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t he I nvention The present invention is directed to a system an
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Disk-Based Software Image Use from a Read Only

Memory Device

Background of the Invention

1. Field of the Invention

The present invention is directed to a system and
method for enabling a éomputer system to use a read only
memory device to store and execute software written for a
disk-based enviroﬁment. More particularly, the present
invention relates té computer system ahd operating system
processes and structures necessary to use disk-based

software stored on a linear read only memory.

2. Background and Related Art

Semiconductor read only memory devices (ROM) have
historically been used in cdmputer systems to store
invariant portions of executable code such as system
initialization tasks and the initial program load of the

operating system. The requirement that the ROM code be



method for enabling a conputer systemto use a read only nenory device to
store and execute software witten for a disk-based environnment. Mre
particularly, the present invention relates to conputer system and
operating system processes .and structures necessary.to use di sk-based
software stored on a |linear read only nmenory. 2." Background and Rel ated
Art Sem conductor read only nenory devices (ROM have historically
been used in conmputer systens to store invariant portions of executable
~code such as system initialization tasks and the initial program|oad of
the operating system The requirenent that,the ROM code be :

invariant and the relative cost of ROM devices compared
to other forms of media limited use of these ROM devices
to small portions of code. The major parts of person#l
computer operating systems have traditionally'been
contained on removable diskettes or hard disk d;i%es.
Semi-coﬁductor read only memory devices, such as memories
manufactured by Texas Instruments and Advanced Micro
Devices are computer chips that stqre data at linearly'
addressable locations. These meﬁories aré distinguished
from compact disk read only membries (CDROM) that use
optical technologies for storing read only code.on a |
removable media héying a particular physical

organization.

Personal computer operating systems such as DOS, IBM
08/2, and Microsoft Windows were written for systems
using diskettg or hard disk storage devices for operatiné
system storage. The loading and execution of these
programs assumes that the operating system is stored on
the disks based upon the éeometry of those disks.

Loading the operating system initially and accessing



2 sinvariant and the relative cost of ROM devices conpared to other forns
of nedia limted use of these ROM devices to small portions of code. The
maj or parts of personal conputer operating systenms have traditionally been
contai ned on renovabl e di skettes or hard disk drives. Sem -conductor read
only nmenory devices, such as nenories manufactured by Texas |nstrunents
and Advanced M cro Devices are conputer- chips that store data at linearly
addressabl e | ocations. These nenories are distinguished from conpact disk
read only nenories (CDROM that use optical technologies for storing read
only code on a renovable nedia haying a p%rticular physi cal

operating system function in support of application
programs relies upon the disk geometry of the removable
or hard disk. The geometry includes defined disk sectors
containing data. Operéting system performance is
enhanced by directly accessing disk sectors by location.
The system therefore becomes dependent on the physical

disk organization.

The redudtion in size and cost of microprocessbrs
and semiconductor memory have expan@ed the use of
computers to provide embedded functions in machinery from
automobiles to hoﬁq appliances. Embedded controllers
provide increasing émounts of function and often operate
in a manner similar to a stand alone personal computer.
Application programs can be more rapidly and efficiently
developéd for these embedded systems when the prograﬁmers

. can use standa;d personal computer or workstation tools
during the development phase and then simply load those
applications onto the read only device as part of the

embedded system.
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organi zati on. Personal conputer operating systens such as DOCS, | BM
S/ 2, and M crosoft Wndows were witten for systens using diskette or
hard di sk storage devices for operating system storage. The | oading and
execution of these prograns assumes that the operating systemis stored on
t he di sks based upon the geonetry of those disks. Loading the operating
systeminitially and accessing 3

Historically embedded microprocessors used
specialized operating environments or operating systems
to support their function. The ability to use standard
ope;ating systems for development requires that standard
operating system function be provided for the embedded

system on the read only memory.

Special versions of standard disk-based operating
systems have been provided for the embedded system
market. For -example, Microsoft offers a pfoduct entitled
"ROM DOS" that is a version of their DOS operating syétem
usable on a ROM dégice. IBM offers a version of the IBM
Microkernel for use:in‘embedded controllers. The
creation of a ROM based version of an operating system,
however, regquires that the operating system be modified
to consider the fact that it is executing from a ROM
deviée instead of a disk image. The aﬁalysis and.
modification required for a complex 6perating system such
as IBM 0S/2 or Microsoft Windows 95 would consume several

person years and be uneconomical.
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operating systemfunction in support of application progranr;r7++es—ﬂpeﬁ-————
the di sk geonetry of the renovable or hard di sk. The geonet JyHI%SHEEEHAS BEEN
defined disk sectors containing data. Operating system perf ¢r mancRERLACED _

enhanced by directly accessing disk sectors by |ocation. The system-
t heref ore becomes dependent on the physical disk organization. The
reduction in size and cost of mcroprocessors and sem conductor nenory
have expanded the use of conmputers to provide enbedded functions in
machi nery from autonobiles to home appliances. Enbedded controllers
provi de increasing anounts of function and _often operate in a manner
simlar to a stand al one personal conputer5 Application prograns can be
nore rapidly and efficiently developed for these enbedded systens when the
pr ogr amer s

The technical problem therefore exists to devise a

system and method that will enable a standérd disk-based
operating system to be executed from a RbM.image. ' The
solution is required to handle the limitations imposed by
operating system dependent on disk geametries; - |

Summary of the Invention
The present iﬁvention is directed to providing a
system, method and program product for eﬁabling a
_camputer syétem_to load and use a disk-béséd operating
system from a ROM image. The present invention provides
a means for creatiqq the ROM image as well as using the

ROM image.

The present invention provides a means for
intercepting a computer system request for data from an
. operating system disk image and redirecting those

requests to the ROM image.

The present invention is directed to a method for

executing a disk based operating system stored on a ROM

This Sheet Has Been RTlaced




devel opnment phase and then sinply | oad those applications orto

can use- standard personal conputer or workstation tools dur:_lnmmrsygg AS BEEN
only device as part of the enbedded system

4 Hi storically enbedded m croprocessors used specialized operating
environments or operating systenms to support their function. The ability.
to use standard operating systens for devel opnent requires that standard
operating systemfunction be provided for the enbedded

device, the method operates on a compute; system having a
processor and memory. The method comprises the steps of
generating a mapping of disk geometry to ROM device
address for the disk based Qperating system; intercepting
system requests for access to the disk-based oggr;tingl
system; transforming the disk based access request into a
ROM access requést; and'accessing and returning the ROM

data corresponding to the disk-based access request.

