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BACKGROUND OF THE INVENTION

pPersonal computer systems in general and IBM personal computers
in particular have attained widespread use for providing
computational power to many segments of today's modern society.
Personal computer systems can usually be defined as a desk top,
floor standing, or portable microcomputer that consists of a
system unit having a single system processor and assocxated
volatile and non-volatile memory, a display monitor, a
keyboard, one or more diskette drives, a fixed disk storage,
and an optional printer or plotter. One of the distinguishing
characteristics of these systems is the use of a motherboard or
system planar to electrically connect many of these components
together. These systems are designed primarily to give
independent computing power to a single user and are
inexpensively priced for purchase by individuals or small
businesses. Exaﬁples of such personal computer systems are
IBM's PERSONAL COMPUTER AT, PERSONAL SYSTEM/1, PERSONAL
SYSTEM/2 and THINKPAD systems.

These systems can be classified into two general families. The
first family, usually referred to as Family I Models, use a
system and bus architecture exemplified by the IBM PERSONAL
COMPUTER AT and other "IBM compatible" machines. The second
family, referred to as Family II Models, use IBM's MICRO
CHANNEL bus architecture exemplified by IBM's PERSONAL SYSTEM/2
Models 50 through 95. The Family I models originally used the
INTEL 8088 or 8086 microprocessor as the system processor.
These processors have the ability to address one megabyte of
random access memory (also known as RAM, the non-volatile
memory used as working memory in personal computer systems).
The Family II models have used the high speed INTEL 80286,
80386, 80486, and Pentium microprocessors, which can operate in
a rgal mode to emulate the slower speed INTEL 8086
microprocessor or a protected mode which extends the memory
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node whi ch exdésendsatderdsehave/ included certain operational calls used by
control programs which enable functioning of the systems. Such
control programs are often identified as "basic input/output
systems" or BIOS, and ISA systems follow the BIOS design set
forth in the IBM BIOS Technical Reference. For purposes of the
present disclosure, an important portion of that Reference is
that which pertains to Interrupt 13 operation, appearing at
pages 2-58 and following in the referenced publication.
Interrupt 13 sets forth the manner in which an ISA system will
deal with addressing of fixed disk or direct access storage
devices (also known as DASD) such as large storage capacity,
fixed rotating mégnetic {or other) media disk drives or
hardfiles or harddisks. Such DASD are distinguished from
"floppy" disk drives for which the magnetic (or other) media is
removable rather than being fixed in place.

DASD used with ISA personal computer systems have come to be
known also as "“AT Attachable" or "ATA" drives. 1In systems of
early design, such DASD typically are used in conjunction with
a controller which is separate from the drive itself.
Communication of digital data flowing between the DASD and the
remainder of the computer system is governed by the controller,
which in early design took the form of a card or board mounted
in a connector (or "slot") provided for an input/output or I/0
bus. {(See The Winn Rosch Hardware Bible, Simon & Schuster, New
York, 1989; pp 475 £f.) The controller is operated in such a

manner as to address the location of digital data written to or
read from the rotating disks of the DASD by track (also, and
here, known as cylinder) and sector. Further, as DASD
Lypically have a plurality of disks or plates stacked together
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are di sti nginstleed, fdedigners and manufacturers of DASD may provide a
greater number of cylinders and some number of heads less than
the maximum number contemplated by Interrupt 13 design.
Typically, an ATA DASD will have sixteen heads. However, the
limitation on cylinder addressing at one thousand twenty eight,
and comparable inherent limitations of sector size at sixty
three for each track and bytes per sector at five hundred
twelve, limits the addressability of such a sixteen head ATA
DASD to five hundred twenty eight million four hundred eighty
two thousand three hundred four bytes of data (1024 X 16 X 63 %
512).

As the design of ISA personal computer systems has progressed,
there have come to be alternative ways of implementing DASD
control. These have included Integrated Drive Electronics
(also, and here, known as IDE) type devices in which the
electronics which would otherwise be carried on a controller
card is integrated into the DASD structure. This enables an IDE
DASD to be installed apart from any separately provided
controller card, thus saving a slot or'connectér to the I/0O
bus. Another alternative, used by some systems, has been to
mount a controller for a DASD directly on the system
motherboard or planar, similarly enabling a DASD to be
installed apart from any separately provided controller card,
thus saving a slot or connector to the I/0 bus. Neither of
these solutions solves the problem of using the prior CHS data
in addressing more than 1024 cylinders in such drives.

As progress has been made in the mentioned areas of design,
progress has likewise been made in the design and manufacture
of DASD. As a result, drives have become available which have
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(CHS) addressing of digital data written to or read from a DASD
so as to accommodate DASD storage capacities in excess of the
approximately five hundred twenty eight megabyte capacity limit
imposed by Interrupt 13 design.

SUMMARY OF THE INVENTION

The invention here disclosed enables CHS addressing to
satisfactorily address DASD having storage capacities in excess
of the approximately five hundred twenty eight megabyte
capacity limit imposed by Interrupt 13 design by using a
control program functioning with a microprocessor and DASD for
interrogating said DASD as to the number of cylinders present,
determining whether such number of cylinders exceeds one
thousand twenty four, and in the event that it does repeatedly
dividing the number of cylinders present by two until the
quotient is less than one thousand twenty four while
registering the number of times such dividing is repeated, then
establishing a first reference frame for cylinder-head-sector
data which has a range of up to one thousand twenty four
cylinders and a range of up to two hundred fifty six heads,
establisﬁing a second reference frame for cylinder-head-sector
data which has range of more than one thousand twenty four
cylinders and a range of up to the number of heads present in
the DASD, and translating storage address digital data
exchanged between the first and second reference frames to
enable the exchange of data with the full storage capacity of
said DASD. Translation is accomplished using the number of
times dividing of the number of cylinders present by two was

repeated. . -~

BRIEF DESCRIPTION OF THE DRAWING(S)
Some of the purposes of the invention having been stated, other

bPurposes will appear as the description proceeds, when taken in
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Fig. 3 is a schematic view of certain components of the

personal computer of Figures 1 and 2;

Fig. 4 is a schematic view of an alternate arrangement of
components of the personal computer of Figures 1 and
2, illustrating another organization of such
components;

Fig. 5 is a flow chart of certain operational steps followed
in implementing the present invention using the
personal computers of Figures 1 through 4;

Fig. 6 is a flow chart of certain other operational steps
followed in implementing the present invention using
the personal computers of Figures 1 through 4; and

Fig. 7 is a flow chart of still other operational steps
followed in implementing the present invention using
the personal computers of Figures 1 through 4.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT(S)
While the present invention will be described more fully

hereinafter with reference to the accompanying drawings, in
which a preferred embodiment of the present invention is shown, "
it is to be understood at the outset of the description which o
follows that persons of skill in the appropriate arts may
modify the invention here described while still achieving the
favorable results of this invention. Accordingly, the
description which follows is to be understood as being a
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Referring now more particularly to the accompanying drawings,
a personal computer system embodying the present invention is
there shown and generally indicated at 10 (Figure 1). As
mentioned hereinabove, the computer 10 may have an associated
monitor 11, keyboard 12 and printer or plotter 14. The
computer 10 has a cover 15 formed by a decorative outer member
16 (Figure 2) and an inner shield member 18 which cooperate
with a chassis 19 in defining an enclosed, shielded volume for
receiving electrically powered data processing and storage
components for processing and storing digital data. At least
certain of these components are mounted on a multilayer planar
or motherboard 20 which is mounted on the chassis 19 and
provides a means for electrically interconnecting the
components of the computer 10 including those identified above
and such other associated elements as floppy disk drives,
various forms of direct access storage devices, accessory cards

or boards, and the like.

The chassis 19 has a base 22, a front panel 24, and a rear
panel 25 (Figure 2). The front panel 24 defines at least one
open bay (and in the form illustrated, four bays) for receiving
a data storage device such as a disk drive for magnetic or
optical disks, a tape backup drive, or the like. In the
illustrated form, a pair of upper bays 26, 28 and a pair of
lower bays 29, 30 are provided. One of the upper bays 26 is
adapted to receive peripheral drives of a first size (such as
those known as 3.5 inch drives) while the other 28 is adapted
to receive drives of a selected one of two sizes (such as 3.5
and 5.25 inch) and the lower bays are adapted to receive
devices of only one size (3.5 inch). One fixed disc DASD is
indicated at 90 in Figure 1, and capable of receiving, storing
and delivering data as is generally known.

Prior to relating the above structure to the present invention,
2 summary of the operation in general of the personal computer
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While any appropriate microprocessor can be used, one suitable
microprocessor is the 80386 which is sold by INTEL.

While the present invention is described hereinafter with
particular reference to the system block diagrams of Figures 3
and 4, it is to be understood at the outset of the description
which follows that it is contemplated that the apparatus and
methods in accordance with the present invention may be used
with other hardware configurations of the planar board. For
example, the syétem processor could be an Intel 80286 or 80486
microprocessor.

Returning now to Figure 3, the CPU local bus 34 (comprising
data, address and control components) provides for the
connection of the microprocessor 32, a math coprocessor 39, a
cache controller 40, and a cache memory 41. Also coupled on
the CPU local bus 34 is a buffer 42. The buffer 42 is itself
connected to a slower speed (compared to the CPU local bus)
system bus 44, also comprising address, data and control
components. The system bus 44 extends between the buffer 42
and further buffers 51, 68. The system bus 44 is further
connected to the bus control and timing unit 35 and a DMA unit
48. The DMA unit 48 is comprised of a central arbitration unit
49 and DMA controller 50. One buffer 51 provides an interface
between the system bus 44 and an optional feature bus such as
the ISA bus 52. Connected to the bus 52 are a plurality of I1/0
slots 54 for receiving'ISA adapter cards which may be further
connected to an I/0 device or memory.
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per sonal Conqﬂ}%Ebitration control bus 55 couples the DMA controller 50 and
central arbitration unit 49 to the I/0 slots 54 and a diskette
adapter 56. Also connected to the system bus 44 is a memory
control unit 36 which is comprised of a memory controller 59,
an address multiplexor 60, and a data buffer 61. The memory
control unit 36 is further connected to a random access memory
as represented by the RAM module 38. The memory controller 36
includes the logic for mapping addresses to and from the
microprocessor 32 to particular areas of RAM 38. The memory
controller 36 also generates a ROM select signal (ROMSEL), that
is used to enable or disable ROM 64. While the microcomputer
system is shown with a basic 1 megabyte RAM module, it is
understood that additional memory can be interconnected as
represented in Figure 3 by the optional memory modules 65

through 67.

A latch buffer 68 is coupled between the system bus 44 and a
planar I/O bus 69. The planar I/0 bus 69 includes address,
data, and control components respectively. Coupled along the
planar I/0 bus 69 are a variety of I/0O adapters and other
components such as the display adapter 70 (which is used to
drive the monitor 11}, a CMOS clock 72, nonvolatile CMOS RAM 74
herein after referred to as NVRAM, a RS232 adapter 76, a
parallel adapter 78, a plurality of timers 80, a diskette
adapter 56, an interrupt controller 84, and a read only memory
64. The read only memory 64 stores the BIOS control program
that is used to interface between the I/0 devices and the
operating system of the microprocessor 32. BIOS stored in ROM
64 can be copied into RAM 38 to decrease the execution time of
BIOS. ROM 64 is further responsive (via ROMSEL signal} to
memory controller 36. If ROM 64 is enabled by memory
controller 36, BIOS is executed out of ROM. 1If ROM 64 is
disabled by memory controller 36, ROM is not responsive to
address enquiries from the microprocessor 32 (i.e. BIOS is

executed out of RAM}.

The clock 72 is used for time of day calculations and the NVRAM
is used to store system configuration data. That is, the NVRAM
will contain values which describe the present configuration of
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Configuration, is executed. The purpose of the SET

Configuration piogram is to store values characterizing the

configuration of the system to NVRAM.

As mentioned hereinabove, the computer has a cover indicated
generally at 15 which cooperates with the chassis 19 in forming
an enclosed, shielded volume for containing the above
identified components of the microcomputer. The cover
preferably is formed with an outer dééorative cover member 16
which is a unitary molded component made of a moldable
synthetic material and a metallic thin sheet liner 18 formed to
conform to the configquration of the decorative cover member.
However, the cover can be made in other known ways and the
utility of this invention is not limited to enclosures of the

type described.

An alternate arrangement for an ISA personal computer is shown
in Figure 4, where is shown a block diagram.of a personal
computer system illustrating various components of an alternate
arrangement for the computer system such as the system 10 in
accordance with the present invention. In identifying
components shown in Figure 4 which are functionally similar to
components described above with reference to Figure 3, like
reference characters of a one hundred order of magnitude may be
used. By way of example, the microprocessor 132 shown in
Figure 4 is generally similar in function to the microprocessor
32 of Figure 3. The CPU 132 is connected by a high speed CPU
local bus 134 to a bus interface control unit 135, to volatile
random access memory (RAM) 138 here shown as Single Inline
Memory Modules {SIMMs). and to BIOS ROM 164 in which is stored
instructions for basic input/output operations to the CPU 132.
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copied into RAM 138 to decrease the execution time of BIOS.

The CPU local bus 134 (comprising data, address and control.
components) also provides for the connection of the
microprocessor 132 with a math coprocessor 139 and a DASD
controller 185. The DASD controller 185 may, as is known to
persons skilled in the arts of computer design and operation,
be connected or connectable with Read Only Memory {ROM) 186,
RAM 188, and suitable external devices of a variety of types as
facilitated by the 1/0 connection indicated to the right in the

Figure.

The bus interface controller (BIC) 135 couples the CPU local
bus 134 with an I1/0 bus 152. By means of the bus 152, the BIC
135 is coupled with an optional feature bus such as an ISA bus
having a plurality of I/0 slots for receiving adapter cards 190
which may be further connected to an 1/0 device or memory {not
shown). The I/0 bus 152 includes address, data, and control

components.

Coupled along the I/0 bus 152 are a variety of 1/0 components
such as a video signal processor 1%1 which is associated with
videoc RAM (VRAM) for storing graphic information (indicated at
192) and for storing image information {(indicated at 194).
Video signals exchanged with the processor 191 may be passed
through a Digital to Analog Converter (DAC) 195 to a monitor or
other display device. Provision is also made for connecting
the VSP 191 directly with what is here referred to as a natural
image input/output, which may take the form of a video
recorder/player, camera, etc. The I/O bus 152 is also coupled
with a Digital Signal Processor (DSP) 196 which has associated
instruction RAM 198 and data RAM 199 available to store
software instructions for the processing of signals by the DSP
196 and data involved in such processing. The DSP 196 provides
for processing of audio inputs and outputs by the provision of
an audio controller 200, and for handling of other signals by



Referring now nore particularly to the acconpanying draw ngs, a personal
~conput er system enbodyi ng the present invention is there shown and
generally indicated at 10 (Figure 1). As nentioned herei nabove, the
conputer 10 nmay have an associated nonitor 11, keyboard 12 and printer or
plotter 14. The conputer 10 has a cover 15 forned by a de%%rggivo%souter
menber 16 (Figure 2) and an inner shi _menber 18 which cooperate wth a
chassis 19 in defining an encl osed, shi‘el ded volunme for - receiving
el ectrically powered data processing and storage conponents for processing
and storing digital data. At |least certain of these coriponents are nounted
on a nul til apeevisianaef a§r arplageinerrf@ceCWHcoALles 203umtF¥n e chassis
19 and provigedua 0BRANS toipleideeith @alihyutiuepcomratreohipnt B82 widlponent s
O e COMPUbEloclleba LR REEadyIN PGBty Ronl iy bai el
[ y_. di, iV var i
storage devi é%%",m&icg@}sg’?yggﬁhdénpﬁs 6‘8§r° e ugﬁda ,tlﬁ]gﬁ‘?fl;i%eﬂ W'g‘{I)Le chassi s
19 has a baseom®ntiofizloperiphnxials sinciyging (fdQppPY hifd dDHSCE §ure 2). The
front panel gdimieki seplattéeast, Regboazden2 baymbaswl ornpéireingrdevickust r at ed,

four bays) fory rbg,Cﬁ%g/l{cfngﬁ 2 data) siarage device such as a disk drive for
| sks

magnetic or optica , a tape backup drive, -or the like. In the
illustrated form a pair of upper bays 26, 28 and a pair of |ower bays 29,
30 are provi BecitBee of thhealhspaativey $0PBs jof PRERANAEACYRPUTEEei ve peri pheral
drives of a §idaslizstZh (e56fitRE té hdSe kéoima) @Be DASDI usdd dayVies)e while the
other 28 is éﬁﬁﬂ%&egf cylinders and heads which fall within the Interrupt

13 design expectations. That is, the number of cylinders may be

1024 or less and the number of heads may be 256 or less. In

that event, then no difficulty is encountered in the normal

operation of the personal computer system resulting in the

interrogation of the DASD as to its characteristics, storing of

that information as part of the system configuration, and

operation of the sysﬂem during normal use as is well known in

the prior art. Such operation, with a DASD which in fact has

sixteen heads {as is usual for an ATA DASD) results in a

limitation on the memory capacity of the DASD available by CHS

addressing to five hundred twenty eight million four hundred

eighty two thousand three hundred four bytes of digital data.

It is an important distinguishing characteristic of the present
invention that CHS addressing which is within the Interrupt 13
design expectations is used to address an ATA DASD which has a
number of cylinders in excess of 1024, sixteen heads, and a
storage capacity for digital data which exceeds five hundred
twenty eight millicn four hundred eighty two thousand three
hundred four bytes of digital data. This is accomplished, in
accordance with this invention, by effecting a translation
between two frames of reference for CHS addressing.

In accordance with this invention, a first frame of reference
for CHS addressing is established which has a number of
cylinders which exceeds one thousand twenty four and a number
of heads which is reflective of the actual number of heads
found in the drive to be attached and addressed. As has been
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tqQq receive drives of a selected one of two sizes (such as 3.5 and 5.25

I nch) and the | ower bays are adapted to receive devices of only one size
(3.5 inch). One fixed disc DASDis indicated at 90 in Figure 1, and
capabl e of receiving, storing and delivering data as is generally known.
Prior to relating the above structure to the present inventBon$sa 0Sanmary

of the operation in general of the perso@al conputer
BC 994 033 -7- system 10 nay nerit

review. Referring to Figure 3, there is shown a block di.agramof a first
type of persoggiresoa@ittdat Sytieentd Idypstanly RAxtooh VoREOUS apipanerts of
the computer .gyShel SHalnAS drlGufVal M d G e 366 UidanEhalicibn kg Present
i nvention, inclu conponent's nounted on ?he pl anar and the
connecti on ofPeafeepbetigd {pte RbYFi®alis| Peratifgopersonal computer

systems. However, the number of heads may be any predetermined
number other than sixteen which may be selected and used by a
DASD designer. The first frame of reference corresponds toc the
physical characteristics of the DASD to be used.

A second frame of reference for CHS addressing is also
established, with the second frame having a number of cylinders
and heads which fits with the Interrupt 13 design assumptions.
That is, the second frame of reference has no more than 1024

cylinderS'and no more than 256 heads.

The present invention contemplates that CHS addressing data
exchanged between the two frames of reference is translated to
enable the exchange of data with the full storage capacity of
the attached DASD. This translation is accomplished by
establishing a particular relationship between the addressing
in the first frame of reference and that in the second frame of

reference.

The discussion which follows will address the manner of
establishing the two frames of reference and accomplishing the
translation between them. However, as a preamble, it is to be )
noted that the establishing and translating is contemplated as
being useful with a variety of forms of DASD control which can
be encountered. More specifically, the invention to be
described has utility with DASD which is controlled through a
controller card mounted in an I/O bus connector; with DASD
which is of the IDE type; and with DASD which is addressed
directly under the control of the system CPU 32, 132. It is to
be noted that in each instance there is a microprocessor which
functions in connection with the CHS addressing. In the
instance of a DASD/controller card combination, the addressing
microprocessor is commonly located on the card. With an IDE
DASD, the addressing microprocessor ié commonly integrated into
the DASD. With a DASD controlled directly from the system CPU,
the microprocessor 1s the system CPU. Further, in each
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har dwar e of the personal conputer system Connected to the planar is the
system processor 32 conprised of a mcroprocessor which is connected by a
hi gh speed CPU | ocal bus 34 through a bus control timng unit 35 to a
menory control unit 36 which is further connected to a volatile random
access nmenory (RAM 38. Wiile any appropriate m croprocessor can be used,
one suitable nicroprocessor is the 80386 which is sold by | RfEES? 033w | e
the present invention is described her el st fer with particul ar reference
to the system bl ock diagrans of Figures 3 and 4, it is to be understood at
the outset of the description which follows that it is contenplated that

t he apparat us amgtanget tierl® if a@otdehesrogidm whlich piestared preeatsiddynay be

urs1ed Wi th ot hes ther dnersproesssdyr abadus info (U ﬁ%@f@fmb@s’ﬁdi‘-, s exanpl e,
the system pro 0 e . [ r.QRt or.

