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INTRODUCTION

On July 8, 2016, Petitioner Apple, Inc. filed a Petition (Paper 2,
“Pet.”) requesting inter partes review of claims 1-31 (“the challenged
claims™) of U.S. Patent No. 7,181,608 B2 (Ex. 1001, “the *608 Patent”).
Patent Owner Realtime Data, LLC timely filed a Preliminary Response
(Paper 9, “Prelim. Resp.”) on October 20, 2016.

Under 35 U.S.C. § 314, an inter partes review may not be instituted
unless the information presented in the Petition shows “there is a reasonable
likelihood that the petitioner would prevail with respect to at least 1 of the
claims challenged in the petition.” See also 37 C.F.R § 42.4(a) (delegating
authority to the Board). Upon consideration of the Petition and Patent
Owner’s Preliminary Response, and the evidence cited therein, we determine
that the information presented demonstrates a reasonable likelihood that
Petitioner would prevail in establishing the unpatentability of each of the
challenged claims. Accordingly, we institute an inter partes review of the

challenged claims.

A.  Related Proceedings

The parties identify the following cases as related to the challenged
patent: Realtime Data, LLC v. Microsoft Corporation, Case No. 4:14-cv-
00827 (E.D. Tex.) and Realtime Data, LLC v. Apple, Inc., Case No. 3:16-cv-
02595 (N.D. Cal.) (transferred from Realtime Data, LLC v. Apple, Inc., Case
No. 6:15-cv-00885 (E.D. Tex.)). Pet. 1; Paper 8, 2.

B. The *608 Patent
The ’608 Patent relates to “providing accelerated loading of operating

system and application programs upon system boot or application launch,”
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and to the use of data compression and decompression techniques for such
purpose. Ex. 1001, 1:15-21. The specification discusses the limits of prior
art storage devices, particularly the significant bandwidth limitations of
“mass storage devices” such as hard disk drives. Id. at 1:39-52, 2:4-14.

According to the specification,

“[A]ccelerated” data storage comprises receiving a digital data
stream at a data transmission rate which is greater than the data
storage rate of a target storage device, compressing the input
stream at a compression rate that increases the effective data
storage rate of the target storage device and storing the
compressed data in the target storage device.

Id. at 5:48-54.

C.  Challenged Claims
Petitioner challenges claims 1-31 of the 608 Patent. Pet. 2. Claims
" 1,7,22, and 27 are independent. Claim 1 is illustrative of the challenged
claims, and is reproduced below:

1. A method for providing accelerated loading of an
operating system, comprising the steps of:

maintaining a list of boot data used for booting a computer
systcm;

initializing a central processing unit of the computer system;

preloading the boot data into a cache memory prior to
completion of initialization of the central processing unit of the
computer system, wherein preloading the boot data comprises
accessing compressed boot data from a boot device; and

servicing requests for boot data from the computer system using
the preloaded boot data after completion of initialization of the
central processing unit of the computer system, wherein
servicing requests comprises accessing compressed boot data
from the cache and decompressing the compressed boot data at
a rate that increases the effective access rate of the cache.
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D.  Asserted Prior Art and Grounds of Unpatentability

Petitioner asserts the following grounds of unpatentability under
35U.S.C. § 103 (Pet. 2):
Challenged Claim(s) Asserted Prior Art

1-31 Sukegawa! and Dye?

1-31 Sukegawa, Dye, and Settsu?

1-31 Sukegawa, Dye, and Burrows*

1-31 Sukegawa, Dye, Settsu and Burrows

Additionally, Petitioner relies on the Declaration of Dr. Charlcs J. Neuhauser

(Ex. 1003) to support its challenges.

ANALYSIS
A.  Claim Construction
In an inter partes review, claim terms in an unexpired patent are given
their broadest reasonable construction in light of the specification of the
patent in which they appear. 37 C.F.R. § 42.100(b); see Cuozzo Speed
Techs., LLC v. Lee, 136 S. Ct. 2131, 2144-46 (2016). No claim terms
requirc cxpress construction for purposes of this Decision. See Vivid Techs.,

Inc. v. Am. Sci. & Eng’g, Inc., 200 F.3d 795, 803 (Fed. Cir. 1999).

1'U.S. Patent No. 5,860,083, issued Jan. 12, 1999 (Ex. 1005, “Sukegawa”).
2U.S. Patent No. 6,145,069, filed Apr. 26, 1999, issued Nov. 7, 2000

(Ex. 1008, “Dye”).

3U.S. Patent No. 6,374,353 B1, filed Mar. 3, 1999, issued Apr. 16, 2002
(Ex. 1006, “Settsu’).

4 Michael Burrows et al., On-line Data Compression in a Log-structured
File System (1992) (Ex. 1007, “Burrows”).

4
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B. Overview of the Asserted Prior Art

1. Sukegawa

Sukegawa relates to “a data storage system using a flash memory unit
and an HDD [(hard disk drive)].” Ex. 1005, at [57]. The flash memory unit
is used, for example, to store “data which is used frequently for a relatively
long time period.” Id. Such data could include “control information
necessary for starting an application program (AP) and an OS [(operating
system)].” Id. at 2:65-3:3. Although such control information is stored on
the HDD, the data may be stored also on the flash memory unit so that the
OS may be started using the control information on the flash memory unit
instead of the HDD. Id. at 6:45-54. This is advantageous because the flash
memory unit has a “higher access speed,” which allows the OS to be started

more quickly. Id. at 6:54-58.

2. Dye

Dye relates to controllers for flash or embedded memory that include
data compression and decompression engines “for increased effective
memory density and improved bandwidth.” Ex. 1008, 1:17-22, 2:42—46.
According to Dye, such a controller enables conventional flash memory to
“achieve higher bandWidth, more effective density, with less system power
and noise.” Id. at 3:3-12, 3:23-28. The technology permits data to be
“saved in either a normal or compressed format, retrieved from the Flash
Memory Array for MPU [(microprocessing unit)] execution in a normal or
compressed format, or transmitted and stored on a medium in a normal or

compressed format.” Id. at 3:66—4:8.
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3. Settsu
Settsu relates to “[a] method of booting up-an information processmg
apparatus.” Ex. 1006, at [S7]. One embodiment described in Settsu
involves dividing the main body of an operating system into modules and
storing each module as compressed files on a boot device. Id. at 14:58-63.
Each of these modules is decompressed each time it is loaded into memory,
a_nd “the time required for I/O [(input/output)] proce'ssing can be reduced” as
~ aresult, which “provides an advantage of being able to further reduce the
" time required for booting up the information processing apparatus.’; Id at

14:64-15:4.

4. Burrows

Burrows states that it “appeared in tﬁe proceedings of the Fifth |
International Conference on Architectural Support for Programming
Languages and Operating Systems (ASPLOS-V), 12-15 October, 1992,
published by ACM Press.” Ex. 1007, iv. According to Burrows, “[bluilding
a file system that compresses the data it stores on disk is clearly an attractive
idea,” at least because “more data would fit on the disk” and using a “tast

| hardware data compressor” would “increase the effective disk transfer rate

by the compression factor, thus speeding up the system.” Id. at 1. Burrows
describes a particular type of file system utilizing data compression and

reports the results of tests of that system. See id. at v.

C.  Alleged Obviousness in View of Sukegawa and Dye
Petitioner contends the combination of Sukegawa and Dye teaches or
suggests each element of claims 1-31. Pet. 24-67. A claim is unpatentable

. under 35 U.S.C. § 103 if the differences between the claimed subject matter
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and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person of ordinary skill in
the art. KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 406 (2007). This
determination is made in light of the relevant facts concerning: (1) the scope
and content of the prior art, (2) the differences between the prior art and the
claims at issue, (3) the level of ordinary skill in the pertinent art,’ and

(4) secondary considerations, such as commercial success, long felt but
unsolved needs, failure of others, etc. Graham v. John Deere Co., 383 U.S.
1, 17-18 (1966). In addition, it may be “important to identify a reason that
would have prompted a person of ordinary skill in the relevant field to
combine the elements in the way the claimed new invention does.” KSR,

550 U.S. at 418.

1. .Independent Claim 1

The Petition sets forth detailed contentions and supporting evidence
alleging that claim 1 is obvious in light of the combined teachings of
SukegaWa and Dye. Pet. 24—41. On the present record, we conclude the
Petition has made an adequate showing for purposes of institution.

For the recited step of “maintaining a list of boot data used for booting
a computer system,” Petitioner identifies teachings in Sukegawa relating to
maintaining “control information” necessary for starting an OS or an
application program. Id. at 25-29. For the step of “initializing” a CPU,
Petitioner asserts that Sukegawa teaches a CPU and, as Dr. Neuhauser

testifies, that a person of ordinary skill would have understood that the CPU

5 For purposes of this Decision, we determine the asserted prior art reflects
the appropriate level of ordinary skill in the art. See Okajima v. Bourdeau,
261 F.3d 1350, 1355 (Fed. Cir. 2001).
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must be initialized to start an OS or application program. Pet. 29-30; Ex.
1003 99 106-07; Ex. 1005, 4:22-30, 6:19-58.

With respect to the step of “preloading the boot data into a cache
memory prior to completion of initialization of the central processing unit,”
Petitioner identifies teachings in Sukegawa regarding the copying of control
information (e.g., for the OS) from a HDD to portions of a flash memory
unit, which Sukegawa indicates is used “as a cache memory.” Pet. 30-33
(quoting Ex. 1005, 4:7-10); see Ex. 1005, 6:35-39, 6:45-49. Sukegawa
explains that “when the OS is started at the time of the next turning-on of
power, the control information necessary for starting the OS is read out not
from HDD2 but from the . . . cache memory area [of the flash memory
unit].” Ex. 1005, 6:49-53. According to Petitioner, these aspects of
Sukegawa teach preloading boot data into a cache memory (i.e., copying
control information from the HDD to the flash memory unit) prior to
completion of CPU initialization (i.e., before the next time the computer is
turned on), as recited in claim 1. Pet. 31-33.

As to the requirement of claim 1 that the preloading step comprises
“accessing compressed boot data from a boot device,” Petitioner relies on
the combination of teachings from Sukegawa and Dye. Pet. 33-35.
Petitioner argues the HDD of Sukegawa teaches the recited boot device
because it stores the control information necessary to boot the OS and
application programs. Id. at 33 (citing Ex. 1005, 4:1-21, 6:19-58, Figs. 1, 4;
Ex. 1001, 21:53-56). For the requirement that the boot data be compressed,

Petitioner relies on Dye’s description of a memory controller using data
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compression and decompression engines to compress data for storage.® Pet.
33-34. Based on the testimony of its expert, Dr. Neuhauser, Petitioner
argues a person of ordinary skill would have been motivated to apply these '
teachings of Dye to the control information of Sukegawa because Dye
explicitly teaches that compression and decompression tec}lnology provides

* the benefits of irhproved memory capacity and performance, which also was
well-_known in the ért. Id.; Ex. 1003 9 63, 118-20; see Ex. 1008, at [57],
2:42-46. B

For the step of “servicing requests for boot data from the computer

system using the preloaded boot data,” Petitioner relies é)n Sukegawa. Pet.
35-36. Specifically, Sukegawa describes a controller that “controls the flash
memory unit 1 and HDD 2, as an integrated storage system, in accordance
with access requests (read/wrife commands) issued from the host system 4 to
the HDD.” Ex. 1005, 4:26-30. As discussed above, Sukegawa describes a

~ procedure by which control information for an OS or application program is
copied from an HDD to a flash memory unit, and the control information is

. provided from the flash memory unit instead of the HDD for a subsequent
boot-up of the computer. Id. at 6:45-54. |

Claim 1 further requires the servicing fequests step to comprise

“accessing compressed boot data from the cache and decompressing the

compressed boot data at a rate that increases the effective access rate of the

* 6 The Petition also relies on U.S. Patent Application No. 09/239,659 (issued
as U.S. Patent No. 7,190,284 B1 (“Dye ’284,” Ex. 1009)), which Petitioner
asserts is incorporated by reference into Dye. Pet. 12. Patent Owner
contends Dye’s incorporation by reference of Dye *284 is insufficient.

- Prelim. Resp. 17-20. For purposes of this Decision, we need not reach this
issue because Petitioner has made a sufficient showing for purposes of
institution even without considering Dye *284.

9
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cache.” As to this limitation, Petitioner argues that Dye teaches accessing
and decompressing compressed data from flash memory, and that doing so
increases the read access rate of the memory. Pet. 37-41. Again, Petitioner
contends a person of ordinary skill would have been motivated to modify the
Sukegawa system with the compression/decompression technology taught in
Dye to achieve the benefits described in Dye, such as improved memory
capacity and access bandwidth. Id. at 37, 41.

Based on the present record, we conclude Petitioner’s contentions and
evidence, as discussed above, demonstrates a reasonable likelihood of
prevailing as to claim | on the ground of unpatentability based on Sukegawa
and Dye. Patent Owner’s arguments, addressed in detail below, are
unpersuasive at this stage.

First, Patent Owner argues Petitioner fails to demonstrate that the
asserted art teaches the “preloading” step of claim 1. Prelim. Resp. 11. To
the contrary, as discussed above, Petitioner explains sufficiently at this stage
how the combination of Sukegawa and Dye teaches the preloading step. See
Pet. 30-35. Patent Owner’s arguments that Petitioner fails to show the
asserted art teaches “accessing compressed boot data” and “decompressing
the compressed boot data at a rate that increases the effective access rate of
the cache” (Prelim. Resp. 12—13) are unpersuasive for similar reasons. See
Pet. 33-35; 37-41.7

Patent Owner also argues that Petitioner fails to articulate a sufficient

motivation to combine Sukegawa and Dye. See Prelim. Resp. 20-24. As

7 Several of Patent Owner’s arguments appear to be based in large part on
Patent Owner’s belief that the Petition improperly relies on Dye *284. See,
e.g., Prelim. Resp. 11 n.30. As discussed above, Petitioner’s showing is
sufficient at this stage even if Dye "284 is not considered.

10
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discussed above, however, Petitioner explains that a person of ordinary skill
would have been motivated to combine Sukegawa’s system With Dye’s
cofnpression and decompression teachings because Dye indicates those /
teachings leéci to improved memory capacity and performance. Pet. 34, 37,
41; Ex. 1003 99 63, 118-20; see Ex. 1008, at [57], 2:42—46. On this record,
Petitioner has articulated sufficient reasoning wit}J1 rational underpinning to
combine the references as asserted, for purposes of institﬁtion. |
Next, Patent Owner contends that Dye “teaches away” from the

asserte;i ;:ombination with Sukegawa because Dye’s teachings are in the

. context of “solid state disk and Execute In Place (‘X1P’) archite;:'tures,”
which are distinguished from systems that include hard disk drives. Prelim.
Resp. 25-28. At this stage, however, Patent Owner does not identify any
evidence in Dye or elsewhere that criticizes, discredits, or otherwise
discourages the use qf complression\or decompression techniques with hard
disk drives. See In re Fulton, 391 F.3d 1195, 1201 (Fed. Cir. 2004). Merely
describing how a compression/decompression technique may be
advantageously used in one type of system architecture does not teach away
from its use in other systems. See id ; In re Gurley, 27 F.3d 551, 554 (Fed.
Cir. 1994)." S

| In addition, Patent Owner’s argument is unpersuasive that the specific
configuration of the compression/decompression engine in Dye, when
inserted Iinto the system of Sukegawa, would not yield the claimed invention.
Prelim. Resp. 28-29. “The test for obviousness is not whethér the features
of a secondary reference may be bodily incorporated into the structure of the
primary reference.” In re Keller, 642 F.2d 413, 425 (CCPA 1981). “Rather,
the test is what the combined teachings of the references would have

. ‘* suggested to those of ordinafy skill in the art.” Id.; see In re Mouttet, 686 .

11
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F.3d 1322, 1332 (Fed. Cir. 2012) (citing Keller); see also In re Etter, 756 F.2d
852, 859 (Fed. Cir. 1985) (en banc) (“Etter’s assertions that Azure cannot be
incorporated in Ambrosio are basically irrelevant, the criterion being not whether
the references could be physically combined but whether the claimed inventions
are rendered obvious by the teachings of the prior art as a whole.”).

Patent Owner further argues that Petitioner’s showing with respect to
the step of “preloading the boot data . . . prior to completion of initialization
of the [CPUYJ” is insufficient because Petitioner’s evidence does not support
“a de facto inherency argument.” Prelim. Resp. 32-36. According to Patent
Owner, Petitioner’s evidence only shows that the CPU of Sukegawa “may”
be initialized, not that it is necessarily so, which is insufficient for inherency.
Id. We note, however, that Petitioner’s asserted ground of unpatentability is
based on obviousness, not anticipation. Moreover, Petitioner presents
evidence supporting its allegation that a person of ordinary skill would have
understood Sukegawa to teach that its CPU must be initialized before
starting an OS or application program, including the testimony of Dr.
Neuhauser. Pet. 29-30; Ex. 1003 q{ 106-07; Ex. 1005, 4:22-30, 6:19-58.
At this stage, Petitioner’s evidence is sufficient.

For the reasons discussed above, Petitioner has demonstrated a
reasonable likelihood of prevailing as to claim 1 on the ground of

obviousness in view of Sukegawa and Dye.

2. Remaining Challenged Claims

The Petition sets forth detailed contentions and supporting evidence
alleging that claims 2-31 are obvious in light of the combined teachings of
Sukegawa and Dye. Pet. 41-67. For instance, as discussed above,

Sukegawa describes “control information” necessary to start an OS as well

12
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as control information necessary to start application programs, which the
Petition applies to the limitations of claims 2 and 9. Id. at 4142, 53-55.
With respect to the claims reciting Huffman or Lempel-Ziv encoding,
Petitioner identifies disclosures in Dye that reference these encoding
schemes. Pet. 59, 61, 64, 66. As for the “direct memory access” limitation
of claim 13, Petitioner relies on the combination of Sukegawa’s teachings
regarding accessing boot data from a HDD and Dye’s teachings regarding
data compression, as well as Dr. Neuhauser’s testimony that a person of
ordinary skill would have understood Sukegawa to teach direct memory
access via a PCI bus (Ex. 1003 49 260—62). Pet. 58.

For the system claims (e.g., claim 7 and 27), Petitioner identifies
structures taught in Sukegawa—for example, Sukegawa’s cache system
controller 3 (“digital signal processor (DSP) or controller” (claim 7)), flash
memory unit 1 (“cache memory device” (claim 7), “cache memory” (claim
27)), and HDD 2 (“non-volatile memory device” (claim 7), “boot device”
and “non-volatile memory” (claim 27)), and the compression/decompression
engine of Dye (“data compression engine” (claim 27)). Pet. 48-49, 65—66;
see also id. at 37-38 (arguments regarding Dye’s compression and
decompression engine, which are cross-referenced in Petitioner’s arguments
for claim 27), 55-58 (arguments regarding Dye;s compression and
decompression engine with respect to the “data compression engine”
limitations of claim 10).

Patent Owner presents the same or similar arguments for the
remaining claims as it does for claim 1, which are unpersuasive on the
present record for similar reasons as for claim 1. In addition, Patent Owner
argues Petitioner failed to address the limitation in claim 27 of “preloading

compressed boot data associated to the list” (emphasis added), which it

13
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contends is different than similar language recited in claim 1. Prelim. Resp.
36-37. Petitioner relies solely on its arguments regarding the preloading
step of claim 1, which it argues apply equally to this aspect of claim 27. See
Pet. 65. At this stage, we disagree with Patent Owner’s characterization of
the claim. Claim 27 recites, “maintaining a list associated with boot data”
(emphasis added), as compared to claim 1, which recites “maintaining a list
of boot data” (emphasis added). Neither party argues these phrases are
different in scope in any respect relevant to this proceeding, nor do we
perceive any such difference. The recitation in claim 27 of preloading “boot
data associated to the list” (emphasis added) appears to be simply a
reference to the previously recited “list associated with boot data,” i.e., the
boot data that the list is “associated with.” Thus, at this juncture, we are not
persuaded that “preloading compressed boot data associated to the list,” as
recited in claim 27, is appreciably different in scope than “preloading the
boot data . . . compris[ing] accessing compressed boot data,” as recited in
claim 1.

Based on the evidence available at this stage of the case and the
analysis presented in the Petition, Petitioner has demonstrated a reasonable
likelihood of prevailing as to claims 2-31 on the ground of obviousness in

view of Sukegawa and Dye.

C.  Alleged Obviousness in View of Sukegawa, Dye, and Settsu and/or
Burrows

For the remaining asserted grounds of unpatentability, Petitioner
principally relies on the same arguments and evidence as in the ground
based solely on Sukegawa and Dye, which are discussed above. Petitioner

presents additional arguments relating to Settsu and Burrows as to specific

14
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limitations in certain claims. Pet. 67-70. For example, for claim 1,
f’etitioner contends Settsu teaches accessing compressed operating system
files on a “boot device.” [cf. at 68; see Ex. 1006, 14:58-66. Settsu indicates
doing so reduces the time required for booting up (Ex. 1006, 14:66—15:4),
which Petitioner argues provides further motivation for a person of ordinary
skill to combine the sgfstem of Sukegawa with teachings about
compression/decompression, such as in Dye and Settsu. Pet. 68. Similarly,
Petiti.oner notes Burrows teaches “that compression/decompression was
well-known to increase the speed of accessing data from a hard drive,”
which it contends would have further motivated a skilled artisan to combine
the system of Sukegawa with the teachings of Burrows ard Dye to apply
" compression/decompression to store the control information on the hard disk
drive.in compressed format. Id. at 69; see id. at 171 8 (citing Ex. 1007, 1).
In addition to its arguments relating to the asserted combination of
Sukegawa and Dye, Patent Owner further argues that Pet.itioner’s' alleged
motivation to combine based on Settsu is insufficient because “Settsu does
not discuss improving boot time on a system such as Sukegawa, which also
claims to improve boot time using another technique,” and no evidence
indicates applying Settsu to Sukegawa could further improve boot speed.
Prelim. Resp. 30-31. As discussed earlier, however, “[t]he test for
obviousness is not whether the features of a secondary reference may be
bodily incorporated into the structure of the primary reference.” Keller, 642
F.2d at 425; see In re Mouttet, 686 F.3d 1322, 1332 (Fed. Cir. 2012) (citing
Keller). Patent Owner also argues Burrov:/s does not supply sufficient
evidence of a motivation to combine by merely indicating that data
compression is “attractive.” Prelim. Resp. 31-32. Petitioner, however,

- -identifies more specific and detailed portions of Burrows that support its
- ‘ .
15
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contentions sufficiently on this record. See Pet. 17-18, 69; Ex. 1007, 1
(specifying that compression would mean “more data would fit on the disk,”
and the “disk transfer rate” could be increased).
Based on the present record and the analysis presented in the Petition,
~ we are persuaded Petitioner has demonstrated a;éasonable likelihood of
prevailing as to claims 1-6 and 9-17 on'the grounds of obviousness in view
of (1) Sukegawa, Dye, and Settsu; (2) Sukegawa, Dye, and Burrows; and
" (3) Sukegawa, Dye, Settsu, and Burrows. With respect to independent
claims 7, 22, and 27, as well as their dependent claims, hoWever, Petitioner
does not present any specific argument or evidence regarding Settsu or
Burrows.® Thus, we decline to institute Petitioner’s challenges to those

‘claims based on Settsu or Burrows. See 37 C.F.R. § 42.108.

D.  Remaining Patent- Owner Arguments

Patent Owner makes several additional arguments against the Petition
generally. First, Patent Owner a}gues the Petition violated 35 U.S.C.
§ 312(a)(3) and 37 C.F.R. §§ 42.22, 42.104 through the use of improper
“cross-referencing, nested citations, and citations to expert declaration,”
among other alleged failings. Prelim. Resp. 37-44. Aside from the table on
page 71 of the Petition (see supra note 8), we determir;e the Petition is not in
violation of these rules and requirements. Additionally, Patent Owner
argues the Petition improperly incorporates Dr. Neuhauser’s Declaration by
reference and seeks to circumvent the word limit for petitions. Prelim. Resp.

44-48. We disagree with this argument as well. Finally, Patent Owner

8 Although the Petition includes a table that purports to indicate which
claims its “Settsu/Burrows Analysis” applies to, the table is inadequate to
meet the requirements of 37 C.F.R. § 42.104(b).

16
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urges that all grounds except obviousness in view of Sukegawa and Dye be
rejected as “redundant.” Id. at 48-50. Although we have discretion to
decline to institute on any asserted ground, including those that are
duplicative of other grounds, we decline to exercise that discretion beyond

as already discussed above.

CONCLUSION
For the foregoing reasons and on the present record, we determine that
the information presented in the Petition demonstrates a reasonable
likelihood that Petitioner would prevail in establishing the unpatentability of

claims 1-31.

ORDER
Accordingly, it is
ORDERED that pursuant to 35 U.S.C. § 314, an inter partes review is
hereby instituted on the following asserted grounds of unpatentability:

(1) Claims 1-31 as unpatentable under 35 U.S.C. § 103(a) in

view of Sukegawa and Dye;

(2) Claims 1-6 and 9-17 as unpatentable under 35 U.S.C.

§ 103(a) in view of Sukegawa, Dye, and Settsu;

(3) Claims 1-6 and 9-17 as unpatentable under 35 U.S.C.

§ 103(a) in view of Sukegawa, Dye, and Burrows; and

(4) Claims 1-6 and 9-17 unpatentable under 35 U.S.C.

§ 103(a) in view of Sukegawa, Dye, Settsu, and Burrows;
FURTHER ORDERED that no other grounds are authorized for this

inter partes review other than those specifically identified above; and

17
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FURTHER ORDERED that pursuant to 35 U.S.C. § 314(c) and
37 C.F.R. § 42.4, notice is hereby given of the institution of a trial; the trial

will commence on the entry date of this decision.

18
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PETITIONER:

Walter Renner

Jeremy Monaldo

Andrew Patrick

Katherine Vidal

FISH & RICHARDSON P.C.
[PR39521-0023IP 1 @ftr.com
PTABInbound@fr.com

PATENT OWNER:
Richard Zhang

FISCH SIGLER LLP
richard.zhang.ipr@fischllp.com

19
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Case 6:15-cv-00885 Document 4 Filed 10/05/15 Page 1 of 1 PagelD #. 206

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 11 16 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas, Tyler Division on the following

[ Trademarks or [A Patents.  ( ﬁ the pate;lt ;éti(;; iﬁ\:(rﬂve;ﬁg ljSC §292.): o

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:15-cv-885 10/5/2015 Eastern District of Texas, Tyler Division
PLAINTIFF DEFENDANT

Realtime Data, LLC d/b/a IXO Apple, Inc.