It is therefore an object of the present invention
to provide a method for loading a disk-based operating

system from a-ROMngvice.

It is yet another object of the invention to enable
an application program to use operating system services

of a disk-based operating system stored as a ROM image.

It is yet another object of the invention to provide
a method for creating and using a ROM image containing a

disk-based operating system in an embedded environment.

Thls Sheet Has Been Replac
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systemon the read only nenory. Speci al versions of
di sk--based operating systems have been provided for the enb_aU[ﬁjsﬁﬁ&Tf HAS BEEN
mar ket. For exanple, Mcrosoft offers a product entitled " DBEPLACED

is a version of their DOS operating system usable on a ROM devrice. —TBm
offers a version of the IBM Mcrokernel for use in enbédded controllers.
The creation of a ROM based version of an operating system however,
requires that the operating systembe nodified to consider the fact that
it is executing froma ROM device instead of a disk inmage. The anal ysis
and nodification required for a conplex operating systemsuch as |BM QOS/2
or Mcrosoft Wndows 95 woul d consune several person years and be
uneconomi cal .

The foregoing and other objects, features and
advantages of the inveﬁtion will be apparent from the
following more particular description of a preferred
embodiment of the invention, as illustrated in the
accompanying drawing wherein like reference numbers

represent like parts of the invention.

Brief Description of the Drawin
Fig. 1 is a diagram showing the processing flow of
prior art computer systems during boot and load of the

operating system.

Fig. 2 illustrates the flow of application requests
for operating system function in real and protect mode

computer systems.

Fig. 3 is an illustration of disk sector geometry in

a typical hard disk.

This Sheet Has Béen Repl
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5 The technical problemtherefore exists to devise a system and

met hod that will enable a standard di sk-based operating systemto be
executed froma ROMinmage. The solution is required to handle the
limtations inposed by operating system dependent on di sk geonetri es.
Summary of the Invention According to a first aspect of the present
I nvention there is provided a nethod for executing a disk based operating
system stored on a ROM device, the nmethod operating on a conputer system
having a processor and menory, the nethod conprising the steps of :
generating a mapping of disk geonetry to ROM device address for the di sk

based operating system i nterceptingy systemrequests for access to
t he di sk-based operating system

Fig. 4 is an illustration of linear memory of a ROM
device according to the preferred embodiment of the

present invention.

Fig. 5 is a block diagram illustrating a hardware -

configuration according to the present invention.

Fig. 6 is a diagram illustrating memory
relationships according to the present invention.
’ i
Fig. 7 is.a flow chart illustrating the process for
creating an executéble ROM image of a disk-based

operating system accbrding to the present invention.

Fig. 8 is a.flOW'chart illustrating the flow of
control during IPL and operation of a computer system

according to the present invention.

Fig. 9 is a process diagram illustrating the flow of

power on, IPL and execution of a disk-based operating



transform ng the di sk based access request into a ROM access request; and
accessing and returning the ROM data corresponding to the di sk-based access

request; wherein the step of generating a nmapping conprises the
steps of: generating a bootable disk i mage of said disk-based
operating system copying said bootable disk imge to said ROV
devi ce; and generating data indicating the correspondi ng ROV
address |l ocation for each bootable disk inmge sector based on said

boot abl e di sk i mage geongetry. According to a second aspect of the

present invention there is provided a systemfor executing a disk based
operating systemcontained in a read only genory (ROV device, said ROV
devi ce bei ng addressabl e using |inear nenory addresses, the system
conpri si ng: - 6

system from a ROM image according to the present

invention.

Detailed Description
Computer systems require programmed instructions to

operate. Most mbdern computer systems employ some form
of operéting system to control the processing of
application programs that accomplish the user function.
The opefating system programs manage éqmputer resources
such as memory, -storage devices, and communication
devices. The operating system is initially loaded whén
power is applied éb‘the computer system. System
hardware, however, cannot begin to load the operating
system without programmed instructions to do so. Thué,
the computér hardware is typically provided with a read
only memory (ROM) containing the basic instructions

- necessary to start the computer and begin loading the

operating system from a disk drive or diskette.

The preferred embodiment of the present invention

works in conjunction with an Intel microprocessor and



means for I ntercepting operating system di sk access requests; means
for transformng said di sk access requests into ROM devi ce addressable

accesses; nmeans for accessing said ROM device using said
transforned request; and means for returning accessed information
to a requesting process. According to a third aspect of the present

I nvention there is provided a conputer program product having a conputer
readabl e medi um havi ng conmputer programlogic recorded thereon for running
a di sk-based operating systemfroma ROM device, said conputer program
product conpri sing: conput er program product neans havi ng conputer
readabl e neans for intercepting operatingl&ystem di sk access requests;
conput er program product neans havi ng conputer readabl e neans for
transform ng said di sk access requests into ROM devi ce addressabl e

accesses; comp 8P LSk BhOFLATI BEORHCAn TERRSPERKDAA1C CBRIghier cadal o

nmeans for accessing sald ROV devi ce using said transfornmed request; and
preferred embodiment, however, is an embedded computgr
system that is designed to perform a limited set of
application functions without general purpose interaction
typical of a personal computer. The embedded computer
system of the present invention will limit the ability of
the user to change programs or applications and will in

most cases ndt provide any writable storage for the

system user.

