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(57) ABSTRACT 

The BIOS of a multiple processor system passes partial 
control to the operating system following an abbreviated 
poWer-on initialization. The BIOS program retains control 
of one or more processors and any memory that Was untested 

during poWer-on. While the operating system is loaded and 
the system is operational, the BIOS program tests the 
retained memory. The BIOS program then relinquishes 
control of the retained memory and processor(s) during 
runtime to the operating system. 
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MULTI-STAGED BIOS-BASED MEMORY TESTING 

BACKGROUND 

[0001] This invention relates to basic input/output systems 
(BIOS) programs and, more particularly, to improved 
memory testing. 

[0002] In a processor-based system, poWering on the sys 
tem is commonly knoWn as a “boot” process. The boot 
process is performed by a program, usually located in a 
read-only memory (ROM) or ?ash memory of the processor 
based system. The ROM/?ash program includes a softWare 
program knoWn as the basic input/output system, or BIOS. 
The BIOS program executes commands such that the vari 
ous circuitry of the processor-based system may be initial 
iZed. The BIOS program also includes functions that may be 
used by softWare, including operating systems, for commu 
nicating With different devices in the processor-based sys 
tem. 

[0003] Upon receiving poWer to the processor-based sys 
tem, the BIOS program immediately begins execution. The 
BIOS performs initialiZation functions, such as detecting 
and testing the memory, the display, the non-volatile media, 
such as hard disk and ?oppy disk drives, and so on. In some 
systems, an abbreviated poWer-on, or “quick-boot,” may be 
available, Which may test some, but not all circuitry. 

[0004] Once the BIOS program completes initialiZation 
and testing of the system, control is typically transferred to 
an operating system, usually located on the hard disk drive. 
Once the operating system gains control of the processor 
based system, all run-time operations, including any execu 
tion of application programs, are controlled by the operating 
system. The operating system may or may not utiliZe the 
BIOS functions in communicating With the hardWare of the 
processor-based system. 

[0005] Typically, the BIOS program performs minimal 
system initialiZation, folloWed by memory siZing, error 
correcting code (ECC) memory ?lling if required, and 
varying levels of memory testing. Once the memory is 
deemed sound by the program, the remainder of the system 
is initialiZed. Only after all these memory-related tasks are 
complete Will the BIOS program transfer control of the 
system, including processors, memory, and input/output 
(I/O), to the operating system. This serial approach to 
initialiZation results in delays before the system is available 
for runtime operation. 

[0006] The current memory technology alloWs for very 
inexpensive processor-based systems to nevertheless 
include a large amount of memory. These very large memory 
arrays may create signi?cant delay during system initialiZa 
tion. Exhaustive tests on large amounts of memory may take 
10, 20, or even 30 minutes to complete. Where the memory 
is tested in the BIOS, the system is required to be “off-line” 
during the memory testing. 

[0007] Thus, there is a continuing need to quickly boot an 
operating system on a processor-based system While still 
performing a thorough test of the memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram of a system according to 
one embodiment of the invention; 
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[0009] FIG. 2 is a state diagram illustrating operation of 
the BIOS according to one embodiment of the invention; 

[0010] FIG. 3 is a ?oW diagram illustrating operation of 
the system according to one embodiment of the invention; 

[0011] FIG. 4 is a ?oW diagram illustrating hoW the BIOS 
passes partial control to the operating system according to 
one embodiment of the invention; 

[0012] FIG. 5 is a ?oW diagram illustrating parallel opera 
tion betWeen the BIOS and operating system programs 
according to one embodiment of the invention; 

[0013] FIG. 6 is a ?oW diagram illustrating operation of 
the operating system according to one embodiment of the 
invention; and 

[0014] FIG. 7 is a functional block diagram of a system 
according to one embodiment of the invention. 

DETAILED DESCRIPTION 

[0015] In FIG. 1, according to one embodiment, a system 
100 includes tWo or more processors 10. The processors 10 
may include the PENTIUM® family of processors and the 
80x86 families of processors from Intel Corporation, as 
examples. 
[0016] The system 100 further includes a memory 20 that 
may be divided into portions. The memory 20 may include 
random access memory (RAM), dynamic random access 
memory (DRAM), synchronous DRAM (SDRAM), static 
ram (SRAM), or Rambus® DRAM (RDRAM), as 
examples. 