Ret ur ni ng now @gﬁlﬁ—ﬁ Eﬁ‘?‘gé%,qetg h%%%ﬁ% g%;?gé)gogce% o%c%?rr%ﬁ Fg%;ﬁg(%ﬂégfa, §addr ess
and control coRARFEALRY- proF ARLFBE RUgEraR AfvERt Fh P6r 1tk 1fi R§%pr ocessor
32, a math copreftessdrt8%s a bagdchénpuidentpitesydtenaed a rathen mdnory 41.

A soI ]gOUpI ed OfucH Besfdlén, 08840 SwS4hs & Brdwffslosﬂra‘orTﬁlq:éiﬁﬁfxﬂ 42 is
Itse connec 0] I t system
$&fhutr & étggséasrg F?:%f(ijjg?(s% Qg@ C;g%{n%g:r B¥osCELEd 964 u?r%g)we Y

bus 44, also conprisin ) a an . cor,rgonents. . system
bus 44 ext endsihdReRFTIRE1BuTe N SYSIAR MFAPRERtINR £LIustsategdn The
system bus 44 Figuresthemd ¢onmeenecpitiont bard BIOS @rrintdbn asndht asrimay beit 35
~and a DVA uni tstA8d dM@nDM¥PtibH caf@ JuehCOY DASH IntRoCEM;r 8k Aldaiieation
uni t BIOS such as may be stored as a part of an IDE DASD; or a
portion of the primary BIOS as earlier described. The present
invention contemplates that the control program mentioned

hereinafter can be any of these various types.

In any such event, a system as contemplated by this invention
has a rotating media direct access storage device (DASD) 90 for
receiving, storing and delivering digital data. The DASD has a
first predetermined number of cylinders and a second
predetermined number of heads, each of the cylinders being
divided into a third predetermined number of sectors. As will
be understood, the heads exchange digital data with the sectors
of the cylinders, writing to or reading from the sectors as
directed by CHS addressing signals. In accordance with this
invention the cylinders, heads, and sectors together define a
storage capacity for the DASD in excess of five hundred twenty
eight million four hundred eighty two thousand three hundred
four bytes of digital data.

As indicated in the discussion above, the system has a
microprocessor for processing digital data, with the
microprocessor controlling the exchange of digital data with
the DASD using cylinder-head-sector storage address data. The
system also has a control program accessibie to the
microprocessor for controlling the flow of digital data to and
from the DASD. In operation, the microprocessor accesses the
control program, loads the control program and, operating under
the control of said control program, performs a sequence of
operations which enable the exchange of data with the full



49 and DVA controller 50. One buffer 51 provides an interface between the
System bus 44 and an optional feature bus such as the | SA bus 52. Connected
to the bus 52 are a plurality of /O slots 54 for receiving | SA adapter
cards which nmay be further connected to an I/ O device or nenor ,

BC 994 033 "8 An arbitratidh S8h¥3 bus
55 couples the DVA controller 50 and cent4a@ arbitration unit 49 to the 1/0
slots 54 and a diskette adapter 56. Al so connected to the systembus 44 is
a nmenory control unit 36 which is conprised of a nenory controller 59, an
address nul ti gtexsfe G@pacityy afdeteaphshf er 61. The nmenory control unit 36 is
further connected to a random access nenory as represented by the RAM

nodul e 38. The nenory.controller 36.includ ' . '
addresses to &R8 IRGHLRE r’ﬁeﬁ%’ﬁ’%eo%cé’s’%‘célrdléé%atgqggir@gjcEpgofaﬁ%ggh%?. RAM 38.

"
The nmenory corefeid &rames a?fséeﬁ%ﬁ?@FSt%%‘t&°P&§wa§’8Y%&ndsitgﬁ’él TEROMEEY, t hat
is used to enabtweer tdesablpefREMeB4abl¥ahlingttie framesc ofprekarence, the

system determines a conversion factor to be applied, following
steps as shown in Figure 5. Those steps comprise interrogating
as to the number of cylinders provided in the DASD, then
determining whether the number of cylinders is greater than
sixteen thousand three hundred eighty four. The latter number
is the maximum which can be addressed in the specific
implementation here described, and may vary should the
implementation vary from what is here described in detail., If
the number is greater, then the number sixteen thousand three
hundred eighty four is used for the next following steps. If
not, then the number reported is used. The next step is to set
a register to be used to store the conversion factor to a zero
registered value. A determination is then made as to whether
the number of cylinders is gfeater than one thousand twenty
four, the upper limit number implied by Interrupt 13 design as
described above. If the number is equal to or less than one
thousand twenty four, then the conversion factor register is
allowed to remain at zero count and no conversion will be
necessary. If greater than one thousand twenty four, then the
number of cylinders is divided by two. A preferred manner of
accomplishing the division is by using a "Shift Right"
instruction. The division is followed by incrementing the
conversion factor register by a count of one. The process then
returns to interrogating as to the number of cylinders
identified as the quotient of the preceding division, dividing
the quotient number of cylinders by two if greater than one
thousand twenty four, incrementing the conversion factor
register by one, and repeating the division/incrementing until
the guotient number of cylinders is less than one thousénd
twenty four. At such time as the quotient number is less than
one thousand twenty four, the count stored in the register is-
the conversion factor (hereih also identified as "N") to be
later applied. Where appropriate, the conversion factor may be
stored as part of the_system configuration data held in NVRAM.



systemis shown with a basic 1 nmegabyte RAM nodule, it is understood that
‘additional nenory can be interconnected as represented in-Figure 3 by the.
optional menory nodul es 65 through 67. A latch buffer 68 is coupled

bet ween the system bus 44 and a planar 1/0O bus 69. The planar /O bus 69

I ncl udes address, data, and control conponents respectivel yBc%ploggl al ong
the planar 1/0 bus 69 are a variety of_ LEQ adapters and ot her Conpdnent s
such as the display adapter 70 (which is used to drive the nonitor 11), a
CMOS clock 72, nonvolatile CMOS RAM 74 herein after referred to as NVRAM a
RS232 adapter 76, a parallel adapter 78, a plurality of timers 80, a

di skette adaptidh dstemmirphi®r ofpthe GARYRNSiER Bartorngthe (fFamed Yy menory 64.
The read onl yrefepense Grénsioies abénee BaPDe ot 0lOner syclarfirahat i sebtskyl t o
interface bet%ggcéchfrel &Qt é@cV'é:ﬁésdﬂQG %}%m@@@{)@fdeGbéyMs@_ m &4 thg8 t

m Cr opr ocessaoy. .stored i can be c ed, | o]
decrease the l&@%ﬁ?%oe tf .1‘90“1‘mB?‘OSR.QQ/I r§4g?%w"f'ur8§%%%efgé§%%wge (via
ROVBEL si gnalvplues ifforgtEnedof 8y the DASP eOMimeR PEewysLESiFeflenor y
controll er 36a1BeODy Inexegaedonut Thé d¥Dhdéex nk@bebH4is then sapivedtdsy nenory
controller 3%1%\4&_& cBAYeFBBRORKIE, 11y AMHIOSH @REW1ia8ef IMMbbhery

m croprocessqr I .e..BlOS is executed.out of . . e clock 72 is
used for tim"8f Héf’ydgé{ﬁ?ﬁ atli ?)kr‘les pﬁﬁ‘é{?%elyl\éﬁﬁﬁllﬁgmtpsreogegg Store system

confi gur at i osletierminingathe sonvaes IRIMEACD) | TeiGedatd thel Besexdfchbelescri be
t he present conbéspiroat fatt@f. Another way to explain this conversion is

that the cylinder number is shifted right by the conversion
factor. Expressed algorithmically,

Converted Cylinder = Cylinder/2¥

The head number is then converted using the conversion factor,
by multiplying the head number by two raised to the power of
the conversion factor (or shifting the head number left by the
conversion factor). Expressed algorithmically,

Converted Head = Head X 2%

At this point, the conversion is complete, and the converted
cylinder and head numbers are returned for use in CHS
addressing of the DASD.

It is to be noted that a DASD has in integer number of
“cylinders and cannot have fractional cylinders. Any fractional
cylinder which would otherwise appear to have been created in
conversion is discarded. That is, a drive with two thousand
one cylinders and sixteen heads will be reported ‘as having one
thousand cylinders and thirty two heads. The half of a BIOS
cylinder is "lost". 1If such a DASD is addressed through a BIOS
using the Interrupt 13 design restraints at cylinder 0 head 20,
the physical DASD is accessed at cylinder 1 head 4. -

As a working example, assume that a system is provided with a
DASD which has two thousand cylinders and sixteen heads for a
total storage capability of ten billion, one hundred four



BC 994 033 -9- the system For exanple,
NVRAM cont ai ns i nformati on describing the capacity of a fixed disk or

di skette, the type of display, the anobunt of nenory, tinme, date, etc. O
particular inportance, NVRAMw || contain data (can be one bit) which is

used by nmenory controller 36 to determine whether BICS is rggl\#q‘t 09§ ROM or
RAM and whet her to reclai m RAM i nt ended {t0_be used by BI CS
Furthernore, these data are stored in M whenever a speci al
configuration program such as SET Configuration, is executed. The purpose
of the SET Configuration programis to store val ues charagterizing t he
confi gur at i ofMidf-1Phe WPshERTRSY Rimely two Ahoyaand byEes b SletHv 82t he
conput er has (R060vEri6 ¥db3aX ¢d2). The conversion factor becomes one (one
division of 2000 by 2 leaves a guotient of 1000, which is less

than 1024).

The second reference frame is established by the DASD itself,
as having a range of more than one thousand twenty four
cylinders and a range of up to a predetermined number of heads,
namely the number provided on the physical drive. In the
instance given above (as is the case for most ATA DASD) the

number is sixteen.

Translation between the twc reference frames occurs as
illustrated in Figure 7, through the operation of the control
program with the microprocessor as described above. More
particularly, translation of storage address digital data
exchanged between the first and second reference frames to
enable the exchange of data with the full storage capacity of
said DASD is accomplished using the number (N} of times
dividing of the number of cylinders by two was repeated. In
pursuing such translation, the first inquiry is of the stored
data, to determine whether the stored conversion factor is
other than zero. If it is zero, then no conversion is required
and CHS addressing proceeds as contemplated by the original
Interrupt 13 design. 1If it is greater than zero, then the
cylinder number in the drive command is multiplied by two
raised to the power of the conversion factor, N. Expressed

algorithmically,
Translated Cylinder = Converted Cylinder X 2%

The converted head number is then divided by the number of
heads physically present in the DASD, and the remainder after
such division is identified as the translated head number. The
quotient of this division is then logically "OR"ed with the .
translated cylinder number and identified as the addressed B

cylinder number.



general |y at 15 which cooperates with the chassis 19 in form ng an

encl osed, shielded volune for containing the above identified conponents of
the m croconputer. The cover preferably is formed with an outer decorative
cover nmenber 16 which is a unitary nol ded conponent nade ofpmh Bl ¢ledl e
synthetic material and a netallic thim sheet liner 18 fornmed to conformto
the configuration of the decorative cover nmenber. However, the cover can be
made in other known ways and the utility of this invention is not |imted
to encl osures_of_1.h P scrihed. |ternale %%m% r an | SA
per sonal con‘%ﬁtlerf&ﬁ?gté%oa\?/\’ﬁq’i%ﬁ %%u?gt%ﬁaﬁ%rg@_iog éhcooq\/\}ﬁ{gggl chgﬁﬁtzg’gr am of a
personal conpARERrsigR: 28 HrRREIFHCPNEER SPFETSIEBRD AT At SWUTEL8R M ternate
arrangement tbe syséenoBfOf dn egopegatioc Witk ttheesygisme FPUD asnaaccor dance

with the pregeidtionventd Gontksridlenhid Wby GPEBEpeRitioewh an Figure 4
whi ch are f“Qﬁi 13k ymféﬁgékgéeés%r‘?05@%@%%::@%?% 'rﬁfgg%’%x&é tf) reference

to Figure 3, e referen aracfers of a one d order of nmagnitude
may be used. CESPSFAF10T ‘EhERNBP TDF RACTAREPERTICessHt 2td2ivHARAF n Wiguie 4 s
general |y sieffent ph thencdirrosiatdonhss rther sqmeocesCiy a8dreds Engarird3t The CPU
132t| SI Conﬂfﬁﬁ% Qf ﬁeﬁ“&izﬁlﬁipfﬂﬁﬁ@h?&ds@ﬂé MSI&%SE %fq aIrQ‘é&ﬁgh eyrsf a(r:]e
control uni 0 MO om.access. nenpr ere shown as
Single Inli n%eﬁ\}é]’r’r“ol}? %edg%éséf%i %ﬁ/b&?élrsl affseéi e %\fi%@fslsn“\}\h? ch is stored
i nstructi onssg¥dpfsaee ofpaefHiansat viHsbr eeq9tenshe PrYREcTPU 132,

characteristics of a DASD which is otherwise outside the

restraints of Interrupt 13 design in the ISA BIOS.

In the drawings and specifications there has been set forth a
preferred embodiment of the invention and, although specific
terms are used, the description thus given uses terminology in
a generic and descriptive sense only and not for purposes of
limitation.
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- 10 - The Bl OS ROM 164

includes the BIOS that is used to interface between the |/O devices and
the operating systemof the mcroprocessor 132. Instructions stored
copied into RAM 138 to decrease the execution tine of BICS.

164 can be

The CPU | ocal

i n ROM

bus 134 (conprising data, address and control BC #4mdddent s)

al so provides for the connection of tﬁélsnfcroprocessor 132 with a math
139 and a DASD controller 185. The DASD control | er 185 may, as

persons skilled in the arts of conputer desildy

copr ocessor
is known to

be connected or connectable with ReadrCaly Mvenory (ROV) 18

sui tabl e externa

connecti on
controller

dIC

i 13 ShegtHas
devi ces of a variety of types as faciliﬁ Wamﬂ
r

ed to,the

n the Figure. The bus ace

bR bl sl BB BEE bas 134 with an 1) O bus 152, By
nmeans of the bus 152, the BIC

a rotating media direct access storage device (DASD) for
receiving, storing and delivering digital data, said DASD
having a first predetermined number of cylinders and a
second predetermined number of heads, each of said
cylinders being divided into a third predetermined number
of sectors and said heads exchanging digital data with

said sectors of said cylinders,

said DASD haviag the location of digital data therein
defined using cylinder-head-sector storage address

data,

said cylinders and said heads and said sectors
together defining storage capacity for said device in
excess of five hundred twenty eight million four
hundred eighty two thousand three hundred four bytes
of digital data,

a microprocessor for processing digital data, said
microprocessor controlling the exchange of digital data
with said DASD using cylinder-head-sector storage address

data, and

a control program accessible to said microprocessor for
controlling the flow of digital data to and from said

DASD,

sald microprocessor accessing said control program
and loading said control program and operating under
the control of said control program,

said control program functioning with said
microprocessor and said DASD

R ) R OO
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135 is coupled with an optional feature bus such as an | SA bus having a
plurality of 1/0 slots for receivi ng adapter cards 190 which may be

further connedh@ﬂh¢ﬁ~laa8eeln Igteyi ce or nmenory (not shown). The 1/0 bus 152

i ncl udes addr es ontrol conponents. Coupl ed along the I/0O
bus 152 are a conponents such- as a video si gn;l ?5?00935_;50r
191 which is assom a e video RAM (VRAM) for storing gr Sh

i nformation (indicated at 192) and for storing inmage information
(indicated at 194). Vi deo si gnal s exchanged W|th t he processor 191 may be
passed through a Digital to Anal og Converter DAC%‘Pml% to a nonitor or

ot her display device. ProvisifBR {%tegregptingessig DR FECEP Pl ALTa/SP 191
directly with what is here rptedetestmined auabaratosfr eylinderge | nput/ out put,
whi ch nmay take the formof a video recorder/pl ayer carrera etc. The 1/0

bus 152 is al so coupl ed With§§r%ne% i tal %é %Pe):e%%p \M‘II ch has

associ ated instruction RAM 1 eﬁ'&f%mﬂA af9§a re software
instructions for the processhWiPedt o gpidndessy eP‘ﬁé‘*‘E?SP“EQ@‘%G“@a’%“&WtNVOI ved

in such processing. The DSP t&x,provi des for processing of audio inputs and
out puts by the provision of an audio controller 200, and for handling of

other signals by for repeatedly dividing said first predetermined
number by two until the quotient is less than
one thousand twenty four while registering the
number (N) of times such dividing is repeated,

for establishing a first reference frame for

cylinder-head-sector data, said first reference

frame having a range of up to one thousand

twenty four cylinders and a range of up to two
- hundred fifty six heads,

for establishing a second reference frame for
cylinder-head-sector data, said second reference
frame having a range of more than one thousand
twenty four cylinders and a range of up to said
second predetermined number of heads, and

for translating storage address digital data
exchanged between said first and second
reference frames to enable the exchange of data
with the full storage capacity of said DASD,
said translating being accomplished using the
number (N} of times dividing of said first
predetermined number by two was repeated.

2. & computer system according to Claim 1 further comprising
a storage memory element for receivihg and storing said
control program, said storage memory element being .
operatively connected with said microprocessor for -
accessing of said control program by said microprocessor.

LKA, 0 AR O



BC 994 033 _ g} - 11 - provi sion of an anal og

interface controller éalh.w_l;as:f'l - _t he I/O bus 152 is coupled with a

i nput / out put contThgiSh ch g ssoci ated El ectrical Erasable
Pr ogr ammabl e Read EPROM 204 by which inputs and out puts are
exchanged with con pheral s including floppy di g¢ dsi e, a

printer or plotter 14, keyboard 12, a nogge or pointing device, and by
means of a serial port. In ei-ther-of the alternative fornms of personal
conput er organi zati on described to this point, the DASD used may have a

nunber of cylinders and heads which fall wthi.n.the |nterr 13 design
expect ati ons. 3That® FETPHYEE ¥R a8?°%‘{f1‘ﬁg\r,1\4d%:uslaﬁﬂyfﬁgefﬁﬁ%%tridl ess and the

nunber of heads n@fobege 3emory |edegent rompaises @nread PBAY MPRGE¥ficulty i s

encountered in thgepoesrl operation of the personal conputer system
resulting in the interrogation of the DASD as to its characteristics,
storing of that information as part of the system confi gur%t i_gn, and
operation of fhe SySPEEHYEEr PHEFMoPREP~HRE B G 8 et MRADYN 5% he prior
art. Such oper at i shorage memoDASDenhnt [romprizast ahnen-wiokakkke HaRdRM (as is
usual for an ATA DASE)s mRmbly Sddvicd drdTlifhothednwherdiie sabdioypeegaci ty of
the DASD avallabl%yggééjjgmprises an electrical energy source operatively

connected with said non-volatile random access memory

device for energizing said non-volatile random access

memory device and for maintaining storage of said control

program therein.

5. A computer system according to Claim 1 wherein said DASD
is an integrated drive electronics DASD and further
wherein said microprocessor and said control program are
integrated into said DASD.

6. A computer system according to Claim 1 further comprising
a motherboard for supporting and connecting electrical
components of said computer system, an input/output
channel defined in said motherboard and comprising a
channel connector, and a DASD controller card mounted in
said channel connector, and further wherein said
microprocessor is mounted on said controller card and said
control program is stored on said controller card for
accessing by said microprocessor.

7. A computer system according to Claim 1 further comprising
a motherboard for supporting and connecting electrical
components of said computer system, and further wherein
said microprocessor is mounted on said motherboard and
said control program is stored on said motherboard for
accessing by said microprocessor.

8. A computer system according to Claim 7 wherein said
microprocessor is the system processor for said computer
system, said computer system further comprises a basic
input/output system (BIOS) program, and said control
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addressing to five hundred twenty-eight mllion four hundred eighty two
t housand three hundred four.; tes of digital data. It is an inportant

di sti ngui shi ng chi acedhe present invention that CHS addressing
which is within th deS|gn expectations is used to address an
ATA DASD whi ch has I|nders I n.excess of 1024, sixteen_heads,

and a storage capacity for digital data ich exceeds five Hﬁh&?édo%ﬁenty
eight mllion four hundred eighty tWwo thélsand three hundred four bytes of
~digital data. This is acconplished, in accordance with this invention, by
effecting a translation between two frames of reference for CHS addressing.
I n accordance wi t hpxdgrem| sy embedded aifthinstsafid BaOSopPreafagr:ence for CHS
addressing is established which has a nunber of cylinders which exceeds one

thousand twenty fopr.ag %';&E@&& a2k P&ﬁ%s Ll § &rﬁeijgﬁiﬁtéa‘iﬁ of the

actual nunber “of hea s oun r|v to be attache addrqfsed As

has been program unctlcnlng with said microprocessor a
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers
for the second reference frame by multiplying a cylinder
number from the first reference frame by 2" and dividing a
head number from the first reference frame by the second

predetermined number of heads.

