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SYSTEM FOR PROVIDING BIOS TO HOST COMPUTER

BA ROUND OF TH

The present invention relates generally to an arrangement for and method of
operating a computer system including a host computer having system Random
Access Memory (RAM) and using a Basic Input Output System (BIOS) to operate
the host computer. More particularly the arrangement and method of the invention
stores at least a portion of the BIOS used to operate the system within the mass
memory storage of a mass memory storage peripheral computer device rather than -
in Read Only Memory (ROM). The BIOS stored in the mass storage media may be
expansion BIOS associated with a particular peripheral computef device and/or
system BIOS associated with the host computer. The ROM refers to either system
ROM provided by the host computer or peripheral ROM provided by a peripheral
device (either on a card or on the device itself). o

The computer industry is continuously evolving providing faster processors,
larger memory capacities, and a variety of peripheral devices which may be
interconnected with a host computer. Due to these increasing speeds and

capacities, one of the developments in the industry is a peripheral bus

implementation known as Peripheral Components Interface (PCl). This peripheral - -

bus has been developed to provide an expansion mechanism between the host
computer and peripheral computer devices or expansion boards.

The PCI peripheral bus is designed to be both processor and computer system
architecture independent with the PCl electrical, protocol, and hardware interface
requirements remaining the same regardiess of the CPU or host system computer
architecture being used. This allows the same peripheral computer device to be
connected to a variety of different host systems without requiring different versions
of the device for each type of host system with which the device is intended to be
used. Because the PCl bus is independent of the processor and the computer
architecture, each host system is required to provide a mechanism to map host I/O
and memory space to the addressing mechanism used on the PCl bus. This is also
true of the expansion ROM memory space of a péripheral computer device, which

typically includes initializing information and operating information such as code
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and data for that peripheral computer device., Therefore, relocatable expansion
ROM location addresses are allowed on a PC! device. This is not the case for
earlier bus architectures such as the Industry Standard Architecture {ISA) Bus.

As shown in Figure 1, which illustrates one example of a typical PCl based
computer system designated by reference numeral 10, syétem 10 includes a host
computer 12 having a system BIOS 13 for operating host computer 12 and having
system RAM memory 14 associate with host computer 12. System BIOS 13 is
stored in system ROM 15 within host computer 12. A PCI peripheral bus 16 is
connected to host computer 12 and system RAM 14 using a host bridge 17. The
system also includes a peripheral computer device 18, for example a hard disk
drive, which is connected to the PCl bus such that the host computer may
communicate. with the peripheral computer device using the PCI bus. Device 18
includes ROM 20 which contains any expansion BIOS 22 required in the host
system in order to initialize and/or operate peripheral computer device 18. Ina
system using the PCI bus, the host system BIOS and/or operating system must
provide a configuration manager that recognizes individual PCI devices, allocates
resources, and enables those devices. It is the responsibility of the configuration
manager to copy any expansion BIOS of the peripheral device into the host
computers RAM and then execute any initialization routine provided within the
expansion BIOS to provide proper peripheral device initialization.

Referring to Figure 2A which diagrammatically illustrates the expansion BIOS
22 contained in ROM 20, the PCI specification allows for multiple code images, for
example 24a-24d, to be stored within the expansion BIOS 22 with each code
image providing the appropriate information for a particular computer architecture.
In this example, code image 24a might correspond to an Inte!® based system, code
image 24b might correspond to a Power PC® based system, and so on. These
multiple code images 24a-24d increase the amount of information which is included
in the expansion BIOS thereby increasing the amount of ROM required to store the
expansion BIOS 22. As shown in Figure 2B, code image 24a, and each of the
other images, includes a header region_zs. Depending on the requirements of
device 18 to which the expansion BIOS 22 corresponds, each image may also
include a data structure region 28, runtime code 30, initialization code 32, and a

check sum 34. Referring to Figure 2C, the PCI specification also requires that each
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PCI device includes a configuration space memory 35 whlch is 256 bytes in size
and which conforms to the PCl format illustrated. The information provided by
configuration space 35 includes a device ID register 36 containing the device

identification and an configuration register 38 containing a requestéd ambdnt of =~

memory space. The configuration register 38 specifies the amount of rﬁiaﬁory‘;E
space réquired within the host computer memory to map the expansion BIO§'22
associated with peripheral computer device 18. ’

As will be described in more detail immediately hereinafter, once expansion
BIOS 22 has been copied into host systern RAM 14, the initialization code 32 from
the proper code image, for example code image 243, is run. This initializes device’
18 and provides the proper hooks into the system for operating device 18 using
runtime code 30 from the proper code image, in this case image 24a as contrasted
with image 24b, ¢, or d. Once the initialization code has been run, control is
returned to the host system and only the code required for operating device 18 is
left in host system RAM 14 where it remains throughout the operation of the
system. The excess information of the proper code image 24a only necessary for
initialization of device 18 are no ionger necessary. Therefore, the memory used to
store this excess information is made available 1o be used again by host computer
12 thereby reducing the usage of RAM 14 to store the necessary portions’ of
expansion BIOS 22, :

Referring now to Figure 3, a typical sequence for obtaining expansion BIOS
from a PCI peripheral device and storing it within system RAM will be described in
detail using the exampie of system 10 described above. After computer system
10 is turned on, indicated in block 40 of Figure 3, the processor of host computer
12 starts running system code typically called Power-On-Self-Test (POST) as |
indicated by block 42. The POST code performs unrelated system configurations
(block 44} and then starts the configuration of the PCl bus add-on peripheral
devices by checking for the presence of peripheral devices, such as peripheral
device 18, as indicated by decision box 46. Once the POST code finds peripheral
device 18 and as respectively indicated in blocks 48, 50, and 52 of Figure 3, the
POST code starts the configuration of device 18, allocates host /O and RAM
memory space as requested by device 18, and configures interrupt and allocates
IRQ’s on host computer 12 as requested by device 18. At this point, the POST
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code determines if device 18 has an expansion BIOS that needs 1o be ioaded and
configured as indicated by decision block 54. If there is no expansion BIOS, as

indicated by block 56, the POST code goes on to the next peripheral device."If _‘a!l' :

the devices are configured, the POST code goes on to boot the operating svstairi

as shown in block 58. If however there is an expansion BIOS to be loaded froiﬂ3.‘53;5

the device, as is the case for device 18, the expansion BIOS is loaded and
configured as indicated by block 60. Once this loading of the expansion BIOS for

device 18 is completed, the sequence proceeds t0 block 56 and the process
continues for any other devices.

K

Referring now to Figure 4, the typical process of loading and configuring the °

expansion BIOS of a peripheral device as indicated in block 54 and 60 of Figure 3
will be described in more detail. Starting at decision block 54 in which the POST
code determines if peripheral device 18 has an expansion B!OS, the POST code
writes to and reads from the configuration register 38 of configuration space

memory 35 of peripheral device 18 to determine if an expansion BIOS is present : -

on the device and, if so, how much memory space is requested. Once it is
determined that there is an expansion BIOS, the process of loading and configuring
the expansion BIOS associated with device 18 generally indicated by block €0 of
Figure 3 proceeds as will now be describe in detail.

As indicated by block 62 of Figure 4, the POST code determines an acceptable =~

address to map expansion BIOS 22 stored in ROM 20 of device 18 to and writes
that address to the configuration register 38 of configuration space memory 35 on
PCl peripheral device 18. In block 64 the POST code then enabies expansion BIOS
ROM decoding on the device, Next, peripheral device 18 maps its ROM memory
starting at the address the POST code wrote to configuration register 38 in
configuration space memory 35 on device 18 as indicated in block 66. The device
sets up its internal address decoder to decode the memory address range to which
the ROM memory is mapped. As indicated in block 68, the POST code reads
through the expansion BIOS by reading the memory locations to which the
expansion BIOS was mapped searching for an appropriate expansion BIOS code
imagé, in this case code image 24a of expansion BIOS 22 . If an appropriate code
image is not found, as shown in decision block 70, the sequence returns to block

56 to see if there are additional devices to be configured. However, if proper code
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image 24a is found, the sequence moves to block 72 in which the POST code
determines a memory location within host system RAM 14 tb copy the expansion
BI1OS code into from the devices ROM 20, The POST code then ih block 74 copies
the appropriate code image 24a from the device ROM 20 into system RAM 14.7'As
indicated in blocks 76 and 78, the POST code calls initialization code 32 _of"
expansion BIOS 22 now in system RAM 14 and runs initialization code 32 further
configuring peripheral device 18 and installing system level software support
including interrupt handlers, device specific data, etc. Once initialization code 32
is finished, initialization code 32 returns control of the system to the POST code
as shown if block 80. In block 82, the POST code performs any final initialization -
such as marking the portion of the system RAM 14 used 1o store the expansion
BIOS remaining in system RAM after initialization code 32 has ruﬁ as read only.
And finally, at this point the sequence returns to decision block 56 to see if there
are any more devices present to be configured.

