, including, but 
not limited to object-oriented programming languages. Such 
as conventional C calling. However, it is understood that 
other source and/or object oriented programming languages, 
and other conventional programming languages could be 
utilized without departing from the spirit and intent of the 
present invention. 
0038 Referring now to FIG. 1-7, the present invention in 

its preferred embodiment is a BIOS solution for device 
identification, initialization and management during POST, 
wherein the process for the removal or addition of support 
for new computer platforms, components, features, proces 
sors, peripherals, applications and/or operating systems is 
simplified and made more efficient. 
0039) Referring now to FIG. 1, there is illustrated a block 
diagram of a computer system 10 that provides a suitable 
environment for implementing embodiments of the present 
invention. The computer architecture shown in FIG. 1 is 
divided into two groups motherboard 100 and input/output 
(I/O) devices 200. Motherboard 100 includes bus 110 which 
interconnects major Subsystems such as central processor 
(CPU) 102, random access memory (RAM) 104, input/ 
output (I/O) controller 108, and read-only memory (ROM) 
106, also known as firmware. 
0040 A BIOS containing the basic routines that help to 
transfer information between elements within computer sys 
tem 10, such as during startup, including POST, is stored in 
the ROM 106 or operably disposed in RAM 104. Computer 
system 10 further includes display 208, for visual output and 
I/O devices Such as main storage device 202, for storing 
operating system 204, and application programs 206. The 
main storage device 202 is connected to the CPU 102 
through a main storage controller connected to bus 110. 
0041. Many other devices or subsystems 210 may be 
connected in a similar manner Such as keyboard, pointing 
device (e.g., a mouse), floppy disk drive, CD-ROM player, 
printer and modem each connected via an I/O adapter. 
0042. It is not necessary for all of the devices shown in 
FIG. 1 to be present to practice the present invention, as 
discussed below. Furthermore, the devices and subsystems 
may be interconnected in different ways from that shown in 
FIG. 1. The operation of a computer system such as that 
shown in FIG. 1 is readily known in the art and is not 
discussed in detail in this application, so as not to overcom 
plicate the present discussion. 
0.043 Referring now to FIG.2, there is illustrated a block 
diagram of a sample bus and device configuration 400 for a 
computer system, where objects represented by rectangles 
are buses and objects represented by circles are devices 
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connected to the buses. FIG. 2 begins with a root bus 410 
coupled to two input/output hubs (IOH), IOH 420 and IOH 
430, respectively. IOH 420 is coupled to PCI device 421, 
PCI-PCI bridge bus 422, virtual extended bus (VxB) 424, 
input/output controller hub (ICH) 426, integrated drive 
electronics (IDE) controller 427 and universal serial bus 
(USB) controller 428. PCI-PCI bridge bus 422 is further 
coupled to two small computer system interface (SCSI) 
devices 423 and 425, respectively. IOH 430 is coupled to 
PCI device 431, ICH 432, firmware hub (FWH) 436 and 
USB controller 434. 

0044) Referring now to FIG. 3, a flow diagram is shown 
that illustrates a preferred step in a process 300 for BIOS 
POST. The BIOS POST operational flow preferably consists 
of step eDIM (step 310). In step 310, of process 300, POST 
passes control to el DIM 310 after performing the necessary 
initialization to enable eDIM 310 to see root bus 410 and its 
subsystems of buses and devices. Next, eDIM 310 prefer 
ably enumerates the busses, identifies busses and devices 
and allocates resources to the bus and devices preferably 
using device and bus specific instructions called eDrivers. 
eDIM 310 preferably builds a device tree for the system 
which will be later utilized by other components in computer 
system 10 and additional steps in BIOS POST. Thereafter, 
eDIM 310 preferably hands control back to POST. 
0045. In step 310, of process 300, the bus and device 
architecture are preferably constructed as a tree type archi 
tecture as shown in FIG. 2. An eNode preferably is a generic 
term for a data structure of i) a bus device, which can spawn 
additional buses and or devices or ii) an end device, which 
typically does not spawn additional devices. Root bus 410. 
IOH 420, IOH 430 and their respective children (subsystem 
of buses and or devices coupled to the bus one level up in 
the tree architecture) including each end device may be 
termed as an eNode. For example, root bus 410 is the root 
bus eNode. This eNode preferably includes IOH 420 and 
IOH 430 and their respective children. Bus IOH 420 is an 
eNode and includes end device PCI Dev 421, bus PCI-PCI 
Bridge 422 and its respective children, VxB Bus 424, bus 
ICH 426, integrated drive electronics (IDE) controller 427 
and universal serial bus (USB) controller 428. This generic 
terminology naming scheme continues up and down the tree 
type architecture. Each eNode that is present in the device 
tree preferably has been created by eDrivers. Each eLDriver 
has a specific number of entry points including find driver, 
prepare enumeration, enumerate, allocate resources, and 
route interrupt preferably with specialized instructions 
related to the eNode. eIDrivers are preferably subsets of 
code, with predefined entry points, that identify, enumerate 
and configure a specific type of eNode. eDrivers have 
common entry points in preferably C-calling convention. 
eDIM 310 preferably supports two types of eDrivers: bus 
eDrivers and device eDrivers. 

