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1. My name 1s June Ann Munford. I am over the age of 18, have personal
knowledge of the facts set forth herein, and am competent to testify to the

same.

2. I earned a Master of Library and Information Science (MLIS) from the
University of Wisconsin-Milwaukee in 2009. I have over ten years of
experience in the library/information science ficld. Beginning in 2004, 1
have served in various positions in the public library sector including
Assistant Librarian, Youth Services LLibrarian and Library Director. I have

attached my Curriculum Vitae as Appendix CV.

3. During my career in the library profession, I have been responsible for
materials acquisition for multiple libraries. In that position, I have cataloged,
purchased and processed incoming library works. That includes purchasing
materials directly from vendors, recording publishing data from the material
1n question, creating detailed material records for library catalogs and
physically preparing that material for circulation. In addition to my
experience in acquisitions, I was also responsible for analyzing large

collections of library materials, tailoring library records for optimal catalog
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scarch performance and creating lending agreements between libraries

during my time as a Library Director.

. T am fully familiar with the catalog record creation process in the library
sector. In preparing a material for public availability, a library catalog record
describing that material would be created. These records are typically
written in Machine Readable Catalog (herein referred to as “MARC”) code
and contain information such as a physical description of the material,
metadata from the material’s publisher, and date of library acquisition. In
particular, the 008 field of the MARC record is reserved for denoting the
date of creation of the library record itself. As this typically occurs during
the process of preparing materials for public access, it is my experience that

an item’s MARC record indicates the date of an item’s public availability.

. Typically, in creating a MARC record, a librarian would gather various bits
of metadata such as book title, publisher and subject headings among others
and assign each value to a relevant numerical field. For example, a book’s
physical description is tracked in field 300 while title/attribution is tracked in
field 245. The 008 field of the MARC record is reserved for denoting the
creation of the library record itself. As this is the only date reflecting the

inclusion of said materials within the library’s collection, it is my experience
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that an 1item’s 008 ficld accurately indicates the date of an item’s public

availability.

. I am familiar with the Internet Archive, a digital library accessible to the
general public. Among other services that the Internet Archive makes
available to the general public is the Wayback Machine, an online archive of
the web. The Internet Archive’s Wayback Machine service archives
webpages as of a certain capture date to track changes in the web over time.
The Internet Archive has been in operation as a nonprofit library since 1996
and has hosted the Wayback Machine service since its inception in 2001.
During my time as a librarian, I frequently used the Internet Archive’s
Wayback Machine for research and instruction purposes. This includes
teaching instructional classes on using the Wayback Machine to library
patrons and using the Wayback Machine to research reference inquiries that
require hard-to-find online resources. I consider the Internet Archive’s
recordskeeping to be as rigorous and detailed as other formal library
recordskeeping practices such as MARC records, OCLC records and Dublin

Core.

. I have reviewed Exhibit 1009 a document entitled I7TU-1T" Recommendation

H.263: Video Coding for Low Bit Rate Communication (02/98).
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8. Attached hereto as Appendix ITUOI are screen captures of a web page
entitled “H.263: Video Coding for Low Bit Rate Communication™ hosted on
the ITU (International Telecommunications Union) website. I secured these

screen captures from https:/www.itu.int/rec/T-REC-H.263-199802-S/en.

9. Appendix ITUOI is a web page describing the February 1998 revision of
ITU-T Recommendation H.263: Video Coding for Low Bit Rate
Communication. This page indicates the February 1998 revision of /TU-T
Recommendation H.263: Video Coding for Low Bit Rate Communication

was approved as of February 6, 1998 and posted to the ITU web page as of

October 22, 1998.

10.Appendix ITUOI also contains a full PDF copy of ITU-T Recommendation
H.263: Video Coding for Low Bit Rate Communication downloaded from
the ITU page. In comparing this copy of ITU-T Recommendation I1.263:
Video Coding for Low Bit Rate Communication found in Appendix ITUO1 to
Exhibit 1009, it 1s my determination that Exhibit 1009 is a true and correct
copy of ITU-T Recommendation H.263: Video Coding for Low Bit Rate

Communication.
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11.Attached hereto as Appendix IAOI is a screen capture of the Internet

Archive Wayback Machine entry for http://www.itu.int/itudoc/itu-
t/rec/h.html. T secured these screen captures myself from

https://web.archive.org/web/19991001000000* /http://www.itu.int/itudoc/itu-

t/rec/h.html.

12.Appendix TAO1 1s a web page entitled “Series H Recommendations — Line
Transmission of Non-Telephone Signals™ hosted on the ITU website. This

page was captured by the Internet Archive as of January 28, 1999.

13.Appendix TAO1 s a list of all active ITU-T Series H Recommendations as of
January 28, 1999. A notice visible on page 2 of this Appendix reads
“Publications tagged with Bookshop can be ordered and downloaded from
the ITU Electronic Bookshop”. An entry for the February 1998 revision of
ITU-T Recommendation I1.263: Video Coding for Low Bit Rate
Communication can be found on page 3 of this Appendix. This entry
contains the ‘Bookshop’ marker indicating /TU-T Recommendation H.263:
Video Coding for Low Bit Rate Communication could be ordered and

downloaded from the ITU Electronic Bookshop as of January 28, 1999.
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14.Attached hereto as Appendix IA02 is a screen capture of the Internet

Archive Wayback Machine entry for http://www.itu.int/itudoc/itu-

t/rec/h/h263 . html. I secured these screen captures myself from

https://web.archive.org/web/19991101000000* /http://www.itu.int/itudoc/itu-

t/rec/h/h263 . html.

15.Appendix TAO2 1s a web page entitled “[H.263 ] Recommendation H.263
(02/98) — Video Coding for low bit rate communication” hosted on the ITU

website. This page was captured by the Internet Archive as of November 4,

1999.

16.Appendix TA02 1s a web page describing the February 1998 revision of I7U-
T Recommendation I1.263: Video Coding for Low Bit Rate Communication.
This web page contains a Table of Contents for /7U-T Recommendation
H.263: Video Coding for Low Bit Rate Communication that 1s functionally
1dentical to the table of contents found in Exhibit 1009. This page offers ITU
customers the ability to purchase and download a copy of ITU-T
Recommendation H.263: Video Coding for Low Bit Rate Communication as
of November 4, 1999. This page also indicates that /TU-T Recommendation
H.263: Video Coding for Low Bit Rate Communication 1s accessible at the

time via the I'TU’s subscriptions service.
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17.Attached hereto as Appendix TAMUOI is a true and correct copy of the
MARC record for ITU-T Recommendation H.263: Video Coding for Low Bit
Rate Communication as held by the Texas A&M University library. I
secured this record myself from the library’s public catalog. The MARC
record contained within Appendix TAMUOI1 accurately describes the title,
author, publisher, and ITU-T recommendation number of /TU-T

Recommendation H.263: Video Coding for Low Bit Rate Communication.

18.The 008 field of the MARC record in Appendix TAMUOI indicates the date
of record creation. The 008 field of Appendix TAMUOI indicates Texas

A&M University library first acquired this book as of May 11, 2000.

19. Appendix IA02 clearly indicates the ITU web page was offering PDF copies
of ITU-T Recommendation 1.263: Video Coding for Low Bit Rate
Communication for purchase to the public as of November 4, 1999.
Appendix TAMUOI clearly indicates that Texas A&M University library
first acquired ITU-T Recommendation H.263: Video Coding for Low Bit
Rate Communication as of May 11, 2000. Therefore, it i1s my determination

that /TU-T Recommendation H.263: Video Coding for Low Bit Rate
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Communication was [irst made available to the public as of November 4,

1999 and certainly no later than May 11, 2000.

20.As Appendix ITUOI indicates a PDF version of ITU-T Recommendation
H.263: Video Coding for Low Bit Rate Communication was uploaded to the
ITU website as of October 22, 1998 and Appendix IAO] indicates ITU-T
Recommendation H.263: Video Coding for Low Bit Rate Communication
was on a list of materials for sale as of January 28, 1999, it is likely that
ITU-T Recommendation I1.263: Video Coding for Low Bit Rate

Communication was available to the public prior to November 1999.

21.1 have reviewed Exhibit 1008, ISO/IEC Standard 11172: Information
Technology -- Coding of Moving Pictures and Associated Audio for Digital

Storage Media at Up to About 1.5 Mbit/s by ISO/IEC.

22.Attached hereto as Appendix ISOO0I is a true and correct copy of the MARC
record for ISO/IEC Standard 11172 Information Technology -- Coding of
Moving Pictures and Associated Audio for Digital Storage Media at Up to
About 1.5 Mbit/s as held by the University of Wisconsin-Madison Library. I
secured this record myself from the library’s public catalog. The MARC

record contained within Appendix ISO01 accurately describes the title,
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author, publisher, and ISBN number of ISO/IEC Standard 11172
Information Technology -- Coding of Moving Pictures and Associated Audio

Jor Digital Storage Media at Up to About 1.5 Mbit/s.

23. Attached hereto as Appendix ISO02 is a true and correct copy of ISO/IEC
Standard 11172: Information Technology -- Coding of Moving Pictures and
Associated Audio for Digital Storage Media at Up to About 1.5 Mbit/s as
held by the University of Wisconsin-Madison Library. These scans were
secured from the library’s collection. In comparing Exhibit 1008 to
Appendix ISO02, it is my determination that Exhibit 1008 is a true and
correct copy of ISO/IEC Standard 11172: Information Technology -- Coding
of Moving Pictures and Associated Audio for Digital Storage Media at Up to

About 1.5 Mbit/s by ISO/TEC.

24.The 008 field of the MARC record in Appendix ISO01 indicates the date of
record creation. The 008 field of Appendix ISO01 indicates the University
of Wisconsin-Madison Library first acquired ISO/IEC Standard 11172:
Information Technology -- Coding of Moving Pictures and Associated Audio
Jor Digital Storage Media at Up to About 1.5 Mbit/s as of October 21, 1993.
Considering this information, it 1s my determination that ISO/IEC Standard

11172: Information Technology -- Coding of Moving Pictures and
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Associated Audio for Digital Storage Media at Up to About 1.5 Mbit/s was
made available to the public shortly after its initial acquisition as of October

21, 1993.

25.1 have been retained on behalf of the Petitioner to provide assistance in the
above-illustrated matter in establishing the authenticity and public
availability of the documents discussed in this declaration. I am being
compensated for my services in this matter at the rate of $200.00 per hour
plus reasonable expenses. My statements are objective, and my

compensation does not depend on the outcome of this matter.

26.1 declare under penalty of perjury that the foregoing 1s true and correct. I
hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to
be true; and further that these statements were made the knowledge that
willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States

Code.

Dated: 6/6/2025 F
< //‘,—' ’\7/
P

June Ann Munford

Snap - Exhibit 1016
Snap v. Nokia - IPR2025-01439
Page 11 of 341



APPENDIX CV
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June A. Munford

Curriculum Vitae
Education

University of Wisconsin-Milwaukee - MS, Library & Information Science, 2009
Milwaukee, WI

e Coursework included cataloging, metadata, data analysis, library systems,
management strategies and collection development.
® Specialized in library advocacy, cataloging and public administration.

Grand Valley State University - BA, English Language & Literature, 2008
Allendale, MI

e Coursework included linguistics, documentation and literary analysis.
e Minor in political science with a focus in local-level economics and
government.

Professional Experience

Researcher / Expert Witness, October 2017 — present
Freelance e Pittsburgh, Pennsylvania & Grand Rapids, Michigan

e Material authentication and public accessibility determination. Declarations of
authenticity and/or public accessibility provided upon research completion. Experienced
with appeals and deposition process.

e Research provided on topics of public library operations, material
publication history, digital database services and legacy web resources.

e Past clients include Alston & Bird, Arnold & Porter, Baker Botts, Fish & Richardson,
Erise IP, Irell & Manella, O'Melveny & Myers, Perkins-Coie, Pillsbury Winthrop Shaw
Pittman and Slayden Grubert Beard.

Library Director, February 2013 - March 2015
Dowagiac District Library ® Dowagiac, Michigan

e Executive administrator of the Dowagiac District Library. Located in
Southwest Michigan, this library has a service area of 13,000, an annual
operating budget of over $400,000 and total assets of approximately
$1,300,000.
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e Developed careful budgeting guidelines to produce a 15% surplus during the 2013-
2014 & 2014-2015 fiscal years while being audited.

e Using this budget surplus, oversaw significant library investments including the
purchase of property for a future building site, demolition of existing buildings and
building renovation projects on the current facility.

o Led the organization and digitization of the library's archival records.

e Served as the public representative for the library, developing business
relationships with local school, museum and tribal government entities.

e Developed an objective-based analysis system for measuring library services -
mncluding a full collection analysis of the library's 50,000+ circulating items and their
records.

November 2010 - January 2013
Librarian & Branch Manager, Anchorage Public Library ® Anchorage, Alaska

e Headed the 2013 Anchorage Reads community reading campaign including event
planning, staging public performances and creating marketing materials for mass
distribution.

e Co-led the social media department of the library's marketing team, drafting social
media guidelines, creating original content and instituting long-term planning via content
calendars.

e Developed business relationships with The Boys & Girls Club, Anchorage
School District and the US Army to establish summer reading programs for
children.

June 2004 - September 2005, September 2006 - October 2013
Library Assistant, Hart Area Public Library
Hart, MI

e Responsible for verifying imported MARC records and original MARC
cataloging for the local-level collection as well as the Michigan Electronic
Library.

e Handled OCLC Worldcat interlibrary loan requests & fulfillment via
ongoing communication with lending libraries.

Professional Involvement

Alaska Library Association - Anchorage Chapter

Snap - Exhibit 1016
Snap v. Nokia - IPR2025-01439
Page 14 of 341



® T'reasurer, 2012

Library Of Michigan
e Level VII Certification, 2008
e [ cvel II Certification, 2013

Michigan Library Association Annual Conference 2014
e New Directors Conference Panel Member

Southwest Michigan Library Cooperative
® Represented the Dowagiac District Library, 2013-2015

Professional Development

Library Of Michigan Beginnming Workshop, May 2008

Petoskey, MI
e Received training in cataloging, local history, collection management,
children’s literacy and reference service.

Public Library Association Intensive Library Management Traming, October 2011
Nashville, TN
e Attended a five-day workshop focused on strategic planning, staff
management, statistical analysis, collections and cataloging theory.

