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ORGANIZING INFORMATION STORED IN 
NON-VOLATILE RE-PROGRAMMABLE 

SEMICONDUCTOR MEMORIES 

BACKGROUND 

[0001] This invention relates generally to processor-based 
systems using semiconductor memory as their primary, 
non-volatile, re-programmable storage medium. 

[0002] There is increasing interest in so-called embedded 
processor-based systems. These systems often operate With 
reduced functionalities to provide desired performance at 
relatively loW cost. In many cases, these embedded systems 
may be battery operated. Thus, their capabilities may be 
limited to improve battery lifetime. 

[0003] For a variety of reasons including conserving bat 
tery life, reducing cost and providing a compact form factor, 
processor-based systems may be provided Which do not use 
as their non-volatile storage medium, a hard disk drive. In 
many processor-based systems, a hard disk drive provides a 
convenient non-volatile storage medium that stores most of 
the information Which the user desires to maintain perma 
nently. This may include among other things, the operating 
system, application softWare, ?les and data, as examples. 
The information that is stored in the hard disk drive may be 
transferred for execution to system memory Which conven 
tionally is a volatile memory. 

[0004] In many systems, hard disk drives provide a very 
high capacity, relatively quick storage medium. HoWever, 
hard disk drives take more space and use more poWer than 
non-volatile semiconductor memories. In many embedded 
systems, re-programmable, non-volatile semiconductor 
memories are used as the primary storage system for pro 
cessor-based systems. These semiconductor memories store 
the panoply of information normally stored in hard disk 
drives including operating systems. 

[0005] In many cases, semiconductor memories utiliZed as 
primary non-volatile storage media for processor-based sys 
tems use FLASH memories. These FLASH memories may 
be re-programmed Without user intervention using Well 
knoWn on-board capabilities. These memories are generally 
accessed using roW and column addresses. Thus, the memo 
ries are generally monolithic in that the location of ?les and 
other data in that memory is generally stored outside the 
memory. 

[0006] While this system has Worked Well With relatively 
simple embedded processor-based systems, as the demands 
on the processor-based systems increase, this simple storage 
system may be inadequate to handle some desired functions. 
Thus, there is a need for an improved Way of using non 
volatile re-programmable semiconductor memories as the 
primary non-volatile ?le system for processor-based sys 
tems. 

SUMMARY 

[0007] In accordance With one aspect, a method of orga 
niZing stored information on a non-volatile, re-program 
mable semiconductor memory includes partitioning the 
memory into a plurality of partitions, each having a de?ned 
address. A de?ned address for one partition is stored in 
another partition. 
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[0008] Other aspects are set forth in the accompanying 
detailed description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic depiction of a client/server 
system in accordance With one embodiment of the present 
invention; 
[0010] FIG. 2 is a depiction of the memory architecture of 
the storage device shoWn in FIG. 1; 

[0011] FIG. 3 is a depiction of a memory architecture of 
a BIOS and recovery operating system used in the system 
shoWn in FIG. 2; 

[0012] FIG. 4 is a How chart for implementing softWare 
for re-loading operating systems in accordance With one 
embodiment of the present invention; 

[0013] FIG. 5 is a depiction of a memory architecture for 
the primary operating system shoWn in FIG. 2; 

[0014] FIG. 6 is a hardWare implementation of the client 
shoWn in FIG. 1; and 

[0015] FIG. 7 is a How chart illustrating the operation of 
the FLAT shoWn in FIG. 5. 

DETAILED DESCRIPTION 

[0016] Aclient/server computer system 10, shoWn in FIG. 
1, may include one or more servers 18 that may be coupled 
over a netWork 16 to one or more clients 12. Each client 12 

may have a storage device 14. The client 12 may be a 
processor-based system such as a desktop computer system, 
a handheld computer system, a processor-based television 
system, a set top boX, an appliance, a thin client, a cellular 
telephone, or the like. The netWork 16 may be any of a 
variety of netWorks including a local area netWork (LAN), 
a metropolitan area netWork (MAN), a Wide area netWork 
(WAN), a Wireless netWork, a home netWork or an internet 
Work such as the Internet. 