When the power switch 100 of the computer systeﬁ'of
the preferred'embéa@ment (Figure 1) is turned, on the
system performs iniéial hgrdware tests to verify the
hardware configuration and begin loading the operating
system. The power on self test (POST) function 102 is
contained in semiconductor ROM device 104. The final
step of the poﬁer on self test processing is to initiate
the IPL 106l(initial program load) of-the operating
system. The system configurétion.typically causes the
system to check first on removable media such as diskette

and secondly on hard disks to find the operating system -
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copput er program product neans havi ng conputer readable neans for
returni ng accessed information to a requesting process. The present
invention is directed to providing a system nethod and program product
for enabling a conputer systemto | oad and use a di sk- based operating
system froma ROMinmage. The present invention provides a neans for
creating the ROM inmage as well as using the ROM i nage. The present
i nvention provides a neans for intercepting a conputer system request for
data froman operating systemdisk i mage and redirecting those requests to

t he ROM i mage. 7
It is therefore an object of the present igyention to provide a nethod for
| oadi ng a di sk-based operating system froma ROM devi ce. ' It is yet

anot her object of the invention to enable an application programto
code. Loading of the operating system 108 proceeds from .

the selected disk or diskette 110 until the operating
system is fully initialized. After initialization the
operating system performs the necessary supervisory
functions 112 including ihe servicing of application

program requests for operating system services 114.

-Application access tb opgrating system functions
stored in a disk drive follow the flow illustrated in
Figure 2. Application 114 makes the_request of the
operating system ;12. In a real mode operating systeﬁ
such as DOS, the éperating system generates an interrupt
13 202 requesting aécess to data on the hard disk.
‘Interrupt 13 (INT13) is a system API that requesté

services from the basic input/output system (BIOS)

responsible for interacting with the hardware.

The operating system intl3 202 requests I/O0 from a
specific address. The address RBA (relative block
address) is translated into.a specific disk sector

address that is passed to the hard disk controller 206



use operating systemservices of a di sk-based operating systemstored as a
ROM i mage. It is yet another object of the invention to provide a
nmet hod for creating and using a ROMimage containing a disk-based
operating systemin an enbedded environnent. The foregoing and

ot her objects, features and advantages of the invention will be apparent
fromthe follow ng nore particular description of a preferred enbodi nent

of the invention, as illustrated in the acconpanying drawi ng wherein |ike
reference nunbers represent |ike parts of the invention.

Brief Description of the Draw ng Fig. 1 is a diagram show ng the
processing flow of prior art conputer syst&g&s during boot and |oad of the
operating system Fig. 2 illustrates the flow of application
requests for operating systemfunction in a real and protect node conputer
syst ens. whibhJacdeissedn thie Weivddiek AftsdlFKk 208t orTegEé ry in a

typi cal hard disk

sequence, the hard @isk is either a permanently mounted
disk or removable diskette device. When the operating
system is funning in the processor proteét mode the
operating'system is able to directly request data from
the hard disk controller 206. In both_the real mode and

; protect mode operations, the I/O requests are dependent

g upon the disk geometry. For examplé, an intl3 request

| 202 causes an I/O address RBA translation 204 providing a
specific disk geometry based request (a sector request)
to the hard disk controller 206. In protect mode, thé
sector request.is.made directly to the hard disk

controller.

The layout of a hard disk is illustrated in Fig. 3.
The hard disk is divided into a number of cylinders and
sectors each containing data. The hard disk controller
206 accesseé disk 302 by specifying a sector to be

retrieved.



3
8, - Fig. 4is an illustration of linear nmenory of a ROM device
according to the preferred enbodi nent of the present invention.

Fig. 5is a block diagramillustrating a hardware configuration according
to the present invention. Fig. 6 is a diagramillustrating nenory
rel ati onshi ps according to the present invention.

13

An operating system loaded on a read oniy memory
(ROM) device is organized linearly in an address space
running, for example, from address 0X to address nnnx.
Access to data in the random access read only memory
requires specification of a linear memory address raﬁher

of a hard disk sector.

The priér.art solution to providing a ROM based
operating system required-that the operating system code
be analyzed in. every invocaﬁion of.the Intl3 API or,
protect mode hard disk access be located and changed to
access the 1inear';@mmry of the ROM device. This effort
can consume a significant amount of development resources

limiting the use of operating systems to those situations

that justify this high level of expense.

The preferred embodiment of the present invention
enables the.use of any disk based operating system in a
ROM environment. The present inveption introduces a
device driver into the system environment that intercepts

Intl3 interrupts and hard disk controller accesses and -



Fig. 7.is a flowchart illustrating the process for <creating an executable
ROM i mage of a di sk-based operating system according to the present

i nventi on. ' Fig. 8is aflowchart illustrating the flow of control
during I'PL and operation of a conputer system according to the present
I nventi on. Fig. 9 is a process diagramillustrating the flow of

power on, |IPL and execution of a disk-based operating

14

transforms those requests into addressable reads of the
ROM device. The introduction of this device driver
allows the operating system to run without changes even

though it has been loaded into a ROM device.

-

The ﬁardware envirénment of the present invention is
shown generally in Figure 5. An embedded system
typically has a processing unit 502 consisting of one or
more central processing units (CPU) such as the Intel
Pentium processor (Pentium is a trademark of the Intel
Corporation) or the IBM PowerPC processor (PowerPC is a
trademark of the iBM Corporation). In addition the
system has random access Memory 504 and ROM storage 506.
An input/output controller 508 enables the system to
communicate with external devices necessary for the
operation of the system. These devices may include a

: keyboard and display or may be connected to épecialized

equipment for interacting with a supported environment.

The ROM device 506 may be a single ROM chip or

multiple ROM chips depending upon the particular -



9 , systemfroma ROMinmage according to the present invention.

Detail ed Description Conmput er systens require progranmed instructions
to operate. Mst nodern conputer systens enploy some form of operating
systemto control the processing of application prograns that acconplish
the user function. The operating system prograns nanage conputer resources
such as nenory, storage devices, and comruni cation devices. The operating
systemis initially | oaded when power is applied to the conputer system
System hardware, however, cannot begin to |load the operating system

wi t hout progranmed instructions to do so. Thus,

15

structure of the application. Use of a single ROM would
replace the standard system ROM with a larger ROM
containing both systém function and the embedded
operating system. Another approach is to separatg a
system ROM from the operating system ROM and supply two

. different devices.

The present invention uses a system ability to
"hook" interrupts and to cause execution of Specified
code whenever that interrupt is raised. The ability to
hook and execute provided code is.used in.existing |
systems to implemén; device driver logic. The present
invention introduces a device driver-like structure that
hooks the operating system disk interrupt 13 and disk

controller I/0 accesses.

