wo 2010/036757 A1 I 0K 0 O RO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization i 1IN NI A0 ALY A0 00 OO 00RO
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
1 April 2010 (01.04.2010) PCT WO 2010/036757 Al
(51) International Patent Classification: (74) Agents: WIGGINS, Michael D. et al; HARNESS,
GO6F 9/445 (2006.01) DICKEY & PIERCE, P.L.C., P.O. Box 828, Bloomfield
Hills, Michigan 48303 .
(21) International Application Number: s, vhchigan (US)
PCT/US2009/058152 (81) Designated States (unless otherwise indicated, for every
. - kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, I{T, AU, Ai BA, BB, BG, B}{, BR, BW, BY, BZ.
24 September 2009 (24.09.2009) CA. CHL CL, CN, CO, CR, CU, CZ, DE, DK, DM. DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. ) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: Enghsh KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/099,743 24 September 2008 (24.09.2008) Us NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
12/563,239 21 September 2009 (21.09.2009) Us SE, 8G, SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT,
TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): MAR- . .
VELL WORLD TRADE LTD. [BB/BB], L'Horizon (84) ]).eslgnated. States (Mnle.ss Othe.}"WlSe lndlca[ed, fU}" every
Gunsite Road, Brittons Hill, St. Michael, BB 14027 (BB). kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(72) Inventors; and ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Imventors/Applicants (for US ornly): ZHAQO, Qun TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

[US/US]; 1320 Oak Vista Way, Pleasanton, California
94566 (US). KANG, Xinhai [CN/US]; 1940 Vai Reggio
Ct., San Jose, California 95132 (US).

ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

[Continued on next page]

(54) Title: TURBO BOOT SYSTEMS AND METHODS

(57) Abstract: A computer system includes a hard disk drive and a non-

10— volatile semiconductor memory. The hard disk drive stores a first set of
12 . . .
5 data that includes boot up data. The non-volatile semiconductor memory
Host is distinct from semiconductor memory of the hard disk drive and semi-
Syerom Memory 1572 conductor memory of a host of the computer system. A turbo boot driver
module stores the boot up data in the non-volatile semiconductor memo-
ROM RAM 32 H H
] o5 j—se == |J ry and transfers the boot up data from the non-volatile semiconductor
— Turbo Boot |_/__- .
{38 : brver - {F [ memory to a file system of the host during a boot up mode of the host.
—_—— e ad
?__l l__?
18
Host Control 5
Module
22 3
1 Di Semiconductor 26
isk Confrol Memory Control
Module e
pamy — :
1 HDD Semiconductor _5—28
| Memory
nterface Interface
14_K Hard Disk Drive Non-volatile 516
30 Semiconductor
L_ Turbo Boot Memory
Driver
FIG. 1



WO 2010/036757 A1 W00 )00 0 A A O

as to applicant’s entitlement to apply for and be granted Published:
a patent (Rule 4.17(i1)) —  with international search report (Art. 21(3))

as to the applicant's entitlement to claim the priority of —  with amended claims (Art. 19(1))
the earlier application (Rule 4.17(iii))



10

15

20

25

WO 2010/036757 PCT/US2009/058152

TURBO BOOT SYSTEMS AND METHODS

CROSS—-REFERENCE TO RELATED APPLICATIONS
[0001] This application «claims ©priority to U.S.
Utility Application No. 12/563,239, filed September 21,
2009, which claims the Dbenefit of U.S. Provisional
Application No. 61/099,743, filed on September 24, 2008.
The disclosure of the above application is incorporated

herein by reference in its entirety.

FIELD
[0002] The ©present disclosure relates to boot up

systems.

BACKGROUND

[0003] The background description provided herein is
for the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent the work i1s described in this background section, as
well as aspects of the description that may not otherwise
qualify as prior art at the time of filing, are neither
expressly nor impliedly admitted as prior art against the
present disclosure.

[0004] A computer executes a boot up procedure after
switching to a powered ON state. The boot up procedure
includes a basic input/output system (BIOS) mode and an
operating system mode. During the BIOS mode a pre—-boot or
power ON self test (POST) procedure is executed followed by
a boot loader procedure. The POST procedure initializes
certain hardware and executes a master boot record to load
and execute a boot loader procedure. The boot loader

procedure loads the operating system kernel and various
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device drivers including a boot disk controller driver and
a disk driver. An example boot loader for Windows NT™ is
the NT loader (NTLDR). The boot loader or NTLDR loads and
executes an operating system (0S) kernel, such as the
Windows NT™ 0OS kernel (NTOSKRNL).

[0005] During the operating system mode, the 0SS is

configured and auto-start drivers are loaded and
initialized. The auto-start drivers and other software
code are loaded from the HDD and executed. The other

software code may be associated with configuration of the
0S and/or may be associated with wvarious services and
program applications. The services may include device

manager services, security services, network connection

services, printing services, electronic mail (email)
services, etc. The program applications may, for example,
include web browsing, email, and word processing
applications.

[0006] During the operating system mode, a graphical
user interface (GUI) 1is activated and a logon mode 1is
enabled after the O0S 1is configured. The logon mode
includes the loading and executing of the services. The
logon mode 1is used to load a wuser profile based on an
entered username and password. The program applications
may be executed after logon is completed.

[0007] Operating systems are increasing in size and
complexity. The number of software drivers, services and
applications and the amount of associated code and/or data
accessed during boot up is also increasing. As a result,

operating system boot up times are increasing.

SUMMARY
[0008] In one embodiment, a computer system is

provided that includes a hard disk drive and a non-volatile
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semiconductor memory. The hard disk drive stores a first
set of data that includes boot up data. The non-volatile
semiconductor memory is distinct from semiconductor memory
of the hard disk drive and semiconductor memory of a host
of the computer system. A turbo boot driver module stores
the boot up data in the non-volatile semiconductor memory
and transfers the boot up data from the non-volatile
semiconductor memory to a file system of the host during a
boot up mode of the host.

[0009] In other features, the turbo boot driver module
stores a second set of data in the non-volatile
semiconductor memory that includes the boot up data.

[0010] In other features, the turbo boot driver module
comprises a learn module that captures and stores the boot
up data in the non-volatile semiconductor memory during a
first boot up of the host. The turbo boot driver module
transfers the Dboot wup data stored in the non-volatile
semiconductor memory to the file system during a second
boot up of the host.

[0011] In other features, the computer system further
includes at least one of the file system and a disk storage
driver that generates a data access request to access data
stored 1in the hard disk drive. The turbo boot driver
module accesses data stored in the non-volatile
semiconductor memory to satisfy the data access request.