As described above, the expansion BIOS 22 is typically stored in ROM 20 - ¥
located on the peripheral computer device or an expansion card. However, this
approach has the disadvantage of adding to the cost of the device by adding the
cost of ROM 20 which in a system using a PCl bus is only used to store the
expansion BIOS for loading into the system after system start up. More
particularly, in a system using a PCl bus and as mentioned above, the host -
computer is required to copy the expansion BIOS into the host system’s RAM. For
purposes of efficiency, the system uses the copied expansion BIOS stored in its
own memory rather than referring back to the ROM on the device when the
expansion BIOS is required for the operation of the system. Therefore, once the
necessary portions of the proper image 24a are stored in the host systems RAM, -
ROM 20 is not accessed again until the system is turned off and on again at which
time the proper image of the expansion BIOS is again loaded into the host system
RAM. Also as mentioned above, because multiple images may be required in order
to allow the same device 10 be connected to a variety of host systems having
different computer architectures, the size of overall- expansion BIOS 22 and
therefore ROM 20 required to store the expansion BIOS can be rather large. This
can cause the expansion BIOS ROM 20 to become a significant portion of the cost
of device 18.
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The cost of this expansion BIOS ROM varies depending on the specific type of
ROM used. Ina case in which high volumes of the devices are being produced, the
ROM may be manufactured with the expansion BIOS programmed into the ROM at |

the time of manufacture of the ROM. This approach has the advantage of being- .

less expensive, however, once this type of ROM is programmed it may not:be &
changed. If the device is modified in any way which requires a change in the
expansion BIOS, or if a bug is found in the expansion BIOS, all of the ROM that
have been produced with the old expansion BIOS must be scrapped. This approach
does not provide much flexibility in updating and improving the operation of the
device by updating the expansion BIOS.

in another approach, the expansion BIOS is programimed into the ROM after the
ROM is manufactured. This allows the expansion BIOS to be updated without
having to scrap the ROM which have been manufactured as would be the case for
the above described approach. Although the programmable ROM provides more
flexibility, it is more expensive than ROM which is programmed during its @ ¢
manufacture and further increases the cost of providing the expansion BIOS ROM.
With the extremely competitive nature of the computer peripheral device market,
for example in the area of hard disk drives, the ability to reduce or even eliminate
the cost of the ROM for the expansion BIOS would provide a significant
competitive advantage.

The present invention discloses a novel arrangement and method for operating
a host computer having a system BIOS which is used to operate the host computer
and having system RAM associated with the host computer. The arrangement and
method ailow at least a portion of the BIOS to be stored within the mass memory
storage of a mass memory storage peripheral device which is connected to the host
computer. The BIOS stored within the mass memory storage may be expansion
BIOS associated with any particular peripheral computer device and/or expansion
BIOS associated with the mass memory storage peripheral computer device itself.
The BIOS stored within the mass memory storage may also be system BIOS
associated with the host computer. This approach significantly reduces or even
elimi'nates the need for and cost of the expansion BIOS ROM for the particular
peripheral computer device and/or the expansion BIOS ROM for the mass memory
storage peripheral computer device. This approach may also be used to
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significantly reduce the need for and cost of the system BIOS associated with the
host computer. Since some or all of the expansion BIOS and/or some of the
system BIOS is stored in the mass memory storage of a mass memory storage '_
peripheral computer device, this approach also provides substantially improved
5 fiexibility in updating and improving the system or fixing bdgs in the BIOS without% _

having to use programmabie ROM. Using this novel approach, the majority of the
system BIOS and the majority of, or all of, the expansion BIOS associated with the
peripheral devices connected to the system may be updated by simply reloading a
revised BIOS into the mass memory storage of the mass memory storage device

10 without having to scrap any BIOS ROM,

SUMMARY OF THE INVENTION

As will be described in more detail hereinafter, an arrangement for and method
of operating a computer system is disclosed herein. The computer systemn includes ot
a host computer having system RAM and-a mass memory storage peéripheral
15 computer device such as a hard disk drive connected to the host computer. The
host computer uses a BIOS to control the operation of the computer system. The
arrangement and method allow at least a portion of the BIOS to be stored within
the mass memory storaée of the mass memory storage peripheral computer device =
rather than requiring all of the BIOS to be stored within BIOS ROM.
20 in one embodiment, the method of and arrangement for operating the computer
- system is a method of and arrangement for operating a particular peripheral
computer device connected to the host computer using a peripheral bus in which
relocatable expansion BIOS location addresses are allowed, such as a PCl bus. In B
this embodiment, the BIOS is expansion BIOS associated with the particular
25 peripheral computer device. The operation of the periphera! computer device
requires the host computer to obtain the expansion BIOS associated with the
particular peripherai computer device and load the expansion BIOS into the system
RAM. This embodiment includes ROM storage memory (peripheral ROM) for
containing a first portion but not all of the expansion BIOS associated with the
30 particular peripheral computer device. A second portion of the expansion BIOS

associated with the particular peripheral computer device is stored within the mass
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memory storage of the mass memory storage 'peripheral computer device
connected to the host computer. The particular periphefal éomputer device may
or may not be the mass memory storage peripheral computer device. The

arrangement further includes an operating mechanism for causing the* hést

computer to access the peripheral ROM and obtain the first portion ‘of ‘the ©

expansion BIOS associated with the particular peripheral computer device.
Thereafter, by using the first portion of the expansion BIOS, the host bomputer is
caused to (i) access the mass memory storage of the specific mass memory

storage peripheral computer device, (ii) obtain the second portion of the expansion

BIOS which is associated with the particular peripheral computer device and which -

is located within the mass memory storage of the mass memory storage peripheral
computer device, and [iii) store the second portion of the expansion BIOS within
the system RAM.

In this embodiment, the host computer may include system ROM memory
storage containing system BIOS (system ROM). The peripherai ROM storage
memory containing the first portion of the expansion BIOS may be separate and
apart from the system ROM storage memory, or alternatively, the peripheral ROM
storage rﬁemory containing the first portion of the expansion BIOS may be part of
the system ROM storage memory. In the case in which the ROM storage memory
containing the first portion of the expansion BIOS is separate and apart from the
system ROM storage memory, this peripheral ROM storage memory containing the
first portion of the expansion BIOS associated with the particular peripheral
computer device may be located on the particular peripheral computer device.

In another embodiment in which the method and arrangement are a method and
arrangement of operating a particular peripheral computer device, the entire
expansion BIOS associated with the particular peripheral computer device is stored
within the mass memory storage of the mass memory storage peripheral computer
device. In this embodiment, the method and arrangement further include an
operating mechanism for commencing the operation of the system. Once the
operation of the system is commenced, the operating mechanism causes the host
computer to (i) access the mass memory storage of the mass memory storage
peripheral computer device, (i) obtain the expansion BIOS associated with the

particular peripheral computer device, and (iii) store within the system RAM the
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expansion BIOS associatéd with the particular peripheral computer device.
In a specific version of the embodiment which stores the entire expansion BIOS
v»)ithin the mass memory storage of the mass memory storage peripheral computer

device, the mass memory storage peripheral computer device includes a mémory -

buffer on the mass memory storage peripheral computer device. In this version”

the expansion BIOS associated with the particular peripheral computer device
includes a first portion of the expansion BIOS and a second portion of the
expansion BIOS. Also, the operating mechanism causes the host computer td
perform a Power-On-Self-Test upon the commencing of operation of the system.
The mass memory storage peripheral computer device includes a mechanism for
loading the first portion of the expansion BIOS associated with the particular
peripheral computer device into the memory buffer of the mass memory storage
peripheral computer device within the time frame of the Power-On-Self-Test. This
allows the operating mechanism to access the memory buffer and obtain the'first
portion of expansion BIOS. Thereafter, by using the first portion of the expansion * ¥
B!OS, the host computer is caused to (i) access the mass memory storage of the
mass memory storage peripheral computer devi.ce, {ii) obtain the second portion of
the expansion BIOS which is associated with the particular peripheral computer
device and which is located within the mass memory starage of the mass memory
storage peripheral computer device, and (iii} store the second portion of the -
expansion BIOS within the system RAM.

In each of the above described embodiments, the particular peripheral computer
device associated with the expansion BIOS may actually be the mass memory
storage peripheral computer device which provides the mass memory storage in
which at least a portion of the expansion BIOS is stored. Alternatively, the
particular peripheral computer device may be any other peripheral computer device
such as a video card, a network card, or any other peripheral device or expansion
card.