As disqussed above, the operating system'on a ROM
device is organized linearly much like the memory of the
computer system itself. Linear access to this memory
requires that device driver specify an address of the

section of memory containing the required code. Fig. 6 -



the conputer hardware is typically provided with a read only nenory (ROM
containing the basic instructions necessary to start the conputer and
begin loading the operating systemfroma disk drive or diskette.

The preferred enbodi nent of the present invention works in conjunction
with an Intel mcroprocessor and 10
conputer systemsimlar to an | BM Personal Conputer. The

16

illustrates the typical memory layout of a computer
system according to the present invention. Memory is
shown e?tending from zero to 16M (16 megabytes of memory)
éxtending from the bottom to the top of the figure. The
address area_between zero and C0000 is reserved-for
program.execution.' Part of this area of memory (640KB in
the ranQeIOOOO-AOOOO).is used by DOS or windows
applications duriﬁg prbgram execution. The remainder of
this area is used for VGA and monochrome video adapter

memory. - -

The memory bétween COOOQ and 1MG is reserved for
device drivers. Video device drivers and drivers
associated with adaptor cards et cetera are mapped into
this area of the memory. This mapping enables the
~operating system to access data contained on the adapters

- by accessing addresses in ;his memory range. Address
access over the system bus causes the return of data from
the adapter or fram the random access memory as

appropriate.



pngﬁérfed enbodi nent, however, is an enbedded conputer systemthat is
designed to performa limted set of application functions w thout general
purpose interaction typical of a personal conputer. The enbedded conputer

system of the present invention will limt the ability of the user to
change prograns or applications and will in nobst cases not provide any
writable storage for the system user. When the power switch 100 of

the conputer systemof the preferred enbodinment (Figure 1) is turned, on
the systemperforns initial hardware tests to verify the hardware
configuration and begin |oading the operating system The power on self
test (POST) function 102 is contained in 4gm conductor ROM device 104. The
final step of the power on self test processing is to initiate

The example in Figure 6 assumes that the computer
system has a random access memory physical size of 8
megabytes. The preferred embodiment maps the ROM based
operatlng system into the area beyond the system'
physlcal memory. In this example, the operating system
ROM will be mapped to memory locations beglnnlng at 8
mééabytes and extending to the 16 megabyte limit. Access
to these memory addresées will be intercepted by the ROM
and the appropriate operating system information
returned.

The diskibagéq.operating system is converted to a _
ROM image using theiprocess described in Figure 7.

First, a bootable disk is created containing the

operating system.

The disk area occupied on thé bootable disk is then
defrégmented to ensure that the code is compressed into a
single block rather than being placed on the disk with
spaces of unused disk area‘in-between. Typical disk

writing algorithms place the data in available sectors



the TPL 106 (initial program|oad) of the operating system The system
configuration typically causes the systemto check first on renovabl e
medi a such as diskette and secondly on hard disks to find the operating
system 11 code. Loading of the operating system 108 proceeds
from the selected disk or diskette 110 until the operating systemis
fully initialized. After initialization the operating systemperforns the
necessary supervisory functions 112 including the servicing of appli-cation

18

which may not be contiguous and may leave substantial

unused space in the disk image.

- The defragmented image 704 will be compressed in the
sense that the files will follow iinearly from the
beginning of the disk without blank spaces. Next, a
sector based copy of the disk including the boot record
is created‘706. This sector based copy is a single
1inear'image created from the disk but containing
information on the relative sectors. The image is then
loaded onto the ROM device along with the Int 13 hobk.
device. The ROM &evice is then available for use on an

embedded system.

One additional step is required to enable ﬁse of the
ROM image on the computer system. The power on self-test
ends by initi;ting the IPL of the operating system. In
Intel-based.systems this occurs using an interrupt 19
(int19). The initial boot ROM must be changed, according

to the present invention, so that the final step of the
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pragfén1requests for operating system services 114. Application
access to operating systemfunctions stored in a disk drive follow the
flowillustrated in Figure 2. Application 114 nmakes the request of the
operating system 112. In a real node operating system such as DOS, the
operating systemgenerates an interrupt 13 202 requesting access to data
on the hard disk. Interrupt 13 (INT13) is a system APl that requests
services fromthe basic input/output system (BICS) responsible for
interacting with the hardware. The operating systemintl3 202
requests I/Ofroma specific address. The address RBA (relative bl ock
address) is translated into a specific diskgsector address that is passed
to the hard disk controller 206 :

boot seduence enables the loading of the Int 13 device.

driver prior to the operating system load.

In Figure 8 the power on seif test is performed 802.
The system next hooks interrupt 19 so that the_ TPL
sequence recbgnizeé thé need ﬁo load the Intl3 device
driver, During IPL the Intl3 and the hard disk
controller trap de?ice drivers are loaded and the
operating system I?Led. The mépping of disk RBA and
sector information-to linear ROM addresses can be hand
codgd or can be generated by the device driver when it
detects the ROM iﬁqge. The operating system then runs
808 in alstandard ménner. ‘'The overall process is shown
in Fig. 9 where the prior art boot sequence and the
modified steps of the present invention are shown. ROM
104’ contains the modified sYstem power on self test and
IPL initiation sequence. This is modified siightly to
hook the Int 19. ROM 902 contains the image of the

operating system and the Int 13 device driver code.



12. *"which accesses the hard disk itself 208. In this sequence, the hard
disk is either a permanently nounted disk or renovabl e di skette device.
When the operating systemis running in the processor protect node the
operating systemis able to directly request data from the hard disk
controller 206. In both the real node and protect node operations, the I/0O

requests are dependent upon the disk geonetry. For exanple, an intl3
request

20

The hook routine that hooks the Int 13 for real time
mode and traps the I/0 request in protect mode finds the
location of the OS ROM and reads the associated file
system structure from the ROM. The system uses the
physical disk geqmetry_information gathered from the file
system in the 0OS ROM and créates a table which correlates
a physical read request to a specific RBA (the memory
location containing that data). The system uses this
tabie to access the ROM device to satisfy operating

system code requests referenced by disk geometry.

Physical-disk\geometry will differ by operating
systeﬁ and file sys£em. The present invention is
adaptable for use with any operating system and file
systém and also c#n be used on processors that contain
difference basic I/0 system structﬁres. The different
geometry.and BIOS processes are reflected in modified

device driver code and disk request intercept processing.