Alaska Library Association Annual Conference 2012 - Fairbanks, February 2012
Fairbanks, AK
e Attended seminars on EBSCOQ advanced search methods, budgeting,
cataloging, database usage and marketing.

Depositions

2019 e Fish & Richardson

Apple v. Qualcomm (Case No. IPR2018-001281, 39521-004211P, IPR2018-01282 and
39521-004211P2)

2019 e Erise IP

Implicit, LLC v. Netscout Systems, Inc (Case No. 2:18-cv-53-JRG)

2019 e Perkins-Coie

Adobe Inc. v. RAII Color Technologies LLC (Case No. IPR2019-00627, IPR2019-
00628, IPR2019-00629 and TPR2019-00646)
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2020 e O’Melveny & Myers
Maxell, Ltd. v. Apple Inc. (Case No. 5:19-cv-00036-RWS)

2021 e Pillsbury Winthrop Shaw Pittman LLP
Intel v. SRC (Case No. IPR2020-1449)

2022 e Perkins-Coie
Realtek v. Future Link (Case No. IPR2021-01182)

2023 e Fish & Richardson
Neuroderm Ltd. v. Abbvie, Inc (Case No. PGR2022-00040)

2023 e Fish & Richardson
Nearmap US Inc. v. Pictometry International Corp. (Case No. IPR2022-00735)

2023 e Fish & Richardson
Samsung Electronics v. MemoryWeb LLC (Case No. 39843-0136PS1)

2023 e Pillsbury Winthrop Shaw Whitman LLP

Gravel Rating Systems v. Costco Wholesale Corp. (Case No.
4:21-cv-149-ALM)

2024 o Willkie-Farr
Netflix, Inc. v. VideoLabs. Inc. (Case No. IPR2023-00628)

2024 e Quinn Emanuel Urquhart & Sullivan
Purdue University v. Wolfspeed (Case No. 1:21-CV-840)

2024 e Fish & Richardson

Dish Network v. Entropic Communications (Case No. IPR2024-00393)
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2025 e Perkins Coie
Amazon.com, Inc. v. Nokia Technologies Oy (Case No. IPR2024-00572)

2025 e Fish & Richardson
Dish Network v. Entropic Communications (Case No. IPR2024-00373)

Limited Case and Clientele History

Alston & Bird
e Ericsson

v. Collision Communications (Case No. IPR2022-01233)

e Nokia

v. Neptune Subsea, Xtera (Case No. 1:17-cv-01876)

e Universal Electronics Inc

v. Roku Inc (Case No. IPR2022-00818)

Alavi & Anaipakos PLLC
e Stingray Group Inc. and Stingray Music USA, Inc.

v. Edwin A. Hernandez-Mondragon and Egla Corp. (Case No. 1:24-cv-
21226-RAR)

Arnold & Porter
e [vantis

v. Glaukos (Case No. 8:18-cv-00620)

e Samsung

v. Jawbone (Case No. 2:21-cv-00186)
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Benesch Friedlander Coplan & Aronoff
e Voyis
v. Cathx (Case No. 5:21-cv-00077-RWS)

Buchanan, Ingersoll & Rooney PC

e Google LLC, AT&T Service Inc., T Mobile USA Inc., Cellco Partnership, Ericsson
Inc. & Nokia of America Corp.

v. KT Corp & Pegasus Wireless Innovation LLC (Case No. [PR2025-00293)

Deschert LLP
e Smaxtec Animal Care

v. ST Reproductive Technologies, LLC (Case No. IPR2024-00885)

Duane Morris
e Kangxi Communication Technologies

v. Skyworks Solutions Inc. (Case No. IPR2025-00373)

e Microsoft

v. Edge Networking Systems LLC (Case No. 1:24-cv-00215)

Erise I.P.
e Apple

v. Ericsson Inc. (Case No. IPR2022-00715)

v. Future Link Systems (Case No. IPRs 6317804, 6622108, 6807505, and
7917680)

v. INVT (Case No. 20-1881)
v. Navblazer LLC (Case No. IPR2020-01253)

v. Qualcomm (Case No. IPR2018-001281, 39521-00421IP, IPR2018-01282,
39521-004211P2)
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v. Quest Nettech Corp (Case No. 2:19-cv-00118-]JRG)
v. Telefonaktiebolaget LM Ericsson (Case No. IPR2022-00275)

<

. Theta IP, LLC (Case No. IPR2024-00818)

v. THL Holding Company LLC (Case No. 1:23-cv-00548)

e Fanduel

v. CGT (Case No. 19-1393)

e Garmin

v. Phillips North America LI.C (Case No. 2:19-cv-6301-AB-KS)

e Netscout
v. Longhorn 1D LIC (Case No. 2:20-cv-00349)
v. Implicit, LLC (Case No. 2:18-cv-53-JRG)

e Sony Interactive Entertainment LLC
v. Bot M8 LLC (Case No. [PR2020-01288)
v. Infernal Technology LLC (Case No. 2:19-CV-00248-]JRG)

e Tesla

v. Charge Fusion Technologies LLC (Case No. IPR2025-00032)

e Unified Patents

v. GE Video Compression (Case No. 2:19-cv-248)

Fish & Richardson

e Apple
v. AliveCor (Case No. 3:21-cv-03958)
v. LBS Innovations (Case No. 2:19-cv-00119-JRG-RSP)
v. Koss Corporation (Case No. IPR2021-00305)
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v. Masimo (Case No. IPR 50095-0012IP1, 50095-00121P2, 50095-00131P1,
50095-00131P2, 50095-00061P1, 50095-01351P1)

v. Neonode (Case No. 21-¢cv-08872-EMC)

v. Qualcomm (Case No. IPR2018-001281, 39521-004211P, IPR2018-01282,
39521-004211P2)

v. Resonant Sys. (Case No. 7:23-cv-00077-ADA)

e AsusTek Computer Inc.
v. Videolabs, Inc. (Case No. 22-CV-00720-ADA)

e Dell
v. Neo Wireless (Case No. IPR2022-00616)

e Dish Network
v. Entropic Communications, LLC (Case No. 2:2023-CV-01043)
. Entropic Communications LLC (Case No. [PR2024-00393)

<

v. Realtime Adaptive Streaming (Case No. 1:17-CV-02097-RBJ)

-

. TQ Delta LLC (Case No. 18-1798)

e Evapco Dry Cooling
v. SPG Dry Cooling (Case No. IPR2021-00688)

e Genetec

v. Sensormatic Electronics (Case No. 1:20-CV-00760)

e [Tuawei

v. Bell Northern Research LLC (Case No. IPR2019-01174)

e Kianxis

v. Blue Yonder (Case No. 3:20-cv-03636)
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e [.G Electronics

v. Bell Northern Research LLC (Case No. 3:18-cv-2864-CAB-BLM)

e MediaTek
v. MOSAID (Case No. IPR2024-00718)

o Metaswiich

v. Sonus Networks (Case No. IPR2018-01719)

e Microsoft

v. Throughputer Inc (Case No. IPR2022-00757)

e Mom Enterprises

v. Ddrops Company (Case No. 1:22-cv-00332)

e MLC Intellectual Property
v. MicronTech (Case No. 3:14-cv-03657-SI)

e Nearmap Inc

v. EagleView Technologies (Case No. IPR2022-01009)

@ Neuroderm Ltd.

v. Abbvie, Inc (Case No. PGR2022-00040)

e Posco Co Ltd.
v. Pascal Drillet et al. (Case No. IPR2025-00370)

e Realtek Semiconductor

v. Future Link (Case No. [IPR2021-01182)
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e Quectel

v. Koninklijke Philips (Case No. 1:20-cv-01710)

e Samsung
v. Aire Technology (Case No. IPR2022-00877)
v. Bell Northern Research (Case No. 2:19-cv-00286-JRG)
v. Communication Technologies Inc (Case No. IPR2022-01221)

=

. Jawbone Innovations (Case No. IPR2022-00865)
. MemoryWeb LLC (Case No. IPR2022-00885)
v. Dodots Licensing Solutions (Case No. IPR2023-00701)

<

v. Telefonaktiebolaget LM Ericsson (Case No. IPR2021-00615)

e Texas Instruments

v. Vantage Micro LLC (Case No. IPR2020-01261)

e Xilinx

v. Sentient Sensors LCC (Case No. 1:22-¢cv-00173)

Goodwin Proctor
e Intel

v. Proxense, LLC (Case No. 6:24-cv-00283)

e Samsung Electronics

v. Mobile Data Technologies (Case No. 2:24-cv-00435)

e Taiwan Semiconductor Manufacturing Company Ltd.

v. Advanced Integrated Circuit Process LLC (Case No. 2:24-cv-00623)
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Groombridge Wu

e Nearmap

v. Eagle View Technologies Inc. and Pictometry International Corp. (Case No.

2:21-cv-00283-TS-DAO)

Irell & Manella

e Curium

I.atham & Watkins LLLP
e Apple

v. Advanced Coding Research LI.C

Leydig, Voit & Mayer, Ltd.

e Public Availability Consultancy

O’Melveny & Myers
e Apple
v. Maxell (Case No. 5:19-cv-00036-RWS)

e Disney Media & Entertainment Distribution LLC
v. Digital Media Technology Holdings, L.I.C (Case No. 2:22-
cv-01642)

e Micron Technology Inc.
v. Besang Inc (Case No. IPR2023-00900)

® Samsung

v. Daedalus Prime LLC (1335 Investigation)
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Perkins-Coie
e Amazon
v. Nokia (Case No. [IPR2024-00847 and IPR2024-00848)
v. Nokia Technologies Oy (Case No. IPR2024-00572)
e Heru Industries

v. The UAB Research Foundation (Case No. IPR2022-01148)

e Intel Corporation
v. BeSang Inc. (Case No. IPR2023-00991)
v. BtMICRO (Case No. 5:23-cv-00625)
v. Telefonaktiebolaget L M Ericsson (Case No. IPR2024-00610)

e Realtek Semiconductor

v. Future Link (Case No. IPR2021-01182)

® r-pac

v. Adasa, Inc. (Case No. 1:2024¢v06102)

e Twitter Inc

v. VOIP-Pal.com (Case No. 3:20-cv-02397-ID)

o TCL Industries

v. Koninklijke Philips NV (Case No. IPR2021-00495, IPR2021-00496
and IPR2021-00497)

e VusionGroup

v. Hanshow (Case No. IPR2024-00857)
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Pillsbury Winthrop Shaw Pittman
e Intel

v. FG SRC LLC (Case No. 6:20-cv-00315)

e Gravel Rating Systems

v. Costco (Case No. 4:21-cv-149)

v. Lowe’s Home Centers (Case No. 4:21-cv-150)
v. T-Mobile USA (Case No. 4:21-cv-152)

v. Kohl’s Inc. (Case No. 4:21-cv-258)

v. Under Armor (Case No. 4:21-cv-356)

Quinn Emanuel
e [xact Sciences Corporation

v. Geneoscopy, Inc. (Case No. IPR2024-00459 and IPR2024-1330)

e ServiceNow, Inc.

v. InQuisient, Inc. (Case No. 22-900-CJB)

e Wolfspeed
v. The Trustees of Purdue University (Case No. 1:2021-cv-00840)

Sheppard, Mullin, Richter & Hampton LLP
e Advanced Micro Devices, Inc and Pensando Systems, Inc.

v. Concurrent Ventures LLC and Xtreamedge, Inc. (Case No. IPR2025-00478)

e Cadence Design Systems Inc.

v. Semiconductor Design Technologies (Case No. 3:23-cv-01001)
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Shook, Hardy & Bacon LLP
e TP Inc.

v. Universal Connectivity Technalogies (Case No. 1:23-cv-01177)

Stern, Kessler, Goldstein & Fox

e Preliminary Research

Wilmer, Cutler, Pickering, Hale and Dorr
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INTERNATIONAL STANDARD ISO/IEC 11172-2:1993
TECHNICAL CORRIGENDUM 2

Published 1999-12-01

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION « MEXOYHAPO[HAR OPTAHW3ALINA N0 CTAHIAPTHIALIMA « ORGANISATION INTERNATIONALE DE NORMALISATION
INTERNATIONAL ELECTROTECHNICAL COMMISSION « MEXIYHAPOOHAR SMEKTPOTEXHUMECKAA KOMWCCHA » COMMISSION ELECTROTECHNIQUE INTERNATIONALE

Information technology — Coding of moving pictures and
associated audio for digital storage media at up to about
1,5 Mbit/s —

Part 2:
Video

TECHNICAL CORRIGENDUM 2

Technologies de l'information — Codage de I'image animée et du son associé pour les supports de stockage
numeérique jusqu'a environ 1,5 Mbit/s —

Partie 2: Vidéo

RECTIFICATIF TECHNIQUE 2

Technical Corrigendum 2 to International Standard ISO/IEC 11172-2:1993 was prepared by Joint Technical
Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 29, Coding of audio, picture, multimedia and
hypermedia information.

1) Replace subclause 2.4.3.2 (page 25, line 38) by:

The value for intra_quantizer_matrix[0] shall always be 8.

ICS 681.3.04(084.14) Ref. No. ISO/IEC 11172-2:1993/Cor.2:1999(E)
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2) Repluce subclause 2.4.3.6 (page 30, line 2) by:

If macroblock_pattern is zero, cbp=0.

L]

3) Replace subclause 2.4.3.7 (page 30, line 25) by:

The number of bits in the following det_dc_differentiz
B.5a.