In another embodiment, the BIOS is system BIOS associated with the host
computer. In this embodiment a first portion of the system BIOS is contained
within a BIOS ROM located within the host computer. A second portion of the
system BIOS is stored within the mass memory storage of the mass memory
storage peripheral computer device. This second portion of system BIOS is
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retrieved and stored in system RAM in the same manner as the expansion BIOS
stored within the mass memory storage as described prévibusly.

in another aspect of the invention, a computer memory storage medium other
than ROM for use in @ computer system is disclosed. The computer system
includes a host computer having system RAM associated with the host compuiter? -
and a mass memory storage peripheral computer device which is connected to the
host computer. The host computer uses a BIOS to control the operation of the
system. At least a portion of the BIOS is stored within the mass memory storage
of the mass memory storage peripheral computer device for use by the host
computer after the host computer has loaded the BIOS stored ir; the mass memory -
storage into the system RAM of the host computer. The computer memory storage
medium of the invention has a portion of the memory storage medium containing
BIOS for controlling the operation of the host computer. in one embodiment of the
computer memory storage medium, the medium is-the mass memory storage of the
mass memory storage peripheral computer device, such as a hard disk drive,"whicﬁ“'fféh'
is connected to the host computer. Y.

In another embodiment of the computer memory storage medium, the medium
is a floppy disk or another such medium and the BIOS contained on the medium is -
transferable to the mass memory storage peripheral computer device.: In-this
embodiment, the BIOS contained on the medium may be updated and revised BIOS "
associated with at least a portion of the computer system such as expansion BIOS
associated with a particular peripheral computer device connected to the system
or system BIOS associated with the host computer. Alternatively, the BIOS
contained on the medium may be expansion BIOS associated with a particular

peripheral computer device being connected to the computer system.
BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention may best be understood by reference to
the following description of the presently preferred embodiments together with the
accompanying drawings in which: ,

Figure 1 is a block diagram of a priof' art computer system using a PCl bus to
connect a peripheral computer device to a host computer:

%
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Figure 2A is a diagrammatic illustration of a prior art expansion BIOS containing
multiple code images; o

Figure 2B is a detailed diagrammatic illustration of one of the code images
shown in Figure 2A which makes up part of the prior art expansion BIOS; -

Figure 2C is a detailed diagrammatic illustration of a configuration space’
memory of a PCl peripheral device;

Figure 3 is a flow chart illustrating a prior art sequence used by a typical PCi
based system to determine whether the system includes any peripheral devices
which require the loading of an expansion BIOS into system RAM of a host
computer; '

Figure 4 is a flow chart illustrating the details of how a prior art gxpansion BiOS
associated with a particular peripheral device is loaded into system RAM of a host
computer;

Figure 5 is a2 block diagram of one embodiment of a computer system designed
in accordance with the present invention which uses a peripheral bus, in which
relocatable expansion BIOS location addresses are allowed, to connecta périph'éralm" :
computer device to a host computer;

Figure 6A is a detailed diagrammatic iliustration of a first portion of an
expansion BlIOS in accordance with the present invention for a peripheral computer
device, '

Figure 6B is a detailed diagrammatic illustration of a second portion of an
expansion BIOS in accordance with the present invention which is associated with
the first portion of the expansion BIOS illustrated in Figure 6A;

Figure 6C is a detailed diagrammatic illustration of the configuration space
memory of a PC! peripheral device;

Figure 7 is a flow chart illustrating the details of how an expansion BIOS as
shown in Figures 5, 6A and 6B is loaded into system RAM of a host computer in
accordance with the present invention;

Figure 8 is a flow chart illustrating how a portion of a system B!OS stored in a
mass memory storage peripheral computer device as shown in Figure 5 is loaded
into system RAM of a host computer in accordance with the present invention;

Figure 9 is a block diagram of another embodiment of a computer system

designed in accordance with the present invention which uses a peripheral bus, in
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which relocatable expari8ion BIOS location addresses are allowed, to connect a

peripheral computer device to 8 host computer; S

Figure 10 is a flow chart illustrating the details of a first embodiment of how an
éxpansion BIOS as shown in Figure 9 is loaded into system RAM of a host
computer in accordance with the present invention;

Figure 11 is a flow chart illustrating the details of a second embodiment of how
an expansion BIOS as shown in Figure 8 is loaded into system RAM of a host
computer in accordance with the present invention;

Figure 12A is a flow chart illustrating how, in accordance with the invention,
graphics are loaded from a mass memory storage device into video memory during
the start-up of a computer system; and _

Figure 12B is a flow chart illustrating how, in accordance with the invention,
operating data is loaded from a mass memory storage device into system during
the start-up of a computer system,

DETAILED DESCRIPTION
ReY

Referring to Figure 5, the present invention will initially be described’in terms
of an arrangement for allowing a host computer to operate a particular peripheral
computer device, the operation of which requires the host computer to obtain
expansion BIOS associated with the particular peripheral computer device and load
the expansion BIOS into a system RAM. As shown in Figure 5, a computer system
100 designed in accordance with the present invention includes a host computer
102 having system B!OS 104 which is used to operate host computer 102 and
having RAM 106 associated with host computer 102. System BIOS 104 is stored
in system ROM 108 within host computer 102, A peripheral bus 110 is connected
to host computer 102 and RAM 106 using a host bridge 112. And, a peripheral
computer device 114 is connected to host computer 102 using peripheral bus 110.
Host computer 102, system BIOS 104, RAM 106, ROM 108 and host bridge 110
are made up of any suitable and readily providable components which allow host
computer 102 and RAM 106 to be connected to peripheral bus 110 using bridge
112. These components include, but are not limited to, any conventional 486,

Pentium®, Power PC®, or RISC based components. Although host computer 102,
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RAM 1086, and host bridge 112 are shown having a particular configuration relative
to ane another, it shouid be understoad that this is not a requirement of the present
invention, Instead, these components may be interconnected in a variety of
$pecific configurations and still remain within the scope of the invention so long as
the peripheral computer device 114 is connected to these components using'
peripheral bus 110 as described hereinafter. - '
Peripheral bus 110 may be any suitable and readily providable periphera! bus
in which relocatable expansion BIOS location addresses are allowed. One preferred
embodiment of such a peripheral bus is a PCl bus. However, it should be
understood that a wide variety of peripheral buses, such as other parallel buses,
serial buses, or multiplexed busés would also fall within the scope of the present
invention. As described in detail above in the background, if a PCl' bus is utilized,
the PCI specification dictates how any expansion BIOS associated with a particular
peripheral computer device is loaded into RAM 106 of the host system. Other

peripheral bus configurations have corresponding specifications, and therefore, the - *

present invention will be described in detail assuming that a PCI bus is being used
to connect peripheral computer device 114 to host computer 102. The application
of the invention to other peripheral bus configurations will become clear to those
skilled in the art in view of this disclosure. Although the peripheral bus will be

described throughout this specification as being a PC! bus, this is not a' *

requirement. Any peripheral bus which requires the mapping of the expansion
B1OS location addresses into the system memory rather than allowing fixed, hard
wired expansion BIOS location addresses would equally apply.

In a first embodiment of the present invention, peripheral computer device 114
is @ mass memory storage peripheral computer device having mass memory storage
116 such as a hard disk drive or a compact disk player. Device 114 requires an
expansion BIOS associated with the device to be loaded into the host computer in
order to properly initialize and operate device 114. Although 2 hard disk drive and
a compact disk player are specifically mentioned, peripheral computer device 114
may take the form of any other mass memory storage device and stil remain within
the scope of the invention. Mass memory storage peripheral computer device 114
includes a small amount of ROM 118. In accordance with the present invention,

ROM 118 includes only a first portion 120 of the expansion BIOS which is
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associated with device 114.

Referring to Figure 6A, when using a PCl bus, first portion 120 of the
expansion BIOS includes a configuration header 122, a small amount: of
initialization code 124, and a check sum 126. The specific information in“the -
configuration header may vary depending on the bus beihg used, however, the
information would be stored according to the protocol of the bus being used. - In
a preferred version of this embodiment, first portion 120 is a very small portion of
the overall expansion BIOS, for example, less than 1K bytes in size. A second
portion 128 of the expansion BIOS associated with device 114 is stored in mass
memory storage 116. As shown in Figure 6B, second portion 128 of the expansion °
BIOS includes any data structure 130 which may be part of the expansion BIOS,
any runtime code 132 which may be necessary to operate device 114 during the
operation of the system, any initialization code 134 necessary to initialize device
114, and a checksum 138. As shown in Figure 6C, device 114 also includes a
configuration space memory 138 having an configuration register 140 which <
contains information including a requested size or amount of system memory for
mapping the expansion BIOS similar to that described above for the prior art device
18 of system 10. However, in accordancé with the preset invention, the requested
size specifies the amount of memory space required within the host computer to
map both the first portion 120 of the expansion BIOS and the second portion 128
of the expansion BIOS associated with peripheral computer device 114.