The preferred embodiment of the present invention

locates the device driver in the ROM scan area 602 of the -~



202 "Causes an |/ O address RBA translation 204 providing a specific disk
geonetry based request (a sector request) to the hard disk controller 206.
In protect node, the sector request is made directly to the hard disk
controller. The | ayout of a hard disk is illustrated in Fig. 3.

The hard disk is divided into a nunber of cylinders and sectors each
contai ning data. The hard disk controller 206 accesses disk 302 by
specifying a sector to be retrieved.

21

system. This area is scanned at boot time by systems
that use an IBM personal computer compatible
architecture. Use of the present invention with
differing architectures.would require placement of the
intercepting device driver code in an appropriate

location for that system.

It will be understood from the foregoing description
that various modifications and changes may be made in the
preferred embodiment of the present invention without
departing fraﬁ-its true spirit. It is intended that £his
description is fo;\purposes of illustration only and
should not be constfued in a limiting sense. The scdpe
of this inveniion should be limited onlf by the language

of the following claims.
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13. . An operating systemloaded on a read only nenory (ROV_device is

organi zed linearly in an address space running, for exanpl % mS@FlEE'ﬂ(mtsSBEEN_

OX to address nnnx. Access to data in the random access regd onl PEADEDY
requires specification of a linear nmenory address rather of - p-Sre—
'sector. The prior art solution to providing a ROM based operating

system r equip ating systemcode be analyzed in every
i nvocati on olflmmmtlmﬁm!@m}r protect node hard di sk access be | ocated
and changed to c@acaeess near nmenory of the ROM device. This effort

can consune a significant anount of devel opnent resources liniting the use

of operating systens to those situations

Claim(s

1. A method for executing a disk based operating system
stored on a ROM device, the method operating on a
computer system having a processor and memory,;ihe method

comprising the steps of

generating a mapping of disk geometry to ROM device

address for the disk based operating system;

intercepting system requests for access to the disk-

based operating system;

transforming the disk based access request into a

ROM- access request; and

accessing and returning the ROM data corresponding

to the disk-based access request.

This Sheet Has Been :Re’ilaced-
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that“justify this high | evel of expense. The preferred enbodinent

systemin a ROMenvironnment. The present invention introduc

of the present invention enables the use of any di sk based %P lgtg SBEEN
driver into the systemenvironnment that intercepts Intl3 int

rrlm D

hard di sk controller accesses and
14 transforms those requests into addressable reads of the

(T T
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2. The method of claim 1, wherein the step of generating

a mapping comprises the steps of:

generating a bootable disk image of said disk-based
: opefating system; -

copying said bootable disk image to said ROM device;

generating data indicating the corresponding ROM
address location for each bootable disk image sector

. based on said bootable disk image geometry.

5
N

- This Sheet Has Been Replaced
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Royhdecice. The introduction of this device driver allows the—eperaling. -
systemto run wi thout changes even though it has been | oadddTHIStSHEETRMAS BEEN
devi ce. The hardware environnment of the present invegnti onRERLACEDOWN

generally in Figure 5. An enbedded system typically has a processTg urmt=
502 consisting of one or nore central processing units (CPU) such as the
Intel Pentium processor (Pentiumis a trademark of the Intel Corporation)
or the |1 BM Power PC processor (PowerPCis a tradenmark of the |BM
Corporation). In addition the system has random access. nenory 504 and ROM
storage 506. An input/output controller 508 enabl es—the—systemteo

communi cate with external devices necessarg4for the | the'
system These devices may include a keyboard and d\mﬂmmmnm "Jm,
* c L ] S

connected to specialized

3. The method of claim 1, wherein the step of

intercepting comprises:

intercepting an interrupt request for disk access to

a disk sector; and

intercepting a request to a disk controller for
access to a disk sector.
4. The method oficlaim 1, wherein the step of

intercepting comprises:

loading a device driver responsive to disk access

requests;

passing control to said device driver whenever a

disk access interrupt or disk access command is detected.

This Sheet Has Been Reilaced . ' -
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equiﬁﬁent for interacting with a supported environnent. .

devi ce 506 may ‘be a single ROM chip or nultiple ROM chips def 3 EEBMS BEEN.
the particul ar 15  sfruct EPhﬂCED '
the application. Use of a single ROMwuld replace the standard systenr
with a larger ROM containing both system function and the enbedded
operating system Another approach is to separate_a system ROM fromthe

operating system ROM and supply two o _
O R

25

5. The method of claim 4, wherein the disk access

interrupt intercepted is an INT13 on an Intel processor.

6. A system for executing a disk based opérating system
contained in a read only memory (ROM) device, said ROM
device being addressable using linear memory addresses,
the system ccmprising:

means fqr-intercepting operating system disk access

requests;

means for transforming said disk access requests

into ROM device addressable accesses:

means for accessing said ROM device using said

transformed request.

7. The system of claim 6, further comprising:

" This Sheet Has Been Replaced




di{ﬁérgnt devi ces. The present invention uses a syspemrabrtity—to—
"hook" interrupts and to cause execution of specified code_ﬁHEhSU 1 éASﬁEEN.
interrupt is raised. The ability to hook and execute provi Hed cdFPLAGERIsed

in existing systens to inplenent device driver logic. The presSent

i nvention introduces a device driver-like structure that hooks the
operating systemdisk interrupt 13 and disk controller I/O accesses.

As di scussed—above, the operating systemon a ROM device is organi zed
linearly nmuc ' j of the conputer systemitself. Linear access
to this nmeno “ll‘nammmﬂﬁm device driver specify an address of the
section of nOry contwi M ng the required 2®de. Fig. 6

means for returning accessed information to a

requesting process.

8. The system of claim 6, wherein said means for
interéepting is a device driver. -
9. The system of claim 8, wherein said means for

intercepting intercepts INT13 interrupts.

10. The system.of claim 8, wherein said means for
intercepting intercepts protect mode disk sector access
requests to-a hard-disk controller.

11. The system of claim 6, further comprising:

means for transforming a disk sector request into a

- linear memory addressable request.