B bt Tl - sttt —_— N

+_luminance-1)) ) det_zz|0] = det_dc_differential ;
aance) ) | (det_dc_differential+1) ;

+_chrominance-1)) ) det_zz[0] = det_dc_differential :
minance) ) | (det_de_differential+1) ;

W

ave the same direction of prediction (forward, backward, or bidirectional)
qual to zero, and no DCT coefficients.

otion vector equal 1o zero, in B-pictures skipped macroblocks have the
ion (forward, backward, or bidirectional) as the previous macroblock,
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11) Replace subclause D.6.7, Table D.22 by:

ISONEC 11172-2:1993/Cor.2:1999(E)

Table D.22 -- Example of the coded data elements needed to generate repeated pictures

Value (bits) Mnemonic Length (bits)
0000 0000 0000 0000 picture_start_code 32 bits
0000 0001 0000 0000
XXXX XXXX XX temporal_reference 10 bits
010 picture_coding_type 3 bits
XXXX XXXX XXXX XXXX vbv_delay 16 bits
0 full_pel_forward_vector 1 bit
001 forward_f_code 3 bits
0 Extra_bit_picture 1 bit
0000 00 stuffing 6 bits
(000 0000 0000 0000 slice_start_code 32 bits
0000 0001 0000 0001
0000 1 quantizer_scale 5 bits
1 macroblock_address_increment 1 bit
001 macroblock_type 3 bits
0 motion_horizontal_forward_code 1 bit
0 motion_vertical_forward_code 1 bit
0000 0001 000 (x 11) macroblock_escape (x11) 121 bits
0000 0011 001 macroblock_address_increment 11 bits
001 macroblock_type 3 bits
0 motion_horizontal_forward_code 1 bit
0 motion_vertical_forward_code 1 bit
0 Extra_bit_slice 1 bit
000 stufﬁng 3 bits
Total 256 bits

12) Replace subclause 2.3 (page 14, line 37) by:

2.3.1 Definition of bytealigned function

13) Replace subclause 2.3 (page 14, line 42) by:

2.3.2 Definition of nextbits function

14) Replace subclause 2.3 (page 14, line 46) by:

2.3.3 Definition of next_start_code function

15) Replace subclause 2.4.1 (page 15, line 5) by:

2.4.1.1 Video sequence

16) Replace subclause 2.4.1 (page 15, line 22) by:

2.4.1.2 Sequence header

Snap - Exhibit 1016
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17) Replace subclause 2.4.1 (page 15, line 27) by:

2.4.1.3 Group of pictures

18) Replace subclause 2.4.1 (page 16, line 15) by:

2.4.1.4 Picture

19) Replace subclause 2.4.1 (page 17, line 1) by:

2.4.1.5 Slice

20) Replace subclause 2.4.1 (page 17, line 10) by:

2.4.1.6 Macroblock

21) Replace subclause 2.4.1 (page 17, line 23) by:

2.4.1.7 Block

22) Replace subclause 2.4.1 (page 17, line 30) by:

2.4.1.8 Reserved, Forbidden and Marker bit

23) Replace subclause D.5.2 (page 68, line 20) by:

D.5.2.1 Group of pictures start code

"

24) Replace subclause D.5.2 (page 68, line 32) by:

D.5.2.2 Time code

25) Replace subclause D.5.2 (page 69, line 1) by:

D.5.2.3 Closed GOP
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29) Adjust right margin of the paragraph in subclause 2.4.1 (page 17, lines 12-16) to other paragraphs,
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INTERNATIONAL STANDARD ISO/IEC 11172-2:1993
TECHNICAL CORRIGENDUM 1

Published 1996-04-15

INTEANATIONAL DRGANIZATION FOR STANDARDIZATION- MEXIYHAPOHAR OPFAHW3ALMA NO CTAHAAPTMIALMM - ORGANISATION INTERNATIONALE DE NORMALISATION
INTEANATIONAL ELECTROTECHNICAL COMMISSION: MEXAYHAPOAHAR O3NEKTPOTEXHWYECKAR KOMWCCWA- COMMISSION ELECTROTECHNIQUE INTERNATIONALE

Information technology — Coding of moving pictures and
associated audio for digital storage media at up to about
1,5 Mbit/s —

Part 2:
Video

TECHNICAL CORRIGENDUM 1

Technologies de l'information — Codage de I'image animée et du son associé pour les supports de stockage numérique
jusqu'a environ 1,5 Mbit/s —

Partie 2: Vidéo

RECTIFICATIF TECHNIQUE 1

Technical corrigendum 1 to International Standard ISOAEC 11172-2:1993 was prepared by Joint Technical Committee ISO/EC
JTC 1, Information technology.

UDC 681.3.04(084.14) Ref. No. ISO/IEC 11172-2:1993/Cor.1:1996(E)

Descriptors: data processing, moving pictures, video data, video recording, data storage, digital storage, coded representation, coding
(data conversion), digital encoders.
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hich the patent statements received apply.

| corresponding to a part means that the
he row corresponding to a company mean

Part 1 | Part 2 | Part 3

Domier Gmbh

Fraunhofer Gesselschaft zur Foerderung der Angerwandten Forschung

Hitachi Ltd.

| Institut fiir Rundfunktechnik Gmbh

International Business Machines Corporation

KDD Corporation

Licentia Patent-Verwaltungs-Gmbh

Massachusetts Institute of Technology

Matsushita Electric Industrial Co. Ltd

Mitsubishi Electric Corporation

NEC Corporation

Nippon Hoso Kyokai

Philips Electronics NV

Pioneer Electronic Corporation
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Schawartz Engineering & Design

Sony Corporation

Symbionics

zlz|z|z|z|Z|X]|Z2|Z|Z|Z2|= zl=<lzlzlzlz|zlz| |1Z2|Z|Z| |Z|Z2|Z|Z|Z|Z|Z]|Z
ZZZZZZNZZZZZNZNZZZZZZ zlz|z|%|z|z|Z2|z|Zz|2|=Z|=2
ZZZZZZXZZZZZNZNZZZZZZNZZZ zlz|Z|z|z|Z2|Z|=Z

Snap - Exhibit 1016
Snap v. Nokia - IPR2025-01439
Page 50 of 341




© ISO/IEC

Foreword

ISO (the International O

national Electrotechnica

worldwide standardizatic

IEC participate in the ¢

technical committees e:

with particular fields of wunivar avuvny. 190w anu IEL WwGIIIGAN GoT-
mittees collaborate in fields of mutual interest. Other international organ-
izations, governmental and non-governmental, in liaison with ISO and IEC,
also take part in the work.

In the field of information technology, ISO and IEC have established a joint
technical committee, ISO/IEC JTC 1. Draft International Standards adopted
by the joint technical committee are circulated to national bodies for vot-
ing. Publication as an International Standard requires approval by at least
75 % of the national bodies casting a vote.

International Standard ISO/IEC 11172-2 was prepared by Joint Technical
Committee ISO/IEC JTC 1, Information technology, Sub-Committee SC 29,
Coded representation of audio, picture, multimedia and hypermedia infor-
mation,
ISO/IEC 11172 consists of the following parts, under the general title In-
formation technology — Coding of moving pictures and associated audio
for digital storage media at up to about 1,5 Mbit/s:

— Part 1: Systems

— Part 2: Video

— Part 3: Audio

— Part 4: Compliance testing

Annexes A, B and C form an integral part of this part of ISO/IEC 11172,
Annexes D, E and F are for information only.
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Introduction

Note - Readers interesied in an overview of the MPEG Video layer should read this Introduction and then
proceed to annex D, before returning o clauses 1 and 2.

0.1 Purpose

This part of ISO/IEC 11172 was developed in response to the growing need for a common format for
representing compressed video on various digital storage media such as CDs, DATs, Winchester disks and
optical drives, This part of ISO/IEC 11172 specifies a coded representation that can be used for
compressing video sequences (o bitrates around 1,5 Mbit/s. The use of this part of ISO/IEC 11172 means
that motion video can be manipulated as a form of computer data and can be transmitted and received over
existing and future networks. The coded representation can be used with both 625-line and 525-line
television and provides flexibility for use with workstation and personal computer displays.

This part of ISO/IEC 11172 was developed to operate principally from storage media offering a continuous
transfer rate of about 1,5 Mbit/s. Nevertheless it can be used more widely than this because the approach
taken is generic.

0.1.1 Coding parameters

The intention in developing this part of ISO/IEC 11172 has been to define a source coding algorithm with a
large degree of flexibility that can be used in many different applications. To achieve this goal, a number of
the parameters defining the characteristics of coded bitstreams and decoders are contained in the bitstream
itself. This allows for example, the algorithm to be used for pictures with a variety of sizes and aspect
ratios and on channels or devices operating at a wide range of bitrates.

Because of the large range of the characteristics of bitstreams that can be represented by this part of ISO/IEC
11172, a sub-set of these coding parameters known as the "Constrained Parameters” has been defined. The
aim in defining the constrained paramelers is o offer guidance about a widely useful range of parameters.
Conforming to this set of constraints is not a requirement of this part of ISO/IEC 11172. A flag in the
bitstream indicates whether or not it is a Constrained Parameters bitstream,

Summary of the Constrained Parameters:

Horizontal picture size Less than or equal to 768 pels
Vertical picture size Less than or equal to 576 lines
Picture area Less than or equal to 396 macroblocks
Pel rate ; Less than or equal to 396x25 macroblocks/s
Picture rate Less than or equal to 30 Hz
Motion vector range Less than -64 10 +63,5 pels (using half-pel vectors)
[backward_f_code and forward _f code <= 4 (see table D.7)]
Input buffer size (in VBV model) Less than or equal to 327 680 bits
| Bitrate Less than or equal to 1 856 000 bits/s (constant bitrate)

0.2 Overview of the algorithm

The coded representation defined in this part of ISO/IEC 11172 achieves a high compression ratio while
preserving good picture quality. The algorithm is not lossless as the exact pel values are not preserved
during coding. The choice of the techniques is based on the need to balance a high picture quality and
compression ratio with the requirement to make random access to the coded bitstream. Obtaining good
picture quality at the bitrates of interest demands a very high compression ratio, which is not achievable
with intraframe coding alone. The need for random access, however, is best satisfied with pure intralrame
coding. This requires a careful balance between intra- and interframe coding and between recursive and non-
recursive temporal redundancy reduction,
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A number of techniques are used to achieve a high

independent from this part of ISO/IEC 11172, is to

The algorithm then uses block-based motion compe

compensation is used for causal prediction of the Cuici prame rum a PIGYIUUS PILWILE, 1UI UG- Laudal
prediction of the current picture from a future picture, or for interpolative prediction from past and future
pictures. Motion vectors are defined for each 16-pel by 16-line region of the picture. The difference signal,
the prediction error, is further compressed using the discrete cosine transform (DCT) to remove spatial
correlation before it is quantized in an irreversible process that discards the less important information.
Finally, the motion vectors are combined with the DCT information, and coded uvsing variable length codes.

0.2.1 Temporal processing

Because of the conflicting requirements of random access and highly efficient compression, three main
picture types are defined. Intra-coded pictures (I-Piclures) are coded without reference (0 other pictures.

They provide access points to the coded sequence where decoding can begin, but are coded with only a
moderate compression ratio. Predictive coded pictures (P-Pictures) are coded more efficiently using motion
compensated prediction from a past intra or predictive coded picture and are generally used as a reference for
further prediction. Bidirectionally-predictive coded pictures (B-Pictures) provide the highest degree of
compression but require both past and future reference pictures for motion compensation. Bidirectionally-
predictive coded pictures are never used as references for prediction. The organisation of the three picture
types in a sequence is very flexible. The choice is left to the encoder and will depend on the requirements of
the application. Figure 1 illustrates the relationship between the three different picture types.

<N

Figure 1 -- Examj

The fourth picture type defined in this part of ISO/II
but limited quality, fast-forward playback mode.

0.2.2 Motion representation - macrobl

e B B B BN B B D I S e

‘The choice of 16 by 16 macroblocks for the motion-
increasing the coding efficiency provided by using
Each macroblock can be one of a number of different
coded, backward-predictive coded, and bidirectionally
bidirectionally-predictive coded pictures. Depending
information and other side infonmation are stored wil
macroblock. The motion vectors are encoded differe
using variable-length codes. The maximum length ¢
programmed, on a picture-by-picture basis, so that U
compromising the performance of the system in mo

It is the responsibility of the encoder 10 CAlCUlAte AP, .., .o oot it s grasnn v s s s s e
does not specify how this should be done.

| V— | - i il
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0.2.3 Spatial redundancy reduction

Both original pictures and prediction error signals have high spatial redundancy. This part of ISO/IEC
11172 uses a block-based DCT method with visually weighted quantization and run-length coding. Each 8
by 8 block of the original picture for intra-coded macroblocks or of the prediction error for predictive-coded
macroblocks is transformed into the DCT domain where it is scaled before being quantized. Alter
quantization many of the coefficients are zero in value and so two-dimensional run-length and variable
length coding is used to encode the remaining coefficients efficiently.

0.3 Encoding

This part of ISO/IEC 11172 does not specify an encoding process, It specifies the syntax and semantics of
the bitstream and the signal processing in the decoder. As a result, many options are left open to encoders
to trade-off cost and speed against picture quality and coding efficiency. This clause is a brief description of
the functions that need to be performed by an encoder. Figure 2 shows the main functional blocks.

Picture Motion Deia
N | Reorder Estimator i —'-lj—“uﬂh
Source input piciures

4

2.

(<]

2

&

[}

o

"

| Picture
—! ciame /

Predictor

where
DCT is discrete cosine transform
DCT-! is inverse discrete cosine transform
Q is quantization
Q" is dequantization
VLC is variable length coding

Figure 2 -- Simplified video encoder block diagram

The input video signal must be digitized and represented as a luminance and two colour difference signals
(Y, Cp, Cy). This may be followed by preprocessing and format conversion to select an appropriate
window, resolution and input format. This part of ISO/IEC 11172 requires that the colour difference
signals (Cp and Cy) are subsampled with respect to the luminance by 2:1 in both vertical and horizontal
directions and are reformatted, if necessary, as a non-interlaced signal.

The encoder must choose which picture type to use for each picture. Having defined the picture types, the
encoder estimates motion vectors for each 16 by 16 macroblock in the picture. In P-Pictures one vector is
needed for each non-intra macroblock and in B-Pictures one or two vectors are needed.

If B-Pictures are used, some reordering of the picture sequence is necessary before encoding. Because B-
Pictures are coded using bidirectional motion compensated prediction, they can only be decoded after the
subsequent reference picture (an I or P-Picture) has been decoded. Therefore the pictures are reordered by the
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encoder so that the pictures arrive at the decoder in th
recovered by the decoder.