10. A computer system according to Claim 1 wherein said
control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers
for the first reference frame by dividing a cylinder
number from the second reference frame by 2¥ and
multiplying a head number from the second reference frame

by 2%.
l1. A computer system comprising:

an integrated drive electronics (IDE} rotating media
direct access storage device (DASD) for receiving, storing
and delivering digital data,'said IDE DASD having a first
predetermined number of cylinders and a second
predetermined number of heads, each of said cylinders
being divided into a third predetermined number of sectors
and said heads exchanging digital data with said sectors
of said cylinders,

said IDE DASD having the location of digital data
therein defined using cylinder-head-sector storage

address data,

said cylinders and said heads and said sectors
together defining storage capacity for said device in
excess of five hundred twenty eight million four
hundred eighty two thousand three hundred four bytes
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BC 994 033 - 12 - expressed, that nunber
is typically sixteem heads in dr—'rves of the type commonly encountered at

the tine this i nveﬂﬁééﬂ&ﬁﬁﬁs rrbodl ed into physical, operating
per sonal conputer t he nunber of heads may be any
pr edet er m ned nunb |xt een whiich may be sel ect gd gyadggsed by
a DASD desi gner. r ef @gence corresponds to the physical
characteristics of the DASD to be used. A second frame of reference for

CHS addressing is also establ i shed, with the second frane having a number

of cylinders and heads fWQJ. é with the Interrupt 13 design
assunptions. That is, the econd Ft'ame of reference has no more than 1024

cylinders and no nore than 256 heads. The present invention contenplates
t hat CHS addr essi ng fliatraprecassangter pedowaringheigitalf datrmsseidreference i s
translated to enap Jphec@e@}aseﬁlgoﬁnéé’gﬁt%t thécheaml 1pES bRsMGRacapaci ty

of the attached DASD IED] e Cq‘a“a% ofsdgﬂlgar?d&ﬁ tl?ys?ﬁ?tﬂgl I shing a

particular relati ofiSHi anme of
reference and thatDASP Pﬁen%&Yéﬁﬂd#W‘é\ﬁéd‘oﬁ‘e“Péf%ﬁf‘éﬁSS address data, and

a control program integrated into said IDE DASD and
accessible to said microprocessor for controlling the flow
of digital data to and from said IDE DASD,

said microprocessor accessing said control program
and loading said control program and operating under
the control of said control program, .

said control program functioning with said
microprocessor and said DASD

for interrogating said DASD as to said first
predetermined number of cylinders,

for determining that said first predetermined
number of cylinders exceeds one thousand twenty

four,

for repeatedly dividing said first predetermined
number by two until the guotient is less than
one thousand twenty four while registering the
number (N) of times such dividing is repeated,

for establishing a first reference frame for
cylinder-head-sector data, said first reference
frame having a range of up to one thousand
twenty four cylinders and a range of up to two
hundred fifty six heads, p

for establishing a second reference frame for
cylinder-head-sector data, said second reference

frame having a range of more than one thousand

) 0 O
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The di scussi on which—FoH-ows w |l . address the manner of establishing the
two frames of refﬁ]ri?ﬁg and acconplishing the translation between them

However, as a prea BeenRéplacele noted that the establi shi ng and
’ ﬂ bei ng useful with a variety of fornms of

translating is con .
DASD control which ntered. More specifically, the 994veBiion to

be described has utility with DASD whitR3is controlled through a
controller card nounted in an |/ O bus connector; with DASD which is of the
| DE type; and with DASD which is addressed directly under the control of

t_he system CPU 32, 132. It g;v&_.nﬁ-_g_ fhe agiﬁm_e&-baa,;d & eakde io&sﬁ@ruzesa_b@re s a
m cr opr ocessor which funct e%f‘t‘:ggm%%q ectign, tel} LP &3 essing. In
ro g:co [

the instance of a DASD/ con car nation, the addressing

m croprocessor is commonly |ocated on the card. Wth an | DE DASD, the

addr essi ng m croprocessor i&tnaylagingtstgrage cddoess digibSdatyVt h a DASD
controlled directly from th&chindiMbetiben BRidN QFERr HELE806nd S t he system

gzuégzuggger’ in each reference frames_?olﬁqule the exchange of data
with the full storage capacity of said DASD,
said translating being accomplished using the
number (N} of times dividing of said first
predetermined number by two was repeated.

12. A computer system according to Claim 11 further comprising
a storage memory element for receiving and storing said
control program, said storage memory element being
integrated into said IDE DASD and operatively connected
with said microprocessor for accessing of said control
program by said microprocessor.

13. A computer system according to Claim 12 wherein said
storage memory element comprises a read only memory
device.

14. A computer system according to Claim 12 wherein said
storage memprgkelement comprises a non-volatile random
access memory device and further wherein said computer
system comprises an electrical energy source operatively
connected with said non-volatile random access memory
device for energizing said non-volatile random access
memory device and for maintaining storage of said control
program therein.

15. A computer system according to Claim 11 wherein said
control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers
for the second reference frame by multiplying a cylinder
number from the first reference frame by 2% and dividing a
head number from the first reference frame by the second
predetermined number of heads.
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A1

| astance there is a cantrol-programwhich is stored accessibly to the
m cr oprocessor, |oaded intao I Groprocessor, and which cooperates with

t he m cropr ocessorThisSh the addressing. That control program
often can be, and
a portion of such

ed to as a basic input/output system or
known as a BIOS. BICS for gcpsysonsl

conputer systemcan conprise the primary 28l &S referred to above - in the

di scussion of the systemorganization illustrated in Figures 3 and 4; or
an option card BIOS portion such as nay be stored on an option card such
as a DASD controller; or a device _BlOg.such b e a part of
an | DE DASD; o{g‘a gpS?T?‘%ﬁro?Yﬁ%' ﬁ?‘ff’%ﬂg %C’Ogi?fg?éér ﬁ?%%e%gleg?:ﬁ bed. The
present inventionceptrYnpragean fHaEtioRdng JHtRoFals BYFEPRIASREF N &3

herei nafter can besapy mHsDt hestorwar tleuSubgtpion. of tdamsaatinguCHS eatomwrge a
system as cont enpl ghgrdy d&gi@all QY€ IyORer AR gocy Olindb NghdTBEa@ Mimbees

access storage device (DASD) 90 for receivVving, ,st.oflngd. an | vering
digital data. The Bﬁ’éﬁg}’r?ail st ﬁerfgfe'}freegﬁ‘?”éer gﬁgn%ld"i%ﬁn et %3 i@%%nders and a
second predet er ni pewberufer Bfe Reeens refenense framechyifderd being di vi ded
into a third predeheltiplgdnguninend ofunbest firom tis ssicohd dferager Strenel, t he
heads exchange di gL{,aéu.data with the sectors of the cylinders, witing to
or reading fromthe sectors as directed by CHS addressing signals. In
accordance with this invention the cylinders, heads, and sectors together
define a storidge 3apaputyrfsustehecdsising:excess of five hundred twenty
eight mllion four hundred eighty two thousand three hundred

a motherbeard for supporting and connecting electrical
components of said computer system,

an input/output channel defined in said motherboard and

comprising a channel connector,

a rotating media direct access storage device (DASD) for
receiving, storing and delivering digital data, said DASD
having a first predetermined number of cylinders and a
second predetermined number of heads, each of said
cylinders being divided into a third predetermined number
of sectors and said heads exchanging digital data with
said sectors of said cylinders,

said DASD having the location of digital data therein
defined using cylinder-head-sector storage address
data,

said cylinders and said heads and said sectors
together defining storage capacity for said device in
excess of five hundred twenty eight million four
hundred eighty two thousand three hundred four bytes
of digital data, '

a DASD controller card mounted in said channel connector,

a microprocessor for processing digital data, said
microprocessor being mounted on said DASD controller card

R




four bytes of digital data.

M croprocessor cont Tkl $hest@iaé Been R@Nge of digital data with the DASD

accesses the control progr
under the control of said

e R R et ————

lata.  As indicated in the discussion above, the
system has a mcroprocessor for processing digital data, with the

usi ng cylinder-head- address data. The systemalso has a
control program acce m croprocessor for controgcigg4gng flow
of digital data to a SD. Lnyoperation, the m cropfocessor

am | oads the control program and, operating

control program perforns a sequence of

oper ati ons which enable the exchange of data with the full

BC 994 033 and controlling the exchanggpf digitalodgfe vdfPasftd of the
DASD. DASD using cylinder~head-sector storage address data, and
a control program stored on said controller card and

accessible to said microprocessor for controlling the flow_
of digital data to and from said DASD, :

said

microprocessor accessing said control program

and loading said control'program and opérating under
the control of said control program,

said

control program functioning with said

microprocessor and said DASD

for interrogating said DASD as to said first
predetermined number of cylinders,

for determining that said first predetermined
number of cylinders exceeds one thousand twenty

four,

for repeatedly dividing said first predetermined
number by two until the quotient is less than
one thousand twenty four while registering the
number (N) of times such dividing is repeated,

for establishing a first reference frame for
cylinder-head-sector data, said first reference
frame having a range of up to one thousand
twenty four cylinders and a range of up to two
hundred fifty six heads,

for establishing a second reference frame for
cylinder-head-sector data, said second reference
frame having a range of more than one thousand
twenty four cylinders and a range of up to said
second predetermined number of heads, and
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The operations performed-include-establishing the first and second frames

of reference rren o ed_above.and then transl ati ng between them Before
est abl i shi ng the the system determ nes a conversion
factor to be appl steps as shown in Figure 5. Those steps

conprise int errog nunber of cylinders providegeigyst g3 DASD,
then determ ni ng whet her the nunber of cykinders is greater than sixteen
t housand three hundred eighty four. The latter nunber is the maxi num which
can be addressed in the specific inplenentation here described, and may

vary should the inplenentation vary fromwhat is here describpe in detail.
If the nunber is greater, tH&n*ER ]r?lﬁ‘t’rﬁ%rs?f‘??%é‘}?ﬁfﬁﬁﬁs‘ﬁ’ﬁdg?ﬁ 2hundr ed

eighty four is used for theexvé&ﬁngéfblble@wengSstl@pﬁy-rSFfalFﬂ)tseC?h‘én t he nunber
reported is used. The next SiRPehSe lfFahéd td ERLHIH €he lexchengsed batst ore
the conversion factor to av;ietro % d;&q:aygl acftt e(;feggl@afmsgn I's then

made as to whet her the nunber ers ea e gn one thousand
twenty four, the upper Ilm‘ialﬁuﬁ’a%‘}s Pﬁb‘?q 1By cﬁf’@?’r’lf%’ﬁ‘ 1'35’dt95|8
described above. If the nur!bmbers(lﬁqaaltmsom\heissgtCMfaﬁaeﬁethMusand twenty
four, then the conversion fReheteffide8Rinbks B LtA8EGhd GepoiBdd)l at zero
count and no conversion wi |l be necessary. If greater than one thousand
twenty four, then the nunber of cylinders is divided by two. A preferred
manner of accdfpl iAIFOREUEeR SYPEPR asRoFding, tGladmal? drkheR qyprising
I nstruction. The & \siterage imenboy |edwsenth\for neeaiwhig rapdt Aoxigrgy ersd on f act or
[ﬁgl Stﬁ{) by ]9 COF%&I@EOP"&OQ%QB FHaQaeé;t?rtaBEnné'n@wré&ﬂeﬁtlmiQ{gr Reaidday as to
e nunber of cylinders,i r ng
di vi sion, dividi ng % uﬂj%?’ %ﬁter%ngelt % dqéjrfdt gg%%&ge&? C&n%%ggéeat er than
one t housand twent‘*y-tf‘o’éﬁld MAEFRROSEFFRY (ERE Wﬁé%&g fatd sontrol

program by said microprocessor.

19. A computer system according to Claim 18 wherein said
storége memory element comprises a read only memory
device.

20. A computer system according to Claim 18 wherein said
storage memory element comprises a non-volatile random
access memory device and further wherein said computer
system comprises an electrical energy source operatively
connected with said non-volatile random access memory
device for energizing said non-volatile random access
memory device and for maintaining storage of said control
program therein.

21. A computer system according to Claim 17 wherein said
control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers
for the second reference frame by multiplying a cylinder
number from the first reference frame by 2" and dividing a
head number from the first reference frame by the second
predetermined number of heads.

22. A computer system according to Claim 17 wherein said
control program - functioning with said microprocessor and

|
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regi ster by one, _and._repeating the division/incrementing until the quotient
number of cylinders is |ess than one thousand twenty four. At such tinme as

the quotient nu is Sheet Hasdeait Replacedne t housand twenty four, the count stored
in the register is n factor (herein also identified as "N') to
be | ater appli ed. ate, the conversion factor maycbggstgyzed as

part of the systemconfiguration data heldy n NVI :
BC 994 033 - 15 - Wth determ nation of

the conversion factor, the franes of reference nentioned above nmay be set.
One such franme is set by a procedure to get the drive paranmeters of the
DASD, as illustrat &8¢ rPPiﬁDgg?’éf‘EmsAEh‘i @Pét%ﬁﬁ,tﬁﬂsilgﬁ’e'}g SHE FRergee

val ues are retrieveddiress dhgiBiSBaba Yy derjviag oykindest and dead pumbergy
interrogation. The eyli#deriPsireksndd1@Rakd byeaierdliingsa nyrlith@eonver si on

factor, by dividi nga&lﬁ?exc)flr&qg?{e Qggpl%{ rg¥erén\& £LOR %Vi'“sgﬁdi n the

previ ously descri be rocess
multiplying a head number from the second reference frame

by 2%.
23. A computer system comprising:

a motherboard for supporting and connecting electrical
components of said computer system,

a rotating media direct access storage device (DASD) for
receiving, storing and delivering digital data, said DASD
having a first predetermined number of cylinders and a
second predetermined number of heads, each of said
cylinders being divided into & third predetermihed number
of sectors and said heads exchanging digital data with
said sectors of said cylinders,

said DASD having the location of digital data therein
defined using cylinder-head-sector storage address )
data,

said éylinders and said heads and said sectors
together defining storage capacity for said device in
excess of five hundred twenty eight million four
hundred eighty two thousand three hundred four bytes
of digital data,

a microprocessor for processing digital data, said
microprocessor being mounted on said motherboard and
controlling the exchange of digital data with said DASD
using cylinder-head-sector storage address data, and

a control program stored on said motherboard and
accessible to sald microprocessor for controlling the flow
of digital data to and from said DASD,

e



determ ning the conversion factor) raised to the power of the conversion
factor. Another \Nayhlgﬁe&%ﬂegl{ M.s; conversion is that the cylinder number

is shifted right by factor. Expressed al gorithm cally,
ﬂwﬁﬂﬂ The head nunber is tt]%n % ted
I t| plyLpg the head nunber WO rai sed

Converted Cyli nder
usi ng the conversio g

to the power of the conversion factor (’o# shifting the head nunber | eft by
t he conversion factor). Expressed algorithmcally,

Converted Head = Head X 2[err] At this point, the convérsion is conplete,
and t he sconverted cyl i aalix ndndopeamsaanirmcessing FaidiqesirebPTegEan n CHS

addressing of the DASDang idadiifigtdailecermired pidjran AMSbphesting umeager
number of cylinders ang,cannetofiawe Liadldgesl giybkader s Ay fractiona

cyl i nder which would ot’herw se appear have been created in conversion is
di scarded. That is, a drive with two thousand one cylinders and sixteen
heads wi I | be reportedsaisd keutngl eregtdmw fuantioning itidhssatd thirty two
heads. The hal f of a BL{S-dp¥btosiyr bid"daatbasd f such a DASD is addr essed
t hrough a BI GS

for interrogating said DASD as to said first

predetermined number of cylinders,

for determining that said first predetermined
number of cylinders exceeds one thousand twenty

four,

for repeatedly dividing said first predetermined
number by two until the quotient is less than
one thousand twenty four while registering the
number (N) of times such dividing is repeated,

for establishing a first reference frame for
cylinder-head-sector data, said first reference
.frame having a range of up to one thousand
twenty four cylinders and a range of up to two
hundred fifty six heads,

for establishing a second reference frame for
cylinder-head-sector data, said second reference
frame having a range of more than one thousand
twenty four cylinders and a range of up to said
second predetermined number of heads, and

for translating storage address digital data
exchanged between said first and second
reference frames to enable the exchange of data
with the full storage capacity of said DASD,
said translating being accomplished using the
number (N) of times dividing of said first
predetermined number by two was repeated.
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A

using the Interrupt 13 design restraints at cylinder 0 head 20, the
physical DASD is accessed at cylinder 1 head 4. As a wor ki ng exanpl e,
assune that a syst%ﬂ&eﬂa@ﬁ&ﬂ%@ﬁy&&h a DASD whi ch has two thousand

cylinders and sixte total storage capability of ten billion
one hundred four 'm 3

I BC 994 033
BC 994 033

- 2916 - mllion, one hundred

ninety two thousand bytes of digital data (2000 X 16 X 63 X 512). The
conversion factor beconmes one (one division of 2000 by 2.l eaves a quoti ent

of 1000, which jgs l%}%ﬁp}ltﬁg%%g%@é'sac}?org Ycehin 95888 fdapRikfng

establ i shed by the aving a range of npre than _on
t housand twenty f ou? storage memory element for receiving and storing sai

control program, said storage memory element being mounted
on said DASD controller card and operatively connected
with said microprocessor for accessing of said control

program by said microprocessor.

25. A computer system according to Claim 24 wherein said
storage memory element comprises a read only memory

device.

26. A computer system according to Claim 24 wherein said
storage memory element comprises a non-volatile random
access memory device and further wherein said computer
system comprises an electrical energy source operatively
connected with said non-volatile random access memory
device for energizing said non-volatile random access
memory device and for maintaining storage of said control e

program therein.

27. A computer system according to Claim 24 wherein said
microprocessor is the system processor for said computer
system, said computer system further comprises a basic
input/cutput system (BIOS) program, and said contfol
program is ‘embedded within said BIOS program.

28. A computer system according to Claim 23 wherein said
control program functioning with.said microprocessor and
said DASD performs the function of translating CHS stérage
address digital data by deriving cylinder and head numbers
for the second reference frame by multiplying a cylinder
number from the first reference frame by 2¥ and dividing a
head number from the first reference frame by the second
predetermined number of heads.

29, A computer system according tg Claim 23 wherein said
control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers

R L



cylinders and a range of up to a predeterm ned nunber of heads, nanely the
nunber provided on the physical drive. In the instance given above (as is
the case for nost ALLsRASE gLO&e lnlédnber i s sixteen. Transl ati on between

the two reference fr illustrated in Figure 7, through the
operation of the conﬂmumﬁmkﬂ with the mcroprocessor as giegg)igad
above. More particu ’ tion of ;storage address digital data
exchanged between the first and second re?erence frames to - enable the
exchange of data with the full storage capacity of said DASD is

acconpl i shed using the nunber ('\%f of tinmes dividi ng, of th _rxlluénber of
cylinders by two wedTr EPRiEEt TIEeTpnee fmage SRy rES 8t FHn"“Che first
inquiry is of the gtmbed fxbat bhe tsecded erafiemencshdirhne yhé@” smdr ed conver si on
factor is other thaitZfl¥ing b hdad BufiSdrO £rbhl&heNBeldtiV @& SérbinceSExaaRUI I €d
and CHS addressing,proeeeds as contenplated by the original Interrupt 13
design. If it is gréafer than zero, then the cylinder nunber in the drive
command is multiplied by two raised to the power of the conversion factor,
N. Expressed abgord phnsealll gomputer system Ravimg at kighCgbéedisysteConvert ed
C}/I ihndgr XhZ[err}I prEB@swasﬁﬁﬁﬁbmea&Smuapﬂida@iwq&_oqwﬁsdafldby thehnunber
o] eads physica resent _in the N | uc
division is identi %Pgﬁa%lsn%t ﬁ%%ermarsig%{%er& ﬁg%(#“ ggn%ogpé%egﬁgé o bEuet

speed system processors, said personal computer system

comprising:

a high speed microprocessor for processing digital data,
said microprocessor having a real and protected mode of

operation and being elect;ically coupled to a high speed
data bus;

non-volatile memory electrically coupled to a slower speed
data bus;

bus controller for providing communications between the
high speed data bus and the slower speed data bus;

volatile memory electrically coupled to the high speed
data bus;

a memory controller electrically coupled to said volatile
memory and said non-volatile memory, said memory
controller regulating communications among said volatile
memory and said non-volatile memory and said high speed
microprocessor;

a rotating media direct access storage device (DASD) for
receiving, storing and delivering digital data, said DASD
having a first predetermined number o6f cylinders and a .
second predetermined number of heads, each of said
cylinders being divided into a.third predetermined number
of sectors and said heads exchanging digital data with
said sectors of said cylinders,
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guotient of this division is then logically "OR'ed with the transl ated

cylinder nunber and identified as'the addressed cylinder nunber.
- 17 - As indicated above, such

BC 994 033 This Sheet Has Been R
determ nation of a c conversion and transl ation can occur
either as a functlonﬂmnﬂm Igm& Bl OS in cooperation with tg ?%Sto??] U
as a function of a c BIOSl jcooperation wth a controlTer

m cr opr ocessor; as a function of an BI OS in cooperation with an | DE
m croprocessor. In all instances, the effect of the translation is the
sanme: a CHS address in a first frane of reference which neets the

restraints of |nterrupt SE3ddBASDyRaring (tae| Brcation 5 dipdka) JpEg thergieHs

address in a second franmefihed afsdhgney indefthemeesactidre sphyegjec adldress
characteristics of a DAGRQewhich is otherw se outside the restraints of

Interrupt 13 design in the [SA BICS.
said cylinders and said heads and said sectors
together defining storage capacity for said device in
excess of five hundred twenty eight million four
hundred eighty two thousand three hundred four bytes
of digital data;

said microprocessor controlling the exchange of digital
data with said DASD using cylinder-head-sector storage

address data, and

a control program accessible to said microprocessor for
controlling the flow of digital data to and from said
DASD,

said microprocessor accessing said control program
and loading said control program and operating under
the control of said control program,

said control program functioning with said
microprocessor and said DASD

for interrogating said DASD as to said first
predetermined number of cylinders,

for determining that said first predetermined
number of cylinders exceeds one thousand twenty

four,

for repeatedly dividing said first predetermined
number by two until the quotient is less than
one thousand twenty four while registering the
number (N) of times such dividing is repeated,

for establishing a first reference frame for
cylinder-head-sector data, said first reference
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I'n the drawi ngs and speC|f|cat|ons there has been set forth a preferred
enbodi nent of the.i t| Y although specific terns are used, the
description thus nology in a generic and descrlptlve sense
only and not for I tation.