[0017] In the system 10, the client 12 may permanently 
store its operating system on a re-programmable storage 
device 14. The storage device 14 may conventionally be a 
hard disk drive or a FLASH memory. When the operating 
system is corrupted or needs updating, the client 10 can 
access the netWork 16 and the server 18 in order to obtain an 
uncorrupted or updated operating system and automatically 
re-load the neW operating system onto the storage device 14. 

[0018] The storage device 14 may be electrically repro 
grammed. The storage device 14 may also act as the BIOS 
memory for the client 12 in one embodiment of the inven 
tion. While conventionally the BIOS memory is a read only 
memory (ROM), by using a re-programmable memory, the 
operating system as Well as the BIOS code may be updated 
or replaced When corrupted, as Will be eXplained hereinafter. 
In other embodiments a conventional BIOS ROM may be 
used in addition to the storage device 14. 

[0019] A variety of FLASH memories are available for 
implementing the storage device 14, such as Intel’s 
StrataFlashTM brand memory. One advantageous memory is 
the 28F64OJ5 eight megabyte FLASH array available from 
Intel Corporation. This memory includes a plurality of 128 
kilobyte blocks. Each block may be data protected so that it 
may not be erased or overWritten. In other Words, data 
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protection may be selectively applied to one or more of a 
plurality of blocks in the memory. 

[0020] The BIOS may be stored in one or more data 
protected blocks in the FLASH memory. Likewise, the 
recovery operating system may be stored in one or more 
blocks that are also data protected. In one embodiment, the 
BIOS may be stored in tWo 128 kilobyte blocks and the 
recovery operating system may use tWo 128 kilobyte blocks. 
The remainder of the memory may be utiliZed to store the 
primary operating system and a ?le system. Additional 
information about FLASH memories may be found in the 
“FLASH Memory” Databooks, January 1998, Order No. 
2108830-017 available from Intel Corporation, Santa Clara, 
Calif. 

[0021] Referring noW to FIG. 2, the memory architecture 
of the storage device 14 may include addressable locations 
for a BIOS and recovery operating system 20 and a primary 
operating system 22. The primary operating system may be 
a general purpose operating system such as Microsoft Win 
doWs® 98 or CE, Linux, or the BE operating systems, as 
examples. The primary operating system may also be a real 
time operating system (RTOS) such as the PalmOS. The 
BIOS and recovery operating system 20 operates in cases 
Where the primary operating system 22 is corrupted or needs 
updating. The recovery operating system 20 may be an 
operating system of a reduced siZe Which includes basic, 
essential BIOS functions and the limited softWare needed to 
obtain a neW primary operating system. Thus, as used herein 
a “recovery operating system” is an operating system that is 
responsible for updating and/or obtaining a replacement for 
a primary operating system. 

[0022] Referring to FIG. 3, in one embodiment of the 
invention, the recovery operating system 20 includes a 
kernel 26, a netWork interface controller (NIC) drivers 30 
and a netWork stack 28. The kernel 26 is the core of the 
recovery operating system 20. The stack 28, for example, 
may include the User Datagram Protocol/Internet Protocol 
(UDP/IP), Trivial File Transfer Protocol (TFTP), Dynamic 
Host Control Protocol (DHCP), Address Resolution Proto 
col (ARP) and the boot strap protocol (BOOTP). (These 
protocols may be found at WWW.ietf.org/rfc.html.) The 
recovery operating system 20 may also include the operating 
system recovery and update application softWare 24. A 
FLASH driver 34 and BIOS services 35 may also be 
included. The FLASH driver is used to Write a neW primary 
operating system to the FLASH memory, Where a FLASH 
memory is used as the storage device 14. The hardWare 
interface 36 interfaces the softWare layers With a hardWare 
motherboard. 

[0023] Ideally, the recovery operating system 22 may be 
stripped doWn as much as possible to conserve memory. If 
possible, the kernel 26 may be reduced to only that code 
Which is necessary to implement its recovery and update 
functions. One kernel Which is particularly applicable is the 
LINUX kernel. The LINUX kernel includes an X-based 
kernel con?guration utility called make xcon?g. This utility 
provides a graphical user interface to facilitate selecting the 
elements of the kernel and the operating system. That is, the 
LINUX operating system alloWs the user to ansWer a series 
of questions, posed through a graphical user interface, 
indicating Whether particular functionalities are desired. The 
code for de-selected functionalities may then be excluded. 
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As a result, a relatively trimmed doWn operating system may 
be readily developed, Without access to object code. 