The basic unit of coding within a picture is the macrc
in sequence, left to right, top to bottom. Each macra
luminance, one block of Cb chrominance, and one bl
picture area covered by the four blocks of luminance
chrominance blocks. This is due to subsampling of t
the human visval system,

0 |1 [

o' By [

Y C
Figure 3 -« Ma

Firstly, for a given macroblock, the coding mode is ¢
effectiveness of motion compensated prediction in th
block. Secondly, depending on the coding mode, an
block based on past and/or future reference pictures it
data in the current macroblock to form an error signs
blocks (4 luminance and 2 chrominance blocks in eac
performed on each block. Each resulting 8 by 8 bloc
dimensional block is scanned in a zig-zag order to co
coefficients. Fourthly, the side-information for the n
quantized coefficient data are encoded. For maximumn
defined for the different data elements. Run-length cc

A consequence of using different picture types and vi
variable. In applications that involve a fixed-rate cha
output to the channel. The status of this buffer may

by the encoder. Controlling the quantization proces:
part of ISO/IEC 11172 specifies an abstract model of
order (o constrain the maximum variability in the nu
ensures that a bitstream can be decoded with a buffer

At this stage, the coded representation of the picture

regenerate I-Pictures and P-Pictures by decoding the
subsequent encoding. The quantized coefficients are
each block. The prediction error signal produced is tf
the required range to give a decoded reference picture.

0.4 Decoding

Decoding is the inverse of the encoding operation, 1
need to perform motion estimation and there are man
this part of ISO/IEC 11172. The description that fol
decoding a bitstream, Other decoders with different ;
functional blocks.
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Quantizer stepsize
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der block diagram

t a constant rate with the coded bitstream. The
« bitstream according 1o the defined syntax.

coded picture and then the type of the picture.
oblock type and the motion vectors, if present,
wased on past and future reference pictures that
wled and dequantized. Each 8 by 8 block of

in annex A), and the result is added to the

, the picture has been reconstructed. If it is an I-
pictures and is stored, replacing the oldest stored
need to be re-ordered from the coded order to
available, in digital form, for post-processing

stream

ideo bitstream. This syntax contains six layers,
n function:

Function

wdom access unit: context
indom access unit: video
Primary coding unit
tesynchronization unit
Jlion compensation unit
DCT unit

ithm

ia need to be able to perform a number of
ience, The coded bitstream has been designed
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0.6.1 Random access

Random access is an essential feature for video on a storage medium, Random access requires that any
picture can be decoded in a limited amount of time. It implies the existence of access points in the
bitstream - that is segments of information that are identifiable and can be decoded without reference (o other
segments of data. A spacing of two random access points (Intra-Pictures) per second can be achieved
without significant loss of picture quality,

0.6.2 Fast search

Depending on the storage medium, it is possible (o scan the access points in a coded bitstream (with the
help of an application-specific directory or other knowledge beyond the scope of this part of ISO/IEC
11172) to obtain a fast-forward and fast-reverse playback effect.

0.6.3 Reverse playback

Some applications may require the video signal to be played in reverse order. This can be achieved in a
decoder by using memory to store entire groups of pictures after they have been decoded before being
displayed in reverse order. An encoder can make this feawre easier by reducing the length of groups of
pictures.

0.6.4 Error robustness

Most digital storage media and communication char
schemes should be used and are beyond the scope ¢
compression scheme defined in this part of ISO/IE(
allows a decoder to recover after a data error and 0
compressed data will cause errors in the decoded pi
concealment strategies to disguise these errors,

0.6.5 Editing
There is a conflict between the requirement for high coding efficiency and easy editing. The coding structure

and syntax have not been designed with the primary aim of simplifying editing at any picture. Nevertheless
a number of features have been included that enable editing of coded data.
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Information technology — Coding of moving
pictures and associated audio for digital storage
media at up to about 1,5 Mbit/s —

Part 2:
Video

Section 1: General

i1 Sernnna

resentation of video for digital storage media and
supports normal speed forward playback, as well as

rd playback, fast reverse playback, normal speed reverse
O/EC 11172 is compatible with standard 525- and 625-
‘or use with personal computer and workstation displays.

torage media supporting a continuous transfer raie up to
wudio Tape, and magnetic hard disks. Nevertheless it can
ric approach taken. The storage media may be directly
neans such as busses, LANs, or ielecommunications
non-interlaced video formats having approximately 288
o 30 Hz,

wisions which, through reference in this text, constitute
time of publication, the editions indicated were valid.
» agreements based on this part of ISO/TEC 11172 are
ng the most recent editions of the standards indicated
«rs of currently valid International Standards.

Coding of moving pictures and associated audio for digital
Systems.

Coding of moving pictures and associated audio for digital
Audio.

ers of digital television for studios.
r monochrome and colour television.
signals.

lite for portable and mobile receivers, including Annex IV
nll

d on Sound-Programme Circuils.
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IEEE Draft Standard P1180/D2 1990 Specification for the implementation of 8x 8 inverse discrete cosine

transform”,
IEC publication 908:1987 CD Digital Audio System.
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initions apply. If specific to a part, this is noted in
»r which the frequency in one or both dimensions

ed audio an access unit is an audio access unit. In
1 representation of a picture.

in of the digital representation of an audio signal
rent of bits 1o subbands in a time and frequency
mment of coding noise to frequency bands in a
‘hoacoustic model.

ilting from sub-Nyquist sampling.

» encoder that transforms a broadband PCM audio
(I an audio access unit is defined as the smallest
itself, where decoded means "fully reconstructed

1e bitstream that is decodable with the use of

arget decoder for storage of compressed audio data.

series of audio frames in which the following

on vector that is used for motion compensation
r.

Bark scale is a non-linear mapping of the frequency
the frequency selectivity of the human ear across the

e; B-picture [video]: A picture that is coded
for future reference picture.
itstream is delivered from the storage medium to the

of the digital representation of an audio signal

hogonal block of pels.

ich intensity stereo coding is used.
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2.1.18 byte aligned: A bit in a coded bitstream is
from the first bit in the stream,

2.1.19 byte: Sequence of 8-bits.
2.1.20 channel; A digital medium that stores or (rz
2.1.21 channel |audio]; The left and right channe

2.1.22 chrominance (component) [video]: A m:
two colour difference signals related to the primary cc
symbols used for the colour difference signals are Cr :

2.1.23 coded audio bitstream [audio]: A coded re
ISO/IEC 11172-3,

2.1.24 coded video bitstream [video]; A coded re
specified in this part of ISO/IEC 11172,

2.1.25 coded order |video]: The order in which the
necessarily the same as the display order.

2.1.26 coded representation: A data element as re|

2.1.27 coding parameters [video]: The set of user-
bitstream. Bitstreams are characterised by coding para
that they are capable of decoding,

2.1.28 component [video]; A mauix, block or sing
and two chrominance) that make up a picture.

2.1.29 compression: Reduction in the number of bi

2.1.30 constant bitrate coded video [video]: A
average bitrate.

2.1.31 constant bitrate: Operation where the bitra_ _ ... .. S
bitstream,

2.1.32 constrained parameters [video]; The values of the set of coding parameters defined in
2.4.3.2,

2.1.33 constrained system parameter stream (CSPS) [system]; An ISO/IEC 11172
multiplexed stream for which the constraints defined in 2.4.6 of ISO/IEC 11172-1 apply.

2.1.34 CRC: Cyclic redundancy code,

2.1.35 critical band rate [audio]: Psychoacoustic f
frequency it is proportional to the number of critical bz
band rate scale are Barks.

2.1.36 critical band [audio]: Psychoacoustic measu
frequency selectivity of the human car. This selectivity

2.1.37 data element: An item of data as represented |

2.1.38 dc-coefficient [video]: The DCT coefficient
dimensions.

Snap - Exhibit 1016
Snap v. Nokia - IPR2025-01439
Page 61 of 341



© ISO/IEC ISO/IEC 11172-2: 1993 (E)
2.1.39 dc-coded picture; D-picture [video]: A picture that is coded using only information from
itself. Of the DCT coefficients in the coded representation, only the de-coefficients are present.

ific cosine basis function.

m of a compressed bitstream. [
i first-out (FIFO) buffer specified in the video

ppecified in the video buffering verifier and encoded

¥ECSS. -

1 ISO/IEC 11172 that reads an input coded bitstream

= -
field that may be present in a packet header that -
e system target decoder. d ]
an audio signal after storage or transmission to undo

i 1

icaling the quantized DCT coefficients after their
before they are presented to the inverse DCT.

lorage or transmission device or system,

: Either the forward discrete cosine transform or the
vertible, discrete orthogonal transformation. The

the decoded pictures should be displayed. Normally
it the input of the encoder.

re iwo audio channels with independent programme
ream. The coding process is the same as for the stereo

PN S——

compressed bitstreams are manipulated to produce a
‘eams must meet the requirements defined in this part of

wdio signal before storage or transmission to

—
.

roccss.

ed in ISO/IEC 11172, that reads a stream of input
bitstream as defined in ISO/IEC 11172,

ading of the digital representation of a signal 10

rm for one of the coded video, coded audio or other [

|

s
ss of displaying a sequence, or parts of a sequence, q
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2.1.60 FFT: Fast Fourier Transformation. A fast algorithm for performing a discrete Fourier transform
(an orthogonal transform).

2.1.61 filterbank [audio]: A set of band-pass filters covering the entire audio frequency range.

2.1.62 fixed segmentation [audio]: A subdivision of the digital representation of an audio signal
into fixed segments of time.

2.1.63 forbidden: The term "forbidden” when used in the clavses defining the coded bitstream indicates
that the value shall never be used. This is usually 10 avoid emulation of start codes.

2.1.64 forced updating [video]: The process by
to ensure that mismatch errors between the inverse [
excessively.

2.1.65 forward motion vector [vided]: A moti
a reference picture at an earlier time in display order

2.1.66 frame [audio]: A part of the audio signal
Audio Access Unil.

2.1.67 free format [audio]: Any bitrale other Uy
valid bitrate for each layer.

2.1.68 future reference picture [video]|: The fu
occurs at a later time than the current picture in disp

2.1.69 granules [Layer II] |audio]: The set of
that are considered together before quantization. Tt

2.1.70 granules |Layer III] [audio]: 576 freque
2.1.71 group of pictures [video]: A series of on
access. The group of pictures is one of the layers i
11172,

2.1.72 Hann window [audio]: A time function ¢
before Fourier transformation.

2.1.73 Huffman coding: A specific method for
2.1.74 hybrid filterbank [audio): A serial com
2.1.75 IMDCT [audio]: Inverse Modified Discre
2.1.76 intensity stereo |audio]: A method of ex
stereophonic audio programmes based on retaining

and left channels.

2.1.77 interlace [video]: The property of conver
the picture represent different instances in time.

2.1.78 intra coding [video]: Coding of a macrol
macroblock or picture.

2.1.79 intra-coded picture; I-picture [videol:
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2.1.80 ISO/IEC 11172 (multiplexed) stream |system|: A bilstream composed of zero or more
elementary streams combined in the manner defined in ISO/IEC 11172-1.

2.1.81 joint stereo coding |audio]: Any method that exploils stereophonic irrelevance or
stereophonic redundancy.

2.1.82 joint stereo mode [audio]: A mode of the audio coding algorithm using joint stereo coding.

2.1.83 layer [audio]: One of the levels in the coding hierarchy of the audio system defined in ISO/IEC
11172-3.

2.1.84 layer [video and systems]: One of the levels in the data hicrarchy of the video and system
specifications defined in ISO/IEC 11172-1 and this part of ISO/IEC 11172,

2.1.85 luminance (component) |[video|: A matrix, block or single pel representing a monochrome
representation of the signal and related to the primary colours in the manner defined in CCIR Rec 601. The
symbol used for luminance is Y.

2.1.86 macroblock [video]: The four 8 by 8 blocks of luminance data and the two corresponding 8 by
8 blocks of chrominance data coming from a 16 by 16 section of the luminance component of the picture.
Macroblock is sometimes used (o refer to the pel dala and sometimes to the coded representation of the pel
values and other data elements defined in the macroblock layer of the syntax defined in this part of ISO/IEC
11172, The usage is clear from the context.

2.1.87 mapping [audio]: Conversion of an audio signal from time to frequency domain by subband
filtering and/or by MDCT.

2.1.88 masking |audio]: A property of the human auditory system by which an audio signal cannot be
perceived in the presence of another audio signal .

2.1.89 masking threshold [audio]: A function in frequency and time below which an audio signal
cannot be perceived by the human auditory system,

2.1.90 MDCT |audio]: Modified Discrete Cosine Transform.
2.1.91 motion compensation [video]|: The use of motion vectors to improve the elficiency of the
prediction of pel values. The prediction uses motion vectors to provide offsets into the past and/or future

reference pictures containing previously decoded pel values that are used to form the prediction error signal,

2.1.92 motion estimation |video]: The process of estimating motion vectors during the encoding
process.

2.1.93 motion vector [video]: A two-dimensional vector used for motion compensation that provides
an offset from the coordinate position in the current picture o the coordinates in a reference picture,

2.1.94 MS stereo [audio]: A method of exploiting stereo irrelevance or redundancy in stereophonic
audio programmes based on coding the sum and difference signal instead of the left and right channels.

2.1.95 non-intra coding [video]: Coding of a macroblock or picture that uses information both from
itself and from macroblocks and pictures occurring at other times.

2.1.96 non-tonal component [audio]: A noise-like component of an audio signal,
2.1.97 Nyquist sampling: Sampling at or above (wice the maximum bandwidth of a signal,

2.1.98 pack [system]: A pack consists of a pack header followed by one or more packets. It is a layer
in the system coding syntax described in ISO/IEC 11172-1.

2.1.99 packet data [system]: Contiguous bytes of daia from an elementary stream present in a packet,

=l
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oy
2.1.100 packet header [system]: The data structure used 1o convey information about the clementary
-~ stream data contained in the packet data.
= 2.1.101 packet [system]: A packet consists of a he I
e from an elementary data stream. It is a layer in the sy
- 2.1.102 padding [audio]: A method to adjust the ar
duration of the corresponding PCM samples, by condi
2 2,1.103 past reference picture [video]: The past r
at an earlier time than the current picture in display orc
2.1.104 pel aspect ratio [video]: The ratio of the nominal vertical height of pel on the display (o its
= nominal horizontal width,
B 2.1.105 pel [video]: Picture element.
2.1.106 picture period |[video]: The reciprocal of the picture rate,
] 2.1.107 picture rate |[video]: The nominal rate at which pictures should be output from the decoding
process.
-

2.1.108 picture [video]: Source, coded or reconstructed image data. A source or reconstructed picture
- consists of three rectangular matrices of 8-bit numbers representing the luminance and two chrominance
signals. The Picture layer is one of the layers in the coding syntax defined in this part of ISO/IEC 11172.
Nolte that the term "picture” is always used in ISO/IEC 11172 in preference to the terms field or frame.

