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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. Arrecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arrecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032
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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 04-0401-CON1014D

Application Number

Title of Invention

Obtaining Content from Remote Source for Playback

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

]

Porticns or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers conly. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Informatio

n:

Remove

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Nicholas AJ. Millington

Residence Information (Select One) (¢) US Residency () Non US Residency () Active US Military Service
City | Santa Barbara |StatelProvince ‘ CA ‘Country of Residencei| US
Mailing Address of Inventor:

Address 1 Sonos, Inc.

Address 2 223 East De La Guerra

City Santa Barbara ‘ State/Province ‘ CA

Postal Code ‘ 93101 | Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be v

generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number

107361

Email Address

docketing@mbhb.com | | AddEmail |  |Remove Email

Application Information:

Title of the Invention

Obtaining Content from Remote Source for Playback

Attorney Docket Number

04-0401-CON1014D Small Entity Status Claimed [ |

Application Type Nonprovisional
Subject Matter Utility
Total Number of Drawing Sheets {if any) 5 Suggested Figure for Publication (if any)

Filing By Reference:

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reducticn Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

Attorney Docket Number | 04-0401-CON1014D

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Obtaining Content from Remote Source for Playback

Only complete this section when filing an application by reference under 35 U.5.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of afiling date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country i
filed application

Publication Information:
[] Reguest Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

[] 35U.S.C.122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {(see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (e Customer Number ‘ (3 US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 107361

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 US.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required
by 35 US.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the application number blank.
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
Continuation of 13297000 2011-11-15
Prior Application Status | Patented
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
13297000 Continuation of 10816217 2004-04-01 8234395 2012-07-31
Prior Application Status | Expired

EFS Web 2.2.11

LINKPLAY EXHIBIT 1002
Page 1340 of 1434



PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reducticn Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

L Attorney Docket Number | 04-0401-CON1014D
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Obtaining Content from Remote Source for Playback

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
10816217 Claims benefit of provisional 60490768 2003-07-28

Additional Domestic Benefit/National Stage Data may be generated within this form v
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (FDX) Ithe information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{g)(1).

| Remove |
Application Number Country | Filing Date (YYYY-MM-DD) Access Code (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1} claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

[] Authorization to Permit Access to the Instant Application by the Participating Offices

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reducticn Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

L Attorney Docket Number | 04-0401-CON1014D
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Obtaining Content from Remote Source for Playback

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office {JPQ}), the Korean Intellectual Property Office {KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.8.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(®) Assignee (O Legal Representative under 35U.S.C. 117 (O Joint Inventor

(O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here.

Organization Name

Sonos, Inc.

Mailing Address Information:

Address 1 223 East De La Guerra Street

Address 2

City Santa Barbara State/Province CA
Country i| US Postal Code 93101
Phone Number Fax Number

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reducticn Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

Attorney Docket Number | 04-0401-CON1014D

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Obtaining Content from Remote Source for Playback

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
. Add
selecting the Add button.

Signature:

NOTE.: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

Signature [/Michael P. Boyea/ Date (YYYY-MM-DD)| 2014-10-17
First Name Michael P. Last Name Boyea Registration Number | 70248
Additicnal Sighature may be generated within this form by selecting the Add button. Add

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reducticn Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

04-0401-CON1014D

Application Number

Title of Invention | Obtaining Content from Remote Source for Playback

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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 TG THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.11
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552)
and the Privacy Act (5 U.5.C. 652a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Infermation Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 5562a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GBSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant]
to 35 U.8.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enfercement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.2.11
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

Obtaining Content from Remote Source for Playback

First Named Inventor/Applicant Name:

Nicholas A.J. Millington

Filer:

Michael Paul Boyea

Attorney Docket Number:

04-0401-CON1014D

Filed as Large Entity

Track | Prioritized Examination - Nonprovisional Application under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l';(tsa)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 111 1 600 600
Utility Examination Fee 1311 1 720 720
Request for Prioritized Examination 1817 1 4000 4000

Pages:

Claims:

Miscellaneous-Filing:

Petition:
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Description Fee Code Quantity Amount Sullaj-s'l';(tsa)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 5600
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Electronic Acknowledgement Receipt

EFS ID: 20444480
Application Number: 14516867
International Application Number:
Confirmation Number: 9318

Title of Invention:

Obtaining Content from Remote Source for Playback

First Named Inventor/Applicant Name:

Nicholas A.J. Millington

Customer Number:

107361

Filer:

Michael Paul Boyea

Filer Authorized By:

Attorney Docket Number:

04-0401-CON1014D

Receipt Date: 17-0CT-2014
Filing Date:
Time Stamp: 13:09:26

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $5600

RAM confirmation Number 9785

Deposit Account 132490

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
Sonos_04-0401- 3655852
1 CON1014D_MBHB_14-1800- yes 62
CON2_13297000SpecFiled.pdf |1d7dfocs79e97117c50876317bcbcs6ct
de67
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 58
Claims 59 61
Abstract 62 62
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Drawings-only black and white line

drawings

Sonos_04-0401-
CON1014D_MBHB_14-1800-
CON2_13297000FigsFiled.pdf

113795

f1e9aa937e24b0b9e29bd1155f93121d360
018a

no

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Sonos_04-0401-
CON1014D_MBHB_14-1800-

CON2_Preliminary_Amendmen

t.pdf

112683

9b12c22a4d97¢5f9cc90c2d7a4509e188fe7|

yes

Multipart Description/PDF files in .zip description

Document Description Start End
Preliminary Amendment 1 1
Abstract 2 2
Specification 3 4
Claims 5 9
Applicant Arguments/Remarks Made in an Amendment 10 10
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Warnings:

Information:
Sonos_04-0401- 74878
4 Authorization for Extension of Time all CON1014D_MBHB_14-1800- o 1
replies CON2_General_Authorization.
bd089¢1876dd864edc77c9471d5527aef6al
pdf 24dec
Warnings:
Information:
Sonos_04-0401- 126532
5 TrackOne Request CON1014D_MBHB_14-1800- no 2
CONZ_TI’aCld _Req.pdf 15e03289¢5e548180b6e056071f1687fc9d
226b
Warnings:
Information:
Sonos_04-0401- 1561560
6 Application Data Sheet CON1014D_MBHB_14-1800- no 7
CON2_ADS.pdf Saf57ed093d863bcc5fa21f7dede0dai2ecd
0329
Warnings:
Information:
36579
7 Fee Worksheet (SB06) fee-info.pdf no 2
0671cd07870721603ae11¢223325717259b)
b30ch
Warnings:
Information:
Total Files Size (in bytes):i 5681879

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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Electronic Acknowledgement Receipt

EFS ID: 20444480
Application Number: 14516867
International Application Number:
Confirmation Number: 9318

Title of Invention:

Obtaining Content from Remote Source for Playback

First Named Inventor/Applicant Name:

Nicholas A.J. Millington

Customer Number:

107361

Filer:

Michael Paul Boyea

Filer Authorized By:

Attorney Docket Number:

04-0401-CON1014D

Receipt Date: 17-0CT-2014
Filing Date:
Time Stamp: 13:09:26

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $5600

RAM confirmation Number 9785

Deposit Account 132490

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)
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INCORPORATION BY REFERENCE

This application claims the benefit of Provisional Patent Application Serial No. 60/490,768,
filed on July 28, 2003, entitled “Method for Synchronizing Audio Playback Between Multiple
Networked Devices,” and Non-provisional Patent Application Serial No. 10/816,217, filed on
April 1, 2004, entitled "System and Method for Synchronizing Channel Handoff as Among a
Plurality of Independently Clocked Digital Devices," both of which are assigned to the assignee
of the present application and are incorporated herein by reference.

F1ELD OF THE INVENTION

The present invention relates generally to the field of digital data processing devices, and
more particularly to systems and methods for synchronizing operations among a plurality of
independently-clocked digital data processing devices. The invention is embodied in a system for
synchronizing operations among a plurality of devices, in relation to information that is provided by
a common source. One embodiment of the invention enables synchronizing of audio playback as
among two or more audio playback devices that receive audio information from a common

information source, or channel.

More generally, the invention relates to the field of arrangements that synchronize output
generated by a number of output generators, including audio output, video output, combinations of
audio and video, as well as other types of output as will be appreciated by those skilled in the art,
provided by a common channel. Generally, the invention will find utility in connection with any

type of information for which synchrony among independently-clocked devices is desired.
BACKGROUND OF THE INVENTION

There are a number of circumstances under which it is desirable to maintain synchrony of
operations among a plurality of independently-clocked digital data processing devices in relation to,

for example, information that is provided thereto by a common source. For example, systems are '
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being developed in which one audio information source can distribute audio information in digital
form to a number of audio playback devices for playback. The audio playback devices receive the
digital information and convert it to analog form for playback. The audio playback devices may be
located in the same room or they may be distributed in different rooms in a residence such as a house
or an apartment, in different offices in an office building, or the like. For example, in a system
installed in a residence, one audio playback device may be located in a living room, while another
audio playback device is be located in a kitchen, and yet other audio playback devices may be
located in various bedrooms of a house. In such an arrangement, the audio information that is
distributed to various audio playback devices may relate to the same audio program, or the
information may relate to different audio programs. If the audio information source provides audio
information relating to the same audio program to two or more audio playback devices at the same
time, the audio playback devices will generally contemporaneously play the same program. For
example, if the audio information source provides audio information to audio playback devices
located in the living room and kitchen in a house at the same time, they will generally

contemporaneously play the same program.

One problem that can arise is to ensure that, if two or more audio playback devices are
contemporaneously attempting to play back the same audio program, they do so simultaneously.
Small differences in the audio playback devices' start times and/or playback speeds can be perceived
by a listener as an echo effect, and larger differences can be very annoying. Differences can arise
because for a number of reasons, including delays in the transfer of audio information over the
network. Such delays can differ as among the various audio playback devices for a variety of
reasons, including where they are connected into the network, message traffic and other reasons as

will be apparent to those skilled in the art.

Another problem arises from the following. When an audio playback device converts the
digital audio information from digital to analog form, it does so using a clock that provides timing
information. Generally, the audio playback devices that are being developed have independent
clocks, and, if they are not clocking at precisely the same rate, the audio playback provided by the

various devices can get out of synchronization.

2.
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SUMMARY OF THE INVENTION

The invention provides a new and improved system and method for synchronizing operations
among a number of digital data processing devices that are regulated by independent clocking
devices. Generally, the invention will find utility in connection with any type of information for
which synchrony among devices connected to a network is desired. The invention is described in
connection with a plurality of audio playback devices that receive digital audio information that is
to be played back in synchrony, but it will be appreciated that the invention can find usefulness in
connection with any kind of information for which coordination among devices that have

independent clocking devices would find utility.

In brief summary, the invention provides, in one aspect, a system for maintaining synchrony
of operations among a plurality of devices that have independent clocking arrangements. The system
includes a task distribution device that distributes tasks to a synchrony group comprising a plurality
of devices that are to perform the tasks distributed by the task distribution device in synchrony. The
task distribution device distributes each task to the members of the synchrony group over a network.
Each task is associated with a time stamp that indicates a time, relative to a clock maintainéd by the
task distribution device, at which the members of the synchrony group are to execute the task. Each
member of the synchrony group periodically obtains from the task distribution device an indication
of the current time indicated by its clock, determines a time differential between the task distribution
device's clock and its respective clock and determines therefrom a time at which, according to its

respective clock, the time stamp indicates that it is to execute the task.

In one embodiment, the tasks that are distributed include audio information for an audio track
that is to be played by all of the devices comprising the synchrony group synchronously. The audio
track is divided into a series of frames, each of which is associated with a time stamp indicating the
time, relative to the clock maintained by an audio information channel device, which, in that
embodiment, serves as the task distribution device, at which the members of the synchrony group

are to play the respective frame. Each member of the synchrony group, using a very accurate

3
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protocol, periodically obtains the time indicated by the audio information channel device, and
determines a differential between the time as indicated by its local clock and the audio information
channel device's clock. The member uses the differential and the time as indicated by the time stamp
to determine the time, relative to its local clock, at which it is to play the respective frame. The
members of the synchrony group do this for all of the frames, and accordingly are able to play the

frames in synchrony.
BRIEF DESCRIPTION OF THE DRAWINGS

This invention is pointed out with particularity in the appended claims. The above and
further advantages of this invention may be better understood by referring to the following

description taken in conjunction with the accompanying drawings, in which:

FIG. 1 schematically depicts an illustrative networked audio system, constructed in

accordance with the invention;

" FIG. 2 schematically depicts a functional block diagram of a synchrony group utilizing a
plurality of zone players formed within the networked audio system depicted in FIG. 1;

FIG. 2A schematically depicts two synchrony groups, illustrating how a member of one

synchrony group can provide audio information to the members of another synchrony group;

FIG. 3 depicts an functional block diagram of a zone player for use in the networked audio

system depicted in FIG. 1; and

FIG. 4 is useful in understanding an digital audio information framing methodology useful

in the network audio system depicted in FIG. 1.
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DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT

FIG. 1 depicts an illustrative network audio system 10 constructed in accordance with the
invention. With reference to FIG. 1, the network audio system 10 includes a plurality of zone
players 11(1) through 11(N) (generally identified by reference numeral 11(n)) interconnected by a
local network 12, all of which operate under control of one or more user interface modules generally
identified by reference numeral 13. One or more of the zone players 11(n) may also be connected
to one or more audio information sources, which will generally be identified herein by reference
numeral 14(n)(s), and/or one or more audio reproduction devices, which will generally be identified
by reference numeral 15(n)(r). In the reference numeral 14(n)(s), index "n" refers to the index "n"
of the zone player 11(n) to which the audio information source is connected, and the index "s"
(s=1,...,S,) refers to the "s-th" audio information source connected to that "n-th" zone player 11(n).
Thus, if, for example, a zone player 11(n) is connected to four audio information sources 14(n)(1)
through 14(n)(4), the audio information sources may be generally identified by reference numeral
14(n)(s), with S,=4. It will be appreciated that the number of audio information sources S, may vary
as among the various zone players 11(n), and some zone players may not have any audio information
sources connected thereto. Similarly, in the reference numeral 15(n)(r), index "n" refers to the index
"n" of the zone player 11(n) to which fhe audio reproduction device is connected, and the index "r"
(r=1,...,R,) refers to the "r-th" audio information source connected to that "n-th" zone player 11(n).
In addition to the audio information sources 14(n)(s), the network audio system 10 may include one
or more audio information sources 16(1) through 16(M) connected through appropriate network
interface devices (not separately shown) to the local network 12. Furthermore, the local network
may include one or more network interface devices (also not separately shown) that are configured
to connect the local network 12 to other networks, including a wide area network such as the
Internet, the public switched telephony network (PSTN) or other networks as will be apparent to

those skilled in the art, over which connections to audio information sources may be established.
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The zone players 11(n) associated with system 10 may be distributed throughout an
establishment such as residence, an office complex, a hotel, a conference hall, an amphitheater or
auditorium, or other types of establishments as will be apparent to those skilled in the art or the like.
For example, if the zone players 11(n) and their associated audio information source(s) and/or audio
reproduction device(s) are distributed throughout a residence, one, such as zone player 11(1) and its
associated audio information source(s) and audio reproduction device(s) may be located in a living
room, another may be located in a kitchen, another may be located in a dining room, and yet others
may be located in respective bedrooms, to selectively provide entertainment in those rooms. Onthe
other hand, if the zone players 11(n) and their associated audio information source(s) and/or audio
reproduction device(s) are distributed throughout an office complex, one may, for example, be
provided in each office to selectively provide entertainment to the employees in the respective
offices. Similarly, if the zone players 11(n) and associated audio information source(s) and/or audio
reproduction device(s) are used in a hotel, they may be distributed throughout the rooms to provide
entertainment to the guests. Similar arrangements may be used with zone players 11(n) and
associated audio information source(s) and/or audio reproduction device(s) used in an amphitheater
or auditorium. Other arrangements in other types of environments will be apparent to those skilled
in the art. In each case, the zone players 11(n) can be used to selectively provide entertainment in

the respective locations, as will be described below.