[0024] In the case of some softWare errors or crashes, the 
system may reboot, thereby resolving the error. AWatchdog 
timer in the CMOS memory keeps a count of unsuccessful 
attempted reboots. If that number exceeds a threshold level 
(eg three), the recovery operating system may be invoked. 
When the system attempts to reboot, it checks the CMOS 
memory re-boot count and automatically boots the recovery 
operating system if the re-boot count threshold is exceeded. 
The recovery operating system 20 is started so that a neW 
version of the primary operating system image may be 
fetched. 

[0025] The recovery operating system 20 may also acquire 
operating system updates. This may be done in a number of 
Ways. In one embodiment, the user may request an update, 
thereby setting a separate update bit in the CMOS memory. 
In another embodiment, an operating system provider may 
broadcast a message to its users indicating that an update is 
available. The user systems that receive the message may 
have their update bit automatically set in CMOS memory. 
On the next attempted boot, the recovery operating system 
is booted to automatically acquire the update. 

[0026] Alternatively, the recovery and update application 
softWare 24 may be con?gured so that the update is auto 
matically acquired at a predicted loW usage time. For 
example, if the system detects that the update bit is set, 
indicating an update is desired, the system may Wait until the 
middle of the night to automatically doWnload the update. 

[0027] The recovery operating system in turn may com 
municate through the netWork interface controller and the 
netWork 16 to fetch a neW version of the primary operating 
system image. This may be done by accessing another 
device in the same netWork or in another example, accessing 
the desired operating system over the Internet. 

[0028] After the neW operating system has been checked 
in system memory and loaded into the memory 14, the 
system is rebooted. When the system reboots the primary 
operating system, the primary operating system resets the 
update bit in CMOS memory. 

[0029] In some cases When booting is attempted, an analy 
sis of the stored operating system may determine that the 
operating system is corrupted. For example, during booting 
a checksum analysis may be undertaken. If the stored 
operating system is corrupted, a recovery bit may be set in 
the CMOS memory and the boot aborted. The next time a 
boot is attempted, the recovery bit is identi?ed, and the 
system boots to the recovery operating system. 

[0030] Referring noW to FIG. 4, recovery and update 
application softWare 24 begins by checking the storage 
device 14 as indicated in diamond 40. Upon poWer up, after 
going through the poWer on self test (POST), the start-up 
code checks the primary operating system image in the 
memory 14 for checksum errors. If there is an error, the 
system boots the recovery operating system 20 and launches 
the recovery application. An error code may arise because 
the operating system image is corrupted or one of the 
recovery or update ?ags are set. The recovery ?ag may be 
set, for example, because of a defect in the operating system. 
The update ?ags may be set, for example, because a time 
period has elapsed for an old primary operating system or 



US 2004/0158699 A1 

because the user has indicated a desire to obtain an upgrade. 
Thus, after applying the checksum as indicated in block 42, 
the primary operating system is booted as indicated in block 
44 if the checksum indicates a valid operating system. 
OtherWise, the recovery operating system is booted as 
indicated in block 46. 

[0031] During the boot routine, start-up code Which is part 
of the BIOS, sets the recovery bit in the CMOS memory if 
appropriate. The start-up code may also include the code for 
counting the number of times a reboot has been attempted 
and for storing information about the number of attempted 
reboots. 

[0032] The application 24 may initiate a request over the 
netWork to the server 18 for an operating system doWnload 
(block 48), in one embodiment of the present invention. 
Once the neW image is doWnloaded, it is Written to the 
storage device 14. The recovery bit is then cleared, as 
indicated in block 50, and the system reboots as indicated in 
block 52. The neXt time through, the system boots into the 
primary operating system and performs it usual functions. 

[0033] The memory architecture of a portion of the storage 
device 14 storing the primary operating system 22, shoWn in 
FIG. 5, has, at the loWest memory address, a checksum or 
cyclic redundancy check (CRC) ?eld 96. Above the check 
sum ?eld 96 is a ?eld 98 Which indicates the number of 
entries in a FLASH allocation table (FLAT) 100. The 
FLASH allocation table partitions the FLASH memory 
portion 22 and alloWs multiple code and data images to be 
stored in the storage device 14. This in turn alloWs multiple 
boot loaders to eXist Within the FLASH memory for booting 
different operating system images. At boot time, the BIOS 
selects Which boot loader to load and eXecute based on the 
status of the recovery bit, as described above. 