2.1.109 polyphase filterbank [audio]: A set of equal bandwidth filters with special phase
- interrelationships, allowing for an efficient implementation of the filterbank.

2.1.110 prediction [video]: The use of a predictor to provide an estimate of the pel value or data
element currently being decoded.

2.1.111 predictive-coded picture; P-picture [video]: A picture that is coded using motion
compensated prediction from the past reference picture.

] 2.1.112 prediction error [video]: The difference be
its predictor,

2.1.113 predictor |video]: A linear combination of |

2.1.114 presentation time-stamp; PTS [system]:
that indicates the time that a presentation unit is presen

2.1.115 presentation unit; PU |system]: A decode

2.1.116 psychoacoustic model [audio]: A mather
human auditory system.

2.1.117 quantization matrix [video]: A set of sixt

2.1.118 quantized DCT coefficients [video]: DC1
length coded representation of quantized DCT coefficie:
bilstream.

2.1.119 gquantizer scalefactor [video]: A data elem
decoding process 1o scale the dequantization,

0 ey )
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to read and decode the coded bitstream at an arbitrary
lures are the nearest adjacent I- or P-pictures to the
ystem target decoder for storage of a reconstructed I-
ed subband samples in order to recover the original
n the clauses defining the coded bitstream indicates

'defined extensions.

f displaying the picture sequence in the reverse of

ency lines in Layer IIT which are scaled by one

code for a scalefactor.
et of values is scaled before quantization.

ain the coded bitstream containing the coded

itream necessary for controlling the decoder.
slock for which no data are stored.

| is one of the layers of the coding syntax defined in

_in the bitstream. In Layer 1 a slot equals four byles,

| stream of samples before compression coding.
that describes the frequency spread of masking.

:odes embedded in that coded bitstream that are
iz identifying some of the layers in the coding syntax.

first-out buffer at the input of the system target
ary streams before decoding.

wdio channels which form a stereo pair (left and
process is the same as for the dual channel mode.

-words that may be inserted into the compressed
. Their purpose is to increase the bitrate of the stream.

Jio frequency band,

md filters covering the entire audio frequency range.
yphase filterbank.
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2.1.142 subband samples [audio]: The subband filterbank within the audio encoder creates a filtered
and subsampled representation of the input audio stream. The filtered samples are called subband samples.
From 384 time-consecutive input audio samples, 12 time-consecutive subband samples are generated within
each of the 32 subbands.

2.1.143 syncword [audio]: A 12-bit code embedded in the audio bitstrcam that identifies the start of a
frame.

2,1.144 synthesis filterbank [audio]: Filterbank in the decoder that reconstructs a PCM audio
signal from subband samples.

2.1.145 system header [system|: The system header is a data structure defined in ISO/IEC 11172-1
that carries information summarising the system characteristics of the ISO/IEC 11172 multiplexed stream.

2.1.146 system target decoder; STD [system]: A hypothetical reference model of a decoding
process used to describe the semantics of an ISO/IEC 11172 multiplexed bitstream.

2.1.147 time-stamp [system]: A term that indicates the time of an event.

2.1.148 triplet [audio]: A set of 3 consecutive subband samples from one subband. A triplet from
each of the 32 subbands forms a granule.

2.1.149 tonal component [audio]: A sinusoid-like component of an audio signal.

2.1.150 variable bitrate: Operation where the bitrate varies with time during the decoding of a
compressed bitstream,

2.1.151 variable length coding; VLC: A reversible procedure for coding that assigns shorter code-
words to frequent events and longer code-words to less frequent events,

2.1.152 video buffering verifier; VBV |[video]: A hypothetical decoder that i1s conceptually
connected to the output of the encoder. Its purpose is to provide a constraint on the variability of the data
rate that an encoder or editing process may produce.

2.1.153 video sequence |video]: A series of one or more groups of pictures. It is one of the layers of
the coding syntax defined in this part of ISOMEC 11172,

2.1.154 zig-zag scanning order [video]: A specific sequential ordering of the DCT coefficients from
(approximately) the lowest spatial frequency to the highest.
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2.2 Symbols and abbreviations

International Standard are similar to those used in the C
n with truncation and rounding are specifically defined.
:omplement representation of integers. Numbering and

FI"J"EI

negation (as a unary operator).

o
d

e - i

|

ie result toward zero, For example, 7/4 and -7/-4 are
runcated o -1.

nearest integer. Half-integer values are rounded away

. For example 3//2 is rounded 1o 2, and -3//2 is rounded
ie result towards -eo,

x>0

x==0

nx<0

positive numbers.

.

2 nearest integer value to the real-valued argument. Half-
1 ZET0.

,‘....,
e B, W

L

|
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! Logical NOT.

2.2.3 Relational operators

> Greater than,

>= Greater than or equal (0.

< Less than,

<= Less than or equal to.

= Equal to.

= Not equal to.

max [,..,] the maximum value in the argument list.

min [,..,] the minimum value in the argument list.
2.2.4 Bitwise operators

A twos complement number representation is assumed where the bitwise operators are used.

& AND.

| OR.

>> Shift right with sign extension,
<< Shift left with zero fill.

2.2.5 Assignment

- Assignment operator.

2.2.6 Mnemonics

The following mnemonics are defined to describe the different data types used in the coded bit-stream.,
bslbf Bit string, left bit first, where "left" is the order in which bit strings are written in

ISO/IEC 11172, Bit strings are wrillen as a string of 1s and Os within single quote
marks, e.g. '1000 0001'. Blanks within a bit string are for ease of reading and have no

significance,

ch Channel. If ch has the value 0, the left channel of a stereo signal or the first of two
independent signals is indicated, (Audio)

nch Number of channels; equal to 1 for sii

g Granule of 3 * 32 subband samples ir

audio Layer ITl. (Audio)

main_data The main_data portion of the bitstrear
data, and ancillary information. (Aud

main_data_beg The location in the bitstream of the by
location is equal to the ending locatic
It is calculated from the main_data_ex

part2_length The number of main_data bits used fa
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) while ( condition )

if ( condition) {
data_element

}
else (
data_element

{oey
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ents, highest order first. (Audio)

vand for which no bits are allocated. (Audio)
m. (Audio)

ng block scalefactor band) from which point on window

ort block scalefactor band) from which point on window

:ant bit first,

'st, where "left" refers to the order in which the VLC

in case of block_type==2, 0 < window < 2. (Audio)

int byte first.

2am syntax

n2.4.2. Each data item in the bitstream is in bold type.
inemonic for its type and order of ransmission.

stream depends on the value of that data element and

of the data elements and definition of the state variables ke
llowing constructs are used Lo express the conditions

pe: e
variable or expression evaluating (o a non-zero value is .

en the group of data elements occurs next
repeats until the condition is not true.

1 G uaw crec wways 0CCUTS at least once. -

The data element is repeated until the condition is not true.

If the condition is true, then the first group of data elements occurs
next in the data stream.
If the condition is not true, then the second group of data elements [
occurs next in the data stream.
r‘
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for (exprl; expr2; expr3) { exprl is an expression sp

data_element specifies the initial state o
« 88 made before each iteratior
) is not true, expr3 is an ex

of the loop, normally it in
Note that the most common usage of this construct i

for ( i=0;i<n;i++) [ The group of data element

data_element within the group of data el
V. loop control variable i, wh
] incremented to one for the

As noted, the group of data elements may contain nes
may be omitted when only one data element follows.

data_element || data_element [] is an array
the context.
data_element [n] data_element [n] is the n+]

data_element [m][n] data_element [m][n] is the

data.
data_element [I][m][n] data_element [1][m][n] is t

armay of data.
data_element [m..n] is the inclusive range of bi
While the syntax is expressed in procedural terms, it should not be assumed that 2.4.3 implements a
satisfactory decoding procedure. In particular, it defines a correct and error-free input bitstream. Actual
decoders must include a means 1o look for start codes in order to begin decoding correctly, and to identify
€rTors, erasures or insertions while decoding. The methods to identify these situations, and the actions to be
taken, are not standardized.
Definition of bytealigned function

The function bytealigned () returns 1 if the current position is on a byte boundary, that is the next bit in the
bitstream is the first bit in a byte. Otherwise it returns 0.

Definition of nextbits function

The function nextbits () permits comparison of a bit string with the next bits to be decoded in the
bitstream,

Definition of next_start_code function

The next_start_code function removes any zero bit and zero byte stuffing and locates the next start code.

Syntax No. of bits Mnemonic

next_start_code() (
while ( !bytealigned() )

zero_hit 1 "o
while ( nextbits() != '0000 0000 0000 0000 0000 0001" )
zero_byte 8 "00000000"

)

This function checks whether the current position is b *
Alter that any number of zero bytes may be present bef
bytealigned and may be preceded by any number of zer
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2.4 Requirements .

2.4.1 Coding structure and parameters -

Video sequence

f X
- -

A coded video sequence commences with a sequence header and is followed by one or more groups of
pictures and is ended by a sequence_end_code. Immediately before each of the groups of pictures there may .
be a sequence header, Within each sequence, pictures shall be decodable continuously.

)
= P

In each of these repeated sequence headers all of the data elements with the permitted exception of those
defining the quantization matrices (load_intra_quantizer_matrix, load_non_intra_quantizer_matrix and -
optionally intra_quantizer_malrix and non_intra_quantizer_matrix) shall have the same values as in the first
sequence header. The quantization matrices may be redefined each time that a sequence header occurs in the

bitstream. Thus the data elements load_intra_quantizer_matrix, load_non_intra_guantizer_matrix and i
optionally intra_quantizer_matrix and non_intra_quantizer_matrix may have any (non-forbidden) values.

L
= .

Repeating the sequence header allows the data elements of the initial sequence header to be repeated in order
that random access into the video sequence is possible. In addition the quantization matrices may be .
changed inside the video sequence as required.

Sequence header

A video sequence header commences with a sequence_header_code and is followed by a series of data
elements.

k| L
— Rt e e — T —

Group of pictures

A group of pictures is a series of one or more coded pictures intended to assist random access into the
sequence. In the stored bitstream, the first coded picture in a group of pictures is an I-Picture, The order of -
the pictures in the coded stream is the order in which the decoder processes them in normal playback. In
particular, adjacent B-Pictures in the coded stream are in display order. The last coded picture, in display
order, of a group of pictures is either an I-Picture or a P-Picture.

The following is an example of groups of pictures taken from the beginning of a vidco sequence. In this
example the first group of pictures contains seven pictures and subsequent groups of pictures conlain nine
pictures, There are two B-pictures between successive P-pictures and also two B-pictures between
successive I- and P-pictures. Picture ‘11" is used to form a prediction for picture '4P". Pictures ‘4P’ and '1I'
are both used to form predictions for pictures 2B’ and "3B'. Therefore the order of pictures in the coded
sequence shall be 'IT', 4P, 2B, '3B". However, the decoder should display them in the order '11', '2B", "3B’,
‘4p'. =

Al the encoder input, “
1. 233 %856 T0% % 0 AL 1E 1E 308 IegLT AH Oy 2q 21 22 25 24 2§ e
B ER B RfE B-LBRAYPE BB PF4B D 1. B B T BB P

At the encoder output, in the stored bitstream, and at the decoder input,

o %2 3 7 F 610 13 L 12 26 15 lillg 17 18 22 20 21 25 23 24
L B ‘B R NEBEREY Bl OB R ORJE BB VBB PR RS

where the double vertical bars mark the group of pictures boundaries, Note that in this example, the first
group of pictures is two pictures shorter than subsequent groups of pictures, since at the beginning of video
coding there are no B-pictures preceding the first I-Picture. However, in general, in display order, there may
be B-Pictures preceding the first I-Picture in the group of pictures, even for the first group of pictures (o be
decoded.

L L—— | em—— . . S . . S . — Z—

= =
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At the decoder output,
1 208 W3Rl 18 'Y 10T 12 13 14 15 16 17 18 19 20201 22 23 .24 25

A group of pictures may be of any length. A group of pictures shall contain one or more [-Pictures.
Applications requiring random access, fast-forward playback, or fast and normal reverse playback may use
relatively short groups of pictures. Groups of pictures may also be started at scene cuts or other cases
where motion compensation is ineffective,

The number of consecutive B-Pictures is variable. Neither B- nor P-Piciures need be present.

A video sequence of groups of pictures that is read by the decoder may be different from the one at the
encoder output due to editing.

Picture

A source or reconstructed picture consists of three rectangular matrices of eight-bit numbers; a luminance
matrix (Y), and two chrominance matrices (Cb and Cr), The Y-matrix shall have an even number of rows
and columns, and the Cb and Cr matrices shall be one half the size of the Y-matrix in both horizontal and
vertical dimensions,

‘The Y, Cb and Cr components are related to the primary (analogue) Red, Green and Blue Signals (E',, E,,
and E‘BJ as described in CCIR Recommendation 601.

assumed value of gamma is not defined in this part of |
approximalely 2,2 to approximately 2,8, Applications 1
choose 1o specify the value of gamma more accurately,
11172,

The luminance and chrominance samples are positioned as shown in figure 5, where "x" marks the position
of the luminance (Y') samples and "0" marks the position of the chrominance (Cb and Cr) samples:

x X ! X X | X X
0 | 0 | 0

X X | X X | X x

x X | X X I X x
0 | 0 I 0

X | X X I X X

X X | X X | X X
0 | 0 | 0

X X | X x | X X

Figure 5 -- The position of luminance and chrominance samples.
There are four types of coded picture that use different coding methods.
An Intra-coded picture (I-picture) is coded vsing

A Predictive-coded picture (P-picture) is a picture
prediction from a past I-Picture or P-Picture,

A Bidirectionally predictive-coded picture (B-pi
compensaied prediction from a past and/or future [-Pict

A dc coded (D) picture is coded using information
dc ones are present, The D-Pictures shall not be in 4 8€queev wcnvnnneen. B reny rnee [— —
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Slice

A slice is a series of an arbitrary number of macroblocks with the order of macroblocks starting from the
upper-left of the picture and proceeding by raster-scan order from left to right and top to bottom. The first
and last macroblocks of a slice shall not be skipped macroblocks (see 2.4.4.4). Every slice shall contain at
least one macroblock. Slices shall not overlap and there shall be no gaps between slices. The position of
slices may change from picture to picture. The first slice shall start with the first macroblock in the picture
and the last slice shall end with the last macroblock in the picture.