12. A computer program product having a computer

readable medium having computer program logic recorded

- This Sheet Has Been Re'ilaced




16 »*illustrates the typical nenory |ayout of a conputer syst according
to the present invention. Menory is shown extending from zer THISJSHEE‘TWS BEEN
negabytes of nmenory) extending fromthe bottomto the top of fthe f REPLKCED

The * address area between zero and CO000 is reserved-for prodram —
execution. Part of this area of nmenory (640KB in the range 0000- AO0OOO) is
used by DCS or wi ndows applications during program execution. The

remai nder of
) N

thereon for running a disk-based operating system from a

ROM device, said computer program product comprising:

computer program product means having computer
readable means for intercepting operating system disk

access requests;
computer prodram.produdt means having computer

readable means for transforming said disk access requests

into ROM device addressable accesses;

computer program product means having computer
readable means for accessing said ROM device using said
transformed request.

13. The program product of claim 12, further comprising:

computer program product means having computer

readable means for returning accessed information to a

[

requesting process.
This Sheet Has Been Re
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thi.s"area i s used for VGA and nonochrone video adapter meno 4 The
menory between CO000 and 1IMG is reserved for device drivers -W%SBEEEMASQEEN
drivers and drivers associated with adaptor cards et ceteralare REPDACED =~ |
into this area of the nenory. This mappi ng enabl es the operating Systems
to access data contained on the adapters by accessing addresses in this
menory range. Address access over the system bus causes the return of data
from the adapter or fromthe random access nmenory as appropriate.

RN TR *
* c L L] H *

14. The program product of claim 12, wherein said
computer program product means for intercepting is a

device driver program product.

-

15. The program product of claim 14, wherein said
program product means for intercepting intercepts INT13
interrupts. |

j
16. The program product of claim 14, wherein said
program product means for intercepting intercepts proéect

mode disk sector access requests to a hard disk .

controller.
17. The program product of claim 12, further comprising:

computer program product means having cdmputer
readable means for transforming a disk sector request
_into a linear memory addressable request.
'\
This Sheet Has Been R
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17.¢ 7 The exanple in Figure 6 assunes that the conputer —mﬁq—h@s—a—_
random access nenmory physical size of- 8 .negabytes. The pref & EET HAS BEEN |
enbodi ment maps the ROM based operating systeminto the arfpa beRERUACER
system's physical nmenory. In this exagle, the operating System ROMwt—
be mapped to nenory | ocations beginning at 8 negabytes and extending to

the 16 nmegabyte limt. Access to these nenory addresses will be

i nt er cept ed DASK-BASRD\S OFTWARE BYIAGIH USE FROM rAREGD ONLYMEMOR¥! i on
ret ur ned. The di sk-based operating systemis converted to a ROM
i mage using the process described LnDEYCE 7

ABSTRACT

Access to a disk based operating system (112) stored in a read only memory device
(902) is provided by inte_rcepting system requests for data from a disk based operating |
system and transforming those requests into ROM memory accesses. A device driver is
inserted into the computer system to intercept disk based addresses generated through
interrupts or .direct system requests. The device driver remaps disk geometry based
accesses into ROM memory based accesses. The system calls are in‘t‘ércepted and
transformed from disk based to ROM based calls allowing a disk based operating system
to execute from ROM without modification.

Figure 9

—_—
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First, a bootable disk is created containing the operating system

The di sk area occupied on the bootable disk is then defragnmented to ensure
that the code is conpressed into a single block rather than being pl aced
on the disk with spaces of unused disk area in-between. Typical disk
witing algorithms place the data in avail able sectors

1/5
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whi ch may not be contiguous and may | eave substantial unused space in the
di'sk i mage. The defragnented i mage 704 will be conpressed in the
sense that the files will follow linearly fromthe beginning of the disk
wi t hout bl ank spaces. Next, a sector based copy of the disk including the
boot record is created 706. This sector based copy is a single I|inear

I mge created fromthe di sk but containip@ I nformation on the relative
sectors. The ﬁgage is then | paded onto the Rcwlgﬁ¥ice along with the Int

13 hook deV|ce.gThe ROM devil®eN s then avail a or use on an (éﬁg%dded
system e ' ;égn&+ezf%e—an blre—tse—of-+he— ROV
i mge on tHeARRIAQATIGN Eysipm The powgr o BEIBAPES I/O ADDRESS RBA

-
OPERATING
- SYSTEM - l T 208
3 .
HD CONTROLLER
FIG. 2 > -
208
s
HARD DISK
8 |
HD CONTROLLER |
0000X oes OnnnX
504 502

506 . 508

O_._.
FIG. 5 O



ends by initiating the IPL of the operating system In Intel-based systens
this occurs using an interrupt 19 (intl9). The initial boot ROM nust be
changed, according to the present invention, so that the final step of the
19 boot sequence enables the | oading of the Int 13 device driver prior
to the operating system | oad. In Figure 8 the power on self test is
performed 802. The system next hooks iqygrrupt 19 so that the-IPL

16M

¢ 604
sM L
M \
> 602
]
C0000 ——
0000

FIG. 6



sequence recogni zes the need to load the Intl3 device driver, During IPL
the Intl3 and the hard disk controller trap device drivers are |oaded and
the operating system|PLed. The mappi ng of disk RBA and sector
information to |Iinear ROM addresses can be hand coded or can be generated
by the device driver when it detects the ROMimage. The operating system
then runs 808 in a standard nmanner. T4 overall process is shown in Fig.
9 where the prior art boot sequence and the nodified steps of the present
i nvention are showmn. ROM 104' contains the nodified system power on self
test and IPL initiation sequence. This is nodified slightly to hook the

Int 19. ROM 902 contains the imge of the opr%t-rjmg stemand the Int 13

devi ce driver code.

CREATE BOOTABLE DISKWITHOS [~ 792

'

DEFRAGMENT DISK TOREMOVE = 7%
UNUSED SPACE

CREATE SECTORBASED 1= '8

. COPY OF DISK INCLUDING
FIG. 7 BOOT RECORD

v

' ../'7:08 :
LOAD INT 13 HOOK DEVICE .
AND DISK IMAGE ONTO ROM i

:

802
PERFORMPOWER [~

ON SELF TEST

HOOK INT 19 IPL SEQ

INIPL HOOKINT 13 & TRAP
I/0 TO THE CONTROLLER

7 | FIG. 8

__~ 808

|~ 804

_— 806

RUN OPERATING
SYSTEM FROM ROM




o %

20 The hook routine that hooks the Int 13 for real tine node and
traps the 1/Orequest in protect node finds the |ocation of the OS ROM and
reads the associated file systemstructure fromthe ROM The system uses
the physical disk geonetry information gathered fromthe file systemin
the OS ROM and creates a table which correlates a physical read request to
a specific RBA (the nenory |ocation cor5‘/5i ning that data). The system uses
this table tqogccess the ROM device to satisfy operating system code
requests refergncd by di sk geot@@twy.