0046 Each eDriver preferably creates a data structure 
called a device object (DO), which is associated with an 
eNode, see FIG. 6. The DO typically contains information 
about the eNode such as vendor id, product id, hardware 
revision level, bus function, link information to form the tree 
type architecture, and resource requirements. The type of 
information stored in the DO will depend on the bus and 
device type. eIDrivers with specialized instructions in the 
common entry points preferably identify, enumerate and 
configure eNodes for the eDIM 310. With the use of 
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common entry points, eDrivers preferably hide the complex 
ity and nature of the eNode. Referring now to FIG. 4, there 
is disclosed a DO structure definition according to the 
preferred embodiment of the present invention. 
0047 Referring now to FIG. 5, there is shown an opera 
tional flow, which illustrates process 500 of eDIM 310 flow 
according to a preferred embodiment of the present inven 
tion. In step 510, of process 500, eDIM 310 finds and 
unpacks all eDrivers found in the system firmware. eIDIM 
310 classifies each device into one of three types: 1) Device/ 
Bus Specific (these edrivers are written specifically for a 
particular device or bus wherein vendor id, product id and 
hardware revision level matches the specific device or bus; 
if an eDriver accesses proprietary registers then it is typi 
cally classified as a Device/Bus Specific edrivers); 2) Class 
Specific. (these eDrivers have the capability of controlling a 
class of devices requiring predefined resources such as 
intelligent device driver (IDE) or video graphics array 
(VGA)); and 3)Generic. (these eDrivers are capable of 
controlling any device belonging to a particular bus; for 
example a generic PCI bus driver can handle resource needs 
for all PCI devices connected to the PCI bus). 
0048 Next, eDIM 310 builds a Table of pointers to 
eDrivers (termed eList) preferably by scanning all the avail 
able eLDriver storage devices. 

TABLE 1. 

eDriver Characteristics Table 

Driver Type Matching condition Physical Name 

Bus eDriver Generic Bus Type = 0 (ROOT) Chipset Root 
410 

Bus eDriver Device. Bus VID, PID & HIW rev IOH (1 & 2): 
Specific 420 & 430 

Bus eDriver Class Class Code = P2PB 422 
Specific PCI PCI Bridge 

Device Generic Bus Type = PCI VxB 424 
eDriver 
Device Generic Bus Type = PCI PCI Dev (1 & 
eDriver 2); 421 & 431 
Bus eDriver Device. Bus VID, PID & HIW rev ICH (1 & 2); 

Specific 426 & 432 
Device Generic Bus Type = PCI SCSI (1 & 2): 
eDriver 423 & 425 
Device Generic Bus Type = PCI USBC (1 & 2): 
eDriver 428 & 434 
Device Class Class Code = IDE DE 427 
eDriver Specific 
Device Class Class Code = FWH FWH 433 
eDriver Specific 

0049 Table 1 is an example of the Driver Characteristics 
Table, which defines the types and characteristics of each 
eDriver, for the sample bus and device configuration for the 
computer system set forth in FIG. 2 and the type classifi 
cations for each bus and device. eList is preferably a 
dynamically created list of eDrivers, which eLDIM 310 uses 
to search and locate the appropriate eDriver for a particular 
bus or device being enumerated by eLIM 310. 
0050. In step 520, of process 500, eDIM 310 calls Con 
figuration Manager (eCM) and initializes the configuration 
manager by calling eCM initialization call. eCM provides 
generic instructions that enable eLDIM to enumerate and 
allocate the device tree. These functions contain code that 
would have to be repeated in every eNode driver in the 
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system thus allowing for Smaller more manageable eNode 
code. Moreover, a system developer can create drivers 
quicker and more efficiently by using library functions 
provided by eCM. 
0051. In step 530, of process 500, eDIM 310 calls 
Resource Manager (eRM) and initializes resource manager 
by calling eRM initialization call. eRM preferably manages 
the system-wide resources for eIDIM 310 including memory, 
I/O space, list of interrupts, global address space, pointers to 
addresses where instructions are located and any other 
resources that can be allocated to the bus or device being 
enumerated. The bus is also included as a resource that eRM 
manages. eRM manages the arbitration and allocation of 
resources to the buses and devices of the system. Preferably, 
eDrivers will not allocate resources to their children but 
instead will call eRM to allocate the resources to their 
children. 

0.052. In Step 540 of process 500 elDIM 310 calls eCM to 
create a starting point for the enumeration of computer 
system 10 termed Root Bus eNode 410, a virtual represen 
tation of the starting point in the system. Computer system 
10 may have multiple Root Buses or it may have a single 
Root Bus often termed the system bus, such as bus 110 in 
FIG. 1. See FIG. 2 as an example of a computer system 
where Root Bus 410 is the only Root eNode. elDIM 310 
preferably allocates a DO for the Root Bus using eCM and 
fills the Root Bus eNode device object. 
0053. In Step 550, of process 500, eDIM 310 preferably 
calls eCM to search the eList to find the appropriate eDriver 
by searching for the driver for bus number Zero. eCM calls 
all the eDrivers to report the Confidence Level by passing 
the eDrivers the DO of the eNode. eCM calls each eDriver 
in the eList to report its support Confidence Level rated from 
0 to 3. Here, O preferably meaning no confidence, 1 pref 
erably meaning very little confidence (Such as Generic 
eDriver), 2 preferably meaning little confidence (such as 
Class Specific edriver) and 3 preferably meaning full con 
fidence (such as Device/Bus Specific edriver with vendor 
id, product id and hardware revision level matching). Bus 
eDrivers have special knowledge about the bus and how to 
enumerate devices on the bus. 