[0012] In other features, the computer system further
includes at least one of the file system and a disk storage
driver that generates a data access request to update data
stored 1in the hard disk drive. The turbo boot driver
module updates data stored in the non-volatile
semiconductor memory based on the data access request.

[0013] In other features, the turbo boot driver module

accesses a first set of boot up data from the hard disk
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drive and accesses a second set of boot up data from the
non-volatile semiconductor memory. In other features, the
turbo boot driver module accesses the first set of boot up
data and the second set of boot up data based on a data
access request from at least one of the file system and a
disk storage driver. In other features, the turbo boot
driver module comprises a storage mapping module that maps
data stored in the hard disk drive to data stored in the
non-volatile semiconductor memory.

[0014] In other features, the computer system further
includes a disk storage driver that receives a hard disk
drive data access request from the file system. The turbo
boot driver module generates a non-volatile semiconductor
memory data access request based on the hard disk drive
data access reqguest. A semiconductor memory driver that
accesses the non-volatile semiconductor memory via a
semiconductor control driver and a semiconductor memory
interface based on the non-volatile semiconductor memory
data access request.

[0015] In other features, the computer system further
includes a storage driver that receives a hard disk drive
data access request from the file system. The turbo boot
driver module generates a non-volatile semiconductor memory
data access request based on the hard disk drive data
access reqgquest. A storage control module that access the
non-volatile semiconductor memory via a semiconductor
memory interface based on the non-volatile semiconductor
memory data access reguest.

[0016] In other features, the turbo boot driver module
comprises a boot up timer with a predetermined boot up
period. The turbo boot driver module stores all or some of

the boot up data captured from the hard disk drive during
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the boot up mode in the non-volatile semiconductor memory
until the predetermined boot up period lapses.

[0017] In other features, the turbo boot driver module
comprises a compress and decompress module that: compresses
the boot up data before storage in the non-volatile
semiconductor memory; and decompresses the stored boot up
data when accessed from the non-volatile semiconductor
memory.

[0018] In still other features, the systems and
methods described above may be implemented by computer
program(s) executed by one or more pProcessors. The
computer ©program(s) can reside on a computer readable
medium such as but not limited to memory, nonvolatile data
storage, and/or other suitable tangible storage mediums.

[0019] Further areas of applicability of the present
disclosure will become apparent from the detailed
description, the claims and the drawings. The detailed
description and specific examples are intended for purposes
of illustration only and are not intended to 1limit the

scope of the disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0020] The present disclosure will become more fully
understood from the detailed description and the
accompanying drawings, wherein:

[0021] FIG. 1 is a functional Dblock diagram of a
computer system incorporating distinct disk and
semiconductor memory control modules in accordance with an
embodiment of the present disclosure;

[0022] FIG. 2 1is a functional block diagram of a
computer system incorporating a storage control module in

accordance with an embodiment of the present disclosure;
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[0023] FIG. 3 is a functional Dblock diagram of a
computer system illustrating boot up data and software
storage 1in accordance with an embodiment of the present
disclosure;

[0024] FIG. 4 1is a functional block diagram of a
storage system 1llustrating turbo boot driver operation
after disk driver ©operation using distinct disk and
semiconductor memory modules and 1in accordance with an
embodiment of the present disclosure;

[0025] FIG. 5 is a functional Dblock diagram of a
storage system 1llustrating turbo boot driver operation
before disk driver operation wusing distinct disk and
semiconductor memory modules and 1in accordance with an
embodiment of the present disclosure;

[0026] FIG. 6 1is a functional Dblock diagram of a
storage system 1llustrating turbo boot driver operation
after storage driver operation and 1in accordance with an
embodiment of the present disclosure;

[0027] FIG. 7 is a functional Dblock diagram of a
storage system 1llustrating turbo boot driver operation
before storage driver operation and in accordance with an
embodiment of the present disclosure;

[0028] FIG. 8 is a functional block diagram of a turbo
boot driver in accordance with an embodiment of the present
disclosure;

[0029] FIG. 9 1is a boot up timing diagram in
accordance with an embodiment of the present disclosure;

[0030] FIG. 10 illustrates a method of loading data
during a boot up 1in accordance with an embodiment of the
present disclosure; and

[0031] FIG. 11 illustrates a method of writing data to
storage devices based on captured Dboot up data in

accordance with an embodiment of the present disclosure.
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DESCRIPTION

[0032] The following description is merely exemplary
in nature and is in no way 1intended to 1limit the
disclosure, 1its application, or uses. For purposes of
clarity, the same reference numbers will be used 1in the
drawings to identify similar elements. As used herein, the
phrase at least one of A, B, and C should be construed to
mean a logical (A or B or C), using a non-exclusive logical
OR. It should be understood that steps within a method may
be executed in different order without altering the
principles of the present disclosure.

[0033] As used herein, the term module may refer to,
be part of, or include an Application Specific Integrated
Circuit (ASIC), an electronic circuit, a processor (shared,
dedicated, or group) and/or memory (shared, dedicated, or
group) that execute one or more software or firmware
programs, a combinational logic «circuit, and/or other
suitable components that provide the described
functionality.

[0034] Also, as wused herein, the terms host and
computer may refer to a desktop, laptop, all-in-one
computer, and/or handheld computer. A host or computer may
refer to a PDA, a portable computing device, a cellular
phone, etc.

[0035] In addition, as wused herein, the term non-
volatile semiconductor memory (NVSM) may refer to any
suitable type of semiconductor or solid-state memory, such
as flash memory (including NAND and NOR flash memory),
phase change memory, magnetic RAM, and multi-state memory.
In multi-state memory each memory cell has more than two
states. The term non-volatile semiconductor memory does
not refer to a hard disk drive (HDD) or to semiconductor

memory of a HDD. As used herein a HDD may include a HDD
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printed circuit board with control modules and
semiconductor memory and a HDD assembly with a magnetic
storage medium or disk and a read/write device. Non-
volatile semiconductor memory may refer to a solid-state
drive (8SSD).

[0036] In the following FIGs. 1-3, items are shown
with solid and dashed boxes. The solid boxes identify an
original location of stored data. The dashed boxes
identify locations where the stored data is transferred
and/or copied to for subsequent use.

[0037] In FIG. 1, a computer system 10 is shown that
includes a host 12, a HDD 14 and a NVSM 16. The host 12
may be a computer and/or motherboard that accesses data on
the HDD 14 and/or the NVSM 16 during and after boot up of
the host 12. The host 12 includes a host control module 18
and system memory 20. The host control module 18
communicates with the HDD 14 wvia a disk control module 22
and a HDD interface 24. The host control module 18
communicates with the NVSM 16 via a semiconductor memory
control module 26 (e.g., flash memory control) and a
semiconductor memory interface 28. The NVSM 16 is distinct
from semiconductor memory of the host 14 (e.g., distinct
from semiconductor memory on the host 14). The NVSM may be
plugged into the semiconductor memory interface 28, which
may be connected to the host 14.