[0017] In one embodiment, softWare for both poWer-on 
and run-time operation of the system 100 are included. A 
BIOS program 14 executes as the system 100 receives 
poWer. As explained above, the BIOS program 14 performs 
initialiZation and testing of components Within or connected 
to the system 100. Such components may include video and 
audio devices, mass storage media, keyboard and mouse 
circuitry, serial and parallel ports, memory, and so on. 

[0018] In one embodiment, the BIOS program 14 resides 
in a storage 12 such as a read-only memory (ROM). In a 
second embodiment, the storage 12 is a ?ash memory 
device. In other embodiments, a different poWer-on program 
that is not BIOS-based may be utiliZed in performing the 
operations described herein. 

[0019] For run-time operation, the system 100 further 
includes an operating system program 16. In one embodi 
ment, the operating system program 16 resides in a non 
volatile storage device 18, such as a hard disk drive or 
compact disk (CD) ROM. In a second embodiment, the 
operating system program 16 does not reside on the system 
100. Instead, the system 100 is accessible to a netWork (not 
shoWn) by a netWork interface card 26. Once the netWork 
connection is made, the operating system softWare 16 may 
be doWnloaded to the system 100. 

[0020] In one embodiment, the BIOS program 14 retains 
control of a portion of the system 100 instead of relinquish 
ing full control of the system 100 to the operating system 16. 
This enables the BIOS program 14 to minimally con?gure 
and test the system 100 such that the operating system may 
be “booted” more expeditiously. Further, the portion of the 
system that Was not relinquished to the operating system 16 
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may be fully initialized and tested during runtime, e.g., after 
the system 100 is fully capable. 

[0021] Accordingly, in FIG. 1, the processor 10a is 
deemed a “retained” processor, e.g., that processor that is 
retained by the BIOS program 14. The processor 10b is 
known as a “relinquished” processor, as one relinquished to 
the operating system 16 by the BIOS program 14. More than 
one processor 10a may be retained and more than one 
processor 10b may be relinquished. Like the processors 10, 
the memory 20 may be divided into retained memory 
portion 20a and relinquished memory portion 20b. 

[0022] In one embodiment, the system 100 further 
includes a con?guration table 22, Which is accessible to both 
the BIOS program 14 and the operating system program 16. 
The con?guration table 22 includes information about 
resources Within and connected to the system 100. In par 
ticular, the con?guration table 22 supplies the operating 
system 16 With the amount of memory 20 available in the 
system 100 as Well as the number and type of processors 10. 

[0023] Typically, the BIOS of a processor-based system 
performs initialiZation of system components, including 
memory. Memory initialiZation may include siZing the 
memory, ECC ?lling, and various forms of memory testing. 
Only after these tasks are complete Will the BIOS transfer 
control of the system, including processors, memory, and 
input/output (I/O) to. the operating system. Particularly 
Where the system has large amounts of memory, this serial 
approach to initialiZation delays runtime use of the system. 

[0024] Recently, hardWare, softWare, and operating sys 
tem technologies have evolved to alloW systems to “hot 
add,”“hot remove,” and “hot replace” system components. 
Using such technology, processors and memory, for 
example, may be added and removed While a system is 
running. 

[0025] For example, under the Advanced Con?guration 
and PoWer Interface (ACPI) Speci?cation, processors may 
be ejected or dynamically inserted into a system during 
runtime operation. Likewise, other hardWare, such as 
memory, may be “hot added” or “hot removed.” The ACPI 
Speci?cation, revision 2.0, Was published by a consortium 
(Compaq Computer Corporation, Intel Corporation, 
Microsoft Corporation, Phoenix Technologies, Ltd., and 
Toshiba Corporation), on Jul. 27, 2000. 

[0026] In one embodiment, the system 100 has the ability 
to dynamically add resources to and remove resources from 
the system 100 during runtime operation. In one embodi 
ment, the BIOS program 14 and the operating system 16 
implement the dynamic addition or removal of resources 
according to the ACPI Speci?cation, Revision 2.0. Under 
ACPI, the addition of a device to the system 100 causes an 
interrupt to be sent to the operating system 16. 

[0027] The operating system 16 is then informed, through 
an interpreted language, knoWn as ACPI Source Language, 
or ASL, of the additional device. Brie?y, the ASL language 
includes device and method constructs, Wherein the device 
construct identi?es the device being added (e.g., processor, 
memory) and the method construct describes attributes of 
the device. Thus, in one embodiment, the operating system 
16 determines the basis for the interrupt using the ASL code. 
From this information, the operating system 16 may locate 
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the device. In addition to memory or processor, the device 
may be a storage, a netWork interface card, and so on. 