[0034] The boot loader 102 for loading the primary oper 
ating system is stored above the ?ash allocation table 100. 
Above the boot loader 102 is the kernel 104 or core of the 
primary operating system. The primary operating system 
kernel may be the same or different from the kernel utiliZed 
by the recovery operating system. For eXample, While 
LINUX may be used for the recovery operating system, 
Windows@ CE could be used in one embodiment for the 
primary operating system. 

[0035] Above the kernel 104 is a ?le system 106. The 
FLASH allocation table 100 includes one entry for each item 
stored in the FLASH memory portion 22 including the items 
stored in the ?le system 106. The ?le system 106 includes 
?les, directories and information used to locate and access 
operating system ?les and directories. 

[0036] Each item contained in the FLASH allocation table 
includes information about the softWare version, the ?ags, 
the data offsets, the length of the data and its load address. 
The version number just keeps track of Which version of 
softWare Was loaded in a particular memory 14. The data 
offset determines Where, in the FLASH memory, an entry is 
located. 

[0037] The ?ag ?eld has information about the nature of 
the respective entries. The least signi?cant bit of the ?ag 
?eld includes information about the status of the cyclic 
recovery check (CRC). This in effect tells the BIOS Whether 
a CRC must be calculated. The neXt most signi?cant bit 
includes the block type. The block types include “boot” 
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Which indicates a boot loader, “kernel” or “?le system”. If 
the block type is boot loader, this ?ag ?eld tells Where, in 
random access memory, to load the boot loader out of the 
FLASH memory. An additional area in the ?ag ?eld may be 
reserved for other information. A boot loader or bootstrap 
loader loads and passes control to another loader program 
Which loads an operating system. 

[0038] While the present invention may be used in con 
nection With a variety of processor-based systems, an appli 
cation Which uses a set top computer system is illustrated in 
FIG. 6. A set top computer systems Works With a television 
receiver. The client 12 may include a processor 65 coupled 
to an accelerated graphic board (AGP) chipset 66. The 
Accelerated Graphic Port Speci?cation, Rev. 2.0 is available 
from Intel Corporation of Santa Clara, Calif. The chipset 66 
may be coupled to system memory 68 in the accelerated 
graphics port bus 70. The bus 70 in turn may be coupled to 
a graphic accelerator 72, also coupled to a video or televi 
sion receiver 73. 

[0039] A portion 75 of system memory 68, called the 
CMOS memory, may be implemented by a memory inte 
grated circuit Which is adapted to save system data. Con 
ventionally, the CMOS includes the real time clock (RTC), 
Which keeps the time of day. The recovery and update bits 
are stored in the CMOS memory at prede?ned locations. 

[0040] The chipset 66 may also be coupled to a bus 74 that 
receives a television tuner/capture card 76. The card 76 may 
be coupled to a television antenna 78 Which may also be a 
satellite antenna or a cable connection as additional 
examples. An interface to a netWork 16, such as a modem 
interface connection to the Internet or a netWork interface 
controller connection to a computer netWork may also be 
provided. 

[0041] Abridge 80 may in turn be coupled to another bus 
84 Which supports a serial input/output interface 86 and a 
memory interface 94. The interface 86 may be coupled to a 
modem 88 or a keyboard 92. The interface 94 may couple 
the FLASH memory 14 storing the recovery operating 
system and BIOS 20 and the primary operating system 22. 
The bridge 80 may be the 82371AB PCI ISA IDE Xcelerator 
(PIIX4) chipset available from Intel Corporation. Thus, it 
may include a general purpose input/output pins (GP[I,O]). 

[0042] With the number of chipsets used to implement 
computer systems, the chipset may be set up so that it sees 
only a certain number of lines of BIOS at any one time. In 
embodiments in Which the primary operating system and the 
recovery operating system are stored in FLASH memory, 
they may be accessed in the same Way as the BIOS memory 
is accessed. Thus, since the FLASH memory that is accessed 
is considerably larger than a BIOS memory, it may be 
desirable to use other techniques to alloW accessing all of the 
memory stored in the FLASH. One technique for doing this 
in processors from Intel Corporation is to use the GP[I,O] 
pins, for eXample on the PIIX4 device. These pins can be 
coupled to the pins responsible for developing the signals 
reading the BIOS. By providing appropriate GP[I,O] sig 
nals, FLASH memory reading may be bank sWitched to 
sequentially read the entire memory. 