[0038] During boot wup, the host control module 18
loads a turbo boot driver 30 from the HDD 14 into random
access memory (RAM) 32 of the system memory 20. The turbo
boot driver 30 1is used to capture boot up data accessed
from the HDD 14, store the boot up data in the NVSM 16
during a first boot up, and access the boot up data from
the NVSM 16 during boot ups subsequent to the first boot

up. This decreases boot up time. A first boot up may
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refer to a first time that a computer system is booted up
or may refer to a boot up performed during a learn mode
after turbo boot is installed and enabled.

[0039] The host control module 18 may include a
processor, such as a central processing unit (CPU). The
host control module 18 may activate or execute the turbo
boot driver 30. During execution of the turbo boot driver
30, the host control module 18 may operate as a turbo boot
driver module and may operate in multiple modes including a
learn mode, a post-learn mode, a bi-storage access mode,
and an update mode. In the learn mode, data that 1is
accessed 1in the HDD 14 during boot up of the host 12 1is
captured and stored in the NVSM 16. In the post-learn
mode, data is accessed from the HDD 14 and/or the NVSM 16
during boot up of the host 12. In the bi-storage access
mode, data is accessed from both the HDD 14 and the NVSM 16
during boot up of the host 12. In the update mode, data
captured in the learn mode that is updated in the HDD 14 1is
also updated in the NVSM 16.

[0040] The system memory 20 includes read only memory
(ROM) 34 and the RAM 32. The ROM 34 may be used to store a
basic input/output system (BIOS) 36 including power-on
self-test (POST) data 38. The ROM 34 may include erasable
programmable ROM (EPROM) . The RAM 32 may include double-
data-rate synchronous dynamic RAM (DDR SDRAM), dynamic RAM
(DRAM), static RAM (SRAM), etc.

[0041] The disk control module 22 may include software
and/or hardware and control operation of the HDD 14. The
semiconductor memory control module 26 may include software
and/or hardware and control operation of the NVSM 16. In
the embodiment of FIG. 1, the disk control module 22 and
the semiconductor memory control module 26 are distinct

devices.
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[0042] In FIG. 2, a computer system 50 is shown. The
computer system 50 is similar to the computer system 10 of
FIG. 1. The computer system 50 includes a storage control
module 52 instead of a disk control module and a
semiconductor memory control module. For example only, the
storage control module 52 may be included in a
northbridge/southbridge configuration. The storage control
module 52 may be or included 1in a south bridge control
module.

[0043] The computer system 50 includes a host 12', the
HDD 14 and the NVSM 16. The host 12' includes a host
control module 18' and the system memory 20. The host
control module 18' communicates with the HDD 14 and the
NVSM 16 via the storage control module 52 wusing a HDD
interface 24' and a semiconductor memory interface 28'.
The HDD 14 stores a turbo boot driver 30' that 1is
configured for data transfer to and from the storage
control module 22.

[0044] In FIG. 3, a computer system 80 illustrating
boot up data and software storage 1s shown. The computer
system 80 includes a host control module 82, a storage
control module 84, ROM 86 and RAM 88, which may be included
in a host. The host control module 82 accesses a HDD 90
and a NVSM 92 wvia the storage control module 84 and
respective HDD and semiconductor memory interfaces 94, 96.
The host control module 82 may access data on the HDD 90
and/or the NVSM 92 during and after boot up of the host via
a disk control module 93 and a semiconductor memory control
module 95 of the storage control module 84. The ROM 86,
RAM 88, HDD 90 and NVSM 92 are used to store certain data
before, during and after boot up of the computer system 80.

[0045] The ROM 86 stores a first BIOS portion 100 of
BIOS 110 including a POST 102 before, during and after a

10
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boot up of the computer system 80. The RAM 88 may store a
first set of drivers 104, a second set of drivers 106, OS
data 108, the BIOS 110, application programs 114, and/or
other boot up data 116 during and after a boot up. The
BIOS 110 may include the first BIOS portion 100 and a
second BIOS portion 118 that includes a boot loader 120.
The other boot up data 116 may include boot up
configuration data. The 0S data 108 may include an OS
kernel 122 with a file system 124 and other 0S data 126.
The other 0S data 126 may include 0OS configuration data.

[0046] The first set of drivers 104 may include disk
drivers 130, semiconductor memory drivers 132 and the turbo
boot driver 134. The disk drivers 130 may include a disk
storage driver and a disk control driver, such as that
shown 1in FIGs. 4-7. The disk storage driver 1is used to
control operation of the HDD 90. The disk control driver
is used to control operation of the disk control module 93
of the storage control module 84. The semiconductor memory
drivers 132 may include a semiconductor storage driver and
a semiconductor control driver, such as that shown in FIGs.
4-7. The semiconductor storage driver controls operation
of the non-volatile semiconductor memory 92. The
semiconductor control driver controls operation of the
semiconductor memory control module 95.

[0047] The second set of drivers 106 may include
system and auto-start drivers 140. For example, the system
and auto-start drivers 140 may include a digital subscriber
line (DSL) driver, a cable driver, a universal serial bus
(USB) driver, a local area network (LAN) driver, security
drivers, etc.

[0048] The first set of drivers 104 and the second
BIOS portion 118 may be loaded from the HDD 90 to the RAM

88 during a boot up. The second set of drivers 106, the

11
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application programs 114, the other boot up data 116 and
the other 0S data 126 may be lcocaded from the HDD 90 and/or
the NVSM 92 to the RAM 88 during a boot up. The first BIOS
portion 100 may be loaded from the ROM 86 to the RAM 88
during a boot up.

[0049] During a boot up, the host control module 82
loads the turbo boot driver 134 from the HDD 90 into the
RAM 88 using the storage control module 84. The storage
control module 84 may include the disk control module 93
and the semiconductor memory control module 95. Data that
is loaded from the HDD 90 to the RAM 88 may be captured and
stored in the NVSM 92 during a learn mode for a first boot
up. The data may be loaded from the NVSM 92 to the RAM 88
during boot ups subsequent to the first boot up to decrease
boot up time. A computer system may operate in the learn
mode for a first boot up and for periodic subsequent boot
ups to update content of the NVSM 92.