[0028] Using this dynamic add and remove capability, 
according to one embodiment, the BIOS program 14 relin 
quishes control of less than all resources s of the system 100 
to the operating system program 16. Instead, the BIOS 
program 14 retains control of one or more processors, such 
as the processor 10a, so that the BIOS program 14 may 
continue executing after the operating system program 16 
has been loaded and executed. 

[0029] By retaining one or more processors 10 the BIOS 
program 14 may execute simultaneously With the operating 
system program 16, each using distinct processors 10. In 
other Words, the BIOS program 14 may use the retained 
processor(s) 10a While the operating system 16 uses the 
relinquished processor(s) 10b. 

[0030] The retained processor(s) 10a and the relinquished 
processor(s) 10b is share resources in the system 100, 
including the memory 20. Accordingly, arbitration betWeen 
the tWo or more processors 10 for control of system 
resources is handled just as in any system employing mul 
tiple processors that execute simultaneously. In one embodi 
ment, a North Bridge controller is used to arbitrate betWeen 
the use of system resources (see FIG. 7). 

[0031] Further, in one embodiment, the BIOS program 14 
retains a portion of the memory 20 (retained memory 20a) 
While relinquishing control of the remainder of the memory 
20 (relinquished memory 20b) to the operating system 16. In 
one embodiment, the relinquished memory 20b includes 
enough of the total memory 20 to enable the system 100 to 
be fully functional. As Will be shoWn, beloW, the BIOS 
program 14 initialiZes and tests the retained memory 20a. 

[0032] FolloWing the memory test, the retained memory 
20a may be released to the operating system 16, or, in other 
Words, become relinquished memory 20b. 

[0033] In one embodiment, the BIOS program 14 releases 
the memory 20 in stages, e.g., tests a ?rst portion of retained 
memory 20a, releases the ?rst portion, tests a second portion 
of retained memory 20a, releases the second portion, tests a 
third portion of retained memory 20a, releases the third 
portion, and so on. In a second embodiment, the BIOS 
program 14 tests all the retained memory 20a ?rst, then 
releases the retained memory 20a to the operating system 
16. 

[0034] LikeWise, in one embodiment, the BIOS program 
14 releases the processors 10 once their use is exhausted. 
Where the retained processors 10a include multiple proces 
sors, each testing multiple portions of memory 20a in 
parallel, a retained processor 10a may be released to the 
operating system 16 once memory testing for the associated 
memory 20a is complete. Alternatively, the BIOS program 
14 may release all the retained processors 10a to the 
operating system 16 simultaneously, folloWing completion 
of the testing of all the retained memory 20a. 

[0035] In FIG. 2, a state diagram depicts the operation of 
the BIOS program 14, according to one embodiment. 
Assume the BIOS program 14 is executing on a retained 
processor 10a in order to test retained memory portion 20a. 
The BIOS program 14 initialiZes and tests a portion of the 
retained memory 20a (state 50). Once the test is complete, 
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the BIOS program 14 relinquishes control of the retained 
memory portion 20a to the operating system 16 (state 52). 

[0036] Where additional retained memory 20a is available 
for testing, the BIOS program 14 may perform another 
initialiZation and test (state 50). Once the initialiZation and 
testing of the retained memory 20a is complete, the BIOS 
program 14 may relinquish control of the retained processor 
10a to the operating system 16 (state 54). 

[0037] Where the processor 10a, is the last processor 
retained by the BIOS program 14, total control of the system 
100 has been relinquished to the operating system 16. 
HoWever, Where the BIOS program 14 retains additional 
processors 10a, additional initialiZation and testing of the 
remaining retained memory 20a may still be pending, as 
indicated by the dotted line in the state diagram of FIG. 2. 

[0038] Although the memory 20 may take a long time to 
initialiZe and test, the BIOS program 14 may retain other 
resources in order to eXpedite runtime use of the system 100. 
Depending on the resources retained, the runtime operation 
of the system 100 may be limited to feWer than all the 
operations for Which the system 100 is capable. For some 
operating environments, hoWever, the tradeoff in runtime 
capability is Well Worth the eXpedited availability of runtime 
operation. 
[0039] In FIG. 3, a How diagram illustrates operation of 
the BIOS program 14, according to one embodiment, in 
preparing to pass partial control of the system 100 to the 
operating system 16. The BIOS program 14 performs mini 
mal system initialiZation (block 202). The amount and type 
of system initialiZation performed may be system-depen 
dent. In one embodiment, the minimal system initialiZation 
includes initialiZation and testing of all processors 10, both 
retained 10a and relinquished 10b, in the system 100. In a 
second embodiment, all system resources are initialiZed and 
tested eXcept the retained memory 20a. 