The audio information sources 14(n)(s) and 16(m) may be any of a number of types of
conventional sources of audio information, including, for example, compact disc ("CD") players,
AM and/or FM radio receivers, analog or digital tape cassette players, analog record turntables and
the like. In addition, the audio information sources 14(n)(s) and 16(m) may comprise digital audio
files stored locally on, for example, personal computers (PCs), personal digital assistants (PDAs),
or similar devices capable of storing digital information in volatile or non-volatile form. As noted
above, the local network 12 may also have an interface (not shown) to a wide area network, over
which the network audio system 10 can obtain audio information. Moreover, one or more of the
audio information sources 14(n)(s) may also comprise an interface to a wide area network such as

the Internet, the public switched telephony network (PSTN) or any other source of audio
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information. In addition, one or more of the audio information sources 14(n)(s) and 16(m) may
comprise interfaces to radio services delivered over, for example, satellite. Audio information
obtained over the wide area network may comprise, for example, streaming digital audio information
such as Internet radio, digital audio files stored on servers, and other types of audio information and
sources as will be appreciated by those skilled in the art. Other arrangements and other types of

audio information sources will be apparent to those skilled in the art.

Generally, the audio information sources 14(n)(s) and 16(m) provide audio information
associated with audio programs to the zone players for playback. A zone player that receives audio
information from an audio information source 14(n)(s) that is connected thereto can provide
playback and/or forward the audio information, along with playback timing information, over the
local network 12 to other zone players for playback. Similarly, each audio information source
16(m) that is not directly connected to a zone player can transmit audio information over the network
12 to any zone player 11(n) for playback. In addition, as will be explained in detail below, the
respective zone player 11(n) can transmit the audio information that it receives either from an audio
information source 14(n)(s) connected thereto, or from an audio information source 16(m), to
selected ones of the other zone players 11(n'), 11(n"),... (n not equal to n', n",...) for playback by
those other zone players. The other zone players 11(n'), 11(n"),... to which the zone player 11(n)
transmits the audio information for playback may be selected by a user using the user interface
module 13. In that operation, the zone f)layer 11(n) will transmit the audio information to the
selected zone players 11(n'), 11(n"),... over the network 12. As will be described below in greater
detail, the zone players 11(n), 11(n"), 11(n"),... operate such that the zone players 11(n’), 11(n"),...
synchronize their playback of the audio program with the playback by the zone player 11(n), so that

the zone players 11(n), 11(n"), 11(n") provide the same audio program at the same time.

Users, using user interface module 13, may also enable different groupings or sets of zone
players to provide audio playback of different audio programs synchronously. For example, a user,
using a user interface module 13, may enable zone players 11(1) and 11(2) to play one audio
program, audio information for which may be provided by, for example, one audio information

source 14(1)(1). The same or a different user may, using the same or a different user interface

-7-
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module 13, enable zone players 11(4) and 11(5) to contemporaneously play another audio program,
audio information for which may be provided by a second audio information source, such as audio
information source 14(5)(2). Further, a user may enable zone player 11(3) to contemporaneously
play yet another audio program, audio information for which may be provided by yet another audio
information source, such as audio information source 16(1). As yet another possibility, a user may
contemporaneously enable zone player 11(1) to provide audio information from an audio
information source connected thereto, such as audio information source 14(1)(2), to another zone

player, such as zone player 11(6) for playback.

In the following, the term~"synch1;ony group" will be used to refer to a set of one or more
zone players that are to play the same audio program synchronously. Thus, in the above example,
zone players 11(1) and 11(2) comprise one synchrony group, zone player 11(3) comprises a second
synchrony group, zone players 11(4) and 11(5) comprise a third synchrony group, and zone player
11(6) comprises yet a fourth synchrony group. Thus, while zone players 11(1) and 11(2) are playing
the same audio program, they will play the audio program synchronously. Similarly, while zone
players 11(4) and 11(5) are playing the same audio program, they will play the audio program
synchronously. On the other hand, zone players that are playing different audio programs may do
so with unrelated timings. That is, for example, the timing with which zone players 11(1) and 11(2)
play their audio program may have no relationship to the timing with which zone player 11(3), zone
players 11(4) and 11(5), and zone player 11(6) play their 'audio programs. It will be appreciated that,
since "synchrony group” is used to refer to sets of zone players that are playing the same audio
program synchronously, zone player 11(1) will not be part of zone player 11(6)'s synchrony group,
even though zone player 11(1) is providing the audio information for the audio program to zone

player 11(6).

In the network audio system 10, the synchrony groups are not fixed. Users can enable them
to be established and modified dynamically. Continuing with the above example, a user may enable
the zone player 11(1) to begin providing playback of the audio program provided thereto by audio
information source 14(1)(1), and subsequently enable zone player 11(2) to join the synchrony group.

Similarly, a user may enable the zone player 11(5) to begin providing playback of the audio program
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provided thereto by audio information source 14(5)(2), and subsequently enable zone player 11(4)
to join that synchrony group. In addition, a user may enable a zone player to leave a synchrony
group and possibly join another synchrony group. For example, a user may enable the zone player
11(2) to leave the synchrony group with zone player 11(1), and join the synchrony group with zone
player 11(6). As another possibility, the user may enable the zone player 11(1) to leave the
synchrony group with zone player 11(2) and join the synchrony group with zone player 11(6). In
connection with the last possibility, the zone player 11(1) can continue providing audio information

from the audio information source 14(1)(1) to the zone player 11(2) for playback thereby.

A user, using the user interface module 13, can enable a zone player 11(n) that is currently
not a member of a synchrony group to join a synchrony group, after which it will be enabled to play
the audio program that is currently being played by that synchrony group. Similarly, a user, also
using the user interface module 13, can enable a zone player 11(n) that is currently a member of one
synchrony group, to disengage from that synchrony group and join another synchrony group, after
which that zone player will be playing the audio program associated with the other synchrony group.
For example, if a zone player 11(6) is currently not a member of any synchrony group, it, under
control of the user interface module 13, can become a member of a synchrony group, after which it
will play the audio program being played by the other members of the synchrony group, in
synchrony with the other members of the synchrony group. Inbecoming a member of the synchrony
group, zone player 11(6) can notify the zone player that is the master device for the synchrony group
that it wishes to become a member of its synchrony group, after which that zone player will also
transmit audio information associated with the audio program, as well as timing information, to the
zone player 11(6). As the zone player 11(6) receives the audio information and the timing
information from the master device, it will play the audio information with the timing indicated by
the timing information, which will enable the zone player 11(6) to play the audio program in

synchrony with the other zone player(s) in the synchrony group.

Similarly, if a user, using the user interface module 13, enables a zone player 11(n)
associated with a synchrony group to disengage from that synchrony group, and if the zone player

11(n) is not the master device of the synchrony group, the zone player 11(n) can notify the master
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device, after which themaster device can terminate transmission of the audio information and timing
information to the zone player 11(n). If the user also enables the zone player 11(n) to begin playing
another audio program using audio information from an audio information source 14(n)(s) connected
thereto, it will acquire the audio information from the audio information source 14(n)(s) and initiate
playback thereof. If the user enables another zone player 11(n') to join the synchrony group
associated with zone player 11(n), operations in connection therewith can proceed as described

immediately above.

As yet another possibility, if a user, using the user interface module 13, enables a zone player
11(n) associated with a synchrony group to disengage from that synchrony group and join another
synchrony group, and if the zone player is not the master device of the synchrony group from which
it is disengaging, the zone player 11(n) can notify the master device of the synchrony group from
which it is disengaging, after which that zone player will terminate transmission of audio
information and timing information to the zone player 11(n) that is disengaging.
Contemporaneously, the zone player 11(n) can notify the master device of the synchrony group that
it (that is, zone player 11(n)) is joining, after which the master device can begin transmission of
audio information and timing information to that zone player 11(n). The zone player 11(n) can
thereafter begin playback of the audio program defined by the audio information, in accordance with
the timing information so that the zone player 11(n) will play the audio program in synchrony with

the master device.

As yet another possibility, a user, using the user interface module 13, may enable a zone
player 11(n) that is not associated with a synchrony group, to begin playing an audio program using
audio information provided to it by an audio information source 14(n)(s) connected thereto. In that
case, the user, also using the user interface module 13 or a user interface device that is specific to
the audio information source 14(n)(s), can enable the audio information source 14(n)(s) to provide
audio information to the zone player 11(n). Afier the zone player 11(n) has begun playback, or
contemporaneously therewith, the user, using the user interface module 13, can enable other zone

players 11(n"), 11(n"),... to join zone player 11(n)'s synchrony group and enable that zone player

-10-

LINKPLAY EXHIBIT 1002
Page 1364 of 1434



~N N B W

o]

10
11
12
13
14
15
16
17
18
19
20
21
22
23

- 24

25
26
27

11-0901

'11(n) to transmit audio information and timing information thereto as described above, to facilitate

synchronous playback of the audio program by the other zone players 11(n"), 11(n")....

A user can use the user interface module 13 to control other aspects of the network audio
system 10, including but not limited to the selection of the audio information source 14(n)(s) that
a particular zone player 11(n) is to utilize, the volume of the audio playback, and so forth. In
addition, a user may use the user interface module 13 to turn audio information source(s) 14(n)(s)

on and off and to enable them to provide audio information to the respective zone players 11(n).

Operations performed by the various devices associated with a synchrony group will be
described in connection with FIG. 2, which schematically depicts a functional block diagram of a
synchrony group in the network audio system 10 described above in connection with FIG. 1. With
reference to FIG. 2, a synchrony group 20 includes a master device 21 and zero or more slave
devices 22(1) through 22 (G) (generally identified by reference numeral 22(g)), all of which
synchronously play an audio program provided by an audio information channel device 23. Each
of the master device 21, slave devices 22(g) and audio information channel device 23 utilizes a zone
player 11(n) depicted in FIG. 1, although it will be clear from the description below that a zone
player may be utilized both for the audio information channel device for the synchrony group 20,
and the master device 21 or a slave device 22(g) of the synchrony group 20. As will be described
below in more detail, the audio information channel device 23 obtains the audio information for the
audio program from an audio information source, adds playback timing information, and transmits

the combined audio and playback timing information to the master device 21 and slave devices 22(g)

~ over the network 12 for playback. The playback timing information that is provided with the audio

information, together with clock timing information provided by the audio information channel
device 23 to the various devices 21 and 22(g) as will be described below, enables the master device

21 and slave devices 22(g) of the synchrony group 20 to play the audio information simultaneously.

The master device 21 and the slave devices 22(g) receive the audio and playback timing
information, as well as the clock timing information, that are provided by the audio information

channel device 23, and play back the audio program defined by the audio information. The master
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device 21 is also the member of the synchrony group 20 that communicates with the user interface

module 13 and that controls the operations of the slave devices 22(g) in the synchrony group 20.

.In addition, the master device 21 controls the operations of the audio information channel device 23

. that provides the audio and playback timing information for the synchrony group 20. Generally, the

initial master device 21 for the synchrony group will be the first zone player 11(n) that a user wishes
to play an audio program. However, as will be described below, the zone player 11(n) that operates
as the master device 21 can be migrated from one zone player 11(n) to another zone player 11(n’),

which preferably will be a zone player that is currently operating as a slave device 22(g) in the

synchrony group.

In addition, under certain circumstances, as will be described below, the zone player 11(n)
that operates as the audio information channel device 23 can be migrated from one zone player to
another zone player, which also will preferably will be a zone player that is currently operating as
a member of the synchrony group 20. It will be appreciated that the zone player that operates as the
master device 21 can be migrated to another zone player independently of the migration of the audio
information channel device 23. For example, if one zone player 11(n) is operating as both the master
device 21 and the audio information channel device 23 for a synchrony group 20, the master device
21 can be migrated to another zone player 11(n") while the zone player 11(n) is still operating as the
audio information channel device 23. Similarly, if one zone player 11(n) is operating as both the
master device 21 and the audio information channel device 23 for a synchrony group 20, the audio
information channel device 23 can be migrated to another zone player 11(n') while the zone player
11(n) is still operating as the master device 21. In addition, if one zone player 11(n) is operating as
both the master device 21 and the audio information channel device 23 for a synchrony group 20,
the master device 21 can be migrated to another zone player 11(n') and the audio information

channel device can be migrated to a third zone player 11(n").

The master device 21 receives control information from the user interface module 13 for
controlling the synchrony group 20 and provides status information indicating the operational status
of the synchrony group to the user interface module 13. Generally, the control information from the

user interface module 13 enables the master device 21 to, in turn, enable the audio information
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channel device 23 to provide audio and playback timing information to the synchrony group to
enable the devices 21 and 22(g) that are members of the synchrony group 20 to play the audio
program synchronously. In addition, the control information from the user interface module 13
enables the master device 21 to, in turn, enable other zone players to join the synchrony group as
slave devices 22(g) and to enable slave devices 22(g) to disengage from the synchrony group.
Control information from the user interface module 13 can also enable the zone player 11(n) that is
currently operating as the master device 21 to disengage from the synchrony group, but prior to
doing so that zone player will enable thé master device 21 to transfer from that zone player 11(n) to
another zone player11(n"), preferably to a zone player 11(n') that is currently a slave device 22(g) in
the synchrony group 20. The control information from the user interface module 13 can also enable
the master device 21 to adjust its playback volume and to enable individual ones of the various slave
devices 22(g) to adjust their playback volumes. In addition, the control information from the user
interface module 13 can enable the synchrony group 20 to terminate playing of a current track of the
audio program and skip to the next track, and to re-order tracks in a play list of tracks defining the

audio program that is to be played by the synchrony group 20.

The status information that the master device 21 may provide to the user interface module
13 can include such information as a name or other identifier for the track of the audio work that is
currently being played, the names or other identifiers for upcoming tracks, the identifier of the zone
player 11(n) that is currently operating as the master device 21, and identifiers of the zone players
that are currently operating as slave devices 22(g). In one embodiment, the user interface module

13 includes a display (not separately shown) that can display the status information to the user.

It will be appreciated that the zone player 11(n) that is operating as the audio information
channel device 23 for one synchrony group may also comprise the master device 21 or any of the
slave devices 22(g) in another synchrony group. This may occur if, for example, the audio
information source that is to provide the audio information that is to be played by the one synchrony
group is connected to a zone player also being utilized as the master device or a slave device for the
other synchrony group. This will be schematically illustrated below in connection with FIG. 2A.