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 7,181,608 2/20/2007 Realtime Data, LLC d/b/a 1XO

2 8,090,936 1/3/2012 Realtime Data, LLC d/b/a IXO

3 8,880,862 11/4/2014 Realtime Data, LLC d/b/a IXO

4 7,415,530 8/19/2008 Realtime Data, LLC d/b/a IXO

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
[0 Amendment O Answer [ Cross Bill ] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy te Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy

Realtime 2023
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Case 4:14-cv-00827 Document 2 Filed 12/19/14 Page 1 of 1 PagelD #: 161

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Eastern District of Texas on the following
[] Trademarks or [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
4:14-cv-00827 12/19/2014 for the Eastern District of Texas
PLAINTIFF DEFENDANT
Realtime Data, LLC d/b/a IXO Microsoft Corporation, Dell Incorporated, Hewlett-Packard Company
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 7,181,608 2/20/2007 Realtime Data, LLC
2 8,090,936 1/3/2012 Realtime Data, LLC
3 8,880,862 11/4/2014 Realtime Data, LLC
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [ Answer [ Cross Bill [J Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
09/776,267 02/02/2001 James J. Fallon 2855.0040003
CONFIRMATION NO. 9730
26111 POA ACCEPTANCE LETTER
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.

1100 NEW YORK AVENUE, N.W.

ORI T AR
WASHINGTON, DC 20005 000000045613616

Date Mailed: 01/26/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/07/2011.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/sleutchit/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1

Realtime 2023
Page 22 of 964



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
09/776,267 02/02/2001 James J. Fallon 8011-15
CONFIRMATION NO. 9730
1473 POWER OF ATTORNEY NOTICE
ROPES & GRAY LLP
PATENT DOCKETING 39/361 IR TR
000000045613556

1211 AVENUE OF THE AMERICAS

NEW YORK, NY 10036-8704
Date Mailed: 01/26/2011

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/07/2011.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/sleutchit/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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o A

H) 776267

PTO/SB/8O (11-08)

Approved for use threugh 11/30/2011. OMB 0851-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
695, no persons are required 10 respond 1o a collection of information unless it displays a valid OMB control number.

Under the Paperwo Rgauction Aalhet

‘ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO
as?
I hereby revoke all previous powers of attorney given in the application identified in the attached statement under
37 CFR 3.73(b).
| hereby appoint:
Practitioners associated with the Customer Number: 26111
OR
D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):
Name Registration Name Registration
Number Number
as attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USP‘ltO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assighment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).
1
Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to: e 2,
[
o]
The address associaled with Customer Number: 26111 T
OR <
Fimm or
Individua! Name : Eh)
Address -
City l State Zip N
Country
Telephone l Email
Assignee Name and Address;
Realtime Data LLL.C DBA 1XO
11 Wampus Close
Armonk, New York 10504
A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivalent) Is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to acton behalf of the assignee,
and must identify the application in which this Power of Attorney is to be filed.
SIGNATURE of Assignee of Record
The ipdjuidugl whose signature ang ide-isTupplied below is authorized to act on behalf of the assignee
Signature W Date / 3 /
Neme _ |14uses7. Falion Tetlephone (914 438-0233
Title Chairman

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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AR
0L F

PTO/SB/96 (07-09)

JAN U, ,7 . -6 Approved for use through 07/31/2012. OMB 0651-0031
J°7 201 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
>, Unde¢3fe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

%4, wa\d‘ STATEMENT UNDER 37 CFR 3.73(b) Atty. Docket No. 2855.0040003

Applicant/Patent Owner: Fallon et al.
Application No./Patent No.: 7.181.608 B2 Filed/lssue Date: February 20, 2007
Titled:  Systems and Methods For Accelerated Loading Of QOperating Systems and Application Programs

REALTIME DATA, LLC ,a limited liability company

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:

1. @ the assignee of the entire right, title, and interest in; o
C. .
2. [ ] anassignee of less than the entire right, title, and interest in 2—
(The extent (by percentage) of its ownership interest is %); or «
“ )
3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors Wa‘s made)

the patent application/patent identified above, by virtue of either: : ‘\,

Sl

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 011797 , Frame 0735 , or for which a

copy therefore is attached.

OR
B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet(s).
As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersignetWé is supplied Wi authorized to act on behalf of the assignee. / /7 / /
~ y ¥’ L

Signatu'Fe 4 Date
Michael V. Messinger, Reg. No. 37,575 Attorney for Patentees
Printed or Typed Name Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO tor
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, US.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. Realtlme 2023

If vou need assistance in completina the form. call 1-800-PTO-9189 and select ootion 2. P a g e 2 5 Of 9 6 4



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
09/776,267 02/02/2001 James J. Fallon 8011-15
CONFIRMATION NO. 9730
1473 POA ACCEPTANCE LETTER

PATENT DOCKETING 30136 AT

1211 AVENUE OF THE AMERICAS

NEW YORK, NY 10036-8704
Date Mailed: 04/02/2008

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/24/2008.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/gbien-aime/

Office of Initial Patent Examination (571) 272-4000 or 1-800-PTO-9199

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NUMBER |

FILING OR 371(C) DATE |

FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
09/776,267 02/02/2001 James J. Fallon 8011-15
CONFIRMATION NO. 9730
22150 POWER OF ATTORNEY NOTICE
F. CHAU & ASSOCIATES, LLC
130 WOODBURY ROAD

WOODBURY. NY 11767 IR R A

Date Mailed: 04/02/2008

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/24/2008.

» The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/gbien-aime/

Office of Initial Patent Examination (571) 272-4000 or 1-800-PTO-9199

page 1 of 1
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Electronic Acknowledgement Receipt

EFS ID: 3039284
Application Number: 09776267
International Application Number:
Confirmation Number: 9730

Title of Invention:

SYSTEMS AND METHODS FOR ACCELERATED LOADING OF
OPERATING SYSTEMS AND APPLICATION PROGRAMS

First Named Inventor/Applicant Name:

James J. Fallon

Customer Number:

22150

Filer:

Richard DeGive Allison/Cindyanne Holmes

Filer Authorized By:

Richard DeGive Allison

Attorney Docket Number: 8011-15
Receipt Date: 24-MAR-2008
Filing Date: 02-FEB-2001
Time Stamp: 12:10:51

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document __— . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
368805
1 Power of Attorney 801115_Power.pdf no 2
sesee 90b811‘|;713 °

Warnings:

Information: Realtime 2023
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Total Files Size (in bytes): 368805

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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PATENTS
8011-15

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION

Applicants : James J. Fallon et al).

Application No. : 09/776,267 Coafirmation No. : 973p
Filed : Pebruary 2, 2001

For : SYSTEMS AND METHOI'S FOR ACCELERATED

LOADING OF OPERATING SYSTEMS AND -
APPLICATION PROGRZMS

Art Unit : 2115

Examiner : Suresh Suryawanshi
Commissioner for Patents

P.O., Box 1450

Alexandria, Virginia 22313-1450

REVOCATION OF POWER 0.? ATTORNEY
AND NEW POWER OF A'MTORNBY

Sir:

Realtime Data LLC, assignee of the above-identified
United States patent application by virtue of an assignment
from the inventors to Realtime Data LLC, recorded at
Reel 11797, Frames 735-736, hexeby rerokes all powers of
attorney heretofore existing in said 'Jnited States patent
application, and hereby appeoints the ittormeys and agents
associated with Customer No. 1473 as 'its principal attorneys
and agents of record in said United Si:ates patent application,
with full power of substitution and ruvecation including the
power to appoint associate attorneys ind to revoke their
powers, and to transact all business :.n the Patent and
Trademark Office pertaining to said p:tent application.
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The Patent and Trademark Office is respectfully
requested to direct all correspondenze to:

Customer No. 1473

and to direct all telephone calls to:

Jeffrey H. Ingerman
Tel.: (212) 596-92000.

The undersigned hereby cer:ifies that the
evidentiary documents have been reviieswed and, to the best of
the undersigned's knowledge and beli:f, title is in assignee.

The undersigned hereby declares that all statements
made herein of his own knowledge are true and that all
statements made on information and bilief are believed to be
true; and further that these statements were made with the
knowledge that willful false statements and the like so made
are punishable by fine or imprisoament, or both, under Section
1001 of Title 18 of the United Staten Code and that such
willful false statements may jeopard:.ze the validity of the
application or any patent issued theieon.

o’ o SIA

Date? ¥ Stephér’ J. MceBrlain
President
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
09/776,267 02/20/2007 7181608 8011-15 9730
22150 7590 01/31/2007
F. CHAU & ASSOCIATES, LLC
130 WOODBURY ROAD

WOODBURY, NY 11797

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 223 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

James J. Fallon, Armonk, NY;

John Buck, Oceanside, NY;

Paul F. Pickel, Bethpage, NY;
Stephen J. McErlain, New York, NY;

IR103 (Rev. 11/05) Realtime 2023
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.0. Box 1450

Alexandris, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks | through 5 should be 1
_apgmpriate. All further comrespondence including the Patent, advance orders and notification of mainwnaneg fees will be mailed to the ghmem t&oc‘:gcmc;cs
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; end/or (b) indicating a separate "FEE ADDRESS" for

maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Notez U

sc Block') for any chunge of oddress) . Note: A certilicate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used (or any other accompanying

s. Each additional paper, such as an assignment or formal. drawing, must
mve its own certificate of mailing or transmission.

22150 7590 10/16/2006 .
T {
- F. CHAU & ASSOCIATES, LLC N os | c&‘i&mﬁﬁ'ﬁ_ﬁ}m‘sﬂﬂ;’sﬁg’k{ Ec“%;f:g':‘d‘il’;ﬁmlwm e Unid
- g oS!
130 WOODBURY ROAD . addressed fo the Mall Stop, ISSUE' FEE- addsess above, or being facsimile

WOODBURY, NY 11797

transmitted to the USPTO (571) 273-2885, on the dste indicated below.

01/11/2007 BARRAHAZ 00000008 061075 09776267 ) quej. (Depositor's neme)
01 FC:2501 700.00 DA (Siganmre)
02 FC:1504 300.00 DA
03 FC:8001 45.00 DA &=
| APPLICATION NO. FILING DATE J FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. l CONFIRMATION NO. ]
09/776,267 . 02/02/2001 ’ James J. Fallon 8011-15 9730
TITLE OF INVENTION: SYSTEMS AND METHODS FOR ACCELERATED LOADING OF OPERATING SYSTEMS AND APPLICATION
PROGRAMS
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE ] PUBLICATION FEE DUE l PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE ] DATE DUE ]
nonprovisional YES $700 $300 30 $1000 01/16/2007
[ EXAMINER | * ART UNIT l CLASS-SUBCLASS J
SURYAWANSHI, SURESH BRETTE . 713-002000
1. Chanfc of correspondence address or indication of “Fee Address” (37 2. For printing on the patent front page, list Fish & Neave IP Group
CFR 1.363). (1) the names of up to 3 registered patent attomeys 'of Ropes & Gray LIP

) Change of comrespondence address (or
_ Address form PTO/SB/122) attached.

Change of Correspondence or agents OR, altemnatively,
(2) the name of a single firm (baving as a member a 2

O "Fee Address” indication (or "Fee Address® Indication form " registered attorney or agent) and the names of up to-

PTO/SB/47; Rev 03-02 or more recent) attached. Use of o Customer 2 registered patent attorneys or agents. If no name is’ 3

Number is required.

listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has becn filed for
recordation as set forth in 37 CFK 3.11. Completion of this form is NOT a substitute for filing an assignment. -

(A) NAME OF ASSIGNEE
Realtime Data LLC

(B) RESIDENCE: (CITY and STATE OR COUNTRY)
‘New. York, NY

Plcasc check thc; appropriate assignce category or categories (will not be printed on the patent) : O Individual .8 Corporztion or other private group entity O Government

4a, The following fec(s) are submitted:
Issuc Fee

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
O A check is enclosed.

&1 publication Fee (No smal! entity discount permitted) Q Payment by credit card. Form PTO-2038 is attached.

"§2) Advance Order - # of Copies_1 5

5. Change in Entity Status (from status indi
O a. Applicant claims SMALL ENTITY

) The Dircctor is hereby suthorized to W&L any deficiency, or credit at‘ly
- overpayment, ta Dcposit Account Num =1 enclose an extra copy of this form).
cated above)

status, See 37 CFR 1.27. Qv. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)2).

* interest as shown by the records of the

Authorized Signature

NOTE: The Issuc Fee and Publication Fee GErequd
1

will not be accepted from snyone other than the applicant; a registered attorney or agent; or the assignec or other party in
Patent pdd Trademark Office, ¥ P 8 ey or %8 e

Typcdorpﬁntdmmc Jef%ey D . Mullen RegistmtionNo. 52 r 056 N

This collection of information is required

37 CFR 1,311, The information is required to obtain or retain a benefit by the public which is to filc (and by the UEP_’TO 0 prow&sg
ng, an

--—an-application, Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.14. This collection-is estimated to-takte 12 minutcs to complete, including gathering,
submitting the completed application form to the USPTO. Time wﬂ!l m : tc_i upon the individual case. Any comments on the amount of time you require to complcte
e Chie

this form and/or suggestions for reducin%this burden, should be sen mmerce, P.Q.
50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,

Box 1450, Alexan: Virginia 22313-1
Alcxandria, Virginia 22313-1450.

Information Officer, U.S. Patent and Trademark Office, U.S, Department of Co

Under the Paperwork Reduction Act of 1995, no persons arc required to respond to a collection of information unless it displays a valid OMB control number.
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Certified Copy of Priority
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Document(s) Director of the United States Patent and Trademark Office is hereby

Reply to Missing Parts/ authorized to charge payment of any fees required in connection with this

Incomplete Apptication filing to Deposit Account No. 06-1075 (Order No. 103532-0002). A duplicate
Reply to Missing Parts copy of this Statement is transmitted herewith.

under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Fish & Neave IP Group
Ropes & Gray,LLP
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Printed name | Jeffrey)D. Mullen

Firm Name

Date January 9, 2007 Reg. No. 152,056
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I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as express mail in an envelope addressed to: Mail Stop: Issue Fee, Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450 on the date shown below:
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EV620761223US

PATENTS
8011-15

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION

Applicants : James J. Fallon et al.

Application No. : 09/776,267 Confirmation No. : 9730
Filed : February 2, 2001

For : SYSTEMS AND METHODS FOR ACCELERATED

LOADING OF OPERATING SYSTEMS AND
APPLICATION PROGRAMS

Group Art Unit : 2115
Examiner : Suresh Suryawanshi

New York, New York 10020
January 9, 2007

Mail Stop ISSUE FEE

Hon. Commissioner for Patents
P.0. Box 1450

Alexandria, Virginia 22313-1450

SUBMISSION OF FORMAL DRAWINGS

Sir:

Pursuant to 37 C.F.R. § 1.85, and in accordance
with the requirement in the October 16, 2006 Notice of
Allowability, applicants herewith furnish thirteen (13)
sheets of formal drawings, to be substituted for the

thirteen (13) sheets of informal drawings previously filed.
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The Director is hereby authorized to charge
payment of any additional fees required in connection with
the paper(s) transmitted herewith, or to credit any
overpayment of same, to Deposit Account No. 06-1075. A
duplicate copy of this transmittal letter is transmitted
herewith.

Respectfully submitted,

/A

Jeffr D. Mullen

Reg. No. 52,056

Agent for Applicant

FISH & NEAVE IP GROUP

ROPES & GRAY LLP

Customer No. 1473

1251 Avenue of the Americas
New York, New York 10020-1105
Tel.: (212) 596-9000
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UNITED STATES PATENT AND TRADEMARK OFFICE \l\'\)

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

22150 7590 10/16/2006 | EXAMINER 1
F. CHAU & ASSOCIATES, LLC - SURYAWANSHI, SURESH
130 WOODBURY ROAD | ART UNIT 1 PAPER NUMBER |
"WOODBURY, NY 11797 -—

DATE MAILED: 10/16/2006

L APPLICATION NO. FILING DATE l FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. I CONFIRMATION NO.

09/776,267 02/02/2001 ’ James J. Fallon 8011-15 9730

TITLE OF INVENTION: SYSTEMS AND METHODS FOR ACCELERATED LOADING OF OPERATING SYSTEMS AND APPLICATION
PROGRAMS

APPLN.TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE DATE DUE

nonprovisional YES $700 $300 $0 $1000 01/16/2007

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE. OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS

RY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE.DOES .
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE. : . :

HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify yoﬁr current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above. '

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

IL. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

II. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiredl; Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification’ of maintenance fees will be mailed to the current correspondence address as
indicated unl;:_ss coxjrfgctegi below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications. .

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) : Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Raper_s. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmisston.

22150 7590 10/16/2006 .C i £ Maili T
ertificate of Mailing or Transmission
F. CHAU & ASSOCIATES, LLC Ishereb cerltif that thisufeeg_st) Transmittal i?‘ bcti_ng deiposited lwilh the Uriitcd
tatcs Postal Service with sufficient postage for first class mail in an envelope
130 WOODBURY ROAD. . addressed to the Mail Stog ISSUEPI?EE address above, or bein facsimﬁc
WOODBURY, NY 11797 : transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Dcpositor's name)
(Signature)
. : (Date)
APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
09/776,267 . 02/02/2001 James J. Fallon 8011-15 9730
TITLE OF INVENTION: SYSTEMS AND METHODS FOR ACCELERATED LOADING OF OPERATING SYSTEMS AND APPLICATION
PROGRAMS
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE l PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE |
nonprovisional YES $700 $300 $0 $1000 01/16/2007
L EXAMINER | * ART UNIT | CLASS-SUBCLASS ]
SURYAWANSHI, SURESH 2115 713-002000

I Chan3g6c3c)>f comrespondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1 (1) the names of up to 3 registered patent attorneys 1
(] Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

- Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera 2

{3 "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to-
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is” 3
Number is required. listed, no name will be printed. :

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignec is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. .

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Plcasc check the appropriate assignee category or categories (will not be printed on the patent) : O individuat .01 Corporation or other private group entity (] Government

4a. The following fec(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
£ Issue Fee . A check is enclosed.
(O Publication Fee (No small entity discount permitted) {J Payment by credit card. Form PTO-2038 is attached.
"0 Advance Order - # of Copies ) [ The Director is hereby authorized to charge the required fce%s), any deficiency, or credit 81‘1)’
- overpayment, to Deposit Account Number enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Py Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Obw. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
" interest as shown by the records of the United States Patent and Trademark Office. :

Authorized Signature _ Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311, The information is rccilqircd to obtain or retain a benefit b¥ the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary de ending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alcxandria, Virginia 22313-1450. ’

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW,uspto.gov

I APPLICATION NO. I FILING DATE l FIRST NAMED INVENTOR | ATTORNEY DOCKET NO.J CONFIRMATION NO. J
09/776,267 02/02/2001 James J. Fallon 8011-15 9730
22150 7590 10/16/2006 I EXAMINER l
F. CHAU & ASSOCIATES, LLC SURYAWANSHI, SURESH .
130 WOODBURY'ROAD I ART UNIT 1 PAPER NUMBER I

WOODBURY, NY 11797 2115

DATE MAILED: 10/16/2006

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 266 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 266 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the ﬁlmg date that
determines Patent Term Adjustment is the ﬁlmg date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)
. e 09/776,267 FALLON ET AL.
Suresh K. Suryawanshi 2115

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to amendments filed on 8/14/06.

2. X The allowed claim(s) is/are 1,2,4-7,13,15 and 17-39.

3. [ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[OJ Some* c¢)[JNone of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ____
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [[] ASUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [X] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) K including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [{] to Paper No./Mail Date 2/14/06.
(b) [0 including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date ______.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s) .
1. [ Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [0 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./MailDate ___ .
3. 4 Information Disclosure Statements (PTO/SB/08), 7. [J Examiner's Amendment/Comment
Paper No./Mail Date See Continuation Sheet
4. [J Examiner's Comment Regarding Requirement for Deposit 8. [[] Examiner's Statement of Reasonsg_for Allowance
of Biological Material )
9. [ Other ;D‘D/\
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20061010
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Continuation Sheet (PTOL-37) Application No. 09/776,267
Continuation of Attachment(s) 3. Information Disclosure Statements (PTO/SB/08), Paper No./Mail Date: 8/28/06,9/8/06,9/16/06.
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Appraved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

rwork Reductiond¥R of 1995, no persons are rasulred to resﬁnd 1o a collection of information unless it contains a valid OMB control number.
. 7 Complete if known
STAEED? Application Numbar 09/776.967
FOURTH SUPPLEMENTAL Filing Date February 2, 2001
INFORMATION DISCLOSURE First Named Inventor Fallon
STATEMENT BY APPLICANT |ArtUnit ) 2115
Examiner Name Suresh K. Suryawanshi
{use as many sheets as necessary)
Sheet | 1 of | 11 Naornay Docket 8011-15
U.S. PATENT DOCUMENTS
e [ ] e | e, | TR
Sy 4,127,518 11-28-1978 Coy et al.
$k4 4,302,775 11-24-1981 Widergren et al.
Sbs 4,574,351 03-04-1986 Dang et al.
pY-Y) 4,593,324 06-03-1986 Ohkubo et al.
$¢A 4,682,150 07-21-1987 Mathes et al.
$6X 4,730,348 03-08-1988 MacCrisken
564 4,754,351 06-28-1988 Wright
S64 4,804,959 02-14-1989 Makansi et al.
S 4,870,415 09-26-1989 Van Maren et al.
364 4,872,009 10-03-1989 Tsukiyama et al.
564 4,876,541 10-24-1989 Storer
$6&93 4,888,812 12-19-1989 Dinan et al.
St 4,906,995 03-06-1990 Swanson
S 4,929,946 05-29-1990 O'Brien et al.
&3 4,953,324 09-04-1990 Herrmann
S5 4,965,675 10-23-1990 Hori et al.
S64 5,028,922 07-02-1991 Huang
5 5,045,848 09-03-1991 Fascenda
36X 5,045,852 09-03-1991 Mitchell et al.
St | 5,046,027 09-03-1991 Taaffe et al.
S6+ 5,049,881 09-17-1991 Gibson et al.
S$64 5,097,261 03-17-1992 Langdon, Jr. et al.
Examiner Date —
I Signature émst\ 74 .Swf\],w ¢hy | Considerea | !©Mt of o4 I
*EXAMINER: tnitial If ref ed, whether or nol citation is in conf with MPEP 609. Draw line through citation if not in fi and not consit d
‘1"6:’3 ”'ﬁ&fu'ﬁ".?e'"'" jon Gesignallonub (t;:ﬂonal) 2 Applicant s to place @ check mark here if English language Translation (s attached.

This collection of information Is requlrea by 37 CFR 1.97 and 1.88. The infarmation is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is govemned by 35 U.S.C. 122 and 37 CFR 1.14. Thus collection is esﬂrrated to take 2 hours to complete, including 9a!hedng preparing,

and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any ts on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sennolhe(:hlelhfwmﬁon Officer, U.S. Pateni and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: C for P. , P.O. Box 1450,
Alexandria, VA 22313-1450.
Express Mail:
EV669671846US
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Under the Paperwork Reduction Act of 1885, no persons are required to respond o 3 collection of information untess it contains & vatid OMB control number,
Substitute for form 1449A/PTO W
| Application Number 09/776,267
FOURTH SUPPLEMENTAL | Filing Date February 2, 2001
INFORMATION DISCLOSURE | First Named Inventor Fallon
STATEMENT BY APPLICANT |Artunit 2115
(use as many sheets as necessary) Examiner Name Suresh K. Suryawanshi
Sheet | 2 of | 11 ﬁ:t:‘r::ry Docket 8011-15
SkA 5,113,522 05-12-1992 Dinwiddie, Jr. et al.
S 5,121,342 06-09-1992 Szymborski
Yo 5,150,430 09-22-1992 Chu
Soq 5,159,336 10-27-1992 Rabin et al.
%4 5,175,543 12-29-1992 Lantz
$64 5,179,651 01-12-1993 Taaffe et al.
S 5,191,431 03-02-1993 Hasegawa et al.
St4 5,204,756 04-20-1993 Chevion et al.
S(oj 5,212,742 05-18-1993 Normile et al.
S63 5,231,492 07-27-1993 Dangi et al.
Sty 5,237,460 06-17-1993 Miller et al.
b o] 5,237,675 08-17-1993 Hannon, Jr.
Sy 5,243,341 09-07-1993 Seroussi et al.
-3 5,243,348 09-07-1993 Jackson
33 5,247,638 09-21-1993 O'Brien et al.
S’Qj' 5,247,646 09-21-1993 Osterfund et al.
Sy 5,263,168 11-16-1993 Toms et al.
X5 5,270,832 12-14-1993 Balkanski et al. I
=1 5,287,420 02-15-1994 Barrett l
159 5,293,379 03-08-1994 Carr
5‘5 5,309,555 05-03-1994 Akins et al. I
yb'S 5,355,498 10-11-1994 Provino et al. I
I Sog 5,357,614 10-18-1994 Pattisam et al.
I S63 5,379,036 01-03-1995 Storer l
Er;ﬂz—-;—“‘( et b w gg;esldered bp/ ¢t oG I

*EXAMINER: Initia) if ref d, whether or not ditation is in conf with MPEP 609. Draw fine through citation If not in and not

Include copy of this form vdlh next comm.lnlmuon 10 applicant.