0054) In Step 560, of process 500, eDIM 310 preferably 
calls eCM to prepare enumeration entry point in root bus 410 
eDriver. This call prepares root bus 410 chipset registers for 
enumeration and updates the eNode DO data structure. This 
call is used to disable the device referenced by the device 
object passed and initialize its state in Such a way that it 
won't affect the enumeration process. For example, for 
PCI2PCI elDriver 457 this call will preferably set up the 
device data structure and program the bus number to 0xFF. 
If eCM is unable to disable the device eCM will return a 
failure condition which preferably is remedied by the parent 
eDriver. Otherwise, eCM returns a success code. 
0055) In Step 570, of process 500, eDIM 310 preferably 
calls eCM to enumerate root bus 410. Since root bus 410 is 
a bus edriver, eCM reports its resource requirement and 
recursively enumerates and updates resource requirements 
of root bus 410 and its eNodes. This call creates the eNodes 
DO that represent the child devices in the root bus. The 
example in FIG. 2 has two children represented by IOH 420 
and IOH 430. Root bus eDriver 451 fills in the DO for each 
eNode Such as bus type, device type, device address, vendor 
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id, and device id. Additional information may be stored in 
the DO depending on the type of device, whether Device/ 
Bus Specific or Class Specific. Next, eDIM Find Driver() is 
called to find the best driver for each physical head. Bus 
eDrivers have special knowledge about the bus and how to 
enumerate devices on the bus. This call is preferably used 
recursively to enumerate each eNode created by the root bus 
eDriver 451 consisting of busses and devices. eIDIM 310 
preferably assumes that no bus eDriver needs resources to 
enumerate its child devices and it is preferably the eDrivers 
responsibility to create DO for each child device it enumer 
ates. eCM uses the Confidence Level value with the device 
version information to select and load the best eDriver for an 
eNode, which is the eldriver that reports the highest Confi 
dence Level and the latest version of driver for that eNode. 
If two el Drivers report the same Confidence Level and 
different device version numbers then the eDriver with the 
higher version number will be loaded. eIDIM supports over 
riding of eDrivers to Support non-compliant devices and/or 
to support special multi-functional eDrivers. The resource 
requirement of the eldriver can only be finalized after 
enumerating all the child buses. 
0056. For example referring to FIG. 2, FIG.5 and FIG. 6, 
in step 550, eDIM calls eCM, wherein eCM preferably 
searches elist to find the root bus edriver 451 by searching 
for the driver for bus number zero. In step 560 eCM 
preferably calls the PrepareEnumeration entry point in the 
root bus 410 and updates the root bus 410 DO data structure 
450. In step 570 eCM enumerates the root bus 410 by 
loading root bus edriver 451. If all the busses and devices 
connected to root bus 410 have been enumerated then eDIM 
310 passes control to eRM. Otherwise, eCM recursively 
searches for all devices and buses beginning one level down 
from root bus 410 and consolidates the resource require 
ments of its children and allocates an eNode for each branch. 
eCM searches root bus 410 eNode for devices or buses 
connected to root bus 450 and finds buses IOH 420 and IOH 
430. Next, in step 550, eCM preferably searches eList to find 
the best elDriver for IOH 420. In step 560 eCM preferably 
calls the PrepareEnumeration entry point for IOH 420 and 
updates the IOH DO 452 data structure. In step 570 eCM 
preferably enumerates IOH 420 by loading IOH eDriver 
453. Next, IOH 420 eDriver searches IOH 420 eNode for 
devices or buses connected to IOH 420 and finds the 
following eNodes: an input/output controller hub (ICH) 426, 
PCI-PCI bridge bus 422, a virtual extended bus (VxB) 424, 
PCI device 421, integrated drive electronics (IDE) controller 
427 and universal serial bus (USB) controller 428. eCM 
preferably will recursively enumerate these nodes one level 
down from eNode IOH 420. 

0057. Beginning in step 550, eCM preferably searches 
eList to find the best elDriver for ICH 426. In step 560 eCM 
calls the PrepareEnumeration entry point for ICH 426 and 
updates ICH DO 456 data structure with device specific 
information. In step 570 eCM preferably enumerates ICH 
426 by loading ICH eDriver 455. Next, in step 550, eCM 
searches eList to find the best elDriver for PCI-PCI bridge 
bus 422. This device can request resources but typically does 
not request resources; however, PCI-PCI bridges belonging 
to PCI express ports request resources. In step 560, eCM 
calls the PrepareEnumeration entry point for PCI-PCI bridge 
bus 422 and updates PCI-PCI DO 458 data structure with 
device specific information. In step 570 eCM preferably 
enumerates PCI-PCI bridge bus 422 by loading PCI-PCI 
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elDriver 457. Next, in step 550, eCM preferably searches 
eList to find the best eDriver for VxB bus 424. This device 
VxB bus 424 is an example of bridge hopping, a bridge from 
the PCI bus 422 to VxB bus 424. In step 560 eCM calls the 
PrepareEnumeration entry point for VxB bus 424 and 
updates VxB bus DO 460 data structure with device specific 
information. VxB bus 424 eDriver enables VxB bus 424 is 
preferably capable of allocating resources across the two bus 
architectures. In step 570 eCM preferably enumerates VxB 
bus 424 by loading VxB eDriver 461. Next, in step 550, 
eCM preferably searches eList to find the best eDriver for 
bus PCI device 421. This device preferably has no children, 
just resource requests. In step 560 eCM preferably calls the 
PrepareEnumeration entry point for PCI device 421 and 
updates PCI device DO 462 data structure with device 
specific information. In step 570, eCM enumerates PCI 
device 421 by loading PCI elDriver 463. PCI elDriver 463 
searches PCI device DO 462 for resource requests and 
option ROM. If a resource is found then an eNode of type 
resource is allocated and along with the resource informa 
tion is attached to PCI device 421 resource lists. Next in step 
550, eCM preferably searches eList to find the best elDriver 
for IDE controller 427. In step 560 eCM calls the Prepa 
reEnumeration entry point for IDE controller 427 and 
updates IDE DO 464 data structure. In step 570 eCM 
enumerates IDE controller 427 by loading IDE eDriver 465. 
Next, in step 550, eCM searches eList to find the best 
elDriver for USB controller 428. In step 560 eCM calls the 
PrepareEnumeration entry point for USB controller 428 and 
updates USB DO 466 data structure. In step 570 eCM 
enumerates USB controller 428 by loading USB eDriver 
467. Next, eCM searches eNode PCI-PCI bridge bus 422 for 
devices or buses coupled to PCI-PCI bridge bus 422 and 
finds the following eNodes: small computer system interface 
(SCSI) devices 425 and 423. 
0.058 Beginning in step 550, eCM preferably searches 
eList to find the best eDriver for SCSI device 425. In step 
560 eCM preferably calls the PrepareEnumeration entry 
point for SCSI device 425 and updates SCSI DO 470 data 
structure with device specific information. In step 570 eCM 
preferably enumerates SCSI device 423 by loading SCSI 
eDriver 469. SCSI eDriver 469 searches SCSI DO 470 for 
resource requests and option ROM. If a resource is found 
then an eNode of type RESOURCE is allocated and along 
with the resource information is attached to SCSI device 425 
resource list. Next, in step 550, eCM preferably searches 
eList to find the best eDriver for SCSI device 423. In step 
560 eCM calls the PrepareEnumeration entry point for SCSI 
device 423 and updates SCSI DO 468 data structure. In step 
570 eCM preferably enumerates SCSI device 423 by loading 
SCSI eDriver 469. SCSI eDriver 469 searches SCSI DO 468 
for resource requests and option ROM. If a resource is found 
then an eNode of type RESOURCE is allocated and along 
with the resource information is attached to SCSI device 423 
resource list. eCM has completed the enumeration of this 
branch eNode IOH 420. 