[0040] The BIOS program 14 further identi?es a minimum 
amount of memory 20 that is to be passed to the operating 
system 16 (block 204). In one embodiment, the minimum 
amount of memory 20 is the amount of relinquished memory 
20b. The relinquished memory 20b is then initialiZed and 
tested (block 206) so that it may be passed on to the 
operating system 16. The BIOS program also initialiZes the 
remainder of the system 100 (block 208). Once the partial 
system is initialiZed an tested, control is passed to the 
operating system 16 (block 210). 
[0041] In FIG. 4, a How diagram illustrates hoW the BIOS 
program 14 passes partial control of the system 100 to the 
operating system 16, according to one embodiment. The 
BIOS program 14 determines Which and hoW many proces 
sors 10 to retain (block 222), e.g., not pass on to the 
operating system 16. The BIOS program 14 also decides 
hoW much of the memory 20 to retain (block 224). Such 
determinations may be based upon the system capability, the 
environment in Which the system operates, and other factors. 

[0042] The BIOS program 14 updates the con?guration 
table 22, Which is accessible to the operating system 16 
(block 226). In one embodiment, the con?guration table 22 
includes ?elds for specifying the number of processors 10, 
along With identifying features for each processor. The 
con?guration table 22 also indicates the amount of memory 
20 in the system, as Well as the type of memory and other 
con?guration information. 
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[0043] In one embodiment, the number of processors 10 
and the amount of memory 20 listed in the con?guration 
table 22 is less than the number of processors in the system 
100. Instead, the con?guration table 22 re?ects the number 
of relinquished processors 10b and the amount of relin 
quished memory 20b(e.g., the number of processors 10b and 
the amount of memory 20b to be relinquished to the oper 
ating system 16). In essence, the BIOS program 14 is lying 
to the operating system 16. By identifying only the system 
resources that are to be relinquished to the operating system 
16, the BIOS program 14 may retain some resources for its 
oWn use. 

[0044] Next, according to one embodiment, the BIOS 
program 14 ?nds the image of the operating system 16 
(block 228). The image may reside on the system 100, such 
as in the non-volatile storage 18, a compact disk (CD) 
read-only memory (ROM), or other magnetic medium. Or, 
the image may be retrievable to the system 100, such as by 
doWnloading the image over a netWork. Once the operating 
system 16 image is found, in one embodiment, the image is 
loaded into a portion of the relinquished memory 20b (block 
230). 
[0045] According to one embodiment, the BIOS program 
14 jumps to an entry point in the image (block 232), Which 
commences the eXecution of the operating system 16. The 
BIOS program 14, hoWever, continues to run on one of the 
retained processors 10a of the system 100. 

[0046] In FIG. 5, the parallel operation of the BIOS 
program 14 and the operating system 16 is illustrated in a 
How diagram. In one embodiment, the parallel operations 
begin When the BIOS program 14 jumps to an entry point in 
the image (block 232 of FIG. 4). Because the BIOS program 
14 retains one or more processors 10a, the BIOS program 14 
may continue eXecuting. 

[0047] In the sequence of FIG. 5, the BIOS program 14 
retains only one processor 10. Accordingly, the How diagram 
depicts tWo parallel threads: one for the BIOS program 14 
and one for the operating system. HoWever, Where the BIOS 
program 14 retains more than one processor, additional 
BIOS program 14 threads may operate simultaneously in 
testing the retained memory 20a of the system 100. 

[0048] In one embodiment, the BIOS program 14 detects 
the retained memory 20a (block 240) and divides the 
retained memory 20a into portions (block 242). Aportion of 
the memory 20a is initialiZed and tested (block 244). In one 
embodiment, once the testing is complete, the portion is 
relinquished to the operating system 16 (block 246). 