Since, as noted above, the zone player 11(n) that is operating as the audio information channel
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device 23 for the synchrony group 20 may also be operating as a master device 21 or slave device
22(g) for another synchrony group, it can also be connected to one or more audio reproduction
devices 15(n)(r), although that is not depicted in FIG. 2. Since the master device 21 and slave
devices 22(g) are all to provide playback of the audio program, they will be connected to respective
audio reproduction devices 15(n)(r). Furthermore, it will be appreciated that one or more of the
zone players 11(n) that operate as the master device 21 and slave devices 22(g) in synchrony group
20 may also operate as an audio information channel device for that synchron)" group or for another
synchrony group and so they may be connected to one or more audio information sources 14(n)(s),
although that is also not depicted in FIG. 2. In addition, it will be appreciated that a zone player

11(n) can also operate as a audio information channel device 23 for multiple synchrony groups.

If the audio information channel device 23 does not utilize the same zone player as the master
device 21, the master device 21 controls the audio information channel device by exchanging control
information over the network 12 with the audio information channel device 23. The control
information is represented in FIG. 2 by the arrow labeled CHAN_DEV_CTRL_INFO. The control
information that the master device 21 provides to the audio information channel device 23 will
generally depend on the nature of the audio information source that is to provide the audio
information for the audio program that is to be played and the operation to be enabled by the control
information. If, for example, the audio information source is a qonventional compact disc, tape, or
record player, broadcast radio receiver, or the like, which is connected to a zone player 11(n), the
master device 21 may merely enable the zone player serving as the audio information channel device
23 to receive the audio information for the program from the audio information source. It will be
appreciated that, if the audio information is not in digital form, the audio information channel device
23 will convert it to digital form and provide the digitized audio information, along with the

playback timing information, to the master device 21 and slave devices 22(g).

On the other hand, if the audio information source is, for example, a digital data storage
device, such as may be on a personal computer or similar device, the master device 21 can provide
aplay list to the audio information channel device 23 that identifies one or more files containing the

audio information for the audio program. In that case, the audio information channel device 23 can
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retrieve the files from the digital data storage device and provide them, along with the playback
timing information, to the master device 21 and the slave devices 22(g). It will be appreciated that,
in this case, the audio information source may be directly connected to the audio information channel
device 23, as, for example, an audio information source 14(n)(s), or it may comprise an audio
information source 16(m) connected to the network 12. As a further alternative, if the audio
information source is a source available over the wide area network, the master device 21 can
provide a play list comprising a list of web addresses identifying the files containing the audio
information for the audio program that is to be played, and in that connection the audio information
channel device 23 can initiate a retrieval of the files over the wide area network. As yet another
alternative, if the audio information source is a source of streaming audio received over the wide area
network, the master device 21 can provide a network address from which the streaming audio can
be received. Other arrangements by which the master device 21 can control the audio information

channel device 23 will be apparent to those skilled in the art.

~ The master device 21 can also provide control information to the synchrony group's audio
information channel device 23 to enable a migration from one zone player 11(n) to another zone
player 11(n"). This may occur if, for example, the audio information source is one of audio
information sources 16 or a source accessible over the wide area network via the network 12. The
master device 21 can enable migration of the audio information channel device 23 for several
reasons, including, for example, to reduce the loading of the zone player 11(n), to improve latency
of message transmission in the network 12, and other reasons as will be appreciated by those skilled

in the art.

Asnoted above, the audio information channel device 23 provides audio and playback timing
information for the synchrony group to enable the master device 21 and slave devices 22(g) to play
the audio program synchronously. Details of the audio and playback timing information will be
described in detail below in connection with FIGS. 3 and 4, but, in brief, the audio information
channel device 23 transmits the audio and playback timing information in messages over the network
12 using a multi-cast message transmission methodology. In that methodology, the audio

information channel device 23 will transmit the audio and playback timing information in a series
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of messages, with each message being received by all of the zone players 11(n) comprising the
synchrony group 20, that is, by the master device 21 and the slave devices 22(g). Each of the
messages includes a multi-cast address, which the master device 21 and slave devices 22(g) will
monitor and, when they detect a message with that address, they will receive and use the contents
of the message. The audio and playback timing information is represented in FIG. 2 by the arrow
labeled "AUD+PBTIME_INFO," which has a single tail, representing a source for the information
at the audio information channel device 23, and multiple arrowheads representing the destinations
of the information, with one arrowhead extending to the master device 21 and other arrowheads
extending to each of the slave devices 22(g) in the synchrony group 20. The audio information
channel device 23 may make use of any convenient multi-cast message transmission methodology
in transmitting the audio and playback timing information to the synchrony group 20. As will be
described in detail in connection with FIG. 4, the audio and playback timing information is in the
form of a series of frames, with each frame having a time stamp. The time stamp indicates a time,
relative to the time indicated by a clock maintained by the audio information channel device 23, at
which the frame is to be played. Depending on the size or sizes of the messages used in the selected
multi-cast message transmission methodology and the size or sizes of the frames, a message may

contain one frame, or multiple frames, or, alternatively, a frame may extend across several messages.

The audio information channel device 23 also provides clock time information to the master
device 21 and each of the slave devices 22(g) individually over network 12 using a highly accurate
clock time information transmission methodology. The distribution of the clock time information
is represented in FIG. 2 by the arrows labeled "AICD_CLK_INF (M)" (in the case of the clock time
information provided to the master device 21) and "AICD_CLK_INF (S,)" through
"AICD_CLK_INF (S;)" (in the case of audio information channel device clock information provided
to the slave devices 22(g)). In one embodiment, the master device 21 and slave devices 22(g) make
use of the well-known SNTP (Simple Network Time Protocol) to obtain current clock time
information from the audio information channel device 23. The SNTP makes use of a unicast
message transfer methodology, in which one device, such as the audio information channel device

23, provides clock time information to a specific other device, such as the master device 21 or a
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slave device 22(g), using the other device's network, or unicast, address. Each of the master device
21 and slave devices 22(g) will periodically initiate SNTP transactions with the audio information
channel device 23 to obtain the clock time information from the audio information channel device
23. - As will be described below in more detail, the master device 21 and each slave device 22(g)
make use of the clock time information to determine the time differential between the time indicated
by the audio information channel device's clock and the time indicated by its respective clock, and
use that time differential value, along with the playback time information associated with the audio
information and the respective device's local time as indicated by its clock to determine when the
various frames are to be played. This enables the master device 21 and the slave devices 22(g) in

the synchrony group 20 to play the respective frames simultaneously.

As noted above, the control information provided by the user to the master device 21 through
the user interface module 13 can also enable the master device 21 to, in turn, enable another zone
player 11(n") to join the synchrony group as a new slave device 22(g). In that operation, the user
interface module 13 will provide control information, including the identification of the zone player
11(n") that is to join the synchrony group to the master device 21. After itreceives the identification
of the zone player 11(n") that is to join the synchrony group, the master device 21 will exchange
control information, which is represented in FIG. 2 by the arrows labeled SLV_DEV_CTRL_INF
(S,) through SLV_DEV_CTRL_INF (S;) group slave control information, over the network 12 with
the zone player 11(n") that is identified in the control information from the user interface module 13.
The control information that the master device 21 provides to the new zone player 11(n') includes
the network address of the zone player 11(n) that is operating as the audio information channel
device 23 for the synchrony group, as well as the multi-cast address that the audio information
channel device 23 is using to broadcast the audio and playback timing information over the network.

The zone player that is to operate as the new slave device 22(g") uses the multi-cast address to begin

* receiving the multi-cast messages that contain the audio information for the audio program being

played by the synchrony group.

It will be appreciated that, if the zone player 11(n) that is operating as the master device 21

for the synchrony group 20 is also operating the audio information channel device 23, and if there
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are no slave devices 22(g) in the synchrony group 20, the audio information channel device 23 may
ﬁot be transmitting audio and playback timing information over the network. In that case, if the new
slave device 22(g') is the first slave device in the synchrony group, the zone player 11(n) that is
operating as both the master device 21 and audio information channel device 23, can begin
transmitting the audio and playback timing information over the network 12 when the slave device
22(g") is added to the synchrony group 20. The zone player 11(n) can maintain a count of the
number of slave devices 22(g) in the synchrony group 20 as they join and disengage, and, if the
number drops to zero, it can stop transmitting the audio and playback timing information over the

network 12 to reduce the message traffic over the network 12.

The new slave device 22(g") added to the synchrony group 20 uses the network address of
the audio information channel device 23 for several purposes. In particular, the new slave device
22(g") will, like the master device 21 (assuming the zone player 11(n) operating as the master device
21 is not also the audio information channel device 23), engage in SNTP transactions with the audio
information channel device 23 to obtain the clock timing information from the audio information
channel device 23. In addition, the new slave device 22(g") can notify the audio information channel
device 23 that it is a new slave device 22(g") for the synchrony group 20 and provide the audio
information channel device 23 with its network address. As will be described below, in one
embodiment, particularly in connection with audio information obtained from a source, such as a
digital data storage device, which can provide audio information at a rate that is faster than the rate
at which it will be played, the audio information channel device 23 will buffer audio and timing
information and broadcast it over the network 12 to the synchrony group 20 generally at a rate at
which it is provided by the source. Accordingly, when a new slave device 22(g') joins the synchrony
group 20, the playback timing information may indicate that the audio information that is currently
being broadcast by the audio information channel device 23 using the multi-cast methodology is to
be played back some time in the future. To reduce the delay with which the new slave device 22(g')
will begin playback, the audio information channel device 23 can also retransmit previously
transmitted audio and timing information that it had buffered to the new slave device 22(g") using

the unicast network address of the slave device 22(g").
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The master device 21 can also use the slave device control information exchanged with the
slave devices 22(g) for other purposes. For example, the master device 21 can use the slave device
control information to initiate a migration of the master from its zone player 11(n) to another zone
player 11(n'). This may occur for any of a number ofreasons, including, for example, that the master
device 21 is terminating playback by it of the audio program and is leaving the synchrony group 20,
but one or more of the other devices in the synchrony group is to continue playing the audio
program. The master device 21 may also want to initiate a migration if it is overloaded, which can
occur if, for example, the zone player 11(n) that is the master device 21 for its synchrony group is

also operating as an audio information channel device 23 for another synchrony group.

The user can also use the user interface module 13 to adjust playback volume by the
individual zone players 11(n) comprising the synchrony group. In that operation, the user interface
module 13 provides information identifying the particular device whose volume is to be adjusted,
and the level at which the volume is to be set to the master device 21. If the device whose volume
is to be adjusted is the master device 21, the master device 21 can adjust its volume according to the
information that it receives from the user interface module 13. On the other hand, if the device
whose volume is to be adjusted is a slave device 22(g), the master device 21 can provide group slave

control information to the respective slave device 22(g), to enable it to adjust its volume.

The user can also use the user interface module 13 to enable a synchrony group 20 to cancel
playing of the track in an audio prograxﬁ that is currently being played, and to proceed immediately
to the next track. This may occur, for example, if the tracks for the program is in the form of a series
of digital audio information files, and the user wishes to cancel playback of the track that is defined
by one of the files. In that case, when the master device 21 receives the command to cancel playback
of the current track, it will provide channel device control information to the audio information
channel device 23 so indicating. Inresponse, the audio information channel device 23 inserts control
information into the audio and playback timing information, which will be referred to as a
“resynchronize" command. In addition, the audio information channel device 23 will begin

transmitting audio information for the next track, with timing information to enable it to be played
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" immediately. The resynchronize command can also enable playback of a track to be cancelled

before it has been played. Details of these operations will be described below.

As noted above, there may be multiple synchrony groups in the network audio system 10,

‘and further that, for example, a zone player 11(n) may operate both as a master device 21 or a slave

device 22(g) in one synchrony group, and as the audio information channel device 23 providing
audio and playback timing information and clock timing information for another synchrony group.
An illustrative arrangement of this will be described in connection with FIG. 2A. With reference
to FIG. 2A, that FIG. depicts elements of two synchrony groups, identified by reference numerals
20(1) and 20(2), respectively. For clarity, FIG. 2A does not show a number of elements, the
presence of which would be evident from FIGS. 1 and 2 as described above. For example, FIG. 2A
does not depict the audio information sources from which audio information is obtained for the
synchrony groups or the audio reproduction devices that are used to produce sound for the master
and slave devices, which are depicted in both FIGS. 1 and 2. In addition, FIG. 2A does not depict
arrows that represent control information provided by the respective master devices to the slave
devices in the respective synchrony groups, or to the audio information channel devices that provide
audio and timing information for the respective synchrony groups, which are depicted in FIG. 2. In
addition, FIG. 2A does not depict the arrows that represent the clock timing information provided
by the audio information channel devices to the respective members of the respective synchrony
groups, which are also depicted in FIG. 2. As will be noted below, however, FIG. 2A does depict
arrows representing the audio and playback timing information provided by the respective audio
information channel devices for the respective synchrony groups 20(1), 20(2), to the master and

slave devices comprising the respective synchrony groups 20(1), 20(2).

Each synchrony group 20(1), 20(2) comprises elements of a number of zone players. A
functional block diagram of a zone player will be described below in connection with FIG. 3.
Synchrony group 20(1) includes a master device 21(1) and "K" slave devices 22(1)(1) through
22(K)(1) (the index "1" in reference numeral 21(1) and the last index in reference numeral 22(1)(1)
through 21(K)(1) corresponds to the index of the synchrony group 20(1) to which they belong)
utilize zone players 11(1) and 11(K+1) respectively. Similafly, synchrony group 20(2) includes a
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master device 21(2) and "L" slave devices 22(1)(2) through 22(L)(2) that utilize zone players
11(K+2) through 11(K+L+2). In the illustrative arrangement depicted in FIG. 2A, both synchrony
groups 20(1) and 20(2) are controlled by the user interface module 13, which can provide control
information to, and receive status information from, the master devices 21(1) and 21(2)
independently. It will be appreciated that separate user interface modules may be provided to
provide control information to, and receive status information from, the respective master devices

21(1), 21(2).

As noted above, the slave device 22(1)(2) in synchrony group 20(2) utilizes zone player
11(K+3). In the illustrative arrangement depicted in FIG. 2A, the audio information channel device
23(1) that provides audio and playback timing information to the master and slave devices 21(1),
22(1)(1),..., 22(K)(1) of synchrony group 20(1) also utilizes zone player 11(K+3). As noted above,
this may occur if, for example, the audio information source that is to provide audio information to
be played by the synchrony group 20(1) is connected to the zone player 11(K+3). Thus, when the
master device 21(1) of synchrony group 20(1) exchanges channel device control information with
the audio information channel device 23(1), it is effectively exchanging channel device control
information with the zone player 11(K+3). Similarly, when the master and slave devices 21(1),
22(1)(1),..., 22(K)(1) of synchrony group 20(1) receive audio and playback timing information, as
well as clock timing information, from the audio information channel device 23(1), they are
effectively receiving the information from the zone player 11(K+3). FIG. 2A depicts a multi-headed
arrow representing audio and playback timing information transmitted by the zone player 11(K+3),
as audio information channel device 23(1), to the master and slave devices 21(1),

22(1)(1),...,1 1(K)(1) comprising synchrony group 20(1).

On the other hand, in the illustrative arrangement depicted in FIG. 2A, the synchrony group
20(2) utilizes a zone player 11(K+L+3) as its audio information channel device 23(2). As with
synchrony group 20(1), when the master device 21(2) of synchrony group 20(2) exchanges channel
device control information with the audio information channel device 23(2), it is effectively
exchanging channel device control information with the zone player 11(K+L+3). Similarly, when

the master and slave devices 21(2), 22(1)(2),..., 22(L)(2) of synchrony group 20(2) receive audio and
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playback timing information, as well as clock timing information, from the audio information
channel device 23(2), they are effectively receiving the information from the zone player
11(K+L+3). FIG. 2A depicts a multi-headed arrow representing audio and playback timing
information transmitted by the zone player 11(K+3) as audio information channel device 23(2) to

the master and slave devices 21(2), 22(1)(2),...,22(L)(2) comprising synchrony group 20(2).