[0050] In the embodiment of FIG. 3, the HDD 90 is
shown as the original boot up source for boot up data, as
the HDD 90 is the initial source of the boot up data. The
NVSM 92 1is used to mirror certain boot up data stored in
the HDD 90. The NVSM 92 may mirror the boot up data based
on boot up time and not based on the type of the boot up
data. For example, the host control module 82 may use the
NVSM 92 to capture any data accessed in the HDD 90 during a
predetermined time period, which may be based on a clock
150. The host control module 82 may stop capturing data
when the predetermined period has lapsed independent of the
type of data accessed in the HDD 90.

[0051] The NVSM 92 may be used as an alternative, a
backup, and/or a supplemental source of Dboot up data
relative to the HDD 90. Although the HDD 90 1is shown as

initially storing the first and second set of drivers 104,
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106, the 0S data 108, the second BIOS portion 118, the
application programs 114, and the other boot up data 116,
the NVSM 92 may initially store these items and be used as
the primary and/or original boot up source. In this
alternative embodiment, the HDD 90 may store the second set
of drivers 106, the application programs 114, the other
boot up data 116 and the other 0S data 126. The HDD 90 may
not store the first set of drivers 104, the second BIOS
portion 118, and the O0S kernel 122. The alternative
embodiment may include the capturing of boot up data from
the NVSM 92 during a first boot up. The captured boot up
data may be stored in the HDD 90 for use during boot ups
subsequent to the first boot up.

[0052] In FIG. 4, a storage system 200 that includes a
turbo boot driver 202 is shown. The turbo boot driver 202
accesses a NVSM 204 based on data access requests initially
generated by a file system 206 for data stored in a HDD
208. The turbo boot driver 202 captures data reguested
from the HDD 208 and stores the data in the NVSM 204 during
a learn mode. The turbo boot driver 202 provides data
stored 1in the NVSM 204 to the file system 206 during a
post—-learn mode. The data provided from the NVSM 204 to
the file system 206 may be in addition to, instead of, the
same as, and/or different than data provided from the HDD
208. The HDD 208 and the NVSM 204 may provide data to the
file system 206 simultaneously and/or during the same time
period.

[0053] The storage system 200 also includes a disk
storage driver 210 and a semiconductor memory driver 212
that may be 1n direct communication with (i.e., no
intermediate modules or communication devices) or directly
connected to the file system 206 and are used to control

operation of the HDD 208 and the NVSM 204 respectively.
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The turbo boot driver 202 is 1located between the disk
storage driver 210 and a disk control driver 214 and
between the semiconductor memory driver 212 and a
semiconductor control driver 216. The disk storage driver
210 may generate HDD data access regquests based on data
access requests received from the file system 206. The
turbo boot driver 202 controls access to the NVSM 204 and
the HDD 208 based on the HDD data access requests and the
mode of operation.

[0054] The turbo boot driver 202 may signal the disk
control driver 214 and/or the semiconductor control driver
216 to read data from or write data to the HDD 208 and/or
the NVSM 204 respectively. This signal may be based on the
HDD data access requests and the mode of operation. The
control drivers 214, 216 respectively control operation of
a disk control module 218 and a semiconductor memory
control module 220. The control modules 218, 220
communicate with the HDD 208 and the NVSM 204 via a HDD
interface 222 and a semiconductor memory interface 224
respectively. An HDD read data access request may be
satisfied with data from the NVSM 204 and/or the HDD 208.
A HDD write data access request may include the writing of
data in the NVSM 204 and/or the HDD 208.

[0055] The disk storage driver 210 is software based
and is used for interfacing with a user and is hardware
independent. The disk storage driver 210 1is wused to
visually represent a disk drive (e.g., the hard disk drive
208) of the storage system 200 and contents of the disk
drive on a display. The disk control driver 214 1is
software based and is used as an interface between the disk
storage driver 210 and the disk control module 218 and is
hardware dependent. The disk storage driver 210 may

generate access requests, which are provided to the disk
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control driver 214. The disk control driver 214 controls
operation of the disk control module 218 based on the
access requests from the disk storage driver 210. The disk
control module 218 is hardware based. The disk storage
driver 210 may communicate with different disk control
drivers and may be specific to a single disk drive. The
disk control driver 214 may control multiple disk drivers.
The disk storage driver 210 and the disk control driver 214
may be executed by an 0S, where the 0S is executed by a
processor or, for example, by the host control module 82
and/or the storage control module 84 of FIG. 3.

[0056] The semiconductor memory driver 212 is software
based and is wused for interfacing with a wuser and 1is
hardware independent. The semiconductor memory driver 212
is used to visually represent non-volatile semiconductor
memory (e.g., the non-volatile semiconductor memory 204) of
the storage system 200 and contents of the non-volatile
semiconductor memory on a display. The semiconductor
control driver 216 1is software based and is used as an
interface between the semiconductor memory driver 212 and
the semiconductor memory control module 220 and is hardware
dependent. The semiconductor memory control module 220 1is
hardware based. The semiconductor memory driver 212 may
generate access requests, which are ©provided to the
semiconductor control driver 216. The semiconductor
control driver 216 controls operation of the semiconductor
memory control module 220 based on the access requests from
the semiconductor memory driver 212. The semiconductor
memory driver 212 may communicate with different disk
control drivers and may be specific to a single disk drive.
The semiconductor control driver 216 may control multiple
disk drivers. The semiconductor memory driver 212 and the

semiconductor control driver 216 may be executed by an O0S,
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where the 0S is executed by a processor or, for example, by
the host control module 82 and/or the storage control
module 84 of FIG. 3.

[0057] Referring now also to FIG. 5, a storage system
230 is shown. The storage system 230 is similar to the
storage system 200 of FIG. 4. The storage system 230
includes a turbo boot driver 202' that is located between
the file system 206 and disk storage and semiconductor
memory drivers 210', 212', instead of Dbetween the disk
storage and semiconductor memory drivers 210, 212 and the
disk and semiconductor control drivers 214, 216. The file
system 206 generates data access requests. The turbo boot
driver 202’ generates HDD and NVSM data access reqguests
based on the data access requests received from the file
system 206. The HDD and NVSM data access requests are
directed respectively to the disk storage and semiconductor
memory drivers 2107, 2127.

[0058] The disk storage and semiconductor memory
drivers 2107, 212’ communicate respectively with a disk
control driver 214" and a semiconductor control driver
216’ . The disk control driver 214’ and the semiconductor
control driver 216’ access the HDD 208 and the NVSM 204
using the disk and semiconductor memory control modules
218, 220 and the HDD and semiconductor memory interfaces
222, 224.