0059 SCSI device 423 and SCSI device 425 pass its 
resource (memory and I/O space) requirements to eNode 
PCI-PCI bridge bus 422. PCI-PCI bridge bus 422, VxB bus 
424, PCI device 421, ICH 426 eNode, IDE controller 427, 
USB controller 428 pass their resource requirements to 
eNode IOH 420. Next eCM begins the enumeration of 
branch eNode IOH 430. 
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0060 Next, in step 550, eCM preferably searches eList to 
find the best eDriver for IOH 430. In step 560 eCM 
preferably calls the PrepareEnumeration entry point for IOH 
430 and updates the IOH DO 454 data structure. In step 570 
eCM preferably enumerates IOH 430 by loading IOH 
elDriver 453. Next, eCM preferably searches IOH 430 eNode 
for devices or buses connected to IOH 430 and finds the 
following eNodes: PCI device 431, ICH 432, firmware hub 
(FWH) 436 and USB controller 434. eCM preferably will 
recursively enumerate these nodes one level down from 
eNode IOH 430. 

0061 Beginning in step 550, eCM preferably searches 
eList to find the best elDriver for ICH 432. In step 560 eCM 
preferably calls the PrepareEnumeration entry point for ICH 
432 and updates ICH DO 472 data structure. In step 570 
eCM preferably enumerates ICH 432 by loading ICH 
elDriver 455. Next, in step 550, eCM searches eList to find 
the best elDriver for bus PCI device 431. In step 560 eCM 
calls the PrepareEnumeration entry point for PCI device 431 
and updates PCI device DO 474 data structure. In step 570 
eCM preferably enumerates PCI device 431 by loading PCI 
elDriver 463. Next, in step 550, eCM searches eList to find 
the best eDriver for FWH 436. In step 560 eCM preferably 
calls the PrepareEnumeration entry point for FWH 436 and 
updates FWH DO 476 data structure. In step 570 eCM 
preferably enumerates FWH 436 by loading FWH eDriver 
471. Next, in step 550, eCM preferably searches eList to find 
the best elDriver for USB controller 434. In step 560 eCM 
preferably calls the PrepareEnumeration entry point for USB 
controller 434 and updates USB DO 478 data structure. In 
step 570 eCM preferably enumerates USB controller 434 by 
loading USB eDriver 467. 
0062) USB controller 434, FWH 432, ICH 436 and PCI 
device 431 pass their resource requirements to eNode IOH 
430. eNode IOH 420 and eNode IOH 430 pass their resource 
requirements to eNode Root Bus 410. Thereafter, eNode 
root bus 410 and its eDriver have a filled in data structure 
and resource requirements for the entire Root Bus eNode. 
eCM exits enumeration for Root Bus and passes control 
back to eDIM. 

0063 Step 570 preferably performs the following tasks: 

0064 1. Form eNode for all its children 
0065 2. Call eCM to load eDrivers for its children by 
providing list of all its children 

0.066 3. Call eCM to disable all its children by pro 
viding a list of its children 

0067. 4. For each child (Step 580) preferably: 
0068 a) Enable the child for enumeration by setting 
proper registers 

0069 b) Call Enumerate routine for the child 
0070 c) Determine the resources for the child 

0071 5. Update eNode with resource requirement. 
Resource requirement for a bus is a cumulative value of 
the resources of its children 

0072 6. Return call 
0073. When control returns from this call the whole 
eNode tree for the system will be built as shown in FIG. 5, 
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wherein the DO, eDriver and communication pipes for each 
device in the computer system of FIG. 2 is enumerated. 
0074) In step 590 of process 500 elDIM 310, preferably 
calls eRM to allocate resources (memory and I/O space) to 
the root bus 410 based on resource requirements collected 
from each eNode in the Root Bus during the enumeration 
process in step 570. The parent edriver of the current eNode 
will recursively invoke this allocation of resources routine 
for each eNode. When memory for each eNode has been 
allocated, the AllocateResource() function is called for each 
eNode. AllocateResource() function programs the eNode 
base address and limit registers defining resource commands 
that eNode will respond to and/or forward onto its children. 
AllocateResource() function programs the eNode configu 
ration space giving the eNode instructions on the resources 
the eNode is allowed to use. The parent el Driver provides the 
resource requirement to be used by the eNode. If the eNode 
is a bus eDriver, then it re-allocates the resources to its 
children. For the Root Bus eDriver the parent eDriver is 
eCM. eRM allocates the resources for the eNode and calls 
its edriver, eDriver in turn recursively calls eRM to allocate 
resources for its children from the resources it received from 
its parent eNode (Step 595). 

0075) For example, turning to FIG. 2 and FIG. 6, in step 
590 root bus 410, eDriver calls eRM to allocate resources for 
the root bus eNode. eRM preferably allocates resources to 
root bus 410 and calls the root bus eDriver 451. The root bus 
elDriver 451 preferably allocates the resources to eNode IOH 
420 and 430, respectively, depending on the resource 
requirements of each respective eNode. IOH 420 allocates 
its resources to ICH hub 426, PCI-PCI bridge bus 422, VxB 
bus 424, PCI device 421, IDE controller 427, and USB 
controller 428. PCI-PCI bridge bus 422 allocates its 
resources to SCSI devices 425 and 423. Next, IOH 430 
allocates its resources to ICH hub 432, PCI device 431, 
FWH 436 and USB controller 434. 