18 syst em conpri si ng: aBf ot PAg

medi a direct access st or agedevi ce (DASD)” #8r “recei vi ng, storing and
delivering digital data, said DASD having a first predeterm ned nunber “of
cylinders and a second predeterm ned nunber of heads, each of said
cylinders. being divided intoffaiehading aeteiger ok newl toupherthohsantt ors and
sai d heads exchangi ng di gi tang&S,afmxt QY§§MLI§eQ,t1@raS range of up to two

hundred fifty six heads,

for establishing a second reference frame for
cylinder-head-sector data, said second reference
frame having a range of more than one thousand
twenty four cylinders and a range of up to said
second predetermined number of heads, and

for translating storage address digital data
exchanged between said first and second
reference frames to enable the exchange of data
with the full storage capacity of said DASD,
said translating being accomplished using the
number (N) of times dividing of said first
predetermined number by two was repeated.

31. A computer system according to Claim 30 wherein said
contreol program is stored in said non-volatile memory.

32. A computer system according to Claim 31 wherein said non-
volatile memory comprises a read only memory device.

33. .A computer system according to Claim 31 wherein non-
volatile memory comprises a non-volatile random access
memory device and further wherein said computer system
comprises an electrical energy source operatively
connected with said non-volatile random access memory
device for energizing said non-veolatile random access
memory device and for maintaining storage of said control

program therein.

34. A computer system according to Claim 30 wherein said
control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers
for the second reference frame by multiplying a cylinder .
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of said cylinders, sai d DASD having the | ocation of
digital datatherein definéd using cyl i nder - head- sector storage
addr ess dafif Sheet Has Been Replaced said cylinders and said heads and said

sectors tog m mﬂﬂ st orage capacity for said device in excess
of five hun ht mllion four hundred ei ghty. t usand
t hree hundr f digital data, 33 - am croproc%%g\g? égf
processing digital data, said mcroprocesSor controlling the exchange of
digital data with said DASD using cylinder-head-sector storage address
data, and a control program accessible to said nicroprocessor for

controlling the flovdfer drep tthle Hinst refensyceriyangaby Ppmp dividing a
said m croprocessor hafst umhbés f&@indttfeoﬂfﬁi rRESEHRI® EHsind @gdihg seabad cont r ol

program and operati aid control program
%%%g?ﬁ%%%&enﬁﬂl%ﬁ 8 1 d§ and sai d DASD

said control progra said m cr opr ocessor
for interrogating said DASD as to said first predeterm ned nunber of
35. A computer system according to Claim 30 wherein said .

control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and headeumbers
for the first reference frame by dividing a cylinder
number from the second reference frame by 2¥ and
multiplying a head number from the second reference frame

by 2%,

36. A personal computer system having a high speed systenm
processor compatible with application programs and
operating system software designed to execute on slower
speed system processors, said personal computer system

comprising:

a high speed microprocessor for processing digital data,
said microprocessor having a real and protected mode of
operation and being electrically coupled to a high speed

data bus;

non-volatile menmory electrically coupled to a slower speed

data bus;

bus controller for providing communications between the
high speed data bus and the slower speed data bus;

volatile memory electrically coupled to the high speed
data bus;

a memory controller electrically coupied to said volatile
memory and said non-volatile memory, said memory .
controller regulating communications among said volatile |
memory and said non-volatile memory and said high speed

microprocessor;
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cyl i nders, ] for determning that said first

predet er m ned nunber of cyli| nders exceeds one thousand twenty

f our, ThISSheet eep Bepdsmeded| y di vi ding said first predeternined
number by two unt|I u nlll quotient is |less than one thousand
twenty four while r nunber (N) of tpOE4SYEH
dividing is repeat ed, - f3ar-establishing a first reference
frame for cyli nder - head- sect or dat a, said first reference frane
havi ng a range of up to one thousand twenty four . cylinders and

a range of up to tngé r%gtéd d%r vgl g?lgﬁlcs &IDE) t:.ng medi for
establ i shing a secon rence rarre cyl 1 nder-"h d-sect o at a,
lrect access storage device (DASD) for rece;ving, storing

and delivering digital data, said IDE DASD having a first
predetermined number of cylinders and a second
predetermined number of heads, each of said cylinders
being divided into & third predetermined number of s&ctors
and said heads exchanging digital data with said sectors

of said cylinders,

salid IDE DASD having the location of digital data
therein defined using cylinder-head-sector storage
address data,

said cylinders and said heads and said sectors
together defining storage capacity for said device in
excess of five hundred twenty eight million four
hundred eighty two thousand three hundred four bytes
of digital data,

a second microprocessor for processing digital data, said
second microprocessor being integrated into said IDE DASD
and controlling the exchange of digital data with said IDE
DASD using cylinder-head-sector storage address data, and

a control program integrated into said IDE DASD and
accessible to said second microprocessor for controlling
the flow of digital data to and from said IDE DASD,

said second microprocessor accessing said control
program and loading said control program and

operating under the control of said control program,

said control program functioning with said
microprocessor and said DASD

for interrogating said DASD as to said first
predetermined number of cylinders,

e
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sai d second reference franme having a range of nore than one thousand twenty

four cyH-nders—and-a range of up to said second predeterm ned nunber of
for translating storage address

heads, ) and

digital dagsh 2968 & "l*-‘ ween said first and second reference
frames to gthange of data with the full BC 994 @33ge
capacity tai d transl ati ng-bg ng acconpl i shed using the

nunber (N) of tines di vi di ng of said first predeterm ned nunber by two was
r epeat ed. 2. A corrput er system accordi ng to claim1 further

conprising a storage nenor ment , f or rece| Vi sto said control
program said storage mermr% SebsEnining; Hipk Béf‘gg‘ﬁ ypﬁeé? g‘f"é}fd\m th said
m croprocessor for accessi njudfers gf devldndexs exgeeds &ﬁPb’&hOsI&PHd twenty

m cr opr ocessor. four,

for repeatedly dividing said first predetermined
number by two until the quotient is less than
one thousand twenty four while registering the
number (N) of times such dividing is repeated,

for establishing a first reference frame for
cylinder-head-sector data, said first reference
frame having a range of up to one thousand
twenty four cylinders and a range of up to two
hundred fifty six heads,

for establishing a second reference frame for
cylinder-head-sector data, said second reference
frame having a range of more than one thousand
twenty four cylinders and a range of up to said
second predetermined number of heads, and

for translating storage address digital data
exchanged between said first and second

. reference frames to enable the exchange of data
with the full storage capacity of said DASD,
said translating being accomplished using the
number (N) of times dividing of said first
predetermined number by two was repeated.

37. A computer system according to Claim 36 further comprising
a storage memory element for receiving and storing said
control program, said storage memory element being
integrated into said IDE DASD and operatively connected
with said second microprocessor for accessing of said
contrcl program by said second microprocessor.

38. A computer system according to Claim 37 wherein said
storage memory element comprises a read only memory

device.
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20 3. A conputer system according to claim2 wherein said
storage nenory elenent conprises a read only nenory devi ce. 4,

A conputer system accordingto ctaim2 wherein said storage nenory el enent
conpri ses a non-ryRkidkd dsS phARdQm.pccess menory device and further wherein

said conputer sy an electrical ener source el
connected with SWMW}E | e random access me%ry devi Egpf%‘ra 3\5 Y
energi zing said ndom acte¥s” menory devi ce and for

mai nt ai ni ng storage of said control programtherein. 5. A
conput er systemaccording to claim1 wherein said DASD i's an integrated

drive el ectrogg.csaDASiputed ystcmeacodreiiag nte &ildimir whexsigs§aid and sai d

control program agg, fél;feeﬁéﬁ&ﬁﬁ e'l@ﬁt@nts%ﬁl LA a non-volatfle randok conputer

system according to alm er C y!
supporting and coffi€etS AF RF%E evr“c'%l %%otr%%t sge 1§127|3 Q:ﬁ%gxtﬁ%xf ;/st em

an i nput/out put chus¥rM coEPYifes PR %%C&rh‘iﬁlhéf’ﬁ’é%‘f FOURCe CBRPPFETSH

channel connect or connected with said non-volatile random access memory
device for energizing said non-volatile random access
memory device and for maintaining storage of said control

program therein.

40. A computer system according to Claim 36 wherein said
control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers
for the second reference frame by multiplying a cylinder
number from the first reference frame by 2" and dividing a
head number from the first reference frame by the second
predetermined number of heads.

41, A computer system according to Claim 36 wherein said
control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers
for the first reference frame by dividing a cylinder
number from the second reference frame by 2¥ and
multiplying ‘a2 head number from the second reference frame

by 2%.

42. A personal computer system having a high speed system
processor compatible with application programs and
operating system software designed to execute on slower
speed system processors, said personal computer system

comprising:

a motherboard for supporting and connecting electrical
components of said computer system,

a high speed microprocessor mounted on said motherboard

for processing digital data, said microprocessor having a
real and protected mode of operation and being
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and a DASD controller card nounted in said channel connector, and further
wherein said mcroprocessor is nounted on said controller card and said

control program '§h1§§hgétﬁq N @IE% controller card for accessing by said
f

m cr opr ocessor. conput er system according to claim 1

further conprisi _ng or supporting and connect&ggglgggrl cal
conponents of said andsfurther wherein sai

m croprocessor is m)unt ed on sai d not her oard and said control programis
stored on said nmotherboard for accessing by said mcroprocessor.

8 A computer system according to claim?7 wherein said mcroprocessor

is the system prdd@sssicaldy savriedohp a dighysreed data duspnput er system

further conprises a 21
basi ¢ input/out putnohy$beaRi18! ol QIEAB1cANEY TRuP1EL LN 8] sIWRYN SRS
enbedded within

data bus;

an input/output channel defined in said motherbocard and
comprising a channel connector electrically coupled to the

slower speed data bus,

bus controller for providing communications between the
high speed data bus and the slower speed data bus;

volatile memory electrically coupled to the high speed

data bus;

a memory controller electrically coupled to said volatile
memory and said non-volatile memory, said memory
controller requlating communications among said volatile
memory and said non-volatile memory and said high speed

microprocessor;

a rotating media direct access storage device (DASD) for
receiving, storing and delivering digital data, said DASD
having a first predetermined number of cylinders and a
second predetermined number of heads, each of said
cylinders being divided into a third predetermined number
of sectors and said heads exchanging digital data with
said sectors of said cylinders,

said DASD having the location of digital data therein
defined using cylinder-head-sector storage address
data,

said cylinders and said heads and said sectors
together defining storage capacity for said device in
excess of five hundred twenty eight million four
hundred eighty two thousand three hundred four bytes
of digital data;
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said BI OS program 9. A conputer system according to claim1l
wherein said control program. functioning with said m croprocessor and said
DASD perforns the function of translating CHS storage address digital data
by deriving cyl i ThikSheehHeb Be ¢pibers for the second reference frame by

mul tiplying a cyl romthe first.reference franesdwsd[ @ss] and
dividing a head n first refB3erence frane by the second

pr edet er mi ned nunber of heads. 10. A conput er system accordi ng
to claim1 wherein said control program functioning with said

m croprocessor and ' 0 nes i o] S i CHS

st orage address di%?@gﬁ gﬁ’?‘?ﬁ@%e‘%ﬁi I‘r}%%}:t%ﬁl %‘ge&?ﬂgnéh%%gg Jf]%grggr? or the
first reference frame by dividing a cylinder nunber fromthe second
reference frame bya 2esonf mivtopnedesspyfony paotesad nguddgdital rdahat heaskcond

r ef erence f rgm; bYSe'Ho[%Brlllicrqprocessor Bding mofn€ddTRH! £LisSpasEm conpri sing:
an integrate rive roni_c X e storage
devi ce (DASD) forcorng:ggfi\i/?lﬁ&arét%4%ng%%qégp%}%fig%&%gei %|°q§§?§f said | DE
DASD havi ng a firsdata with said DASD using cylinder-head-sector storage

address data, and

a control program stored on said controller card and
accessible to said microprocessor for controlling the flow
of digital data to and from said DASD,

said second microprocessor accessing said control
program and loading said control program and
operating under the control of said control program,

said control program functioning with said second
microprocessor and said DASD

for interrogating said DASD as to said first
predetermined number of cylinders,

for determining that said first predetermined
number of cylinders exceeds one thousand twenty
four,

for repeatedly dividing said first predetermined
number by two until the quotient is less than
one thousand twenty four while registering the
number (N} of times such dividing is repeated,

for establishing a first reference frame for
cylinder-head-sector data, said first reference

frame having a range of up to one thousand

twenty four cylinders and a range of up to two -
hundred fifty six heads, '

for establishing a second reference frame for
cylinder-head-sector data, said second reference

AR



preoieterm' ned nunber of cylinders and a second predeterm ned nunber of
"heads, —each _of said cylinders being divided into a third predeternined
nunber of sectors and Said heads exchanging digital data with said sectors-

of sai d Thi Shmsmﬂﬁ‘?‘j sai d | DE DASD havi ng the | ocation of

di gi tal I ned using cyl i nder - head- sect Gi¢ §hprgge
addr ess I
said cylinders a

- 39 - 22
heads and said sectors together defining storage
capacity for said device in excess of five hundred twenty eight mllion
four hundred ei ghty t t hqusand three h [ f.Qur I gital
dat a, a m croproce%%%?e BY oac5339%gol%glé’?gaﬁh%ga?g%/ttgg}l%n?d
m croprocessor being i nt egr &vFerty ifaup cxliigdeni apASH ZaANgecehtWPolPi F/f% he

exchange of digital data w tbcomd gprbfitdRAShed number of heads, and

for translating storage address digital data
exchanged between said first and second )
reference frames to enable the exchange of data
with the full storage capacity of said DASD,
said translating being accomplished using the
number (N) of times dividing of said first
predetermined number by two was repeated.

43. A computer system according to Claim 42 further comprising
a storage memory element for receiving and storing said
control program, said storage memory element being mounted
on said DASD controller card and operatively connected
with said microprocessor for accessing of said control

program by said microprocessor.

44, A computer system according to Claim 43 wherein said
storage memory element comprises a read only memory

device.

45. A computer system according to Claim 43 wherein said
storage memory element comprises a non-volatile random
access memory device and further wherein said computer
system comprises an electrical energy source operatively
connected with said non-volatile random access memory
device for energizing said non-volatile random access
memory device and for maintaining storage of said control
program therein.

46. A computer system according to Claim 42 wherein said
control program functioning with said microprocessor and
said DASD performs the function of translating CHS storage
address digital data by deriving cylinder and head numbers
for the second reference frame by multiplying a cylinder
number from the first reference frame by 2¥ and dividing a
head number from the first reference frame by the second

AR




.using cylinder-head-sector storage address data, and a control
programintegrated into said | DE DASD and accessible to said

m croprocessor ’f‘h?erhge?ﬁLsr&leA. gcetdhe flow of digital data to and fromsaid

| DE DASD, | Croprocessor accessing said control program
and | oadi ng sai dmﬂm "Ilmm m program and operating under t&esggrw:,‘ol of
said control pro salLdggantrol program functioning w th

said m croprocessor and said DASD for interrogating said
DASD as to said first predeterm ned nunber of cyl i nders,

for determning that said first predeterm ned nunber of cylinders

exceeds one t hous&r¢determipefpipuber of heads. for repeatedly

dividing said first predeterm ned nunber by two until the _
?K&Jt'e”t is |ggs ]Eﬁ%mp@@eztﬁ yﬁ@ﬂﬁg_&aﬁﬂw fow1auhi ke JrRaksA &¥aiiag the nurrPer
of tlInes suc lyviding.s repeated, . or
establishing a fi rcs?f‘tF%f(,Prrgﬁﬁ%m e gﬁ%l(?"()lgl ¥ 1|Bln B NS oR eI G hat s,
sai d first refererf@ddf PAFR PRESGTNS hhe fVGetsen BF teeBHEetind EEnAt ATty four
address digital data by deriving cylinder and head numbers
for the first reference frame by dividing a cylinder
number from the second reference frame by 2 and

multiplying a head number from Ehe second reference frame

by 2¥.
48. A method of operating a computer system which has

a rotating media direct access storage device (DASD) for
receiving, storing and delivering digital data, the DASD
having a first predetermined number of cylinders and a
second predetermined number of heads, each of the
cylinders being divided into a third predetermined number
of sectors and the heads exchanging digital data with the
sectors of the cylinders, the DASD having the location of
digital data therein defined using cylinder-head-sector
(CHS) data, the cylinders and heads and sectors together
defining storage capacity for the DASD in excess of five
hundred twenty eight million four hundred eighty two
thousand three hundred four bytes of digital data,

a microprocessor for processing digital data, the
microprocessor controlling the exchange of digital data

with the DASD using CHS storage address data, and

a control program accessible to the microprocessor for
controlling the flow of digital data to and from the DASD,

the method comprising the steps of:
accessing the control program with the microprocessor,

loading the control program and, under the control of the

control program,
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.cylinders and a range of up to two hundred fifty six heads,

23 ~7 . for establishing a second reference frame for

cyl i nder - head- seqhiShedeifza Been Replaced sai d second reference frane having a
range of nore than twenty four cylinders and a
range of up to sai t erm ned nunber of heads, BC 994 033 and
for translating st e address digital- dat-a exchanged between said first

and second reference frames to enable the exchange of data with the ful
storage capacity of said DASD, said translating being acconplished using

t he nunber i;,g\gncg,fgau,;%schgid&éﬁ ag of R difdd pleddRAREREAT Ned
repeat ed.

nunber by two was ]
number of cylinders,

determining that the first predetermined number of
cylinders exceeds one thousand twenty four,

- repeatedly dividing the first predetermined number by
two until the quotient is less than one thousand
twenty four while registering as N the number (N) of
times such dividing is repeated,

establishing a first reference frame for CHS data,
the first reference frame having a range of up to one
thousand twenty four cylinders and a range of up to
two hundred fifty six heads,

establishing a second reference frame for CHS data,
the second reference frame having a range of more
than one thousand twenty four cylinders and a range
of up to the second predetermined number of heads,
and

translating CHS storage address digital data
exchanged between the first and second reference
frames to enable the exchange of data with the full
storage capacity of the DASD, said step of
translating being accomplished- using the number (N)
of times dividing of the first predetermined number

by two was repeated.

49. A method according to Claim 48 wherein the step of
translating CHS storage address digital data comprises the
step of deriving cylinder and head numbers for the second
reference frame by multiplying a cylinder number from the
first reference frame by 2" and dividing a head number
from the first reference frame by 2%.

50. A method according to Claim 48 wherein the step of
translating CHS. storage address digital data comprises the
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J12. A conputer system according to claim11l further conprising a storage
menory el ement for receiving and storing said control program said storage
menory el ement beimg integrated into said | DE DASD and operatively

connect ed Wh;sbhegmangeeghTHTgJocessor for accessing of said control program

by said mecr A conputer systemaccording to
don N

age menory el ement conprises a r el 99nl g33rENMDIY
devi ce. conput er syste#Aaccording to claim 12 wherein
said storage nenory elenent conprises a non-volatile random access nenory
device and further wherein said conputer system conprises an electrical

energy source operidpuehy &A19e64 9&}1%&411 %ﬂh%ea’&oﬁur}{l%z%t b drRN@PMAccess
menory devi ce for érqgl zi ng sald atil e random acce s m)ry devi ce
and for naintaini n"ger}'?t’gf"éﬁ e Ry %‘36‘%’[‘}%? %\P&gﬁ&ﬁ‘t%@’? 15.