Macroblock

A macroblock contains a 16-pel by 16-line section of luminance component and the spatially corresponding 8-pel by
8-line section of each chrominance component. A macroblock has 4 luminance blocks and 2 chrominance blocks. The
term “macroblock™ can refer 1o source or reconstructed data or to scaled, quantized coefficients, The order of blocks in a
macroblock is top-left, top-right, bottom-left, bottom-right blocks for Y, followed by Cb and Cr. Figure 6 shows the

arrangement of these blocks. A skipped macroblock is one for which no information is stored (see 2444).

011 la | L5

213

Y Cb Cr
Figure 6 -- The arrangement of blocks in 1 macroblock.
Block
A block is an orthogonal 8-pel by 8-line section of a luminance or chrominance component

The term "block” can refer either to source and reconstructed data or to the corresponding coded data
elements.

Reserved, Forbidden and Marker bit

The terms “reserved” and "forbidden” are used in the description of some values of several fields in the coded
bitsuream.

The term "reserved” indicates that the value may be used in the future for ISO/IEC-defined extensions,

The term "forbidden” indicates a value that shall never be used (usually in order to avoid emulation of stan
codes).

The term "marker_bit" indicates a one bit field in which the value zero is forbidden, These marker bits are
introduced at several points in the syntax 0 avoid start-code emulation.

|

1
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2.4.2 Specification of the coded video bitstream syntax
2.4.21 Start codes

Start codes are reserved bit patterns that do not otherwise occur in the video stream. All start codes are [
bytealigned. |

The use of the start codes is defined in the following syntax description with the exception of the
sequence_ermmor_code. The sequence_error_code has been allocated for use by the digital storage media
interface 1o indicate where uncorrectable errors have been detected.

Name Hexadecimal value |-
picture_start_code 00000100
slice_start_codes (including slice_vertical_positions) 00000101
through
000001AF |
reserved 000001B0 :
reserved 00000181 |
user_data_start_code 000001B2
sequence_header_code 00000183
sequence_error_code 000001B4
extension_stari_code 000001B5 |
reserved 000001B6 |
sequence_end_code 000001B7 (t
group_start_code 000001B8 l
system start codes (see note) 000001B9
through l
00001FF |
NOTE - System start codes are defined in ISO/IEC 11172-1. l
|
|

2.4.2.2 Video sequence layer
Syntax No. of bits Mnemonic
video_sequence() {
next_start_code()
do
sequence_header()
do {

group_of_pictures()
} while ( nextbits() == group_start_code )
} while ( nextbits() == sequence_header_code )
sequence_end_code a2 hslbhf
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2.4.2.3 Sequence header [
Syntax No.of bits Mnemonic -
sequence_header() {
sequence_header_code 32 bslbf [
horizontal_size 12 uimshf 1
vertical_size 12 uimsbf | 8
pel_aspect_ratio 4 uimshf |
picture_rate 4 uimshf [ J
bit_rate 18 uimsbf
marker_bit 1 b
vbv_buffer_size 10 uimsbf
constrained_parameters_flag 1 [ J
load_intra_quantizer_matrix 1
if ( load_intra_quantizer_matrix )
intra_quantizer_matrix [] 8*64 uimshf [
load_non_intra_quantizer_matrix 1 4
if ( load_non_intra_quantizer_matrix )
non_intra_quantizer_matrix |[] 8*64 uimshf
next_start_code() [ J
if (nextbits() == exiension_start_code ) (
extension_start_code 32 bslbf
while ( nextbits () != 0000 0000 0000 0000 0000 0001") |
sequence_extension_data ¥ [ |
)
: nexi_start_code()
if (nextbits() == user_data_start_code ) ( [ !
user_data_start_code 32 bslbf
while ( nextbits() !="0000 0000 0000 0000 0000 0001') | '
user_data 8 [
} ] B
next_start_code() P
)
! |

r—

VR SR W W W e
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2.4.2.4 Group of pictures layer
Syntax No. of bits Mnemonic
group_of_pictures() |
group_start_code 32 bslbf
time_code 5
closed_gop 1
broken_link 1
next_start_code()
if ( nexibits() = extension_start_code ) {
extension_start_code 32 bhslbf
while ( nextbits() !="0000 0000 0000 0000 0000 0001") {
group_extension_data 8
)
next_start_code()
)
if ( nextbits() == user_data_start_code ) {
user_data_start_code 32 bslbf
while ( nextbits() != '0000 0000 0000 0000 0000 0001") |
user_data 8
}
next_start_code()
)
do |
picture()
) while ( nextbits() == picture_start_code )
)
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2.4.2.5

Picture layer

r

ISO/IEC 11172-2: 1993 (E)
L.
{ I
8 o
No_of bits ____ Mnemonic
32 bsibf L .
10 uimsbf
3 uimshf i
16 uimsbf .
ding type==3)) { "
3 uimsbf
[
1 .
3 uimshf -
l Illll 3
8 - |"i
l Ilo" A
B
32 bslbf
000 0000 0001") ( 4
8 1
ol 1
az bslbf -
000 0000 0001 ) | _
8 "
— by
- .
L
[ 1
|
__ 44
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2.4.2.6 Slice layer
Syntax No. of bits__ Mnemonic
slice() {
slice_start_code 32 bsibf
quantizer_scale 5 uimsbf
while ( nextbits() =="1") (
extra_bit_slice 1 4
extra_information_slice 8
extra_bit_slice 1 g
do (
macroblock()
) while ( nextbits() !="000 0000 0000 0000 0000 0000 )
next_start_code()
}
2.4.2.7 Macroblock layer
Syntax No, of bits Mnemonic
macroblock () (
while ( nextbits() == '0000 0001 111')
macroblock_stuffing 11 viclbf
while ( nextbits() == '0000 0001 000" )
macroblock_escape 11 vielbf
macroblock_address_increment 1-11 vielbf
macroblock_type 1-6 viclbf
if ( macroblock_quant )
quantizer_scale 5 uimshf
if ( macroblock_motion_forward ) {
motion_horizontal_forward_code 1-11 viclbf
if ( (forward_f!=1) &&
(motion_horizontal_forward_code '=0) )
motion_horizontal_forward_r 1-6 uimsbf
motion_vertical_forward_code 1-11 viclbf
if ( (forward_f !=1) &&
(motion_vertical _forward_code !=0) )
motion_vertical_forward_r 1-6 uimshbf
)
if ( macroblock_motion_backward ) |
motion_horizontal_backward_code 1-11 viclbf
if ( (backward_f != 1) &&
(motion_horizontal _backward_code !=0) )
motion_horizontal_backward _r 1-6 uimshf
motion_vertical_backward_code 1-11 vielbl
il ( (backward_[!=1) &&
(motion_vertical_backward_code = 0) )
motion_vertical_backward_r 1-6 uimsbf
if ( macroblock _pattern)
coded_block_pattern 3-9 viclbf
for ( i=0; i<6; i++ )
block( i)
if ( picture_coding_type =4 )
end_of_macroblock 1 Mg
}
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2.4.2.8 Block layer
No. of bits Mnemonic
2.7 viclbf
1-8 uimsbfl
2-8 vielbf
1-8 uimshbf
2-28 viclbf
3-28 viclbf
2 viclbf
I I

Snap - Exhibit 1016
Snap v. Nokia - IPR2025-01439
Page 80 of 341



[ ==

=y  [e=ni

L

= A a_d ) R T =y | - b=y

| —

ISO/IEC 11172-2: 1993 (E) © ISO/IEC

2.4.3 Semantics for the video bitstream syntax
2.4.3.1 Video sequence layer

sequence_end_code -- The sequence_end_code is the bit string 000001B7 in hexadecimal. It terminates a
video sequence.

2.4.3.2 Sequence header

sequence_header_code -- The sequence_header_code is the bit string 000001B3 in hexadecimal. It
identifies the beginning of a sequence header,

horizontal_size -- The horizontal_size is the width of Lhe displayable part of the Iummancc component
in pels, The width of the encoded luminance compon~—* "~
(horizontal_size+15)/16. The displayable part of the p

vertical_size -- The vertical_size is the height of the
pels. The height of the encoded luminance componer
(vertical_size+15)/16. The displayable part of the pict

pel_aspect_ratio -- This is a four-bit integer define

ﬁl as&l ratio heighv'width
0000 forbidden
0001 1,0000
0010 0,6735
0011 0,7031
0100 0,7615
0101 0,8055
0110 0,8437
0111 0,8935
1000 0,9157
1001 0,9815
1010 1,0255

1011 1,0695
1100 1,0950
1101 1,1575
1110 1,2015

1111 reserved . .

picture_rate — This is a four-bit integer defined in the following table.

-&islm,mtc pictures per second
forbidden

0001 23,976
0010 24

0011 25

0100 29,97
0101 30

0110 50

0111 59,94
1000 60

1111 reserved

Applications and encoders should take into account the fact that 23,976, 29,97 and 59,94 are not exact
representations of the nominal picture rate, The exact values are found from 24 000/1 001, 30 000/1 001,
and 60 000/1 001 and can be derived from CCIR Report 6244,
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bit_rate - This is an integer specifying the bitrate of the bitstream measured in units of 400 bits/s,
rounded upwards. The value zero is forbidden. The value 3FFFF (11 1111 1111 1111 1111) identifies £
—

variable bit rate operation.

ISO/IEC 11172-2: 1993 (E) ,

i b

ing the size of the VBV (Video Buffering Verifier, see
defined as:

e
in bits required to decode the sequence (see annex C).
it flag which may be set to "1" if the following data

+15)/16) <= 396,
+15)/16))*picture_rate <= 396*25,

‘bv_buffer_size field shall indicaie a VBV buffer size less
) kbytes).

it_rate field shall indicate a coded data rate less than or

bit Mag which is set to "1" if an intra_quantizer_matrix
:fined below in raster-scan order, are used until the next

. | 29 34
29 4 37
34 34 38
34 37 40
2 35 40 48
5 40 48 S8
8 46 56 69
6 56 69 83

o9 n

-four 8-bit unsigned integers. The new values, stored in
2 the default values shown above. The value zero is
ways be 8. The ncw values shall be in effect until the

a one-bit flag which is set to "1" if a
"0" then the default values defined below are used until

|6 16 16 16
|6 16 16 16
|6 16 16 16
16 16 16 16
|6 16 16 16
|6 16 16 16
|6 16 16 16
6 16 16 16

o s

m— — — —

I
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noo_intra_quantizer_matrix -- This is a list of s
stored in the zigzag scanning order shown in 2.4.4.1,
zero is forbidden. The new values shall be in effect u

extension_start_code -- The extension_start_code
identifies the beginning of extension data. The exten
It is a requirement to parse extension data correctly.

sequence_extension_data -- Reserved.

user_data_start_code -- The user_data_start_code
identifies the beginning of user data. The user data ct

user_data -- The user_data is defined by the users fo
contain a string of 23 or more zero bits.

2.4.3.3 Group of pictures layer

group_start_code -- The group_start_code is the bi
beginning of a group of pictures,

time_code -- This is a 25-bit field containing the foll
time_code_minutes, marker_bit, time_code_seconds a
fields defined in the [EC siandard (Publication 461) fos
annex E). The code refers to the first picture in the gn
The drop_frame_flag can be set to either "0" or *1", |
29,97Hz. 1f itis "0" then pictures are counted assumi
per second, for example 29,97 Hz would be rounded u

numbers 0 and 1 at the start of each minute, except m__

B T T —

sraey  wasy seus Sm s ASRSESLRAAS LA SRR

count.

time_code of value i

— ]
drop_frame_flag
time_code_hours uimsbf
time_code_minutes uimshf
mﬂ'_bil nyn
time_code_seconds uimsbf
lime_code_pictures uimsbf

closed_gop -- This is a one-bit flag which may be sel
without motion vectors pointing to the previous group

This bit is provided for use during any editing which o
is removed by editing, broken_link may be set o "1"
Pictures immediately following the first I-Picture of L
bit indicates that there are no prediction references to Ul
choose not to set the broken_link bit as these B-Pictu
broken_link -- This is a one-bit flag which shall be ¢
that the B-Pictures immediately following the first I-Pj
decoded because the other I-Picture or P-Picture which
action of editing).

A decoder may use this flag to avoid displaying picture:
extension_start_code -- See 2.4.3.2.
group_extension_data -- Reserved.
user_data_start_code -- See 2.4.3.2,

user_data -- See 2.43.2.
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2.4.3.4

wilans Hala.

Picture layer

101

111

ISO/IEC 11172-2: 1993 (E)

i a string of 32-bits having the value 00000100 in

s a 10-bit unsigned integer associated with each input
r each input picture. For the earliest picture (in display
ence is reset to zero,

) the pictures in display order, no temporal_reference shall
identifies whether a picture is an intra-coded picture(l),

ve-coded picture(B), or intra-coded with only dc
able. D-pictures shall never be included in the same

soding method
forbidden

intra-coded (T)
predictive-coded (P)
bidirectionally-predictive-coded (B)
dc intra-coded (D)

reserved

1 integer. For constant bitrate operation, the vbv_delay
buffer at the start of decoding the picture so that the

he vbv_delay measures the time needed to fill the VBY
rate, R, to the correct level immediately before the

"the 90kHz system clock that the VBV should wait after
may be calculated from the state of the VBV as follows:

Tin bits, immediately before removing picture n from the

rany group of picture layer data, sequence header data
:ode that immediately precedes the data elements of

he full precision of the bitrate rather than the rounded
|_rate field in the sequence header shall be used by the
lel.

have the valve FFFTF in hexadecimal.

motion veclor values decoded represent integer pel
s equations of 2.4.4.2,

ues 1 through 7. The value zero is forbidden. The
rocess of decoding the forward motion vectors are derived

e motion vector values decoded represent integer pel
s equations of 2.4.4.3,

1:_1

| g
= W —

i

T T T % T W e e T
£ s
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4
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backward _f _code -- An unsigned integer taking
variables backward_r_size and backward_f used in
derived from backward_f_code as described in 2,

extra_bit_picture -~ A bit indicates the presence
extra_bit_picture is set to "1", extra_information_|
following it.

extra_information_picture -- Reserved.
extension_start_code -- See 2.4.3.2.
picture_extension_data -- Reserved.
user_data_start_code -- See 2.4.3.2.
user_data -- See 2.4.3.2.