0076 Referring now to FIG. 7, there is disclosed a high 
level code representation of the resource data structure 
according to the preferred embodiment of the present inven 
tion. 

0077. Upon all devices being allocated resources, in step 
595, elDriver preferably returns control to eRM. eRM pref 
erably returns control back to el DIM. eIDIM preferably 
passes control back to POST. At the end of the above flow 
eDIM has allocated resources for all devices found in the 
system. 

0078 Summary of Process 500 

eDIM gets control from the POST. 
The following are the steps involved in eIDIM enumeration 
process: 

0079 AMIBIOS POST does the necessary initialization 
so that eDIM can see the root bus and its children. POST 
calls GlobalBusInit in eDIM. 

0080 Step 510. eDIM preferably finds and unpacks all 
the eldrivers found in the system firmware and builds a 
global list of eDrivers called eList. 

0081) Step 520. eIDIM preferably initializes eCM by 
calling its respective init calls. 
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0082 Step 530. eDIM preferably initializes eRM by 
calling its respective init calls. 

0083) Step 540. eIDIM preferably allocates and fills the 
root eNode DO 450 and fills in data structure with generic 
information for data structure. 

0084) Step 550. eIDIM preferably searches the eList to 
find the root bus driver 451 by searching for the driver for 
bus number Zero. 

0085) Step 560. eCM preferably gives control to Prepa 
reEnumeration entry point in the root bus edriver. This 
call preferably prepares the root bus chipset registers for 
enumeration and also updates the eNode device object. 

0086) Step 570. eCM preferably calls Enumerate entry 
point in the root bus edriver. This call will recursively 
enumerate and update resource requirement of the root 
bus and each eNode coupled to the root bus. When the 
control returns from this call the whole eNode tree for the 
system will be built as shown in FIG. 5, wherein the DO, 
eDriver and communication pipes for each device in the 
computer system of FIG. 2 is enumerated. 

0087 Step 590. eCM preferably calls eRM to allocate 
resource for the root bus. This is done by calling eRMAl 
locateResource with eNode DO as the parameter, eRM 
allocates the resources for the eNode and calls eDrivers 
AllocateResource entry point with allocated resource list. 
elDriver in turn recursively calls eRM to allocate resource 
for its children from the resources it got from eRM. 

0088 elDriver preferably returns call to eRM. eRM pref 
erably returns control back to eCM. eCM preferably returns 
back to el DIM. eIDIM preferably hands control back to 
POST. 

0089 Modularity and Scalability 
0090 el IM in a preferred embodiment is designed to 
support modularity and scalability of the BIOS by separating 
each bus and device handling means into an independent 
module, which allows for the re-architecture, addition or 
deletion of a module corresponding to the addition or 
removal of Support for a particular bus, device or technology 
without affecting the other modules. A BIOS with a modular 
design allows for Support of existing and evolving architec 
tures such as IA64 and IA32 platform architectures. Modular 
design allows for Support of both legacy free and legacy 
platform architectures. Legacy preferably refers to previous 
buses and or devices. If the BIOS code is legacy free then 
it does not have to Support previous buses and or devices 
allowing for the BIOS code to be reduced in size and 
improving boot up reliability and runtime. In addition, the 
modular design allows down scaling of the BIOS for a 
particular system design or known embedded system. 
Extracting a subset of BIOS code from the modular general 
BIOS code reduces the BIOS size and improves boot 
reliability and runtime. Both legacy free and down Scaling 
preferably benefit from the modular designs ability to elimi 
nate the need to rewrite and debug code line-by-line when 
adding or removing Support for a bus and or device. 
Efficient Resource Management and Example 
0.091 The amount of memory and I/O space available in 
a computer system is proportional to the number of buses 
and devices Supported. As the number of buses and devices 
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increases memory resources become less abundant resulting 
in the need for an efficient use of existing memory resources. 
Resources such as memory & I/O space are limited based on 
the computer system's resources. To Support additional 
devices without loss of efficiency it is crucial that the 
resource management scheme operate very efficiently by 
allocating the least amount of memory while still enabling 
operation. 

0092. The resources required by a device are dictated by 
the size and alignment the device requests, and consolida 
tion of resources for each eNode. In older versions of BIOS 
products, the alignment & size resources requested was 
doubled and this wasted the amount of resources available 
by over allocation. eIDIM avoids this problem by allocating 
correct memory and I/O space resource requirement. 
0093 Alignment is equivalent to round-off or boundary 
value. For example, if a computer system needs 4 MByte of 
memory with 4 Mbyte aligned then a valid addresses for 4 
MByte of memory with 4 Mbyte aligned is 0x0, 0x400000, 
0x1000000, etc., but not 0x4000 because it is not aligned on 
a 4 Mbyte boundary. Resource consolidation is where an 
eNode request resources based on parent resource require 
ments and the resource requirements of all child devices 
connect or pass up to the parent. 
0094) In Step 570 of FIG.4, each eNode and device is 
preferably required to report its resource requirements. 
eDrivers for each child device determine and report its 
resource requirements to its parent eNode. In the case of 
devices that are bridges (a device that connects two buses 
such as PCI-PCI bridge bus 422), the bridge device must 
consolidate all the resources of its children and determine 
the resource requirements to request of its parent eNode into 
a resource list. This phase requires some calculation by the 
eNode to determine the minimum resource requirements that 
the device must request while still being able to allocate the 
total eNode resources to all the other children of the eNode. 