In the illustrative arrangement depicted in FIG. 2A, zone player 11(K+L+3), which is the
audio information channel device 23(2) for synchrony group 20(2), is not shown as being either a
master or a slave device in another synchrony group. However, it will be appreciated that zone
player 11(K+L+3) could also be utilized as the master device or a slave device for another synchrony
group. Indeed, it will be appreciated that the zone player that is utilized as the audio information
channel device for synchrony group 20(2) may also be a zone player that is utilized as the master

device 21(1) or a slave device 22(1)(1),..., 22(K)(1) in the synchrony group 20(1).

A zone player 11(n) that is utilized as a member of one synchrony group may also be utilized
as the audio information channel device for another synchrony group if the audio information source
that is to supply the audio information that is to be played by the other synchrony group is connected
to that zone player 11(n). A zone player 11(n) may also be utilized as the audio information channel
device for the other synchrony group if, for example, the audio information source is an audio
information source 16(m) (FIG. 1) that is connected to the network 12 or an audio information
source that is available over a wide area network such as the Internet. The latter may occur if, for
example, the zone player 11(n) has sufficient processing power to operate as the audio information
channel device and it is in an optimal location in the network 12, relative to the zone players
comprising the other synchrony group (that is the synchrony group for which it is operating as audio
information channel device) for providing the audio and playback timing information to the
members of the other synchrony group. Other circumstances under which the zone player 11(n) that
is utilized as a member of one synchrony group may also be utilized as the audio information

channel device for another synchrony group will be apparent to those skilled in the art.
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As was noted above, the master device 21 for a synchrony group 20 may be migrated from
one zone player 11(n) to another zone player 11(n"). As was further noted above, the audio
information channel device 23 for a synchrony group 20 may be migrated from one zone player
11(n) to another zone player 11(n'). It will be appreciated that the latter may occur if, for example,
the audio information source that provides the audio program for the synchrony group is not
connected to the zone player 11(n) that is operating as the audio information channel device 23, but
instead is one of the audio information sources 16(m) connected to the network 12 or a source
available over a wide area network such as the Internet. Operations performed during a migration
of an audio information channel device 23 from one zone player 11(n) to another zone player 11(n")
will generally depend on the nature of the audio information that is being channeled by the audio
information channel device 23. For example, if the audio information source provides streaming
audio, the zone player 11(n) that is currently operating as the audio information channel device 23
for the synchrony group 20, can provide the following information to the other zone player 11(n’)

that is to become the audio information channel device 23 for the synchrony group 20:
(a) the identification of the source of the streaming audio information,

(b) the time stamp associated with the frame that the zone player 11(n) is currently forming,

and

(c) the identifications of the zone players that are operating as the master device 21 and slave

devices 22(g) comprising the synchrony group 20.

After the zone player 11(n') receives the information from the zone player 11(n), it will begin
receiving the streaming audio from the streaming audio information source identified by the zone
player 11(n), assemble the streaming audio information into frames, associate each frame with atime
stamp, and transmit the resulting audio and playback timing information over the network 12. The
zone player 11(n") will perform these operations in the same manner as described above, except that,
instead of using the time indicated by its digital to analog converter clock 34 directly in generating
the time stamps for the frames, the initial time stamp will be related to the value of the time stamp

that is provided by the zone player 11(n) (reference item (b) above), with the rate at which the time
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stamps are incremented corresponding to the rate at which its (that is, the zone player 11(n')'s) clock
increments. In addition, the zone player 11(n') will notify the zone players that are operating as the
master device 21 and slave devices 22(g) of the synchrony group 20 that it is the new audio
information channel device 23 for the synchrony group 20, and provide the multi-cast address that
it will be using to multi-cast the audio and playback timing information, as well as its unicast
network address. After the members of the synchrony group 20 receive the notification from the
zone player 11(n") indicating that it is the new audio information channel device 23 for the synchrony
group 20, they will receive the audio and playback timing information from the zone player 11(n")
instead of the zone player 11(n), using the multi-cast address provided by the zone player 11(n").
In addition, they can utilize the zone player 11(n')'s unicast network address to obtain current time
information therefrom. It will be appreciated that the zone player 11(n') will determine its current
time in relation to the time stamp that is provided by the zone player 11(n) (reference item (b) above)
or the current tirﬁe information that it received from the zone player 11(n) using the SNTP protocol

as described above.

Generally similar operations can be performed in connection with migrating the audio
information channel device from one zone player 11(n) to another zone player 11(n') if the audio
information is from one or more audio information files, such as may be the case if the audio
information comprises MP3 or WAYV files that are available from sources such as sources 16(m)
connected to the network 12 or over from sources available over a wide area network such as the
Internet, except for differences to accommodate the fact that the audio information is in files. In that
case, the zone player 11(n) that is currently operating as the audio information channel device 23 for
the synchrony group 20 can provide the following information to the zone player 11(n') that is to

become the audio information channel device 23 for the synchrony group 20:
(d) a list of the audio information files coritaining the audio information that is to be played,;

(e) the identification of the file for which the zone player 11(n) is currently providing audio

and playback timing information, along with the offset into the file for which the current item of
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audio and playback timing information is being generated and the time stamp that the zone player

11(n) is associating with that frame, and

(f) the identifications of the zone players that comprise the master device 21 and slave

devices 22(g) comprising the synchrony group 20.

After the zone player 11(n') receives the information from the zone player 11(n), it will begin
retrieving audio information from the file identified in item (), starting at the identified offset. In
addition, the zone player 11(n') can assemble the retrieved audio information into frames, associate
each frame with a time stamp and transmit the resulting audio and playback timing information over
the network 12. The zone player 11(n") will perform these operations in the same manner as
described above, except that, instead of using the time indicated by its digital to analog converter
clock 34 directly in generating the time stamps for the frames, the value of the initial time stamp will
be related to the time stamp that is provided by the zone player 11(n) (reference item () above), with
the rate .at which the time stamps are incremented corresponding to the rate at which its (that is, the
zone player 11(n’)'s) clock increments. In addition, the zone player 11(n') will notify the zone
players that are operating as the master device 21 and slave devices 22(g) of the synchrony group
20 that it is the new audio information channel device 23 for the synchrony group 20, and provide
the multi-cast address that it will be using to multi-cast the audio and playback timing information,
as well as its unicast network address. After the members of the synchrony group 20 receive the
notification from the zone player 11(n') indicating that it is the new audio information channel device
23 for the synchrony group 20, they will receive the audio and playback timing information from
the zone player 11(n') instead of the zone player 11(n), using the multi-cast address provided by the
zone player 11(n'). In addition, they can utilize the zone player 11(n')'s unicast network address to
obtain current time information therefrom. It will be appreciated that the zone player 11(n') will
determine its current time in relation to the time stamp that is provided by the zone player 11(n)
(reference item (b) above) or the current time information that it received from the zone player 11(n)
using the SNTP protocol as described above. The zone player 11(n") will process successive audio

information files in the list that it receives from the zone player 11(n) (reference item (d)).
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Operations performed by the zone players 11(n) and 11(n') in connection with migration of
the audio information channel device 23 for other types of audio information will be apparent to
those skilled in the art. In any case, preferably, the zone player 11(n) will continue operating as an
audio information channel device 23 for the synchrony group 20 for at least a brief time after it
notifies the zone player 11(n') that it is to become audio information channel device for the
synchrony group, so that the zone player 11(n') will have time to notify the zone players in the
synchrony group 20 that it is the new audio information channel device 23 for the synchrony group.

Before proceeding further in describing operations performed by the network audio system
10, it would be helpful to provide a detailed description of a zone player 11(n) constructed in

accordance with the invention. FIG. 3 depicts a functional block diagram of a zone player 11(n)

- constructed in accordance with the invention. All of the zone players in the network audio system

10 may have similar construction. With reference to FIG. 3, the zone player 11(n) includes an audio

information source interface 30, an audio information buffer 31, a playback scheduler 32, a digital

_to analog converter 33, an audio amplifier 35, an audio reproduction device interface 36, a network

communications manager 40, and a network interface 41, all of which operate under the control of
a control module 42. The zone player 11(n) also has a device clock 43 that provides timing signals
that control the general operations of the zone player 11(n). In addition, the zone player 11(n)
includes a user interface module interface 44 that can receive control signals from the user interface
module 13 (FIGS. 1 and 2) for controlling operations of the zone player 11(n), and provide stétus

information to the user interface module 13.

Generally, the audio information buffer 31 buffers audio information, in digital form, along
with playback timing information. If the zone player 11(n) is operating as the audio information
channel device 23 (FIG. 2) for a synchrony group 20, the information that is buffered in the audio
information buffer 31 will include the audio and playback timing information that will be provided
to the devices 21 and 22(g) in the synchrony group 20. If the zone player 11(n) is operating as the
master device 21 or a slaye device 22(g) for a synchrony group, the information that is buffered in
the audio information buffer 31 will include the audio and playback timing information that the zone

player 11(n) is to play.
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The audio information buffer 31 canreceive audio and playback timing information from two
sources, namely, the audio information source interface 30 and the network communications
manager 40. In particular, if the zone player 11(n) is operating as the audio information channel

device 23 for a synchrony group 20, and if the audio information source is a source 14(n)(s)

' connected to the zone player 11(n), the audio information buffer 31 will receive and buffer audio and

playback timing information from the audio information source interface 30. On the other hand, if
the zone player 11(n) is operating as the audio information channel device 23 for a synchrony group
20, and if the audio information source is a source 16(m) connected to the network 12, or a source
available over the wide area network, the audio information buffer 31 will receive and buffer audio
and playback timing information from the network communications manager 40. It will be
appreciated that, if the zone player 11(n) is not a member of the synchrony group, the zone player

11(n) will not play this buffered audio and playback timing information.

On yet another hand, if the zone player 11(n) is operating as the master device 21 or a slave
device 22(g) in a synchrony group, and if the zone player 11(n) is not also the audio information
channel device 23 providing audio and playback timing information for the synchrony group 20, the
audio information buffer 31 will receive and buffer audio and playback timing information from the

network communications manager 40.

The audio information source interface 30 connects to the audio information source(s)
14(n)(s) associated with the zone player 11(n). While the zone player 11(n) is operating as audio

information channel device 23 for a synchrony group 20, and if the audio information is to be

provided by a source 14(n)(s) connected to the zone player 11(n), the audio information source

interface 30 will selectively receive audio information from one of the audio information source(s)
14(n)(s) to which the zone player is connected and store the audio information in the audio
information buffer 21. Ifthe audio information from the selected audio information source 14(n)(s)
is in analog form, the audio information source interface 30 will convert it to digital form. The
selection of the audio information source 14(n)(s) from which the audio information source interface
30 receives audio information is under control of the control module 42, which, in turn, receives

control information from the user interface module through the user interface module interface 44.
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The audio information source interface 30 adds playback timing information to the digital audio

" information and buffers the combined audio and playback timing information in the audio

information buffer 21.

More specifically, as noted above, the audio information source interface 30 receives audio
information from an audio information source 14(n)(s), converts it to digital form if necessary, and
buffers it along with playback timing information in the audio information buffer 21. In addition,
the audio information source interface 30 will also provide formatting and scheduling information
for the digital audio information, whether as received from the selected audio information source
14(n)(s) or as converted from an analog audio information source. As will be made clear below, the
formatting and scheduling information will control not only playback by the zone player 11(n) itself,
but will also enable other zone players 11(n'), 11(n"),... that may be in a synchrony group for which
the zone player 11(n) is the master device, to play the audio program associated with the audio

information in synchrony with the zone player 11(n).

In one particular embodiment, the audio information source interface 30 divides the audio
information associated with an audio work into a series of frames, with each frame comprising
digital audio information for a predetermined period of time. As used herein, an audio track may
comprise any unit of audio information that is to be played without interruption. On the other hand,
an audio program may comprise a series of one or more audio tracks that are to be played in
succession. It will be appreciated that the tracks comprising the audio program may also be played
without interruption, or alternatively playback between tracks may be interrupted by a selected time
interval. FIG. 4 schematically depicts an illustrative framing strategy used in connection with one
embodiment of the invention for a digital audio stream comprising an audio work. More
specifically, FIG. 4 depicts a framed digital audio stream 50 comprising a sequence of frames 51(1)
through 51(F) (generally identified by reference numeral 51(f)). Each frame 51(f), in turn, comprises
a series of audio samples 52(f)(1) through 52(f)(S) (generally identified by reference numeral
52(f)(s)) of the audio track. Preferably all of the frames will have the same number "S" of audio
samples, although it will be appreciated from the following that that is primarily for convenience.

On the other hand, it will be appreciated that, the number of audio samples may differ from "S"; this
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may particularly be the case if the frame 51(f) contains the last audio samples for the digital audio
stream for a particular audio work. In that case, the last frame 51(F) will preferably contain samples
52(F)(1) through 52(F)(x), where "x" is less than "S."” Generally, it is desirable that the number of
samples be consistent among all frames 51(f), and in that case padding, which will not be played,

can be added to the last frame 51(F). .

Associated with each frame 51(f) is a header 55(f) that includes a number of fields for storing
other information that is useful in controlling playback of the audio samples in the respective frame
51(f). Inparticular, the header 55(f) associated with a frame 51(f) includes a frame sequence number
field 56, an encoding type field 57, a sampling rate information field 58, a time stamp field 60, an
end of track flag 61, and a length flag field 62. The header 55(f) may also include fields (not shown)
for storing other information that is useful in controlling playback. Generally, the frame sequence
number field 56 receives a sequence number " that identifies the relative position of the frame 51(f)
in the sequence of frames 51(1)..51(f)...51(F) containing the digital audio stream 50. The encoding
type field 57 receives a value that identifies the type of encoding and/or compression that has been
used in generating the digital audio stream. Conventional encoding or compression schemes include,
for example, the well-known MP3 and WAV encoding and/or compression schemes, although it will
be appreciated that other schemes may be provided for as well. The sampling rate information field
58 receives sampling rate information that indicates the sampling rate for the audio samples 52(f)(s).
As will be apparent to those skilled in the art, the sampling rate determines the rate at which the zone
player 11(n) is to play the audio samples 52(f)(s) in the frame, and, as will be described below,

determines the period of the digital to analog converter clock 34.

The condition of the end of work flag 61 indicates whether the frame 51(f) contains the last
digital audio samples for the audio track associated with the framed digital audio work 50. If the
frame 51(f) does not contain the audio samples that are associated with the end of the digital audio
stream 50 for a respective audio work, the end of work flag will be clear. On the other hand, if the
frame S51(f) does contain the audio samples that are associated with the end of the digital audio
stream 50 for a respective audio work, the end of work flag 61 will be set. In addition, since the

number of valid audio samples 52(F)(s) in the frame 51(F), that is, the samples that are not padding,
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may be less than "S," the default number of audio samples in a frame 51(f), the length flag field 62
will contain a value that identifies the number of audio samples in 52(F)(s) in the last frame 51(F)
of the audio work 50. If, as noted above, the frames have a consistent number "S" of samples, the

samples 52(F)(x+1) through 52(F)(S) will contain padding, which will not be played.