1 App 's unique o designation number (op! ). 2 Applicantis to place a check mark here if English language T

This coflection of is requ ‘by37CFR197and198 mmmﬂmisrequlmdloobtalnormamabeneﬁtbymepmucmichlstoﬁle(andbylheUSPTO!o

C tiglity is govemned by 35 U.S.C. 122:md37CFR114 misedleulonlsesﬁnaledlotakezraomtn P

and submming the completed application form to the USPTO. Time will vary d ding upon the individual case. Any on the amount of time you requ!m to conuele
this lorm and/or suggestions for reducing this burden, should be sent to the Chief lnfwmtlon Officer, U.S. Patent and Trademark Office, U.S. Depamnenl of Commerce, P.O.
Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: € | for P. £.0. Box 1450,

Alaxandria, VA 22313-1450.
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Under the Paperwork Reduction Act of 1995, no p are required to respond to a collection of information unless it contains a valid OMB control number.
Substitute for form 1449A/PTO Complete if known
Application Number 09/776,267
FOURTH SUPPLEMENTAL Filing Date February 2, 2001
INFORMATION DISCLOSURE First Named Inventor Fallon
STATEMENT BY APPLICANT | Art Unit 2115
Examiner Name Suresh K. Suryawanshi
(use as many sheets as necessary)
Sheet | 3 of | 11 ﬁ:‘;’;‘:f Docket 8011-15
* m
Sloy 5,381,145 01-10-1995 Allen et al. |
oA 5,394,534 02-28-1995 Kulakowski et al. I
Aot 5,396,228 03-07-1995 Garahi I
sy 5,406,278 04-11-1995 Graybill et al. l
o4, 5,406,279 04-11-1995 Anderson et al.
S, 5,412,384 05-02-1995 Chang et al.
Sy 5,414,850 05-09-1995 Whiting
St 5,420,639 05-30-1995 Perkins
SLA 5,452,287 09-19-1995 Dicecco
e 5,461,679 10-24-1995 Normile et al.
S, 5,467,087 11-14-1995 Chu
S4 5,471,206 11-28-1995 Allen et al.
M4 5,479,587 12-26-1995 Campbell et al.
St 5,486,826 01-23-1996 Remillard
sy 5,495,244 02-27-1996 Je-Chang et al.
s 5,506,844 04-09-1996 Rao
Sp 5,506,872 04-09-1996 Mohler
&y 5,530,845 06-25-1996 Hiatt et al.
<, 5,533,051 07-02-1996 James
&4 5,535,356 07-09-1996 Kim et al.
LA 5,537,658 07-16-1996 Bakke et al.
) 5,557,551 09-17-1996 Craft
= 5,557,668 09-17-1996 Brady
X 5,557,749 09-17-1996 Norris
Examiner "Date o {[/‘ lo L
Signature [Z ' | Considered
*EXAMINER: Initia) if reference consmered whelher or not diation is In conformance with MPEP 609. Draw line gh dtation if not in and not cor
m&"lm&"’" Mm‘"et ion number (op ot ). 2 Applicantis to place 8 check mark here If English language Transiation Is stiached.
TSt a3 O L8, T i o sy el i b i Lo
and suwmnq ‘the completed application form 1o the USPTO. Time will vary depending upon the individ 21 caso, Any on the amount of time ygfreqwre'lome&
this form andlor suggestions for reduding this burden, should be sent lo the Chief Information Officer, U.S. Patent end Trademark Office, U.S. Department of Commerce, P.O.
% Jg&N‘mﬁ;f’..}l:uZnﬂ-MS& DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: C sl tor P. P.O. Box 1450,
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Under the Paﬁrwork Reduction Act of 1885, no ara required to respond to a collection of Information unfess it contains a valid OMB control number,
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Substitute for form 1449A/PTO Complete if known
Application Number 09/776,267
FOURTH SUPPLEMENTAL Filing Date February 2, 2001
INFORMATION DISCLOSURE First Named Inventor Fallon
STATEMENT BY APPLICANT At Unit 2115
Examiner Name Suresh K. Suryawanshi
{use as many sheets as necessary)
Sheet | 4 of | 11 Atlomey Docket 8011-15 |
A
Sks |- |ss61824 10-01-1996 Carreiro et al.
S 5,574,952 11-12-1996 Brady et al.
s 5,576,953 11-19-1996 Hugentobler
b4, 5,583,500 12-10-1996 Allen et al.
b 5,590,306 12-31-1996 Watanabe et al.
Ste, 5,596,674 01-21-1997 Bhandar et al.
et 5,604,824 02-18-1997 Chui etal.
/N 5,606,706 02-25-1997 Takamoto et al.
| 23 5,612,788 03-18-1997 Stone
Fory 5,615,017 03-25-1997 Choi
oy 5,621,820 04-15-1997 Rynderman et al.
1 s 5,623,623 04-22-1997 Kim ot al.
S, 5,623,701 04-22-1997 Bakke et al.
Sy 5627534 05-06-1997 Craft
%j 5,629,732 05-13-1997 Moskowitz et al.
% s 5,630,092 05-13-1997 Carreiro et al.
Sby 5.642,506 06-24-1997 Lee
S% 5,649.032 07-16-1997 Burt et al.
|3 5,652,795 07-29-1997 Dillon et al.
de 5,652,917 07-29-1997 Maupin et al.
Xﬁ 5,654,703 08-05-1997 Clark, Il
E E Ir 5,666,560 09-09-1997 Moertl et al.
Examiner Date '

l Signature S&ﬁd!; le, Sfu/% S éll Considered |ol / °/ °L I
*EXAMINER: tnitial if consid thether or not citation is in conformance with MPEP 609, Drew line through cilation If not in confi and nol id
lndude copg z\::l:emp““m‘nm nlcaﬂon - appq‘wgl.‘ is to place a check mark here If English language Translation is attached.

m colecion ofnformaton s et by 37 CF I 187 804 158 Tho riovmaton i reauirod o cion o rlin s bt b e punlc whch £ 12 (s by e USPTO o
and sbrmiing e conpleted ppliaton om0 he USFTO, T wilvery depending up “"3"«.”‘8&""3‘"‘6‘%’ otent and Trademark Offcs, U.S. Depariment L?“c“é':g” “"‘%'gc%

s iocrm ar burd: e Ce, N
lBuox 1:30113“\7;8:":‘2%3 ¥‘A5‘2’2;3-1450 DOs NOT SEND FEES OR COM:’LETED FORMS TO %;:"s ADDREgé‘S SE':% TO: C ':ﬂlm P. m«so,
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Under the Paperwork Reduction Act of 1995, no persons are ﬁulred to mﬁnd to a collection of information unless it contains a valid OMB control number.
Substitute for form 1449A/PTO Complete if known
Application Number 09/776,267
FOURTH SUPPLEMENTAL Filing Date February 2, 2001
INFORMATION DISCLOSURE First Named Inventor Fallon
STATEMENT BY APPLICANT |AntUnit 2115
Examiner Name Suresh K. Suryawanshi
(use as many sheets as necessary)
Sheet | & of |11 fitomey Docket 8011-15
P
% 5,668,737 09-16-1997 ller
%j 5,671,389 09-23-1997 Saliba
S/bﬁ 5,675,333 10-07-1997 Boursier et al.
5,694,619 .07 Konno
o4 12-02-1997
% 5,696,927 12-09-1997 MacDonald et al.
“’é 5,703,793 12-30-1997 Wise et al.
Sl 5,715,477 02-03-1998 Kikinis
P72 5717393 | 0210-1998 Nakano et al.
S 7 E 5,724,475 03-03-1998 Kirsten
2 £ 5 5,729,228 03-17-1998 Franaszek et al.
. % 5,748,904 05-05-1998 Huang et al.
(‘ [ ; 5,757,852 05-26-1998 Jericevic et al.
%ﬁ 5,771,340 06-23-1998 Nakazato et al.
&j 5,778,411 07-07-1998 DeMoss et al.
S 5,781,767 07-14-1998 Inoue et al.
%j 5.784,572 07-21-1998 Rostoker et al. I
b 5,787,487 07-28-1998 Hashimoto et al. I
I 5,799,110 08-25-1998 Israelsen et al. |
% 5.805,932 09-08-1998 Kawashima et al. 1
% 5,808,660 09-15-1998 Sekine et al.
e 5,809,176 09-15-1998 Yajima
5,809,337 _ Hannah et al.
& 09-15-1998 ]
I Exami - Dat
xaminer ate o
Signature 5—(\@ Z!ﬂ 73 5“”"%&& éli Considered { o’( ’ (‘3 ]
*EXAMINER: Initial if reference d or nol cilation is In conformance with MPEP 609. Draw line through ditation If not in confarmancs and not considered.
Inciude copy of this form with nen uommmuauon to applicant.
1 Applicant’s unique ditati ). 2 Appli 13 10 place a check mark here if English language Translation IS attached.
This jon of I3 required by 37 CFR 1.97 and 1.86. The information I required lo obtaln of retaln @ benefit by the public which is to file (and by the USPTO o

C Uality Is go d by 35 U.S.C. 122 and 37 CFR 1.14. This callection is estimated to take 2 hours to
and submulng the completed application form to the USPTO. Time will vary depending upon the Indlvdua! case. Any comments on the amount of ime you require to uonuele
this form and/or suggestions for reducing this burden, shoutd be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, A!\?mMﬂa. VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADORESS. SEND TO: C for P P.O. Box 1450,
Alexandria, VA 22313-1450,
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Substitute for form 1449A/PTO Complete if known
Application Number 09/776,267
FOURTH SUPPLEMENTAL Filing Date February 2, 2001
INFORMATION DISCLOSURE First Named Inventor Fallon
STATEMENT BY APPLICANT [ AtUnit 2113
(use as many sheels as necessary) Examiner Name Suresh K. Suryawanshi
Sheet | 6 of | 11 nomay Docket 8011-15
——
5165 5,812,789 09-22-1998 Diaz et al.
I _g% 5,818,368 10-06-1998 Langley
Py 5,818,369 10-06-1998 Withers
% 5,818,530 10-06-1998 Canfield et al.
%d 5,819,215 10-06-1998 Dobson et al.
15 5,825,424 10-20-1998 Canfield et al.
o 5,832,037 11-03-1998 Park
Sty 5,832,126 11-03-1998 Tanaka
L 5,836,003 11-10-1998 Sadeh
S 5,838,996 11-17-1998 deCarmo
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Sy 5,841,979 11-24-1998 Schulhof et al.
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%’D 5,861,824 01-19-1999 Ryu et al.
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x) 5,870,036 02-09-1999 Franaszek et al.
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«, 5,889,961 03-30-1999 Dobbek
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S 5,920,326 07-06-1999 Rentschler et al.
S?ganr:it:: Sﬁ-\ff -&(L\ W M:wemd 011 910 t I
*EXAMINER: tnitial if ref ‘ cr not dlatlon is In conformance with MPEP 609. Draw line through ditation If nol in and not Idered.
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)an Confi

Is to place a check mark here If English language Transiation is attached.

quired by 37 CFR197and 1.88. The information is required to obtain or retain a benefit bylhepu‘bﬂcmtlmlsloﬁle(md by the USPTOto
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and sutmiulng the completed application form to the USPTO. Time will vary d i
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t of ime you requlre lo eonu!ele
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cache
S7 0 | load$3 near3 boot adj data near5 EPO; JPO; | OR OFF 2006/10/10 13:28
cache IBM_TDB
S8 compressed adj boot adj data USPAT OR OFF 2006/10/10 13:29
S9 compressed adj boot adj data US-PGPUB | OR OFF 2006/10/10 13:30
S10 compressed adj boot adj data EPO; JPO; | OR OFF 2006/10/10 13:30
1BM_TDB
S11 compress$3 near2 boot adj data USPAT OR OFF 2006/10/10 13:31
S12 compress$3 near2 boot adj data US-PGPUB { OR OFF 2006/10/10 13:31
S13 compress$3 near2 boot adj data EPOQ; JPO; | OR OFF 2006/10/10 13:31
IBM_TDB
S14 0 incfeas$3 near3 access adj rate near3 | USPAT OR OFF 2006/10/10 13:34
cache
S15 0 | increas$3 near3 access adj rate near3 | US-PGPUB | OR OFF 2006/10/10 13:34
cache
S16 0 | increas$3 near3 access adj rate near3 | EPO; JPO; | OR OFF 2006/10/10 13:34
_ cache IBM_TDB
S17 preloaded adj boot adj data USPAT OR OFF 2006/10/10 13:36
S18 4 | preloaded adj boot adj data US-PGPUB | OR OFF 2006/10/10 13:36
S19 preloaded adj boot adj data EPO; JPO; | OR OFF 2006/10/10 13:37
IBM_TDB
S20 11 | ("5227893" "5400401" "5403639" USPAT OR OFF 2006/10/10 13:38
"5613069" "5635632" "5635932"
"5719862" "5796864" "5867167"
"6182125" "6609223").pn.
S21 5 1 ("4394774" "5209220" "5379757" USPAT OR OFF 2006/10/10 13:43
"6169241" "6661839").pn.

10/10/06 5:32:09 PM
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EAST Search History

522

523

S24

525

526

S27

22

24

24

24

24

24

("4127518" "4302775" "4574351"
"4593324" "4682150" "4730348"
"4754351" "4804959" "4870415"
"4872009" "4876541" "4888812"
"4906995" "4929946" "4953324"
"4965675" "5028922" "5045848"
"5045852" "5046027" "5049881"
"5097261").pn.

("5113522" "5121342" "5150430"
"5159336" "5175543" "5179651"
"5191431" "5204756" "5212742"
"5231492" "5237460" "5237675"
"5243341" "5243348" "5247638"
"5247646" "5263168" "5270832"
"5287420" "5293379" "5309555"

"5355498" "5357614" "5379036").pn.

("5381145" "5394534" "5396228"
"5406278" "5406279" "5412384"
"5414850" "5420639" "5452287"
"5461679" "5467087" "5471206"
"5479587" "5486826" "5495244"
"5506844" "5506872" "5530845"
"5533051" "5535356" "5537658"

"5557551" "5557668" "5557749").pn.

("5561824" "5574952" "5576953"
"5583500" "5590306" "5596674"
"5604824" "5606706" "5612788"
"5615017" "5621820" "5623623"
"5623701" "5627534" "5627995"
"5629732" "5630092" "5642506"
"5649032" "5652795" "5652917"

"5654703" "5655138" "5666560").pn.

("5668737" "5671389" "5675333"
"5694619" "5696927" "5703793"
"5715477" "5717393" "5717394"
"5721958" "5724475" "5729228"
"5748904" "5757852" "5771340"
"5778411" "5781767" "5784572"
"5787487" "5799110" "5805932"

"5808660" "5809176" "5809337").pn.

("5812789" "5818368" "5818369"
"5818530" "5819215" "5825424"
"5832037" "5832126" "5836003"
"5838996" "5839100" "5841979"
"5847762" "5861824" "5861920"
"5870036" "5870087" "5872530"
"5883975" "5886655" "5889961"

"5915079" "5917438" "5920326").pn.

USPAT

USPAT

USPAT

USPAT

USPAT

USPAT

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

2006/10/10 13:47

2006/10/10 13:51

2006/10/10 13:59

2006/10/10 14:02

2006/10/10 14:07

2006/10/10 14:12

10/10/06 5:32:09 PM
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EAST Search History

S28 24
529 24
S30 14
S31 7
$32 14
S33 75
S34 0
S35 0
S36 1
S37 0
S38 0
S39 0
$40 0
541 2
542 2441
543 0
S44 2
$45 0
S46 0
S47 1535

("5936616" "5949355" "5955976"
"5960465" "5964842" "5968149"
"5973630" "5974471" "5982723"
"5991515" "5996033" "6000009"
"6002411" "6011901" "6014694"
"6026217" "6028725" "6031939"
"6032148" "6061398" "6075470"
"6094634" "6097520" "6104389").pn.

("6105130" "6128412" "6141053"
"6145069" "6172936" "6192082"
"6195024" "6253264" "6272627"
"6272628" "6282641" "6309424"
"6317714" "6330622" "6345307"
"6421387" "6434168" "6442659"
"6449682" "6452602" "6487640"
"6489902" "6513113" "6529633").pn.

("6542644" "6590609" "6601104"
"6604158" "6606040" "6606413"

"6618728" "6624761" "6711709"

"6745282" "6748457" "6856651"

"6888893" "7054493").pn.

"20010032128" "20020037035"
"20020104891" "20020126755"
"20030034905" "20030084238"
"20030142874"

fallon.in. with james

buck.in. with john ‘

buck.in. with john and realtime.as.
buck.in. with john and boot adj data
pickel.in. with paul

McErlain.in. with stephen
McErlain.in.

mcerlain.in.

stephen.in. and realtime.as.
stephen.in. and boot adj data
713/2

713/2.ccls. and pre$1load$3 near2
boot adj data near5 cache

713/2.ccls. and load$3 near3 boot adj
data near5 cache

713/2.ccls. and compressed adj boot
adj data

713/2.ccls. and preloaded adj boot adj
data

713/1.ccls.

USPAT

USPAT

USPAT

US-PGPUB

USPAT
USPAT
USPAT
USPAT
USPAT
USPAT
USPAT
USPAT
USPAT
USPAT
USPAT
USPAT

USPAT

USPAT

USPAT

USPAT

OR

OR

OR

OR

OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

| OFF

OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

OFF

OFF

OFF

OFF

2006/10/10 14:15

2006/10/10 14:19

2006/10/10 14:28

2006/10/10 14:30

2006/10/10 14:35
2006/10/10 16:19
2006/10/10 16:20
2006/10/10 16:20
2006/10/10 16:21
2006/10/10 16:22
2006/10/10 16:22
2006/10/10 16:23
2006/10/10 16:23
2006/10/10 16:23
2006/10/10 16:26
2006/10/10 16:32

2006/10/10 16:33

2006/10/10 16:33

2006/10/10 16:34

2006/10/10 16:34

10/10/06 5:32:09 PM
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EAST Search History

548 0
549 0
S50 0
S51 0
$52 837
S53 0
S54 2
S55 0
556 | 0

713/1.ccls. and pre$lload$3 near2
boot adj data near5 cache

713/1.ccls. and load$3 near3 boot adj
data near5 cache

713/1.ccls. and compressed adj boot
adj data

713/1.ccls. and preloaded adj boot adj
data

711/113.ccls.

711/113.ccls. and pre$iload$3 near2
boot adj data near5 cache

711/113.ccls. and load$3 near3 boot
adj data near5 cache

711/113.ccls. and compressed adj
boot adj data

711/113.ccls. and preloaded adj boot
adj data

USPAT

USPAT

USPAT

USPAT

USPAT
USPAT

USPAT

USPAT

USPAT

OR

OR

OR

OR

OR
OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF
OFF

OFF

OFF .

OFF

2006/10/10 16:39

2006/10/10 16:40

2006/10/10 16:40

2006/10/10 16:40

2006/10/10 16:43
2006/10/10 16:48

2006/10/10 16:49

2006/10/10 16:49

2006/10/10 16:50

10/10/06 5:32:09 PM
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PATENTS
Attorney Docket No. 8011-15

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants : James J. Fallon et al.

Application No. : 09/776,267 Confirmation No. : 9730
Filing Date : February 2, 2001

Title : SYSTEMS AND METHODS FOR ACCELERATED LOADING OF

OPERATING SYSTEMS AND APPLICATION PROGRAMS
Art Unit . : 2115
Examiner :  Suresh Suyawanshi
New York, New York 10020

September 15, 2006

Hon. Commissioner for Patents
P. 0. Box 1450
Alexandria, VA 22313-1450

EXPRESS MAIL CERTIFICATION

Sir:

"Express Mail" mailing label number EV669635044US

Date of Deposit September 15, 2006

I hereby certify that the papers and fees identified below are
being deposited with the United States Postal Service "Express Mail Post
Office to Addressee" service under 37 C.F.R. § 1.10 on the date indicated
above and are addressed to Commissioner for Patents, P.0O. Box 1450,
Alexandria, VA 22313-1450.

Supplemental Information Disclosure Statement (in duplicate);

Form PTO/SB/08A (in duplicate); and,

@Mﬂ@wm

ROSE MARIE DHANRAJ

Return Postcard.

Realtime 2023
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H

Applicants
Application No.
Filed

For

Art Unit

Examiner

PATENTS
8011-15

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

James J. Fallon et al.

09/776,267 Conf. No.: 9730

February 2, 2001

SYSTEMS AND METHODS FOR ACCELERATED LOADING
OF OPERATING SYSTEMS AND APPLICATION
PROGRAMS :

2115

Suresh Suyawanshi

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

New York, New York 10020
September 15, 2006

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to 37 C.F.R. §§ 1.56 and 1.97,‘applicants

hereby make the following documents of record in the above-

identified patent application:

5,227,893
5,400,401
5,403,639
5,613,069
5,635,632
5,635,932
5,719,862
5,796,864
5,867,167

09/19/2006 RMEBRRAHT 00000016 061075 09776267

01 FC:1806

180.00 DA

U.S. Patent Documents

Ett A 07-13-1993
Wasilewski et al. 03-21-1995
Belsan et al. 04-04-1995
Walker 03-18-1997
Fay et al. - 06-03-1997
Shinagawa et al. 06-03-1997
L.ee =t al. 02-17-1688
Callahan 08-18-1998
Deering 02-02-1999
Express Mail
R¥sadeisee3023

Page 76 of 964



6,182,125 Borella et al. 01-30-2001

6,609,223 Wolfgang 08-19-2003

The aforementioned documents, which are listed on the
accompanying Form SB/08A (submitted in duplicate), were cited
in U.S. Patent Application No. 10/434,305 in the Office Action
mailed on September 13, 2006.

It is}respectfully requested tha; thése documents be:
(1) fully considered by the Patent and Trademark Office during
the examination of this application; and (2f prinﬁed on any
patent which may issue on this application. Applicants request
that a copy of Form SB/08A, as considered and initialed by the
Examiner, be returned with the next communication.

This Statement is submitted after the maiiing of a
first Office Action on the merits. 1In accordahce»with
37 C.F.R. §197 (c)(2), submission of this Statement requires a
fee of $180.00. The Director is hereby authorized to charge
payment of $180.00 and any other fees required in.connection
with this paper, or credit any overpayment of the same, to
Deposit Account No. 06-1075, Order No. 103532-0002. A

duplicate copy of this paper is being submitted herewith.

Express Mail

RE&ENGH02023
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An early and favorable action is respectfully
requested.

Respectfully submitted,

AL

Registfation No. 52,056

Agent for Applicant

FISH & NEAVE IP GROUP

ROPES & GRAY LLP

Customer No. 1473

1251 Avenue of the Americas
New York, New York 10020-1105
Tel.: (212) 596-9000

Fax: (212) 596-9090

Jeffreg D. Mullen

Ex s Mail

R eudeheae a3
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r the Paperwork Reduction Act of 1995, no persons are

PTO/SB/OBA (10-01)

Approved for use through 10/31/2002. OMB 0651-0031

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

uired to respond to a collection of information unless it contains a valid OMB control number.

bstitute for form 1449A/PTO Complete if known
Application Number 09/776,267
SUPPLEMENTAL Filing Date February 2, 2001
INFORMATION DISCLOSURE First Named Inventor Fallon
STATEMENT BY APPLICANT |ArtUnit 2115
Examiner Name Suresh Suyawanshi
(use as many sheets as necessary)
Attorney Docket
Sheet | 1 of |1 l Number 8011-15
U.S. PATENT DOCUMENTS
. . Document Number - Pages, Columns, Lines, Where
Ex Cit Pubtication Dat N f Patent
oy’ | No' [ Fomber-KndCods | MMODYYYY | Applcaniof Gled Documents | cLeeveniPessaoesor
5,227,893 07-13-1993 Ett
5,400,401 03-21-1995 Wasilewski et al.
5,403,639 04-04-1995 Belsan et al.
5,613,069 03-18-1997 Walker
5,635,632 06-03-1997 Fay et al.
5,635,932 06-03-1997 Shinagawa et al.
5,719,862 02-17-1998 Lee et al.
5,796,864 08-18-1998 Callahan
5,867,167 02-02-1999 Deering
6,182,125 01-30-2001 Borella et al.
6,609,223 08-19-2003 Wolfgang
Examiner Date i
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.

1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.88. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.

Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: C Issi for P: , P.O. Box 1450,
Alexandria, VA 22313-1450.
ss Mai
R meob()s’B
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C ey, W aust

O‘PE

%
PATENTS
EP 0 8 2006
%5 8011-15
h& P
TRADEWN IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicants : James J. Fallon et al.
Application No. : 09/776,267 Conf. No.: 9730
Filed : February 2, 2001
For : SYSTEMS AND METHODS FOR ACCELERATED LOADING
OF OPERATING SYSTEMS AND APPLICATION
PROGRAMS
Art Unit : 2115
Examiner : Suresh Suyawanshi
Commissioner for Patents
P.O. Box 1450 New York, New York 10020

Alexandria, VA 22313-1450 September 8, 2006

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, applicants
hereby make the following documents of record in the above—
identified patent application:

U.S. Patent Documents

4,394,774 Widergren et al. 07-19-1983
5,209,220 Hiyama et al. 05-11-1993
5,379,757 Hiyama et al. 01-10-1995
6,169,241 Shimizu 01-02-2001
6,661,839 Ishida et al. 12-09-2003

The aforementioned patent documents are listed on the

accompanying Form SB/08A (submitted in duplicate).
Expresé Mail
EV620761458US
09/12/2006 HVUONG1 00000006 061075 09776267

01 FC:1806 180.00 DR

Realtime 2023
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The aforementioned documents were cited in U.S.
Patent Application No. 10/628,795 in the Notice of Allowability
mailed on August 29, 2006.

Documents identified in the aforementioned Notice of
Allowability that are not being cited herewith are already of
record in the present application.

It is respectfully requested that these documents be:
(1) fully considered by the Patent and Trademark Office during
the examination of this application; and (2) printed on any
patent which may issue on this application. Applicants request
that a copy of Form SB/08A, as considered and initialed by the
Examiner, be returned with the next communication.

This Statement is submitted after the mailing of a
first Office Action on the merits. In accordance with
37 C.F.R. §197 (c)(2), submission of this Statement requires a
fee of $180.00. The Director is hereby authorized to charge
payment of $180.00 and any other fees required in connection
with this paper, or credit any overpayment of the same, to
Deposit Account No. 06-1075, Order No. 103532-0002. A

duplicate copy of this paper is being submitted herewith.

Realtime 2023
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An early and favorable action is respectfully

requested.

Respectfully submitted,’

M\

Jeftkelb o> %Yullen

Regisdkration No. 52,056

Agent For Applicants :
[X] Submitted under 37 C.F.R. § 1.34

FISH & NEAVE IP GROUP

ROPES & GRAY LLP

Customer No. 1473

1251 Avenue of the Americas

New York, New York 10020-1105

Tel.: (212) 596-9000

Fax: (212) 596-9090

Realtime 2023
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PATENTS
Attorney Docket No. 8011-15

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants : James J. Fallon et al.

Application No. : 09/776,267 Confirmation No. : 9730
Filing Date :  February 2, 2001

Title :  SYSTEMS AND METHODS FOR ACCELERATED LOADING

OF OPERATING SYSTEMS AND APPLICATION PROGRAMS
Art Unit : 2115
Examiner : Suresh Suryawanshi

New York, New York 10020
September 8, 2006

Hon. Commissioner for Patents
P. O. Box 1450
Alexandria, VA 22313-1450

EXPRESS MAIL CERTIFICATION

Sir:
"Express Mail" mailing label number EV620761458US
Date of Deposit September 8, 2006

I hereby certify that the papers and fees identified below are
being deposited with the United States Postal Service "Express Mail Post
Office to Addressee" service under 37 C.F.R. § 1.10 on the date indicated
above and are addressed to Hon. Commissioner for Patents, P.0O. Box 1450,
Alexandria, VA 22313-1450.