2.4.3.5 Slice layer

slice_start_code — The slice_start_code is a string
in hexadecimal and the last 8-bits are the slice_verti
hexadecimal inclusive,

slice_vertical_position -- This is given by the Iz
integer giving the vertical position in macroblock u
slice_vertical_position of the first row of macrobloc
slice_vertical_position, since slices may start and fia
constrained by 2.4.1 to define non-overlapping slice
slice_vertical_position is 175.

quantizer_scale -- An unsigned integer in the rang
retrieved DCT coefficient levels, The decoder shall 1
encountered either at the slice layer or the macrobloc

extra_bit_slice -- A bit indicates the presence of 1
set to "1", extra_information_slice will follow it. 1

extra_information_slice -- Reserved,
2.4.3.6 Macroblock layer

macroblock_stuffing -- This is a fixed bit string "
lo increase the bit rate (o that required of the storage 1

macroblock_escape -- The macroblock_escape is
when the difference between macroblock_address and
causes the value of macroblock_address_increment tc
subsequent macroblock_escapes and the macroblock_;

For example, if there are two macroblock_escape code
then 66 is added o the value indicated by macroblock

macroblock_address_increment -- This is a vari
indicates the difference between macroblock_address ;
value of macroblock_address_increment is 33. Value
macroblock_escape codeword,

The macroblock_address is a variable defining the absolute position ol the current macroblock. ‘The

macroblock_address of the top-left macroblock is zero.
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fining the absolute position of the last unn:skippcd
ed macroblocks) except at the start of a slice. Al the start
i follows:

ical_position-1)*mb_width-1;

roblock in the picture (mb_row, mb_column) can be
mb_width

:5s % mb_width

slocks in one row of the picture.

row by one.

itor which indicates the method of coding and conient of
th B.2d.

ype.

croblock_type.

icroblock_type.

ype.
e.

nge 1 to 31 used to scale the reconstruction level of the

s forbidden. The decoder shall use this value until another
yer or the macroblock layer. The presence of

”.

orizontal _forward_code is decoded according Lo (able
ward_f - see 2.4.4.2) o decide whether or not
:am.

integer (of forward_r_size bits - see 2.4.4.2) used in the
cribed in 2.4.4.2.

ical_forward_code is decoded according to table B 4.
_f-see2.44.2) to decide whether or not
n.

zger (of forward_r_size bits - see 2.4.4.2) used in the
cribed in 2.4.4.2.

_horizontal_backward_code is decoded according to
ith backward_f - see 2.4.4.2) 1o decide whether or not
tream.

d integer (of backward_r_size bits - see 2.4.4.2) used in
as described in 2.4.4.2.

srtical_backward_code is decoded according to table B.4.

d_f) to decide whether or not motion_vertical_backward_r

weger (of backward_r_size bils) used in the process of
2443,
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coded_block_pattern -- coded_block_pattern is a \
cbp according to table B.3. If macroblock_intra is ze
derived from cbp using the following:
pattern_codeli] = 0;
if ( cbp & (1<<(5-1)) ) pattem_code(i] = 1;
if ( macroblock_intra ) pattem_codefi] = 1;

pattern_code[0] - If 1, then the upper left luminance block is to be received in this macroblock,
pattern_code([ 1] -- If 1, then the upper right luminance block is to be received in this macroblock.,
pattern_code[2] -- If 1, then the lower left luminance block is to be received in this macroblock.
pattern_code[3] - If 1, then the lower right luminance block is to be received in this macroblock..
pattern_code([4] -- If 1, then the chrominance block Cb is to be received in this macroblock.
pattem_code[5] -~ If 1, then the chrominance block Cr is 1o be received in this macroblock.
end_of_macroblock -- This is a bit which is set to “1" and exists only in D-Pictures.
2.4.3.7 Block layer
dct_dc_size_luminance -- The number of bits in the following det_dc_differential code,
dc_size_luminance, is derived according to the VLC table B.5a. Note that this data element is used in intra
coded blocks.
dct_dc_size_chrominance -- The number of bits in the following det_dc_differential code,
dc_size_chrominance, is derived according 1o the VLC table B,5b. Note that this daia element is used in
intra coded blocks.
dct_dc_differential -- A variable length unsigned integer. If dc_size_luminance or dc_size_chrominance
(as appropriate) is zero, then dct_dc_differential is not present in the bitstream. dct_zz [] is the array of
quantized DCT coefficients in zig-zag scanning order. det_zz[i] for i=0..63 shall be set to zero initially. If
de_size_luminance or de_size_chrominance (as appropriate) is greater than zero, then det_zz[0] is computed
as follows from dct_dc_differential:
For luminance blocks:

if ( det_dc_differential & ( 1 << (de_size_luminance-1)) ) det_zz[0] = det_dc_differential

else det_zz[0] = ( (-1) << (dc_size_luminance) ) | (det_dc_differential+1) ;
For chrominance blocks:

if ( dect_dc_differential & ( 1 << (dc_size_chrominance-1)) ) det_zz[0] = det_dc_differential :

else det_zz[0] = ( (-1) << (dc_size_chrominance) ) | (det_dc_differential+1) ;

Note that this data element is used in intra coded blocks.

example for dc_size_luminance = 3 |

dc_differential et 72001 1

000
001
010
011
100
101
110
111

dct_coefl_first -- A variable length code according t
The variables run and level are derived according 10 the
coefficient list is updated as follows.
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i=run;
if (s==0) dct_zz[i] = level ;
if (s==1)dct_zz[i] = - level ;

The terms det_coeff_first and dct_coeff_next are run-length encoded and dct_zz(i], i>=0 shall be set to zero
initially. A variable length code according to tables B.5c through B.5f is used to represent the run-length
and level of the DCT coefficients. Note that this data element is used in non-intra coded blocks.

det_coeff_next - A variable length code according 1o tables B.5c through B.5f for coefficients following
the first retrieved. The variables run and level are derived according to these tables. The zigzag-scanned

quantized DCT coefficient list is updated as follows.

i=i+nmn+l;
if (5 ==0) det_zz[i) = level ;
if (s ==1)dct_zz[i] = - level ;

If macroblock_intra = 1 then the term i shall be set to zero before the first det_coe(f_next of the block.
The decoding of det_coeff_next shall not cause i 1o exceed 63.

end_of_block -- This symbol is always used to indicate that no additional non-zero coefficients are
present. It is used even if dct_zz[63] is non-zero. Its value is the bit-string "10" as defined in table B.5c.
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2.4.4 The video decoding process
Compliance requirements for decoders are contained in
2.4.4.1 Intra-coded macroblocks

In I-pictures all macroblocks are intra-coded and stored.

may be intra-coded as identified by macroblock_type. 1
macroblocks.

The variables mb_row and mb_column locate the macr
The definitions of dct_dc_differential, and det_coeff_nex
coefficient list, dct_zz[]. Each dct_zz[] is localed in the

Define dct_recon[m][n] to be the matrix of reconstructes
identifies the row and the second the column of the matr
det_dc_cr_past to be the dct_recon[0][0] of the most rece
respectively. The predictors det_dc_y_past, det_dc_ch_
of a slice and at non-intra-coded macroblocks (including

Define intra_guant[m][n] to be the intra quantizer matri»

Note that intra_quant[0][0] is used in the dequantizer ca
is overwritten by the subsequent calculation for the dc cuerncien,

Define scan[m][n] to be the matrix defining the zigzag scanning sequence as follows:

0 1 ] 6 14 15 27 28
2 4 7 13 16 26 29 42
3 8 12 17 25 o - .
9 18 24 a1

11
10 19 23 32 39
20 22 13 a8 46
21 M 37 47 50
35 36 48 49 57

Where n is the horizontal index and m is the vertical inc

Define past_intra_address as the macroblock_address of |
within the slice. It shall be reset to -2 at the beginning

Then dci_recon{m][n] shall be computed by any means
luminance block:

for (m=0; m<8&; m++) |
for (n=0; n<8; n++) |

i =scan[m][n] ;

det_recon[m][n] = ( 2 * det_

if ( (dct_recon[m][n] & 1)
det_recon|m][n] =d

if (dct_recon[m]([n] > 2 047)

if (dct_recon[m][n] < -2 (48)

n

]
det_recon[0](0] = det_zz[0] * 8 ;
if ( ( macroblock_address - past_intra_address
det_recon[0][0] = (128 * 8) + dct_reca
else
det_recon[0][0] = det_de_y_past + det_
dct_dc_y_past = det_recon[0][0] ;

Note that this process disallows even valued numbers.
mismatch errors.
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For the subsequent luminance blocks in the macroblock, in the order of the list defined by the array

pattem_code[]:

“det_zz[i] * quantizer_scale * inra_quant[m][n] ) /16 ;
t1)=0)

n] = det_recon[m][n] - Sign(dct_recon[m][n]) |

(47) dct_recon[m][n] =2 047 ;

2 (48) dct_recon[m][n] =-2 048 ;

0] *8);

' det_zz[i] * quantizer_scale * intra_quant[m][n] ) /16 ;
L1)=0)

n] = det_recon[m][n] - Sign(dct_recon[m][n]) ;

1047) dci_recon[m][n] =2 047 ;

2 048) dct_recon[m][n] = -2 048 ;

Idress ) > 1)
t_recon[0][0] ;

it+ det_recon[0][0]

¥ det_zz[i] * quantizer_scale * intra_quant[m][n] ) /16 ;
k1)=0)

'n] = det_recon[m][n] - Sign(dct_recon[m][n]) ;

' 047) det_recon[m][n] = 2 047 ;

2 048) det_recon[m][n] =-2048;

ldress ) > 1)
:1_recon[0][0] ;

it + det_recon[0][0] ;

ed:

recon[0][0] < 0 or det_recon[0][0] > 2 047 are not permitted,

inverse DCT transform defined in annex A shall be applied
e range [-256, 255). These pel values shall be limited to

o

—

|
| S <——
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the range [0, 255] and placed in the luminance and chy
mb_row , mb_column, and the list defined by the arra

2.4.4.2 Predictive-coded macroblo
Predictive-coded macroblocks in P-Pictures are decode

First, the value of the forward motion vector for the m
macroblock is formed, as detailed below.

Second, the DCT coefficient information stored for sor
DCT transformed, and added to the prediction macrobls

Let recon_right_for and recon_down_for be the re
the motion vector for the current macroblock, and reco
reconstructed motion vector for the previous predictive
first macroblock in the slice, or if the last macroblock |
information (either because it was skipped or macroblc
recon_right_for_prev and recon_down_for_prev shall t

If no forward motion vector data exists for the current 1
macroblock_motion_forward = 0), the motion vector

If forward motion vector data exists for the current ma
procedure shall be used to reconstruct the motion vectc

forward_r_size and forward_f are derived from forward_

forward_r_size = forward_f_code - 1
forward_f = 1 << forward_r_size

if ( (forward_f= 1)l (motion_horizontal_forward_code == 0) ) {

complement_horizontal_forward_r = 0;
) else (

complement_horizontal_forward_r = forward_f - 1 - motion_horizontal_forward_r;

)
if ( (forward_f== 1)1l (motion_vertical_forward_code = 0) ) {

complement_vertical_forward_r = 0;
) else {

complement_vertical_forward_r = forward_f - 1 - motion_vertical_forward_r;

)

right_little = motion_horizontal_forward_code * forward_f;

if (right_litte == 0) |
right_big = 0;

) else {
if (right_liwle > 0) |

right_litdle = right_little - complement_horizontal _forward_r ;

right_big = right_litle - (32 * forward_f);

) else |

right_little = right_liwle + complement_horizontal _forward_r ;

right_big = right_little + (32 * forward_f);
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lement_vertical_forward_r ;
orward_[);

slement_vertical_forward_r ;
forward_f);

ode and if present, motion_horizontal_forward_r shall be
6.

e and if present, motion_vertical_forward_r shall be such

ht_little ;
lor >=min) )
or_prev + right_litle ;

or_prev + right_big ;

it_for = recon_right_for << 1
wn_little ;

or >= min) )

for_prev + down_litde ;
for_prev + down_big ;

:n_for = recon_down_for<< 1

roblock, right_for and down_for, and the half pel unit
uted as follows:

for chrominance
right_for = ( recon_right_for/2)>>1;
down_for = ( recon_down_for/2)>>1;
: right_half_for = recon_right_for/2 - (2*right_for) ;

down_half_for = recon_down_for/2 - (2*down_for);

rence picture's boundaries are not allowed.

otion vector (right_for) indicates that the referenced area of
aroblock in the coded picture,

on vector (down_for) indicates that the referenced area of
¢ in the coded picture.

picture referenced by the forward motion vector, and
lock being decoded, then:

‘or) )
J[j+right_for] ;

L
[
L
|
[
[
|
B
!
[
[
A
L
l
I
|
|
l

_—_—_—Mr‘z—i—:
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if ( (! right_balf_for) && down_half for)
pellillj] = ( pel_pasi[i+down_for](j+right_for] +
pel_past[i+down_for+1](j+right_for] ) // 2 ;

if ( right_half_for && (! down_half_for) )
pelli][j] = ( pel_past[i+down_for][j+right_for] +
pel_past[i+down_for][j+right_for+1] ) // 2;

if ( right_half_for && down_half_for )
pelli](j] = ( pel_past[i+down_for][j+right_for] + pel_past[i+down_for+1][j+right_for] +
pel_past[i+down_for][j+right_for+1] + pel_past[i+down_for+1]|[j+right_for+1]) /4 ;
Define non_intra_quant[m][n] to be the non-intra quantizer matrix that is specified in the sequence header.

The DCT coefficients for each block present in the macroblock shall be reconstructed by any means
equivalent Lo the following procedure:

for ( m=0; m<8; m++ ) (
for ( n=0; n<8; n++ ) (
i = scan[m][n] ;
det_recon[m][n] = ( ((2 * det_zz[i]) + Sign(det_zz[i]) ) *
quantizer_scale * non_intra_quantim][n] )/ 16 ;
if ( ( det_recon{m][n] & 1 )=0
dct_m“lm][n]: E - cmma P AP ne __ s
if (det_recon[m](n] > 2047
if (dct_recon[m]([n] < -204§
if (det_zz[i]=0)
dct_recon[m][n] =

|

det_recon[m][n] = 0 for all m, n in skipped macrobloc

Once the DCT coefficients are reconstructed, the inves
1o obtain the inverse transformed pel values in the int
be added to the pel[il(j] which were computed above
shall be limited to the interval [0,255]. The location «
and the pattern_code list.