[0059] In FIG. 6, a storage system 250 is shown. The
storage system 250 is similar to the storage system 200 of
FIG. 4. The storage system 250 includes a storage driver
252 instead of the disk storage and semiconductor memory
drivers 210, 212. The storage system 250 also includes a
storage control driver 254 instead of the disk and

semiconductor control drivers 214, 216.
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[0060] The storage driver 252 generates HDD and NVSM
data access requests based on data access requests received
from the file system 206. A turbo boot driver 20277
controls operation of the storage control driver 254 based
on the HDD and NVSM data access requests. The storage
control driver 254 controls operation of a storage control
module 256, which respectively accesses the HDD 208 and the
NVSM 204 wvia HDD and semiconductor memory interfaces 2227,
2247,

[0061] In FIG. 7, a storage system 270 is shown. The
storage system 270 1is similar to the storage systems 230,
250 of FIGs. 5 and 6. The storage system 270 includes a
storage driver 252’ and a storage control driver 254'. The
file system 206 generates HDD and NVSM data access
requests. A turbo boot driver 202’’’ controls operation of
the storage driver 252’ based on the HDD and NVSM data
access requests. The storage driver 252’ 1is wused to
control operation of the HDD 208 and the NVSM 204. The
storage control driver 254’ controls operation of a storage
control module 256, which respectively accesses the HDD 208
and the NVSM 204 via the HDD and semiconductor memory
interfaces 2227, 224'.

[0062] In the above FIGs. 1-7, the drivers, modules
and 1interfaces that are associated with the turbo boot
drivers 30, 30’, 134, 202, 202", 202'", 202'''" are used for
communication with respective HDDs and NVSMs. The drivers,
modules and interfaces may include internal data buses,
Internet small computer system interfaces (1SCSIs),
peripheral component interconnect exXpress (PCIe)
interfaces, serial advanced technology attachment (SATA)
interfaces, serial attached SCSI (SAS) interfaces and/or
fiber channel (FC) interfaces. For example, the disk

storage drivers 210, 210’, the disk control drivers 214,
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214", the semiconductor memory drivers 212, 212’7, the
semiconductor control drivers 216, 216’, the disk control
modules 218, the semiconductor memory control modules 220,
the storage control modules 256, the HDD interfaces 24,
247, 94, 222, 222', and the semiconductor memory interfaces
28, 28", 96, 224, 224" may be iSCSI, PCIe, SATA, serial SAS
and/or FC Dbased devices. The drivers, modules and
interfaces that are used to communicate with the HDDs and
the NVSMs may be of the same type or may be of a different
type. For example only, the interfaces used to communicate
with a HDD and with a NVSM may be of the SATA type. As
another example, the interfaces used to communicate with a
HDD may be of the SATA type, whereas the interfaces used to
communicate with a NVSM may be of the PCIe type.

[0063] In FIG. 8, a turbo boot driver module 300 that
may communicate with or be included in a host control
module 302 is shown. The turbo boot driver module 300 may
be located in the host control modules of FIGs. 1-7. The
turbo boot driver module 300 may be used in any one of the
embodiments of FIGs. 1-7 and 10-11. The turbo boot driver
module 300 includes a turbo boot control module 304 that
controls operation of the turbo boot driver module 300 and
may execute a turbo boot driver, such as that of FIGs. 1-7.
The turbo boot driver module 300 also includes a mode
selection module 305, a learn module 306, a post-learn
module 308, a bi-storage access module 310, an update
module 312, a compress/decompress accelerator module 314, a
storage mapping module 316 and a boot timer 318.

[0064] The mode selection module 305 may be used to
select the mode(s) of operation. The mode selection module
305 may activate one or more of the modules 306-318

depending on the selected mode of operation.
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[0065] The learn module 306 may be used when operating
in the learn mode. During the learn mode, boot up data of
any type may be captured and stored in a NVSM. The post-
learn module 308 may be used when operating in the post-
learn mode. The post-learn module 308 may control access
to a HDD and a NVSM based on data access requests during a
boot up mode. The turbo boot driver module 300 operates in
the learn mode and in the post-learn mode during different
boot up cycles. A boot up cycle may refer to a boot up
procedure performed when a computer is powered on. Each
time a computer 1s powered on the computer may execute a
boot up procedure.

[0066] The learn module 306 may determine when to
operate in the learn mode. For example, when a ratio of
cache misses to cache hits and/or a ratio of cache misses
to a total of cache accesses exceeds a predetermined
threshold, a learn mode flag may be set. The learn mode
flag may indicate when a computer system is to operate in
the learn mode for a next or subsequent boot up. A cache
miss may refer to when the turbo boot driver module 300
receives a request to access boot up data, and the data is
not stored in the NVSM. A cache miss may occur when boot
up data 1is stored or updated on the HDD and is not stored
or updated on the NVSM. A cache hit may refer to when the
turbo boot driver module 300 receives a request to access
boot up data, and the data is stored in the NVSM. A cache
access may refer to a cache miss or a cache hit.

[0067] The bi-storage access module 310 may be used
when operating in a bi-storage access mode. The bi-storage
access module 310 may control access to both the HDD and
the NVSM during the same time period. A first set of data
may be accessed from the HDD while a second set of data is

accessed from the NVSM. This reduces boot up time.
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[0068] The update module 312 may be used when data
stored 1in the HDD 1is updated. The update module 312
detects when data in the HDD is updated and also updates
the corresponding data that is stored in the NVSM. This
assures that certain boot up data stored in the NVSM
mirrors or is the same as certain boot up data stored in
the HDD. In one embodiment, the data stored in the NVSM is
synonymous with the data stored in the HDD. In another
embodiment, the HDD may store the data stored in the NVSM
and additional data. The NVSM may include data stored in
the HDD and additional data. In other words, the data
stored in the HDD may not be all-inclusive of the data
stored in the NVSM and vice versa.

[0069] The compress/decompress accelerator module 314
may be used to compress data before storage in and for
decompression after access from the NVSM and/or memory 320.
For example, captured boot up data may be compressed and
then stored in the NVSM. Similarly, mapping data may be
compressed before storage in the memory 320. Compression
and decompression processes may be used to decrease access
Time associated with the NVSM and the memory 320.

[0070] The storage mapping module 316 may be used to
control mapping of data captured and stored in the NVSM.
Boot up data that is captured and stored in the NVSM based
on storage in the HDD is mapped to provide a HDD-to-NVSM
map 322 (e.g., conversion table).

[0071] The boot timer 318 is used to indicate when to
cease capture and storage of boot up data from the HDD into
the NVSM. For example, the turbo boot control module 304
and/or learn module 306 may stop the capture of data from
the HDD and the storage of the data in the NVSM. This may
occur when a predetermined boot up period 324 of the boot

Timer 318 has lapsed. The boot timer 318 may initialize
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the predetermined boot up period 324 and determine when the
boot up period 324 has lapsed based on a clock signal from
a system clock 326.