Supplemental Information Disclosure Statement (in duplicate);

PTO Form SB/08A (in duplicate); ,

Return Postcard. M’&MM
o5 N
' “

ROSE MARIE DHANRAJ

Realtime 2023
Page 83 of 964



O\PE > PTO/SB/0BA (10-01)
‘Yo Approved for use through 10/31/2002. OMB 0651-0031

> U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
\ SEP 0 8 2008

nder the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
< .
7,&) ﬁbstltute for form 1449A/PTO
N

Complete if known

. & Application Number 09/776,267

“mapew®™| SUPPLEMENTAL Filing Date February 2, 2001
INFORMATION DISCLOSURE First N.amed Inventor Fallon
STATEMENT BY APPLICANT [AtUnit 2115

Examiner Name Suresh Suyawanshi

(use as many sheets as necessary)
Sheet | 1 of |1

Attorney Docket

Number 8011-15

U.S. PATENT DOCUMENTS

. . Document Number _— Pages, Columns, Lines, Where

Ex Cit Publication Dat Name of Patent

gk | Noi | Wumber KngCods’ | MMDDYWY | AwlcantofCredDocumenis | qraeieriPessetee s
4,394,774 07-19-1983 Widergren et al.
5,209,220 05-11-1993 Hiyama et al.
5,379,757 01-10-1995 Hiyama et al.
6,169,241 01-02-2001 Shimizu
6,661,839 12-09-2003 Ishida et al.

rExaminer Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.

1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to fite (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: C for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450.
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PATENTS
Attorney Docket No. 8011-15

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants : James J. Fallon et al.

Application No. : 09/776,267 Confirmation No. : 9730
Filing Date : February 2, 2001

Title : SYSTEMS AND METHODS FOR ACCELERATED LOADING

OF OPERATING SYSTEMS AND APPLICATION PROGRAMS
Art Unit : : 2115
Examiner :  Suresh Suryawanshi

New York, New York 10020
August 28, 2006

Hon. Commissioner for Patents
P. O. Box 1450
Alexandria, VA 22313-1450

EXPRESS MAIL CERTIFICATION

Sir:
"Express Mail" mailing label number EV669671846US
Date of Deposit August 28, 2006

I hereby certify that the papers and fees identified below are
being deposited with the United States Postal Service "Express Mail Post
Office to Addressee" service under 37 C.F.R. § 1.10 on the date indicated
above and are addressed to Hon. Commissioner for Patents, P.0O. Box 1450,
Alexandria, VA 22313-1450.

Supplemental Information Disclosure Statement (in duplicate);
PTO Form SB/08A (in duplicate);
Copies of Cited Foreign Patent Documents;

Copies of Cited Non Patent Literature Documents; and,

£

Isatta B. Smith

Return Postcard.

Realtime 2023
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08/30/2006 SFELEKE1 00000035 061075

01 FC:1806

Filed

For

Art Unit

Examiner

James J. Fallon et al.

09/776,267

February 2,

Conf. No.:

9730

PATENTS
8011-15

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

-//// Applicant

Application No.

SYSTEMS AND METHODS FOR ACCELERATED LOADING
OF OPERATING SYSTEMS AND APPLICATION

PROGRAMS

2115

Suresh K. Suryawanshi

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

2006

New York, New York 10020
August 28,

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to 37 C.F.R. §§ 1.56 and 1.97,

applicant

hereby make the following documents of record in the above-

identified patent application:

4,127,518
4,302,775
4,574,351
4,593,324
4,682,150
4,730,348
4,754,351
4,804,959
4,870,415

180.00 DA

09776267

U.S. Patent Documents

Coy et al.

Widergren et al.

Dang et al.
Ohkubo et al.
Mathes et al.
MacCrisken
Wright
Makansi et al.

Van Maren et al.

EVé6 67146US
a

11-28-1978
11-24-1981 (18)
03-04-1986
06-03-1986 (10)
07-21-1987 (7)
03-08-1988 (6)
06-28-1988
02-14-1989
05-26-1989
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4,872,009
4,876,541
4,888,812
4,906,995
4,929,946
4,953,324
4,965,675
5,028,922
5,045,848
5,045,852
5,046,027
5,049,881
5,097,261
5,113,522

5,121,342
5,150,430
5,159,336
5,175,543
5,179,651
5,191,431
5,204,756
5,212,742
5,231,492
5,237,460
5,237,675
5,243,341
5,243,348
5,247,638
5,247,646
5,263,168
5,270,832
5,287,420
5,293,379
5,309,555
5,355,498
5,357,614
5,379,036
5,381,145
5,394,534
5,396,228
5,406,278
5,406,279
5,412,384

Tsukiyama et al.
Storer

Dinan et al.
Swanson
O'Brien et al.
Herrmann

Hori et al.
Huang

Fascenda
Mitchell et al.
Taaffe et al.
Gibson et al.
Langdon, Jr.
Dinwiddie, Jr. et
al.

Szymborski

Chu

Rabin et al.
Lantz

Taaffe et al.
Hasegawa et al.
Chevion et al.
Normile et al.
Dangi et al.
Miller et al.
Hannon, Jr.
Seroussi et al.
Jackson

O'Brien et al.
Osterlund et al.
Toms et al.
Balkanski et al.
Barrett

Carr

Akins et al.
Provino et al.
Pattisam et al.
Storer

Allen et al.
Kulakowski et al.
Garahi

Graybill et al.
Anderson et al.
Chang et al.

et al.

10-03-15989

10-24-1989

12-19-1989
03-06-1990
05-29-1990
09-04-1990
10-23-1990
07-02-1991
09-03-1991
09-03-1991
09-03-1991
09-17-1991
03-17-1992
05-12-1992

06-09-1992
09-22-1992
10-27-1992
12-29-1992
01-12-1993
03-02-1993
04-20-1993
05-18-1993
07-27-1993
08-17-15993
08-17-1993
09-07-1993
09-07-1993
09-21-1993
09-21-1993
11-16-1993
12-14-1993
02-15-1994
03-08-1994
05-03-1994
10-11-1994
10-18-1994
01-03-1995
01-10-1995
02-28-1995
03-07-1995
04-11-1995
04-11-1995
05-02-1995

(13,14)

(13,14)
(18)
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5,414,850
5,420,639
5,452,287
5,461,679
5,467,087
5,471,206
5,479,587
5,486,826
5,495,244
5,506,844
5,506,872
5,530,845
5,533,051
5,535,356
5,537,658
5,557,551
5,557,668
5,557,749
5,561,824
5,574,952
5,576,953
5,583,500
5,590,306
5,596,674
5,604,824
5,606,706
5,612,788
5,615,017
5,621,820
5,623,623
5,623,701
5,627,534
5,627,995
5,629,732
5,630,092
5,642,506
5,649,032
5,652,795
5,652,917
5,654,703
5,655,138
5,666,560
5,668,737
5,671,389

Whiting
Perkins
Dicecco

Normile et al.

Chu

Allen et al.
Campbell et
Remillard
Je-Chang et
Rao

Mohler
Hiatt et al.
James

Kim et al.
Bakke et al.
Craft

Brady
Norris
Carreiro et
Brady et al.
Hugentobler
Allen et al.
Watanabe et
Bhandari et
Chui et al.
Takamoto et
Stone

Choi

Rynderman et al.

Kim et al.
Bakke et al.
Craft
Miller et al

Moskowitz et al.
Carreiro et al.

Lee
Burt et al.

al.

al.

al.

al.
al.

al.

Dillon et al.
Maupin et al.

Clark, II
Kikinis

Moertl et al.

Iler
Saliba

05-09-1995
05-30-1995
09-19-1995
10-24-1995
11-14-1995
11-28-1995
12-26-1995
01-23-1996
02-27-1996
04-09-1996
04-09-1996
06-25-1996
07-02-1996
07-09-1996
07-16-1996
09-17-199%¢6
09-17-1996
09-17-1996
10-01-1996
11-12-1996
11-19-1996
12-10-1996
12-31-1996
01-21-1997
02-18-1997
02-25-1997
03-18-1997
03-25-1997
04-15-1997
04-22-1997
04-22-1997
05-06-1997
05-06-1997
05-13-1997
05-13-1997
06-24-1997
07-16-1997
07-29-1997
07-29-1997
08-05-1997
08-05-1997
09-09-1997
09-16-1997
09-23-1997

(18)
(5)
(9)

(14)
(20)
(7)
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5,675,333
5,694,619
5,696,927
5,703,793
5,715,477
5,717,393
5,717,394
5,721,958
5,724,475
5,729,228
5,748,904
5,757,852
5,771,340
5,778,411
5,781,767
5,784,572
5,787,487
5,799,110
5,805,932
5,808,660
5,809,176
5,809,337
5,812,789
5,818,368
5,818,369
5,818,530
5,819,215
5,825,424
5,832,037
5,832,126
5,836,003
5,838,996
5,839,100
5,841,979
5,847,762
5,861,824
5,861,920
5,870,036
5,870,087
5,872,530
5,883,975
5,886,655
5,889,961
5,915,079

Boursier et al.
Konno

MacDonald et al.
Wise et al.
Kikinis

Nakano et al.
Schwartz et al.
Kikinis

Kirsten
Franaszek et al.
Huang et al.
Jericevic et al.
Nakazato et al.
DeMoss et al.
Inoue et al.
Rostoker et al.
Hashimoto et al.
Israelsen et al.
Kawashima et al.
Sekine et al.
Yajima

Hannah et al.
Diaz et al.
Langley

Withers
Canfield et al.
Dobson et al.
Canfield et al.
Park

Tanaka

Sadeh

deCarmo

Wegener
Schulhof et al.
Canfield

Ryu et al.

Mead et al.
Franaszek et al.
Chau

Domyo et al.
Narita et al.

Rust

Dobbek

Vondran, Jr. et al.
4

10-07-1997
12-02-1997
12-09-1997
12-30-1997
02-03-1998
02-10-1998
02-10-1998
02-24-1998
03-03-1998
03-17-1998
05-05-1998
05-26-1998
06-23-1998
07-07-1998
07-14-1998
07-21-1998
07-28-1998
08-25-1998
09-08-1998
09-15-1998
09-15-1998
09-15-1998
09-22-1998
10-06-1998
10-06-1998
10-06-1998
10-06-1998
10-20-1998
11-03-1998
11-03-1998
11-10-1998
11-17-1998
11-17-1998
11-24-1998
12-08-1998
01-19-1999
01-19-1999
02-09-1999
02-09-1999
02-16-1999
03-16-1999
03-23-1999
03-30-1999
06-22-1999

(13,14)

(18)

(18)

(21)

(4,11)

(20)
(3)

(18)
(3)
(18)
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5,917,438
5,920,326
5,936,616
5,949,355
5,955,976
5,960,465
5,964,842
5,968,149
5,973,630
5,974,471
5,982,723
5,991,515
5,996,033
6,000,009
6,002,411
6,011,901
6,014,694
6,026,217
6,028,725
6,031,939
6,032,148
6,061,398
6,075,470
6,094,634
6,097,520
6,104,389
6,105,130
6,128,412
6,141,053
6,145,069
6,172,936
6,192,082
6,195,024
6,253,264
6,272,627
6,272,628
6,282,641
6,309,424
6,317,714
6,330,622
6,345,307
6,421,387
6,434,168
6,442,659

Ando

Rentschler et al.
Torborg, Jr.
Panaoussis
Heath

Adams
Packard
Jaquette et al.
Heath

Belt

Kamatani

Fall et al.
Chiu-Hao

Brady

Dye

Kirsten
Aharoni et al.
Adiletta
Blumenau
Gilbert et al.
Wilkes

Satoh et al.
Little et al.
Yahagi et al.
Kadnier

Ando

Wu et al.

Satoh
Saukkonen

Dye

Kitazaki
Moriarty et al.
Fallon
Sebastian

Mann

Aguilar et al.
Christensen
Fallon

Del Castillo et al.

Schaefer
Booth
Rhee
Kari
Blumenau

et al.

06-29-1999
07-06-1999
08-10-1999
09-07-1999
09-21-1999
09-28-1999
10-12-1999
10-19-1999
10-26-1999
10-26-1999
11-09-1999
11-23-1999
11-30-1999
12-07-1999
12-14-1999
01-04-2000
01-11-2000
02-15-2000
02-22-2000
02-29-2000
02-29-2000
05-09-2000
06-13-2000
07-25-2000
08-01-2000
08-15-2000
08-15-2000
10-03-2000
10-31-2000
11-07-2000
01-09-2001
02-20-2001
02-27-2001
06-26-2001
08-07-2001
08-07-2001
08-28-2001
10-30-2001
11-13-2001
12-11-2001
02-05-2002
07-16-2002
08-13-2002
08-27-2002

(6)

(13,14)

(4,11)
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6,449,682
6,452,602
6,487,640
6,489,902
6,513,113
6,529,633
6,542,644
6,590,609
6,601,104
6,604,158
6,606,040
6,606,413
6,618,728
6,624,761
6,711,709
6,745,282
6,748,457
6,856,651
6,888,893
7,054,493
2001/
0032128
2002/
0037035
2002/
0104891
2002/
0126755
2003/
0034905
2003/
0084238
2003/
0142874

EP 0164677
EP 0185098
EP 0283798

Toorians
Morein
Lipasti
Heath
Kobayashi

Easwar et al.

Satoh

Kitade et al.

Fallon
Fallon
Abdat
Zeineh
Rail
Fallon
York

Okada et al.

Fallon
Singh

Li et al.
Schwartz
Kepecs
Singh

Otto

Li et al.
Anton et al.

Okada et al.

Schwartz

09-10-2002
09-17-2002
11-26-2002
12-03-2002
01-28-2003
03-04-2003
04-01-2003
07-08-2003
07-29-2003
08-05-2003
08-12-2003
08-12-2003
09-09-2003
09-23-2003
03-23-2004
06-01-2004
06-08-2004
02-15-2005
05-03-2005

05-30-2006

10-18-2001

03-28-2002

08-08-2002

09-12-2002

02-20-2003

05-01-2003

07-31-2003

Non-U.S. Patent Documents

12-18-1985
06-25-1986
09-28-1988

Texas Instruments Inc.

Hitachi Ltd

International Business
Machines Corporation
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EP 0405572 06-29-1990 Fujitsu Limited

EP 0493130 12-27-1991 (canon Kabushiki Kaisha
EP 0587437 09-10-1993 International Business

Machines Corporation

GB 2162025 01-22-1986 King Reginald Alfred
JP 9188009 01-09-1996 Canon Inc.

Ltd

WO 9414273 06-23-1994  yoxson International
Pty Ltd

WO 9429852 12-22-1994 Maxtor Corp

WO 9748212 06-03-1997 Nokia
Telecommunications

Non-Patent Documents

RICE, ROBERT F., "Some Practical Universal
Noiseless Coding Techniques", Jet Propulsion
Laboratory, Pasadena, California, JPL
Publication 79-22, March 15, 1979.

ANDERSON, J., et al. “Codec squeezes color
teleconferencing through digital telephone
lines", Electronics 1984, pp. 13-15

VENBRUX, JACK, "A VLSI Chip Set for High-Speed
Lossless Data Compression'", IEEE Trans. On

Circuits and Systems for Video Technology,
Vol. 2, No. 44, December 1992, pp. 381-391

“Operating System Platform Abstraction Method”,
IBM Technical Disclosure Bulletin, Feb. 1995,
Vol. 38, Issue No. 2, pp 343-344

MURASHITA, K., et al., "High-Speed Statistical
Compression using Self-organized Rules and
Predetermined Code Tables", IEEE, 1996 Data
Compression Conference

(24)
(24)
(13,14)

(10)
(21)

(24)

(18)
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COENE, W., et al. “A Fast Route For Application (24)
of Rate-distortion Optimal Quantization in an

MPEG Video Encoder” Proceedings of the

International Conference on Image Processing,

US., New York, IEEE, 16 September 1996, pp. 825-

8286

RICE, ROBERT, “Lossless Coding Standards for
Space Data Systems”, IEEE 1058-6393/97, pp. 577-
585

YEH, PEN-SHU, "The CCSDS Lossless Data
Compression Recommendation for Space
Applications", Chapter 16, Lossless Compression
Handbook, Elsevier Science (USA), 2003, PP. 311-
326.3

Copies of the aforementioned non-U.S. patent
documents and non-patent documents, which are listed on the
accompanying Form SB/08A (submitted in duplicate), are enclosed
herewith.

The above-identified documents marked with the
numeral one, (1), were cited in U.S. Patent Application No.
09/210,491 in the Office Action mailed on May 19, 2000.

The above-identified document marked with the numeral
two, (2), was cited in U.S. Patent Application No. 10/705, 446
in the Office Action mailed on April 10, 2001.

The above-identified documents marked with the
numeral three, (3), were cited in U.S. Patent Application No.
09/579,221 in the Notice of Allowance mailed on February 28,

2003.
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The above-identified documents marked with the
numeral four, (4), were cited in U.S. Patent Application No.
09/266,394 in the Office Action mailed on February 1, 2002.

The above-identified document marked with the numeral
five, (5), was cited in the U.S. Patent Application No.
09/266,394 in the Notice of Allowance mailed on July 29, 2002.

The above-identified documents marked with the
numeral six, (6), were cited in the U.S. Patent Application No.
09/481,243 in the Office Action mailed on June 26, 2002.

The above-identified documents marked with the
numeral seven, {(7), were cited in &he U.S. Patent Application
No. 10/016,355 in the Office Action mailed on November 22,
2002.

The above-identified document marked with the numeral
eight, (8), was cited in the U.S. Patent Application No.
10/016,355 in the Notice of Allowance mailed on April 18, 2003.

The above-identified documents marked with the
numeral nine, (9), were cited in the U.S. Patent Application
No. 09/775,905 in the Office Action mailed on April 23, 2003.

The above-identified documents marked with the
numeral ten, (10), were cited in the U.S. Patent Application

No. 10/628,801 in the Office Action mailed on March 17, 2005.
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The above-identified documents marked with the
numeral eleven, (11), were cited in the U.S. Patent Application
No. 10/628,795 in the Office Action mailed on November 12,
2004.

The above-identified documents marked with the
numeral twelve, (12), were cited in the U.S. Patent Application
No. 10/306,581 in the Office Action mailed on June 29, 2004.

The above-identified documents marked with the
numeral thirteen, (13), were cited in the U.S. Patent
Application No. 10/076,013 in the Office Action mailed on
May 24, 2005.

The above-identified documents marked with the
numeral fourteen, (14), were cited in the U.S. Patent
Application No. 10/076,013 in the Office Action mailed on
February 27, 2006.

The above-identified document marked with the numeral
fifteen, (15), was cited in the U.S. Patent Application No.
10/668,768 in the Office Action mailed on February 20, 2004.

The above-identified document marked with the numeral
sixteen, (16), was cited in the U.S. Patent Application No.

10/668,768 in the Office Action mailed on July 28, 2005.

10
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The above-identified documents marked with the
numeral seventeen, (17), were cited in the U.S. Patent
Application No. 10/668,768 in the Notice of Allowance mailed on
May 1, 2006.

The above-identified documents marked with the
numeral eighteen, (18), were cited in the U.S. Patent
Application No. 09/969,987 in the Office Action mailed on
January 26, 2005.

The above-identified document marked with the numeral
nineteen, (19), was cited in the U.S. Patent Application No.
09/969,987 in the Office Action mailed on September 12, 2005.

The above-identified documents marked with the
numeral twenty, (20), were cited in the U.S. Patent Application
No. 09/969,987 in the Office Action mailed on June 19, 2006.

The above-identified documents marked with the
numeral twenty-one, (21), were cited in the U.S. Patent
Application No. 09/775,897 in the Office Action mailed on
December 24, 2003.

The above-identified documents marked with the
numeral twenty-two, (22), were cited in the U.S. Patent
Application No. 10/306,581 in the Office Action mailed on

July 24, 2006.

11
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The above-identified documents marked with the
numeral twenty-three, (23), were cited in an International
Search Report ("ISR") in PCT Application No. PCT/US01/03712. A
copy of this ISR is being submitted herewith.

The above-identified documents marked with the
numeral twenty-four, (24), were cited in an International
Search Report ("ISR") in PCT Application No. PCT/US00/42018. A
copy of this ISR is being submitted herewith.

Documents included in the above-identified Office
Actions and Search Report that are not being cited herewith are
already of record in the present application.

It is respectfully requested that these documents be:
(1) fully considered by the Patent and Trademark Office during
the examination of this application; and (2) printed on any
patent which may issue on this application. Applicant requests
that a copy of Form SB/08A, as considered and initialed by the
Examiner, be returned with the next communication.

This Statement is submitted after the mailing of a
first Office Action on the merits. In accordance with 37
C.F.R. §197(c) (2), submission of this Statement requires a fee
of $180.00. The Director is hereby authorized to charge

payment of $180.00 and any other fees required in connection

12
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with this paper, or credit any overpayment of the same, to
Deposit Account No. 06-1075, Order No. 103532-0002. A
duplicate copy of this paper is being submitted herewith.
An early and favorable action is respectfully
requested.
Respectfully submitted,

]

~ ——t—

JeffréxJD.'Mdilen‘
Registration No. 52,056
Agent for Applicant

[X] Submitted under 37 C.F.R. § 1.34
FISH & NEAVE IP GROUP
ROPES & GRAY LLP
Customer No. 1473
1251 Avenue of the Americas
New York, New York 10020-1105
Tel.: (212) 596-9000
Fax: (212) 596-9090
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PTO/SB/OBA (10-01)

Approved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Bt of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

; Complete if known
SRAEED> Application Number 09/776.267
FOURTH SUPPLEMENTAL | Filing Date February 2, 2001
INFORMATION DISCLOSURE First Named Inventor Fallon
STATEMENT BY APPLICANT jArt Unit 2115
Examiner Name Suresh K. Suryawanshi
(use as many sheets as necessary)
Sheet | 1 of | 11 ﬁgz‘rg:ry Docket 8011-15
U.S. PATENT DOCUMENTS

e I e e R W e

4,127,518 11-28-1978 Coy etal.

4,302,775 11-24-1981 Widergren et al.

4,574,351 03-04-1986 Dang et al.

4,593,324 06-03-1986 Ohkubo et al.

4,682,150 07-21-1987 Mathes et al.

4,730,348 03-08-1988 MacCrisken

4,754,351 06-28-1988 Wright

4,804,959 02-14-1989 Makansi et al.

4,870,415 09-26-1989 Van Maren et al.

4,872,009 10-03-1989 Tsukiyama et al.

4,876,541 10-24-1989 Storer

4,888,812 12-19-1989 Dinan et al.

4,906,995 03-06-1990 Swanson

4,929,946 05-29-1990 O'Brien et al.

4,953,324 09-04-1990 Herrmann

4,965,675 10-23-1990 Hori et al.

5,028,922 07-02-1991 Huang

5,045,848 09-03-1991 Fascenda

5,045,852 09-03-1991 Mitchell et al.

5,046,027 09-03-1991 Taaffe et al.

5,049,881 09-17-1991 Gibson et al.

5,097,261 03-17-1992 Langdon, Jr. et al.
Examiner Dato I
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.

Include copy of this form with next communication to applicant.

1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to fite (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,

Alexandria, VA 22313-1450.

Express Mail:
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PTO/SB/08A (10-01)

Approved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO

(use as many sheets as necessary)

Complete if known

Application Number

09/776,267

February 2, 2001

First Named Inventor

Fallon

FOURTH SUPPLEMENTAL Filing Date
INFORMATION DISCLOSURE _
STATEMENT BY APPLICANT [JArtUnit

2115

Examiner Name

Suresh K. Suryawanshi

Attorney Docket

Sheet | 2 of | 11 Number 8011-15
-
m Dinwiddie, Jr. et al.

5,121,342 06-09-1992 Szymborski
5,150,430 09-22-1992 Chu
5,159,336 10-27-1992 Rabin et al.
5,175,543 12-29-1992 Lantz
5,179,651 01-12-1993 Taaffe et al.
5,191,431 03-02-1993 Hasegawa et al.
5,204,756 04-20-1993 Chevion et al.
5,212,742 05-18-1993 Normile et al.
5,231,492 07-27-1993 Dangi et al.
5,237,460 08-17-1993 Miller et al.
5,237,675 08-17-1993 Hannon, Jr.
5,243,341 09-07-1993 Seroussi et al.
5,243,348 09-07-1993 Jackson
5,247,638 09-21-1993 O'Brien et al.
5,247,646 09-21-1993 Osterlund et al.
5,263,168 11-16-1993 Toms et al.
5,270,832 12-14-1993 Balkanski et al.
5,287,420 02-15-1994 Barrett
5,293,379 03-08-1994 Carr
5,309,555 05-03-1994 Akins et al.
5,355,498 10-11-1994 Provino et al.
5,357,614 10-18-1994 Pattisam et al.
5,379,036 01-03-1995 Storer

Examiner Date

Iﬂ;nature Considered I

*EXAMINER: Initia! if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.

Include copy of this form with next communication to applicant.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the armount of ime you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
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@ Radio device with signal compression.

® A digital radio device (2) for inter alia mobile
radio or cordless telephony is proposed with signal
compression (12) for base band signals and/or hard-
limiting at RF (6) an/or IF (10) stages. Such an
architecture allows for a high level of integration with
less complexity than known digital radio devices,
and is thus cost saving. In an embodiments of the
present invention the signal compression (12) can be
carried out by a true logarithmic amplifier or by a
compression device (13, 14) having a sine-shaped
transfer characteristic. In succesive signal process-
ing (24) of digitised base band signals, digital signal
decompression can be carried out by using the
samples of the base band signal as addresses to a
decompression lookup-table.
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The present invention relates to a digital radio
device comprising an analog recsiving part for re-
ceiving phase or frequency modulated radio fre-

quency signals coupled to base band conversion’

means for converting the radio frequency signals to
at least one base band signal, analog to digital
conversion means for sampling the at least one
base band signal, and digital processing means for
processing samples of the at least one base band
signal. Such digital radio devices, which can be
transceivers if also a transmitting part and
switchover means for switching over between
transmission and reception are comprised therein,
can be used in mobile radio systems, in cordless
telephony systems, and in paging systems inter
alia.

A digital radio device of this kind is known from
the German patent application DE-OS 39 25 305. In
the known digital radio device signal compression
and signal limiting is carried out before base band
conversion and base band converted radio fre-
quency quadrature signals are sampled by means
of analog to digital converters. After analog to digi-
tal conversion digital samples are further processed
in the known digital radio device. In the known
radio device, e.9. to be used in a cellular radio
system such as a so-called GSM-system (Groupe
Special Mobile), a pan-European mobile radio sys-
tem, signal compression is carried out to achieve
dynamics compression of the radio frequency sig-
nal which may vary 100 dB at an antenna input of
the radio device, in order to relieve analog to digital
conversion of the quadrature base band signals.
Without compression a 20 bit A/D-converter would
be necessary for achieving the necessary number
of significant bits at very small signal strength, i.e.
such an A/D-converter would become very expen-
sive. A disadvantage of the known signal limiting
and compression is that when interfering signals
are present the compression means introduce in-
termodulation products that one cannot get rid of
during subsequent processing of the baseband
samples. Bandpass filtering is therefore required
before limiting and compression, implemented for
example by a separate device like a SAW-filter
(Surface Acoustic Wave).