[0049] The BIOS program 14 determines Whether more 
retained memory 20a is present in the system 100 (diamond 
248). If so, another portion of the retained memory 20a is 
initialiZed and tested (block 244). OtherWise, the retained 
processor 10a is relinquished to the operating system 16 
(block 250). 
[0050] While the BIOS program 14 is testing the retained 
memory 20a, the operating system 16 may perform its oWn 
system initialiZation (block 260). The primary system ser 
vices become available (block 262), alloWing the system 
100 to be fully utiliZed for runtime operation. 

[0051] In one embodiment, to relinquish control of the 
processor 10 or the memory 20, the BIOS program 14 sends 
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an interrupt to the operating system 16. The ACPI speci? 
cation, revision 2.0, de?nes methods and events that allow 
the BIOS program 14 to communicate With the operating 
system 16. The operating system 16 invokes an interpreted 
language, such as ASL, that alloWs the operating system 16 
to identify the source of the interrupt: the addition of a neW 
processor to the system. In one embodiment, the operating 
system 16 receives the retained processor 10a in accordance 
With the ACPI speci?cation, revision 2.0. 

[0052] In FIG. 6, according to one embodiment, the 
operating system 16 begins execution once the BIOS pro 
gram 14 has jumped to the operating system entry point 
(block 232 of FIG. 4). The operating system 16 identi?es 
system components by reading the con?guration table 22 
(block 282). From the system resource information identi 
?ed in the con?guration table 22, the operating system 16 
initialiZes the system components (block 284). For some 
devices, the initialiZation may include testing operations. 
[0053] The operating system 16 is fully operational, to the 
eXtent that system devices Were made available to the 
operating system 16 by the BIOS program 14. HoWever, the 
BIOS program 14 may retain some system devices and 
perform operations simultaneously With the running of the 
operating system 16, as described, above. Where the BIOS 
program 14 is ready to relinquish the retained devices, in one 
embodiment, the BIOS program 14 sends an interrupt to the 
operating system 16 (block 286). 
[0054] In addition to interrupting the operating system 16, 
the operating system 16 is informed of the neWly relin 
quished device or devices. In one embodiment, the operating 
system 16 is informed by receiving ACPI constructs (e.g., 
methods), Written in ASL, from the BIOS program 14. These 
constructs supply information about the neW device(s) to the 
operating system 16. Accordingly, the operating system 16 
may determine What neW circuitry is being relinquished 
(block 288). These steps (284, 286, and 288) may repeat 
until the BIOS program 14 has released all retained 
resources. 

[0055] One bene?t of the operations described herein is 
the reduction of system doWntime, in some embodiments. 
By testing the memory 20 in multiple stages, the operating 
system 16 gains control of the system 100 sooner that if all 
the memory 20 Was initialiZed and tested. The doWntime 
savings may be signi?cant, particularly Where the system 
100 includes a substantial amount of memory 20. Some 
large systems, for eXample, may take tWenty to thirty 
minutes to boot. 

[0056] A second bene?t of these operations is the identi 
?cation of memory errors, due to the thorough testing of the 
memory 20 by the BIOS program 14 after the operating 
system 16 is loaded. Some prior art system avoid the lengthy 
boot process by running faster memory tests. Unfortunately, 
these faster tests are often less effective and enable more 
memory errors to escape unnoticed. By instead utiliZing a 
staged memory test, more exhaustive memory testing may 
be performed Without compromising the availability of the 
system for runtime use. 

[0057] In FIG. 7, according to one embodiment, a func 
tional block diagram of the system 100 includes three 
processors 10a, 10b and 10c connected to a host bus 62. The 
host bus 72 may be an Intel PENTIUM® PRO bus, as one 
eXample. (“See the Pentium Pro Processor Speci?cation,” 
update release May 1998.) 
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[0058] In one embodiment, the system 100 also includes a 
secondary bus 64. Illustrative secondary buses include the 
Universal Serial Bus and Peripheral Component Intercon 
nect buses. (See the “Universal Serial Bus (USB) Speci? 
cation,” revision 1.0, January 1996; and the “Peripheral 
Component Interconnect (PCI) Speci?cation, revision 2.15, 
is available from The PCI Special Interest Group, Portland, 
Oreg. 97214.) Coupled betWeen the host bus 62 and the 
secondary bus 64, in one embodiment, is a North Bridge 60. 
The North Bridge 60 is a multiple function element that 
operates as a bridge betWeen the buses 62 and 64. In one 
embodiment, the North Bridge 60 includes a memory con 
troller. The North Bridge 60 also performs arbitration 
betWeen requests from each of the processors 10a, 10b and 
10c for system resources. 