[0072] The predetermined boot up period 324 may be
stored in the memory 320 and may be adjusted to account for
different boot up times. The time to perform a boot up may
vary, for example, based on the tasks performed during a
boot up, system performance, etc. As an example, the host
control module 302 may generate a boot up time adjustment
signal based on an input 328 from a system user. The boot
up time adjustment signal may include an updated boot up
period, which may be stored in the memory 320 and used to
disable the learn mode.

[0073] The above embodiments of FIGs. 1-8 may be
considered in isolation or may be combined. For example,
the file system and drivers of FIG. 3 may be in any one of
the arrangements of FIGs. 4-7. Also, the following timing
diagram and methods of FIGs. 9-11 may be applied to the
embodiments of FIGs. 1-8.

[0074] In FIG. 9, a boot up timing diagram is shown.
A boot up that is performed by the modules of FIGs. 1-8 may
include a BIOS mode and an OS boot up operations mode. The
BIOS mode and the O0S boot up operations mode may be
selected by a mode selection module, such as the mode
selection module 305. During the BIOS mode, a POST mode is
performed followed by a boot loader mode. During the POST
mode, a host control module may load from a HDD a master
boot record (MBR). The MBR may then be used to load and
execute a boot Iloader. During the boot loader mode, the
boot loader may load an 0Ss kernel, disk drivers,
semiconductor memory drivers, storage drivers and a turbo

boot driver.
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[0075] The O0OS kernel may be executed when the boot
loader mode 1is complete. The O0OS kernel may initialize
during an initialization period including the execution of
the disk drivers, the semiconductor drivers, the storage
drivers, and the turbo boot drivers. The turbo boot driver
may 1initiate a boot up period when executed, such as the
boot up period described with respect to the embodiment of
FIG. 8. The turbo boot driver is active during the boot up
period and may remain active after the boot up period.
Boot up data that 1s accessed during the boot up timer
period may be accessed from a HDD and/or a NVSM.

[0076] The 0OS boot up operations mode includes an OS
configuration mode. The O0OS configuration mode may be

followed by a logon mode. The 0OS of a computer system,

such as a Windows™ 0S, may be configured during the O0S

configuration mode. System and auto-start drivers may be
loaded and started. When the logon mode is engaged, user
may logon on and enter a user name and password. The logon

mode may be complete when the username and password are
approved and a user profile is loaded. User applications

and services may be loaded and executed after the logon

mode. In a Windows™-based system, Windows™ desktop is
started. Although FIG. 9 illustrates the boot up timer
period lapsing when the boot up is complete, the boot up
Timer period may lapse before or after the completion of
the boot up.

[0077] FIG. 10 illustrates a method of loading data
during a boot up. Although the following steps are
primarily described with respect to the embodiment of FIGs.
3, 8 and 9, the steps may be applied to the other
embodiments of the present disclosure. The method may

begin at 400.
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[0078] In step 402, a computer system is powered on
and a boot up procedure is initiated. This may include the
loading and executing of a master boot record from a HDD.
The master boot record may be loaded into and executed from
RAM of the computer system.

[0079] In step 404, a BIOS is loaded and executed.
This may include the loading and executing of an extensible
firmware interface (EFI) for personal computing (PC) based
systems. The EFI defines a software interface between an
operating system and platform firmware.

[0080] In step 404A, the master boot record may be
used to load and execute a POST module. The POST module
may be originally stored 1in ROM and 1loaded into and
executed from the RAM.

[0081l] In step 404B, the master boot record and/or the
POST module may be used to 1initialize computer system
hardware and locad and execute a boot loader. The boot
loader may be originally stored in the HDD and loaded into
and executed from the RAM. The boot loader may be executed
after execution of the POST module.

[0082] In steps 404B1-404B4, the boot locader may load
respectively an O0OS kernel, disk drivers, semiconductor
memory drivers and a turbo boot driver. The disk drivers
may include a disk storage driver and a disk control
driver. The semiconductor memory drivers may include a
semiconductor memory driver and a semiconductor control
driver.

[0083] In step 406, the boot loader may execute the O0S

kernel. The OS kernel may be executed from the RAM and
configure an 0S of the computer system. For example, the
0S kernel may configure a Windows™ O0S. Services and

applications may be loaded during and after execution of

the 0S kernel. In steps 406A-406C, the O0S kernel may
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respectively execute the disk drivers, the semiconductor
memory drivers, and the turbo boot driver.

[0084] In the following steps, various tasks are
performed by the turbo boot driver. The tasks may be
performed by the host control module, a turbo boot driver
module, and/or by a turbo boot control module.

[0085] In step 408, the turbo boot driver initiates a
boot up timer. The boot up timer may initiate a counter,
record an 1nitiation timestamp, and monitors time lapsed
from the initiation timestamp.

[0086] In step 409, a host control module and/or a
file system generates a data access request to access boot
up data stored on the HDD. The data access request may be
provided to a disk storage driver, a storage driver and/or
to a turbo boot driver. In one embodiment, the disk
storage driver or the storage driver generates a data
access signal that 1is provided to the turbo boot driver.
In another embodiment, the turbo boot driver receives the
data access request directly from the host control module
or the file system.

[0087] In step 410, the turbo boot driver determines
whether data associated with the data access request 1is
stored (cached) in a NVSM. In other words, the turbo boot
driver determines if there is a cache miss with respect to
the date access request. The turbo boot driver proceeds to
step 412 when the data 1s stored in the NVSM, otherwise
control may proceed to step 430. The turbo boot driver may
look up a sector number, a block ID and/or a LBA in a HDD-
Lo-NVSM map to determine whether the data is stored in the
NVSM.

[0088] In step 412, the turbo boot driver determines
whether the computer system 1is operating in a learn mode.

The computer system including the host control module, the
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turbo boot driver, the disk drivers, the semiconductor
memory drivers and/or the storage drivers may operate in
the learn mode. The computer system may operate in the
learn mode when the computer system 1is booting up for a
first time or during other boot ups in which boot up data
in the NVSM is updated. The turbo boot driver proceeds to
step 414 when the computer system 1s not operating in the
learn mode, otherwise control proceeds to step 418.

[0089] In step 414, the boot up data 1is loaded from
the HDD. After step 414, turbo boot driver may end at 416.
In step 418, the turbo boot driver and/or a learn module
loads the boot up data from the HDD and proceeds to step
420.

[0090] In step 420, the turbo boot driver and/or the
learn module captures the boot up data, records a first
address or location ID from the HDD and stores the boot up
data 1in the NVSM at a second corresponding address or
location 1ID. The boot up data, for example, may include
system and auto-start driver data, O0S data, O0S kernel
loader data, service and application data, or other boot up
data. The length of the stored data may also be recorded
and used when accessing the stored boot up data.