It is an object of the present invention to pro-
vide a digital radio device in which inexpensive
analog to digital converters are used, not having
the disadvantages of the known digital radio de-
vice.

To this end a digital radio device according to
the present invention is characterised in that the
digital radio device comprises a smooth-non-linear
arrangement coupled between the base band con-
version means and the analog to digital conversion
means for compressing larger signals at an input
thereof more than smaller signals. By signal
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smoothing after base band conversion the smooth-
ing arrangement consumes less power than the
logarithmic compression in the known device, due
to the lower frequency operating range, whereas
limiting at RF and/or IF can at least substantially be
avoided. Due to the base band smoothing no sepa-
rate SAW-filter would be necessary, whereas the
base band smoothing can be integrated with further
functions, thus reducing costs by achieving a sim-
plified device. It is to be realized that the dynamic
range of an analog to digital converter is propor-
tional to cost, IC surface area, and power consump-
tion, or, otherwise stated, every extra bit doubles
the complexity of an analog to digital converter.

In an embodiment of a digital radio device
according to the present invention the smooth-non-
linear arrangement is a logarithmic amplifier. By
using a logarithmic amplifier, which should be of
the so-called true logarithmic amplifier type which
compresses the amplitude of an input signal while
retaining information about its sign, very large am-
plitude range signals can be coped with.

In another embodiment of a digital radio device
according to the present invention the smooth-non-
linear arrangement is an arrangement having a
sine-shaped transfer characteristic. Also with a
sine-shaped transfer characteristic input signals
with a larger amplitude are compressed with re-
spect to smaller signals whilst hard limiting on base
band signals is avoided. It is to be realised that
hard limiting of base band signals would lead to
phase errors and thus to an unacceptable increase
of the BER (Bit Error Rate) of demodulated digital
signals.

In a further embodiment of a digital radio de-
vice according to the present invention the digital
radio device comprises at least one signal limiting
arrangement in the analog receiving part. The limit-
ing can be at higher signal levels not leading to
substantial performance degradation in the base
band processing due to interference caused by the
presence of unwanted signals. By also adding
some limiting at radio frequency and/or intermedi-
ate frequency maximum signal control for analog to
digital conversion is achieved. The limiting can be
done by means of hard limiting or by means of
AGC (Automatic Gain Control). Fading signals can
only demodulated correctly (by an equalizer) if
amplitude information is preserved. However fading
are only to be expected up to a certain field
strength. Higher strengths are encountered when
one is near a transmitter, and then one radio propa-
gation path from the transmitter to the receiver
tends to dominate, and fading is less significant.
Under these circumstances of very high signal
strength the signal amplitude can be limited without
seriously affecting performance. This limiting is
best done at rf. or at an if. In order to avoid
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distortion of the signal phase that would occur with
baseband limiting, and to reduce the dynamic
range required in the later parts of the receiver.

In a further embodiment of a digital radio de-
vice according to the present invention the digital
radio device comprises at least one low pass filter
for filtering the at least one base band signal. It is
achieved that unwanted signals are removed and
that less demand is imposed on passband filtering.
Also filtering at lower frequencies eases integration
thereof on an IC (Integrated Circuit).

In a further embodiment of a digital radio de-
vice according to the present invention the digital
radio device comprises at least one band pass filter
before the at least one signal limiting arrangement.
Band pass filtering, which can be carried out on
radio frequency signals and/or intermediate fre-
quencies, removes unwanted signals. Thus, filter
effort can be distributed over various frequency
bands, i.e. at radio frequency, at intermediate fre-
quency, or at low frequency. Low pass filtering
before the logarithmic amplifier can be dimension-
ed such that closest neighbour channel signals are
attenuated such that a rest signal thereof has
negligable effect on the dynamics compression.

In a further embodiment of a digital radio de-
vice according to the present invention, the digital
processing means are arranged for correcting the
samples of the at least one base band signal so as
to decompress for compression by means of the
smooth-non-linear arrangement. In this way a quasi
linear result is achieved in which fine quantisation
is achieved for very small signals, where noise
plays a greater role, while greater quantisation
steps are used for stronger fading signals, where
less accuracy is required.

In a further embodiment of a digital radio de-
vice according to the present invention, the pro-
cessing means are arranged for correcting the
samples by using the samples as addresses for a
correction lookup-table which outputs decom-
pressed sample values. Use of a lookup-table al-
lows for a fast software correction of digitised base
band signals.

The present invention will now be described,
by way of example, with reference to the accom-
panying drawings, wherein

Fig. 1 schematically shows a radio communica-
tion system with a digital radio device according
to the present invention,

Fig. 2 diagrammatically shows an embodiment
of a signal compression device for use in the
digital radio device, and

Fig. 3 shows simulation results of bit error rates
versus signal levels in a radio device according
to the present invention under various condi-
tions.

10

15

20

25

30

35

45

50

55

Figure 1 schematically shows a radio commu-
nication system 1 with a digital radio device 2
according to the present invention, and at least ons
radio base station of which a radio base station 3 is
shown. The radio base station 3 communicates
with the digital radio device 2, which comprises a
receiving and a transmitting part, e.9. using a
TDMA communication method such as used in
GSM. It is pointed out in figure 1 by means of a
solid line for a direct path and broken lines for
reflected paths between the radio base station 3
and the digital radio device 2 that signals transmit-
ted and received signals are subject to muitipath
propagation due to reflections inter alia, i.e. de-
layed replica of transmitted signals are received.
Furthermore, for mobile digital radio devices, the
radio signals are subject to fading of 40 dB or
more, causing a very rapidly fluctuating signal
strength at receiver side. It is thus important that
the digital receiver 2 can cope with these land of
problems. The digital radio receiver 2 comprises an
analog receiving part 4 for receiving phase or fre-
quency modulated signals, e.g. quadrature GMSK
(Gaussian Minimum Shift Keying) modulated sig-
nals. The analog receiving part 4 comprises an RF-
input-stage 5 which can bs coupled to a signal
limiting arrangement 6 in an embodiment of a
digital radio device according to the present inven-
tion. The received and at choice limited signal is
fed to an intermediate mixer which is coupled with
a local oscillator 8. Although only one mixing stage
7 is shown, frequency down conversion may be
carried out via several mixing stages. The mixer 7
is coupled to an intermediate stage 9 comprising a
band pass filter which can be coupled to a further
limiting arrangement 10. It has been shown that no
further limiting than for signal levels above -40
dBm, preferably distributed over various intermedi-
ate frequencies, will not substantially degrade the
performance of the digital radio device as to BER
(Bit Error Rate). E.g. for GSM, GSM recommenda-
tion 05.05, version 3.5.0, Transmission and Recep-
tion, 1.3.89, assumes a static channel condition for
RF signal levels between -10 dBm and -40 dBm,
for the purpose of BER-measurements. Assuming
RF signals with a maximum signal level of -10 dBm
in a GSM system, in an embodiment of the present
invention input RF signals are hard limited above
-40 dBm, in RF and/or IF receiver stages, such a
hard limiting being permissible. Hard limiting
should be avoided below the signal level of the
strongest interferer. The down converted received
radio frequency signal is fed to base band conver-
sion means 11 for obtaining base band signals,
which are fed to a smooth-non-linear arrangement
12 for achieving base band signal compression in
accordance to the present invention. The smooth-
non-linear arrangement 12 can comprise true loga-
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rithmic amplifiers 13 and 14 for compressing re-
spective quadrature base band signals | and Q, i.e.
an in-phase and quadrature signal respsctively.
Such a true logarithmic amplifier can be a circuit as
in an IC with type number SL531C (Plessey), or
any other true logarithmic amplifier. Instead of
logarithmic amplifiers 13 and 14 the smooth-non-
linear arrangement 12 may comprise circuits with a
different transfer characteristic, such as a sine-
shaped transfer characteristic. The base band con-
version means 11 comprise respective base band
converters 16 and 17 which are coupled to sine
and cosine local oscillators 18 and 19 respectively.
The base band conversion means may further
comprise respective low pass filters 20 and 21 for
low pass filtering the quadrature signals | and Q.
After signal compression the base band signals are
fed to analog to digital conversion means such as
A/D-converters 22 and 23 for obtaining samples of
the same. The samples are fed to digital process-
ing means 24 for base band processing. The pro-
cessed signals, e.g. representing speech signals,
are fed via interface logic 25 to a PCM (Puise Code
Modulation) Bus Interface 26 to an handset in
which conversion from digital to analog signals is
carried out. In case of a speech communication, an
analog speech signal is fed to a speaker 28. In
opposite direction, in full duplex mode, an analog
speech signal picked-up by a microphone is fed to
the digital processing means 24 via the interfaces
26 and 25, and is modulated and converted to a
radio frequency signal in transmitting means 30
which deliver an signal to an antenna 31 via a
diplexer 32. The interface logic is further coupled
to a device control unit 33 for generating various
control signals within the digital radio device, such
as TDMA control. Shown are control signals ¢1, c2,
c3, ¢4, and ¢5 for repective control of the local
oscillators 8, 18, and 19, and the analog to digital
converters 22 and 23. For a more detailed descip-
tion of a known GSM receiver referred is to an
article, "Architektur eines Mobilfunkgerites flir das
Netz D", P. Schéffel et al., Philips Innovation
1/1991, pp. 132-139.

Fig. 2 diagrammatically shows an embodiment
of a signal compression device 13 or 14 for use in
the digital radio device 2 having a sine-shaped
tranfer characteristic sine from -#/2 to +#/2, in-
dicated by an input-output relation UyU; of the
devices 13 and 14. Such a transfer characteristic
sine can be realised and approximated by a num-
ber cascaded and/or cascoded amplifier stages
having a non-linear transfer characteristic, the re-
sulting transfer characteristic being a polynomial
approximation of a sine-shaped transfer character-
istic. In applying such a sine-shaped characteristic,
lower level input signals are appromately linearly
amplified whereas higher level input signals are
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compressed, and such a compression favours low-
er level noisy signals as to quantisation in the A/D-
converters 22 and 23.

Fig. 3 shows simulation results of bit error rates
BER versus signal levels slev in dBm, in a radio
device 2 according to the present invention under
various channel conditions. The simulations were
carried out for a receiver architecture with IF hard
limiting above -40 dBm, base band signal com-
pression, and A/D-conversion using 6 bit A/D-con-
verters. Signal compression was done in a signal
range between -84 dBm and -40 dBm. Specifica-
tion masks M11, M12 at -100 dBm, and M21, M22
at higher signal levels are shown. For a test chan-
nel behaving like a typical fading channel the BER
should not exceed M11 and M21 respectively, and

“for a test channel like a static test channel the BER

should not exceed M12 and M22 respectively. Sim-
ulation results for the typical fading channel, in-
dicated with curves simf1 and simf2, and for the
static channel, indicated with sims1 and sims2,
show that the particular receiver architecture com-
plies with the BER-specifications M11, M12, and
M21, M22. Though signal compression increases
the BER, the increased BER still complies with the
specifications. The receiver architecture according
to the present invention allows for a cost saving
high level of integration, i.e. from the limiting ar-
rangement 10 circuits can be integrated within one
integrated circuit, whereas the signal limiting ar-
rangement 6, the mixer 7, and the local oscillator 8
can be integrated within another integrated: circuit,
for even more integration.

The digital processing means 24, e.g. a signal
processor with RAM and ROM memory with soft-
ware etc., can be arranged for decompressing the
compressed signal, i.e. for correcting the base
band samples. In an embodiment the software
comprises a lookup-table addressed by the base
band signal samples from the A/D-converters 22
and 23, the lookup-table outputting decompressed
sample values. Thus, a quasi-linear result is
achieved, with a higher quantisation level for lower
level noisy signals than for higher level signals.

Claims

1. A digital radio device (2) comprising an analog
receiving part (4) for receiving phase or fre-
quency modulated radio frequency signals
coupled to base band conversion means (11)
for converting the radio frequency signals to at
least one base band signal, analog to digital
conversion means (22, 23) for sampling the at
least one base band signal, and digital pro-
cessing means (24) for processing samples of
the at least one base band signal, charac-
terised in that the digital radio device (2) com-
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prises a smooth-non-linear arrangement (12)
coupled between the base band conversion
means (11) and the analog to digital conver-
sion means (22, 23) for compressing larger
signals at an input thereof more than smaller
signals.

A digital radio device (2) as claimed in claim 1,
wherein the smooth-non-linear arrangement
(12) is a logarithmic amplifier.

A digital radio device (2) as claimed in claim 1,
wherein the smooth-non-linear arrangement
(12) is an arrangement (13, 14) having a sine-
shaped transfer characteristic.

A digital radio device (2) as claimed in claims
1, 2 or 3, wherein the base band signals are
quadrature signals.

A digital radio device (2) as claimed in claims
1, 2, 3 or 4, comprising at least one signal
limiting arrangement (6, 10) in the analog re-
ceiving part (4).

A digital radio device (2) as claimed in claim 5,
comprising at least one low pass filter (20, 21)
for filtering the at least one base band signal.

A digital radio receiver (2) as claimed in claims
5 or 6, comprising at least one band pass filter
(5, 9) before the at least one signal limiting
arrangement (6, 10).

A digital radio device (2) as claimed in any one
of the preceding claims, wherein the digital
processing means (24) are arranged for cor-
recting the samples of the at least one base
band signal so as to decompress for compres-
sion by means of the smooth-non-linear ar-
rangement (12).

A digital radio device (2) as claimed in claim 8,
wherein the processing means (24) are ar-
ranged for correcting the samples by using the
samples as addresses for a correction lookup-
table which outputs decompressed sample val-
ues.
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SPECIFICATION

Encoding method

5 Thepresentinvention relates to an encoding
method for an analogue waveform, andin particular,
but not exclusively, to an encoding method for an
analogue waveform representing speech.

Electrical waveforms derived from human speech
10 arecomplexin character, having significant compo-
nents extending from below 300 Hz, to above 3kHzand
awide dynamic range. Such waveforms may be
converted into streams of digital data by known
methods such as Pulse Code Modulation (PCM), Delta
15 Modulation or Time Encoding. In PCM, the analogue
speech waveform is sampled and a digital codeis
assigned to each sample to indicate the instantaneous
amplitude of the analogue waveform atthe time the
sample was taken. However, to obtain acceptable
20 qualitythe sampling rate mustbe at least double the
bandwidth ofthe waveform. Furthermore, the digital
code indicating amplitude normaily comprises at least
an 8 bitcode. Hence, assuming a bandwidth of 3kHz
for the speech waveform, it can be seen that the digital
25 data stream will contain 48k bits/second. In most
commercial applications 64 k bits/second are gener-
ated as the bandwidth is taken as 4 kHz.
In Delta Modulation the analogue speech waveform
is sampled, as with PCM. A single bit descriptorcode is
30 then assigned to each sample in orderto describe the
amplitude of the sample with respect to the preceding
sample. However, as a single bit descriptor code is
used it is necessary to use a higher sample rate than
PCM and, for commercial applications, a sample rate
35 ofatleast32 kbits/second is necessary. Hence, the
digital data stream generated will contain 32 k
bits/second.
In Time Encoding, the locations of the real zerosin
the analogue waveform are determined by quantising
40 inthetime domain. Theshape of the waveform
between successive zeros is then determined by
studying the number of events, e.g. maxima or
minima, in the waveform between successive real
zeros. A series of coded symbols is generated by
45 grouping the successive zeros with their associated
events. These symbols are known as TES symbols,
and the analogue speech waveform can be recon-
structed from them.
Since the analogue speech waveform is of restricted
50 bandwidth only alimited number of coded symbols
are necessary. For example, in a speech waveform
having a bandwidth of 300 Hzto 3.3 kHz with a
sampling rate of 20k samples/second, only a limited
variationin half cycle durations can occur. At the
55 highestfrequency, 3.3kHz, the half cycle durationis
approximately 3 quanta, at the lowest frequency, 300
Hz, the half cycle duration is approximately 34 quanta.
By applying mapping logicit has been found thatan
alphabet of about 27 TES symbols can be used to
60 definethe analogue speech waveform. Asthere are
fewer than 32 symbols, a 5 bit constantlength (linear)
binary word may be allocated to represent each TES

symbol. Hence, the TES symbol streamis represented
by a digital data stream of 5 bit constantlength (linear)
datawords. In practice, however, additional data may
beincluded, such as amplitude information so that
70 each symbolwould be represented by a (5 +n) bit
constantlength (linear) data word, where nis normal-
ly a 1to 3 bitcode word. The principles of Time
Encoded Speech (TES) are described in detail in UK
Patent No. 2020517. By adopting Time Encodingitis
75 possible to represent an analogue speech waveform
by a digital data stream having a bit rate of approx-
imately 12k bits/second, whilst maintaining accept-
:able quality.
Itis often desirable to store digitally encoded speech
80 butitcan beseen that, with existing methods of
encoding, large memories are required to store
relatively short periods of speech because of the
number of bits of digital information to be stored per
second of the analogue speech waveform. Inorder to
85 reduce memory requirements, a reduction in the bit
rate of the digital data stream is both desirable and
necessary.

Itis an object of the presentinvention to provide a
method of encoding data whereby the bit rate of the

g0 digital data stream representing the datais reduced
substantially from that obtained with existing
methods. The method of the presentinvention is,
therefore, particularly applicable when itis required to
store speech in digital form. Furthermore, in transmis-

95 sion by line orradio the lower bitrate means thata
narrower bandwidth is required fortransmission. ifa
narrower bandwidth is not adopted the time required
to transmita given quantity of data is reduced, which
may be particularly advantageous whenthe datais to

100 betransmitted by telephone linelink.

According to the present invention there is provided
an encoding method for an analogue waveform, the
method comprising deriving a digital data stream
fromthe analogue waveform, dividing the digital data

105 stream into anumber of successive time frames of
equal time period, storing the digita! data in respect of
successive time frames, deriving a stream of time
encoded symbols from the analogue waveform,
dividing the stream of time encoded symbols into

110 successivetime frames corresponding to the succes-
sive time frames of the digital data stream, storing the
time encoded symbols for successive time frames,
determining and comparing the distribution of the
time encoded symbols for successive time frames,

115 and reconstructing a digital data stream from the
digital data stored and derived digital data which is
dependent upon the results of the comparison of the
time encoded symbols for successive time frames.

Preferably the time frames are of 10 to 20 mil-

120 lisecondtime period.

The digital data derived from that stored in respect
of one or more time frames may comprise digital data
stored in the immediately preceding time frame.

The reconstructed digital data stream may be

125 stored.

The reconstructed digital data stream may be

transmitted.

The drawings originally filed were informal and the print here reproduced is taken from a later
filed formal copy.
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The digital data stream may be derived from the
analogue waveform by pulse code modulation.
Thedigital data stream may be derived from the
analogue waveform by delta modulation.
5 Thedigital data stream may bederived from the
analogue waveform by time encoding.

Thedigital data stream may be derived from the
analogue waveform by any other method of digital
encoding,

The presentinvention will now be described, by way
of example, with reference to the accompanying
drawings in which:—

Figure 1 shows a flow chartillustrating an encoding
method in accordance with the presentinvention, and

Figure 2 shows a tableillustrating the distribution of
time encoded symbols representing a short period of

- speech.

Referring to the drawings, an analogue waveform,
forexample an analogue speech waveform, is digi-
tized into a digital data stream by any known method
such as for example Pulse Code Modulation, Delta
Modulation, or Time Encoding. The digital data
stream is then divided into a number of successive
timeframes of equal time period and stored. In this
example a 10 millisecond time period has been
chosen but time periods of longer or shorter duration
may also be adopted. Any store suitable for storing
quantities of digital information may be used to store
the time frames of digital data. The division of the
digital data stream into the successive time frames
may be achieved by gating atthe required 10
millisecond time intervals.

The analogue speech waveformis also time en-
coded into a stream of TES symbols. Apparatus
suitable for this purpose is described in UK Patent
2020517. The stream of TES symbols is also divided
into a number of successive time frames of equal time
period and stored such that the time frames stored in
respect of the TES symbol stream correspond bothin
time and duration to the time frames stored in respect
of the digital data stream.

The distributions of the TES symbols stored in
respect of successive time frames are now determined
and compared. As previously mentioned the TES
alphabet may consist of 27 TES symbols and hence,
each stored TES symbol may be represented by a 5 bit
binary word. The identity of each TES symbol stored
in respect of successive time frames can, therefore, be
determined easily by reading the stored 5 bit binary
words. The frequency with which any TES symbol
occurs may then be determined by incrementing a
counter each time a particular 5 bit binary word is
recognised. In this way a table can be formulated
which shows, for successive time frames, the distribu-
tion of the stored TES symbols. The information
contained in the table can be generated and stored in
any apparatus suitable for this purpose, suchas a
computer.

Figure 2illustrates the information which could be
contained in such a table. Figure 2 shows clearly the
distribution of the TES symbolsin any time frame. In
time frame 1 for example, which represents the TES
symbols generated by time encoding 10 milliseconds
of speech, itcan be seen that only TES symbols 1to 5
65 werederived and that TES symbol 2 occurred most
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frequently.

Thedistribution of the TES symbols in successive
time frames is now compared. It can be seen from
Figure 2 that there is a little change in the frequency
with which the TES symbols occurintime frames 1 to
7 and hence there is alittle change in the distribution
ofthe TES symbols in these time frames. This
restricted change in distribution indicates that, in the
spesech waveform from which the TES symbols were
derived, there wasllittle change in the character of the
speech which occurred in time frames 1 to 7. However,
itwill be seen thatthe TES symbol distributionintime
frames 8 and 9 differ from the preceding time frames
and from each other which indicates a transition from
one speech sound to another. Time frame 11 is
identical to that of time frame 10 which indicates that
the character of the speech was essentially constant
for this 20 millisecond period. Although the TES
symbols storedin respect of time frames 10and 11 are
identical, the digital data stored in respect of the same
time frames of the digital data stream produced for
example by Pulse Code Modulation may differ greatly
in view of the sampling rate and the binary codes
allocated for each sample.

Ithas been determined by analysing segmented
TES symbol streams derived from speech thatthe TES
symbol distribution may remain substantially con-
stantthrough several 10 millisecond time periods
indicating the occurence of considerable repetition
redundancy and the encoding method of the present
invention proposes to reconstruct the digital data
stream in dependence upon the resuits ofthe com-
parison between the TES symbols stored in respect of
successive time frames of the TES symbol stream to
eliminate a proportion of this repetition redundancy.

Thedigital data stream is reconstructed by recalling
the digital data stored in respect of the successive time
frames. However, the digital data stored in respect of
any particular successive time frame is notrecalled
until the distribution of the TES symbols stored in
respect of thattime frame has been compared with the
distribution of the TES symbols stored in respect of
one or more preceding time frames. The results of this
comparison then determine whetherthe digital data in
the particular time frame is recalled to form part of the
reconstructed digital data stream or whether the
digital datain that time frame is substituted by other
digital data, for example a repeat signal to indicate
that the repetition of a previous time frame, with a
similar TES symbol distribution may be substituted.
This repeated digital data may consist of the digital
data stored in respect of a preceding time frameif the
TES symbo! distribution between the two time frames
is substantially identical orit may consist of digital
data which is derived from the digital data stored in
respect of several preceding time frames if the
difference in the TES symbol distribution in these
preceding time frames is within pre-determined
limits.

This procedure may be seen more clearly with
reference to Figure 2.

Referring firstly to time frames 10 and 11, ifa
comparison is made between the TES symbol dis-
tribution in these frames it will be recognised that the
distributions for the two time frames are identical. As
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a result of this comparison the digital data stored in

respect of time frame 11 would not be recalled and a

repeat signal would be generated indicating that the

digital data stored in respect of time frame 10isto be
5 repeated to replace the data stored in respect of time
frame 11.

This repeat signal would replace the data stored in
respect of time frame 11 and hence, the bit rate of the
encoded digital data stream would be reduced in
comparisonto the bit rate of the digital data stream
derived from digitizing the analogue speech wave-
form by known methods, such as PCM.

Referring now to time frames 1to 7 shownin figure
2,ifacomparison is made between the TES symbol
distributionitcan be seen thereis little change
between time frames 1to 7. However, as there are
several time frames having similar TES symbol
distribution it may not be possible to repeat any one of
these time frames seven times without affecting the
character of the speech reconstructed from the
encoded data. Hence, the reconstructed or encoded
data stream could consist of the repetition of the
digital data stored in respect of a selected smaller
number of these time frames with a repeat signal
generated to indicate when the repetition of a selected
time frame is to occur. In this manner the repeated
time frames are substituted in the encoded data
stream by the repeat signals thereby effecting a
reduction in the bit rate of the data stream whilst
maintaining the character of any speech recon-
structed from the data.

With regardto time frames 7,8 and 9in Figure 2, it
can be seen thatthese frames differ considerably from
each other and therefore, a repeat strategy would not
be adopted for these frames since the comparison of
the TES symbal distribution in these frames would not
show sufficient similarity. -

With reference to time frames 21to 30 in Figure 2t
can be seen that the TES symbol distributionintime
40 frames 21 to 25 is almostidentical, there being minor
variationsin the frequency of TES symbols 7 and 9. As
aresult, the digital data stored in respect of time
frames 21 to 25 would not be recalled and could be
substituted in the reconstructed digital data stream by
repeat signals indicating when a selected time frame
is to be repeated, as previously described in relation to
time frames 1to 7. Asimilar procedure may be applied
to segments 26 to 28 and segments 29 and 30 as the
variations in TES symbol distribution in these time
50 frames are alsoslight. The digital data which s
substituted into the reconstructed digital data stream
may be derived according to predetermined guide-
lines which enable the maximum possible reduction
inthe bit rate whilst maintaining acceptable quality in
the reconstructed speech.

Therefore, by adopting the method of the present
invention the analogue speech waveform is encoded
into a dtream of digital data which may comprise
sections of digital data derived directly by known
methods such as PCM interleaved with frames of
digital data derived in dependence upon the results of
the comparison made on the TES symbol distribution
stored in respect of successive time frames.

Thereconstructed digital data stream may be either
65 transmitted or stored for subsequent transmission by
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The method of the presentinventionis aiso
applicable when the digital data stream comprises a
TES digital data stream. In this case the presence of
repeat signals may preferably indicate that, for
example, selected TES symbols orgroups of TES
symbols may be omitted throughout the time frames
being compared to reduce the transmission bit rate.
On reception or reconstruction the remaining TES
symbols or groups of TES symbols may be repeated to
replace those symbols or groups of symbols selected
for omission in order to reconstruct an acceptable
version of the original speech waveform.