The time stamp field 60 stores a time stamp that identifies the time at which the zone player
11(n) is to play the respective frame. More specifically, for each frame of a framed digital audio
stream 50 that is buffered in the audio information buffer 21, the audio information source interface
30, using timing information from the digital to analog converter clock 34, will determine a time at
which the zone player 11(n) is to play the respective frame, and stores a time stamp identifying the
playback time in the time stamp field 60. The time stamp associated with each frame will later be
used by the playback scheduler 32 to determine when the portion of the digital audio stream stored
in the frame is to be coupled to the digital to analog converter 33 to initiate play back. It will be
appreciated that the time stamps that are associated with frames in sequential frames 51(1),
51(2),...,51(F), will be such that they will be played back in order, and without an interruption
between the sequential frames comprising the digital audio stream 50. It will further be appreciated
that, after a time stamp has been determined for the first frame, stored in frame 51(1), of a digital
audio stream 50, the audio information source interface 30 can determine time stamps for the

subsequent frame 51(2), 51(3),....,51(F) in relation to the number of samples "S" in the respective

* frames and the sample rate. The time stamps will also preferably be such that frames will be played

back after some slight time delay after they have been buffered in the audio information buffer 21;

the purpose for the time delay will be made clear below.

Returning to FIG. 3, in addition to dividing the digital audio information into frames, the
audio information source interface 30 also aggregates and/or divides the frames 51(f) as necessary
into packets, each of which will be of a length that would fit into a message for transmission over

the network, and associates each packet with a packet sequence number. For example, if a packet

* will accommodate multiple frames 51(f), 51(f+1),... 51(f+y-1), it will aggregate them into a packet

and associate them with a packet number, for example p(x). Ifthe entire frames 51(f) and 51(f+y-1)

was accommodated in packet p(x), where "x" is the sequence number, which will occur if the size
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of a packet is an exact multiple of the frame size, the next packet, p(x+1) will begin with frame
51(f+y) and will include frames 51(f+y),..., 51(f+2y-1). Subsequent packets p(x+2),.... will be
formed in a similar manner. On the other hand, if the packet length will not accommodate an exact
multiple of the frame size, the last frame in the packet will be continued at the beginning of the next

packet.

If the audio information source interface 30 is aware of track boundaries, which may be the
case if the tracks are divided into files, the packets will reflect the track boundaries, that is, the
packets will not contain frames from two tracks. Thus, if the last frames associated with a track are
insufficient to fill a packet, the packet will contain padding from the last frame associated with the
track to the end of the packet, and the next packet will begin with the first frames associated with

the next track.

In one embodiment, the audio information source interface 30 stores the packets in the audio

" information buffer 31 in a ring buffer. As is conventional, a ring buffer includes a series of storage

locations in the buffer. Each entry will be sufficient to store one packet. Four pointers are used in
connection with the ring buffer, a first pointer pointing to the beginning of the ring buffer, a second
pointer pointing to the end of the ring buffer, an third "write" pointer pdinting to the entry into which
a packet will be written and a fourth "read" pointer pointing to the entry from which packet will be
read for use in playback. When a packet is read from the ring buffer for playback, it will be read
from the entry pointed to by the read pointer. After the packet has been read, the read pointer will
be advanced. If the read pointer points beyond the end of the ring buffer, as indicated by the end
pointer, it will be reset to point to the entry pointed to by the beginning pointer, and the operations

can be repeated.

On the other hand, when the audio information source interface 30 stores a packet in the ring
buffer, first determine whether the entry pointed to by the write pointer points to the same entry as
the entry pointed to by the read pointer. If the write pointer points to the same entry as the entry
pointed to by the read pointer, the entry contains at least a portion of a packet that has not yet been

read for playback, and the audio information source interface 30 will delay storage of the packet until
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the entire packet has been read and the read pointer advanced. After the read pointer has been
advanced, the audio information source interface 30 can store the packet in the entry pointed to by
th.e write pointer. After the packet has been stored, the audio information source interface 30 will
advance the write pointer. If the write pointer points beyond the end of the ring buffer, as indicated
by the end pointer, it will be reset to point to the entry pointed to by the beginning pointer, and the

operations can be repeated.

As noted above, the zone player 11(n) can operate both as an audio information channel
device 23 and a member of the synchrony group 20 of which it is a member. In that case, the audio
information buffer 31 can contain one ring buffer. On the other hand, the zone player 11(n) can

operate as an audio information channel device 23 for one synchrony group 20(1) (FIG. 2A) and a

_ member of another synchrony group 20(2). In that case, the audio information buffer 31 would

‘maintain two ring buffers, one for the audio and timing information associated with synchrony group

20(1), and the other for the audio and timing information associated with synchrony group 20(2).
It will be appreciated that, in the latter case, the zone player 11(n) will only use the audio and timing

information that is associated with synchrony group 20(2) for playback.

The playback scheduler 32 schedules playback of the audio information that is buffered in
the audio information buffer 31 that is to be played by the zone player 11(n). Accordingly, under
control of the playback scheduler 32, the digital audio information that is buffered in the audio
information buffer 21 that is to be played by the zone player 11(n) is transferred to the digital to
analog converter 33 for playback. As noted above, if the zone player 11(n) is operating as an audio
information channel device 23 for a synchrony group 20 for which it is not a member, the playback
scheduler 32 will not schedule the digital audio information that is to be played by that synchrony
group 20 for playback. The playback scheduler 32 only schedules the digital audio information, if
any, that is buffered in the audio information buffer 31 that is associated with a synchrony group for

which the zone player 11(n) is a member, whether as master device 21 or a slave device 22(g).

Essentially, the playback scheduler 32 makes use of the read pointer associated with the

circular buffer that contains the audio and playback timing information that is to be played by the
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zone player 11(n). The playback scheduler 32 retrieves the packet information from the entry of the
ring buffer pointed to by the read pointer, and then advances the ring pointer as described above. The
playback scheduler 32 determines the boundaries of the frames. in the packet and uses the time
stamps in the time stamp fields 60 associated with the respective frame 51(f), along with timing
information provided by the zone player 11(n)'s digital to analog converter clock 34, to determine
when the respective frame is to be transferred to the digital to analog converter 33. Generally, when
the time stamp associated with a buffered digital audio information frame corresponds to the current
time as indicated by the digital to analog converter clock 34, the playback scheduler 32 will enable

the respective frame to be transferred to the digital to analog converter 33.

The digital to analog converter 33, also under control of the digital to analog converter clock

34, converts the buffered digital audio information to analog form, and provides the analog audio

information to the audio amplifier 35 for amplification. The amplified analog information, in turn,
is provided to the audio reproduction devices 15(n)(r) through the audio reproduction device

interface 36. The audio reproduction devices 15(n)(r) transform the analog audio information signal .

“to sound thereby to provide the audio program to a listener. The amount by which the audio

amplifier 35 amplifies the analog signal is controlled by the control module 42, in response to

volume control information provided by the user through the user interface module 13.

The network communications manager 40 controls network communications over the

" network 12, and the network interface 41 transmits and receives message packets over the network

12. The network communications manager 40 generates and receives messages to facilitate the
transfer of the various types of information described above in connection with FIG. 2, including the
channel device control information, slave device control information, audio and playback timing
information and the audio information channel device's clock timing information. In connection
with the channel device control information and the slave device control information, the network
communications manager 40 will generate messages for transfer over the network 12 in response to
control information from the control module 42. Similarly, when the network communications

manager 40 receives messages containing channel device control information and slave device
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control information, the network communications manager will provide the information to the

control module 42 for processing.

With regards to the audio information channel device's clock timing information, as noted
above, the master device 21 and slave devices 22(g) of the synchrony group 20 obtain the clock
timing information from the audio information channel device 23 using the well-known SNTP. If
the zone player 11(n) is operating as the audio information channel device 23 for a synchrony group,
during the SNTP dperation, it will provide its current time, particularly a current time as indicated
by its digital to analog converter clock 34. On the other hand, if the zone player 11(n) is operating
as the master device 21 or slave device 22(g) of a synchrony group 20, it will receive the clock
timing information from the audio information channel device 23. After the respective device 21,
22(g) has obtained the audio information channel device's clock timing information, it will generate
a differential time value AT representing the difference between the time T indicated by its digital
to analog converter clock 34 and the current time information from the audio information channel
device 23. The differential time value will be used to update the time stamps for the frames of the

digital audio stream 50 (FIG. 4) that are received from the audio information channel device.

With regards to the audio and playback timing information, operations performed by the

network communications manager 40 will depend on whether

(i) the audio and playback timing information has been buffered in the audio information

_ buffer 31 for transmission, as audio information channel device 23, over the network 12 to the

master device 21 and/or slave devices 22(g) of a synchrony group, or

(ii) the audio and playback timing information has been received from the network 12 to be
played by the zone player 11(n) as either the master device 21 for a synchrony group or a slave

device in a synchrony group.

It will be appreciated that the network communications manager 40 may be engaged in both (i) and
(ii) contemporaneously, since the zone player 11(n) may operate both as the audio information

channel device 23(1) for a synchrony group 20(1) (reference FIG. 2A) of which it is not a member,
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and a member of another synchrony group 20(2) for which another zone player 11(n') is the audio
information channel device 23(2). With reference to item (i) above, after a packet that is to be
transmitted has been buffered in the respective ring buffer, the network communications manager
40 retrieves the packet, packages it into a message and enables the network interface 41 to transmit
the message over the network 12. If the control module 42 receives control information from the
user interface module 13 (if the master device 21 is also the audio information channel device 23 for
the synchrony group 20) or from the master device (if the master device 21 is not the audio
information channel device 23 for the synchrony group 20) that would require the transmission of
a "resynchronize" command as described above, the control module 42 of the audio information
channel device 23 enables the network communications manager 40 to insert the command into a
message containing the audio and playback timing information. Details of the operations performed
in connection with the "resynchronize" command will be described below. As noted above, the
"resynchronize" command is used if the user enables a synchrony group to terminate the playback

of atrack that is currently being played, or cancel playback of a track whose playback has not begun.

On the other hand, with reference to item (ii) above, if network interface 41 receives a
message containing a packet containing frames of audio and playback timing information that the
zone player 11(n) is to play either as a master device 21 or a slave device for a synchrony group 20,
the network interface 41 provides the audio and playback timing information to the network
communications manager 40. The network communications manager 40 will determine whether the
packet contains a resynchronize command and, if so, notify the control module 42, which will enable
operations to be performed as described below. In any case, the network communications manager
40 will normally buffer the various frames comprising the audio and playback timing information
in the audio information buffer 31, and in that operation will generally operate as described above
in connection with the audio information source interface 30. Before buffering them, however, the
network communications manager 40 will update their time stamps using the time differential value
described above. It will be appreciated that the network communications manager 40 will perform
similar operations whether the messages that contain the packets were multi-cast messages or unicast

messages as described above
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The updating of the time stamps by the master device 21 and the slave devices 22(g) in the
synchrony group 20 will ensure that they all play the audio information synchronously. In particular,
after the network communications manager 40 has received a frame 51(f) from the network interface
41, it will also obtain, from the digital to analog converter clock 34, the zone player 11(n)'s current
time as indicated by its digital to analog converter clock 34. The network communications manager

40 will determine a time differential value that is the difference between the slave device's current

clock time, as indicated by its digital to analog converter 34, and the audio information channel

device's time as indicated by the audio information channel device's clock timing information.
Accordingly, if the master or slave device's current time has a value T and the audio information
channel device's current time, as indicated by the clock timing information, has a value T, the time
differential value AT=T-T. If the current time of the master or slave device in the synchrony group ’
20, as indicated by its digital to analog converter clock 34, is ahead of the audio information channel
device's clock time as indicated by the clock timing information received during the SNTP operation,
the time differential value will have a positive value. On the other hand, if the master or slave
device's current time is behind the audio information channel device's clock time, the time
differential value AT will have a negative value. If the zone player 11(n) obtains clock timing
information from the audio information channel device 23 periodically while it is a member of the
synchrony group 20, the network communications manager 40 can generate an updated value for the
time differential value AT when it receives the clock timing information from the audio information

channel device 23, and will subsequently use the updated time differential value.

The network communications manager 40 uses the time differential value AT that it generates

' from the audio information channel device timing information and zone player 11(n)'s current time

. to update the time stamps that will be associated with the digital audio information frames that the

zone player 11(n) receives from the audio information channel device. For each digital audio
information frame that is received from the audio information channel device, instead of storing the
time stamp that is associated with the frame as received in the message in the audio information
buffer 21, the network communications manager 40 will store the updated time stamp with the

digital audio information frame. The updated time stamp is generated in a manner so that, when the
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zone player 11(n), as a member of the synchrony group plays back the digital audio information

frame, it will do so in synchrony with other devices in the synchrony group.

More specifically, after the zone player 11(n)'s network interface 41 receives a message
containing a packet that, in turn, contains one or more frames 51(f), it will provide the packet to the
network communications manager 40. For each frame 51(f) in the packet that the network
communications manager 40 receives from the network interface 41, the network communications
manager 40 will add the time differential value AT to the frame's time stamp, to generate the updated

time stamp for the frame 51(f), and store the frame 51(f), along with the header 55(f) with the

_ updated time stamp in the audio information buffer 31. Thus, for example, if a frame's time stamp

has a time value T, the network communications manager 40 will generate an updated time stamp

'TY; having a time value TV, =T+AT. Since time value TV according to the slave device's digital

to analog converter clock 34 is simultaneous to the time value T according to the audio information
channel device's digital to analog converter clock 34, the zone player 11(n) device will play the
digital audio information frame at the time determined by the audio information channel device 23.
Since all of the members of the synchrony group 20 will perform the same operations, generating
the updated time stamps TV, for the various frames 51(f) in relation to their respective differential
time values, all of the zone players 11(n) in the synchrony group 20 will play them synchronously.
The network communications manager 40 will generate updated time stamps TY; for all of the time

stamps 60 in the packet, and then store the packet in the audio information buffer 31.

It will be appreciated that, before storing a packet in the audio information buffer 21, the
network communications manager 40 can compare the updated time stamps TV, associated with the
frames in the packet to the slave device's current time as indicated by its digital to analog converter
clock 34. If the network communications manager 40 determines the time indicated by the updated
time stamps of frames 51(f) in the packet are earlier than the zone player's current time, it can discard
the packet instead of storing it in the audio information buffer 21, since the zone player 11(n) will
not play them. That is, if the updated time stamp has a time value TV that identifies a time that is
earlier than the zone player's current time Ty as indicated by the zone player's digital to analog

converter clock 34, the network communications manager 40 can discard the packet.
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If the zone player 11(n) is operating as the master device 21 of a synchrony group 20, when
the user, through the user interface module 13, notifies the zone player 11(n) that another zone player
11(n") is to join the synchrony group 20 as a slave device 22(g), the control module 42 of the zone
player 11(n) enables the network communications manager 40 to engage in an exchange of
messages, described above in connection with FIG. 2, to enable the other zone player 11(n") to join
the synchrony group 20 as a slave device. As noted above, during the message exchange, the
messages generated by the network communications manager 40 of the zone player 11(n) will
provide the network communications manager of the zone player 11(n') that is to join the synchrony
group 20 with information such as the multi-cast address being used by the audio information
channel device 23 that is providing the audio program to the synchrony group 20, as well as a unicast
network address for the audio information channel device 23. After receiving that information, the
network communications manager and network interface of the zone player 11(n') that is to join the
synchrony group 20 can begin receiving the multi-cast messages containing the audio program for
the synchrony group, engage in SNTP transactions with the audio information channel device 23 to
obfain the latter's current time, and also enable the audio information channel device 23 to send the
zone player 11(n') frames S1(f) that it had previously broadcast using the unicast message

transmission methodology as described above.