0.095 The calculation to determine the correct size for 
resource requirements is as follows: 

if (tTotal % tAlignment) results in a remainder 
tLength=tTotal+(tAlignment-(tTotal % tAlignment))+ 
tAlignment; 

else tength=tTotal; if evenly divided by tAlignment 
Where 

0096 tTotal is the summation of all the resources for 
the children beneath that eNode 

0097 tAlignment is the largest alignment value for a 
particular resource request 

0.098 tLength is the amount of resources the eNode 
will request from its parent eNode 

0099] If tTotal is a multiple oftAlignment then eNode can 
request tTotal amount of resources, but if tTotal is not a 
multiple, then eNode can request the correctly aligned 
resources based on the formula above. Each eNode repeats 
this process with its children and passes the resource 
requirement to its parent eNode. 
0100 For example, in Step 570 of FIG.4, the resource 
calculation for Root Bus 410 is as preferably follows: PCI 
device 421 requests memory and I/O space resources of one 
4 meg and one 8 meg: PCI-PCI bridge bus 422 has two 
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children small computer system interfaces (SCSI) devices 
423 and 425 respectively, where SCSI device 423 requests 
memory and I/O space resources of one 16 meg and one 64 
meg and SCSI device 425 requests memory and I/O space 
resources of one 8 meg and one 64 meg, Virtual extended 
bus (VxB) 424 requests I/O space resources of one 64 meg. 
This example assumes that IOH 430 and its children and 
input/output controller hub (ICH) 426 and its children did 
not request any resources. 

0101. In this example, the elDriver for PCI-PCI bridge 
bus 422 calculates the proper size and allocation of 
resources for PCI-PCI bridge bus 422 and its children. Since 
bridges such as PCI-PCI bridge bus 422 do not require 
resources the calculation is as follows: tTotal equals 152 
(64+64+16+8) meg, tAlignment equal 64, and tength 
equals 240 meg (152+(64-40)+64). Next, the eDriver for 
IOH 420 calculates the proper size and allocation of 
resources for IOH and its children and such calculation is as 
follows: tTotal equals 316 (4+8+240+64) meg, tAlignment 
equal 64, and tength equals 380 meg (316+(64-4)+64). In 
this example, IOH 430 did not request any resources and 
therefore, when Root Bus 410 calculates the proper size and 
allocation of resources for root bus 410, the resource 
requirement of IOH 420 is passed up to root bus 410 and 
becomes root bus 410 resource requirement. 
0102) In Step 590 of FIG.4, the parent eNode preferably 
distributes the requested or aligned resources to all the 
children of the eNode. Each tier in the system is allocated to 
and then the system moves on to the first child, repeating the 
process until all resources have been allocated-in the parent 
eNode. To determine which resource request is allocated to 
first, eDIM 310 follows a method that uses a size sorted list 
of resource requests for all the children and a ratio calcu 
lation that determine the optimal fit of a specific resource 
request into the requested memory range. 
0103) The following is a description of the method. eIDIM 
310 preferably starts at the beginning of the resource list of 
the eNode comparing the ratio of allocation range size of the 
parent eNode to the size of the allocation range requested by 
the device or subsequent eNode and eDIM 310 preferably 
allocates resources first to the lowest ratio device or eNode, 
which is the largest allocation request. Allocation ranges are 
0 to 1 Meg for legacy devices, 1 Meg to 4 gig for 32 bit 
devices, and 4 gig and up for 64 bit devices. For example, 
in reference to FIG. 4 a 32 bit standard computer system the 
ratio of eNodes for IOH 420 is as follows: PCI-PCI bridge 
bus 422 is (4 gig-1 meg)/240 meg, VxB bus 424 is (4 gig-1 
meg)/64 meg, and PCI-PCI bridge bus 422 is (4 gig-1 
meg)/12 meg, therefore, eDIM 310 will preferably allocate 
in the following order 240 meg of resources to PCI-PCI 
bridge bus 422, 64 meg of resources to VxB bus 424, and 12 
meg of resources to PCI-PCI bridge bus 422. Further, 
PCI-PCI bridge bus 422 240 meg of resources will be further 
allocated between SCSI device 423 and SCSI device 425. 
The ratio is as follows: (4 gig-1 meg)/64 meg for I/O space 
resources for SCSI device 423 (4 gig-1 meg)/64 meg for 
I/O space resources for SCSI device 425, (4 gig-1 meg)/16 
meg for memory resources for SCSI device 423, and (4 
gig-1 meg)/8 meg for memory resources for SCSI device 
425, therefore, eDIM 310 will allocate in the following order 
64 meg for I/O space resources for SCSI device 423, 64 meg 
for I/O space resources for SCSI device 425, 16 meg for 
memory resources for SCSI device 423, and 8 meg for 
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memory resources for SCSI device 425. Further, PCI device 
421 12 meg of resources will be further allocated between 
memory and I/O space. The ratio is as follows: (4 gig-1 
meg)/8 meg for I/O space resources for PCI device 421, and 
(4 gig-1 meg)/4 meg for memory resources for SCSI device 
423 therefore, eDIM 310 preferably will allocate in the 
following order 8 meg for I/O space resources and 4 meg for 
memory resources for PCI device 421. If there is more than 
one eNode with the same ratio, then eDIM 310 will allocate 
resources to the first device or eNode found in the list. Note, 
when child is requesting resources the child can try to define 
the memory address range in which it will be allocated. This 
ratio should never drop below one. Since, the resource list is 
sorted by size the largest eNodes should be allocated 
resources before the smaller eNodes resulting in the most 
efficient use of resources. 