A conput er syst emsReosddrefprence | fxane 1y A eandi mu%@pdyem\tar @Ieaérrwgnbam

functioning wth sgicth Ehérspbasessrerentyl reamsl BWASD performs the function of
transl ating .

51. A method according to Claim 48 wherein the step of
translating CHS storage address digital data comprises the
steps of

responding to issuance of a disk drive command by
interrogating the value of N; then

distinguishing between a value of N equal to zerc and a

value of N greater than zero; then

responding to determination that N equals zeroc by passing
the cylinder and head address untranslated;

responding to determination that N is greater than zerc by
multiplying the cylinder address by 2 and

dividing the head address by the second predetermined
number_and

storing the remainder of the division of the head
address by the second predetermined number as the
translated head address; then

combining the gquotient of the division of the head address
by the second predetermined number and the cylinder
address by a logical OR operation and storing the result
as the translated cylinder address; then

passing passing the cylinder and head address as so
translated.

52. A method of operating a computer system which has
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24 CHS storage address digital data by deriving cylinder and head nunbers
for the second Teference—frane by nultiplying a cylinder nunber fromthe

first reference f’lﬁ% 3 err] and dividing a head nunber fromthe first
reference franme by et erm ned nunber of heads. 16.
A conputer system | ai m 11 wherein sai d control Bprisdr 483

functioning with d ssor arid43ard DASD perfornms the function of
translating CHS storage address digital data by deriving cylinder and head
nunbers for the first reference frane by dividing a cyli-nder nunber from
the second ref erenge integeated Arevé lelabtronivkt { TB)i motatingadediaber from
t he S.ecpnd. refer erﬁ;ﬁef&aggc%é %E:Sfé e device (DaSD)l for reddi¢2RPUIRbLrENFtem
Gl ect 11 oAl compondHit ASRIESTATS SRR oHeh/c i 102 DRSS HaVAg"a At

predetermined number of cylinders and a second

predetermined number of heads, each of the cylinders beiqg

divided into a third predetermined number of sectors .and

the heads exchanging digital data with the sectors of the

cylinders, the IDE DASD having the location of digital

data therein defined using cylinder-head-sector (CHS)

data, the cylinders and heads and sectors together

defining storage capacity for the IDE DASD in excess of

five hundred twenty eight million four hundred eighty two

thousand three hundred four bytes of digital data,

a microprocessor integrated into the electronics of the
IDE DASD for processing digital data, the microprocessor
controlling the exchange of digital data with the IDE DASD
using CHS data, and

a control program accessible tc the microprocessor for
controlling the flow of digital data to and from the IDE

DASD,
the method comprising the steps of:
accessing the control program with the microprocessor,

loading the control program and, under the control of the

control program,

interrogating the DASD as to the first predetermined
number of cylinders,

determining that the first predetermined number of
cylinders exceeds one thousand twenty four,

repeatedly dividing the first predetermined number by
two until the quotient is less than one thousand
twenty four while registering as N the number of
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.an input/output channel defined in said notherboard and conprising a
channel connector, a rotating nedia direct access storage device

(DASD) {This Sheetidds Bi isiedr i ng and delivering digital data, said DASD
havi ng a m ned nunber of cylinders and a second
pr edet er '

heads, each of said cylinders being 8wWaded3Bnto a
third predeterm ned nunber of sectors aMd said heads exchanging digita
data with said sectors of said cylinders,- : sai d DASD havi ng
the location of digital data therein defined using cylinder-

head-sector stor age ad@i_ﬁl§§ éjtﬁ;tlﬁdividin is repeated,
25 said cylinders and salg heads and sai d sectors together

defini ng storage

establishing a first reference frame for CHS data to
be used externally of the IDE DASD, the first
reference frame having a range of up to one thousand
twenty four cylinders and a range of up to two
hundred fifty six heads,

establishing a second reference frame for CHS data to
be used internally of the IDE DASD, the second
reference frame having a range of more than one
thousand twenty four cylinders and a range of up to
the second predetermined number of heads, and

translating CHS storage address digital data
exchanged between the first and second reference
frames to enable the exchange of data with the full
storage capacity of the IDE DASD, said step of
translating being accomplished using the number (N)
of times dividing of the first predetermined number
by two was repeated.

53. A method according to Claim 52 wherein the step of
translating CHS storage address digital data comprises the
step of deriving cylinder and head numbers for the second
reference frame by multiplying a cylinder number from the
first reference frame by 2* and dividing a head number
from the first reference frame by the second predetermined
number of heads.

54. A method according to Claim 52 wherein the step of
translating CHS storage address digital data comprises the
steps of deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the
second reference frame by 2F and multiplying a head number

from the second reference frame by 2.

55. A method according to Claim 52 wherein the step of
translating CHS storage address digital data comprises the
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capacity for_said _device in excess of five hundred twenty eight mllion
four hundred eighty two thousand three hundred four bytes of digital
TMs&m@m&EBemﬁji@&ler card nounted in said channel connector

dat a,

a mcroproces ing digital data, said mcroprocessor being
mounted on sdi |l er card and controlling the exchange of
digital data wth sal usi ng cylinder-head-sector stopageaddsess
data, and a control program storsed on said controller card and
accessible to said mcroprocessor for controlling the flow of digital data
to and from sai d DASD, sai d m croprocessor. accessing said
control progranlagge%gqggng sai d control program and operati ng under
the control of sai ontrol program said control program
functioning with said mcroprocessor and sai d DASD for
i nterrogating sai defp@Rliag to issudnde oft a plisfedrive feEmandhber of
cylinders, interrogating thleOvaIllef @MW Nithgnt hat said first

pr edet er mi ned nunber of cylinders exceeds one thousand twenty

four,
distinguishing between a value of N equal to zero and a

value of N greater than zero; then

responding to determination that N equals zero by passing
the cylinder and head address untranslated;

responding to determination that N is greater than zero by
multiplying the cylinder address by 2" and

dividing the head address by the second predetermined
number and

storing the remainder of the division of the head address
by the second predetermined number as the translated head

address; then

combining the quotient of the division of the head address
by the second predetermined number and the cylinder
address by a logical OR operation and storing the result
as the translated cylinder address;_ghen

passing passing the cylinder and head address as so

translated.
56. A method of operating a computer system which has

a rotating media direct access storage device (DASD) for
receiving, storing and delivering digital data, the DASD
having a first predetermined number of cylinders and a
second predetermined number of heads, each of the
cylinders being divided into a third predetermined number
of sectors and the heads exchanging digital data with the
sectors of the cylinders, the DASD having the location of
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for repeatedly di~vidi-ng said first predeterm ned nunber by two until thﬁb
quotient is. e hdgusand twenty four while registering the nunber
(N) Tlhmgﬁw# Bect cﬁ dividing is repeated, for
est abl i shing Hmm “NFE ane frame for cylinder-head-sector data,
said first re having a range of up to one thousndstvesgy four
cylinders and a range of up to two hunedré@ fifty six heads,
26 for establishing a second reference frane for _
cyl i nder - head- sect or data, sai d second reference frane having a
range of nore thap;gRgai hﬂi‘.ﬁa@lgexte%n&é(fiéled using c¥1{rﬁé§;ﬁé/4d-'agé£§r and a
range of up to saldh3poond PLEdeL I I aSd TS Ond 8288 ers together

. defining storage capacity for the DASD in excess of five
hundred twenty eight million four hundred eighty two
thousand three hundred four bytes of digital data,

a motherboard for supporting and connecting electrical
components of the computer system, the motherboard
defining an input/output channel which has a channel

connector,

a DASD controller card mounted in said channel connector
and having a microprocessor for processing digital data,
the microprocessor controlling the exchange of digital
data with the DASD using CHS data, and a control program
stored on the card accessibly to the microprocessor for
controlling the flow of digital data to and from the DASD,

the method comprising the steps of:
accessing the control program with the microprocessor,

loading the control program and, under the control of the

control

program,

interrogating the DASD as to the first predetermined
number of cylinders,

determining that the first predetermined number of
cylinders exceeds one thousand twenty four,

repeatedly dividing the first predetermined number by
two until the quotient is less than one thousand
twenty four while registering as N the number of
times such dividing is repeated,

establishing a first reference frame for CHS data to

A
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for translating storage address digital data exchanged between said first
and second reference frames to enabl e the exchange of data with the full

st orage capmism,etn;smlgmgé§& said translating bei ng acconplished using

t he of times dividing of said first predeterm ned
nunber by t m”
according to

repeated. . 18. A cHRpPIPErtIstem
her conprisiTrg4d storage nenory el'ement for
receiving and storing said control program said storage nenory- el enent
bei ng nounted on said DASD controller card and operatively connected with
said mcroprocessor fbe waeastdithadliysei dheOomKSDO optegiam durdsatile
M cr opr 0cessor . £1rat9 referdhdROPPMIE had¥iRd GMeafGP o3 B dodofibal m 18
wherei n said storage ng&ﬁl))“;sy el enent conprises a re%q (J)rnI%/ TENDI'y devi ce.
20. A comput er syst @R, T Yt 6o 1P Rn 8P2ith *8R9% % BP e nenory
el ement conprises a nof duadred fifhuomhxdeeds, nenory device and further
wherein said conputer system conprises an electrical energy source

operatively connect ed uid 5o thg BOBsMAALLEE RBIANLACEES THIPARLY cdevi ce

for energizing said non-vol atl random_access
0 ' 9 9 be used between the DASD controller card and the

DASD, the second reference frame having a range of
more than one thousand twenty four cylinders and a
range of up to the second predetermined number of

heads, and

translating CHS storage address digital data
exchanged between the first and second reference
frames to enable the exchange of data with the full
storage capacity of the DASD, said step of
translating being accomplished using the number (N)
of times dividing of the first predetermined number
by two was repeated.

57. A method according to Claim 56 wherein the step of
translating CHS storage address digital data comprises the
step of deriving cylinder and head numbers for the second
reference frame by multiplying a cylinder number from the
first reference frame by 2" and dividing a head number
from the first reference frame by the second predetermined
number of heads. o

58. A method according to Claim 56 wherein the step of
translating CHS storage address digital data comprises the
steps of deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the
second reference frame by 2* and multiplying a head number
from the second reference frame by 2F,

59. A method according to Claim 56 wherein the step of
translating CHS storage address digital data comprises the
steps of

0



merfory devi ce. and_for_maintaining storage of said control programtherein

21. A conput er system according to claim 17 wherein said control program
functioni ng pedocessor and sai d DASD perfornms the function of
transl ating 27 CHS

st orage addre by deriving cylinder and head purdsar g3for the

second reference rame y mul tiplying a@8cylinder nunber fromthe first
reference frane by 2[err] and dividing a head nunber fromthe first
reference frame by the second predeterm ned nunber of heads.

A conput er SYStenkéﬁgﬂ-[dﬁh %ed §sEbaHJY J:Z é{‘hﬁ%ﬁ' 3:1%% domfitar 8 Program

functioning with sal Hg;:ocessor sal g D performs the function of
translating CHS $Pb¥Ega2 &8 YRlget 811" Yat e‘by deriving cylinder and head

nunbers for the first
distinguishing between a value of N equal to zero and a

value of N greater than zero; then

22.

responding to determination that N equals zeroc by passing
the cylinder and head address untranslated;

responding to determination that N is greater than zero by
multiplying the cylinder address by 2% and

dividing the head address by the second predetermined

number and

storing the remainder of the division of the head address
by the second predetermined number as the translated head

address; then

combining the quotient of the division of the head address
by the second predetermined number and the cylinder
address by a logical OR operation and storing the result
as the translated cylinder address; then

passing passing the cylinder and head address as so

translated. - -
60. A method of operating a computer system which has

a rotating media direct access storage device (DASD) for
receiving, storing and delivering digital data, the DASD

having a first predetermined number of cylinders and a

second predetermined number of heads, each of the
"cylinders being divided into a third predetermined number .
of sectors and the heads exchanging digital data with the '
sectors of the cylinders} the DASD having the location of

digital data therein defined using cylinder-head-sector

{(CHS) data, the cylinders and heads and sectors together

R




reference-framre-by dividing a cylinder nunber fromthe second reference

franme by rr and mul tiplying a head nunber fromthe second reference
frame by eenR laced 23. A conput er system conpri sing: a
not her boa ng and connecting el.ectrical conponents of said
corrputer a rotating medi 51 direct access stoPadé@4de¥ ce
(DASD) for recei VI ng StOI’I ng and deli vé ing digital data, said DASD
having a first predeterm ned nunber of cylinders and a second _
predet erm ned nunber of heads, each of said cylinders being divided into a
third predeterni néefimingestarhge errpacitnrfdrstel IASRAEN @xchangifngive gi t al
data with said sechfidredofwentiylefottl RUETiSn four hundred eigh€y dwoASD having

the | ocation of di af h d gl dsi R Evd Jpder _
head- sect or stor ag%H a%é?gss}& 5 ﬂﬂrg QB 91: or%a(li%é/lcy?lril ndtear'js and sai d
heads and said sectors together deflnlng st orage capacity for said

device in excess of mothertnardr ok tswepostieggimd mohheoringoeledtundakrd

ei ghty two thousansbupBhérserdemd coppicddy bfseedl, dhéiddtheffdadd having
a system microprocessor for processing digital data, the
microprocessor controlling the exchange of digital data
with the DASD using CHS data, and a control program stored
on the motherboard accessibly to the microprocessor for
controlling the flow of digital data to and from the DASD,

the method comprising the steps of:
accessing the control program with the microprocessor,

loading the control program and, under the control of the
control program,

interrogating the DASD as to the first predetermined
number of cylinders,

determining that the first predetermined number of
cylinders exceeds one thousand twenty four,

repeatedly dividing the first predetermined number by
two until the quotient is less than one thousand
twenty four while registering as N the number of
times such dividing is repeated, .

establishing a first reference frame for CHS data to
be used externally of the DASD, the first reference
frame having a range of up to one thousand twenty
four cylinders and a range of up to two hundred fifty
six heads,

establishing a second reference frame for CHS data to
be used internally of the DASD, the second reference
frame having a range of more than one thousand twenty

A
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a mcroproeessor-for__processing digital data, said

m cr opr ocessor bei

exchange of digita

address data, and

accessible to said
to and from sai d DASD
control program and | oading said control3? -
of said control program said control program

the control

ted on said notherboard and controlling the
j Q$iDASD usi ng cylinder-head-sector storage
rol program stored on said not herboard and
r for controlling the flow of digita
said m croprocessor ac@s8%hd33aid
program and operating under

functioning with said m croprocessor and sai d DASD
interrogating sai d DASELAS ciDimiird and &t ridided effenpn te dhausdaend of

cyl i nders,

61.

62,

63.

predetermined number of heads, and

translating CHS storage address digital data
exchanged between the first and second reference
frames to enable the exchange of data with the full
storage capacity of the DASD, said step of
translating being accomplished using the number .{N)
of times dividing of the first predetermined number

by two was repeated.

A method according to Claim 60 wherein the step of
translating CHS storage address digital data comprises the
step of deriving cylinder and head numbers for the second
reference frame by multiplying a c¢ylinder number from the
first reference frame by 2" and dividing a head number
from the first reference frame by the second predetermined

number of heads.

A method according to Claim 60 wherein the step of
translating CHS storage address digital data comprises the
steps of deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the
second reference frame by"2N and multiplying a head number
from the second reference frame by 2.

A method according to Claim 60 wherézn the step of
translating CHS storage address digital data comprises the

steps of

responding to issuance of a disk drive command by
interrogating the value of N; then

distinguishing between a value of N equal to zero and a
value of N greater than zero; then

responding to determination that N equals zero by passing
the cylinder and head address untranslated;

|G
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Jor determning that-said first predeterm ned nunber of cylinders
exceeds one thousand_twenty four, for repeatedly

dividing said first éiamdaﬁed er by two until the
" quotient is less than wenty four while registering the nunmber
of ti ng |s e_peated BC 594 033 for
establishing a first ref erence for I I nder - head- sect or dat a,

said first reference frame having a range of up to one thousand twenty four

cylinders and a range of up to two hundred fifty six heads,
for establishing arsspondingeterdsteeninabionf thatc W indmeahendthnaceero dat a,

sai d second ref er engetipopmghans rlgland&nﬁedﬁésmyezrt haa dmadtﬁ@usand twenty
four cylinders and yfel f00P it 19 SR Le365P HeBLEARIRE A ARET Of
storing the remainder of the division of the head address
by the second predetermined number as the translated head

address; then

combining the quotient of the division of the head address
by the second predetermined number and the cylinder
address by a logical OR operation and storing the result
as the translated cylinder address; then passing the
cylinder and head address as so translated.

A



29 © for translating storage address digital data

* exchanged between said first and second reference franmes to
enabl e t he exchange of data with the full storage capacity of
said DASD, said transl ating being acconplished using the nunber
(N) of times dividing of said first predeterm ned nunber by two was

r epeat ed. 24. A conput er sy§téﬁféccording to claim 23 further
conprising a storage nenory elenent for receiving and storing said contro
program said storage nenory elenment being nmounted on said DASD controller
card and operatively connected with said mcroprocessor for accessing of

said control program by said m CcroppRrOgessSOR A ¢ T 25. A conput er
system according to claim24 wherein said storage nenory el enment conprises
a read only menory device. A conputer system according to

cl ai m 24 wher eTHi8 A FIOEPER) FABIRS y‘eo H@?&ﬁ?l%@gﬂ%%%r-&eﬁﬁrﬁvapau le
random access neHp) jadidessingod digithdrdatacweittemiaktd or read from a DASD
s0 as to accommodate DASD storage capacities in excess of the
approximately five hundred twenty eight megabyte capacity limit
imposed by Interrupt 13 design in an Industry Standard
Architecture personal computer system. A CHS (cylinder-head-
sectbr) address in a first frame of reference which meets the
restraints of Interrupt 13 design in the ISA BIOS is translated
to a CHS address in a second frame of reference which meets the
physical charactéristics of a DASD which is otherwise outside
the restraints of Interrupt 13 design in the ISA BIOS.
Determination of a conversion factor for translation of CHS
addresses between the first and second frames of reference for
cylinder and head numbers, conversion, and translation can
occur as a function of the system BIOS in cooperation with the
system CPU; as a function of a controller card BIOS in
cooperation with a controller microprocessor; or as a function
of an IDE BIOS in cooperation with an IDE microprocessor.

nliiiini‘iilfﬁfi‘ il
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conput er system conprises an el ectrical energy source operatively connected
with said non-volatile random access nenory device for energizing said
non-vol atil e random access nenory device and for maintaining storage of
said control programtherein. 27. A comput er system accordi ng
to claim24 wherein said mcroprocessor is the system processor for said
conputer system said conputer systemfurther conprises a basic

i nput / out put system (Bl OS) program and/8aid control programis enbedded
within said BIOS program 28. A conputer system according to
claim 23 wherein said control program functioning with said m croprocessor
and said DASD perforns the function of transtati

30 CHS storage address digital data by derj

for the second . ,

|
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reference frame by nmultiplying a cylinder nunber fromthe first reference
frame by 2[err] and dividing a head nunber fromthe first reference frane
by the second predeterm ned nunber of heads. 29. A conput er
system according to claim23 wherein said control program functioning with
said m croprocessor and said DASD perforns the function of translating CHS
storage address digital data by deriving cylinder and head nunbers for the
first reference frame by dividing a cylinder nunber fromthe second
reference frame by 2[err] and nultiplytsig a head nunber fromthe second
reference frame by 2[err]. 30. A personal conputer system
havi ng a hi gh speed system processor conpatible with application prograns
and operating system software designed to execute on slower speed system
processors, said personal conputer system conpri sing: a high speed
m croprocessor for processing digital datd~said nicrgﬂaocgssor havi ng a
real and protected node of operation_and bei ng~glectrically coupled to a
hi gh speed data bus; on<vol atil e nmenory ehspL+Wcally\roupled to
a sl ower speed data buﬁf' . ' 3

I8M - B¢ 994 033



bus controller for providing conmunicati ons between the high speed data bus

and the slower speed data bus; vol atile nmenory electrically

coupl ed to the high speed data bus; a nmenory controller
electrically coupled to said volatile menory and said non- volatile

menory, said nenory controller regulating conmunications anong said
vol atile nenory and said non-vol atile nmenory and said high speed
31

M Cr opr ocessor;
a rotating nedia direct access storage deyvice (DASD) for receiving, storing

and delivering digital data, said DASD having a first predeterm ned nunber
of cylinders and a second predeterm ned nunber of heads, each of said
cylinders being divided into a third predeterm ned nunber of sectors and

sai d heads exchanging digitamsaga wth said secto&g
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of said cylinders, sai d DASD having the | ocation of digital

“data therein defined using cylinder- head- sect or storage address

dat a, said cylinders and said heads and said sectors together
defining storage capacity for said device in excess of five hundred
twenty eight mllion four hundred ei ghty two thousand three hundred
four bytes of digital data; said m croprocessor controlling the
exchange of digital data with said DASD 4 i ng cylinder-head-sector storage
address data, and a control progpénaaccessible te said
m croprocessor for ‘controlling the flow of digital data to and fromsaid
DASD, said m croprocessor accessing said control program and
| oadi ng said control program and operating under thg control of said
control program sai d contrqlwprogran1functgbnlng with said
m croprocessor and sai d DASD ® 02 5, for i nt efr ogating said
DASD as to said first pre:determng glgber‘gl S ocylladers
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for determning that said first predeterm ned nunber of cylinders
exceeds one thousand twenty four,

32 . for repeatedly dividing said first predeterm ned
nunber by two until the quotient is |less than one thousand
twenty four while registering the nunber (N) of times such
dividing is repeated, s for establishing a first reference
frame for cylinder-head-sector data, : said first reference frane
having a range of up to Qne §; ¥ L WENTY r - cylinders and
gﬁgﬁnﬁhﬁisegfx{heads, for

establishing a second rdgference frane for cyli
sai d second reference friane having a range of

der - head- sect or dat a,

a range of up to two hu%
re than one thousand twenty

JOreater than 16383 Cyliaders \ YES (Sec Cylinders 1o 16334
< >
\ - ¢
{

{

'-(—---J
3

A

1

Setr Conversion factor = G

> 1

/fGreater than 1824 Cylinders \ M8 }Store Conversion facier
< T
A /
- 4 YES
! . 4
Divide Cylinders by 2 using the Continue Syster !nita}i:z:ion—(
shift Right instruction o Procedures

Y
Encr&ent the Conversioa Factor by 1

Fig. 5
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four cylinders and a range of up to said second predeterm ned nunber of

heads, and for translating storage address
di gital data exchanged between said first and second reference
frames to enabl e the exchange of data with the full st orage

capacity of said DASD, said translating being acconplished using the

nunber (N) of tinmes dividing of said f¥rst predeterm ned nunber by two was
I epeat ed. 31. A computer system according to claim30 wherein
said control program is stored in said non-volatile nmenory. 32.