Although Figures 6A and 6B illustrate only one code image making up the first
portion 120 and second portion 128 of the expansion BIOS, it should be
understood that first portion 120 and second portion 128 of the expansion BIOS
may include multiple images, with each of the images corresponding to a different
type of computer architecture to which the device may be attached. This multiple
image approach would allow the same device to be attached to a variety of
systemns using different computer architectures which correspond to the different
code images. |f multiple code images are being provided, the requested size
information stored in configuration register 140 of configuration space 138 includes
enough space for ail of the first and second portions of the code images.

Now that the elements of this first embodiment have been described, the
operation of this embodiment will be described in detail. When overall system 100
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is first switched on, the system initially is operated-in the same manner as typical
system 10 which was described in detail in reference to the flow chart of Figure
3. However, once the POST code checks system 100 for peripharal devices and
determines that there is a peripheral device which includes expansion ROM, in this
case device 114, the operation of system 100 begins to differ from the t'ybi'cal';
system described in reference to the flow chart of Figure 4. Therefore, the
operation of system 100 after this point will be further described in reference to the
flow chart of Figure 7 which would replace the flow chart of Figure 4 described
above for typical PCl based system 10.

Starting at decision block 54 of Figure 7 in which the POST code determines
if peripheral device 114 has an expansion BIOS, the POST code writes to and reads
from the configuration register 140 of configuration space memory 138-' of
peripheral device 114 to determine if an expansion BIOS is present on the device
and if so how much memory space is requested. Once it is determined that there
is an expansion BiOS, as indicated by block 146 of Figure 7, the POST code o
determines an acceptable address t0 map the expansion BIOS to and writes that
address to the configuration register 140 of configuration space memory 138 on
peripheral device 114. In block 148 the POST cads then enables expansion BIOS
ROM decoding on the device in a manner similar to that described above for system
10.

Next, in accordance with the present invention, peripheral device 114 maps
first portion 120 of the expansion BIOS stored in ROM 118 to the system memory
address starting at the address the POST code wrote to configuration register 140
in configuration space memory 138 on device 114 as indicated in block 150.
Device 114 sets up its internal addrass decoder to decode the entire memory
address range requested by register 140 to which the ROM 118 is mapped even
though only a small potion is actually in ROM 118 of device 114, Because first
portion 120 of the expansion BIOS stored in ROM 118 of device 114 is
substantially smaller than the requested amount of space requested by register 140
for the overall expansion BIOS as described above, faked generated data is mapped
to this excess system memory space. This may be accomplished in a variety of
ways, For example, a single data location on ROM 118 may be mapped to all of

the excesgs system memory space, thereby requiring only a single data location to
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fill the entire excess system memory space. Alternatively, a small data generating
code may be provided which is capable of generating data datterns onthe fly. In
this example the data generating code is mapped to the excess memory space such
that when it is accessed, the data generating code generates the accessed amount
of data. '

Although only two specific examples of how this excess RAM space is filled are
described, a variety of other specific methods may be used, all of which would fall
within the scope of the present invention. In a preferred version, ali of the excess
RAM space is mapped to a single data location within ROM 118 containing first
portion 120 of the expansion BIOS. This data location presents a zero as the data
for that location. By doing this, all of the excess RAM space is filied with zeros.
Since all of the excess RAM space is filled with zeros, this excess space does not
effect the check sum counter and the check sum 126 may be placed at the end of
first portion 120 of the expansion BIOS. :

As indicated in block 152, the POST code reads through the expansion BIOS -
by reading the memory locations to which the expansion BIOS was .mapped
searching for and appropriate expansion BIOS code image, in this casethe only
code image included in first portion 120 of the expansion BIOS. If an appropriate
code image is not found, as shown in decision block 154, the sequence returns to
biock 56 to see if there are additional devices to be configured. However,:if a -
proper code image is found, the sequence moves to block 156 in which the POST
code determines a memory location within host system RAM 106 to copy the
expansion BIOS code into from the devices ROM 11B. The POST code then in
block 158 copies the code image from the device ROM 118 into system RAM 106.
This copying includes first portion 120 of the expansion BIOS and the faked -
generated data described in detail above. As indicated in block 160, the POST
code calls the initialization code 124 of the first portion 120 of the expansion BIOS
now in system RAM 106 and runs initialization code 124.

In accordance with the invention and as indicated in block 162, initialization
code 124 contains just enough code to activate mass memory storage peripheral
computer device 114 and load second portion 128 of the expansion BI0S into
systern RAM 106. Initialization code 124 runs initialization code 134 of second

portion 128 now in host RAM as shown in block 164, Although in the example
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given, initialization code 124 includes only enough code to activate mass memory
storage device 114, load second portion 128, and run initialization code 1 34, this
is not a requirement of the invention. Initialization code 124 may include more
code so long as at least a portion of the expansion BIOS is stored on mass memory
storage 114. However, the preferred embodiment would minimize the amount of
code stored in ROM 118 thereby reducing the cost of the ROM as much as
possible. In block 166, initialization code 134 further configures peripheral device
114 and instalis system level software support including interrupt handlers, device
specific data, etc. Once initialization code 134 is finished, initialization code 134
returns control of the system 10 the POST code as shown if block 168. In biock -
170, the POST code performs any final initialization such as marking the partion
of the system RAM 106 used to store the expansion BIOS remaining in system
RAM after initialization code 134 has run as read only. And finally, at this point the
sequence returns to decision block 56 to see if there are any more devices present
to be configured. -

In 8 second embodiment also illustrated in Figure 5, the particular peribheral
computer device may take the form of a8 device ‘or expansion card other than a
mass memory storage peripheral computer device. Examples of such a device are
video cards, multi-media cards, network cards, or any other expansion card or
peripheral device which includes an expansion BIOS. In this embodiment computer >
system 100 includes a peripherat computer expansion card or device 174 which
requires an associated expansion BIOS to be loaded into the host computer in order
to initiafize and/or operate expansion card 174. In the same manner as described
above for device 114, expansion card 174 includes a ROM 176 which contains a
first portion 178 of the expansion BIOS associated with expansion card 174.
However, in this embodiment, a second portion 180 of the expansion BIOS
associated with expansion card 174 is stored in the mass memory storage of
device 114. This allows the majority of the expansion BIOS for expansion card
174 to be stored in mass memory storage 116 of a mass memory storage
peripheral device 114. The operation of this embodiment would be identical to the
first embodiment described above except that the small initialization code provided
within first portion 178 contained in ROM 176 would operate device 114 and

access second portion 180 of the expansion BIOS associated with expansion card
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174 contained within mass memory storage 116. -

Although both the first and the second embodiments described so far have
included ROM 118 and ROM 176 located on the peripheral computer device which
requires the loading of expansion BIOS in order to be initiali_zed and/or operated' by
the host system, this in not a requirement. Alternatively, the ROM containing the® -
first portion of the expansion BIOS may be provided at other locations within the
overall system. One example of this may be a situation in which a highly
integrated system is provided as a complete package including a particular grouping
of peripheral devices. Referring to Figure 5, in this situation, ROM 118 and 176
which contain the first portion of the expansion BIOS for device 114 and device
174 respectively may be provided as patt of the system ROM 108. The majority
of the expansion BIOS associated with the peripheral devices included in the

complete package, in this example device 114 and 174, is stored within a mass

. memory storage device such as a hard drive in the same manner as described

above. The expansion BIOS ROM required to be included with the system ROM °
108 would only need to be large enough to contain code that would operate the
hard drive and turn over control to the initialization code stored in the hard drive.
All of the expansion BIOS associated with the various peripheral devices included
in the package could then be loaded into the RAM of the host system in the same
manner as described above. However, in this situation, the first portion of the *
expansion BIOS for each peripheral device is provided as part of the system BIOS
and therefore, the system BIOS {(that is POST in the previous examples) does not
need to search for these peripheral devices as described above.