[0091] In step 422, the turbo boot driver and/or the
learn module maps locations of the boot up data in the HDD
Lo corresponding locations in the NVSM. This mapping may
be performed as described above with respect to the
embodiment of FIG. 8.

[0092] In step 424, the turbo boot driver may end at
426 when the boot up period has lapsed. The turbo boot
driver may proceed to step 428 when the boot up period has
not lapsed. In step 428, the turbo boot driver may return

to step 420 when additional boot up data is to be loaded
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from the HDD or return to step 409 when additional data
access requests are received.

[0093] In step 430, the turbo boot driver determines
whether the computer system is operating in a bi-storage
access mode. The computer system including the host
control module, the turbo boot driver, the disk drivers,
the storage drivers, and/or the semiconductor memory
drivers may operate in the bi-storage access mode. The bi-
storage access mode may include the accessing of data in
the HDD while accessing data in the NVSM. The turbo boot
driver proceeds to step 432 when the computer system 1is
operating in the bi-storage access mode, otherwise to step
434,

[0094] In step 432, the turbo boot driver loads boot
up data from both the HDD and the NVSM. The loaded boot up
data 1s transferred to the file system. Data loaded from
the NVSM may be data that was previously captured in a
learn mode. The turbo boot driver may use a HDD-to-NVSM
map and load a first set of data from the HDD and a second
set of data from the NVSM. The first set of data may be
distinct from and/or independent of the second set of data.

[0095] An OS image or portions thereof may be loaded
from both the HDD and the NVSM. An 0S image refers to a
file that contains an 0S, executable programs, and data
files associated with the executable programs. Sequential
read requests may be generated by the turbo boot driver
and/or the bi-storage access module. A sequential read may
include an HDD sequential read and a NVSM sequential read.
As another example, a sequential read may include an OS
SATA HDD sequential read and a NVSM sequential read.

[0096] The turbo Dboot driver and/or a Dbi-storage
access module may use a load balancing algorithm to balance

accessing of data from the HDD and the NVSM. The load
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balancing algorithm may determine which of the HDD and NVSM
to read data from based on data traffic, the amount of data
to access from each of the HDD and NVSM, the speed of the
HDD and/or the speed of the NVSM, the amount of data
currently being accessed from each of the HDD and the NVSM,
etc. This provides efficient use of the HDD and the NVSM
for guick boot up times.

[0097] In step 434, the turbo boot driver may use a
HDD-to-NVSM map and load the boot up data from the NVSM and
not from the HDD. The loaded boot up data is transferred
to the file system. Data loaded from the NVSM may be data
that was previously captured in a learn mode. In step 436,
the turbo boot driver may end at 438 when the boot up
procedure 1is complete, otherwise return to step 430 to
continue loading the boot up data.

[0098] FIG. 11 illustrates a method of writing data to
storage devices based on captured Dboot up data in
accordance with an embodiment of the present disclosure.
The method may be performed by a host control module, a
turbo boot driver module, and/or a turbo boot control
module. The method may begin at step 500. This method may
be performed when a computer system is in a boot up mode or
after a boot up mode 1is complete. This method may not be
performed during the learn mode.

[0099] In step 502, an HDD data access request may be
received from a file system by a disk storage driver, a
turbo boot driver, or a storage driver. In step 504, the
turbo boot driver may proceed to step 506 when the HDD data
access reqgquest is a write request, otherwise to step 514.

[0100] In step 506, the turbo boot driver may proceed
to step 508 when the HDD data access request corresponds to
boot up data stored in the NVSM, otherwise to step 510. In

step 508, data is stored in the HDD and in a corresponding
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location of the NVSM. The same data 1s stored in the HDD
and the NVSM. In step 510, data is stored in the HDD and
not in the NVSM. The turbo boot driver may end at step
512.

[0101] In step 514, the turbo boot driver may proceed
to step 516 when data associated with the HDD data access
request 1s stored in the NVSM, otherwise to step 518. In
step 516, the turbo boot driver reads data in the NVSM. In
step 518, the turbo boot driver reads data in the HDD. The
turbo boot driver may end at 520.

[0102] The above-described steps of FIGs. 10 and 11
are meant to be illustrative examples; the steps may be
performed sequentially, synchronously, simultaneously,
continuously, during overlapping time periods or in a
different order depending upon the application.

[0103] The broad teachings of the disclosure can be
implemented in a variety of forms. Therefore, while this
disclosure includes particular examples, the true scope of
the disclosure should not be so 1limited since other
modifications will Dbecome apparent upon a study of the

drawings, the specification, and the following claims.
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CLAIMS

What is claimed is:

1. A computer system comprising:

a hard disk drive that stores a first set of data
that includes boot up data;

a non-volatile semiconductor memory that is
distinct from semiconductor memory of the hard disk drive
and semiconductor memory of a host of the computer system;
and

a turbo boot driver module that stores the boot
up data in the non-volatile semiconductor memory and that
transfers the boot up data from the non-volatile
semiconductor memory to a file system of the host during a

boot up mode of the host.

2. The computer system of Claim 1, wherein the turbo
boot driver module stores a second set of data in the non-
volatile semiconductor memory that includes the boot up

data.

3. The computer system of Claim 1, wherein the turbo
boot driver module comprises a learn module that captures
and stores the boot up data in the non-volatile
semiconductor memory during a first boot up of the host,
and

wherein the turbo boot driver module transfers the
boot wup data stored 1in the non-volatile semiconductor
memory to the file system during a second boot up of the

host.
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4. The computer system of Claim 1, further
comprising at least one of the file system and a disk
storage driver that generates a data access request to
access data stored in the hard disk drive,

wherein the turbo boot driver module accesses
data stored in the non-volatile semiconductor memory to

satisfy the data access request.

5. The computer system of Claim 4, wherein the turbo
boot driver module does not access the hard disk drive to

satisfy the data access request.

6. The computer system of Claim 1, further
comprising at least one of the file system and a disk
storage driver that generates a data access request to
update data stored in the hard disk drive,

wherein the turbo boot driver module updates data
stored 1in the non-volatile semiconductor memory based on

the data access request.

7. The computer system of Claim 6, wherein the turbo
boot driver module updates the data stored in the hard disk

drive based on the data access request.

8. The computer system of Claim 1, wherein the turbo
boot driver module accesses a first set of boot up data
from the hard disk drive and accesses a second set of boot

up data from the non-volatile semiconductor memory.