A conmputer system according to claim31 wherein said non-volatile nmenory
conprises a read only nenory devi ce. 33. A conputer system
according to claim 31 wherein non-volatile nenory conprises a non-volatile
random access nenory device and further wherein said conputer system
conprises an electrical energy source operatively connected with said

non-vol atile - z =)
Drive Cylinder and Head values

retrived from gisk drive or previously
stored values

v .

f . 1
Shift Cylinder value right by
Conversion Factor

Cyliader=Cylinder/2*~{Conversion Factor)

¥

-
Shift Head Value left by
Coaversion factor

Head=Head~2~*{Conversion Factor)

¥

Conversion Complete. Return coaverted
head and cylinder valdes

Y:\g- é
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33 random access nenory device for energizing said non-volatile random
access nenory device and for maintaining storage of said control program
t herei n. 34. A conput er system according to claim30 wherein
said control program functioning with said mcroprocessor and said DASD
perforns the function of translating. CHS storage address digital data by
deriving cylinder and head nunbers for t second reference frame by

mul tiplying a cylinder nunber fromthe first reference frame by 2[err] and
di viding a head nunber fromthe first reference frame by the second

predet erm ned nunber of heads. - 35. _A conputer system accordi ng
to claim30 whersi id—control program functioning with said
m croprocessor F:&'mb@c%ﬁ)l%gj orms the function of tranglating CHS

storage addressjdigital data by deriving cylinder and head| nunbers for the
first ) :

T

/1s the Conversion Factor 67
. .

\

NO "r

Shift Cylinder value left by Conversion Factor

Cylinder=Cylinder * 2**(Conversion Factor)

Y

Divide Head valuc by the Number of Heads on the Drive

B R4

Store remainder as the new Head value

¥

Use the_ logica GR in'strx.sction to combine the quotent
and the Cylinder Value. Store as nmew Cylinder value

Cylinder=Cylinder OR Quotent -

Y

Conversion Complete. Head and Cylinder values correct
for & command to the drive €

4

Fq- 7
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.- Usi(35-8 Tos
reference frame by dividing a cylinder nunber fromthe second reference
yframe by 2[err] and nultiplying a head nunber fromthe second reference
frame by 2[err]. - 36. A personal conputer system having a high
speed system processor conpatible with application prograns and operating
system software designed to execute on slower speed system processors,
sai d personal conputer system conprising)- a hi gh speed

m croprocessor for processing digital data, said m croprocessor having a
real and protected node of operation and being electrically coupled to a

1 50 2P e SO kS RS KA AN ML

comuni cati ons between the high speed data bus and the slower speed data
bus; OR PERSONAL COMPUTERS

ABSTRACT

This disclosure relates to translating cylinder-head-sector (CHS) addressing of digital data
written to or read from a DASD so as to accommodate DASD storage capacities in excess of
the approximately five hundred twenty eight megabyte capacity limit imposed by Interrupt

* - 13 design in an Industry Standard Architecture personal cemputer system. A CHS -
(cylinder-head-sector) address in a first frame of reference which meets the restraints of
Interrupt 13 design in the ISA BIOS is translated to a CHS address in a second frame of
reference which meets the physical characteristics of a DASD which is otherwise outside the
réstraints of Interrupt 13 design in the ISA BIOS. Determination of a conversion factor for
translation of CHS addresses between the first and second frames of reference for cylindef
and head numbers, conversion, and translation can occur as a function of the system BIOS
(164) in codperation with the system CPU (132).
Fig. 3
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§4 ¥ vol atile nmenory electrically coupled to the high speed data
us; - a menory controller electrically coupled to.said volatile .. .

menory and said non- volatile nmenory, said nmemyry BBEALAGEMERN T BgUEat i ngG
conmmuni cations anong said volatile nenory and s$alidinaneyel apdshé .negogy-and |
said high speed m croprocessor; an int gw’a'rﬁe& Gll‘l ve::el: ec&ram;cs_} 5
(I'DE) rotating nmedia direct access storag}@ devi ¢ejt _l(ngAS_E_)_){:-:E OF 11§ 3
storing and delivering digital data, said |IDE DASD havi-ng a. fl;.r§t
predet erm ned nunber of cylinders and @LpdM$d }br edet erm ned” nunber of i
heads, each of said cylinders being divided mgp a.third. predeter 3ed i

Ry

nunber of sectors and s al..dat a.wi:th.said" se.c:Lm.s_J
3, &b&bﬁ@éﬁ@s&?ﬁﬂﬂ%@l x%gA <D

of said cylinders havi ng the | ocation of

digital data therel n defl Si cykin d.sector. storage

addr ess dat a, otating e as‘ﬁfeﬁpgﬁﬂef%ﬁg%xé sg?mg sregqgng,a§tang%@pgrs
t oget her defining storage capacity for said device in excess of five
hundr ed t weleliyeringdigital datd, saidridaBDrhanihgadfirst predetemmiged pumbgr afleylisdmsianhace
hundred four bytes of digital data,

second predetermined number of heads, each of said cylinders being divided into a third

predetermined number of sectors and said heads exchanging digital data with said sectors
of said cylinders,
said DASD having the location of digital data therein defined using
cylinder-head-sector storage address data,
said cylinders and said heads and said sectors together defining storage
capacity for said device in excess of five hundred twenty eight million four hundred
eighty two thousand three hundred four bytes of digital data,

a microprocessor for processing digital data, said microprocessor controlling the
exchange of digital data with said DASD using cylinder-head-sector storage address data,
and

a control program accessible to said microprocessor for controlling the flow of
digital data to and from said DASD,
said microprocessor accessing said control program and loading said control
program and operating under the control of said control program,
gaid control program functioning with said microprocessor and said DASD
for interrogating said DASD as to said first predetermined number of

cylinders,

”!I“IJ "II!! I“Jl “ll! " |!Il This is the replacement shest
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a second m croprocessor for processing digital data, said second
hi croprocessor being integrated into said | DE DASD and controlling the
exchange of digital data with said |DE DASD using cylinder-head-sector

storage address data, and a control programintegrated into said
| DE DASD and accessible to said second mcroprocessor for controlling the
flow of digital data to and from said | DESDASD, sai d second

m croprocessor accessing said control program and | oading said

control program and operfaideteriitdfy thie s4ianfifsd|prefetridtdC RNhbA! oP rQUnATS
said control programfunctioning wth said m croprocessor and sai d DASD

35 xcee%@ onbﬂ{o%én%gc%h@ &lal d DASD as to said first

pr edet er mi ned nunbet yl'i nders,

for repeatedly dividing said first predetermined number by two until the
quotient is less than one thousand twenty four while registering the number (N)
of times such dividing is repeated,
for establishing a first reference frame for cylinder-head-sector data,
said first reference frame having a range of up to one thousand twenty four
cylinders and a range of up to two hundred fifiy six heads,
for establishing a second reference frame for cylinder-head-sector data,
said second reference frame having a range of more than one thousand twenty
four cylinders and a range of up to said second predetermined number of heads,
and
for translating storage address digital data exchanged between said first
and second reference frames to enable the exchange of data with the full
storage capacity of said DASD, said translating being accomplished using the
number (N) of times dividing of said first predetermined number by two was
repeated.
2. A computer system according to claim 1 further comprising a storage .
memory element for receiving and storing said control program, said storage memory
element being operatively connected with satd microprocessor for accessing of said control

program by said microprocessor.

-_
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for deternmining that said first predeterm ned nunber of cylinders

txceeds one thousand twenty four, for repeatedly

dividing said first predeterm ned nunber by two until the

gquotient is |less than one thousand twenty four while registering the nunber
of times such dividing is repeated, for

establishing a first reference frame for 201 i nder-head-sector data,

said first reference frame having a range of up to one thousand twenty four

cylinders and a range Of etnphier! $§8teRlARORTNG td Elting DXwh&aklSsaid storage memory
for establishing a second reference frame for cylinder-head-sector data,

sai d second_t . f | of nore than one thousand twenty
oo S5 AR A 3408,

four cylinders an cond predeterm ned nunber of
heads, i ng storage address

digital data exchénggg BetamutiersSy sty f“‘rcg’fdi’];go{(’ Clafin 2 et saut SATPee aReIneice

frames to enabl e the exchange of data with the full st or age

capaci ty of elemiett G@Dises aimpntvodatdé sando deeéssgnewaryrsivics laed furshen vhtehein said
computer system comprises an electrical energy source operatively connected with said
non-volatile random access memory device for energizing said non-volatile random access
memory device and for maintaining storage of said control program therein.

5. A computer system according to claim 1 wherein said DASD is an
integrated drive electronics DASD and further wherein said microprocessor and said
confrol program are integrated into said DASD.

6. A computer system according to claim 1 further comprising a
motherboard for supporting and connecting electrical components of said computer system,
an input/output channel defined in said motherboard and comprising a channel connector,
and a DASD controller card mounted in said channel connector, and further wherein said
microprocessor is mounted on said controller card and said control program is stored on
said controller card for accessing by said microprocessor.

7. A computer system according to ‘claim 1 further comprising a
motherboard for supporting and connecting electrical components of said computer system,
and further wherein said microprocessor is mounted on said motherboard and said control
program is stored on said motherboard for accessing by said microprocessor.

8. A computer system according to claim 7 wherein said microprocessor is

the system processor for said computer system, said computer system further comprises a

-
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funbe?r (N) of times dividing of said first predeterm ned nunber by two was
epeat ed. 37. A conputer system according to claim36 further
conprising a storage nenory elenent for receiving and storing said control
program said storage nmenory

36 element being integrated into said | DE DASD and operatively connected
with said second mcroprocessor for acc@3$sing of said control program by
said second m croprocessor. 38. A conputer system according to

claim 37 “ﬁﬁﬁi@kﬂp\ﬁﬁ)ﬁﬁ)@%ﬁi@ﬁ%f@%ﬁbﬁﬂ%ﬁ%@%ﬁ ?ﬁ)@rﬁnﬁ@@ﬂbéﬁﬁeﬂ WHRIR" Y
39. A o)

devi ce. conmput er” system accor di ng claim 37 wherein

sai d st ora%g@%ly el ement conprises a non-vol atile random access nenory
devi ce and r WEE i n said

9. A computer system according to claim 1 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the second
reference frame by multiplying a cylinder number from the first reference frame by 2V and
dividing a head number from the first reference frame by the second predetermined number
of heads.

10. A computer system according to claim 1 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the second reference frame by 2N and
multiplying a head number from the second reference frame by 2™,

11. A computer system comprising:

an integrated drive electronics (IDE) rotating media direct access storage device
(DASD) for receiving, storing and delivering digital data,' said IDE DASD having a first
predetermined number of cylinders and a second predetermined number of heads, each of
said cylinders being divided into a third predetermined number of sectors and said heads
exchanging digital data with said sectors of said cylinders,

said IDE DASD having the location of digital data therein defined using

cylinder-head-sector storage address data,

WM ™ oo oo s
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conputer system conprises an el ectrical energy source operatively connected
With said non-volatile random access nenory device for energizing said
non-vol atil e random access nenory device and for maintaining storage of
said control programtherein. 40. A comput er system accordi ng
to claim36 wherein said control program functioning with said

m croprocessor and said DASD perforns thé@2function of translating CHS
storage address digital data by deriving cylinder and head nunbers for the
second reference frsaieciind®l ahdlsyidBeads candi salé rsectorsb ygefhep Metifidgf stofige
reference frame by 2[err] and dividing a head nunmber fromthe first

%\eig:rgﬂfgrfgsstﬁﬁ%dg]ﬁr%ng e cf arm S%P%dl?ei nosald efigl?.fxﬂﬁﬁzn ﬁzgurhundreél'f
ansi ati ng s by Hotl BEE HiRed Rr33ics b ilel #hng oyl i nder and head

transl ating
nunbers for the fi rst reference frame by dividing a cylinder nunber from
t he second ref er evmicroprasassenyfop processingrdigitahdata; gaug prgroprogessar being integraisdh
the second reference frame by 2[err].

into said IDE DASD and controlling the exchange of digital data with said IDE DASD

g—h

using cylinder-head-sector storage address data, and
a control program integrated into said IDE DASD and accessible to said
microprocessor for controlling the flow of digital data to and from said IDE DASD,
said microprocessor accessing said control program and loading said control
program and operating under the control of said control program,
said control program functioning with said microprocessor and said DASD
for inten:ogating said DASD as to said first predetermined number of
cylinders,
for determining that said first predetermined number of cylinders
exceeds one thousand twenty four,
for repeatedly dividing said first predetermined number by two until the
quotient is less than one thousand twenty four while registering the number (N)
of times such dividing is repeated,
for establishing a first reference frame for cylinder-head-sector data,
said first reference frame having a range of up to one thousand twenty four

cylinders and a range of up to two hundred fifty six heads,

e
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37 t 42. A personal conputer system having a high speed system
processor conpatible with application prograns and -opéerating system

sof tware designed to execute on slower speed system processors, said
personal conputer system conpri sing: a not herboard for supporting
and connecting electrical conponents of said conputer system a
hi gh speed mi croprocessor mounted on sai @3t herboard for processing
digital data, said mcroprocessor having a real and protected node of

operation and being el efor establishihgCossebadl réferefce frghe SrastindatiRadusstor data,
non-vol atile nmenory electrically coupled to a slower speed data bus;

Chame" Conbets o SRS Rt Aokt L AR CBR R AU
four cylinders and a range of up to said second predetermined number of heads,
and

for translating storage address digital data exchanged between said first
and second reference frames to enable the exchange of data with the full
storage capacity of said DASD, said translating being accomplished using the
number (N) of times dividing of said first predetermined number by two was
repeated.

12, A computer system according to claim 11 further comprising a storage
memory element for receiving and storing said control program, said storage memory
element being integrated into said IDE DASD and operatively connected with said
microprocessor for accessing of said control program by said microprocessor.

13. A computer system according to claim 12 wherein said storage memory
element comprises a read only memory device.

14. A computer system according to claim 12 wherein said storage memory
element comprises a non-volatile random access memory device and further wherein said
computer system comprises an electrical energy source operatively connected with said
non-volatile random access memory device for energizing said non-volatile random access
memory device and for maintaining storage of said control program therein.

15. A computer system according to claim 11 wherein said control program

functioning with said microprocessor and said DASD performs the function of translating

AR O R T ie i raplacerent shoty
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us controller for providing conmmunications between the high speed data bus
and the slower speed data bus; vol atile nmenory electrically
coupl ed to the high speed data bus; a nmenory controller
electrically coupled to said volatile menory and said non- volatile
menory, said nenory controller regulating conmunications anong said
volatile nenory and said non-volatile m2dory and said hi gh speed

m cr opr ocessor; a rotating media direct access storage device

(DASD) for (188 @iothdidaddés rcii%@al ahth byl ﬁEﬁ%ﬁF | 3y Andbr HinH Aead uthbes?iod thASRond
having a first predeterm ned nunber” of cylinders and a second

predetermn numer qf h . e . 0 Ld cylinders, belng divided kntg a
Phira ©predrhi heme Ry marpnEd simler BpbectomMEht: BiRliniy® B o1 it
data with sai d sectors of gai d cylinders, )

dividing a head number from the first reference frame by the second predetermined number

of heads.

16. A computer system according to claim 11 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the second reference frame by 2" and
multiplying a head number from the second reference frame by 2~

17. A computer system comprising:

a motherboard for supporting and connecting electrical components of said
computer system,

an input/output channel defined in said motherboard and comprising a channel
connector,

a rotating media direct access storage device (DASD) for receiving, _storing and
delivering digital data, said DASD having a first predetermined number of cylinders and a
second predetermined number of heads, each of said cylinders being divided into a third
predetermined number of sectors and said heads exchanging digital data with said sectors
of said cylinders,

said DASD having the location of digital data therein defined using cylinder-

head-sector storage address data,

[T shet
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38 1 said DASD having the location of digital data therein
'defined using cylinder- head- sect or storage address data,

said cylinders and said heads and said sectors together defining storage
capacity for said device in excess of five hundred twenty eight mllion
four hundred ei ghty two thousand three hundred four bytes of digital
dat a; a DASD controller card nodAted in said channel connector

a second m croprocessor for processing digital data, said second

mi croprocessor  bei ngidveyifidess and SaiddnéASRndosid ablters REslenddfisiapt stofagt Ng
t he exchange of digital data wth said DASD using cylinder-head-sector

o 5 S B e o AR USRI 8 R

controller car accessi 0 sal m cr opr oces contro
flow of digital .data tq and from sajd,DASD, . . sai d second
M cr opr ocessor 33 ﬂ@%@%ﬁﬁ%?dg%gm%ﬂl&l% ng said

control program and operating under the control of said control program

said control progrRAS Beri cardd mounted i spidsehoone] cahmactysr ocessor and sai d
a microprocessor for processing digital data, said microprocessor being mounted
on said DASD controller card and controlling the exchange of digital data with said DASD
using cylinder-head-sector storage address data, and
a control program stored on said controller card and accessible to said
microprocessor for controlling the flow of digital data to and from said DASD,
said microprocessor accessing said control program and loading said control
program and operating under the control of said control program,
said control program functioning with said microprocessor and said DASD
for interrogating said DASD as to said first predetermined number of
cylinders,
for determining that said first predetermined number of cylinders
exceeds one thousand twenty four,
for repeatedly dividing said first predetermined number by two until the
quotient is less than one thousand twenty four while registering the number (N)
of times such dividing is repeated,
for establishing a first reference frame for cylinder-head-sector data,
said first reference frame having a range of up to one thousand twenty four

cylinders and a range of up to two hundred fifty six heads,
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DASD?® for interrogating said DASD as to said first

predet ermi ned number of cyl i nders, for
determ ning that said first predeterm ned nunber of cylinders

exceeds one thousand twenty four, for repeatedly
dividing said first predeterm ned nunber by two until the

quotient is less than one thousand twent y2é/our whi |l e regi stering the nunber
(N) of tinmes such dividing is repeated,

39 f ofor@stablidbitgha B@oad téferehed Rime GaglibdariRad-Séctor data,
cyl i nder - head- sect or data, said first reference franme having a

range of up to one [HOUSANA LfMRALY frhRl having a range of more than one thousand twenty

four cylinders and a range of up to said second predetermined number of heads,
and

for translating storage address digital data exchanged between said first
and second reference frames to enable the exchange of data with the full
storage capacity of said DASD, said translating being accomplished using the
pumber (N) of times dividing of said first predetermined number by two was
repeated.

18. A computer system according to claim 17 further comprising a storage
memory element for receiving and storing said control program, said storage memory
element being mounted on said DASD controller card and operatively connected with said
microprocessor for accessing of said control program by said microprocessor.

19. A computer system according to claim 18 wherein said storage memory
element comprises a read only memory device. |

20. A computer system according to claim 18 wherein said storage memory
element comprises a non-volatile random access memory device and further wherein said
computer system comprises an electrical energy source operatively connected with said .
non-volatile random access memory device for energizing satd non-volatile random access
memory device and for maintaining storage of said control program therein.