Furthermore, the present invention has been de-
scribed with reference to first order probability
distribution but it should be understood that higher

" order probability distribution or alternative probabil-
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ity distribution may equally be used to advantage with
the presentinvention.
CLAIMS

1. Anencoding method for an analogue wave-
form, the method comprising deriving a digital data
stream from the analogue waveform, dividing the
digital data stream into a number of successive time
frames of equal time period, storing the digital datain
respect of successive time frames, deriving a stream
of time encoded symbols from the analogue wave-
form, dividing the stream of time encoded symbols
into successive time frames corresponding to the
successive time frames of the digital data stream,
storing the time encoded symbols for successive time
frames, determining and comparing the distribution
ofthe time encoded symbols for successive time
frames, and reconstructing a digital data stream from
the digital data stored and derived digital data whichis
dependent upon the resuits of the comparison of the
time encoded symbols for successive time frames.

2. Amethod according to claim 1 wherein the
derived digital data comprises a repeatsignal for
indicating that, when the reconstructed data stream is
to be decoded, the digital data stored in respect of any
time frameis to be repeated.

3. Amethod according to claim 1 whereinthe
derived digital data for a particular timeframe
comprises the digital data stored in respect of the time
frame immediately preceding the particular time
frame.

4. Amethod according to claim 1 whereinthe
derived digital data comprises digital data which is
derived from the digital data stored inrespect of one
ormore time frames.

5. Amethod according to any one of the preceding
claims wherein thetime frames are of 10to 20
millisecond time period.

6. Amethod according to any one of the preceding
claims wherein the reconstructed digital data stream
is stored.

7. Amethod according to anyone ofclaims1to5
wherein the reconstructed digital data stream is
transmitted.

8. Amethod according to claim 2 wherein the
digital data stream derived from the analogue wave-
form comprises a stream of time encoded symbols
and the repeat signal is for indicating that selected
time encoded symbols or groups of symbolsin the
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10

digital data stream are to be omitted or repeated in the
reconstructed digital data stream.

9. Amethodaccording to any one of claims 1to 7
wherein the digital data stream is derived from the
analogue waveform by pulse code modulation.

10. Amethodaccordingto anyoneofclaims 1to7
wherein the digital data stream is derived from the
analogue waveform by delta modulation.

11. Amethod accordingto any one of the preced-
ing claims wherein the analogue waveform comprises
aspeech waveform.

12. Anencoding method substantially as hereinb-
efore described with reference to the accompanying
drawings. .

Printed in the United Kingdom for Her Majesty’s i v Office, 8818935,
/86 18996. Published at the Patent Office, 25 Southampton Buildings,
London WC2A 1AY, from which copies may be obtained.
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Description

This application is a division from patent application EP—A—33 510.

The invention described herein relates to a speech synthesis system as defined in the pre-
characterizing part of claim 1. More specifically, this invention relates to the following aspects of a speech
synthesis system:

interpolation circuitry utilized to increase the effective data rate in speech synthesis circuits; and

data frame rate control in speech synthesis circuits.

Several techniques are known in the prior art for digitizing human speech. For example, pulse code
modulation, differential pulse code modulation, adaptive predictive coding, delta modulation, channel
vocoders, cepstrum vocoders, formant vocoders, voice excited vocoders, and linear predictive coding
techniques of speech digitization are known. The techniques are briefly explained in “Voice Signals; Bit by
Bit” on pages 28—34 of the October, 1973 issue of /EEE Spectrum.

In certain applications and particularly those in which digitized speech is to be stored in a memory,
most researchers tend to use the linear predictive coding technique because it produces a very high quality
speech using rather low data rates. A speech synthesis system employing the linear predictive coding
technique would typically utilize frames of data which are comprised of digital representations of pitch,
energy, and certain linear predictive coefficients which are utilized to control a digital filter. High quality
synthetic human speech may be produced by such a speech synthesis system at a relatively low data rate,
such as 1,200 bits per second, ultilizing a fixed rate of data frame entry. It will be appreciated that a more
accurate representation of human speech may be obtained by increasing the frame rate to a significantly
higher level. However, such an increase in the frame rate is accompanied by a corresponding increase in
the number of bits which must be stored in memory to synthesize a given quantity of human speech.
Further, because certain aspects of human speech are quite redundant, accurate synthesization of such
redundant human speech can be achieved by utilizing a data rate significantly lower than that which wouid
be normally employed. An ideal solution to the aforementioned problem, would require a speech synthesis
system capable of synthesizing human speech from frames of data which change rapidly during those
complex periods of human speech and change slowly during redundant periods, thereby minimizing the
required bit storage.

A problem encountered in attempting to utilize variable frame rate data in speech synthesis circuits
occurs when interpolation calculation is utilized between frames of data to enhance data rate capability. A
fixed interpolation system wherein eight interpolation calculations take place between each frame of data
is adequate for fixed frame rate systems; however, a variable frame rate system requires much more
sophistication in interpolation circuitry. Specifically, during slowly changing periods of speech data, a more
accurate portrayal of the human speech waveformm may be achieved by increasing the number of
interpolation steps between frames. Conversely, during rapidly changing aspects of human speech, few or
no interpolations between frames of data are required to accurately synthesize human speech. Thus, in
order to solve the aforementioned problem, a speech synthesis circuit must be able to vary the number of
interpolation calculations taken between successive frames of speech data. Further, it has been discoverad
that in certain aspects of synthesis of human speech, the interpolation between frames of data may more
accurately portray human speech If Interpolated linearly, or in other circumstances, non-linear
interpolation may provide greater accuracy.

In accordance with one aspect of the invention, a speech synthesis system is constructed with a linear
predictive filter utilizing coded reflection coefficients to produce digital signals representative of human
speech. A variable interpolation circuit within the linear predictive filter allows a variable number of
interpolation steps to be calculated between successive values of reflection coefficients. Additionally, a
user programmable option allows the user to select a linear, nonlinear, or combination form of
interpolation.

As previously described, speech synthesis if carried out at an increased data rate would typically
require a corresponding increase in the number of bits to be stored in a memory to synthesize a given
quantity of human speech. To reduce the bit storage requirements of the memory while maintaining the
capability of speech synthesis at a relatively high data rate is the subject of two papers delivered at the 1977
IEEE Conference on Acoustics, Speech and Signal Processing, and published in the record thereof. One
attempted solution was suggested in “Variable-to-Fixed Rate Conversion of Narrowband LPC Speech’ by
E. Blackman, R. Viswanathan and J. Makhoul. The aforementioned solution required transmission of pitch,
gain and reflection coefficients in three separate variable rates, with separate transmission criterion and a
three bit header code to distinguish transmissions. Additionally, transmit and receive buffers were
necessary in that system to convert the transmission back into a fixed rate signal. The second attempted
solution was documented in a paper entitled “The Application of a Functional/Perceptual Model of Speech
to Variable-Rate LPC Systems” by R. Visanwanthan, J. Makhoul and R. Wicks. This second solution
involved the transmission of pitch and gain information at a fixed frame rate, and utilizing a variable frame
rate for transmission of reflection coefficients.

The above described problems are overcome in a speech synthesis system of the type defined in the
pre-characterizing part of claim 1 by incorporating the features of the characterizing part thereof.

The novel features believed characteristic of the invention are set forth in the appended claims. The
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invention itself, howaever, as well as a preferred mode of use, further objects and advantages thereof, will
best be understood by reference to the following detailed description of an illustrative embodiment when
read in conjunction with the accompanying drawings, wherein:

Figure 1a is a view of an electronic learning aid which is a suitable structure for enclosing the spesech
synthesizer system;

Figure 1b is a generalized block diagram of a speech synthesis system;

Figures 2a and 2b form a detailed block diagram of the speech synthesizer;

Figure 3 is a logic diagram of the input data register and frame control PLA;

Figure 4 is a logic diagram of the interpolation counter circuitry;

Figure 5 is a detailed logic diagram of the speak latch circuitry and status latch circuitry.

Figure 6 is a detailed logic diagram of the instruction decoder circuitry.

Figure 7 is a detailed logic diagram of the parameter load control circuitry.

Figures 8a and 8b form a composite block diagram of the array muitiplier;

Figures 9a—9d are dstailed logic diagrams of the blocks which form the array multiplier.

Figures 10a—10c are detailed logic diagrams of the recoding logic;

Figure 11 is a detalled logic diagram of the filter adder;

Figure 12 is a detailed logic diagram of one csll of the B-Stack, PPC, Y Latch register;

Figure 13 is a detailed logic diagram of multiplex 58 and register 66;

Figures 14a and 14b are detailed logic diagrams of the digital-to-analog and output circuitry.

Referring to Figure 1a, there is shown an electronic learning aid which may serve as a suitable structure
for enclosing the speech synthesis system of the present invention. Figure 1b shows a generalized block
diagram of the major components which make up such a learning aid. Keyboard 16 may be a standard
matrix keyboard such as the type disclosed in U.S. Patent No. 4,074,055. Various algorithms required to
implement the desired modes of operation of an electronic learning aid, electronic language translator or
other applications may be programmed into the microprocessor in a manner well known in the art. An
example of one such algorithm may be seen in US—A—4 209 836.

Data ROM 12 is a standard non-volatile Read Only Memory such as is described in US—A—4 209 836.
The coded or uncoded filter parameters which are utilized to control synthesizer 10 are stored therein.
Synthesizer 10 is a linear predictive filter type synthesizer such as is described in DE—A 28 26 570;
howaever, improvements in the synthesizer circuitry which result in higher quality speech, lower data rates
and smaller circuit size are incorporated herein. Synthesizer 10 is controlled by microprocessor 14, and
generates synthetic speech at speaker 18 by utilization of certain filter parameters stored in ROM 12. While
synthesizer 10 is shown being controlled by microprocessor 14, it will be understood by those skilled in the
art that any digital control mechanism may control synthesizer 10. In an embodiment disclosed herein, in
which synthesizer 10 is implemented in complementary MIS, such as CMOS, it is preferable that
microprocessor 14 also be implemented in CMOS to permit both devices to be operated from a single low
voltage source, such as a battery. The linear predictive filter utilized in synthesizer 10 is a single multiplier,
lattice type filter similar to the filter described in DE—A-—28 26 570. The reader is encouraged to read the
aforementioned German Patent Application to familarize himself with the basic operation of this complex
circuitry.

Referring to Figures 2a and 2b, there is shown a detailed block diagram of synthesizer 10. Most of the
blocks of Figures 2a and 2b are shown in greater detail in later figures.

Speech data, comprising either coded or uncoded filter coefficients, is received by synthesizer 10 from
ROM 12 at the Data In pad of input register 22, input register 22 is a ten bit register latch which accepts the
speech data serially and outputs the data in parallel to frame control PLA 30.

Input/output pads 1, 2, 4 and 8 accept control data from microprocessor 14, and input the control data
to instruction decoder 20. Input/output pads 1, 2, 4 and 8 are bidirectional lines and microprocessor 14 is
therefore able to access speech data out of input register 22 as in an alternate embodiment wherein a
control mechanism may be utilized to examine such data. Instruction decoder 20 is utilized to decode the
instructions which microprocessor 14 inputs to synthesizer 10. Instruction decoder 20 also set speak latch
24 and parameter load control 26. Speak latch 24 generates logic signals which are utilized throughout
synthesizer 10 to indicate that synthetic spesch is being generated. Parameter load control 26 is utilized to
control the loading of data into input register 22. In addition to instruction control of parameter load control
26, the status latch 28 is also capable of controlling the input of data to input register 22 by detecting certain
special states of input data which will later be described in detail.

Frame control PLA 30 is utilized to decode the aforementioned special states of input data which in turn
set the special state latches in status latch 28. Frame control PLA 30 also decodes special states of the input
data which control how many interpolation steps take place between each frame of data, thereby allowing
synthesizer 10 to vary the rate at which data is applied. Interpolation counter 34 is utilized to generate a
signal which controls the number of intsrpolation steps which will be calculated between adjacent frames.

Code RAM 32 is a twelve by ten bit RAM utilized to store an entire frame of data. An entire frame of data
will include a pitch parameter, an energy parameter and ten fiiter parameters. The maximum length of an
uncoded parameter is ten bits, and twelve parameters are normally required for each frame.

In one mode of operation, synthesizer 10 generates synthetic speech from uncoded parameters. These
parameters are transferred from code RAM 32 to the ROM/RAM load, parallel/serial converter 38, to be

3

Realtime 2025

Page 143 of 964



10

15

20

25

30

35

50

55

50

65

EP 0 164 677 B1

serially loaded out to the linear predictive filter. In the alternative mode of operation the coded parameters
are utilized by address PLA 36 to generate an address for the appropriate uncoded parameter stored in
parameter ROM 40. The uncoded parameters from ROM 40 are inputted to converter 38 and then serially
loaded out to the linear predictive filter.

The parameters outputted from converter 38 are coupled into array multiplier/interpolator 50. Array
muitiplier/interpolator 50 functions similarly to the array muitiplier of US—A—4 209 844, with the
additional capability of conducting interpolation steps. Array multiplier/interpolator 50 is coupled to fiiter
adder 54, which is utilized to perform the additions and subtractions necessary to implement the filter
function. The output of adder 54 is coupled to B stack, PPC register and Y latch register 56 and to
multiplexer 58. Register 56 serves as a temporary store for those intermediate values necessary to perform
the filter calculations, and storing the pitch period count (PPC). Register 56 also serves to drive D to A
converter 64 with appropriate output values. D to A converter 64 converts the output of the filter to analog
signals which drive speaker 18. Multiplexer 58 serves to couple information back up into muitiplier/
interpolator 50 through recoding logic 52 from adder 54 or the multipurpose shift register 66.

Shift register 66 is a multipurpose shift register utilized to couple excitation data or scale data from
ROM 78 into multiplier/interpolator 50 through multiplexer 58 and recoding logic 52. Scale data is utilized
by multiplier/interpotator 50 to perform interpolation. Additionally, shift register 66 couples pitch period
counter (PPC) information which is utilized to address excitation data in ROM 78. Pitch period counter
information is coupled through multipiex 70 to address register 72 where it is utilized to address excitation
data in ROM 78. Unvoiced address generator 76 is utilized during unvoiced periods of speech to randomly
address one of two excitation values, utilized during unvoiced speech, which are stored in ROM 78.

Tri-state buffer 68, in an alternative embodiment of the present invention, it utilized to contro! the
excitation input to shift register 66. Synthesizer 10 may be utilized as a residually excited synthesizer, in a
vocoder application, for example. In such an alternative embodiment a residual excitation signal is applied
to residual input pin 80, and tri-state buffer 68 is disabled by a control signal at residual control pin 82. In
this alternative embodiment, parameters are inputted to multiplier/interpolator 50 from an external source,
rather than through converter 38.

The synthesizer 10 is preferably implemented using precharged conditional discharge type logics.
Thus, four clock signals, @1—@4 are appropriate for use in such precharge, conditional discharge logic.
There are two main clock phases (81 and @2) and two precharge clock phases (83 and @4). Phase @33 goes
high during the first half of phase 81 and serves as a precharge therefor. Phase @84 goes high during the
first half of phase @2 and serves as a precharge therefor. A set of clocks @1—@4 is required to clock one bit
of data, and thus correspond to one time period.

Timing signals, labelled T—T22, each having a period on the order of 4.5 microseconds are utilized
throughout the system. Selecting a time period on the order of 4.5 microseconds permits data to be
outputted from synthesizer 10 at a 10 kilohertz rate (i.e. at a 100 microsecond period) which provides for a
frequency response of 5 kilohertz in the digital-to-analog converter 64. [t will be appreciated by those skilled
in the art, however, that depending upon the frequency response desired, the number of reflection
coefficients utilized and the type of logics utilized, the periods or frequencies of the clocks and clock phases
may be substantially altered.

Thirteen parameter count (PC) signals are also utilized in the depicted embodiment of the invention.
The first twelve of these, PC=0 through PC=11 correspond to the times when the energy, pitch, and
K1—K10 reflection cosfficients are available in parallel-serial converter 38. Each of the first twelve
parameter counts comprise two cycles, referred to as the A and B cycles. Each cycle, whether A or B, begins
at T18 and ends at the next T18. During each parameter count the value in parallel-serial converter 38 is
utilized as a target value for interpolation with an existing value stored in a recirculating portion of
muitiplier interpolator 50. During the A cycle, the appropriate existing parameter is withdrawn from the
recirculating portion of multiplier/interpolator 50, and during the B cycle the newly interpolated value is
reinserted.

The thirteenth parameter count, PC=12, is provided for timing purposes so that all twelve parameters
are interpolated once each 2.5 millisecond, and for indicating that period of time during which variable
frame rate data is inputted.

As was discussed earlier with respect to interpolation, the synthesizer of the present invention is
capable of performing from zero to one hundred twenty seven interpolations between each frame of
parameters inputted. A new interpolation count signal is available from interpolation counter 34 every 2.5
milliseconds, and is utilized to address a scale value in excitation/scale ROM 78. Thus the period for
interpolation remains constant at 2.5 milliseconds, regardless of the number of interpolation steps between
two values. .

New parameters may be inputted to synthesizer 10 at a fifty hertz frame rate. It will be seen
subsequently that in muitiplier/interpolator 50, the pitch data, energy data and reflection coefficients are
utilized as ten bit binary numbers. If each of the twelve parameters were updated with a ten bit binary
number at a fifty hertz rate, a 12x 10X 50, or 6,000 hertz bit rate would result. Therefore, in order to lower the
bit rate, the data compression scheme of US—A—4 209 836 may be utilized. In Figure 6 of US—A—4 209
836, there is shown pictorially a representation at four different lengths of data frames. One frame, labelled
“voiced frame" has a length of 49 bits, while another labelled “unvoiced frame", has a length of 28 bits. A
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“repeat frame’ has only ten bits and a “zero energy” frame has only 4 bits. In an alternative embodiment, a
direct, uncoded, ten bit binary number may be loaded for each parameter. The input circuitry of synthesizer
10 is capable of accepting either format.

Various portions of synthesizer 10 will now be described in detail with reference to Figures 3 through
14, which depict in detail the logic circuits which implement synthesizer 10. Certain well known sections of
the block diagram depicted in Figures 2a and 2b are not included in Figures 3—14. The following
discussion, with reference to Figures 3—14, refers to logic signals available at many points in the circuit.
Synthesizer 10, in this embodiment disclosed, is implemented in complementary MIS, such as CMOS. It
must be remembered that in CMOS devices, a logic zero corresponds to a zero voltage, that is Vss. Further,
the P channel devices depicted in the aforementioned figures are conductive when.a logic zero is applied to
their respective gates. Also, a logic one in CMOS devices corresponds to a positive voltage, +3V in the
embodiment disclosed (Vdd). Therefore, the N channel devices depicted are conductive when a logic one is
applied to their respective gates. When a logic signal is referred to which is unbarred, the signal is to be
interpreted as “True” logic, that is, a binary one indicates the presence of Vdd and a binary zero indicates
the presence of Vss. Logic signals which are barred indicate “False” logic and the aforementioned
relationships are reversed. it should also be understood that a numeral in a clocked gate indicates which of
the clock phases is utilized, as a precharge clock. The letter “S” in a gate indicates the gate is statically
operated.

Referring to Figure 3, there is shown a logic diagram of input data register 22. Input data register 22 is a
ten stage register, the first stage of which is shown within the detail marked A. Input data register 22 is ten
stages in length to allow synthesizer 10 to accommodate uncoded parameters up to ten bits long, or, in an
alternative embodiment, coded parameters of the type utilized in US—A—4 209 836.

Certain signals are utilized to control input data register 22. A clear signal (CLR) is generated by
parameter load control 26, and is utilized to clear input data register 22 at time T22, during speech. The |0,
ROM control signal, is delayed to form 10D, which is utilized to clock bits of data into input data register 22.
An optional control signal, HC, is utilized as a modified Huffman code. This signal is utilized during variable
frame rate operation to control the receipt of the Huffman code, which, those skilled in the art will recall, is a
variable length code.

Frame control PLA 30 is shown in Figure 3. PLA 30 is a programmable PLA, and is therefore shown
without gates. PLA 30 is utilized to detect certain special states which occur in the input data. Among those
special states are those which effect the length of each individual frame, including: the Repeat state (RPT);
the “Energy equal zero” state (E=0); the "Pitch equal zero’ state (P=0); and the “End of File” or “Energy
equal fifteen” state (E=15).

Additionally, the lower half of PLA 30 also decodes the Huffman code mentioned earlier, or a standard
binary code, either of which may be utilized during variable frame rate operation. The decoded variable
frame rate data is utilized to generate the signals ICP6—ICPO, which are in turn utilized to control
interpolation counter 34. The parameters in input data register 22 are also passed through PLA 30 to the
parameter RAM 32. These signais are shown in DIO—DIS.

Interpolation counter 34 is shown in detail in Figure 4. Previous attempts at variable frame rate voice
synthesis have had difficulty due to the problem of varying lengths of time between each frame, and the
question of interpolation therein. Interpolation counter 34 is capable of utilizing the variable frame length
data to control the number of interpolation steps between each frame. Thus, during rapidly changing
speech, few or no interpolations take place between data frames. However, during slowly changing speech,
up to one hundred twenty seven interpolations may take place.

Register 343 is a seven stage shift register, which is initially set by the signals ICP6—ICPO. The first
stage of register 343 is shown within the detail marked “A”. The signals |CP6—ICPO0 Initially set register 343
to some number, the interpolation count, which is between zero and one hundred twenty seven. The
interpolation count initially set into register 343 is clocked out and around through a series of inverters
which generate an appropriate amount of delay. Gates 344 are utilized to selectively increment the
interpolation count after each interpolation. The new interpolation count is then shifted back into register
343, whose gate 341 is utilized to detect the “interpolation count equal zero” (IC=0} state. When the IC=0
state is detected, gates 342 are utilized to latch this condition. The IC=0 condition is utilized throughout
synthesizer 10 to indicate the end of interpolation, and allow the entry of new data. The interpolation count
is outputted from interpolation counter 34 to be utilized as part of the address in excitation/scale ROM 78.

Figure 5 shows a detailed logic diagram of speak latch 24, Speak latch 24 consists of four latch circuits
utilized to set and hold signals which indicate synthesizer 10 is generating speech. Gates 241 form a latch
which has SPK as its input. SPK is generated by instruction decoder 20 in response to an input command
which causes speech to be generated utilizing coded speech parameters. Instruction decoder 20 may also
generate SPKEXT in response to an input command which causes speech to be generated utilizing
uncoded, ten bit, binary parameters, as discussed earlier with respect to an alternate method of operation.
The SPK command is utilized to generate the “’speak enable” (SPKE) command out of gates 241, and to set
latch 242 to generate SPKL. The SPKEXT command will set a latch 244 comprised of gates 243, which in
turn will set latch 244 and generate SPKEXTL. The occurrence of either SPKEXTL or SPKL will in tumn
generate the TALK signal. Gate 245 is utilized to resst the latches comprised of gates 241 and 243 during a
power up, or after a reset signal. The speak reset (SPRST) command is generated by gate 246 by recsipt of
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an “end of file"” or “Energy equal fifteen’” (E=15) code. Additionally, gate 247 is utilized to latch out a “talk
status” signal which indicates synthesizer 10 is generating speech. Thus, the logic signals outputted by
speak latch 24 are utilized throughout synthesnzer 10 to indicate the generation of speech.

Status Latches 28 are also shown in detail in Figure 5. The function of the various status Iatches is
identical to the function described in US—A—4 209 838, and will only be described briefly herein.

Latching signal LATCH 1 is generated by gate 281 at the beginning of a frame of data, the inputs to gate
281 all signifying a frame start. The LATCH 1 signal will strobe any SPKEXTL or SPKL signal at latch 244 or
242 in the speak latch 24, and will additionally strobe the output of latches 289 (the “‘Pitch equal zero'’ (P=0
latch) and 290 (the “Energy equal zero" (E=0) latch into latches 284 and 285 to generate Old E=0 and Old
P=0. The contents of latches 284 and 285 are utilized in conjunction with the P=0 signal to generate the
INHIBIT signal. As in the synthesizer of US—A—4 209 836 the INHIBIT signal is utilized to inhibit
interpolations in certain conditions. During transition from voiced to unvoiced speech, or unvoiced to
voiced speech, it is advantageous to insert new parameters directly, without interpolations. Also,
interpolations are not desirable when transitioning from silence to speech.

As was explained in detail in US—A—4 209 836 it has been determined that fewer parameters are
required to accurately represent unvoiced speech. Therefore, gate 288 is utilized to generate a “zero
parameter”’ (ZPAR) signal during unvoiced speech (Old pitch equal zero) after the parameter count has
reached five (PC 5). Gate 288 also zeroes all parameters during non-speaking periods, by utilizing the TALK
signal and the TALKD signal generated by latch 283.

Referring to Figure 6, there is shown a detailed logic diagram of instruction decoder 20. Instructions
from microprocessor 14 are input to synthesizer 10 on /O pins [/O1, /02 and 1/04. The instructions are
clocked in each time a Processor Data Clock (PDC) signal is generated. The instructions are decoded by PLA
202. Many of the instructions are identical to those utilized by the synthesizer of US—A~—4 209 836. A brief
description of each instruction and its function is listed below.

The “Reset” (RST) instruction is a software reset instruction which is utilized by gate 201 in conjunction
with the synthesizer “power up clear” (PUC) signal to form PUC+RST. This instruction is then utilized to
reset speak latch 24.

The “Read” (READ) instruction is a signal from microprocessor 14 telling synthesizer 10 to access one
data bit from ROM 12.

The “Load Address” {LA) instruction is an instruction which requires two PDC signals to execute. On
the first PDC, the LA instruction is latched into latch 203. Latch 203 disables PLA 202 so that no command is
decoded. On the second PDC, gate 205 is enabled, causing instruction decoder 20 to output an |1 signal to
ROM 12. The 11 signal instructs ROM 12 to load four bits of address.

The “"Speak” {SPK) instruction causes synthesizer 10 to begin synthesizing speech utilizing coded
speech parameters. The SPK instruction is utilized throughout synthesizer 10.

The “Speak External” (SPKEXT) instruction causes synthesizer 10 to begin synthesizing speech
utilizing direct, uncoded, parameter loading, as in the alternate embodiment discussed herein.

The “Read and Branch’’ (R+B) instruction is an instruction to ROM 12 to internally read data and load
the data back into its address register, to allow indirect addressing.