On the other hand, if the network communications manager 40 and network interface 41 of

the zone player 11(n) receive a message over the network 12 indicating that it is to become a slave

* device 22(g) of a synchrony group for which another zone player 11(n') is the master device, the

network communications manager 40 for zone player 11(n) will provide a notification to the control
module 42 of zone player 11(n). Thereafter, the control module 42 of zone player 11(n) can enable
the network communications manager 40 of zone player 11(n) to perform the operations described

above to enable it to join the synchrony group 20.

As noted above, the user, using user interface module 13, can enable the synchrony group
to terminate playback of a track of an audio program that is currently being played. After playback
of a track that is currently being played has been terminated, playback will continue in a

conventional manner with the next track that has been buffered in the audio information bgffer 31.
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It will be appreciated that that could be the next track that is on the original play list, or a previous
track. In addition, the user can enable the synchrony group 20 to cancel playback of a track that it
has not yet begun to play, but for which buffering of packets has begun in the synchrony group 20.

Both of these operations make use of the "resynchronize" command that the master device 21 of the

synchrony group 20 can enable the audio information channel device 23 to include in the multi-cast

_message stream that it transmits to the synchrony group 20. Generally, in response to receipt of the -

resynchronize command, the members of the synchrony group 20 flush the ring buffer containing

the packets that they are to play in the future. In addition, if the members of the synchrony group

'provide separate buffers for their respective digital to analog converters 33, the members will also

flush those buffers as well. After the audio information channel device transmits a packet containing

the resynchronize command:

(i) in the case of the use of the resynchronize command to terminate playing of a track that
is currently being played, the audio information channel device 23 will begin multi-casting packets
for the next track, to begin play immediately, and will continue through the play list in the manner

described above; and

(i) in the case of the use of the resynchronize command to cancel play of a track for which
buffering has begun, but which is to be played in the future, the audio information channel device
23 will begin multi-casting packets for the track after the track that has been cancelled, to be played
beginning at the time the cancelled track was to begin play, and will also continue through the play

list in the manner described above.
It will be appreciated that,

(a) in the first case (item (i) directly above), the resynchronize command can enable the read
pointer to be set to point to the entry in the circular buffer into which the first packet for the next

track will be written, which will cortespond to the entry to which the write pointer points, but
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(b) in the second case (item (i1) directly above), the resynchronize command can enable the
write pointer for the circular buffer to be set to point to the entry that contains the first packet for the

track whose play is being cancelled.

It will further be appreciated that, if a track is cancelled for which buffering has not begun, the
resynchronize command will generally not be necessary, since the audio information channel device

23 for the synchrony group 20 need only delete that track from the play list.

Operations performed in connection with use of the resynchronize command to cancel

_playback of a track that is currently béing played will be described in connection with Packet

Sequence A below, and operations performed in connection with the use of the resynchronize
command to cancel playback of a track that is has not yet begun to play, but for which buffering of

packets has begun, will be described in connection with Packet Sequence B below.

Packet Sequence A

(A1.0) [packet 57]

(Al.1 [continuation of frame 99]

(A1.2) [frame 100, time = 0:00:01, type = mp3 audio]
(A1.3) [frame 101, time = 0:00:02, type = mp3 audio]
(Al1.4) [frame 102, time = 0:00:03, type = mp3 audio]

(A2.0) [packet 58]

(A2.1) [continuation of frame 102]

(A2.2) [frame 103, time = 0:00:04, type = mp3 audio]
(A2.3) [frame 104, time = 0:00:05, type = mp3 audio]
(A2.4) [frame 105, time = 0:00:06, type = mp3 audio]

(A3.0) [packet 59].
(A3D) [continuation of frame 105]
(A3.2) [frame 106, time = 0:00:07, type = mp3 audio]
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(A3.3) [frame 107, time = 0:00:08, type = mp3 audio]
(A3.4) [frame 108, time = 0:00:09, type = mp3 audio]

(A4.0) [packet 60]

(A4.1) [continuation of frame 108]

(A4.2) [frame 109, time = 0:00:10, type = mp3 audio]
(A4.3) [Resynchronize command]

(Ad4) [Padding, if necessary]

(A5.0) [packet 61]

(AS5.1) [frame 1, time = 0:00:07, type = mp3 audio]
(AS.2) [frame 2, time = 0:00:08, type = mp3 audio]
(AS.3) [frame 3, time = 0:00:09, type = mp3 audio]
(A5.4) [frame 4, time = 0.00.10, type = mp3 audio]

(A6.0) [packet 62]

(A6.1) [continuation of frame 4]

(A6.2) [frame 5, time = 0:00:11, type = mp3 audio]
(A6.3) [frame 6, time = 0:00:12, type = mp3 audio]
(AG.4) [frame 7, time = 0:00:13, type = mp3 audio)

Packet Sequence A comprises a sequence of six packets, identified by packet 57 through
backet 62, that the audio information channel device 23 multi-casts in respective messages to the
members of a synchrony group 20. It will be appreciated that the series of messages that the audio
information channel device 23 may multi-cast to the synchrony group 20 may include a messages
prior to the packet 57, and may also include messages after packet 62. Each packet comprises a
packet header, which is symbolized by lines (A1.0), (A2.0),...(A6.0) in Packet Sequence A, and will
generally also include information associated with at least a portion of a frame. In the packets

represented in Packet Sequence A, each packet includes information associated with a plurality of
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frames. Depending on the lengths of the packets, each packet may contain information associated
with a portion of a frame, an entire frame, or multiple frames. In the illustration represented by

Packet Sequence A, it is assumed that each packet may contain information associated with multiple

frames. In addition, it is assumed that a packet does not necessarily contain information associated

with an integral number of frames; in that case, a packet may contain information associated with
a portion of a frame, and the next packet will contain the information associated with the rest of a

frame.

The frames and associated header playback timing information contained in the various
packets are symbolized by lines (A1.1), (A1.2),...,(A1.4), (A2.1),....(A6.4) of Packet Sequence A.
Thus, for example, line (A1.2) of packet 57 represents the one-hundredth frame, that is, frame
51(100) (reference FIG. 4), of the track whose audio information is being transmitted in the sequence
of packets that includes packet 57. The frame 51(100) is to be played at an illustrative time,
according to the audio information channel device's digital to analog converter clock, of
"time = 0:00:01," and the frame is encoded and/or compressed using the well-known MP3 encoding
and compression methodology. In that case, the legend“time = 0:00:01" represents the time stamp
that would be included in field 60 (FIG. 4) of the header associated with the frame 50(100) as multi-
cast by the audio information channel device for the synchrony group. It will be appreciated that the '
playback time and encoding/compression methodology will be referred in the header 55(100) that
is associated with the frame 51(100). It will also be appreciated that the header may also contain

additional information as described above.

Similarly, line (A1.3) of packet 57 represents the one-hundred and first frame, that is, frame
51(101), of the track whose audio information is being transmitted in the sequence of packets that
includes packet 57. The frame 51(101) s to be élayed at an illustrative time, according to the audio
information channel device's digital to analog converter clock, of "0:00:02," and the frame is also
encoded and/or compressed using the MP3 encoding and compression methodology. Line (Al1.4)
of packet 57 represents similar information, although it will be appreciated that, depending on the
length of packet 57, the line may not represent the information for an entire frame 51(102) and/or

its associated header. Ifthe length of packet 57 is not sufficient to accommodate the information for
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the entire frame 51(102) and/or associated header, the information will continue in packet 58, as

represented by line (A2.1) in Packet Sequence A. Similarly, if the length of packet 56 was not
sufficient to contain the information for an entire frame 51(99) preceding frame 51(100), packet 57
(lines (A1.0) through 1.4) may contain any information from frame 51(99) that packet 56 was unable

to accommodate.

As noted above, when the master device 21 or a slave device 22(g) in the synchrony group
20 receives the packet 57, its respective network communications manager 40 will update the time
stamps associated with the various frames 51(f) as described above before buffering the respective

frames in the respective audio information buffer 31.

Packets 58 and 59 contain information that is organized along the lines described above in

connection with packet 57.

Packet 60 also contains, as represented by lines (A4.1) and (A4.2), information that is
organized along the lines of the informétion represented by lines (Ax.1) and (Ax.2) ("x" equals an
integer) described above in connection with packets 57 through 59. On the other hand, packet 60
contains a resynchronize command, as represented by line (A4.3). Packet 60 also may contain
padding, as represented by line 4.4, following the resynchronize command. As noted above, the
master device 21 of a synchrony group 20 will enable the audio information channel device 23 that
is providing audio information to the synchrony group 20 to multi-cast a message containing the
resynchronize command when it receives notification from the user interface module 13 that the user
wishes to cancel playback of a track that is currently being played. In the example depicted in
Packet Sequence A, as will be described below, the audio information channel device 23 receives
notification from the master device 21 that the user wishes to cancel playback of a track at a time
corresponding to "time = 0:00:07" according to its digital to analog converter clock 34, and, in line

(A4.3) of packet 60 it will provide the resynchronize command, followed by padding, if necessary.

As will be apparent from examining lines (A3.1) through (A3.4) of packet 59 and lines
(A4..l) and (A4.2) of packet 60, although the audio information channel device 23 has received the

' notification from the synchrony group's master device 21 to multi-cast the resynchronize command

-43-

LINKPLAY EXHIBIT 1002
Page 1397 of 1434



p—

O 0 NN s W N

10
11
12
13
14
15

16

17

18

20
21
22
23

24

25
26
27
28

11-0901

at a time corresponding to "time = 0:00:07" according to the clock time indicated by its digital to

analog converter clock 34, it (that is, the audio information channel device 23) has already multi-cast

messages containing frames that are to be played at that time and subsequently. That is, the audio
information channel device 23 has, multi-cast in packet 59, frames 51(106) through 51(108) that

contain time stamps "time = 0:00:07," "time = 0:00:08" and "time = 0:00:09," respectively, and, in

'~ packet 60, in addition to the continuation of frame 51(108), frame 51(109) that contains time stamp

"time = 0:00:10." (It will be appreciated that the times indicated by the illustrative time stamps are
for illustration purposes only, and that in an actual embodiment the time stamps may have different

values and differentials.)

As noted above, the audio information channel device 23 multi-casts a message containing
a_packet that, in turn, contains the resynchronize command when it receives the notification from
the master device 21 to do so. In the example depicted in Packet Sequence A, the packet will be
multi-cast when the audio information channel] device's digital to analog converter clock time

corresponds to "0:00:07." Subsequently, two things happen. In one, aspect, when the master device

21 and slave devices 22(g) receive the packet that contains the resynchronize command, they will

~ stop playing the audio program that they are playing.

In addition, the audio information channel device 23 will begin transmitting frames
containing audio information for the next track, including therewith time stamps-immediately
following the digital to analog converter clock time at which the packet including the resynchronize
command was transmitted. Accordingly, and with further reference to Packet Sequence A, the audio
information channel device 23 will multi-cast a message containing packet 61. As indicated above,
packet 61 contains, as represented in lines (A5.1) through (A5.3), frames 51(1) through 51(3), which
are the first three frames of the next track of the audio program that is to be played. It is also
compressed and encoded using the MP3 encoding and compression scheme, and it is accompanied
by time stamps "time = 0:00:07," "time = 0:00:08" and "time =0:00:10." As noted above, the time
stamp "time = 0:00:07" corresponds to the clock time at which the audio information channel device
23 multi-casts the resynchronize command, and, when the master device 21 and slave devices 22(g)

receive these frames, they would be expected to begin playing them very shortly, if not immediately
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after the audio information channel device 23 multi-casts the message containing the packet that, in
turn, contains the resynchronize command. Packet 61 also includes at least a portion of the next
frame, that is, frame 51(4), for that track. In addition, Packet Sequence A depicted above further
includes a subsequent packet, namely, packet 62, that contains any necessary continuation of frame
51(4), as well as three subsequent frames. If any additional packets are required for the track, as well

as for subsequent tracks, they can be multi-cast in a similar manner.

As further noted above, the resynchronize command can also be used to cancel playing of
one or more tracks for which playback has begun. This will be illustrated in connection with Packet

Sequence B:

Packet Sequence B

(B1.0) [packet 157]

(B1 :1) [continuation of frame 99]

(B1.2) [frame 100, time = 0:00:01, type = mp3 audio]
(B1.3) [frame 101, time = 0:00:02, type = mp3 audio]
(B1.4) [frame 102, time = 0:00:03, type = mp3 audio]

(B2.0) {packqt 158]

(B2.1) [continuation of frame 102]

(B2.2) [frame 103, time = 0:00:04, type = mp3 audio]
' (B23) [frame 104, time = 0:00:05, type = mp3 audio]

(B2.4) [frame 105, time = 0:00:06, type = mp3 audio]

(B3.0) [packet 159]

(B3.1) [continuation of frame 105]

(B3.2) [frame 106, time = 0:00:07, type = mp3 audio]
(B3.3) [track boundary notification]

(B3.4) [Padding, if necessary]
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(B4.0) [packet 160]

(B4.1)

(B4.2)
(B4.3)

[frame 1, time = 0:00:08, type = mp3 audio]
[frame 2, time = 0:00:09, type = mp3 audio]
[frame 3, time = 0:00:10, type = mp3 audio]

(BS5.0) [packet 161]

(B5.1)
(B5.2)
(B5.3)
(B5.4)

[continuation of frame 3]

[frame 4, time = 0:00:11, type = mp3 audio]
[Resynchronize, after packet 159]

[Padding, if necessary]

(B6.0) [packet 162]

(B6.1)

. (B6.2)

(B6.3)
(B6.4)

[frame 1, time = 0:00:08, type = mp3 audio]
[frame 2, time = 0:00:09, type = mp3 audio]

[frame 3, time = 0:00:10, type = mp3 audio] .

[frame 4, time = 0:00:11, type = mp3 audio]

(B7.0) [packet 163]

(B7.1)
(B7.2)
(B7.3)
(B7.4)

[continuation of frame 4]

[frame 5, time = 0:00:12, type = mp3 audio]
[frame 6, time = 0:00:13, type = mp3 audio]
[frame 7, time = 0:00:14, type = mp3 audio]

11-0901

Packet Sequence B comprises a series of seven packets, identified by packet 157 through 163

, that the audio information channel device 23 multi-casts to the members of a synchrony group 20.

As with Packet Sequence A, it will be appreciated that the series of packets that the audio

information channel device 23 may multi-cast to the synchrony group 20 may include packets prior

to the packet 157, and may also include packets after packet 162. Each packet comprises a packet
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header, which is symbolized by lines (B1.0), (B2.0),...(B7.0) in Packet Sequence B. As in Packet
Sequence A, each packet will also generally include information associated with at least a portion
of a frame 51(f)along with its associated frame 55(f). As in the packets represented in Packet
Sequence A, each packet includes information associated with a plurality of frames. Depending on
the lengths of the packets, each packet may contain information associated with a portion of a frame,
an entire frame, or multiple frames. Further, as with Packet Sequence A, it is assumed that each
packet may contain information associated with multiple frames. In addition, it is assumed that a
packet does not necessarily contain information associated with an integral number of frames; in that
case, a packet may contain information associated with a portion of a frame, and the next packet will

contain the information associated with the rest of a frame.