[0043] Turning noW to FIG. 7, in accordance With one 
embodiment, softWare that uses the FLAT to alloW multiple 
code and data images to be stored in FLASH memory, 
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begins on power up or system reset With the BIOS executing 
and performing system initialization and PoWer on Self Test 
activities (block 110). The contents of the FLASH memory 
may be validated by checking the CRC stored at ?eld 96 in 
the FLASH memory, as indicated in block 112. At this point, 
the BIOS selects the boot loader (block 114) to execute by 
scanning the FLAT and selecting the entry marked as the 
boot loader. The boot loader then uses the FLAT to ?nd 
Where in the FLASH memory the primary operating system 
is located (block 116), loads the operating system at the 
appropriate address in system memory (block 118) and starts 
its execution (block 120). 

[0044] In some embodiments the BIOS may continue to be 
independent from the operating system. The operating sys 
tem dependencies can reside in the boot loader. The boot 
loader alloWs a conventional computer operating system to 
reside in FLASH memory. 

[0045] While the present invention has been illustrated in 
connection With an embodiment Wherein the primary oper 
ating system and the recovery operating system are stored in 
a storage device such as a FLASH memory, other re 
programmable storage devices may be utiliZed as Well. In 
the case of FLASH memory, given current economies, the 
memory is relatively expensive and mirroring is generally 
not used. Thus, the use of the recovery operating system in 
connection With FLASH memories is particularly advanta 
geous. 

[0046] HoWever, the present invention may be utiliZed in 
connection With other con?gurations. For example, in sys 
tems that store the primary operating system in a hard disk 
drive, the recovery operating system may also be included 
on the hard disk drive. The BIOS may continue to be stored 
in a BIOS ROM in such cases, if desired. 

[0047] Alternatively, the recovery operating system may 
actually be provided on an external or removable memory, 
such as a compact disc ROM (CD-ROM). When necessary, 
the user may simply load the CD-ROM into a CD-player. A 
processor executes the recovery operating system off of the 
CD-ROM, and then uses the recovery and update applica 
tion softWare to update and replace the primary operating 
system. This approach offers advantages over providing the 
full operating system in disk form since the use of a compact 
recovery operating system facilitates updates. That is, the 
compact recovery system may be quickly loaded and used to 
acquire updates. OtherWise, a full operating system Would 
need to be provided in disk form to each user, for each 
update, so that the user can then acquire the updates. 

[0048] In addition, While the present invention has been 
described With respect to a client/server environment, the 
present invention is available to a variety of other environ 
ments. For example, the present invention may be imple 
mented on a server in a client/server environment. In addi 

tion, it is applicable to stand-alone computer systems 
including processor-based systems that are battery poWered. 
For example, in connection With hand-held computer sys 
tems, the present invention may provide an update or 
replacement functionality using available Wired or Wireless 
communication links. In a system Which may be temporarily 
hard Wire linked to a desktop computer, such as a PalmPilot 
personal digital assistant, the recovery operating system may 
communicate With the desktop to obtain a neW operating 
system. Similarly, upgrades may be obtained using a variety 
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of Wireless communication links including radio and cellular 
telephone links. Moreover, in systems Which are linked 
through cable or satellite broadcast systems, neW operating 
systems may be achieved using these communication links 
as Well. 

[0049] In connection With custom operating systems, it 
may be necessary to go to a speci?c remote location in order 
to update or replace the operating system. HoWever, in 
connection With non-custom operating systems, a variety of 
sites Within the user’s extended computer system, accessible 
over the Internet or over a variety of communication links, 
may be utiliZed to acquire such replacements. In addition, a 
plurality of such sites may be preprogrammed into the 
recovery operating system application softWare so that if the 
system is unsuccessful in acquiring the needed replacement 
at one location, it can query a plurality of other locations. 