In accordance with another embodiment of the present invention, this general

approach may be used to reduce the amount of system ROM required within the "~

host computer. Still referring to Figure 5, in this embodiment, system BIOS 104
stored in system ROM 108 is only a small first portion of the overail systefn BIOS
used by host computer 102. A second portion 182 of the system BIOS is stored
within mass memory storage 116 of mass memory storage device 114 in the same
manner as described above for the peripheral device expansion BIOS. With this
arrangement, system ROM 108 only needs to be large enough to store enough
code to activate mass memory storage device 114 and load second portion 182
into system RAM 106.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 97/14095 PCT/US96/16220
19

Referring to the flow chart in Figure B, the operation of a system in which the
system BIOS is divided into a first portion stored in system ROM 108 and second
portion 182 stored within mass memory storage 116 of mass memory storage
device 114 will be described in detail. In this arrangement, after the comptiter is”
turned on as indicated in block 184, the first portion of the system BIOS stofed ih'ﬁé
systemn ROM 108 finds and configures mass memory storage device 114 ‘(block
186). As indicated in block 188, the first portion of the system BIOS includes code
which determines an acceptable address to load second portion 182 of the system
BIOS into within system RAM 106. Next, in blocks 190 and 192, the first portion
of the system BIOS code loads the second portion 182 of the system BIOS from
mass memory storage device 114 into system RAM 106 and runs the second
portion of the system BIOS which is now in system RAM. At this point, the
second portion of the system BIOS takes control as indicated in block 194 and the
system continues to operate in the same manner as if the entire system BIOS were
provided within ROM 104. '

It should be understood that once the second portion of the system BIOS has,
been loaded into RAM and executed, the system may continue in accordance with
the above described arrangements for loading any expansion B!OS associated with -
peripheral devices connected to the system. Alternatively, the expansion BIOS may
be loaded as will be described in detail hereinafter. Using this overall approach, the -
majority of the system BIOS, along with the majority of, or even all of, the
expansion BIOS of peripheral devices connected to the system may be stored
within the mass memory storage of a mass memory storage device connected to
the system rather than being stored in ROM. This eliminates the majority of the
cost associated with the BIOS ROM required for the system BIOS and expansion
BIOS in a typical computer system. Furthermore, taking this same basic concept
a step further, additional components of a typical computer system may also be
eliminated by storing the information stored in these components within the mass
memory storage device. For example, battery backed up memory which may
include system configuration information, passwords, or any other information
typically stored in ROM or battery backed up memory may also be eliminated by
storing this information on the mass memory storage device and accessing itduring

the start-up of the system as described above.
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In a another embodiment of the present invention, the need for an expansion
BIOS ROM associated with a particular peripheral corhpuier device is eliminated all |
together. Referring to Figure 9, an overall system 200 includes host computer
102, system BIOS 104, system RAM 106, system ROM 108, host bridge 112, and
peripheral bus 110 as described for the previous embodiménts. System 200 also 2 .
includes mass memory storage peripheral computer device 202 having.mass
memory storage 204. In this embodiment, all of the expansion BIOS associated
with device 202 is stored within mass memory storage 204. As mentioned above
for other embodiments, device 202 may take the form of a hard disk drive, .a
compact disk player, or any other form of mass memory storage.

Mass memory storage device 202 {urther includes a3 memory buffer 206 for
storing data input and output as it is transferred to and from mass memory storage
204. Memory buffer 206 is configured such that it appears to the host system as
if it is an expansion ROM installed on device 202 during the start-up of the system.
In accordance with the present invention, device 202 also includes an intelligent : .
start-up arrangement 208. Start-up arrangement 208 senses when the system is
being turned on and in response to the start-up of the system arrangement 208
causes mass memory storage device 202 to quickly turn on and load st least a first
portion of the expansion BIOS into memory buffer 206. Arrangement 208 is
configured to load this first portion of the expansion BIOS into memory buffer 206 -
quickly enough that it is available to the host system when POST checks device
202 10 see if it requires any expansion BIOS. This first portion of the expansion
BIOS is similar to first portion 120 of the expansion BIOS for the first embodiment
described above.

Referring to Figure 10, this embodiment is operated in much the same manner
as was describe for the operation of the embodiment illustrated in tha flow chart
of Figure 7. As shown in Figure 10, the first blocks 146 and 148 are the same as
described above. However, in this embodiment after the POST code enables
expansion ROM decoding, block 150 of Figure 7 is replaced with block 210 in
which device 202 maps its internal memory buffer 206 as expansion BIOS into
system memory starting at the address the POST code provided to the
configuration space of the device. In the same manner as described in detail above
for Figure 7, faked generated data is mapped to the excess system memory space
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requested by the configuration space of device 202. Device 202 sets up its

internal address decoder to decode the entire memory address range requested by

its configuration space even though there is no ROM in device 202.

As was described for previous embodiments, the POST code reads through the e

expansion BIOS by reading the memory locations to which the expansion BIOS was®

mapped searching for an appropriate expansion BIOS code image (block 152}, If

an appropriate code image is not found the sequence returns to block 56 to see if

there are additional devices to be configured. However, if a proper code image is |
found, the sequence moves to block 212 in which the POST code determines .a
memory location within host system RAM 106 to copy the expansion BIOS code
to from memory buffer 206 of device 202. The POST code then copies the code
image from memory buffer 206 of device 202 into system RAM 106 as indicated
in block 214. This copying includes the first portion of the expansion BIOS and the
faked generated data described in detail above. As indicated in block 160, the -
POST code calls the initialization code contained within the first portion ‘of the':
expansion BIOS now in system RAM 106 and runs the initialization code. : The
remainder of the operation of this embodiment is identical to that described above
for the flow chart of Figure 7.

Alternatively, in another version of this embodiment, memory buffer 206 may
be mapped into the host systems memory as expansion BIOS for the entire
expansion BIOS image eliminating the need to divide the expansion BIOS into first
and second portions. Referring to the flow chart of Figure 11, this approach will
be described. Blocks 54, '56, 146, 148 remazin the sarﬁe as the embodiment
described above for Figure 10. However, in block 216, device 202 maps its
memory buffer 206 as expansion BIOS for the entire expansion BIOS image into
system memory starting at the address the POST code provided to the
configuration space of device 202. Device 202 reads the expansion BIOS from its
mass memory into its memory buffer and maps the image into system memory.
If multiple images are provided, they are also mapped into system memory. The
device sets up its internal decoder to decode the entire memory range even though
there is no ROM on the device. Blocks 152, 154, and 212 are also identical to
those described above for Figure 10. However, in block 218, the POST code
copies the appropriate expansion BIOS image which contains the entire expansion
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BIOS as read off of mass memory storage 204 from memory buffer 206 of device

202 to system RAM 106. From this point on, the opérafion proceeds through

blocks 76, 78, 80, and 82 in the same way as if the expansion BIOS had been

foaded from ROM on the device as was described for the prior art system ‘shown

Lo

in the flow chart of Figure 4. : : R
Referring back to Figure 9, another embodiment provides an arrangement in
which the expansion BIOS ROM associated with a particular peripheral computer
device other than a mass memery storage device is eliminated all together. In this
embodiment, system 200 includes a peripheral computer expansion card or device
220 which reguires an associated expansion BIOS to be loaded into the ‘host-
computer in order to initialize and/or operate expansion card 220. In the same
manner as described abové for device 202, the expansion BIOS associated with

expansion card 220 is stored in mass memory storage 204 of davice 202. The

-operation of this embodiment would be identical to the embodiment described

immediately above except that the initialization code stored within mass memory - -
storage 204 would include initialization and runtime code for expansion card 220
as well as initialization code and runtime code for device 202, g

One of the advantages of the present irivention is that the portion of the
expansion BIOS which is stored within the mass memory storage may be easily
upgraded. in the case in which the mass memory storage is a hard disk drive, the -
portion of the expansion BIOS may be stared in a portion of the mass memory
storage which is not user accessible. A variety of methods may be used to protect
this portion of the hard drive from being accessed during normal operation of the
hard drive. In this situation, a utility program may be provided which allows this
protected portion of the hard drive to be accessed when and if an update or
correction of the portion of the expansion BIOS stored on the hard drive is desired.
All of the above described embodiments are able to take advantage of this ability
to update and revise the portion of the expansion BIOS which is stored in the mass
memory storage of the mass memory storage peripheral device of the system.

The general approach of storing at least a portion of the expansion BIOS on
mass memory storage aiso allows the host system to be configured differently for
different situations. An example of this would be when the system is being used
for running a particular game or application which may function better when the
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system is configured in 2 rmanner different than during the normal operation of the
system. In this situation, the mass memory storage device rriay be a compact disk
player and the game or application may be provided on a compact disk. Depending
on which of the above described approaches is being used, the compact disk itself
would contain at least a portion, if not all of the expansion' BIOS. This expafsion ™
BIOS on the compact disk would include initialization and runtime code wﬁicﬁ
would optimize the operation of the system for the specific game or application that
is being run.

By storing a portion of the expansion BIOS and/or system BIOS on the mass
memory storage of the mass memory storage peripheral device, a much larger
expansion and/or system BIOS may be provided without increasing the cost of the
peripheral device and/or the system. As described above, this general concept of
storing information required during the start-up of the system may include a variety
of operating data, text, or other information that increases the functionality of the
system during the start-up of the system. One specific example of this is the
ability to present more elaborate graphics displiays during the start-up of the syéfem
without having to include a large amount of ROM somewhere within the system in
order to contain the desired graphics information.