9. The computer system of Claim 8, wherein the turbo
boot driver module accesses the first set of boot up data

and the second set of boot up data concurrently.
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10. The computer system of Claim 8, wherein the turbo
boot driver module accesses the first set of boot up data
and the second set of boot up data based on a data access
request from at least one of the file system and a disk

storage driver.

11. The computer system of Claim 1, wherein the turbo
boot driver module comprises a storage mapping module that
maps data stored in the hard disk drive to data stored in

the non-volatile semiconductor memory.

12. The computer system of Claim 1, further
comprising:
a disk storage driver that receives a hard disk
drive data access request from the file system,
wherein the turbo boot driver module generates a
non-volatile semiconductor memory data access request based
on the hard disk drive data access request; and
a semiconductor memory driver that accesses the
non-volatile semiconductor memory via a semiconductor
control driver and a semiconductor memory interface based
on the non-volatile semiconductor memory data access

request.

13. The computer system of Claim 1, further
comprising:
a storage driver that receives a hard disk drive
data access request from the file system,
wherein the turbo boot driver module generates a
non-volatile semiconductor memory data access request based

on the hard disk drive data access request; and
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a storage control module that access the non-
volatile semiconductor memory via a semiconductor memory
interface based on the non-volatile semiconductor memory

data access request.

14. The computer system of Claim 1, wherein the turbo

boot driver module comprises a boot wup timer with a
predetermined boot up period, and

wherein the turbo boot driver module stores all

or some of the boot up data captured from the hard disk

drive during the Dboot up mode in the non-volatile

semiconductor memory until the predetermined boot up period

lapses.

15. The computer system of Claim 1, wherein the turbo
boot driver module comprises a compress and decompress
module that compresses the boot up data before storage in
the non-volatile semiconductor memory and decompresses the
stored boot up data when accessed from the non-volatile

semiconductor memory.

16. The computer system of Claim 1, wherein the turbo
boot driver module operates in a learn mode that includes
the storing of the Dboot wup data in the non-volatile
semiconductor memory when a ratio of cache misses to cache

hits is greater than a threshold.

17. The computer system of Claim 1, wherein the turbo
boot driver module operates in a learn mode that includes
the storing of the Dboot wup data in the non-volatile
semiconductor memory when a ratio of cache misses to a

total of cache accesses is greater than a threshold.
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AMENDED CLAIMS

[received by the International Bureau on 22 January 2010 (22.01.10)]

1. A computer system comprising:

a hard disk drive that stores a first set of data that includes boot up
data;

a non-volatile semiconductor memory that is distinct from
semiconductor memory of the hard disk drive and semiconductor memory of a
host of the computer system; and

a turbo boot driver module that stores the boot up data in the non-
volatile semiconductor memory and that transfers the boot up data from the non-
volatile semiconductor memory to a file system of the host during a boot up
mode of the host,

wherein the turbo boot driver module captures the boot up data

when accessed from the hard disk drive during the boot up mode.

2. The computer system of Claim 1, wherein the turbo boot driver
module stores a second set of data in the non-volatile semiconductor memory

that includes the boot up data.

3. The computer system of Claim 1, wherein the turbo boot driver
module comprises a learn module that captures and stores the boot up data in
the non-volatile semiconductor memory during a first boot up of the host, and

wherein the turbo boot driver module transfers the boot up data stored in
the non-volatile semiconductor memory to the file system during a second boot
up of the host.

4. The computer system of Claim 1, further comprising at least one of
the file system and a disk storage driver that generates a data access request to
access data stored in the hard disk drive,

wherein the turbo boot driver module accesses data stored in the
non-volatile semiconductor memory to satisfy the data access request.
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5. The computer system of Claim 4, wherein the turbo boot driver

module does not access the hard disk drive to satisfy the data access request.

6. The computer system of Claim 1, further comprising at least one of
the file system and a disk storage driver that generates a data access request to
update data stored in the hard disk drive,

wherein the turbo boot driver module updates data stored in the

non-volatile semiconductor memory based on the data access request.

7. The computer system of Claim 6, wherein the turbo boot driver
module updates the data stored in the hard disk drive based on the data access

request.

8. The computer system of Claim 1, wherein the turbo boot driver
module accesses a first set of boot up data from the hard disk drive and
accesses a second set of boot up data from the non-volatile semiconductor

memory.

9. The computer system of Claim 8, wherein the turbo boot driver
module accesses the first set of boot up data and the second set of boot up data

concurrently.

10.  The computer system of Claim 8, wherein the turbo boot driver
module accesses the first set of boot up data and the second set of boot up data
based on a data access request from at least one of the file system and a disk

storage driver.

11.  The computer system of Claim 1, wherein the turbo boot driver
module comprises a storage mapping module that maps data stored in the hard
disk drive to data stored in the non-volatile semiconductor memory.
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12.  The computer system of Claim 1, further comprising:
a disk storage driver that receives a hard disk drive data access
request from the file system,
wherein the turbo boot driver module generates a non-volatile
5 semiconductor memory data access request based on the hard disk drive data
access request; and
a semiconductor memory driver that accesses the non-volatile
semiconductor memory via a semiconductor control driver and a semiconductor
memory interface based on the non-volatile semiconductor memory data access

10 request.

13.  The computer system of Claim 1, further comprising:
a storage driver that receives a hard disk drive data access request
from the file system,

15 wherein the turbo boot driver module generates a non-volatile
semiconductor memory data access request based on the hard disk drive data
access request; and

a storage control module that access the non-volatile
semiconductor memory via a semiconductor memory interface based on the

20 non-volatile semiconductor memory data access request.

14.  The computer system of Claim 1, wherein the turbo boot driver
module comprises a boot up timer with a predetermined boot up period, and
wherein the turbo boot driver module stores all or some of the boot
up data captured from the hard disk drive during the boot up mode in the non-
25  volatile semiconductor memory until the predetermined boot up period lapses.

15. The computer system of Claim 1, wherein the turbo boot driver
module comprises a compress and decompress module that compresses the
boot up data before storage in the non-volatile semiconductor memory and
decompresses the stored boot up data when accessed from the non-volatile

30 semiconductor memory.
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16.  The computer system of Claim 1, wherein the turbo boot driver
module operates in a learn mode that includes the storing of the boot up data in
the non-volatile semiconductor memory when a ratio of cache misses to cache

hits is greater than a threshold.

17.  The computer system of Claim 1, wherein the turbo boot driver
module operates in a learn mode that includes the storing of the boot up data in
the non-volatile semiconductor memory when a ratio of cache misses to a total

of cache accesses is greater than a threshold.

18. The computer system of Claim 1, wherein the boot up data

comprises auto start drivers, operating system data, and application programs.
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