The “Test Talk” {TTALK) instruction and the “output” (OUTPUT) instruction both require three PDC
signals to execute. The TTALK instruction sets latch 206 and disables PLA 202 through gate 240. On the next
PDC, the output of latch 206 is clocked through gate 208 to generate signal C2. Signal C2 is utilized to
control the buffer between /08 and IR9, allowing the “talk status” (TALKST) signal to be output on 1/08.
Thus, microprocessor 14 can determine whether synthesizer 10 is talking. The next PDC signal shuts off the
C2 signal and resets latch 206. The OUTPUT instruction also requires three PDC signals to execute. Latch
207 and gate 209 interact in the same manner as latch 206 and gate 208. However, in the case of the
OUTPUT instruction, a C1 signal is generated which enables the buffer to all of the /O pads. In this manner,
microprocessor 14 can access data in ROM 12, through synthesizer 10,

Detail diagrams of the buffers for the I/O pads are also shown in Figure 6b.

Parameter load control 26 is shown in detail in Figure 7. Parameter load control 26 generates the 10
signal to ROM 12. The 10 signal and the [1 signal, generated by instruction decoder 20, control ROM 12 in
the manner described in US—A~4 209 836. The 10 signal is utilized to clock data out of ROM 12.

Gate 261 is utilized to generate the Parameter Load Enable (PLEN) signal which allows parameters to
be written into code RAM 32. PLEN is generated unless one of three conditions exist at the input of gate
261. When a repeat (RPT) bit is detected, the PLEN signal stops. A RPT bit is utilized-when old parameters
are to be repeated, thus no new parameters should be loaded. When the Energy parameter is zero (E=0),
indicating silence, the PLEN signal is disabled. Lastly, as described in US—A—4 209 836, during unvoiced
speech the system utilizes fewer parameters to accurately represent speech. Thus, when the pitch
parameter is equal zero (P=0) and the parameter count indicates that the first six parameters have been
loaded (PC>5), PLEN is disabled.

Gate 262 is utilized during variable frame rate operation to allow the frame rate data to be loaded (at
PC=12) despite a condition which would preclude loading parameters. Gate 266 is utilized to set latch 263,
the output of which is utilized in conjunction with the even clock times (TEVEN) by gate 264 to generate 10
signals. Gate 266 is utilized to distinguish between loading coded or direct parameters, since in the
embodiment disclosed coded parameters consist of two to seven bits and direct parameters consist of ten
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bits. Gate 265 is utilized to reset latch 263. Gate 267 is utilized to generate the CLR signal which clears the
Input register. )
Recoding logic 52 couples the outputs of multiplexor 58 to muitiplier/interpolator 50. Recoding logic 52

- is shown in dstail in Figures 10a—d. Recoding logic 52 consists of six stages, three of which are identical, as

seen in Figura 10b. The first stage of recoding logic 52 {labelled REL 20) generates signals for the first two
stages of multiplier/interpolator 50. The subscripts on each control signal indicate to which stage of
multiplierfinterpolator 50 it is coupled. The third stage of multiplier/interpolator 50 and the seventh stage
require additional control signals due to the interpolation function therein. The INT signal discussed in the
interpolation section is generated in the section of reading logic 52 labelled REL 30 in Figure 10a, and the
T18 signal for the seventh stage is generated by the stage labelled REL 50 in Figure 10c. Recoding logic 52
outputs +2, =2, +1_and =1 to each stage of multiplier/interpolator 50 with the exception of stage one
which receives only +1, —1, and —2 outputs. Effectively, as seen in US—A—4 209 836, recording logic 52
permits multiplier/interpolator 50 to process, in each stage thereof, two bits of information in lieu of one, by
utilizing Booth’s Algorithm. Booth's Algorithm is explained in “Theory and Application of Digital Signal
Processing”, published by Prentice-Hall 1975, at pp. 517-18.

A block diagram of multiplier/interpolator 50 is formed by the composite of Figures 8a and 8b.
Multiplier/interpolator 50 is an array multiplier. Array multipliers are sometimes referred to as “Pipeline
Multipliers”. For example, see "Pipeline Multiplier” by Granville Ott, published by the University of
Missouri. Multiplier/interpolator 50 has seven stages, stage 1 through 7 and operates similar to the array
multiplier disclosed in the aforementioned US—A—4 209 844. The equations in Table | herein represent the
operation of the digital filter wherein muitiplier/interpolator 50 and filter adder 54 are utilized to solve these
equations.

The inputs to multiplier/interpolator 50 are the target values for new parameters, input at the
PROMOUT terminal of the first stage, the aforementioned +1, —1, +2 and -2 signals from recoding logic
52, and the INT and TPAR signals from recoding logic 52. The outputs of multiplier/interpolator 506, MULT
0—MULT 13 and PITCH 0—PITCH 9 are applied to filter adder 54. The blocks which make up individual
sections of each stage are labelled A-1, B-1 through B-5, C-1 through C-3 and D-1 and D-2. The detailed logic
diagrams of each block section are shown in Figures 9a—9d. The operation of multiplier/interpolator 50 is
identical to that of the multiplier in US—A—4 209 836, with the exception of additional interpolation
circuitry which will be explained with reference to Figures 8a and 8b and also 9a—9d.

The first stage of multiplier/interpolator 50 is comprised of nine A-1 blocks, with an additional bit of
storage in the two inverters on its input and are thus responsive to the TPAR signal and to =T, +1, =2
signals output from recoding logic 52. When muitiplications occur in muitiplier interpolator 50, the most
significant .bit is always maintained in the left most column elements while the partial sums are
continuously shifted toward the right. Inasmuch as each stage of multiplier/interpolator operates on two
binary bits, the partial sums, labelled E are each shifted to the right two places. Thus, a total capacity of ten
bits is available. As explained earller, whether coded or direct parameters are utilized, the parameters
utilized in multiplierfinterpolator 50 are ten bits in length, due to the decoding of any coded values by
address PLA 36 and ROM 40. The ten bit parameters which are loaded into multipiier/interpolator 50
represent the target vaiues for current calculations. As the interpolation calculations reach these target
values, the target values become current values, and new target values are loaded into multiplier/
interpolator 50 at the PROMOUT point.

Current values for filter parameters are stored within multiplier/interpolator 50 in recirculating shift
registers contained in all but the most significant bit of each stage. The recirculating shift registers circulate
out of B terminals of each block and into the A terminals of the block below. Atthe bottom or seventh stage,
the values are circulated back up through the D terminals into the C terminals. The current values shifted
into the A terminals of each block are the multiplicands. The multipliers are the values input to
multiplier/interpolator 50 by recoding logic 52.

The recirculating shift registers within muitiplier/interpolator 50 form an eleven bit shift register, with
pach paramster shifting by each eleven time periods. There are twenty-two time periods, and each
parameter K1—K9 is utilized twice during filter calculations. Thus gighteen time periods are required for
these nine parameters. The K10 value and the energy value, as disclosed In US—A—4 209 836, are each
utilized once in filter calculations, and are therefore swapped or exchanged, in the seventh stage of
muitiplisr/interpolator 50. This requires two additional time periods. Of the two remaining time periods,
one is utilized during interpolation, and the other is not utilized.

In Figure 9d, there is shown a detailed logic diagram of blocks D2 and D1. In each of the D type blocks,
there is shown a group of gates labelled 501. The leftmost, latch 501a is a recirculating latch wherein either
K10 or the energy value is stored. The multiplex gate 501b, in gates 501, is controlled by the signals labslled
P’ and €' which determine whether the signal outputted at the D terminal is the input from terminal A, or
the contents of latch 501a. When the input signal at terminal A is the K10 parameter, it is stored in latch
501a and the previous contents of latch 501a is output through multiplexer 501b. The output of multiplex
gate 501b is coupled to terminal D through a transmission gate controlied by the signal labelled F.

As discussed above, muitiplier/interpolator 50 contains a recirculating shift register formed by vertical
contacts between stages. The energy and K1—K10 parameters, which represent the current values, are
recirculating through this register, accupying twenty of the possible twenty-two time periods. In order to
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perform interpolation, the current value of any given parameter must be captured and presented in the
stage of muitiplier/interpolator 50 to determine the difference between that current value and the target
value being input at the appropriate time, Interpolation must take place when each target value is inputted,
and not necessarily when the current value has circulated up to the proper position. The new current value
(Vn+1) represents the sum of the old current valuse (Vn) plus some scale factor (N} times the difference
between the old current value (Vn) and the target value (Vy). N, the scale value is some fractional number
stored in ROM 78 and utilized during variable interpolation. Thus the interpolation formula may be
expressed:

(1) V,,”'=V,,+N(V1-—Vn)

The sample of any given current value must therefore be stored until the unused time period which is
utilized for interpolation. Each block in the seventh stage of multiplier/interpolator 50 has a storage latch
502, wherein the current value is temporarily stored. When a parameter to be interpolated circulates into
the seventh stage D block, it passes through multiplex 501b and out through the D terminal, the valus is
also sampled through the transmission gate controlled by the signa!l N, and placed in storage latch 502.
Storage latch 502 has a two input NOR gate on its recirculation line, the other input of which is the ZPAR
signal utilized to zero parameters in specific states discussed above. Thus, the current value of the
parameter to be interpolated is temporarily stored in storage latch 502. At the appropriate time period (T7
in the embodiment disclosed) the control signal labelled G is generated, and the contents of storage latch
502 is output to the D terminal. Therefore, the recirculating shift registers in muitiplier/interpolator 50
contain the parameters K1—K9 an exchanged value representing K10 or Energy, and the about to be
interpolated value of one of the parameters. The value to be interpolated is shifted up to the second stage
of multiplier/interpolator 50 and, at the same time, the target value for that particular parameter is serially
shifted inta the first stage. Recoding logic 52 provides a =1 signal to the second stage, which operates on
the value to be interpolated, the result of which is then added to the target value, which generates V;—V,,
for output at the X output terminal.

The third through sixth stage of multiplier/interpolator 50 act as an eight by ten bit muitiplier during the
interpolation time period for muitiplying the difference between the targst value and the current value
(Vz—V,) times the scale value N. The various values for N are stored in ROM 78 and inputted to
multiplier/interpolator 50 through recoding logic 52, from multiplex 68 and shift register 66 (as shown in
Figure 2b). :

The third stage of muitiplier/interpolator 50 is different from other stages due to the fact that the sum
out of the second stage during interpolation is not merely added to the next calculation. In the interpolation
operation, it is required that V;—V, be utilized as the multiplicand in order to be mulitiplied by scale factor N.
Thus, the V;—V, value must be substituted for the muitiplicands which are normally inputted on the A
terminal from the B terminal above, in the normal recirculating shift register operation described above. In
order to accomplish this exchange, each of the C blocks of multiplier/interpolator 50, shown in Figure Sc,
has a multiplex gate 503, controlled by the signal INT, which operates during the interpolation mode. When
a V;—V, value is present in the second stage of muitiplier/interpolator 50, the INT signal controls gates 503
so that the signal at the E input terminal is selected by gate 503 and V;-V, is inserted into the recirculating
shift register to be utilized as the multiplicand. The Vy~V, value is inserted during one of the two unused
time periods discussed above and therefore has no effect on the recirculating current parameter values.
Since during interpolation, the third stage of multiplier/interpolator 50 is utilized as the first stage of an
eight by ten bit multiplier, as discussed above, the input on the H terminal must be forced to zero. This is
also accomplished by the INT signal coupling Vss into each C block at the H terminal.

The V¢~V, value is thus forced into the multiplicand position, and muitiplied by the scale value N.
Therefore the output of the sixth multiplier stage is the value N{V;—V,). The seventh stage of
multiplier/interpolator 50 is utilized to add the current value of a parameter to the recently calculated
N(V¢—V,) value. As shown in the detail of the D blocks in Figure 9d, at time T18, the normal S input terminal
is disabled and the E input is enabled through the bank of transmission gates depicted. T18 also enables a
transmission gate which allows the contents of storage latch 502 to be coupled to full adder 504. Thus the
output of full adder 504 is the solution to Equation (1) or V,+N(N;—V,). The output of full adder 504 is
coupled through a transmission gate controlled by the signal labelled | and coupled into storage latch 502.
This is necessary since the newly interpolated value is always available at T19, due to the requirement that
all interpolation calculations take place during the aforementioned window or open spot which occurs in
the recirculating shift register. At the appropriate time, the contents of storage latch 502 is forced back into
the recirculating shift register through a transmission gate controlied by the signal labelled G. A special
case occurs at the last Interpolation prior to achieving the target value, or as described earlier herein, the
IC=0 state. To avoid the problems generated by slight errors which may cause the interpolated value to be
slightly over or under the target value, a special case is utilized for the last interpolation or interpolation
count equal zero state (IC=0). As in normal interpolation, the current value of a particular parameter is
captured and inserted into the interpolation time period in the recirculating shift register. However, rather
than being operated upon by the =T signal from recoding logic 52, the current value is zeroed and then
subtracted from the target value. The target value is then circulated down to the seventh stage of
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multiplier/finterpolator 50 where it is input on the A terminal. The signal is then shifted through multiplier
501b in each block of the seventh stage, and inserted into storage latch 502 directly by way of a
transmission gate controlled by a signal labelled H. Thus, rather than a newly interpolated value, during the
last interpotation the target value itself is inserted into storage latch 502. Again as above, at the appropriate
time the contents of storage latch 502 is inserted into the recirculating shift register to replace the old
current value. This progress is repeated, and a new parameter is interpolated.

A slightly different operation is utilized for interpolation of the pitch value. After a target value for pitch
is input to muitiplier/interpolator 50, it is circulated down through the recirculating shift register discussed
above. Entering the seventh stage at the A terminal, it is passed through multiplex gate 501b and stored in
storage latch 502. If the value in storage latch 502 is a pitch value, it is stored in pitch latch 505. Each block of
the seventh stage of muitiplier/interpolator 50 has a latch 505 for storing one bit of the pitch value. The pitch
latch 505 is controlied by the signals labeiled M and N in Figure 3d. Pitch latch 505 then stores the pitch
value until the appropriate time, when the control signal labelled L allows the pitch value to be outputted.

The outputs of multiplier/interpolator 50 include PITCH 0—PITCH 9, representative of the pitch value
stored in the pitch latch formed by gates 5§05, and MULT 0—MULT 13 which represents the intermediate
products generated during filter operation. As shown in Figure 8b, the least significant bit of the MULT
output {MULT 0} is forced to the value of the sign bit (MULTSN). This transaction is utilized to prevent the
negative drift which normally results from simple truncation of a two's compiement number. By forcing the
least significant bit to the value of the sign bit, truncation is always toward zero. Those skilled in the art will
appreciate that this truncation scheme will help avoid the “limit cycle’” probiem.

Filter adder 54 is shown in Figure 11. The tenth and fourteenth block of filter adder 564 are showp in
detail. Filter adder 54 is utilized to perform the additions and subtractions necessary to solve the equations
listed in Table I. There are twenty additions or subtractions required to implement a ten pole filter, utilizing
twenty of the twenty-two time periods. During the free time periods, filter adder 54 increments a pitch
period counter signa! and compares it to the pitch value inputted from multiplier/interpolator 50. The pitch
period counter (PPC) is utilized to address periodic or voiced excitation values in ROM 78. When the PPC
signal is equal to the pitch value, it is zeroed and begins incrementing again. A more detailed description of
the PPC signal operation is listed below.

B stack 56 is a temporary storage facility utilized to temporarily store those intermediate values or “b"’
values which are necessary to solve the equations listed in Table |. B stack 56 is shown in detail in Figure 12.
B stack 56 also provides temporary storage for the aforementioned PPC signal and the YLATCH signal .
which represents the output of the filter formed by muitiplier/interpolator 50 and filter adder 56. The
YLATCH output is coupled to the digital to analog converter and is utilized to generate analog signals
representative of human voice. The PPC signal is output to multipurpose shift register 66 where it’is utilized
to address excitation values.

The multipurpose shift register 66 and multiplex 58 are shown in Figure 13, and two of the stages are
shown in detail therein. Referring to the block diagram of Figure 2b and the equations of Table | will
facilitate an understanding of the interworkings of the filter output circuitry., The MULT outputs from
multiplier/interpolator 50 represent intermediate products required to solve the equations of Table . Such
products may be a K value times a b value, or a K value times a Y value. Filter adder 56 then adds or
subtracts the intermediate product from a Y value or a b value to obtain a Y value or a b value. B stack 56 is
utilized to store these b values, since each b value is utilized in filter adder 56 to calculate the next b value.
The PPC signal from B stack 56 is input to shift register 66 and output to mulitiplex 70. Multiplex 70, not
shown in detail, utilizes the PPC signal to address voiced excitation values stored in ROM 78. Any
conventional address scheme may be utilized. The values stored in ROM 78 represent a chirp function, as in
US—A—4 209 836, and it has been found that a chirp function closely models vocal cord excitation.
Multipurpose shift register 66 also receives the aforementioned excitation values, or scale values
addressed by an interpolation count signal from ROM 78 which are multiplexed out as MR signals to
recoding logic 52.

The scale values stored in ROM 78 are chosen by the operator to generate any desired type of
interpolation. As previously discussed, the IC or interpolation count may be any number from one to one
hundred twenty seven. The [C count is utilized to address scale factors in ROM 78, thus, in the embodiment
disclosed, up to one hundred twenty saven custom scaling values may be stored in ROM 78. A mask
programmable option, or programmable type memory will allow easy substitution of scale values or
excitation values. Scale values are typically fractional values utilized during interpolation of speech data
and may be linearly or nonlinearly related.

Another important feature of the excitation signals provided by ROM 78 concerns the capability of
scaling unvoiced excitation. In previous speech synthesis systems, such as disclosed in US—A—4 209 836
the unvoiced excitation is characterized as white noise. Such an input may be generated in many ways,
such as a constant value with a pseudorandom sign bit. This solution is quite adequate; howsver, the
inability to scale the unvoiced excitation to the voiced excitation results in unbalanced excitation signals.
ROM 78, in the embodiment disclosed, also stores two unvoiced excitation signals, of approximately equal
value, and opposite sign. A random bit is generated by unvoiced address generator 76 and is utilized as one
bit in the address of the two aforementioned unvoiced excitation signals. This allows great resolution of the
level of the unvoiced excitation, and further, allows the operator to change the level or value to balance

9

Realtime 2023

Page 149 of 964



10

15

20

25

30

35

50

55

60

65

EP 0164 677 B1

excitation signals. Although ROM 78 is disclosed in the present embodiment as a Read Only Memory, those
skilled in the art will appreciate that a Random Access Memory will provide an easier method of value
changing than the mask programmable method required by a Read Only Memory.

An aiternate form of excitation is also available through tristate buffer 68, shown in Figure 2b. This gate
allows synthesizer 10 to be utilized as a residually excited synthesizer, in a vocoder application for example.

Multiplex 58 is utilized to couple the newly calculated “b” values or Y values to recoding logic 52.
Multiplex 58 may also couple excitation values or scale values to racoding logic 52, the former for filter
calculations, and the latter for interpolations. The outputs of multiplexer 58 are labelled MRO—MR12 and
MRSN (for sign bit).

The digital-to-analog converter herein described is particularly well suited to low voltage applications
and may be implemented in complementary MIS, such as CMOS, and may be integrated on a common
semiconductor substrate with the CMOS synthesizer described above.

Digitai-to-Analog converter 64 receives the YLATCH output signal from B stack 56 in a nine bit, two's
complement notation, and converts the YLATCH signal into an analog signal representative of human
speech. A detail description of Digital-to-Analog converter 64 is seen in Figures 14a and b.

In Figure 14a, there is shown a PLA 641 with inputs YLATCH3, YLATCH4 and YCATCHS. Another input
is the signal CLIPP from gate 642. Gate 642 and Gate 643 form a clipping circuit. A nine bit two's
complement signal has a range from —256 to +255. It has been demonstrated that the larger vaiues of a
speech waveform convey little intelligence and may be clipped without loss of essential intelligence. Gates
642 and 643 examine the two most significant bits of the YLATCH signal [YLATCHG and YLATCH7) and the
sign bit YLATCHSN to determine if the absolute value of the incoming value exceeds 64, a CLIPP or CLIPN
signal is generated.

Shift register 640 is a controllable register triggered off gate 644. Gate 644 generates a leading edge of
the time periods T18 through T3 or T7 through T14, when synthesizer 10 is generating speech. Gate 644
may be disabled by the CLIPN signal, thus preventing a pulse from shifting into register 640. Assuming a
large negative value is not present, the leading.edge propagates down register 640, to an extent controlled
by PLA 641. The YLATCH values input to PLA 641 will dstermine how far down register 640 the pulss
propagates. It should be noted that in the event of a large positive value, CLIPP will cause the puilse to
propagate to the end of register 640. The output gate 644 is coupled directly to gate 645, as are the
complemented outputs of the eight stages of register 640. Therefore, if gate 644 is enabled, gate 645 will act
as an OR function, and at point X there will be generated a variable width pulse, ranging from one to eighth
time periods in length. Additionally, the cor_nposite'signal comprised of TALK, and T18 through T3 or T7
through T14 is delayed by gates 646 to form TCOMPD4, a delayed signal. The TCOMPD4 signal is further
delayed to form a signal called WINDOW. Gates 647 are shown providing the additional half bit of delay;
however, for additional accuracy, the WINDQW signal may be finely adjusted utilizing high speed clock
signals. The WINDOW signal is required to remove the PULGEN, minimum puise width, when all inputs are
zero. The PULGEN signal is required to charge the logics in the programmable delay shown in Figure 14b.

In Figure 14b is shown a detailed logic diagram of a three stage programmable delay 648 and the
output speaker drive circuitry. The programmable delay shown in Figure 14 has three stages. Each stage
has a positive or P type device and a negative or N type device above and below it. A zero at point X will
turn on the P device in stage 1, the N device in stage two and the P device in stage 3, causing PW to be a
logic one or VDD. Thus a positive pulse out of gate 645 (Figure 14a) will be propagated through
programmable delay 648 statically. When the pulse ends, or X goes to a logic one, the P device in stage one
shuts off and the N device conducts. Following this, the output of stage one will go to Vss, or logic zero,
conditionally, base upon the clock gates contained between the P device and N device. The clocked gates in
stage one are thus capable of extending the pulse-width seen at PW. Stage one is clocked to provide either
one half of a time period of delay, or no additional delay. Similarly, stage two can provide either one fourth
of a time period delay, or no additional delay. Stage three also operates similarly; howaver, a special high
speed clock 8800 is utilized to provide a delay of one eighth of a time period. Thus, the output at PW is
either zero, when large negative numbers cause gate 644 to be disabled, or a pulse from one to eight and
seven/eighths time period in length, with one eighth time period resolution.

The PW signal is still expressed in two’'s complement notation, and must therefore be converted to sign
magnitude data for negative numbers. Gates 649 and 650 are utilized to generate compiementary sign
magnitude, pulse width modulated signals. The positive numbers are generated by gate 650 (YLATCHSN
equal zero) with PW and WINDOW, to eliminate the PULGEN pulses. PW is inverted to effactively convert
negative numbers (YLATCHSN equal one} to sign magnitude data through gate 648.

The two pulsewidth modulated values SPK1 and SPK2 are then applied to a push/pull output circuit
651. Circuit 651 is utilized since it possesses no DC power component, and will effectively drive speaker 18.
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Equation Stage
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Claims

1. A speech synthesis system comprising:

—input means (22—Figure 2a) for receiving frames of speech data, said frames of speech data
comprising binary representations of speech-determinative data, wherein each said frame of speech data is
defined by a binary representation including pitch data, energy data, and filter coefficient data,

—interpolation means (50—Figure 2b) coupled to said input means for interpolating between adjacent
frames of said speech data,

—synthesizer means (50, 52, 54, 56, 58—Figure 2b} coupled to said input means and to said
interpolation means for selectively converting said speech data and interpolated values thereof into signals
representative of human speech, and

—means (64, 18—Figure 2b) coupled to said synthesizer means for producing audible sound

characterized In that said frames of speech data as received by said input means include coded frame
rate data indicative of a variable time interval between the start of a current frame of speech data and the
start of the next successive frame of speech data, and by decoding means (48—Figure 2a) coupled to said
input means for decoding said frame rate data, said interpolation means being also coupled to said
decoding means for providing a variable number of interpolation calculations to define interpolated speech
values between adjacent frames of spesch data from last implemented speech data in which the number of
interpolation calculations and the time interval between the respective starts of adjacent frames of speech
data In a given instance are determined by said frame rate data such that successive frames of speech data
as respectively defined by a binary representation including pitch data, energy data, and filter coefficient
data are sequentially delivered to said input means with a time interval therebetween which varies in
accordance with the decoder value of said coded frame rate data accompanying the speech-determinative
data of each speech data frame.

2. A speech synthesis system as set forth in claim 1, further characterized by frame control means
{30—Figure 2a) coupled to said decoding means and said input means for controlling the rate at which new
frames of speech data are provided to said input means.

3. A speech synthesis system as set forth in claim 2, further characterized in that said frame control
means is effective for controlling the rate at which new frames of speech data are received by said input
means in response to frame rate data included in a current frame of speech data, the time interval between
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the receipt of successive new frames of speech data by said input means being variable and being
determined by said frame rate data.

4. A speech synthesis system as set forth in either of claims 2 or 3, further characterized in that said
interpolation means, is also coupled to said frame control means and is responsive to said frame rate data
for providing the variable number of interpolation calculations between adjacent frames of speech data.

5. A speech synthesis system as set forth in any preceding claim, further characterized by memory
means (12—Figure 1b) for storing selectable speech data, and controller means {14—Figure 1b) operably
associated with said memory means for controlling the selective accessing of said speech data from said
memory means, said input means being coupled to said memory means for receiving selected frames of
speech data as accessed under control of said controller means.

6. A speech synthesis system as set forth in claim 5, further characterized by switch means (16—Figure
1b) operably associated with said controlier means and responsive to operator commands, said controller
means being responsive to said switch means for controlling the selective accessmg of said speech data
from said memory means in accordance with said operator commands.

7. A speech synthesis system as set forth in claim 6, further characterized in that said switch means
comprises a keyboard having a plurality of operator actuatable key switches.

8. A speech synthesis system as set forth in any preceding claim, further characterized in that said
variable number of interpolation calculations is 2xn where n is an integer less than one hundred.

9. A speech synthesis system as set forth in any preceding claim, further characterized in that said
speech synthesis system comprises a portable learning aid.

10. A speech synthesis system as set forth in any of claims 1 to 8, further characterized in that said
speech synthesis system comprises a portable calculator device.

11. A speech synthesis system as set forth in any of claims 1 to 8, further characterized in that said
speech synthesis system comprises a portable language translator device.