Referring to Figure 12A, the operation of a computer system in accordance with
the invention will be described which includes the capability of providing particular **
graphics information to the system during the start-up of the system. As indicated
in blocks 222 and 224, the computer is turned on and the initialization code of the
BIOS associated with the system takes control of the system. This BIOS may be
any of the various BIOS arrangements described above. At this point, as indicate
by decision block 228, the initiglization code of the BIOS checks to see if the
computer system 'contains video graphics memory. if there is no video graphics
mermory present, as indicated in block 234, the initialization code of the BIOS goes
on configuring the system. However, if there is video graphics memory present,
the current video memory plane is set active and the current video memory plane
image is read from the mass memory storage device directly into video memory as
shown in blocks 228 and 230 respectively. The initialization code of the BIOS then
checks to see if there is another video memory plane to be read as indicated in
decision block 232. I so, blocks 228 and 230 are repeated until there are no more
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video memory planes to be read.

Referring now to Figure 12B, the same basic approaciw déscribed above for the
graphics example may be used to provide other operating data to the system. This
operating data may inciude, but is not limited 1o, system configuration information,
data, text, passwords, or any other information that may provide some 'p’urpbse 4
during the start-up of the system. As was describe above for Figure 12A'the
computer is turned on and the initialization code of the BIOS associated with the
system takes control of the system as indicated in blocks 222 and 224. At this
paint, as indicate by decision biock 236, the initialization code of the BIOS checks
10 see if the mass memory storage device contains operating data to be loaded into
system, |f there is no operating data present, as indicated in block 234, the
initialization code of the BIOS goes on configuring the system. However, if there
is operating data present, the initialization code determines the memory location to
load the operating data into and the operating data is read from the mass memory
storage device into system RAM as shown in blocks 238 and 240 respectively. & ¢
The initislization code of the BIOS then checks to see if there is any more operating
data to be read as indicated in decision block 242. If so, blocks 238 and:240 are
repeated until there is no more operating data to be read. Coem e

As mentioned above, by using the approach described for Figures 12A and
12B, operating data or graphics may be provided to the system during the start-up
of the system without requiring additional ROM storage space for this information.
This allows much more information to be provided during the system start-up
without increasing the cost of the system or peripheral. This approach aiso allows
the cost of ROM or other forms of memory storage such as battery backed up
memory currently used for this purpose to be eliminated reducing the cost of the
system.

Although the peripheral bus has been described throughout as being a PCl bus,
this is not a requirement. As mentioned above, any periphera} bus which requires
the mapping of the expansion BlOS location addresses into the system memory
rather than allowing fixed, hard wired expansion BIOS location addresses would
equally apply. Also, it should be understood that in the embodiments which
eliminate entirely the expansion BIOS ROM on a particular peripheral device, the
particular peripheral device may still include ROM for other purposes and still
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rermnain within the scope of the invention,
Although only a few specific examples of providing an érrangemem in which
at least a portion of the BIOS or operating data is stored in the mass rﬁe_mory

storage of a2 mass memory storage peripheral computer device' havé“been

~ described, it should be understood that the invention may take on 'awidé"ii“é"ﬁé’ﬁ '
of other specific forms. For exampie, in 8 system in which several penpheral
devices are connected to the host computer, the expansion BIOS for all of the

devices may be stored on the mass memory storage device. 'In this exmple, the
first portion of the expansion BIOS for the mass memory storage device ma‘vbg

loaded into a memory buffer as described above or may be stored in a small

expansion BIOS ROM as described abave. The second portion of the expansion -

BIOS for the mass memory storage device along with the expansion BIOS for all of
the other peripheral devices may be stored in the mass memory storage of the
mass memory storage device and may be accessed using the first portion of the
expansion BIOS for the mass memory storage device. Therefore, the present

examples are to be considered as illustrative and not restrictive, and the invéntion

is not to be limited to the details given herein;-but may be modified within ‘the
scope of the appended claims. '
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1. In a computer system including a host computer having system RAM and a
mass memory storage peripheral computer device having mass memorv.stor'a-'ge

which is connected to the host computer, the host combu'ter using a BIOS to -
5 control its operation, an arrangement comprising: . N
a) permanent memory storage means accessible to the host coniputer'_f-
during the start-up of the computer system for containing a first portion of the
BIOS: .
b) a second portion of the BIOS, the second portion of the BIOS being
10 stored within the mass memory storage of the mass memory storage peripherai
computer device; and ' |
c) operating means for causing the host computer to access the
permanent memory storage means, obtain the first portion of the BIOS, .and
thereafter, by using the first portion of the BIOS, causing the host computer to
15 access {he mass memory storage of the mass memory storage peripherél computer
device, obtain the second portion of the BIOS which is located within the mass
memory storage of the mass memory storage peripheral computer device, and store
the second portion of the BIOS within the system RAM.
2. An arrangement according to Claim 1 wherein the BIOS is systém BIOS
20 associated with the host computer.
3. An arrangement according to Claim 2 wherein the permanent memory
storage means is provided as part of the host computer.
4. An arrangement according to Claim 1 wherein the BIOS is expansion BIOS
associated with a particular peripheral computer device,
25 5. An arrangement according to Claim 4 wherein the permanent memory
storage means is provided as part of the particular peripheral computer device.
6. An arrangement according to Claim 4 wherein the particular peripheral
computer device is the mass memory storage peripheral computer device.
7. An arrangement according to Claim 1 wherein the BIOS is system BIOS
30 associated with the host computer and expansion BIOS associated with a particular

peripheral computer device.
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8. An arrangement according to Claim 1 wherein the permanent memory
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storage means is ROM.

9. A computer memory storage medium other than ROM for use in a computer
system including a hast computer having system RAM associated with'thé'host
computer and a mass memory -storage peripheral computer ‘device Whﬁih_ iés L

connected to the host computer, the system host computer using a BIOS to control

its operation, at least a portion of thi BIOS being stored within'the mass memory
storage of the mass memory storage peripheral computer device for use by the -

host computer after the host computer has loaded the BIOS stored in the mass

memory storage into the system RAM of the host computer, the computer memory

storage medium comprising, .
a portion thereof containing BIOS for controlling the operation of ihe host

computer. |

10. A computer memory storage medium according to Claim 9 wherein the
computer memory storage medium is the mass memory storage of the mass
memory storage peripheral computer device which is connected to the host
computer. :

11. A computer memory 'sto‘rég'e ‘medium according to Claim 10 wherein
the mass memory storage peripheral computer device is a hard disk drive.

12. A computer memory storage medium according to Claim 9 whereinthe' -

computer memory storage medium Is a floppy disk and wherein the BIOS contained
on the floppy disk is transferable to the mass memory storage peripheral computer
device. '

13. A computer memory storage medium according to Claim 9 wherein the
BIOS contained on the memory storage medium is updated and revised BIOS
associated with at least a portion of the computer system.

14, A computer memory storage medium according to Claim 9 whereinthe
BIOS contained on the memory storage medium is expansion BIOS associated with
a particular peripheral computer device being connected to the computer system.

15. A computer memory storage medium according to Claim 8 whereinthe
BIOS contained on the memory storage medium is system BIOS associated with the
host computer.

16. In a computer system including a host computer having system RAM

3
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and a particular peripheral conyp.ui.. - vice connected 1o the host computer using
a peripheral bus in which relocatable expansion BIOS location addresses are
allowed, an arrangement for allowing the host computer to operate the particular
‘peripheral computer device, the operation of which requires the host co'rhbi."itéi‘ to
S5 obtain expansion BIOS associated with the particular peribheral computer d"é'\}icéﬁf
and load the expansion BIOS into the system RAM, the arrangement comprising:
a)  ROM storage means for containing a first portion but not all of the
expansion BIOS associated with the particular peripheral computer device,
b} a mass mermory storage peripheral computer device connected to the
10 host computer and having mass memory storage means containing a second
portion of the expansion BIOS associated with the particular peripheral computer
device, and
c) operating rneans for causing the host computer to access the ROM
storage means, obtain the first portion of the expansion BIOS associated with the
15 particular peripheral computer device, and thereafter, by using the first portion of
the expansion BIOS, causing the host computer to (i} access the mass memory
storage means of the mass memory storage peripheral computer device; (ii} obtain
the second portion of the expansion BIOS which is associated with the:particular
periphefal computer device and which is located within the mass memory storage
20 means of the mass memory storage peripheral computer device, and {(iii) store the -
second portion of the expansion BIOS within the system RAM.

17. An arrangement according to Claim 16 wherein the particular
peripheral computer device is the mass memory storage peripheral computer
device,

25 18. An arrangement according to Claim 16 wherein the host computer -

includes its own ROM memory storage and wherein the ROM storage means

containing the first portion of the expansion BIOS is apart from the computers own
ROM storage memory.

18. An arrangement according to Claim 16 wherein the host computer

30 includes a PCIl bus for connecting the particular peripheral computer device to the

host computer and wherein the system utilizes PC) protocol for using the PCI bus.

20. An arrangement according to Claim 16 wherein the mass memory

storage means is a hard disk drive and the second portion of the expansion BIOS
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is contained within the mass memory storage of the hard disk drive.