POWER-ONSELF ) 104
ELF _~ 104
TEST (POST) ROM  |™

804

\( HOOK IPL )
SEQUENCE /< |

INITIATE

OPERATING
SYSTEMIPL

106

L~ 902

<—— ROM

806

HOOKINT )
13&1/0

108

LOAD
OPERATING }*—
SYSTEM

RUN
OPERATING
SYSTEM

APPLICATION
REQUESTS
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Physi cal
The present

di sk geonetry wll differ by oper.atl ng PEE}E AM%M\SHEEL ys?7§g€7‘/gg"

invention is adaptable for, use:wt dny operating $ys$tem

system and al so can be used on processors t Hat- gogUd 1999di|f ference

basic I/0O system structures. The different geonet
reflected in nodified device driver- code and dijsk
pr ocessi ng.

ry and Bl OS plogesses are
ce¢pt
The preferred enbodi nent of fthe present invenfion

locates the devi 6§ qLingly b%biéﬁ?ﬂ%x%%?ﬁtﬂB B4 S}%ttenrl B method that will

enable a standard disk-based operating system to be executed from a ROM image.
The solution is required- to handle the limitations imposed by operating system |
dependent on disk geometries.
venti
| According to a first aspect of the present invention there is provided a method

for executing a disk based operating system stored on aROM device, thé method
operating on a computer system having a processor and memory, the method
comprising the steps of

generating a mapping of disk geometry to ROM device address for the disk
based operating system; |

intercepting system requests for access to the disk-based operating system; f

transforming the disk based access request into a ROM access request; and

accessing and returning t};e ROM data corresponding to the disk-based access
request; |

wherein the step of generating a mapping comprises the steps of:

generating a bootable disk image of said disk-based operating system;

copying said bootable disk image to said ROM device; and

generating data indiéating the corresponding ROM address location for each
bc;ootable disk image sector based on said bootable disk image geometry.

According to a second aspect of the present invention there is provided a
system for executing a disk based operating system contained in a read only memory
(ROM) device, said ROM device being addreégable using linear memory addresses,

the system comprising:

AIenA R g
g /6%



21 »
per sonal

system This area is scanned at boot tinme by systens t
) conputer conpatible architecture. Use of the prese
‘with differing architectures would require placenment of the

CERENE] S|

nt.erceptin
device driver code in an appropriate l|ocation for that system - =§ ﬁ?}&ﬁg%

wi |

be understood fromthe foregoi ng degcription that vari

u$

nmodi fi cati ons and changes nay be nmade in the preferred enbodi ment of the

pr esent
that this

i nvention without departing fromits true spirit. |

s intendsd

iop i.s, for oses of stration only and should not

d i pt \. il
be sonstruedeisflrléirg)eiafl qrilﬂtﬁrcggwgéé efmlygffﬁtlg‘i‘n acpess LeQUEHSnt i on shoul d be
limted only by the | n%gage

means for transforming said disk access requests into ROM device
addressable accesses;

means for accessing said ROM device using said transformed request; and

meéns for returning 5ccessed information to a requesting process.

According to a third aspect of the present invention there is provided a
computer program product having a compﬁter readable medium baving computer
program logic recorded thereon for running a disk-based operating system from a
ROM device, said computer program product comprising:

computer program product means having computer readable means for
intercepting operating system disk access requests;

computér program product means 'having computer readable means for
transforming said disk access requests into ROM device addressable accesses;

computer program product means having computer readable means for
accessing said ROM device using said transformed request; and

computer program product means having computer readable means for
returning accessed information to a requesting process.

The present invention is directed to providing a system, method and program
product for enabling a computer system to load and use a disk-based operating system
from a ROM image. The present invention pfovides a means for creating the ROM
image as well as using the RbM image.

The present invention provides a means for intercepting a computer system

request for data from an operating system disk image and redirecting those requests to

the ROM image.



of the follow ng clains. - 22 T QUFF
Cainms 1. A nethod for executing a disk based operating SREP ACEMtEngJ-egﬂ—E-ET
on a ROM device, the nmethod operating on a conputer systemjhavi ng 3“
processor and nenory, the nethod conprising the steps of - N 1999
generating a mappi ng of disk geonetry to7ROM devi ce address }f ¢r_the di SK
based operating system I ntercepting system request g for access to .
t he di sk-based operating system transform ng the di ' .

eSS 18,2, SRUARERA MR B s B B0s b 10 e

€SS ques
loading a disk-based operating system from a ROM device.

It is yet another object of the invention to enable an application program to
use operating system services of a disk-based operating system stored as a ROM
image.

It is yet another object of the invention to provide a method for creating and
using a ROM image containing a disk-based operating system in an embedded
environment.

The foregoing and other objects, features and advantageé of the invention will
be apparent from the following more particular description of a preferred embodiment
of the invention, as illustrated in the accompanying drawing wherein like reference
numbers represent like parts of the invention.

cription of rawi

Fig. 1 is a diagram showing the processing flow of prior art computer systems
during boot and load of the operating system.

Fig. 2 illustrates the flow of application requests for operating system function
in a real and protect mode computer systems.

Fig. 3 is an illustration of disk sector geometry in a typical hard disk.



wher'ein the step of gener

generati ng__b—t_boo abl"e disk Tmage of said disk-based operatingjsystent

copyi ng sai

deta 1ot oo AR ANEAA4NI
di sk i nrage sector bBased ®
met hod of claim1, wherei
i ntercepting an interrupt

i ntercepting a request to

ating a rrapﬁi ng corrprl ses the steps loREPLACEMENT SHEET

e to said ROM device; and ge __
dlgng ROM address | ocation for eagh Bogté‘ﬁég%
nsaid bootabl e2di sk i mage geonetry. D The
n the step of intercepting conprises S
request for disk access to a disk seéeter—afeh————
a di sk contrqgh for access to a disk sector.