[0059] One of the arbitrated resources in the system 100 is 
the memory 20 that is connected to the North Bridge 60. In 
one embodiment, the North Bridge 60 also supports the 
ROM 12, for storing the BIOS program 14. The system 100 
further includes a non-volatile storage 18, such as for storing 
the operating system 16. Alternatively, the operating system 
16 may be doWnloaded to the system 100 from a netWork. 
A netWork interface card (NIC) 26 is connected to the 
secondary bus 64, in one embodiment. 

[0060] While the present invention has been described 
With respect to a limited number of embodiments, those 
skilled in the art Will appreciate numerous modi?cations and 
variations therefrom. It is intended that the appended claims 
cover all such modi?cations and variations as fall Within the 
true spirit and scope of this present invention. 

1. A method comprising: 

passing control of at least one portion of a processor 
based system to an operating system loaded on the 
processor-based system; and 

retaining control of a second portion of the processor 
based system by a poWer-on program. 

2. The method of claim 1, further comprising: 

running both the poWer-on program and the operating 
system program simultaneously. 

3. A method comprising: 

passing control of at least one portion of a processor 
based system to an operating system loaded on the 
processor-based system; and 

retaining control of a second-portion of the processor 
based system by a poWer-on program, 

retaining control of a second portion of the processor 
based system further compromising retaining control of 
at least one processor of a plurality of processors. 

4. The method of claim 2, further comprising: 

retaining a portion of a memory by the poWer-on program; 
and performing memory operations on the retained 
portion of the memory by the poWer-on program While 
the operating system is running. 

5. A method comprising: 

passing control of at least one portion of a processor 
based system to an operating system loaded on the 
processor-based system; 
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retaining control of a second portion of the processor 
based system by a poWer-on program; 

running both the poWer-on program and the operating 
system program simultaneously; 

retaining a portion of a memory by the poWer-on program; 
performing memory operations on the retained portion 
of the memory by the poWer-on program While the 
operating system is running; 

relinquishing a second portion of the memory to the 
operating system; and 

performing memory operations on the relinquished por 
tion of the memory by the operating system While the 
poWer-on program is running. 

6. A method comprising: 

passing control of at least one portion of a processor 
based system to an operating system loaded on the 
processor-based system; 

retaining control of a second portion of the processor 
based system by a poWer-on program; 

running both the poWer-on program and the operating 
system program simultaneously; 

retaining a portion of a memory by the poWer-on program; 

performing memory operations on the retained portion of 
the memory by the poWer-on program While the oper 
ating system is running; 

performing memory operations on the retained portion of 
the memory by the poWer-on program While the oper 
ating system is running further comprising: 

initialiZing the retained portion of memory; and 

testing the retained portion of memory. 
7. The method of claim 3, retaining control of at least one 

processor of a plurality of processors further comprising: 

identifying the plurality of the processors available to the 
system in a table readable by the operating system; 

notifying the operating system that the plurality of the 
processors are available; and 

declining to include the at least one processor in the table. 
8. The method of claim 7, running both the poWer-on 

program and the operating system simultaneously further 
comprising: 

executing the poWer-on program by the at least one 
processor of the plurality of processor; and 

executing the operating system by a second processor, 
Wherein the second processor is identi?ed by the table. 

9. A system comprising: 

a ?rst storage to store a poWer-on program; 

a second storage to store an operating system; 

a ?rst element controlled by the operating system; and 

a second element controlled by the poWer-on program. 
10. The system of claim 9, Wherein the ?rst element is a 

?rst processor and the poWer-on program eXecutes on the 
?rst processor. 
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11. The system of claim 10; Wherein the second element 
is a second processor and the operating system eXecutes on 
the second processor. 

12. A system comprising: 

a ?rst storage to store a poWer-on program; 

a second storage to store an operating system; 

a ?rst element controlled by the operating system; 

a second element controlled by the poWer-on program, 

Wherein the ?rst element is a ?rst processor and the 
poWer-on program eXecutes on the ?rst processor, 

Wherein the second element is a second processor and the 
operating system eXecutes on the second processor, and 

a con?guration table accessible to both the poWer-on 
routine and the operating system to identify the ?rst 
element. 