PCT/US96/16220

21. An arrangement according to Claim 20 wherein the second portion of
the expansion BIOS is located in a portion of the hard disk d{fve mass memory
storage which is not user accessible.

22, An arrangement according to Claim 16 wherein the mass memory’
storage means is 3 compact disk player and the second portion of the expansion
BIOS is contained within the memory of a compact disk which rnay be read by the
compact dlsk player. ’

23, An arrangement according to Claim 16 wherein the particular

peripheral computer device is a video card.

24, An arrangement according to Claim 16 wherein the particular’
peripheral computer device is 8 network card. _ - '

25, An arrangement according to Claim 16 wherein;

a) the particular peripheral computer device includes a configuration
space available to the host computer containing information on a requested size of °
the expansion BIOS, and _ ,

b) the first pomoﬁ -of the expansion ﬁlos includes initializing means for
making it appear to the host computer as if the first portion of the expansion BIOS
is the size of the requested size of the expansion BIOS even though the first portion
of the expansion BIOS is smaller than the requested size. '

286. An arrangement according to Claim 25 wherein the initializing means
includes means for storing excess information in the system RAM along with the
first portion of the expansion BIOS such that the combination of the excess
information and the first portion of the expansion BIOS equals quantitatively the
requested size.

27. In a computer system including a host computer having system RAM
and a particular peripheral computer device connected to the host computer using
a peripheral bus in which relocatable expansion BIOS location addresses are
allowed, an arrangement for allowing the host computer to operate the particular
peripheral computer device, the operation of which requires the host computer to
obtain expansion BIOS associated with the particular peripheral computer device

and load the expansion BIOS into the system RAM, the arrangement comprising:

a) a mass memory storage peripheral computer device connected to the
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host computer and haviry e Y storage means containing the expansion
BIOS associated with the particular peripheral computef dévice;
b) means for commencing the operation of the system; and

i cl operating means responsive to the commencing of operation of the
system for causing the host computer to (i} access the mass memory storage’
means of the mass memory storage peripheral computer device, {ii) obtaining the
expansion BIOS associated with the particular peripheral computer device, and {jii)
store within the system RAM the expansion BIOS associated with the particular

peripheral computer device.

28. An arrangement according to Claim 27 wherein the particular -
peripheral computer device is the mass memory storage peripheral computer
device.

29, An arrangement according to Claim 27 wherein the host computer

includes a PCl bus for connecting the particular peripheral computer device to tha

host computer and wherein the system utilizes PCt protocol for using the PCl bus. : -
30. An arrangement according to Claim 29 wherein the operating means

includes a memory buffer on the mass memory storage peripheral computer device.
31. An arrangement according to Claim 30 wherein: |

a) the operating means includes means for performing a Power-On-Self-
Test upon the commencing of operation of the system according to the PCl
protocol;

b) the expahsion BIOS associated with the particular peripheral computer
device includes a first portion and a second portion; and -

c) the mass memory storage means includes means for loading the first
portion of the expansion BIOS associated with the particular peripheral computer -
device into the memory buffer of the mass memory storage peripheral computer
device within the time frame of the Power-On-Self-Test allowing the operating
means to (i) access the mer’nory’ buffer, {ii} obtain the first portion of expansion
BIOS, and thereafter, by using the first portion of the expansion BIOS, {iii) access
the mass memory storage means of the mass memory storage peripheral computer
device, (iv) obtain the second portion of the expansion BIOS which is associated
with the particular peripheral computer device and which is located within the mass

memory storage means of the mass memory storage peripheral computer device,

SUBSTITUTE SHEET (RULE 26)

REPLACED

THIS SHEET HAS BE.EN-




10

15

20

25

30

R ) o

This Sheet Has Been

womas (AN

and {v) store the second portion of the expansion BIOS within the system RAM.
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32. An arrangement according to Claim 31 wherem,

a) the particular periphéral computer device includes a confsguratlon -

space available to the host computer containing information on a requested size of

the expansion BIOS, and _
b) the first portion of the expansion BIOS includes initiaﬁzing means for

making it appear to the host computer as if the first portion of the expansion BIOS

is the size of the reguested size of the expansion B!OS even though the first portlon b

of the expansion BIOS is smalier than the requested size. .

33. An arrangement according to Claim 32 wherein the initializing mééns
includes means for storing excess information in the system RAM along with the
first portion of the expansion BIOS such that the combination of the excess

information and the first portion of the expansion BIOS equals quantitati\ié"‘lif'ihe '

requested size.

34. An ‘Brrangement according to’ Cldim 27 wherein the mass remory
storage means is a hard disk drive. I

35. An arrangement according to Claim 34 wherein the expansion BIOS
associated with the particular peripheral computer device is located in a pofﬁi’iﬁ‘of
the hard disk drive mass memory storage which is not user accessible.

36. An arrangemnent according to Claim 27 wherein the mass memory
storage means is a compact disk player and the expansion BIOS associated with
the particular peripheral computer device is contained within the memory of a
compact disk which may be read by the compact disk player.

37. in a computer system including a host computer having system RAM
and a mass memory storage 'peri-p:i"i"éra’l computer device having mass memory
storage which is connected to the host computer, the host computer using a BIOS
to control its operation, an method comprising the steps of:

8) providing permanent memory storage means which is accessible to the
host computer during the start-ﬁp of the computer system and which contains a
first portion of the BIOS;

b) storing a second portion of the BIOS within the mass memory storage
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of the mass memory storage peripheral computer device; and
c) causing the host computer to access the per'ma‘nent memory storage
means, obtain the first portion of the BIOS, and thereafter, by using the first
portion of the BIOS, causing the host computer to access the mass memory
storage of the mass memory storage peripheral computer device, obtain the sei;ond
portion of the BIOS which is located within the mass memory storage of the mass
memory storage peripheral compﬂfé’r ﬁéﬁiice, and store the second portion of the
BIOS within the system RAM. )
38. A method accord_ing 10 Claim 37 wherein the BIOS is system BIOS

associated with the host computer.

39. A method according to Claim 38 wherein the step of providing

permanent memory storage means in'c_:ltides the step of providing the permanent -

memory storage means as bart of the host computer. R
40. A method according 1o Clair 37 wherein the BIOS is expansion BIOS
associated with a particular peripheral computer device. S DR

41, A method according to Claim 40 wherein the step of .providing

permanent memory storage means includes the step of providing the permanent

memory storage means as part of the particular peripheral computer device.- .

42. An arrangement according to Claim 40 wherein the particular
peripheral computer device is the mass memory storage peripheral computer
device. .

43. A method according to Claim 37 wherein the BIOS is system BIOS
associated with the host computer arid expansion BIOS associated with a particular
peripheral computer device.

44, A method according to Claim 37 wherein the step of providing
permanent memory storage means includes the step of providing permanent
memory storage means in the form of ROM.

45, A method according to Claim 44 wherein;

a} the system inciudes a particular peripheral computer device connected
to the host computer using a2 peripheral bus in which relocatable expansion BIOS
location addresses are allowed,

b) the BIOS is expansion BIOS associated with the particutar peripheral
computer device
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c) the step of storing the second portion. of the BIOS includes the step
of storing a second portion of the expansion BIOS associated with the particular
peripheral computer device within the mass memory storage means of the mass
memory storage peripheral computer device, and

d) the step of causing the host computer to access the perménent d
memory storage means includes the step of causing the host computer to ac'cas"é
the ROM storzge means, obtain the first portion of the expansion BIOS associated
with the particular peripheral computer device, and thereafter, by using the first
portion of the expansion BIOS, causing the host computer to {i) access the mass
memory storage means of the mass memory storage peripheral computer device,
(if) obtain the second portion of the expansion BIOS which is associated with the
particular peripheral computer device and which is located within the mass storage
means of the mass memory storage peripheral computer device, and {iii) store the
second portion of the expansion BIOS within the system RAM.

46. A method according to Claim 45 wherein the particuler peripheral '’
computer device is the mass memory storage peripheral computer device. " ~

47, A method according to Claim 45 wherein the host computer inchides
its own ROM memory storage and wherein the step of storing the first portion of
the expansion BIOS associated with the particular peripheral computer device
within the ROM storage means includes the step of storing the first portion of the *
expansion BIOS within ROM storage means which is apart from the computers own
ROM storage memory.

48. A method according to Claim 45 wherein the host computer and the
particular peripheral computer device are connected using a PCl bus and wherein
the steps of causing the host computer to access the first and second portions of
the expansion BIOS associated with the particular - peripheral computer device
includes the step of utilizing PCI protocol to cause the host computer to access the
first and second portions of the exparision BIOS.