Efficient Resource Management 

0104 For example, in Step 590 of FIG.4, the resource 
allocation for Root Bus 410 is as follows. Root Bus 410 
children requested 316 meg of memory and I/O space 
resources. Root bus 410 is coupled to IOH420 and IOH 430. 
Since, in this example, IOH 430 and its children did not 
request any memory and I/O space resources the entire 316 
meg of memory and I/O space resources is allocated to IOH 
420. Since, the children of IOH 420 did not request a range 
as its resource allocation IOH 420 allocates memory and I/O 
space resources requirements by size. In this example PCI 
PCI bridge bus 422 requested 152 meg of memory and I/O 
space resources or 152 meg of the 316 meg, therefore, 
PCI-PCI bridge bus 422 receives the top 152 meg of 
memory and I/O space resources from IOH 420. IOH 420 
next looks to the resource list, which is ordered by size, for 
the next bus or device to allocate resources. Since VxB 424 
requested 64 meg memory and I/O space resources or 64 
meg of the 316 meg, VxB 424 receives the next 64 meg 
resources from IOH 420. Since PCI device 421 requested 4 
and 8 meg of memory and I/O space resources or 12 meg of 
the 316 meg, PCI device 421 receives the next 8 and the next 
4 meg of resources from IOH 420. PCI-PCI bridge bus 422 
is coupled to SCSI devices 423 and 425. SCSI devices 423 
and SCSI devices 425 each requested 64 meg of I/O space 
resources or 64 meg of the 152 meg. Since each requested 
the same ratio of resources the PCI-PCI bridge bus 422 
allocates to the first device or bus in the resource list. 
Therefore, PCI-PCI bridge bus 422 allocates 64 meg of 
resources to SCSI devices 423 first since SCSI devices 423 
is first in the resource list. Next, PCI-PCI bridge bus 422 
allocates the next 64 meg of resources to SCSI devices 425. 
Since SCSI devices 423 requested 16 meg of memory space 
resources or 16 meg of the 152 meg, PCI-PCI bridge bus 422 
allocates the next 16 meg to SCSI devices 423. Since SCSI 
devices 425 requested 8 meg of memory space resources or 
8 meg of the 152 meg, PCI-PCI bridge bus 422 allocates its 
next 8 meg to SCSI devices 423. Finally, VxB 424 allocates 
its resources however the VxB 424 bus protocol allocates 
SOUCS. 

0105 el IM can be configured with a customized set of 
eDrivers providing Support for pre-configured or closed 
platform configuration. This pre-set resource allocation 
scheme allows the BIOS to support pre-configured or closed 
systems where there is no need for device enumeration and 
resource allocation in every boot. 
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Option ROM 
0106 Option ROMs preferably are programs that provide 
software functionality for a particular type of hardware or 
eNode. If an eNode has an option ROM then it has to make 
a special type of memory request. The rules of the archi 
tecture determine the method for allocating memory space 
that is needed for the option ROMs. In the current legacy 
computer systems, the architecture is PCI so all option 
ROMs must have memory space allocated to the device 
under 1 Meg, between the address spaces of 0xC0000 
OXFOOOO. 

0107 The enumeration process, in step 570, works the 
same way that enumeration does for non-Option ROM 
memory requests. However, the allocation process is not 
performed during step 590, since the option ROMs require 
other functionality, thus, the option ROMs are allocated 
resources by eLDIM as a second entry through step 590 later 
when the system is ready to initialize the devices or eNodes. 
The reason for this is the option ROMs has an initialization 
size and a runtime size. The runtime size is less than or equal 
to the initialization size and so the system can free some or 
all of the memory allocated to the device for its Option 
ROM. Because of this unique shrinking of needed resource 
size, the resource allocation process can be more efficient 
because it will not be left with large gaps between the 
allocated spaces. During option ROM resource allocation, 
step 590 allocates resources for a specific option ROM, 
copies the vendor or original equipment manufacture code to 
the allocated resource area, and then passes control to the 
code. Upon return of control to eDIM the resource allocation 
may have shrunk. eIDIM adjust the resource allocation for 
such option ROM and then moves on to allocate the next 
option ROM. 
Bridge Hopping 
0108. At the early stages of the PC evolution, there were 
only a few different I/O bus types such as ISA, EISA, PCI 
etc. In addition, most legacy computer systems operated 
using the same type of I/O bus, such as ISA. However, as 
computer systems have become increasingly more compli 
cated these systems demand faster buses, such as PCI-X, 
PCI Express, HyperTransport, InfiniBand, VxB, etc. Com 
puter systems with new types of I/O buses need to support 
and maintain compatibility with legacy types of I/O buses. 
To do this, manufacturers included bridge devices that 
switch signals/data from one type of I/O bus architecture to 
another. This technique is called “Bridge Hopping. The 
resource requirement and resources Supported for each I/O 
bus varies. For example, ISA bus includes features such as 
direct memory access (DMA) channel whereas PCI does not 
have such a feature or resource. This feature or resource 
requirement has to be properly handled by the configuration 
software. Regarding enumeration (step 580), the bridge 
device represented by its eNode must be able to locate the 
device within new architecture such as a new I/O bus and it 
must be able to understand and consolidate resource requests 
by its child eNodes and translate the resource requests to a 
form that the parent architecture can understand. Regarding 
allocation (step 590), the bridge device represented by its 
eNode must be able to translate the resource allocation and 
program its child devices according to said resource alloca 
tion. 

0109 Bridge hopping is a term used to describe the 
transition of a call from one bus architecture to a second and 
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different bus architecture, such as from PCI bus to the VXB 
bus. To make this transition there must be a device between 
the two that is called a bridge. This bridge has the capability 
of translating and understanding calls on both I/O bus 
architectures. In eDIM, the bridge device preferably under 
stands how to enumerate and allocate resources to the 
devices that exist beneath it as child nodes. 

0110. In addition, the bridge preferably can recognize a 
call coming from one I/O bus for access to one of the its 
child devices on another I/O bus as well as calls from one of 
its child eNodes back across its I/O bus through the bridge 
device and to a parent eNode on the other I/O bus by 
seamlessly converting the call from one bus architecture to 
another. 