13. The system of claim 9, Wherein the ?rst element is a 
?rst portion of a memory. 

14. The system of claim 13, Wherein the second element 
is a second portion of the memory. 

15. An article comprising a medium storing instruction to 
enable a processor-based system to: 

pass control of at least one portion of the processor-based 
system to an operating system loaded on the processor 
based system; 

retain control of a second portion of the processor based 
system by a poWer-on program; and 

run both the poWer-on program and the operating system 
program simultaneously. 

16. The article of claim 15, further storing instructions to 
enable a processor-based system to: 

retain a portion of a memory by the poWer-on program; 
and 

perform memory operations on the retained portion of the 
memory by the poWer-on program While the operating 
system is running. 

17. An article comprising a medium storing instructions to 
enable a processor-based system to: 

pass control of at least one portion of the processor-based 
system to an operating system loaded on the processor 
based system; 

retain control of a second portion of the processor-based 
system by a poWer-on program; 

run both the poWer-on program and the operating system 
program simultaneously; 

retain a portion of a memory by the poWer-on program; 

perform memory operations on the retained portion of the 
memory by the poWer-on program While the operating 
system is running; 

relinquish a second portion of the memory to the operat 
ing system; and 

perform memory operations on the relinquished portion of 
the memory by the operating system While the poWer 
on program is running. 
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18. The article of claim 17, further storing instructions to 
enable a processor-based system to: 

identify the plurality of processors available to the pro 
cessor-based system in a table readable by the operat 
ing system; 

notify the operating system that the plurality of processors 
are available; and 

decline to include at least one processor of the plurality of 
processors in the table. 

19. The article of claim 18, further storing instructions to 
enable a processor-based system to: 

execute the poWer-on program by the at least one proces 
sor of the plurality of processors; and 

execute the operating systems by a second processor, 
Wherein the second processor is identi?ed in the table. 

20. A method comprising: 

receiving control of a portion of a processor-based system 
by an operating system; and 

receiving control of a second portion of the processor 
based system While executing an operating system. 

21. The method of claim 19, receiving control of a second 
portion of the processor-based system While executing the 
operating system further comprising: 

receiving an interrupt; and 

receiving methods that describe the second portion. 
22. An article comprising a medium storing instructions to 

enable a processor-based system to: 

receive control of a portion of the processor-based system 
by an operating system; and 

receive control of a second portion of the processor-based 
system While executing an operating system. 

23. The article of claim 22, further storing instructions to 
enable a processor-based system to: 

receive an interrupt; and 

receive methods that describe the second portion 
24. A system comprising: 

1W0 or more processors; 

a device comprising a ?rst portion and a second portion, 
Wherein the device is coupled to the tWo or more 
processors; and 

a poWer-on routine executable by one of the tWo or more 
processors, Wherein the poWer-on routine relinquishes 
control of the ?rst portion of the device before loading 
an operating system. 
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25. A system comprising: 

tWo or more processors; 

a device comprising a ?rst portion and a second portion, 
Wherein the device is coupled to the tWo or more 
processors; and 

a poWer-on routine executable by one of the tWo or more 
processors, Wherein the poWer-on routine relinquishes 
control of the ?rst portion of the device before loading 
an operating system, 

Wherein the poWer-on routine further: 

tests the second portion of the device While the oper 
ating system is running; and 

relinquishes control of the second portion of the device 
to the operating system. 

26. The system of claim 25, Wherein the device is a 
memory. 

27. The system of claim 25, Wherein the device is a group 
of processors and the ?rst portion of the device is a ?rst 
processor and the second portion of the device is a second 
group of processors. 

28. A system comprising: 

1W0 or more processors; 

a device comprising a ?rst portion and a second portion, 
Wherein the device is coupled to the tWo or more 
processors; and 

an operating system executable by one of the tWo or more 
processors, Wherein the operating system receives con 
trol of the ?rst portion of the device When the operating 
system is executed. 

29. The system of claim 28, further comprising: 

a poWer-on routine to relinquish control of the ?rst portion 
of the device to the operating system. 

30. A system comprising: 

1W0 or more processors; 

a device comprising a ?rst portion and a second portion, 
Wherein the device is coupled to the tWo or more 
processors; 

an operating system executable by one of the tWo or more 
processors, Wherein the operating system receives con 
trol of the ?rst portion of the device When the operating 
system is executed; and 

a poWer-on routine to relinquish control of the ?rst portion 
of the device to the operating system, 

Wherein the operating system further: 

receives an interrupt form the poWer-on routine; and 

receives control of the second portion of the device. 

* * * * * 