21. A computer system according to claim 17 wherein said control program

functioning with said microprocessor and said DASD performs the function of translating

-
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cylinders and a range of up to two hundred fifty six heads,

for establishing a second reference frane for cylinder-head-sector data,
said second reference frane having a range of nore than one thousand twenty
four cylinders and a range of up to said second predeterm ned nunber of

heads, and for translating storage address
digital data exchanged between said first27 and second reference
frames to enabl e the exchange of data with the full st orage

capaci ty ofCHSIstorbfSRidresi digitdlangd by idegividgi cylind&Caidrhdatd hRghlesd fG thé8econd

nunber (N) of tinmes dividing of said first predeterm ned nunber by two was

reneat od. ference fuit by muftptARYOlindh SLEBLASGAIL Bkt Orfthl ug sl ringr

conprising a storage rrecervin storing said control
Card and op 4L/ RGSaHTIREE Fom HE PR SolPRmS PG BY Sieebont Ieterauebribar
said control program by said m croprocessor. 44, A conput er
syst em acco¥dieads.t o cl ai m 43 wherein said storage nenory
22. A computer system according to claim 17 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the second reference frame by 2" and
multiplying a head number from the second reference frame by 2",
23. A computer system comprising:
a motherboard for supporting and connecting electrical components of said
computer system,
a rotating media direct access storage device (DASD) for receiving, storing and
delivering digital data, said DASD having a first predetermined number of cylinders and a
second predetermined number of heads, each of said cylinders being divided into a third
predetermined number of sectors and said heads exchangipg digital data with said sectors
of said cylinders,
said DASD having the location of digital data therein defined using cylinder-
head-sector storage address data,
said cylinders and said heads and said sectors together defining storage

capacity for said device in excess of five hundred twenty eight million four hundred

eighty two thousand three hundred four bytes of digital data,

0 T 1 e epcrnt sho
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el emgnt conprises a read only nenory devi ce. 45. A conput er
system according to claim43 wherein said storage nenory el enent conprises
a non-vol atil e random access nenory device and further wherein said

conput er system conprises an electrical energy source operatively connected
wth said 40

non-vol atil e random access nenory devi ce2Bor energi zing said non-volatile
random access nenory device and for nmintaining storage of said control

program therein. 4 rg]icr%procesélﬁ- for prd%eéisﬂi?&i%ﬁﬁl_ S5 S5 RREG Lt iRy ﬁﬁgﬁ%ﬁéai q

wherein said contr rogram functioning wth said mcroprocessor
by der | vi ngPeytd mesterins® Rad sobiiae B Btnenes ChE ErLrahaRaL B Bugg™ °
mul tiplying a cylinder nunber fromthe first reference frame by 2N and
cylinder-head-sector storage address data, and
a control program stored on said motherboard and accessible to said
microprocessor for controlling the flow of digital data to and from said DASD,
said microprocessor accessing said control program and loading said control
program and operating under the control of said control program,
said control program functioning with said microprocessor and said DASD
for interrogating said DASD as to said first predetermined number of
cylinders,
for determining that said first predetermined number of cylinders
exceeds one thousand twenty four,
for repeatedly dividing said first predetermined number by two until the
quotient is less than one thousand twenty four while registering the number (N)
of times such dividing is repeated,
for establishing a first reference frame for cylinder-head-sector data,
said first reference frame having a range of up to one thousand twenty four
cylinders and a range of up to two hundred fifty six heads,
for establishing a second reference frame for cylinder-head-sector data,
said se_cond reference frame having a range of more than one thousand twenty
four cylinders and a range of up to said second predetermined number of heads,

and
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dividing a head number fromthe first reference frame by the second
predet erm ned nunber of heads. 47. A conput er system accordi ng
to claim42 wherein said control program functioning with said

m croprocessor and said DASD perforns the function of translating CHS
storage address digital data by deriving cylinder and head nunbers for the
first reference frame by dividing a cyli2®er nunber fromthe second
reference frane by 2[err] and nultiplying a head nunber fromthe second

reference frame by 2[er rfpr translating stordfe addresd digiitah dsta @kclRRSEDbtWEerRs @ AR er
system whi ch conpri ses: a rotating nmedia direct access storage

device (DASD) for (rfg@eée\ég&gaefg%%‘jé ;ﬂgfeggt% 5 REIA hgdgqi BPh%tga\R/ﬁh th0&,ipASD

having a first pre erm ne ers an Seco

predet er mi ned nunber of heads, each_o he.cylinders being diyided into a
third predeterni ne¥PTARHHRACIY OE%@ &éséﬂﬁuf ﬁ'@‘ﬁ%’é’@:"%‘ﬁéﬁ@i’kﬂ‘%ﬂ&ﬁ%@e
data with the sectors of the cylinders, the DASD having the | ocation of

di gital data ther einunghefi(Npof tisiesglivdingrndenid fitst prbdetennined h@HBYr biatwo wae
cylinders and heads and sectors together defining storage capacity for the
DASD in excess of freygudindred twenty eight mllion four hundred eighty

24. A computer system according to claim 23 further comprising a storage
memory element for receiving and storing said control program, said storage fnemory
element being mounted on said DASD controller card and operatively connected with said
microprocessor for accessing of said control program by said microprocessor.

25. A computer system according to claim 24 wherein said storage memory
element comprises a read only memory device.

26. A computer system according to claim 24 wherein said storage memory
element comprises a non-volatile random access memory device and further wherein said
computer system comprises an electrical energy source operatively connected with said
non-volatile random access memory device for energizing said non-volatile random access
memory device and for maintaining storage of said control program therein.

27. A computer system according to claim 24 wherein said microprocessor is
the system processor for said computer system, said computer system further comprises a
basic input/output system (BIOS) program, and said control program is embedded within
said BIOS program.

28. A computer system according to claim 23 wherein said control program

functioning with said microprocessor and said DASD performs the function of translating

Thie s (he raplacemant shogh
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two thousand three hundred four bytes of digital data,

1 a mcroprocessor for processing digital data, the

m croprocessor controlling the exchange of digital data with the DASD

usi ng CHS storage address data, and a control program accessible
to the mcroprocessor for controlling the flow of digital data to and from
the DASD, the method conprising the steps3®f: accessing the
control programw th the m croprocessor, | oadi ng the control

progr am andCH$"stefagk eldens tightal ita tbyedebvivg oylindeP gfidhad numbers for the second
interrogating the DASD as to the first predeterm ned nunber of cylinders,

gt oreffiShed fiind b HhutfI5 ' °CyoBE AR Hond the Bitd AR HRRUP2 Ol
dividing a head number from the first reference frame by the second predetermined number
of heads.

29. A computer system according to claim 23 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the second reference frame by 2N and
multiplying a head number from the second reference frame by 2V,

30. A personal computer system having a high speed system processor
compatible with application programs and operating system software designed to execute
on slower speed system processors, said personal computer system comprising:

a high speed microprocessor for processing digital data, said microprocessor
having a real and protected mode of operation and being electrically coupled to a high
speed data bus;

non-volatile memory electrically coupled to a slower speed data bus;

bus controller for providing communications between the high speed data bus and
the slower speed data bus;

volatile memory electrically coupled to the high speed data bus;

a memory controller electrically coupled to said volatile memory and said non-
volatile memory, said memory controller regulating communications among said volatile

memory and said non-volatile memory and said high speed microprocessor;
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repeatedly dividing the first predeterni ned nunber by two until the

quot i ent Is | ess than one thousand twenty four while registering as
N t he nunmber (N) of tines such dividing is repeated,

establishing a first reference frane for CHS data, the first reference
frame having a range of up to one_thousand twenty four cylinders and
a range of up to two hundr ed fift§lsix heads,

establishing a second reference frame for CHS data, the second reference
frame havi ng a rangtting nnmlize dirdvh acease storapesdevitet(DABTY) foo uecetwihg, ptherirg amid a

range of up to the second predeterm ned nunber of heads, and
transl atingej (258 AaRISH S DAID Hhvial a@ﬁét%r@d&@é?ﬁaﬂ%%ﬁﬁk%ﬁ%rﬁd&%rsf dnE]iSaI
and second reference frames to enabl € the exchange of data with the

S DY e AR g R S e
predeterm B?e?ietggmnggl n?1¥nbg¥\gf \sAé?:forst grpl)(ia 2&&? (ljl'eads exchanging digital data with said sectors
of said cylindérs,
said DASD having the location of digital data therein defined using cylinder-
head-sector storage address data,
said cylinders and said heads and said sectors together defining storage
capacity for said device in excess of five hundred twenty eight million four hundred
eighty two thousand three hundred four bytes of digital data;
said microprocessor controlling the exchange of digital data with said DASD
using cylinder-head-sector storage address data, and
a confrol program accessible to said microprocessor for controlling the flow of
digital data to and from said DASD,
said microprocessor accessing said control program and loading said control
program and operating under the control of said control program, _
said control program functioning with said microprocessor and said DASD
for interrogating said DASD as to said first predetermined number of
cylinders,
for determining that said first predetermined number of cylinders

exceeds one thousand twenty four,

Wy ™
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42 ¥ 49. A nmet hod according to claim48 wherein the step of
translating CHS storage address digital data conprises the step of
deriving cylinder and head nunbers for the second reference franme by

mul tiplying a cylinder nunber fromthe first reference frame by 2[err] and
di viding a head nunber fromthe first reference frame by 2[err].

50. A nmet hod according to claim48 whé&2ein the step of translating CHS
storage address digital data conprises the steps of derivi ng cyl i nder and
head nunbers for the figs Eag& TS preayd b uRH gr
fromthe second referenc%# g rsr 1rg‘ilprrruel tﬂ;Hl Ing a hgqﬁ ol

fromthe second referenc t ho

according to cl ai m%@%ﬁﬂéﬁk H?ﬁ@*ﬁﬁ@&@?ﬁ&ﬁ&&&w&%%&ﬁg gféfoq\gss
digital data conprises the steps of respondi ng to issuance of a

di sk drive conmand dfjimesisueh diyidingis repratedal ue of N, then

for establishing a first reference frame for cylinder-head-sector data,
said first reference frame having a range of up to one thousand twenty four
cylinders and a range of up to two hundred fifty six heads,

" for establishing a second reference frame for cylinder-head-sector data,
said second reference frame having a range of more than one thousand twenty
four cylinders and a range of up to said second predetermined number of heads,
and

for translating storage address digital data exchanged between said first
and second reference frames to enable the exchange of data with the full
storage capacity of said DASD, said translating being accomplished using the
number (N) of times dividing of said first predetermined number by two was
repeated.
31. A computer system according to claim 30 wherein said control program
is stored in said non-volatile memory.
32 A computer system according to claim 31 wherein said non-volatile
memory comprises a read only memory device.
33. A computer system according to claim 31 wherein non-volatile memory
comprises a non-volatile random access memory device and further wherein said computer

system comprises an electrical energy source operatively connected with said non-volatile

thug 18 e raptaceren! shegt
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di sti'ngui shing between a value of N equal to zero and a value of N greater
than zero; then responding to determnation that N equals zero
by passing the cylinder and head address untransl ated;

responding to determnation that Nis greater than zero by

mul ti plying the cylinder address by 2[err] and di vidi ng the
head address by the second predeterm ned3gunber and storing
t he remai nder of the division of the head address by the second

ggedet erm '}Eﬁid TR&dss 33 %Iﬁ(;}g ddvitestole ?E’rg%fi’é sﬁqq{o?xsv%l?ﬁl@?% om gocess 1 memory

|n|ng t uotient o di'vi sion t he SS
the second device and for maintaining storage of said control program therein.

34. A computer system according to claim 30 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating.
CHS storage address digital data by deriving cylinder and head numbers for the second
reference frame by multiplying a cylinder number from the first reference frame by 2" and
dividing a head number from the first reference frame by the second predetermined number
of heads.

35. A computer system according to claim 30 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the second reference frame by 2" and
multiplying a head number from the second reference frame by 2V,

36. A personal computer system having a high speed system processor
compatible with application programs and operating system software ’designed_ to execute:
on slower speed system processors, said personal computer system comprising:

a high speed microprocessor for processing digital data, said microprocessor
having a real and protected mode of operation and being electrically coupled to a high
speed data bus;

non-volatile memory electrically coupled to a slower speed data bus;

bus controller for providing communications between the high speed data bus and

the slower speed data bus;
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predét ermi ned nunber and the cylinder address by a | ogical OR operation and
'storing the result as the translated cylinder address; then

passi ng passing the cylinder and head address as so transl at ed.

52. A nmet hod of operating a conputer system which conprises: an
integrated drive electronics (IDE) rotating nedia direct access storage
device (DASD) for receiving, storing andg4delivering digital data, the |IDE
DASD having a first predeterm ned nunber of cylinders and a second

predet erm ned nu &@@g 1 divided into a
third predeterm m nuflr%er ?legg%tﬁ@ géué)%i%tﬁé/%‘ggggé exc ga?{%gl ng digital
data with the sectors of the | i nder the SDhV|n the 1logcation
of digital data tmg}ca?%vagflﬁr?]@% Pﬂl&grmﬁ ?(‘ﬂe Wlﬁ‘dcf&’tdanm%'he
cylinders and heads and sectors toget her defi ni ng stor age capacity for the
| DE DASD i nvalaiilegseméry, sai¢ androorsreoutrolivsrregulainghcominimicafions sarongsailf eolatile
eighty two thousand three hundred four bytes of digital data, a

M cr opr ocesm@motyiri¥aid fsh-vdlhtile nfkendty @fd 640 high spbed MecrdpdbedaeD f or
processing digital data, the mcroprocessor controlling the exchange of

digital data withyf Hﬁ’eér%d drive electronics (IDE) rotating media direct access storage device

(DASD) for receiving, storing and delivering digital data, said IDE DASD having a first
predetermined number of cylinders and a second predetermined number of heads, each of
said cylinders being divided into a third predetermined number of sectors and said heads
exchanging digital data with said sectors of said cylinders,
said IDE DASD having the location of digital data therein defined using
cylinder-head-sector storage address data,
said cylinders and said heads and said sectors together defining storage
capacity for said device in excess of five hundred twenty eight million four hundred
eighty two thousand three hundred four bytes of digital data,

a second microprocessor for processing digital data, said second microprocessor
being integrated into said IDE DASD and controlling the exchange of digital data with said
IDE DASD using cylinder-head-sector storage address data, and

a control program integrated into said IDE DASD and accessible to said second
microprocessor for controlling the flow of digital data to and from said IDE DASD,

said second microprocessor accessing said control program and loading said
control program and operating under the control of said control program,

said control program functioning with said microprocessor and said DASD

LT s v eposnen e
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DASD'usi ng CHS data, and a control program accessible to the

‘m croprocessor for controlling the flow of digital data to and fromthe
| DE DASD, the method conprising the steps of: accessing the
control programw th the m croprocessor, | oadi ng the control
program and, under the control of the control program

interrogating the DASD as to the first prigdeterni ned nunber of cylinders,

44 determ ni ng that the first predeterm ned nunber of
cylinders exceeds one %m YWSAKY SOM rERaR |y
dividing the first predeterm ne %‘%{d y t wo usﬁatll F rede:cjecr)rtmngﬁ Rﬂ‘%ﬁ‘

| ess than one thousarfddtwenty four while registering as N t he nunber of
ti mes such

for determining that said first predetermined number of cylinders
exceeds one thousand twenty four,

for repeatedly dividing said first predetermined number by two until the
quotient is less than one thousand twenty four while registering the number (N)
of times such dividing is repeated,

for establishing a first reference frame for cylinder-head-sector data,
said first reference frame having a range of up to one thousand twenty four
cylinders and a range of up to two hundred fifty six heads,

for establishing a second reference frame for cylinder-head-sector data,
said second reference frame having a range of more than one thousand twenty
four cylinders and a range of up to said second predetermined number of heads,
and

for translating storage address digital data exchanged between said first
and second reference frames to enable the exchange of data with the full
storage capacity of said DASD, said translating being accomplished using the
number (N) of times dividing of said first predetermined number by two was
repeated.

37. A computer system according to claim 36 further comprising a storage

memory element for receiving and storing said control program, said storage memory

T
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d|V|d|ng I S repeat ed, establishing a first reference frane
for CHS data to be used externally of the | DE DASD, the first
reference frane having a range of up to one thousand twenty f our
cylinders and a range of up to two hundred fifty six heads,

establishing a second reféerence frame for CHS data to be used internally of
the | DE DASD, the second reference frane3aving a range of nore than one
thousand twenty four cylinders and a range of up to the second

predet er m Nggnent bein fég?dtecpfnt@%&j $OEIAISD and operatively coﬁﬂe@%&ﬁ'vﬁﬂi 86d s&dend
storage address digi ta dat a exchanged between the first and second

reference franes to e of dat the, full storag
capaci ty mREpbeTrIe G AN Prop Ry Sl Lieb i BRI | shea
usi ng the nunber (N) of tinmes dividi n% of .the first predeterm ned
number by two was’$ epeah egmputer system ageprding o slajfa {ovhereinspidh ierage mermnn 52
wherein the step of translating CHS storage address digital data conprises
t he step ofelelment\comprissd 4 redé pnlymaerhargdievicecber s for the second reference
frame by multiplying a cylinder nunber fromthe first reference frame
39. A computer system according to claim 37 wherein said storage memory
element comprises a non-volatile random access memory device and further wherein said
computer system comprises an electrical energy source operatively connected with said
non-volatile random access memory device for energizing said non-volatile random access
memory device and for maintaining storage of said control program therein.
40. A computer system according to claim 36 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the second
reference frame by multiplying a cylinder number from the first reference frame by 2" and
dividing a head number from the first reference frame by the second predetermined number
of heads.
41. A computer system according to claim 36 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the first

reference frame by dividing a cylinder number from the second reference frame by 2" and

multiplying a head number from the second reference frame by 2.,

) ) A This is the replacement sheet
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by 2[err] and dividing a head nunber fromthe first reference frane by the
'second predetermn ned nunber of heads.

45 54. A nmet hod according to claim52 wherein the step of
translating CHS storage address digital data conprises the steps of
deriving cylinder and head nunbers for the first reference frane by
dividing a cylinder nunber fromthe secodd reference frane by 2[err] and
mul ti plying a head nunber fromthe second reference frane by 2[err].