3. ® The nethod of claim1l1, wherein the ep of intercepting conprises:

| oadi ng a deyice grrhé'fﬁ d
passing control to sal

i Sk access IS0 Mintind

processor.

SRS, ik B oS R L Y, o

etected. 4. The met hod of claim 3, wherein the
QPRa{iRE.n f omputer system thWEIESPISFFsﬁ‘Pf andiragmory,

the method comprising the steps of

generating a mapping of disk geometry to ROM device address for the disk

based operating system;.

intercepting

system requests for access to the disk-based operating system;

transforming the disk based access request into a ROM access request; and

accessing and returning the ROM data corrésponding to the disk-based access

request;

wherein the

step of generating a mapping comprises the steps of:

generating a bootable disk image of said disk-based dpéréting system;

copying said bootable disk image to said ROM device; and

generating data indicating the corresponding ROM address location for each

2. The method
intercepting
intercepting

3. The method

bootable disk image sector based on said bootable disk image geometry.

of claim 1, wherein the step of intercepting éomprises:
an interrupt request for disk access to a disk sector; and
a request to a disk controller for access to a disk sector.

of claim 1, wherein the step of intercepting comprises:

loading a device driver responsive to disk access requests; and

passing control to said device driver whenever a disk access interrupt or disk

access command is detected.

4, The method

of claim 3, wherein the disk access interrupt intercepted is an

INT13 on an Intel processor.



23 . 5. A systemfor executing a disk based operating sys{REPCLAQEN
in aread only ne devi ce, said ROM device being afid SSAD G
using |linear nenory j cu' :u yst em conpri si ng: 1 S
i nt e?ceptl ng oper atllrlgﬂﬂ | cess requests; e nsag]ouwﬁgg
transform ng said disk access requests iAo ROM devi ce addr S| 2.
accesses; means for accessing said ROM device using paid

transf or med request; and means for returning accesse

to a requesty.ng pAcessm.for Executin Hmsﬁ)b‘ééeﬁ efatifi %&cc&ﬁﬁﬁé&hﬂa ?e%ﬂ% ans
for d ntercepting |s9a devi ce drl%-er : er Theégj;stem of claim®6, V\}:\SEI’EI n

sai d means fREmbAl @ORIdENLe, sﬂfd%@ﬁlj&eﬁzléeﬁggﬁ% Hfs b ARG 1ne§r emo e system .

of claim®6, wheréin said neans for 1 nterce ng I nterce node

di sk sector M@ggs’{h%%y&gﬁw&ﬁngu&@rd di sk controller.

means for intercepting operating system disk access requests;

means for transforming said disk access requests into ROM device
addressable accesses;
means for accessing said ROM device using said transformed request; and

means for returning accessed information to a requesting process.

6. The system of claim 5, wherein said means for intercepting is a device driver.
7. The system of ciaim 6, wherein said means for intercepting intercepts INT13

interrupts.

8. The system of claim 6, wherein said means for intercepting intercepts protect

mode disk sector access requests to a hard disk controller.
9. The system of claim 5, further comprising:

means for transforming a disk sector request into a linear memory addressable
request.
10. A computer program product having a computer readable medium having -
computer program logic recorded thereon for running a disk-based operating system
from a ROM device, said computer program product comprising:

computer program product means having computer readable meaﬁs for
intercepting operating system disk access requests;

computer program product means having computer readable means for

transforming said disk access requests into ROM device addressable accesses:



9. ° The systemof claimb5, further conprising: neaﬁEPh‘AﬁfMENT'SHEET-
transformng a di sk sector request—+nto a |inear nenory add s
request. 10. A product having a conput er UN 1999
medi um havi ng conﬁ"{"’"ﬂ"lﬂ"%‘ﬁﬂ@ c recorded thereon for |

di sk- based operating systemns I'ls ROM Hevi ce, sai d conputlér _ ) .
product conpri sing: conput er program product neans fhavi ng conput'er

readabl e neans for -intercepting operating system di sk acceSS requests,

conput er progr amconyuiter iprogramsproduct NBanoimpidgasontpatid adddablewesags foar
transform ng said di sk access requests into ROM devi ce addressabl e

accesses;  accessing said ROM @ice using saidRiMRUrRkd RigRestadhdor oduct neans havi ng
conput er readabl e nmeans for accessing said ROM device using said
transformed req URdnpuft Program product means having computer readable means for
returning accessed information to a requesting process.
11.  The program product of claim 10, wherein said computer program product
means for intercepting is a device driver program product.
12.  The program product of claim 11, wherein said program product means for
intercepting intercepts INT13 interrupts. |
13. The program product of claim 11, wherein said program product means for
intercepting intercepts protect mode disk sector access requests to a hard disk
controller.
14.  The program product of claim 10, further comprising:

computer program product means having computer readable means for

transformihg a disk sector request into a linear memory addressable request.



caorput er program product neans havi ng conputer readable neans for

_returning accessed infornmation to a requesting process. 11. The program
“product of claim10, wherein sai d“conmput er program product neans for
intercepting is a device driver programsyoduct. 12, The program pr oduct
of claim1l, wherein said program product means for | ntercept| ng

I ntercepts |

wher ei n sai dﬂﬁ%g]’?g%qﬂg Eg}wﬁek;tns li?erceptl ng I nt ercepmaﬁ} ect
nmode di sk sector access requests to aﬂ@vﬂ:}gﬂ sk controller. The
program product of claim 10, further conprising: conmput er program

pr oduct mams'ﬂ(@(lmg conput er readable neans for transformng a disk
sector request into a linear nenory addressabl e request.
- Access to a disk based operating system (112) stored in a read only memory device

(902) is provided by intercepting system requests for data from a disk based operating
system and transforming those requests into ROM memory accesses. A device driver is
inserted into the computer system to intercept disk based addresses generated through
interrupts or direct system requests. The device driver remaps disk geometry based
accesses into ROM memory based accesses. The system calls are intefcepted and
transformed from disk based to ROM based calls allowing a disk based operating system

to execute from ROM without modification.
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