[0050] In some cases, the recovery application softWare 
can not be programmed With information about additional 
locations Which contain future updates. HoWever, When an 
operating system provider broadcasts information about 
updates, that broadcast may also include information about 
hoW to automatically acquire the desired updates. This 
information may then be used by the recovery application 
softWare. 

[0051] In some embodiments, the system user is oblivious 
to the operation of the recovery operating system. The 
recovery operating system Works in the background making 
the primary operating system to appear to the user to be 
more robust. 

[0052] 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. 

What is claimed is: 
1. A method of organiZing stored information on a non 

volatile, re-programmable semiconductor memory compris 
ing: 

partitioning said memory into a plurality of partitions, 
each having a de?ned address; and 

storing the de?ned address for one partition in another 
partition. 

2. The method of claim 1 further including storing infor 
mation about the number of partitions. 

3. The method of claim 1 further including storing a boot 
loader in one of said partitions. 

4. The method of claim 1 further including storing a ?le 
system in one of said partitions. 

5. The method of claim 1 further including storing a 
kernel for an operating system in one of said partitions. 

6. The method of claim 1 further including storing infor 
mation in association With said addresses about Whether or 
not an integrity check needs to be done on the data stored at 
the associated address. 

7. The method of claim 1 further including storing, in 
association With the address of a partition, information about 
the type of information stored in the partition. 

8. The method of claim 7 further including storing infor 
mation about Whether or not the information stored at a 
given partition is a boot loader, a kernel or a ?le system. 
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9. The method of claim 7 including storing information 
about the load address for said information in association 
With said address. 

10. A non-volatile, re-programmable semiconductor 
memory comprising: 

a plurality of addressable partitions, including a partition 
storing an operating system; and 

a storage location storing an address for one of said 
partitions in association With information about the 
information stored in said partition. 

11. The memory of claim 10 Wherein said memory is a 
FLASH memory. 

12. The memory of claim 10 Wherein one of said parti 
tions stores a basic input/output system. 

13. The memory of claim 10 Wherein one of said parti 
tions stores a ?le system. 

14. The memory of claim 10 Wherein one of said parti 
tions stores a kernel for an operating system. 

15. The memory of claim 10 Wherein one of said parti 
tions stores a boot loader. 

16. A method of initialiZing a processor-based system 
comprising: 

validating information stored in a non-volatile, re-pro 
grammable semiconductor memory; and 

using a allocation table stored in said memory to ?nd an 
operating system stored in said memory; 

loading said operating system; and 

executing said operating system. 
17. The method of claim 16 further including selecting a 

boot loader to load said operating system. 
18. The method of claim 17 including using said alloca 

tion table to locate said boot loader. 
19. The method of claim 16 including performing initial 

iZation and the poWer on self test before validating infor 
mation stored in said memory. 

20. The method of claim 16 including validating infor 
mation stored in said memory using a cyclic recovery check 
softWare stored in said memory. 

21. An article comprising a medium storing instructions 
that cause a processor-based system to: 
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validate information stored in a non-volatile, re-program 
mable semiconductor memory; 

use an allocation table to ?nd an operating system stored 
in said memory; 

load said operating system; and 

execute said operating system. 
22. The article of claim 21 further storing instructions that 

cause a processor-based system to select a boot loader to 
load said operating system. 

23. The article of claim 22 further storing instructions that 
cause a processor-based system to use said allocation table 
to locate said boot loader. 

24. The article of claim 21 further storing instructions that 
cause a processor-based system to perform initialiZation and 
the poWer on self test before validating information stored in 
said memory. 

25. The article of claim 21 further storing instructions that 
cause a processor-based system to validate information in 
said memory using a cyclic recovery check softWare stored 
in said memory. 

26. A processor-based system comprising: 

a processor; 

a volatile memory coupled to said processor; and 

a re-programmable, non-volatile semiconductor memory 
coupled to said processor, said semiconductor memory 
including a plurality of partitions, one of said partitions 
storing an operating system and another of said parti 
tions storing the addresses of the other partitions in 
association With information about What is stored in 
each of said partitions. 

27. The system of claim 26 Wherein said semiconductor 
memory is a FLASH memory. 

28. The system of claim 26 Wherein one of said partitions 
stores a basic input/output system. 

29. The system of claim 26 Wherein one of said partitions 
stores a ?le system. 

30. The system of claim 26 Wherein one of said partitions 
stores a boot loader. 