55. A et hod ggcor d%«ng*w'@nﬁ}é& mﬁ%n?isﬂta‘e’%%ea f%EﬁP Phed %@e;rég%ﬂgg&sg"s

storage address digital fata conprises t 0 Ing to

Fssuance of .2 gk b ST b SRl e S Ak estnelo okl

on slower speed system processors, said personal computer system comprising:

a motherboard for supporting and connecting electrical components of said
computer system,

a high speed microprocessor mounted on said motherboard for processing digital
data, said microprocessor having a real and protected mode of operation and being
electrically coupled to a high speed data bus;

non-volatile memory electrically coupled to a slower speed data bus;

an input/output channel defined in said motherboard and comprising a channel
connector electrically coupled to the slower speed data bus,

bus controller for providing communications between the high speed data bus and
the slower speed data bus;

volatile memory electrically coupled to the high speed data bus;

a memory controller electrically coupled to said volatile memory and said non-
volatile memory, said memory controller regulating cor_nmunications among said volatile
memory and said non-volatile memory and said high speed microprocessor;

a rotating media direct access storage device (DASD) for receiving, storing and
delivering digital data, said DASD having a first predetermined number of cylinders and a
second predetermined number of heads, each of said cylinders being divided into a third
predetermined number of sectors and said heads exchanging digital data with said sectors

of said cylinders,
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di sti‘ngui shi ng between a value of N equal to zero and a value of N greater
than zero; then responding to determ nation that N equals zero by
passi ng the cylinder and head address untransl ated; respondi ng
to determination that Nis greater than zero by multiplying the cylinder
address by 2N and dividing the head address by the second predeterm ned

nunber and storing the renmai nd&8 of the division of the head
address by the second predeterm ned nunber as the transl ated head
address; then said DA%@Wﬂfehsca%ﬁbfa@tap&ata ‘Eli%réih Vbfhdiushig &ﬁﬁa@ﬁad

address by the second predet erm ned nunber and the cylinder address by a

| ogi cal OR oper,ati.on _angd stor result as the translated cylinder
address; then head-sectors%xggg?#&gsgéggai, ng the cylinder and head address as so
transl at ed. A nmet hod of operating a conputer system which

conpri ses: sa1d cylmders and said heads and said sectors together defining storage
capacity for said device in excess of five hundred twenty eight million four hundred
eighty two thousand three hundred four bytes of digital data;

a DASD controller card mounted in said channel connector,

a second microprocessor for processing digital data, said second microprocessor
being mounted on said DASD controller card and controlling the exchange of digital data
with said DASD using cylinder-head-sector storage address data, and

a control program stored on said confroller card and accessible to said
microprocessor for controlling the flow of digital data to and from said DASD,

said second microprocessor accessing said control program and loading said
contro] program and operating under the control of said control program,
said control program functioning with said second microprocessor and said
DASD
for interrogating said DASD as to said first predetermined number of
cylinders,
for determining that said first predetermined number of cylinders-
exceeds one thousand twenty four,
for repeatedly dividing said first predetermined number by two until the
quotient is less than one thousand twenty four while registering the number (N)

of times such dividing is repeated,

A i b et
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46 a rotating nedia direct access storage device (DASD) for receiving,
storing and delivering digital data, the DASD having a first predeterni ned
nunber of cylinders and a second predeterm ned nunber of heads, each of
the cylinders being divided into a third predeterm ned nunber of sectors
and the heads exchanging digital data with the sectors of the cylinders,

t he DASD having the location of digital 8@ta therein defined using
cylinder- head-sector (CHS) data, the cylinders and heads and sectors

toget her defining storagg ink Va hgs;tyr&ﬂf'en@é\%axﬁeﬂf&%aeg{ea&iswohug%,r ed

twenty eight mllion four %un red elg two thousand "t hree hundred ur
bytes of digital dat.a, a t.herboard for supportin nd
connecting electri 6%13 fustastrensesiyne gﬁgng ac’@ﬂ%‘iuf’glupst%cg‘gr#o‘fsﬁgd ﬁ’fﬁ’%rfﬁ%r d
defining an input/output channel which has a channel connect or,

a DASD control | er ecplinersandtasgngaofam to twndnnded fyschesds.and havi ng a
for establishing a second reference frame for cylinder-head-sector data,
said second reference frame having a range of more than one thousand twenty
four cylinders and a range of up to said second predetermined number of heads,
and
for translating storage address digital data exchanged between said first
and second reference frames to enable the exchange of data with the full
storage capacity of said DASD, said translating being accomplished using the
number (N) of times dividing of said first predetermined number by two was
repeated. |
43. A computer system according to claim 42 further comprising a storage
memory element for receiving and storing said control program, said storage memory
element being mounted on said DASD controller card and operatively connected with said
microprocessor for accessing of said control program by said microprocessor.
44, A computer system according to claim 43 wherein said storage memory
element comprises a read only memory device.
45. A computer system according to claim 43 wherein said storage memory
element comprises a non-volatile random access memory device and further wherein said

computer system comprises an electrical energy source operatively connected with said

”!ll“cl mll! I“H" lmsl " I!Il This is the replacement sheet
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m cr oprocessor for processing digital data, the m croprocessor controlling
't he exchange of digital data with the DASD using CHS data, and a control
program stored on the card accessibly to the m croprocessor for
controlling the flow of digital data to and fromthe DASD, the nethod

conprising the steps of: accessing the control programw th the
m cr opr ocessor, | oadi ng the cdfitrol program and, under the
control of the control program interrogating the DASD as to

the first Bﬁﬁ%ia?ﬂér}dﬁﬁgm Imedfor§ e lits €drenergizing said non-volatiREaRAddth RbOSs

that the first predeter ne nunber of cylinders exceeds one
t housand twent
Fepoat odl y SRR AR AR fir i ininE. YURRY ALSEARTl PREARETER | ¢ he

guot i ent

47

46. A computer system according to claim 42 wherein said control program
functioning with said microprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the second
reference frame by multiplying a cylinder number from the first reference frame by 2 and
dividing a head number from the first reference frame by the second predetermined number
of heads.

47. A computer system according to claim 42 wherein said control program
functioning with said mieroprocessor and said DASD performs the function of translating
CHS storage address digital data by deriving cylinder and head numbers for the first
reference frame by dividing a cylinder number from the second reference frame by 2" and
multiplying a head number from the second reference frame by 2™.

48. A method of operating a computer system which comprises:

a rotating media direct access storage device (DASD) for receiving, storing and
delivering digital data, the DASD having a first predetermined number of cylinders and a
second predetermined number of heads, each of the cylinders being divided into a third
predetermined number of sectors and the heads exchanging digital data with the sectors of
the cylinders, the DASD having the location of digital data therein defined using cylinder-
head-sector (CHS) data, the cylinders and heads and sectors together defining storage
capacity for the DASD in excess of five hundred twenty eight million four hundred eighty

two thousand three hundred four bytes of digital data,

This is the replacement sheet
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I's |l ess than one thousand twenty four while registering as N the nunber of
Yinmes such dividing is repeated, establishing a first
reference frane for CHS data to be used externally of the DASD
controller card, the first reference frame having a range of up to one

t housand twenty four cylinders and a range of up to two hundred fifty
si x heads, establishing a gécond reference frame for CHS data
to be used between the DASD control l er card and the DASD, the second

reference frame [ 596 : d%%p ‘%’M% ur
cylinders and a ?gﬂr%dgg%?c%p tor?)&%cegsgg:gon déxg’a{g}?e ef rm neg%g%ere@gbgcﬁ@
heads, and . . ranslating CHS s age address.digital data
exchanged ﬁé?@@?gﬁofﬁ’@lﬂqaéqwgﬁéhebAgD?%éﬂélsg?@e é’@sﬁia&‘?‘%g to enable the
exchange of data with the full storage capacity of the DASD, said
step of transl at ianepritesl ppogramoeptssibleetp thei micreprecessorbfor confrolting the flowt pfres
dividing of the first predeterm ned nunber by two was repeated.

57. A mefigied da@ae aed foml the DIASDNEEmethod ebmptififg Heaepabofit r ansl ati ng CHS

storage address digital data conprises the step of deriving cylinder and
head nunmbers fOr aecessing the control program with the microprocessor,
loading the control program and, under the control of the control program,
interrogating the DASD as to the first predetermined number of cylinders,
determining that the first predetermined number of cylinders exceeds one
thousand twenty four,
repeatedly dividing the first predetermined number by two until the quotient
is less than one thousand twenty four while registering as N the number (N) of times
such dividing is repeated,
establishing a first reference frame for CHS data, the first reference frame
having a range of up to one thousand twenty four cylinders and a range of up to two
hundred fifty six heads,
establishing a second reference frame for CHS data, the second reference
frame having a range of more than one thousand twenty four cylinders and a range of
up to the second predetermined number of heads, and
translating CHS storage address digital data exchanged between the first and
second reference frames to enable the exchange of data with the full storage capacity

of the DASD, said step of translating being accomplished using the number (N) of

times dividing of the first predetermined number by two was repeated.

Threg ‘5 e replacemant sheeg

AR

Date: - 2 AUG 1999



the second reference frame by nultiplying a cylinder nunber fromthe first
‘reference frane by 2[err] and dividing a head nunber fromthe first
reference frane by the second predeterm ned nunber of heads. 58.
A met hod according to claim56 wherein the step of translating CHS storage

address digital data conprises the steps of deriving cylinder and head
nunbers for 42 48 the

first reference frane by dividing a cylinder nunber fromthe second

reference frame hy, 2[%&ﬂxetﬁ&ﬂaéﬂ&&h@'t&'c%n&@%eﬂyﬂﬁeéteﬁro?rﬁah?ﬁtrv\%ere| .

reference franme by 2[err] 59 A et hod accordi ng to clai mb56

ts,? :pgt gf Ofstgragaengécﬁéssspo%lﬁ%t%tc%ﬁi %dsl”ce ng &aig' %&Er %@%r 1 ers
| nterrogat Itﬂg Sécgleld \I{t;af»ler%gceoi];agé by multiplying a cylinder number from the first reference frame
by 2" and dividing a head number from the first reference frame by 2~
50. A method according to claim 48 wherein the step of translating CHS
storage address digital data comprises the steps of deriving cylinder and head numbers for
the first reference frame by dividing a cylinder number from the second reference frame by
2N and multiplying a head number from the second reference frame by 2.
51. A method according to claim 48 wherein the step of translating CHS
storage address digital data comprises the steps of
responding to issuance of a disk drive command by interrogating the value ofN;
then
distinguishing between a value of N equal to zero and a value of N greater than
zero; then
responding to determination that N equals zero by passing the cylinder and head
address untranslated;
responding to determination that N is greater than zero by
multiplying the cylinder address by 2" and
dividing the head address by the second predetermined number and
storing the remainder of the division of the head address by the second

predetermined number as the translated head address; then

TR A s st eplacomen shee
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t hen' di stingui shing between a value of N equal to zero and a val ue
of N greater than zero; then responding to determ nation that N
equal s zero by passing the cylinder and head address untransl ated,;
responding to determ nation that Nis greater than zero by multiplying the
cylinder address by 2[err] and di viding the head address by the
second predeterm ned nunber and storing #Be renminder of the division of

t he head address by the second predeterm ned nunber as the translated head

address; then  combining cna judkiBst bhehslWikivAt oo thd MBadliadiifiOMyothet B ohgad
addr ess by t he second pre erm ned nunber and the cylinder address by a

addr oas; RO & @Mi@?&ﬁ%@‘b@m ioRi ORTHRHER “afiteste e <o
0.

transl at ed. 6 A et hod of operating a conputer system which
conpri ses: resultas the translated cylinder address; then

passing passing the cylinder and head address as so translated.

52. A method of operating a computer system which comprises:

an integrated drive electronics (IDE) rotating media direct access storage device
(DASD) for receiving, storing and delivering digital data, the IDE DASD having a first
predetermined number of cylinders and a second predetermined number of heads, each of
the cylinders being divided into a third predetermined number of sectors and the heads
exchanging digital data with the sectors of the cylinders, the IDE DASD having the
location of digital data therein defined using cylinder-head-sector (CHS) data, the cylinders
and heads and sectors together defining storage capacity for the IDE DASD in excess of
five hundred twenty eight million four hundred eighty two thousand three hundred four
bytes of digital data,

a microprocessor integrated into the electronics of the IDE DASD for. processing
digital data, the microprocessor controlling the exphange of digital data with the IDE
DASD using CHS data, and

a control program accessible to the microprocessor for controlling the flow of
digital data to and from the IDE DASD, the method comprising the steps of:

accessing the control program with the microprocessor,

loading the control program and, under the control of the control program,

interrogating the DASD as to the first predetermined number of cylinders,
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a rotating media direct access storage device (DASD) for receiving, storing
and delivering digital data, the DASD having a first predeterm ned nunber
of cylinders and a 49
second predeterm ned nunber of heads, each of the cylinders being divided
into a third predeterm ned nunber of sectors and the heads exchangi ng
digital data with the sectors of the cyli4gdders, the DASD havi ng the

| ocation of digital data therein defined using cylinder- head-sector (CHS)

Capaci Ly ol the DASH Aaag GCne TECPRAGATHOT B B GRURI Bieas opy

capacity for the DASD in excess of five
hundred ei ghty Jo t%g}gs%g)three hundred four bytes of digital data,
a not herboard f l?ﬁ‘b FHYP%end connect i ng el ectrical conponents of the

conputer system the notherboard having a system m croprocessor for
processing di gital  repeatedly dividing the first predetermined number by two until the quotient

is less than one thousand twenty four while registering as N the number of times such
dividing is repeated,

establishing a first reference frame for CHS data to be used externally of the
IDE DASD, the first reference frame having a range of up to one thousand twenty
four cylinders and a range of up to two hundred fifty six heads,

establishing a second reference frame for CHS data to be used internally of
the IDE DASD, the second reference frame having a range of more than one
thousand twenty four cylinders and a range of up to the second predetermined
number of heads, and

translating CHS storage address digital data exchanged between the first and
second reference frames to enable the exchange of data with the full storage capacity
of the IDE DASD, said step of translating being accomplished using the number ™N)
of times dividing of the first predetermined numbgr by two was repeated.

53. A method according to claim 52 wherein the step of translating CHS
storage address digital data comprises the step of deriving cylinder and head numbers for
the second reference frame by multiplying a cylinder number from the first reference frame
by 2" and dividing a head number from the first reference frame by the second

predetermined number of heads.
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data: the m croprocessor controlling the exchange of digital data with the
*DASD using CHS data, and a control program stored on the notherboard
accessibly to the mcroprocessor for controlling the flow of digital data
to and fromthe DASD, the nethod conprising the steps of:

accessing the control programw th the m croprocessor, | oadi ng t he
control program and, under the control of45the control program
interrogating the DASD as to the first predeterm ned nunber of cylinders,

deternining that she fixshobsdeldt8 A grvggfﬁigm YR oF EXRRAAS OA8

t housand twenty four, epeat e ing the firs

P o B e B gk S o bty SR IRS for
dividing | Sthg 5 setar;feege’nce frame by dividing a cylinder number from the second reference frame by
2™ and multiplying a head number from the second reference frame by 2N,
55. A method according to claim 52 wherein the step of translating CHS
storage address digital data comprises the steps of
responding to issuance of a disk drive command by interrogating the value of N;
then
distinguishing between a value of N equal to zero and a value of N greater than
zero; then
responding to determination that N equals zero by passing the cylinder and head
address untranslated;
responding to determination that N is greater than zero by multiplying the cylinder
address by 2" and dividing the head address by the second predetermined number and
storing the remainder of the division of the head address by the
second predetermined number as the translated head address; then
combining the quotient of the division of the head address by the second
predetermined number and the cylinder address by a logical OR operation and storing the
result as the translated cylinder address; then

passing passing the cylinder and head address as so translated.

56. A method of operating a computer system which comprises:

This is the replacement shest
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5Q. * establishing a first reference frane for CHS data to be

Used externally of the DASD, the first reference frame having a range
of up to one thousand twenty four cylinders and a range of up to two
hundred fifty six heads, est abli shing a second reference frame
for CHS data to be used internally of the DASD, the second reference
frame having a range of nore than one thdésand twenty four cylinders
and a range of up to the second predeterm ned nunber of heads, and
translating #nedia BreBf AicB8 Sstéka H@JicéiFIﬁRSE ¥ ErareeinD o4 addGeifviefif

and second reference frames to enab t he exchange of data with t

;

accoml | SRR, %%&Aﬁﬁb%&'? heﬁr?f“grddw.

el 2 eai kgcyﬁfﬁ%%éﬁ?.afé'c%
pr edet er m ned nurrber by two was repeate
accor di ng Bredserayingds qumhsr vy hepds, sqagh @ﬁ the Lylipders n’@el@-lsh"@%r’é’&é adbitdss

digital data conprises the step of deriving cylinder and head nunbers for
predetermined number of sectors and the heads exchanging digital data with the sectors of

the cylinders, the DASD having the location of digital data therein defined using cylinder-
head-sector (CHS) data, the cylinders and heads and sectors together defining storage
capacity for the DASD in excess of five hundred twenty eight million four hundred eighty
two thousand three hundred four bytes of digital data,

a motherboard for supporting and connecting electrical components of the
computer system, the motherboard defining an input/output channel which has a channel
connector,

a DASD controller card mounted in said channel connector and having a
microprocessor for processing digital data, the microprocessor controlling the exchange of
digital data with the DASD using CHS data, and a control program stored on the card
accessibly to the microprocessor for controlling the flow of digital data to and from the
DASD, the method comprising the steps of:

accessing the control program with the microprocessor,

loading the control program and, under the control of the control program,

interrogating the DASD as to the first predetermined number of cylinders,
determining that the first predetermined.number of cylinders exceeds one

thousand twenty four,
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the decond reference frame by nultiplying a cylinder nunber fromthe first
reference frame by 2[err] and dividing a head nunmber fromthe first
reference frane by the second predeterm ned nunber of heads. 62.
A met hod according to claim®60 wherein the step of translating CHS storage
address digital data conprises the steps of deriving cylinder and head
nunbers for the first reference franme by7di viding a cylinder nunber from
the second reference frame by 2[err] and multiplying a head nunber from

the second ref erencerepéatetity dividhe thie first predeterminé® number’ by Bid Qi A6S Quiskieh® t O
claim 60 wherein the step of translating CHS storage address digital data

conprises the . . ,
51 7 o 3h S35 125 ops thousend fwenty four whil rogsterine & N the b QRIS ugh  ng
th I fNL L,

e value o dividing is repeated,

establishing a first reference frame for CHS data to be used externally of the
DASD controller card, the first reference frame having a range of up to one thousand
twenty four cylinders and a range of up to two hundred fifty six heads,

establishing a second reference frame for CHS data to be used between the
DASD controller card and the DASD, the second reference frame having a range of
more than one thousand twenty four cylinders and a range of up to the second
predetermined number of heads, and

translating CHS storage address digital data exchanged between the first and
second reference frames to enable the exchange of data with the full storage capacity
of the DASD, said step of translating being accomplished using the number (N) of
times dividing of the first predetermined number by two was repeated.

57. A method according to claim 56 wherein the step of translating CHS
storage address digital data comprises the step of deriving cylinder and head numbers for
the second reference frame by multiplying a cylinder number from the first reference frame
by 2N and dividing a head number from the first reference frame by the second
predetermined number of heads.

58. A method according to claim 56 wherein the step of translating CHS

storage address digital data comprises the steps of deriving cylinder and head numbers for

N i e
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t hen* di stingui shing between a value of N equal to zero and a val ue
of N greater than zero; then responding to determ nation that N
equal s zero by passing the cylinder and head address untransl ated,;
responding to determ nation that Nis greater than zero by multiplying the
cylinder address by 2[err] and dividing the head address by the second
predeter m ned nunber and storing the reffi nder of the division of the head
address by the second predeterm ned nunber as the translated head address;
t hen conbi rthefirst beferpned freme byidividiag dicylisder munibet fremhbeastcand refesndeyfranheby
second predetern ned number and the cylinder address by a |ogical OR

oper at | on andealdipiid Phedi St BOmhEsbRIRIELR mld gytpr. address; then

passing th and head dress as so transl ated

*

59. A method according to claim 56 wherein the step of translating CHS storage
address digital data comprises the steps of

responding to issuance of a disk drive command by interrogating the value of N;
then

distinguishing between a value of N equal to zero and a value of N greater than
zero; then

responding to determination that N equals zero by passing the cylinder and head
address untranslated;

responding to determination that N is greater than zero by multiplying the cylinder
address by 2~ and

dividing the head address by the second predetermined number and storing the
remainder of the division of the head address by the second predetermined number as the
translated head address; then

combining the quotient of the division of the head address by the second
predetermined number and the cylinder address by a logical OR operation and storing the
result as the translated cylinder address; then

passing passing the cylinder and head address as so translated.

60. A method of operating a computer system which comprises:

a rotating media direct access storage device (DASD) for receiving, storing and

delivering digital data, the DASD having a first predetermined number of cylinders and a
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49
second predetermined number of heads, each of the cylinders being divided into a third
predetermined number of sectors and the heads exchanging digital data with the sectors of
the cylinders, the DASD having the location of digital data therein defined using cylinder-
head-sector (CHS) data, the cylinders and heads and sectors together defining storage
capacity for the DASD in excess of five hundred twenty eight million four hundred eighty
two thousand three hundred four bytes of digital data,

a motherboard for supporting and connecting electrical components of the
computer system, the motherboard having a system microprocessor for processing digital
data, the microprocessor controlling the exchange of digital data with the DASD using
CHS data, and a control program stored on the motherboard accessibly to the
microprocessor for controlling the flow of digital data to and from the DASD, the method
comprising the steps of:

accessing the control program with the microprocessor,

loading the control program and, under the control of the control program,

interrogating the DASD as to the first predetermined number of cy}indcrs,

determining that the first predetermined nqmber of cylinders exceeds one
thousand twenty four,

repeatedly dividing the first predetermined number by two until the quotient
is less than one thousand twenty four while registering as N the number of times such

dividing is repeated,
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establishing a first reference frame for CHS data to be used externally of the
DASD, the first reference frame having a range of up to one thousand twenty four
cylinders and a range of up to two hundred fifty six heads,

establishing a second reference frame for CHS data to be used internally of
the DASD, the second reference frame having a range of more than one thousand
twenty four cylinders and a range of up to the second predetermined number of
heads, and

translating CHS storage address digital data exchanged between the first and
second reference frames to enable the exchange of data with the full storage capacity
of the DASD, said step of translating being accomplished using the number (N) of
timesdividing of the first predetermined number by two was repeated.

61. A method according to claim 60 wherein the step of translating CHS
storage address digital data comprises the step of deriving cylinder and head numbers for
the second reference frame by multiplying a cylinder number from the first reference frame
by 2V and dividing a head number from the first reference frame by the second
predetermined number of heads.

62. A method according to claim 60 wherein the step of translating CHS
storage address digital data comprises the steps of deriving cylinder and head numbers for
the first reference frame by dividing a cylinder number from the second reference frame by
2" and multiplying a head number from the second reference frame by 2™.

63. A method according to claim 60 wherein the step of translating CHS

storage address digital data comprises the steps of
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responding to issuance of a disk drive command by interrogating the value of N;
then

distinguishing between a value of N equal to zero and a value of N greater than
zero; then

responding to determination that N equals zero by passing the cylinder and head
address untranslated;

responding to determination that N is greater than zero by multiplying the cylinder
address by 2" and dividing the head address by the second predetermined number and
storing the remainder of the division of the head address by the second predetermined
number as the translated head address;

then combining the quotient of the division of the head address by the second
predetermined number and the cylinder address by a logical OR operation and storing the
result as the translated cylinder address; then

passing the cylinder and head address as so transiated.
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