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METHOD FOR MINIMIZING A
COMPUTER’S INITIAL PROGRAM LOAD
TIME AFTER A SYSTEM RESET OR A
POWER-ON USING NON-VOLATILE
STORAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to peripheral stor-
age apparatus for computers, and more particularly to short-
ening the load time of computer programs from a hard disk
drive to a host computer.

2. Description of the Related Art

When a computer undergoes a hardware reset (i.e., a
power-on or reset), the computer executes procedures
embodied in its power-on/reset firmware which prepare for
loading an operating system into the computer to condition
it for operation. Typically, execution of such procedures
begins what is referred to as a “boot”. While the computer
is executing these power on/reset procedures, peripheral
devices that are associated with the computer, such as, for
example, a hard disk drive, also execute their own power-
on/reset procedures embodied in firmware. When the com-
puter finishes the above-described firmware-implemented
portion of the “booting” process, it typically requests data
from the disk drive as part of initializing user-selected
software, e.g., a program marketed under one of the trade-
names DOS, Windows, UNIX, 0S/2, AIX, etc.

It happens that the transfer of the selected program to the
computer is relatively slow, particularly when the program
is a modern large operating system. Accordingly, methods
have been disclosed for increasing the speed with which
computers “boot”. One example of such a method is dis-
closed in U.S. Pat. No. 5,307,497, which teaches that a
portion of an operating system can be stored in read-only
memory (ROM) for fast access of the portion during power-
on or reset. Unfortunately, the portion stored in ROM is
unchangeable. In other words, the method disclosed in the
497 patent does not adapt to changing user preferences
regarding operating systems, or indeed to updated versions
of a particular operating system.

Aunother example of a previous attempt to shorten the load
time from a disk drive to its host computer is set forth in U.S.
Pat. No. 5,269,022. As disclosed in the ’022 patent, a
snapshot of computer memory is stored in a backup memory
that is separate from the disk drive associated with the
computer, for use during the next succeeding boot.
Unfortunately, the backup memory must be large, because it
must store the entire computer memory. Also, the method
disclosed in the 022 patent requires operating system
intervention, which, because of security features common to
many modern operating systems, renders the 022 invention
unfeasible.

As recognized by the present invention, however, it is
possible to provide, without operating system intervention,
a method for adaptively preparing a disk drive to effect rapid
application program loading to a host computer. Specifically,
we have found that during hardware resets the disk drive
associated with a host computer typically completes its
booting process before the host computer is ready for
program transfer, and as recognized by the present
invention, the disk drive can be configured during this period
for rapidly communicating a program to the host computer.

Accordingly, it is an object of the present invention to
provide a method for rapidly communicating a computer
program from a disk drive to a host computer.
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Another object of the present invention is to provide a
method for rapidly communicating a computer program
from a disk drive to a host computer which adapts to changes
in user program preference, and to changes in program
storage location on the disks of the disk drive. Yet another
object of the present invention is to provide a method for
rapidly communicating a computer program from a disk
drive to a host computer which does not require excessively
large storage space, and which can be undertaken entirely by
the disk drive itself, transparent to the host computer. Still
another object of the present invention is to provide a
method for rapidly communicating a computer program
from a disk drive to a host computer which is easy to use and
cost-effective.

SUMMARY OF THE INVENTION

The invention is embodied in an article of
manufacture—a machine component—that is used by a
digital processing apparatus and that tangibly embodies a
program of instructions that are executable by the digital
processing apparatus to rapidly communicate a computer
program from a hard disk drive to the drive’s host computer.

This invention is realized in a critical machine component
that causes a digital processing apparatus to adaptively store
a computer program on the cache of the hard disk drive and
communicate the program to the host computer. Hereinafter,
the machine component is referred to as a “computer pro-
gram product”.

In accordance with the present invention, steps executed
by the digital processing apparatus include, after an initial
power-up or reset of the hard disk drive and a host computer
associated with the drive, receiving an initial read command
from the host computer for transferring to the host computer
a plurality of data records of a program stored on the disk.
A prefetch table is then generated, with the table represent-
ing a disk location and length of each data record requested
by the initial read command. Then, after a subsequent
power-on or reset of the hard disk drive, and during a second
power-on or reset of the host computer, the prefetch table is
accessed to read into the data cache the data records. In
response to a subsequent read command from the host
computer, it is determined whether records requested by the
subsequent read command are stored in the data cache. If
they are, the records are communicated from the cache to the
host computer; otherwise, the records are communicated
from the disk to the host computer.

Preferably, the accessing and determining steps are
repeated for each power-on or reset of the host computer.
The steps executed by the digital processing apparatus
further include either incrementing a read counter toward a
predetermined value, fixed in the algorithm or programmed
by the user or adaptively determined based on system
environmental conditions, or decrementing a counter
towards zero using the same process described for the
incrementing condition when it is determined during the
determining step that records requested by the subsequent
read command are not stored in the data cache. As used
generally herein, then, “incrementing” a counter refers both
to incrementing and decrementing a counter. Additionally,
the steps further include updating the data prefetch table,
communicating the records from the disk to the host com-
puter when the read counter exceeds a predetermined
threshold, and setting a prefetch flag to inactive when the
read counter exceeds the predetermined threshold.

In the presently preferred embodiment, the invention also
includes setting the prefetch flag to inactive when a prede-
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termined number of write commands from the host com-
puter to the hard disk drive have been received. Moreover,
the invention can include, after the communicating step and
when the prefetch flag is inactive, determining whether the
hard disk drive is idle and if so, storing the prefetch table on
the disk. The computer program product is disclosed in
combination with the hard disk drive, and in combination
with the host computer.