49, A method according to Claim 45 wherein the mass memory storage
means is a hard disk drive and wherein the step of storing the second portion of
the expansion BldS associated with the particular peripheral computer device
includes the step of storing the second portion of the expansion BIOS within the
memory of the hard disk drive.
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50. A method according to Claim 49 wherein the step of storing the
second portion of the expansion BIOS within the memory of the hard disk drive
includes the step of storing the second portion of the expansion BIOS within a
portion of the hard disk drive mass memory storage which is not user acceséible.

51. A method according to Claim 45 wherein the mass memory storage *

means is a compact disk player and wherein the step of storing the second portion
of the expansion BIOS associated with the particular peripheral computer device
includes the step of storing the second portion of the expansion BIOS within the
memory of a compact disk which may be read by the compact disk player.

52. A method according to Claim 45 wherein the particular peripheral -~

computer device is a video card

53. A method accordmg to Claim 45 wherein the pamcular peripheral
computer device is a network card. . . . - : C e

54. A method according to Claim 48 wherein; IR

a) the particular peripheral computer device includes a PCI configuration #

space available to the host computer which contains information on a requested
size of the expansion BIOS, : _ Lt

b) the method further includes the step of causing the host computer to
obtain the requested size of the expansion BIOS from the PCl configuration space,
and

c) the step of causing the host computer to access and obtain the first
portion of the expansion BIOS includes the step of making it appear to the host
computer as if the first portion of the expansion BIOS is the size of the requested
size of the expansion BIOS even though the first portion of the expansion BIOS is
smaller than the requested size.

55. A method according to Claim 54 wherein the step of making it appear
to the host computer as if the first portion of the expansion BIOS is the size of the
requested size of the expansion BIOS includes the step of storing excess
information in the system RAM along with the first portion of the expansion BIOS
such that the combination of the excess information and the first portion of the
expansion BIOS equals quantitatively the requested size.

56. in a computer system including a host computer having system RAM
and a particular peripheral computer device connected to the host computer using

o
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allowed, 'a method for allowing the host computer to operate the particular
peripheral computer device, the operation of which requires the host computer to
obtain expansion BIOS associated with the particular peripheral computer device
and load the expansion BIOS into the system RAM, the method comprising ‘the’
steps of: - '

a) providing a mass memorv storage peripheral computer device havmg
mass memory storage means connécted to the host computer; T

b) storing the expansion BIOS associated with the particular periéher_al
computer device within the mass memory storage means;

cl commencing the operation of the system; and

d) after commencing of operation of the system, cahsing the host
computer to (i) access the mass memory storage means of the mass rhéf"nory
storage peripheral computer device, (i) obtain all of the expansion BIOS associated
with the particular peripherai cormputer device, and {iii) store the expansion BIOS;‘ :
within the system RAM. o

57. A method according to Claim 56 whersin the step of 'prbvidiﬁag"" the
mass memory storage peripheral cdrr’ip'uter device includes the step of providing the
particular peripheral computer dewce in the form of a mass memory' storage
peripheral computer device. o

58. A method according to Claim 56 wherein the host computer and the
particular peripheral computer device are connected using a PCl bus and wherein
the steps of causing the host cormnputer to access the expansion BIOS associated
with the particular perlpheral computer device includes the step of utullzmg PCl
protocol to cause the host computer to access the expansion BIOS.

59, A method according to Claim 58 wherein

a) the mass memory stordge peripheral computer device includes a
memory buffer,

b}  the step of causing the host computer to access the mass memory
storage means includes the step of causing the host computer to perform a Power
On Self Test upon the commencing of operation of the system according to the PCI
protocol;

c) the expansion BIOS associated with the particular peripheral computer

suU
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device includes a first portion and a second portion; and

d) before the step of causing the host computer to access the .mass
memory storage means, including the step of loading the first portion of .the
éxpansion BIOS associated with the particular peripheral computer device into the
memory buffer of the mass memory storage peripheral computer device :w.itl_rgiljg'_tﬁeg
time frame of the Power On Seif Test, and thereafter, causing the host co_r_r':p;;xtér'
to (i) access the memory buffer, {ii) Bbtain the first portion of expansion BIOS, and
thereafter, by using the first portion of the expansion BIOS, (iii) access the.mass-
memory storage means of the mass memory storage peripheral computer device,
{iv} obtain the second portion of the expansion BIOS which is associated with the , ;
particular peripheral computer device and which is located within the mass stmage'
means of the mass memory storage peripheral computer device, and {v) store the .
second portion of the expansion BIOS within the system RAM.

€0. A method according to Claim 53 wherein; :

a) the particular peripheral computer device includes a PCl configuration: ¢
space available to the host computer which contains information on a requested
size of the expansion BIOS, i

b} the method further i_ndiudes the step of causing the host computer to
obtain the requested size of the expansion BIOS from the PCI configuration space,
and G
c} the step of causing the host computer to access and obtain the first
portion of the expansion BIOS includes the step of making it appear to the, host
computer as if the first portion of the expansion BIOS is the size of the requested
size of the expansion BIOS even though the first portion of the expansion BIOS is
smaller than the requested size.

61. A method according to Claim 60 wherein the step of making it appear
to the host computer as if the first portion of the expansion BIOS is the size of the
requasted size of the expansion BIOS includes the step of storing excess
information in the system RAM along with the first portion of the expansion BIOS
such that the combination of the excess information and the first portion of the
expansion BIOS equals quantitatively the requested size.

62. A method according to Claim 56 wherein the mass memory storage
means is a hard disk drive and wherein the step of storing all of the expansion BIOS
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within the mass memoty §torage means includes the Step of storing all of the
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expansion BIOS within the memory of the hard disk drive.

63. A method according to Claim 62 wherein the step of storing all of the
expansion BIOS associated with the particular peripheral computer device within
the memory of the hard disk drive includes the step of storing all of the expansion -
BIOS within a portion of the hard disk drive mass memory storage which ié not user
accessible. '

64. A method according to Claim 56 wherein the mass memory storage
means is a compact disk player and wherein the step of storing all of the expansion
BIOS associated with the particular peripheral computer device within the 'mas;s'
memory storage means includes the step of storing all of the expansion BIOS
within the memory of a compact disk which may be read by the compact disk
player.

65. In a computer system including a host_ computer having system RAM
and a mass memory storage peripheral computer device having mass memory’ |
storage which is connected to the host computer, the host computer using a'BIOS
to control its operation during the start-up ofthe computer system, an arrangement
comprising: et T e e e S T3

a) permanent memory storage means accessible to the host computer
during the start-up of the computer system for containing at least a portion of the -
BIOS; . _

b} operating data stored within the mass memory storage of the mass
memory storage peripheral computer device; and

c) operating means for causing the host computer t0 access the
permanent memory storage means, abtain the portion of the BIOS stored within the
permanent memory starage means, and during the start-up of the system, by using
the portion of the BIOS stored within the permanent memory storage, causing the
host computer to (i) access the mass miemory storage of the mass memaory storage
peripheral computer device, (i} obtain the operating data which is located within
the mass memory storage of the mass memory storage peripheral computer device,
and {iii) store the operating data within the system RAM.

66. An arrangement according to Claim 65 wherein the system includes
a display and wherein the operating data includes graphics generating means which
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controls the image on tH& display during the start-up of the system.

67. An arrangement according to Claim 65 wherein the operating data
includes configuration information about the computer system required during the
start-up of the system. e

5 €8. An arrangement according to Claim 65 wherein the oper_ating*d':ata 3
includes a password required during the start-up of the system. . c: :

69. In a computer system including a host computer having system RAM
and a mass memory storage peripheral computer device having mass rnemory
storage which is connected to the host computer, the host computer using a BIOS

10 to control its operation during the start-up of the computer system, a method
comprising the steps of:

a) providing permanent mernory storage means accessible to the host
computer during the start-up of the computer system for containing at least a
portion of the BIOS; _

15 b} storing operating data within the mass memory stoa'agé of the mass i
memory storage peripheral computer device;

c) during the start-up of the system, causing the host computer to
access the pernianent memory storage means and obtain the portion of the BIOS
stored within the permanent memory storage means; and _

20 d) by using the portion of the BIOS stored within the permanentmemory .
storage, causing the host computer to (i} access.the mass memory storage of the
mass memory storage peripheral computer device, (i) obtain the operating data
which is jocated within the mass memory storage of the mass memory storage
peripheral corr;puter device, and (iii) store the operating data within the system

25 RAM.

70. A method according to Claim 69 wherein the system includes a
display and wherein the step of obtaining the operating data includes the step of
obtaining graphics generating means which controls the image on the display
during the start-up of the system.

30 71. A method according to Claim 69 wherein the step of obtaining the
operating data includes the step of obtaining configuration information about the
computer system required during the start-up of the system.

72, A method according to Claim 63 wherein the step of obtaining the
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operating data includes the step of obtaining a password requured during the start-
up of the system. c
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