The structures of the packets represented by Packet Sequence B are similar to those described
above in connection with Packet Sequence A, and will not be repeated here. Generally, Packet
Sequence B illustratively contains a sequence of packets that represent at least portions of three
tracks that may have been selected from, for example, a play list. In particular, packets 157 through
159 represent frames from a portion of one track, packets 160 and 161 represent frames from a
second track and packets 162 and 163 represent frames from a third track. The play list indicated
that the first,' second and third tracks were to be played in that order. With particular reference to
Packet Sequence B, it should be noted that line (B3.3) indicates that packet 159 includes an
indication that that packet contains the last frame for the track, and line (B3.4) provides for padding
to the end of the packet. The first frame of the next track begins in packet 160.

‘ In connection with the use of the resynchronize command to cancel playback of a track, at
least a portion of which the audio information channel device 23 has multi-cast to the members of
the synchrony group, packet 161, in line (B5.3) represents a resynchronize command that indicates
that resynchronization is to occur after packet 159, that is, immediately after the packet that contains
the last frame of the first of the three tracks represented by the packets in Packet Sequence B. It
should be noted that the resynchronize command is in the packet 161, while the resynchronization

is to occur at packet 160, that is, the synchrony group is to not play the track starting with packet

/160, but instead is to begin playing the track frames for which begin with the next packet, that is,
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packet 162. As with Packet Sequence A, in Packet Sequence B the audio information channel device
23, in packet 162 and 163, multi-casts frames whose time stamps indicate that they are to be played
when the frames that were multi-cast in packets 160 and 161 were to be played. By use of the

resynchronize command and specifying a packet in this manner, the audio information channel

device can cancel playback of a track for which playback has not yet begun.

It will be appreciated that the resynchronize command is generally not necessary for

" cancelling play back of a track that the audio information channel device 23 has not started multi-

casting to the synchrony group 20, since the audio information channel device 23 itself can re-order

the play list to accommodate the cancellation.

The invention provides a number of advantages. In particular, the invention provides a
network audio system in which a number of devices share information can reproduce audio
information synchronously, notwithstanding the fact that packets, which may contain digital audio .
information, transmitted over the network to the various zone players connected thereto may have
differing delays and the zone players operate with independent clocks. Moreover, although the
invention has been described in connection with audio information, it will be appreciated that the
invention will find utility in connection with any type of isochronous information for which
synchrony among devices is desired. The system is such that synchrony groups are created and
destroyed dynamically, and in such a manner as to avoid requiring a dedicated device as the master

device.

It will be appreciated that a number of changes and modifications may be made to the
network audio system 10 as described above. For example, although the.invention has been
described as providing that the audio information channel device 23 provides digital audio
information to the members synchrony group 20 that has been encoded using particular types of
encoding and compression methodologies, it will be appreciated that the audio information channel
device 23 can provide digital audio information to various members of the synchrony group 20 that
have been encoded and compressed using different types of encoding and compression

methodologies, and, moreover, for which different sampling rates have been used. For example, the
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audio information channel device 23 may provide digital audio information to the master device 21
and slave devices 22(1) through 22(g,) using the MP3 methodology at a specified sampling rate, the
digital audio information for the same program to slave devices 22(g,+1) through 22(g,) using the
WAV methodology at one specified sampling rate, and to slave devices 22(g,+1) through 22(G)
using the WAV methodology at another specified sampling rate. In that case, the audio information
channel device 23 can specify the particular encoding and compression methodology that has been
used in the encoding type field 57 associated with each frame and the sampling rate in the sampling
rate field 58. Moreover, since the encoding and compression type and sampling rate are specified
for each frame, the encoding and compression type and sampling rate can be changed from frame
to frame. The audio information channel device 23 may use different multi-cast addresses for the
different encoding and compression types and sampling rates, but it will be appreciated that that

would not be required.

It will be appreciated that two advantages of providing that the encoding and compression

~ methodology and the sampling rate is provided on a frame-by-frame basis, instead of on, for

example, a track-by-track basis, is that that would facilitate a slave device joining the synchrony
group 20 at a frame mid-track, without requiring, for example, the master device 21 or the audio
information channel device 23 to notify it of the encoding and compression methodology or the

sampling rate.

Another modification is that, instead of the network communications manager 40 of a

member of a synchrony group 20 generating the updated time stamp T“; for a digital audio

. information frame by adding the time differential value AT to the time stamp T associated with a

frame, the network communications manager 40 may instead generate the updated time stamp TV

by subtracting the differential time value AT from the member's current time T as indicated by the

-member's digital to analog converter clock 34 at the time at which the digital audio information is .

received. It will be appreciated, however, that there may be variable time delays in processing of
messages by the slave device's network communications manager 40, and so it may be preferable
to generate the time differential value AT using the time stamp T; provided by the audio information

channel device 23.
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In addition, instead of the network communications manager 40 of a member of a synchrony
group generating an updated time stamp to reflect the difference between the times indicated by the
member's digital to analog converter clock and the audio information channel device's digital to
analog converter clock, the network communications manager 40 can generate the time differential
value AT and provide it to the member's playback scheduler 32. In that case, the member's network
communications manager 40 can store each digital audio information frame along with the time
stamp T} as received from the master device in the audio information buffer 21. The playback
scheduler 32 can utilize the time differential value AT, and the time stamps T associated with the
digital audio information frames, to determine when the respective digital audio information frames
are to be played. In determining when a digital audio information frame is to be played, the
playback scheduler can add the time differential value to the time stamp T, associated with the
digital audio frame, and enable the digital audio frame to be coupled to the digital to analog
converter 33 when the time indicated by the sum corresponds to the current time as indicated by the
slave device's digital to analog converter clock 34. Alternatively, when the member's digital to
analog converter clock 34 updates its current time T the playback scheduler can generate an updated
current time T'g by subtracting the differential time value AT from the current time T, and using the

updated current time T'g to determine when to play a digital audio information frame.

As described above, the members of a synchrony group 20 periodically obtain the audio
information channel device's current time value and uses the current time value that it receives from
the audio information channel device to periodically update the time differential value AT that ituses
in updating the time stamps associated with the various frames. It will be appreciated that, if the
digital to analog converter clock(s) associated with the member(s) of a synchrony group 20 are
ensured to have the same rate as the digital to analog converter clock, a member need only obtain

the current time value from the audio information channel device once, at the beginning of playback.

As another alternative, if the zone players are provided with digital to analog converter clock

" 34 whose time and rate can be set by an element such as the network communications manager 40,

when a zone player 11(n) is operating as a member of a synchrony group 20, its network

communications manager 40 can use the various types of timing information that it receives from
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the audio information channel device 23, including the current time information and the playback
timing information indicated by the time stamps that are associated with the various frames 51(f)
comprising the audio and playback timing information that it receives, to adjust the synchrony group
member's digital to analog converter clock's time value and/or the clock rate that it uses for playback.
If the clock's time value is to be adjusted, when the synchrony group member's network
communications manager 40 initially receives the current time information from the audio
information channel device 23 for the synchrony group 20, the network commuriications manager
40 can set the synchrony group member's digital to analog converter clock 34 to the current time
value as indicated by the audio information channel device's current time information. The network
communications manager 40 can set the clock 34 to the current time value indicated by the audio
information channel device's current time information once, or periodically as it receives the current

‘time information.

Alternatively or in addition, the synchrony group member's network communications
manager 40 can use one or both of the current time information and/or the playback timiﬁg
information in the time stamps associated with the respective frames S1(f) to adjust the clock rate

of the clock 34 that it uses for playback. For example, when the synchrony group member's network

communications manager 40 receives a frame 51(f;) having a time stamp having a time value fo Y

it can generate the updated time value 7' YU _ = T. + AT asdescribed above, and store the frame
P Ix Sx

Awith the time stamp with the updated time value in the audio information buffer 30. In addition,
since both the number of samples in a frame and the sampling rate, which determines the rate at

which the frame is to be played, are known to the network communications manager 40, it can use

that information, along with the updated time value Y F, thatis to be used for frame 51(fy) to

generate an expected updated time value TE Sew thatisexpected for the updated time stamp of the

next frame 51(fy,,). After the synchrony group member's network communications manager 40

receives the next frame 51(fy,,), it can generate the updated time value T 7, , and compare that
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value to the expected updated time value T £ . If the two time values do not correspond, or if
fX+I p

the difference between them is above a selected threshold level, the clock that is used by the audio
information channel device 23 to generate the time stamps is advancing at a different rate than the
synchrony group member's digital to analog converter clock 34, and so the network communications
manager 40 can adjust the rate of the digital to analog converter clock 34 to approach that of the
clock used by the audio information channel device 23 so that the differential time value AT is
constant. On the other hand, if the two time values do correspond, then the time differential value
AT is constant, or the difference is below a threshold level, and the network communications
manager 40 need not change the clock rate of the digital to analog converter clock 34. It will be

appreciated that, if the clock rate is to be adjusted, the rate adjustment can be fixed, or it can vary

based on, for example, the difference between the updated time value 7 v fv., and the expected

updated time value 7% Sea -

It will also be appreciated that, if no rate adjustment is performed for one frame 5 1(fx.), the

synchrony group member's network communications manager 40 can generate an expected updated

time value 7% fr.. thatis expected for the updated time stamp of the next frame 51(fy.,) using the
updated time value 7Y F, determined for frame 51(fy), along with the number of samples in a frame
and the sampling rate, and compare the expected updated time value TE fr., to the updated time

value 7Y /v, that it generates when it receives frame 51(fy,;). At that point, if the network

communications manager 41 determines that two time values do not correspond, or if the difference
between them is above a selected threshold level, it can adjust the rate of the digital to analog
converter clock 34. Similar operations can be performed if no rate adjustment is performed for
several successive frames 51(fy.,), S1(fx.2)s-... This will accommodate the possibility that the rate

differential between the clock 34 and the clock used by the audio information channel device 23 in
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generating the time stamps have rates that differ by an amount sufficiently small that it cannot be

detected using time stamps of two or more successive frames.

Instead or in addition to adjusting the clock rate as described above, the synchrony group

. member's network communications manager 40 can perform similar operations in connection with

adjusting the clock rate in connection with the current time information that it receives from the

audio information channel device 23.

Furthermore, although the network audio system 10 has been described such that the master
device 21 of a synchrony group 20 can, in response to control information provided thereto by a user
through the user interface module 13, provide a notification to a zone player 11(n) that it is to
become a member of its synchrony group 20 as a slave device 22(g), it will be appreciated that the
user interface module 13 can provide the notification directly to the zone player 11(n) that is to
become a member of the synchrony group 20. In that case, the zone player 11(n) can notify the
master device 21 that it is to become a slave device 22(g) in the synchrony group 20, after which the
master device 21 can provide information regarding the synchrony group 20, including the multi-cast

and unicast addresses of the audio information channel device and other information as described

above.

Similarly, although the network audio system 10 has been described such that the master
device 21 of a synchrony group 20 can, in response to control information provided thereto by a user
through the user interface module 13, provide acommand to a slave device 22(g) to enable the slave
device 22(g) to adjust its volume, it will be appreciated that the user interface module 13 can provide
control information directly to the slave device 22(g) to enable the slave device 22(g) to adjust its

volume.

In addition, although the network audio system 10 has been described such that each frames
51(f) is associated with a frame sequence number (reference field 56, FIG. 4), it will be appreciated
that, if the packets described above in connection with Packet Sequence A and Packet Sequence B
are provided with packet sequence numbers, the frame sequence numbers need not be provided,

since the packet sequence numbers can suffice for defining the frame sequencing.
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Furthermore, although the network audio system 10 has been described such that the zone
.players 11(n) are provided with an audio amplifier 35 for amplifying the analog signal provided by
the respective digital to analog converters 33, it will be appreciated that a zone player may be

provided that does not itself include an audio amplifier. In that case, the analog signal may be

' coupled to an external amplifier for amplification as necessary before being provided to the audio

reproduction device(s) 15(n)(r). It will be appreciated that a single zone player 11(n) may be
provided with multiple audio amplifiers and audio reproduction device interfaces, and, if necessary,

multiple digital to analog converters 33, to provide audio programs for corresponding numbers of

"synchrony groups.

Similarly, although the zone players 11(n) have been described such that they may be
connected to one or more audio information sources, it will be appreciated that an audio information
source may form part of and be integrated into a zone player 11(n). For example, a zone player may
include a compact disk player, cassette tape player, broadcast radio receiver, or the like, that hasbeen
integrated into it. In addition, as noted above, an individual zone player 11(n) may be connected to
multiple éudio information sources and may contemporaneously operate as the audio information

channel device 23 for multiple synchrony groups .

In addition, although FIG. 1 shows the network audio system 10 as including one user
interface module 13, it will be appreciated that the system 10 may include a plurality of user
interface modules. Each user interface module be useful for controlling all of the zone players as
described above, or altemaﬁvely one or more of the user interface modules may be useful for

controlling selected subsets of the zone players.

Moreover, it will be appreciated that, although the invention has been described in connection
with audio information, it will be appreciated that the invention will find utility in connection with

any type of information for which synchrony among devices connected to a network is desired.

As noted above, while a zone player 11(n) is operating as audio information channel device
23 for a synchrony group 20, when the zone player 11(n)'s audio information source interface 30 or

network communications manager 40 stores digital audio information frames based on audio
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information from an audio information source 14(n)(s) in the audio information buffer 31, it will

provide time stamps for the respective frames to schedule them for playback after some time delay

~ after they have been buffered in the audio information buffer 31. The delay is provided so that, for

other zone players 11(n'), 11(n"),... that are operating as members of a synchrony group, there will

be sufficient time for the audio and playback timing information to be transferred over the network

'12 to those other zone players 11(n’), 11(n"),... so that it can be processed and played by them at the

appropriate time as described above. The time period that is selected for the time delay may be fixed
or variable, and in either case may be based on a number of factors. If the time period selected for
the time delay is fixed, it may be based on, for example, factors such as an estimate of the maximum
latency in the network 12, the estimated maximum loading of the various components comprising

the zone players 11(n), and other estimates as will be appreciated by those skilled in the art.

The time delay may be the same for audio information from all types of audio information
sources, and may be constant over the entire period that the synchrony group 20 is playing an éudio
work. Alternatively, different time delays may be utilized based on various criteria. For example,
if the audio information is to be played independently of information associated with other types of
media, the time delay may be selected to be relatively long, on the order of a significant fraction of

a second, or longer. On the other hand, if the audio information is to be played contcmporaneouély

‘with, for example, video information, which may be supplied by, for example, a video disk, video

tape cassette, over cable, satellite, or broadcast television, which may not be buffered or which may
be displayed independently of the network audio system 10, it may be undesirable to provide for
such a lengthy delay, since the time delay of the audio playback, in relation to the video display, may
Bé noticeable. In that case, the zone playér 11(n) may provide for a much shorter time delay. In one
embodiment, the time delay prox}ided for audio information to be played concurrently with video
information is selected to be generally on the order of fifty milliseconds, which would barely, if at
all, be perceptible to someone viewing the video. Other desirable time delays for information from

other types of sources will be apparent to those skilled in the art.