In another aspect, a computer program product is dis-
closed for use with a host computer that is coupled to a hard
disk drive. The hard disk drive includes at least one storage
disk having a program stored thereon and a data cache, and
the computer program product includes a data storage device
which includes a computer usable medium having computer
readable program means. As disclosed in detail below, these
code means are for enhanced loading of the program from
the hard disk drive to the host computer during power-on or
reset of the host computer. In accordance with the present
invention, code means receive a command from the host
computer during a power-up or reset of the host computer.
When the command is a read command, code means gen-
erate a prefetch table representative of at least the disk
location of the records requested by the read command for
transfer of the records from the disk to the cache for a
subsequent power-on or reset of the host computer.
Moreover, code means are provided for determining whether
the records have been stored in the cache in response to a
previous power-on or reset of the host computer, and the
records are communicated to the host computer in response.

In still another aspect, a computer hard disk drive includes
at least one data storage disk and a data storage cache.
Furthermore, the hard disk drive includes means for record-
ing onto the cache, immediately after a hardware reset of the
hard disk drive, data on the disk that has been requested by
a host computer during a first hardware reset of the host
computer. Additionally, the disk drive includes means for
communicating the data from the cache to the host computer
during a second hardware reset of the host computer.

The details of the present invention, both as to its structure
and operation, can best be understood in reference to the
accompanying drawings, in which like reference numerals
refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially schematic view of a disk drive with
associated host computer, with portions broken away for
clarity;

FIG. 2 is an illustration of memory such as read-only
memory (ROM), random access memory (RAM),
electrically-erasable programmable read only memory
(EEPROM), or dynamic random access memory (DRAM)
containing microcode, that embodies the invention as a
program storage product; and

FIG. 3 is a flow chart showing the method steps of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring initially to FIG. 1, a system is shown, generally
designated 10, for promoting rapid communication of a
computer program from a hard disk drive 12 to a host
computer 14 that is in data communication with the disk
drive 12 in accordance with principles well-known in the art.
In one intended embodiment, the host computer 14 may be
a personal computer (PC) or laptop computer made by IBM
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Corp. of Armonk, N.Y. Or, the host computer 14 may be a
Unix computer, or OS/2 server, or Windows NT server, or
IBM RS/6000 250 workstation. Indeed, the host computer
14 can be an embedded controller that is part of a music
synthesizer, or part of an industrial instrument. And, the hard
disk drive 12 can be any hard disk drive suitable for
computer applications, provided that the hard disk drive 12
includes at least one, and typically a plurality of, data storage
disks 16 and an on-board, solid state, random access
memory (RAM) data cache 18.

As shown in FIG. 1, the hard disk drive 12 also includes
an onboard controller 20. In accordance with principles

well.lrnaown in the art the anhoard contraller 20 ig a dioital
WEiL-KNIOWII 111 10¢ art, tne onooard Coniroulr 4v 15 a aigiiar

processor which, among other things, controls read heads 22
in the disk drive 12 for effecting data transfer to and from the
disks 16.

Additionally, as intended by the present invention the
onboard controller 20 includes an adaptive cache module 24.
Per the present invention, the adaptive cache module 24 is
executed by the onboard controller 20 as a series of
computer-executable instructions. These instructions are
embodied as microcode in a memory, e.g., read-only
memory (ROM) of the onboard controller 20. Such a ROM
is 1nd1cated by rcference numeral 21 in FIG. 2. The ROM 21
contains microinstructions that embody means and program
steps that perform according to the invention. When in the
ROM 21, the microinstructions become part of the ROM 21,
and therefore, part of the hardware of the disk drive 12.

Those skilled in the art will appreciate that the hard disk
drive is merely illustrative of a particular tangible environ-
ment that is useful for understanding the concepts of our
invention. Broadly, the hard disk drive 12 represents a
peripheral storage apparatus. The hard disks 16 of the hard
disk drive 12 represent data storage elements that are found
in the general peripheral storage apparatus. The invention,
therefore, applies to such a peripheral storage apparatus and
a data storage element, and should not be limited to a hard
disk drive.

FIG. 3 illustrates the structure of such microinstructions
as embodied in a computer program. Those skilled in the art
will appreciate that FIG. 3 illustrates the structures of
computer program code elements that function according to
this invention. Manifestly, the invention may be practiced in
its essential embodiment by a machine component, embod-
ied by the ROM 21, that renders the computer program code
elements in a form that instructs a digital processing appa-
ratus (e.g., the onboard controller 20) to perform a sequence
of function steps corresponding to those shown in the
Figures. The machine component is shown in FIGS. 1 and
2 as a combination of program code elements A—-C in
computer readable form that are embodied in a computer-
usable data medium (the ROM 21) of the onboard controller
20. Such media can also be found in other semiconductor
devices, on magnetic tape, on optical disks, on floppy
diskettes, on a DASD array, on a conventional hard disk
drive, in logic circuits, in other data storage devices, or even
in a node of a network. In an illustrative embodiment of the
invention, the computer-executable instructions would be in
object code form, compiled or assembled from a C** lan-
guage program and stored, by conventional means, in the
ROM 21. Or, the code used can be an interpretative code
such as Forth, Smalltalk, or Java and its derivatives.

Referring in detail to FIG. 3, the method of the present
invention can be seen. It is to be understood that in the
presently preferred embodiment, the method begins imme-
diately after the hard disk drive 12 has completed its
power-on/reset (i.e., hardware reset) routine.
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