Debugging 
0111. The eDIM debugging and error logging system is 
preferably based on a level of severity. Different types of 
messages can be displayed in relation to the debugging 
index that is defined at compile time. The range of severity 
for displaying messages changes from no messages, debug 
ging turned off, to informational messages, debugging 
turned on and the debug level is set between level 0 to level 
7. Examples of informational messaging include stating a 
device type has been found or the device tree has been fully 
enumerated. As the debug level increases, more information 
should become available to the user, eDIM preferably uses 
this system to collect system information and display that 
information. This can get as detailed as the value of variables 
and execution paths during testing. 
eDIM preferably defines the different levels of debugging 
messages for an eNode as follows: 
0112 0 No debug information 
0113 1—3: Defines basic control flow information 
0114. 4 Resource allocation information i.e., what 
type of memory and I/O space resources are requested by 
the eNode 

0115) 5 Mid level control flow information 
0116 6 Detailed control flow information 
0.117 7. Highest level of debug information displayed— 
calculated values, function pointer addresses. 

North Bridge and South Bridge code separation 

0118 Separation of north and south bridge code is pref 
erably accomplished by grouping chipset functionality into 
specific edrivers. This separation allows different eNodes to 
be supported by one eldriver, eDIM will still contain the 
generic edrivers, but when an eNode is detected within the 
South Bridge then the Report Confidence of the South 
Bridge eDriver will return high and eDIM has classified a 
bus specific driver. The North Bridge has the same func 
tionality. 
0119). In addition, separation of north and south bridge 
code preferably allows the system engineer to Support new 
eNodes and systems. By separating the north and South 
bridge code the eDIM provides modularity in that if the 
system has a new north bridge and the same South bridge, 
then the same south bridge edriver continues to be used. The 
new north bridge requires a new edriver to be created. 
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Hot Plugging Support 
0120) The eDriver that supports hot plugging will provide 
a callback function that will Support the needed hot plugging 
functions. Before a card can be hot plugged, the system must 
be notified that hot plugging Support is needed. Hot plugging 
support causes a series of function calls that eDIM will 
initiate, including calling the hot plug eDriver and providing 
the services necessary to complete the hot plugging opera 
tion. 

0121 The foregoing description and drawings comprise 
illustrative embodiments of the present invention. Having 
thus described exemplary embodiments of the present inven 
tion, it should be noted by those skilled in the art that the 
within disclosures are exemplary only, and that various other 
alternatives, adaptations, and modifications may be made 
within the scope of the present invention. Merely listing or 
numbering the steps of a method in a certain order does not 
constitute any limitation on the order of the steps of that 
method. Many modifications and other embodiments of the 
invention will come to mind to one skilled in the art to which 
this invention pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated 
drawings. Although specific terms may be employed herein, 
they are used in a generic and descriptive sense only and not 
for purposes of limitation. Accordingly, the present inven 
tion is not limited to the specific embodiments illustrated 
herein, but is limited only by the following claims. 
What is claimed is: 

1. A method of initializing BIOS (basic input/output 
system) POST (power on self test) of a device within a 
computer system, said method comprising the step of 
calling a modularized enhanced device initialization man 
ager (eIDIM) to perform a set of BIOS initialization instruc 
tions. 

2. The method of claim 1, wherein said eDIM further 
comprises the step of building a driver list for the devices of 
the system. 

3. The method of claim 2, wherein said eDIM further 
comprises the step of classifying each driver into a group 
consisting of device/bus specific, class specific, or generic 
driver classification. 

4. The method of claim 1, wherein said eDIM further 
comprises the step of initializing a configuration manager. 

5. The method of claim 1, wherein said eDIM further 
comprises the step of initializing a resource manager. 

6. The method of claim 1, wherein said eDIM further 
comprises the step of allocating a root bus. 

7. The method of claim 1, wherein said eDIM further 
comprises the step of locating a driver for root bus in said 
driver list. 

8. The method of claim 1, wherein said eDIM further 
comprises the step of preparing entry points for said root 
bus. 

9. The method of claim 1, wherein said eDIM further 
comprises the step of enumerating said root bus. 

10. The method of claim 1, wherein said eDIM further 
comprises the step of allocating resources to said root bus. 

11. A method of performing a modularized set of BIOS 
initialization instruction of a device within a computer 
system, said method comprising the steps of: 

a) building a driver list for a device of a system; 
b) initializing a configuration manager; 
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c) initializing a resource manager; 
d) allocating a root bus; 
e) locating a driver for said root bus in said driver list; 
f) preparing the entry points of said root bus; 
g) enumerating said root bus; and 
h) allocating resources to said root bus. 
12. The method of claim 11, wherein said step of enu 

merating said root bus further comprises the step of recur 
sively enumerating each eNode coupled to said root bus. 

13. The method of claim 11, wherein said step of allo 
cating resources to said root bus further comprises the step 
of recursively allocating resources to each eNode coupled to 
said root bus. 

14. A computer system comprising: 
a) a central processing unit (CPU) having registers asso 

ciated therewith and functioning for executing a basic 
input/output system (BIOS); 

b) a read-only memory (ROM) in circuit communication 
with said CPU and containing BIOS code executable 
on said CPU: 

c) a random access memory (RAM) in circuit communi 
cation with said CPU, wherein said CPU, ROM, RAM 
and BIOS being configured to: 

build a driver list for a device of a said system; 
initialize a configuration manager; 
initialize a resource manager; 
allocate a root bus; 
locate a driver for said root bus in said driver list; 
prepare the entry points of said root bus; 
enumerate said root bus; and 
allocate resources to said root bus. 
15. A computer system according to claim 14 further 

comprising isolated code sections that perform specific 
functions. 

16. A computer system according to claim 14 further 
comprising Subroutines that Support specific hardware 
devices. 

17. A computer system according to claim 14 further 
comprising Support for IA64 and IA32 platform architec 
tures. 

18. A computer system according to claim 14 further 
comprising support for full BIOS modularity facilitating the 
removal or addition of support for a device. 

19. A computer system according to claim 14 further 
comprising Support for legacy free and legacy platform 
architecture. 

20. A computer system according to claim 14 further 
comprising Support bridge hopping. 

21. A computer system according to claim 14 further 
comprising Support option ROMs. 

22. A computer system according to claim 14 further 
comprising Support for separate north and South bridge code. 

23. A computer system according to claim 14 further 
comprising resource and error logging. 

k k k k k 
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