12. A speech synthesis system as set forth in any preceding claim, further characterized in that said
synthesizer means is effective for selectively converting said speech data into digital signals representative
of human speech, and said means for producing audible sound comprising digital to analog converter
means (64—Figure 2b) coupled to said synthesizer means for converting said digital signals representative
of human speech into analog signals, and audio means (18—Figure 2b) coupled to said converter means
for converting said analog signals into audible sound.

13. A speech synthesis system as set forth in claim 12, further characterized in that said audio means
comprises a speaker.

14. A speech synthesis system as set forth in claim 12, further characterized in that said audio means
includes amplifier means coupled to a speaker.

Patentanspriche

1. Sprachsynthesesystem mit

—Eingangsmitteln (22—Fig. 2a) flir den Empfang von Sprachdatenrahmen, die aus bindren
Darstellungen sprachbestimmender Daten bestehen, wobei jeder Rahmen der Sprachdaten durch eine
bindre Darstellung mit Tonhdhendaten, Energiedaten und Filterkoeffizientendaten definiert ist,

—Interpolationsmitteln (50—Fig. 2b}, die mit den Eingangsmitteln gekoppelt sind und dem Inter-
polieren zwischen benachbarten Rahmen der Sprachdaten dienen,

—Synthesizermitteln {50, 52, 54, 56, 58—Fig. 2b), die mit den Eingangsmitteln und den Interpolations-
mitteln gekoppelt sind und die Sprachdaten sowie deren interpolierte Werte selektiv in Signale umsetzen,
die menschliche Sprache présentieren, und

—Mitteln (64, 18—Fig. 2b), die mit den Synthesizermitteln gekoppelt sind und hdrbare Tdne erzeugen,

dadurch gekennzeichnet, daR die Sprachrahmendaten, wie sie von den Eingangsmitteln empfangen
werden, codierte Rahmenratendaten enthaiten, die ein variables Zeitintervall zwischen dem Beginn eines
gerade vorliegenden Sprachdatenrahmens und dem Beginn des nachstfolgenden Sprachdatenrahmens
angeben, wobei Decodiermittel (48—Fig. 2a) vorgesehen sind, die mit den Eingabemitteln gekoppelt sind
und die Rahmenratendaten decodieren, wobei die Interpolationsmittel ebenfalls mit den Decodiermitteln
verbunden sind, damit eine variable Anzah! von Interpolationsberechnungen zur Definition interpolierter
Sprachwerte zwischen bsnachbarten Sprachdatenrahmen aus zuletzt erzeugten Sprachdaten definiert
werden, bei denen die Anzahl der Interpolationsberechnungen und daz Zeitintervall zwischen den
jeweiligen Anfingen benachbarter Sprachdstenrahmen in einem gegebenen Zeitpunkt durch die
Sprachratendaten so bestimmt werden, daB3 aufeinanderfolgende Sprachdatenrahmen, die jeweils durch
eine bindre Darstellung durch Tonhdhendaten, Energiedaten und Filterkoeffizientendaten definiert sind,
nacheinander an die Eingabemittel mit einem dazwischenliegenden Zeitintervall geliefert werden, das sich
entsprechenden dem codierten Wert der Rahmenratendaten verindert, die die sprachbestimmenden
Daten jedes Sprachdatenrahmens leiten.

2. Sprachsynthesesystem nach Anspruch 1, gekennzeichnet durch Rahmensteusrmitts! (30—Fig. 2a),
die mit den Decodiermitteln und den Eingangsmitteln verbunden sind und die Rate steuern, mit der neue
Sprachdatenrahmen an die Eingangsmittel geliefert werden.

3. Sprachsynthesesystem nach Anspruch 2, dadurch gekennzeichnet, dag die Rahmensteuermlttel die
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Rate, mit der neue Sprachdatenrahmen von den Eingangsmitteln empfangen werden, in Abhéngigkeit von
den Rahmenratendaten steuern, die in einem gerade vorliegenden Sprachdatenrahmen enthaiten sind,
sowel das Zeitintervall zwischen dem Empfang aufeinanderfolgender neuer Sprachdatenrahen durch die
Eingangsmittel veréinderlich ist und von den Rahmenratendaten bestimmt wird.

4. Sprachsynthesesystem nach Anspruch 2 oder 3, dadurch gekennzeichnet, daR die Interpolations-
mittel ebenfalls mit den Rahmensteuermitteln verbunden sind und abhangig von den Rahmenratendaten
die variable Anzah! der Interpolationsberechnungen zwischen benachbarten Sprachdatenrahmen liefern.

5. Sprachsynthesesystem nach einem der vorhergehenden Anspriiche, gekennzeichnet durch
Speichermittel (12—Fig. 1b) zum Speichern auswéhibarer Sprachdaten und Steuermitteln {(14—Fig. 1b), die
den Speichermittsin wirkungsmagig zugeordnet sind und den selektiven Zugriff auf die Sprachdaten aus
den Speichermitteln steuern, wobei die Eingangsmittel mit den Speichermitteln gekoppelt sind, damit sie
ausgewiihlte Sprachdatenrahmen entsprechend dem Zugriff unter der Steuerung durch die Steuermittel
empfangen.

6. Sprachsynthesesystem nach Anspruch 5, gekennzeichnet durch Schaltermittel (16—Fig. 1b), die den
Steuermitteln wirkungsmaBig zugeordnet sind und abhéngig von Bedienerbefehlen arbeiten, wobei die
Steuermittel in Abhangigkeit von den Schaltermittetn das selektive Umgreifen auf die Sprachdaten aus den
Speichermittein gemiR den Bedienerbefehlen stsuern.

7. Sprachsynthesesystem nach Anspruch 6, dadurch gekennzeichnet, daB die Schaltermittel aus einer
Tastatur bestehen, die mehrere von einem Bediener betdtigbare Tastenschalter aufweist.

8. Sprachsynthesesystem nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dal
die variable Anzahi von Interpolationsberechnungen 2xn betrégt, wobei n sine ganze Zahl kleiner als
Hundert ist.

9. Sprachsynthesesystem nach einem der vorhergehenden Anspriche, dadurch gekennzeichnet, da®
das Sprachsynthesesystem sine tragbare Lernhitfe ist.

10. Sprachsynthesesystem nach einem der Anspriche 1 bis 8, dadurch gekennzeichnet, da das
Sprachsynthesesystem ein tragbares Rechengerét ist.

11. Sprachsynthesesystem nach einem der Anspriche 1 bis 8, dadurch gekennzeichnet, dall das
Sprachsynthesesystem ein tragbares Sprach(ibersetzungsgerat ist.

12. Sprachsynthesesystem nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, da3
die Synthesizermittel die Sprachdaten selektiv in digitale Signale umsetzen, die menschliche Sprache
représentieren, und daB die Mittel zum Erzeugen hérbarer Tone Digital-Analog-Umsetzermittel (64—Fig.
2b) sind, die mit den Synthesizermitteln verbunden sind und die menschliche Sprache représentierenden
digitalen Signale in analoge Signale umsaetzen, wobei Tonmittel (18—Fig. 2b) mit den Umsetzermittein zum
Umsetzen der analogen Signale in hérbare Téne verbunden sind. .

13. Sprachsynthesesystem -nach Anspruch 12, dadurch gekennzeichnet, dal die Tonmitte! einen
Lautsprecher umfassen. :

14. Sprachsynthesesystem nach Anspruch 12, dadurch gekennzeichnet, dal die Tonmittel einen mit
dem Lautsprecher verbundenen Verstérker enthalten.

Revendications

1. Systéme de synthése de la parole comportant:

—des moyens d’entrée (22-figure 2a) pour recevoir des trames de données de parole, lesdites trames
de données de parole consistant en des représentations binaires de données déterminant la parole, dans
lesquelles chacune desdites trames de données de parole est définie par une représentation binaire
comprenant des données de hauteur, des donnédes d'énergie et est données de coefficients de filtre,

—des moyens d’interpolation (50-figure 2b) couplés avec lesdits moyens d’entrée pour I'interpolation
entre des trames vaisines desdites données de parole,

—des moyens de synthétiseur (50, 52, 54, 56, 58-figure 2b) couplés avec lesdits moyens d’entrée et
lesdits moyens d'interpolation pour convertir sélectivement lesdites données de parole et leurs valeurs
interpolées en des signaux représentant la parole humaine, et

d-b—des moyens (64, 18-figure 2b) couplés avec lesdits moyens de synthétiseur pour produire un son
audible

caractérisé en ce que lesdites trames de données de parole, telles que regues par lesdits moyens
d'entrée, comprennent des données de fréquence de trames codées indiquant un intervalle de temps
variable entre le début d'une trame en cours des données de parole et le début de la trame qui suit
immédiatement des données de parole, et par des moyens de décodage (48-figure 2a) couplés aves lesdits
moyens d'entrée pour décoder lesdites données de fréquence en trame, lesdits moyens d'interpolation
étant également couplés aves lesdits moyens de décodage pour produire un nombre variable de calculs
d'interpolation pour définir des valeurs de parole interpolées entre les trames voisines des données de
parole, 3 partir des dernidres données de parole réalisées dans lesquelles le nombre des calculs
d‘interpolation et I'intervalle de temps entre les débuts respectifs de trames volsines des données de parole
dans un cas donné sont déterminés par lesdites données de fréquence de trame de maniére que des
trames successives de données de parole telles que définies respectivement par une représentation binaire
comprenant des données de hauteur, des données d’énergie et des données de coefficients de filtre soient
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délivrées séquentiellement auxdits moyens d'entrée avec un intervalle de temps entre elles qui varie en
fonction de la valeur décodée desdites données de fréquence de trame codées accompagnant les données
de détermination de parole de chaque trame de données de parole.

2. Systdéme de synthése de parole selon la revendication 1, caractérisé en outre par des moyens de
commande de trame (30-figure 2a) couplés avec lesdits moyens de décodage et lesdits moyens d'entrée
pour commander la fréquence a laquelle des nouvelles trames de données de parole sont produits pour
lesdits moyens d’entrée.

3. Systdme de synthése de parole selon la revendication 2, caractérisé en outre en ce que lesdits
moyens de commande de trame ont pour fonction de commander la fréquence a laquelle des nouvelles
trames des données de parole sont regues par lesdits moyens d’entrée en réponse aux données de
fréquence de trames incluses dans une trame en cours de données de parole, I'intervalle de temps entre la
réception de nouvelles trames successives de données de parole par lesdits moyens d’entrée étant variable
étant déterminé par lesdites données de fréquence de trame.

4, Systéme de synthése de parole selon la revendication 2 ou 3, caractérisé en outre en ce que lesdits
moyens d’interpolation sont également couplés avec lesdits moyens de commande de trame et réagissent
auxdites données de fréquence de trame en produisant le nombre variable de calcul d'interpolation entre
des trames voisines de données de parole.

5. Systéme de synthése de parole selon I'une quelconque des revendications précédentes, caractérisé
en outre par des moyens de mémoire {12-figure 1b) pour mémoriser des données de parole pouvant étre
sélectionnées et des moyens de commande (14-figure 1b} associés en fonctionnement avec lesdits moyens
de mémoire pour commander I'accés sélectif desdites données de parols dans lesdits moyens de mémoire,
lesdits moyens d’entrée étant couplés avec lesdits moyens de mémoire pour recevoir des trames
sélectionnées de données de parole, accédées a la commande desdits moyens de commande.

6. Systdme de synthaése de parole selon la revendicstion 5, caractérisé en outre par des moyens de
commutation (16-figure 1b) associés en fonctionnement avec lesdits moyens de commande et réagissant &
des commandes de |'opérateur, lesdits moyens de commande réagissant auxdits moyens de commutation
en commandant {'accés sélectif desdits données de parole dans lesdits moyens de mémoire en fonction
desdites commandes de I'opérateur.

7. Systéme de synthése de parole selon la revendication 6, caractérisé en outre en ce que lesdits
moyens de commutation comprennent un clavier avec plusieurs commutateurs a touches pouvant étre
actionnés par un opérateur.

8. Systéme de synthése de parole selon I'une quelcongue des revendications précédentes, caractérisé
en outre en ce que fedit nombre variable des calculs d'interpolation est 2xn, ou n est un entier inférieur 3
cent. .

9. Systdme de synthése.de parole selon I'une quelconque des revendications précédentes, caractérisé
en outre en ce que ledit systéme de synthése de parole consiste en une aide portative 3 I'enseignement.

10. Systéame de synthése de parole selon I'une quelconque des revendications 1 & 8, caractérisé en
outre en ce que ledit systéme de synthése de parole consiste en un dispositif calculateur portatif.

11. Systéme de synthése de parole selon |'une quelconque des revendications 1 & 8, caractérisé en
outre en ce que ledit systeme de synthése de parole consiste en un dispositif portatif de traduction de
langage.

12. Systéme de synthése de la parole selon l'une quelconque des revendications précédentes,
caractérisé en outre en ce que lesdits moyens synthétiseurs ont pour fonction de convertir sélectivement
lesdites données de parole en des signaux numeériques représentant une parole humaine, et lesdits
moyens de production de son audible consistant en des moyens de convertisseur numérique-analogique
(64-figure 2b) couplés avec lesdits moyens synthétiseurs pour convertir lesdits signaux numériques
représentant une parole humaine en des signaux analogiques, et des moyens de son {18-figure 2b) couplés
aves lesdits moyens convertisseurs pour convertir lesdits signaux analogiques en un son audible.

13. Systéme de synthése de parole selon la revendication 12, caractérisé en outre en ce que lesdits
moyens de son comprennent en un haut-parieur.

14, Systéme de synthése de la parole selon la revendication 12, caractérisé en outre en ce que lesdits
Inoyens de son comprennent des moyens d’amplificateur couplés avec un haut-parleur.
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Description
BACKGROUND OF THE INVENTION
(1) Field of the Invention

The presentinvention relates to a voice coding/decoding system having a transmitting part for transmitting
a coded signal of an input voice signal and a receiving part for receiving and decoding the coded signal trans-
mitted from the transmission part, and more particularly to a voice coding/decoding system without utilizing
a buffer memory.

In general, the transmission part has a coder for adaptive differential PCM (ADPCM), adaptive transform
coding (ATC) and so forth, and an entropy coder. The coder provides an encoded word which is obtained by
compacting the amount of input information. The coded word is then changed to an entropy-coded word by
the entropy coder. The entropy-coded word is transmitted from the transmission part to the recsiving part. The
receiving part conversely decodes the entropy-coded word to reproduce the voice signal.

Accompanied by the developments of digital lines in recent years, a system for compacting the amount of
information to obtain coded signals at a high efficiency has been desired in order to effectively utilize the lines.

Also, to store voice information in a voice storage or voice response system, it is important to decrease
the capacity of the storing memory. The system for compacting the amount of information and for coding at a
high efficiency will satisfy the above requirements.

(2) Description of the Related Art

As a voice signal coding apparatus, a coding transmission apparatus is conventionally known in which a
coder and an entropy coder are combined to code voice signals with high efficiency. The coder carries out
compacting and coding of voice signals by means of adaptive differential PCM (ADPCM), adaptive transform
coding (ATC) and so forth. The entropy coder carries out removing of statistical redundancy in quantized val-
ues.

In the coding transmission apparatus for carrying out coding of voice signals at high efficiency, since the
voice signals have nonuniform probability of symbols, the statistical characteristics of the output of the coder
are changed so that the code lengths, i.e., bit rates, of the entropy-coded results are not constant, and the bit
rate may happen to be larger than the allowable transmission bit rate so that the transmission becomes im-
possible.

Conventionally, to solve the above problem, the entropy encoded result is stored in a buffer memory and
is transmitted from the buffer memory through the transmission line. To this end, a buffer control system has
been employed in which the entropy-coded results are controlled by changing the quantization characteristics
of a quantizer in the coder. This conventional system is described in “On the Information Rate Control in En-
tropy-coded Speech Transmission Systems”, written by M. Copperi, CSELT Rapportitecnici Vol. X-No. 6-DE-
CEMBER, 1982 PP 435-449. '

In the above described conventional art, a buffer memory is used to control the entropy-coded results. In
practice, however, an overflow or an underflow of the buffer memory occurs depending on the characteristics
of the coder and the entropy coder.

Further, in the control method by means of the buffer memory, the control is carried out in such a way
that the input/output characteristics of the quantizer in the coder is changed so that the statistical character-
istics of the quantized output codewords are controlled so as to make the entropies small. Namely, the entro-
pies concentrate to certain values. Therefore, the characteristics of the quantizeritself do not become optimum,
and the characteristic of the coder is not always good.

Further, when there is a transmission error, the error is transmitted in the entropy decoder. Therefore, once
a transmission error is generated, the error is superimposed on the next decoded result so that there is a prob-
lem in that the one transmission error influences several samples.

SUMMARY OF THE INVENTION

In view of the above problems in the conventional art, an object of the present invention is to provide a
voice coding/decoding system capable of coding and transmitting input voice signal in an optimum state without
passing through a buffer memory and without having a negative influence on the coder.

To attain the above object, there is provided, according to the present invention, a voice coding/decoding
system having a transmitting part for transmitting a coded signal of an input voice signal at a bit rate lower

2
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than a predetermined transmission bit rate according to the attached independent claims and a receiving part
for receiving and decoding the coded signal transmitted from the transmission part. The transmitting part com-
prises a plurality of coders for coding the input voice signals. The coders have different numbers of quantizer
output levels, different quantization characteristics, or different numbers of quantizer output levels and differ-
ent quantization characteristics. The transmitting part also comprises a plurality of groups of entropy coders.
The inputs of the entropy coders in each of the groups are connected to the output of one of the plurality of
coders. The entropy coders in each of the groups have the same number of quantizer output levels as the num-
ber of quantizer output levels in one of the plurality of coders connected to the group, and different probability
distributions. The transmitting part further comprises an evaluation part, operatively connected to the local
decoder outputs of the plurality of coders and the outputs of the plurality of entropy coders, for evaluating the
characteristics of the local decoder outputs of the coders and the entropy coders to extract the entropy coders
having output bit rates lower than the transmission bit rate and to extract, from the coders connected to the
extracted entropy coders, a coder having the best output characteristic, to output a selecting signal indicating
the combination of the selected coder and an entropy coder among the extracted entropy coders. The trans-
mitting part still further comprises a selecting part, operatively connected to the outputs of the plurality of en-
tropy coders and to the output of the evaluation part, for selecting, in response to the selecting signal, the co-
deword passed through the combination of the coder and the entropy coder for transmission.

The receiving part comprises a plurality of decoders for decoding the received codeword, having different
numbers of quantizer output levels from each other, different quantization characteristics, or different numbers
of quantizer output levels and different quantization characteristics; and a plurality of groups of entropy de-
coders, the outputs of the entropy decoders in each of the groups being connected to the input of one of the
plurality of decoders, the entropy decoders in each of the groups having the same number of quantizer output
levels as the number of quantizer output levels in the one of the plurality of coders connected to the group and
having different probability distributions; whereby, in accordance with the selecting signal indicating the com-
bination of the selected coder and the selected entropy coder, the transmitted codeword is decoded by the
combination of an entropy decoder and a decoder corresponding to the combination of the selected coder and
the selected entropy coder.

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and features of the present invention will be more apparent from the following description
of the preferred embodiment with reference to the drawings, wherein:

Figure 1 is a diagram showing a conventional voice coding and transmission system;

Fig. 2 is a diagram showing the principal construction of a voice coding/decoding system according to an

embodiment of the present invention;

Fig. 3 is a diagram showing in detail the transmitting part of the voice coding/decoding system shown in

Fig. 2;

Fig. 4 is a diagram showing in detail the receiving part of the coding/decoding system shown in Fig. 2;

Fig. 5 is a flowchart for explaining the operation of the system shown in Fig. 2; and

Fig. 6 is a diagram showing a transmitting part of a voice coding/decoding system according to another

embodiment of the present invention; and

Fig. 7 is a diagram showing a receiving part of a voice coding/decoding system according to another em-

bodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

For better understanding of the present invention, a conventional voice coding transmission system is first
described with reference to Fig. 1. In Fig. 1, 71 represents an ADPCM coder, 72 represents an entropy coder,
and 73 represents a buffer memory.

As described before, since the voice signals have nonuniform probability of symbols, the statistical char-
acteristics of the output of the coder are changed so that the code lengths, i.e., bit rates, of the entropy-coded
results are not constant, and the bit rate may be larger than the transmission bit rate so that the transmission
becomes impossible. To solve this problem, the entropy-coded result is stored in the buffer memory 73 and
is transmitted from the buffer memory 73 to the transmission line. To this end, a buffer control system has
been employed in which the entropy-coded results are controlled by changing the quantization characteristics
of a quantizer in the coder. This conventional system is described in "On the Information Rate Control in En-
tropy-coded Transmission System"”, written by M. Copperi, CSELT Rapportitechini Voi.X-No.6-DECEMBER,
1982 PP 435-449.
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In the above described conventional art, a buffer memory 73 is used to control the entropy-coded resulits.
In practice, however, an overflow or an underflow of the buffer memory 73 occurs depending on the charac-
teristics of the coder and the entropy coder.

Further, in the control method using part of the buffer memory, the control is carried out in such a way
that the input/output characteristics of the quantizer in the coder are changed so that the statistical character-
istics of the quantized output codewords are controlled in such a way that the entropy becomes small, namely
the entropy becomes a certain small value. Therefore, the characteristics of the quantizer itself do not become
optimum, so that the characteristic of the coder is not always good.

Further, when there is a transmission error, the error is transmitted in the entropy decoder. Therefore, once
a transmission error is generated, the error is superimposed on the next decoded result so that there is a prob-
lem in that the one transmission error influences several samples.

The above-described problems in the conventional art are solved by the present invention.

Embodiments of the present invention will be described in the following.

Fig. 2 is a diagram showing the principal construction of a voice coding/decoding system according to an
embodiment of the presentinvention. In the figure, the system consists of a transmission part 1 and a receiving
part 2. The transmission part 1 includes a plurality of coders A1 to An, a plurality of groups GA1 to GAn of
entropy coders A11-A1m, ..., An1-Anm, evaluation part 3, and a selecting and multiplexing part 4. Each of the
groups GA1 to GAn of the entropy coders corresponds to one of the coders A1 to An. The evaluation part 3
selects outputs of the entropy coders having bit rates below the transmission bit rate, evaluates the qualities
of the coders corresponding to the selected entropy coders, selects an optimum combination of a coder and
an entropy coder, and generates a selecting signal indicating the combination of the selected coder and the
selected entropy coder. The selecting and multiplexing part 4 multiplexes the selected codeword and the se-
lecting signal. :

The plurality of coders A1 to An have different numbers of quantizer output levels (bit lengths). Alterna-
tively, the plurality of coders A1 to An may have different quantization characteristics. As an another alternative,
the plurality of coders A1 to An may have different numbers of quantizer output levels and different quantization
characteristics. Each of the coders corresponds to one of the groups GA1 to GAn. In each of the groups GA1
to GAn, a plurality of entropy coders have different probability distributions. The plurality of entropy coders
are operated in parallel. The evaluation part 3 selects the outputs of the entropy coders having bit rates lower
than the transmission bit rate from all of the outputs of the entropy coders A11 to Anm for each frame of input
voice signals, evaluates the qualities of the local decoded signals from all of the coders corresponding to the
entropy coders from which the selected outputs are generated, and selects a codeword having the optimum
quality. The evaluation part 3 also generates a selecting signal indicating the combination of the coder and
the entropy coder from which the codeword is selected. The selecting signal is applied to the selecting and
multiplexing part 4. The selecting and multiplexing part 4 multiplexes the selected codeword and the selecting
signal to transmit through the transmission line to the receiving part 2.

The receiving part 2 includes a demultiplexing part 5, a switching part 7, a plurality of groups GB1 to GBn
of a plurality of entropy decoders B11-B1m, ..., Bn1-Bnm, and a plurality of decoders B1 to Bn each corre-
sponding to one of the plurality of groups B11-B1m, ..., Bn1-Bnm. The demuitiplexing part 5 demultiplexes the
multiplexed signal received from the transmitting part 1 through the transmission line into the codeword and
the selecting signal. The switching part 7 passes, in response to the demultiplexed selecting signal from the
demultiplexing part 5, the demultiplexed codeword to the combination of the entropy decoder and the decoder
corresponding to the combination of the coder and the entropy coder selected in the transmitting part 1. The
thus selected entropy decoder carries out an entropy decoding in accordance with the probability distribution
of the entropy decoder, and the selected decoder decodes, in accordance with the number of the quantizer
output levels, the quantization characteristics, or the number of the quantizer output levels and the quantization
characteristics, the output of the selected entropy decoder to reproduce the voice signal.

Since the voice signal has nonuniform probability of symbols, the statistical characteristics of the code-
words output from a coder are different for respective frames. Therefore, the codeword lengths of the entropy
coded results are different for respective frames depending on the number of the quantizer output levels, the
quantization characteristics, or the number of the quantizer output levels and the quantization characteristics.
In view of these facts, according to the present invention, a plurality of coders are provided and each of the
coders is made to correspond to one of the groups of a plurality of entropy coders having different probability
distributions. And the optimum combination of a coder and an entropy coder is selected to transmit a codeword.

In the transmitting part 1, an input voice signal is input in parallel to the coders A1 to An having different
number of quantizer output levels, quantization characteristics, or number of quantizer output levels and quan-
tization characteristics. Then coders A1 to An carry out the coding simultaneously to output codewords and
local decoded signals having different numbers of quantizer output levels, different quantization characteris-
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tics, or different numbers of quantizer output levels and different quantization characteristics. The codewords
have statistical nonuniformity so that there are redundancies due to the statistical nonuniformity. To remove
the redundancies, the plurality of entropy decoders A11 to Anm respectively having the different probability
distributions are employed to carry out entropy codings.

In the evaluation part 3, the codeword lengths of the entropy-coded results and the qualities of the local
decoded signals are evaluated for each frame so that the codewords, having codeword lengths of the entropy
coded results each being lower than the transmitting bit rate which is allowed on the transmission line, are
selected and, among the selected codewords, a codeword having the highest quality of the characteristics of
the local decoded signals is selected. Simultaneously, the selecting signal indicating the combination of the
coder and the entropy coder providing the highest quality of characteristics is generated and multiplexed with
the selected codeword by the selecting and multiplexing part 4 to be transmitted to the receiving part 2.

In the receiving part 2, based on the selecting signal indicating the selected combination of the coder and
the entropy coder, one of the plurality of entropy decoders B11 to Bnm and one of the plurality of decoders
B1 to Bn are selected to carry out an entropy decoding and decoding, resulting in the reproduced voice signal.

As a result, a voice signal having a high quality characteristics can be reproduced from the receiving part
2 without employing a buffer memory for storing the entropy coded results in order to maintain the transmission
bitrate t