As yet a further possibility, the zone player 11(n), when operating as an audio information

channel device 23 for a synchrony group 20, can dynamically determine the time delay based on a
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number of conditions in the network audio system 10, including, for example, the message transfer
latency in network 12, the loading of microprocessors or other components that are used in the

various zone players 11(n’), 11(n"),... that may comprise a synchrony group 20, as well as other

" factors. For example, if the audio information channel device 23 determines that the latency in the

‘network 12 has increased beyond a selected threshold, the audio information channel device 23 can

adjust the delay to increase the likelihood that the members of the synchrony group 20 will be able
to receive the packets and process the frames so that they will be able to play them at the appropriate
times. Similarly, if the audio iriformation channel device 23 is notified that a member of the
synchrony group 20 to which it provides audio information requires additional time to receive and

process the frames that it transmits, the audio information channel device 23 can adjust the delay

_ accordingly. It will be appreciated that, to reduce or minimize possible discontinuities in the audio

playback by the members of the synchrony group, the audio information channel device 23 can,
instead of adjusting the time delay during a particular audio track, adjust the time delay betweén
tfacks, during silent periods of a track or otherwise as will be appreciated by those. skilled in the art.
In addition, the audio information channel device 23 can use conventional audio compression
methodologies to facilitate a speeding up and/or slowing down of playback of an audio track while
it is in the process of providing additional time delay. Generally, the members of the synchrony
group 20 can provide notifications to the audio information channel device 23 if they determine that
they will need an additional time delay, and the audio information channel device 23 can adjust the

time delay in accordance with the notifications from the members of the synchrony group 20.

It will be appreciated that a system in accordance with the invention can be constructed in
whole or in part from special burpose hardware or a general purpose computer system, or any
combination thereof, any portion of which may be controlled by a suitable program. Any program
may in whole or in part comprise part of or be stored on the system in a conventional manner, or it
may in whole or in part be provided in to the system over a network or other mechanism for

transferring information in a conventional manner. In addition, it will be appreciated that the system

. may be operated and/or otherwise controlled by means of information provided by an operator using

operator input elements (not shown) which may be connected directly to the system or which may
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transfer the information to the system over a network or other mechanism for transferring

information in a conventional manner.

The foregoing description has been limited to a specific embodiment of this invention. It will

be apparent, however, that various variations and modifications may be made to the invention, with

the attainment of some or all of the advantages of the invention. It is the object of the appended
claims to cover these and such other variations and modifications as come within the true spirit and

scope of the invention.

What is claimed as new and desired to be secured by Letters Patent of the United States is:
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1. A method for providing synchronized audio play back amongst a plurality of audio

devices, the method comprising:

retrieving, by a computing device, audio information from any of a locally stored digital
audio file, a remotely stored digital audio file via a wide area network, and a streaming digital

audio service;

transmitting a plurality of frames to a plurality of audio devices over a local network
from the computing device, each frame of the plurality of frames to include the retrieved audio
information and timing information inserted at the computing device, wherein the timing
information is to be used to play the audio information by the plurality of audio devices in

synchrony.
2. The method of claim 1, wherein the computing device comprises a personal computer.

3. The method of claim 2, further comprising transmitting the plurality of frames to the
plurality of audio devices responsive to receiving a user command via a user interface of the

personal computer.

4., The method of claim 1, wherein the computing device comprises a mobile computing

device.

5. The method of claim 4, further comprising transmitting the plurality of frames to the
plurality of audio devices responsive to receiving a user command via a user interface of the

mobile computing device.

6. The method of claim 1, wherein the computing device is configured to play the audio

information in synchrony with the plurality of audio devices.

7. The method of claim 1, wherein the computing device is configured to play different
audio information than the plurality of audio devices and at the same time as the plurality of

audio devices play the audio information.

8. The method of claim 1, wherein the locally stored digital audio file is stored on a

personal computer or a mobile computing device configured to store digital information.
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9. The method of claim 1, further comprising wirelessly transmitting the plurality of

frames to the plurality of audio devices.

10. The method of claim 1, wherein the computing device comprises a user interface to

receive a user command to transmit the plurality of frames.

11. The method of claim 10, wherein the user interface is to enable a user to at least one
of select an audio track, display status information, and display an upcoming audio playback

selection.

12. The method of claim 10, wherein the user interface is to enable a user to select one or

more of the plurality of audio devices for audio playback.

13. A non-transitory computer readable medium having stored therein instructions

executable by a processor to perform a method comprising:

retrieving, by a computing device, audio information from any of a locally stored digital
audio file, a remotely stored digital audio file via a wide area network, and a streaming digital

audio service;

transmitting a plurality of frames to a plurality of audio devices over a local network
from the computing device, each frame of the plurality of frames to include the retrieved audio
information and timing information inserted at the computing device, wherein the timing
information is to be used to play the audio information by the plurality of audio devices in

synchrony.

14. A method for providing synchronized audio amongst a plurality of audio devices, the

method comprising:

receiving, by an audio device, a plurality of frames over a local network from a
computing device, each frame of the plurality of frames to include audio information and timing
information, wherein the timing information is to be used to play the audio information by the

audio device in synchrony with another receiving audio device; and
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converting, by the audio device, the audio information from a digital form into an analog

signal to be output based on the timing information via an amplifier and a speaker driver.

15. The method of claim 15, wherein the computing device comprises a mobile

computing device.

16. The method of claim 15, wherein the computing device comprises a personal

computer.

17. The method of claim 15, wherein the audio information is from any of a locally stored
digital audio file, a remotely stored digital audio file via a wide area network, and a streaming

digital audio service.
18. The method of claim 15, wherein the local network comprises a wired network.
19. The method of claim 15, wherein the local network comprises a wireless network.

20. A non-transitory computer readable medium having stored therein instructions

executable by a processor to perform a method comprising:

receiving, by an audio device, a plurality of frames over a local network from a
computing device, each frame of the plurality of frames to include audio information and timing
information, wherein the timing information is to be used to play the audio information by the

audio device in synchrony with another receiving audio device; and

converting, by the audio device, the audio information from a digital form into an analog

signal to be output based on the timing information via an amplifier and a speaker driver.
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ABSTRACT OF THE DISCLOSURE

A system is described for maintaining synchrony of operations among a plurality of devices
that have independent clocking arrangements. The system includes a task distribution device that
distributes tasks to a synchrony group comprising a plurality of devices that are to perform the tasks
distributed by the task distribution device in synchrony. The task distribution device distributes each
task to the members of the synchrony group over a network. Each task is associated with a time
stamp that indicates a time, relative to a clock maintained by the task distribution device, at which
the members of the synchrony group are to execute the task. Each member of the synchrony group
periodically obtains from the task distribution device an indication of the current time indicated by
its clock, determines a time differential between the task distribution device's clock and its respective
clock and determines therefrom a time at which, according to its respective clock, the time stamp

indicates that it is to execute the task.
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(Case No. 04-0401-CON1014D (MBHB No. 14-1800-CON2))

In re the Application of:

Nicholas A.J. Millington
Application No.: TBD Group Art Unit: TBD
Filed: October 17,2014
Examiner: TBD
Confirmation No.: TBD

For: Obtaining Content from Remote Source
for Playback

N N N N N N w ' a a av ar’

Mailstop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313
PRELIMINARY AMENDMENT

Prior to examination of the above-referenced application, Applicant respectfully requests

entry of the following amendments and consideration of the following remarks.

Amendments to the Abstract begin on page 2 of this paper.

Amendments to the Specification begin on page 3 of this paper.

Amendments to the Claims begin on page 5 of this paper.

Remarks begin on page 10 of this paper.

MCcDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
CHICAGO, ILLINOIS 60606
TELEPHONE (312) 913-0001
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AMENDMENTS TO THE ABSTRACT

Please amend the Abstract as follows:

Examples include a playback device with a network interface and memory with program

instructions that, when executed by the processor, cause the playback device to (a) receive, via

the network interface from a network device communicatively coupled to the playback device

over a LAN. an address identifying a network location of audio information available at an audio

information source, where the audio information source is outside of the LAN, (b) obtain, via the

network interface from the audio information source, the audio information, (¢) transmit. via the

network interface to another playback device, the audio information, and (d) play back the audio

information.

MCcDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
CHICAGO, ILLINOIS 60606
TELEPHONE (312) 913-0001
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AMENDMENTS TO THE SPECIFICATION

Please amend the title of the application as follows:

Obtaining Content from Remote Source for Playback

Please amend the "Incorporation by Reference” section of the specification starting on page 1 as
follows:

INCORPORATION BY REFERENCE

This application claims priority under 35 U.S.C. § 120 to, and is a continuation of, U.S.

Non-provisional Patent Application No. 13/297.000. filed on November 15. 20ll, entitled

'System and method for synchronizing operations among a plurality of independently clocked

digital data processing devices," which claims priority under 35 U.S.C. § 120 to, and is a

continuation of, U.S. Non-provisional Application No. 10/816,217, now issued as U.S. Patent No.

8.234.395. filed on April 1. 2004, entitled "System and method for synchronizing operations

among a plurality of independently clocked digital data processing devices," which claims

priority under 35 U.S.C. § 119 to U.S. Provisional Application No. 60/490.768, filed on July 28.

MCcDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
CHICAGO, ILLINOIS 60606
TELEPHONE (312) 913-0001
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2003 and now expired, entitled "Method for Synchronizing Audio Playback Between Multiple

Networked Devices," each of which are assigned to the assignee of the present application and

are incorporated herein by reference.

MCcDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
CHICAGO, ILLINOIS 60606
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AMENDMENTS TO THE CLAIMS

1-20  (Cancelled)

21.  (New) A first playback device comprising:
a network interface; and
memory comprising program instructions that, when executed by the processor, cause the
playback device to:
receive, via the network interface from a network device communicatively
coupled to the first playback device over a local area network (LAN), an address
identifying a network location of audio information available at an audio information
source, wherein the audio information source is outside of the LAN;
obtain, via the network interface from the audio information source, the audio
information;
transmit, via the network interface to a second playback device, the audio
information; and

play back the audio information.

22. (New) The first playback device of claim 21, wherein the program instructions, when
executed by the processor, further cause the first playback device to:
generate timing information based on the audio information; and

transmit, to the second playback device, the timing information, and

MCcDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
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wherein causing the first playback device to play back the audio information comprises
causing the first playback device to play back the audio information according to the timing

information.

23.  (New) The first playback device of claim 21, wherein the program instructions, when
executed by the processor, further cause the first playback device to:

before transmitting the audio information to the second playback device, receive, from
the network device, an instruction to join a synchrony group that includes the second playback

device.

24, (New) The first playback device of claim 23, wherein the program instructions, when
executed by the processor, further cause the first playback device to:
transmit, to the network device, status information that comprises a status of the

synchrony group.

25.  (New) The first playback device of claim 24, wherein the status information further

comprises an identification of each playback device in the synchrony group.

26. (New) The first playback device of claim 24, wherein the status information further

comprises an identification of a master playback device of the synchrony group.

27.  (New) The first playback device of claim 26, wherein the first playback device is the

master playback device of the synchrony group.

MCcDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
CHICAGO, ILLINOIS 60606
TELEPHONE (312) 913-0001
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28.  (New) The first playback device of claim 24, wherein the status information further

comprises an identification of one or more slave playback devices in the synchrony group.

29.  (New) The first playback device of claim 28, wherein the second playback device is one

of the one or more slave playback devices in the synchrony group.

30.  (New) The playback device of claim 21, wherein the audio information comprises one of

audio files or packetized streaming audio information.

31. (New) The playback device of claim 21, wherein obtaining, from the audio information
source, the audio information, comprises obtaining, from the audio information source via the

Internet, the audio information.

32. (New) The playback device of claim 21, wherein obtaining, from the audio information
source, the audio information, comprises sending, to the audio information source, a request for

the audio information.

33. (New) A method comprising:

receiving, by a first playback device from a network device communicatively coupled to
the first playback device over a local area network (LAN), an address identifying a location of
audio information available at an audio information source, wherein the audio information

source is outside of the LAN;

MCcDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
CHICAGO, ILLINOIS 60606
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obtaining, by the first playback device from the audio information source, the audio
information;

transmitting, by the first playback device to a second playback device, the audio
information; and

playing back, by the first playback device, the audio information.

34, (New) The method of claim 33, further comprising:

generating, by the first playback device, timing information based on the audio
information; and

transmitting, by the first playback device to the second playback device, the timing
information, and

wherein playing back the audio information comprises playing back the audio

information according to the timing information.

35. (New) The method of claim 33, further comprising:
before transmitting the audio information to the second playback device, receiving, by the
first playback device from the network device, an instruction to join a synchrony group that

includes the second playback device.

36.  (New) The method of claim 35, further comprising:
transmitting, by the first playback device to the network device, status information that

comprises a status of the synchrony group.

MCcDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
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37. (New) The method of claim 35, wherein the status information further comprises an

identification of each playback device in the synchrony group.

38.  (New) The method of claim 37, wherein the status information further comprises an

identification of a master playback device of the synchrony group.

39.  (New) The method of claim 38, wherein the first playback device is the master playback

device of the synchrony group.

40. (New) A tangible non-transitory computer-readable medium having instructions stored
thereon that when executed cause a first playback device to:

receive, from a network device communicatively coupled to the first playback device
over a local area network (LAN), an address identifying a location of audio information available
at an audio information source, wherein the audio information source is outside of the LAN;

obtain, from the audio information source, the audio information;

transmit, to a second playback device, the audio information; and

play back the audio information.

MCcDONNELL BOEHNEN
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REMARKS

Applicant respectfully requests the Examiner to enter this Preliminary Amendment prior
to examination. In this amendment, Applicant updates the Abstract, updates the application title,
updates the incorporation by reference section, cancels claims 1-20, and presents new claims
21-40 for examination. Support for these amendments to the specification and claims can be
found generally throughout the application.

Applicant respectfully requests entry of these amendments prior to issuance of this
application. Should the Examiner wish to further discuss this case with the undersigned, the

Examiner is welcome to call the undersigned at (312) 913-3381.

Respectfully submitted,

MCDONNELL BOEHNEN
HULBERT & BERGHOFF LLP

Date: October 17, 2014 By:  /Michael P. Boyea/
Michael P. Boyea
Registration No. 70,248

10
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
(Case No. 04-0401-CON1014D)

In re Application of:
Confirmation No.: TBD
Nicholas A.J. Millington
Art Unit: TBD
Serial No.: TBD
Examiner: TBD
Filed: October 17,2014

Title: Obtaining Content from Remote Source for
Playback
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Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

GENERAL AUTHORIZATIONS UNDER 37 C.F.R. §§ 1.25(b) and 1.136(a)(3)

In this or any related application filed pursuant to 37 C.F.R. § 1.53, for the entire pendency
thereof, and with respect to Deposit Account No. 132490, the Commissioner is hereby generally
authorized:

(a) under 37 C.F.R. § 1.25(b), subject to the provisions of 37 C.FR. § 1.311(b), to
charge all fees set forth in 37 C.F.R. §§ 1.16 to 1.18; and

(b) under 37 C.F.R. § 1.136(a)(3) to treat any future reply requiring an extension of time
as incorporating a request therefor, and specifically to charge any fee that may be due in connection
with such a request.

Respectfully submitted,

Date: October 17, 2014 By: /Michael P. Boyea/
Michael P. Boyea
Registration No.: 70,248
(312) 913-0001

McDonnell Boehnen Hulbert & Berghoff LLP
300 South Wacker Drive

Chicago, IL 60606

(312)913-0001
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