2.4.4.3 Predictive-coded macroblo
Predictive-coded macroblocks in B-Pictures are decode

First, the value of the forward motion vector for the m
motion vector information, and the forward motion ve
the same procedure as for calculating the forward mot
previous reconstructed motion vectors shall be reset ¢
last macroblock that was decoded was an intra-coded r
the current macroblock, the motion vectors shall be o!

recon_right_for = recon_right_for_prev,
recon_down_for = recon_down_for_prev.

Second, the value of the backward motion vector for L
retrieved backward motion vector information, and the
previous macroblock using the same procedure as for
In this procedure, the variables needed to find the back
needed (o find the forward motion vector, The variabl
backward motion vector are:

recon_right_back_prev, recon_down_back_pre
motion_horizontal _backward_cod
motion_vertical_backward_cod
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backward_r_size and backward_f are derived from backward_f_code as follows:

backward_r_size = backward_f_code - 1
gorithm in 2.4.4.2, modified as described in the

wn_for down_half_for
swn_back  down_half_back

htward and downward components of the forward motion
srder) and the backward motion vector (which references

eing decoded, pel (][], are calculated. If only forward
zroblock, then pel(](] of the decoded picture shall be

yly backward motion vector information was retrieved
are shall be calculated according to the formulas in the
placing “for", and pel_fuwre[][] replacing pel_past[)[]. If
tion are retrieved, then let pel_for[][] be the value
structed forward motion vector, and let pel_back(][] be

»f the reconstructed backward motion vector. Then the

2;
uantizer matrix that is specified in the sequence header,

tin the macroblock shall be reconstructed by any means

e @ —s s E=wm s T S O 5 PP DD

* det_zz{i]) + Sign(det_zz[i]) ) *

izer_scale * non_intra_quani[m}[n] )/ 16 ;
(1)=0)
1] = det_recon[m][n] - Sign(dct_recon[m][n]) ;
047) det_recon[m][n] =2 047 ;
' (48) dct_recon[m][n] =-2 048 ;

n]=0;

ylocks and when patternli] = 0.

LJ

werse DCT transform defined in annex A shall be applied
;range [-256, 255]. The inverse DCT pel values shall be
| the motion vectors. The result of the addition shall be
: pels is determined from mb_row, mb_column and the

~— .
B TS U . .

al is neither motion vector information nor DCT
roblocks are called skipped macroblocks and are indicated 0
rthan 1.

here shall be no skipped macroblocks.

|
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In P-pictures, the skipped macroblock is defined (o be a macroblock with a reconstructed motion vector
equal to zero and no DCT coefficients.

In B-pictures, the skipped macroblock is defined to have the same macroblock_type (forward, backward, or
both motion vectors) as the prior macroblock, differential motion vectors equal 1o zero, and no DCT
coefficients. In a B-picture, a skipped macroblock shall not follow an intra-coded macroblock.

2.4.4.5 Forced updating
This function is achieved by forcing the use of an intra-coded macroblock. The update pattern is not

defined. For control of accumulation of IDCT mismaich error, each macroblock shall be intra-coded at least
once per every 132 times it is coded in a P-picture without an intervening I-picture,
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Annex A
{normative)

8 by 8 Inverse discrete cosine transform

The 8 by 8 inverse discrete cosine transform for I-pictures and P-pictures shall conform to IEEE Draft
Standard, P1180/D2, July 18, 1990. For B-pictures this specification may also be applied but may be
unnecessarily stringent. Note that clause 2.3 of P1180/D2 “Considerations of Specifying IDCT Mismatch
Errors" requires the specification of periodic intra-coding in order to control the accumulation of mismatch
errors. The maximum refresh period requirement for this part of ISOMAEC 11172 shall be 132 intra-coded
pictures or predictive-coded pictures as stated in 2.44.5, which is the same as indicated in P1180/D2 for
visual telephony according to CCITT Recommendation H.261 [5).

——

a1
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Annex B
(normative)
Variable length code tables
Introduction
This annex contains the variable length code tables for macroblock addressing, macroblock type,
macroblock pattern, motion vectors, and DCT coefficients.
B.1 Macroblock addressing
Table B.1. -- Variable length codes for macroblock_address_increment.
macroblock_address_ increment macroblock_address_ increment
increment VL.C code value Lincrement VLC code || value
1 1 0000 0101 10 17
011 2 0000 0101 01 18
010 3 0000 0101 00 19
0011 4 0000 0100 11 20
0010 5 0000 0100 10 21
0001 1 6 0000 0100 011 22
0001 0 7 0000 0100 010 23
0000 111 8 0000 0100 001 24
0000 110 9 0000 0100 000 25
0000 1011 10 0000 0011 111 26
0000 1010 11 0000 0011 110 27
0000 1001 12 0000 0011 101 28
0000 1000 13 0000 0011 100 29
00000111 14 0000 0011 011 30
0000 0110 15 0000 0011 010 31
0000 0101 11 16 0000 0011 001 32
0000 0011 000 33
0000 0001 111 macroblock_stuffing
0000 0001 000 macroblock_escape
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B.2 Macroblock type

‘The properties of the macroblock are determined by the macroblock type VLC according to these tables.

Table B.2a. -- Variable length codes for macroblock_type in intra-coded

ISO/IEC 11172-2; 1993 (E)

P —

pictures (I-pictures).
macroblock_ || macroblock_ | macroblock_ | macroblock_ | macroblock_ | macroblock_ E
typeVLC code || quant motion_ motion_ pattern intra 1
forward backward |
1 0 0 0 0 1 s |
- : - ] 0 1
.
macroblock_type in predictive-coded !
b
nacroblock_ | macroblock_ | macroblock_ -
notion_ pattcm intra
ackward ™
| 1 0
| 1 0
| 0 0 3 L
| 0 1
| 1 0 -
| 1 0
L g v o 0 1 Sl |
Table B.2c. -- Variable length codes for macroblock_type in bidirectionally V4

predictive-coded pictures (B-pictures).

-
macroblock_ macroblock_ | macroblock_ | macroblock_ | macroblock_ | macroblock_ [
typeVLC code || quant motion_ motion_ pattern intra *
forward hackward
10 0 1 1 0 0 3
11 0 1 1 1 0 4
010 0 0 1 0 0
011 0 0 1 1 0 1
0010 0 1 0 0 0
0011 0 1 0 1 0 k|4
00011 0 0 0 0 1
00010 1 1 1 1 0 :
000011 1 1 ¥ 1 0
000010 1 0 1 1 0 4 |
000001 1 0 Q 0 1 )
. 1
macroblock_type in dc intra-coded 4.
nacroblock _ | macroblock_ | macroblock_ ol |
notion_ pattem intra L4
ackward 3
| 0 1 .
L_ -
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B.3 Macroblock pattern

Table B.3. -- Variable len

coded_block_pattern

VLC code cbp

111 60

1101 4

1100 8

1011 16

1010 32

1001 1 12

1001 0 Il 48

1000 1 20

1000 0 40

01111 28

01110 44

01101 52

01100 56

0101 1 1

01010 6l

0100 1 2

01000 62

0011 11 24 DU 1011 29
0011 10 36 0000 1010 45
0011 01 3 0000 1001 53
0011 00 63 0000 1000 37
0010 111 5 00000111 30
0010 110 9 0000 0110 46
0010 101 17 0000 0101 54
0010 100 33 0000 0100 58
0010011 6 0000 0011 1 31
0010 010 10 0000 0011 0 47
0010 001 18 0000 0010 1 55
0010 000 34 0000 00100 59
0001 1111 7 0000 0001 1 27
0001 1110 11 0000 0001 0 39
0001 1101 19
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B.4 Motion vectors

Table B.4. -- Variable length codes for motion_horizontal_forward_code,
motion_vertical_forward_code, motion_horizontal_backward_code, and .
motion_vertical_backward_code.

motion
VLC code

0000 0011 001
0000 0011 011
0000 0011 101
0000 0011 111
0000 0100 001
0000 0100 011
0000 0100 11
0000 0101 01
0000 0101 11
0000 0111
0000 1001
0000 1011
0000 111
0001 1

0011

011

1

010

0010

0001 0

0000 110
0000 1010
0000 1000
0000 0110
0000 0101 10
0000 0101 00
0000 0100 10
0000 0100 010
0000 0100 00D
0000 0011 110
0000 0011 100
0000 0011 010
0000 0011 000

onde

-16
-15
-14
-13
-12
-11
-10
9
-8
4
6
-5
4

]
T

VENOMBWR =0,

|

ISO/IEC 11172-2: 1993 (E)

]

- e
i

!
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B.5 DCT coefficients

Table B.5a -- Variable length codes for dct_dc_size_luminance.

VLC code || det_dc_size_luminance
— ————————
100 0

00 1

01 2

101 3

110 4

1110 5

11110 6

111110 7

1111110 _8

Table B.5b. -- Variable length codes for dct_dc_size_chrominance.

VLC code " dcl dc_size_chrominance
00 I

111110
1111110
11111110

0
01 1
10 2
110 3
1110 4
11110 5
6
7
8
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Table B.5¢c. -- Variable length codes for dct_coeff_first and det_coeff_next. |

ISO/IEC 11172-2: 1993 (E)

-
| det cneff first and det coeff nav| e
|| run level
end_of_block 3
0 1 a8 o
0 1
1 1 1
0 2 L.
2 1
0 3 .
3 1
4 1 - T
1 2
5 1 '
6 1 [ k
7 1 8
0 4
2 2 [ |
8 1
9 1 \
escape 9
; ; [
0 6 1
| 3
3 2 '
10 1 [ ]
11 1 '
12 1 '
13 1 .
0 7 .
1 4
2 3 - -
4 .1
5 Z oy
14 1 |
15 1 .
0000 001000 s 16 1
. R
NOTES .
I - The last bit 's' denotes the sign of the level, '0' for positive C
'1' for negative, T
2 - This code shall be used for det_coeff_first.
3 - This code shall be used for dct_coeff_next. 1
5 4
-

s B
L I —

ELE
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Table B.5d. -- Variable length codes for dct_coeff_first and dct_coefl_next.

det_coeff_first and det_coeff_next
variable Iengl.h code  (NOTE) || run level

0000 0001 1101 s
0000 0001 1000 s
0000 0001 0011 s
0000 0001 0000 s
0000 0001 1011 s
0000 0001 0100 s
0000 0001 1100 s
0000 0001 0010 s
0000 0001 1110 s
0000 0001 0101 s
0000 0001 0001 s
0000 0001 1111 s 17
0000 0001 1010 s 18
0000 0001 1001 s 19
0000 0001 0111 s 20
0000 0001 0110 s 21
0000 0000 1101 0s 0
0000 0000 1100 1 s 0
0000 0000 11000 s 0
0000 0000 1011 1 s 0
0000 0000 10110 s 1

1

2

q

5

9

8
9
10

W~ BWN—=0ODODD
=

Lt o S S R R VLR R

——
wnob

0000 0000 1010 1s
0000 0000 10100 s
0000 0000 1001 1s
0000 0000 1001 0 s
0000 0000 1000 1 s
0000 0000 1000 0 s 10
0000 0000 1111 15 22
0000 0000 1111 0's 23
0000 0000 1110 15 24
0000 0000 11100 s 25
0000 0000 1101 1 s 26

NSRRI Y SR §

NOTE - The last bit 's' denotes the sign of the level, '0' for positive,
‘1" for negative.
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Table B.Se. -- Variable length codes for dct_coeff first and dct_coefl_next (concluded).

dct_coeff_first and det_coefl_next

variable length code  (NOTE) || run level
0000 0000 0111 11 s 0 16
0000 0000 0111 10 s 0 17
0000 0000 0111 01 s 0 18
0000 0000 0111 00 s 0 19
0000 0000 0110 11 s 0 20
0000 0000 0110 10 5 0 21
0000 0000 011001 s 0 22
0000 0000 011000 s 0 23
0000 0000 0101 11 s 0 24
0000 0000 0101 10 s 0 25
0000 0000 0101 01 s 0 26
0000 0000 0101 00 s 0 27
0000 0000 0100 11 s 0 28
0000 0000 0100 10 s 0 29
0000 0000 0100 01 s 0 30
0000 0000 0100 00 s 0 31
0000 0000 0011 000 s 0 32
0000 0000 0010 111 s 0 33
0000 0000 0010 110 s 0 34
0000 0000 0010 101 s 0 35
0000 0000 0010 100 s 0 36
0000 0000 0010011 s 0 37
0000 0000 0010 010 s 0 8
0000 0000 0010 001 s 0 39
0000 0000 0010 000 s 0 40
0000 0000 0011 111 s 1 8
0000 0000 0011 110 s 1 9
0000 0000 0011 101 s 1 10
0000 0000 0011 100 s I 11
0000 0000 0011 011 s 1 12
0000 0000 0011 010 s 1 13
0000 0000 0011 001 s 1 14
0000 0000 0001 0011 s H 15
0000 0000 0001 0010 s 1 16
0000 0000 0001 0001 s | 17
0000 0000 0001 0000 s 1 18
0000 0000 0001 0100 s 6 3
0000 0000 0001 1010 s 11 2
0000 0000 0001 1001 s 12 2
0000 0000 0001 1000 s 13 2
0000 0000 0001 0111 5 14 2
0000 0000 0001 0110 5 15 2
0000 0000 0001 0101 s 16 2
0000 0000 0001 1111 s 27 1
0000 0000 0001 1110 s 28 1
0000 0000 0001 1101 s 29 1
0000 0000 0001 1100 s 30 1
0000 0000 0001 1011 s 31 1
NOTE - The last bit 's' denotes the sign of the level, '0' for positive,
'1" for negative.
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Table B.5f. -- Encoding of run and level following an escape code either as a 14-bit
fixed length code (-127 <= level <= 127) or as a 22-bit fixed length code

(-255 <= level <= -128, 128 <= level <= 255).

(Note - This ylelds total escape code lengths of 20-bits and 28-bits respectively).

I fixed lcngthoode un
0000 00 0
0000 01 1
0000 10 2
1111 11 63

fixed length code level
forbidden -256
1000 0000 0000 0001 || -255
1000 0000 0000 0010 || -254
1000 0000 0111 1111 |f -129
1000 0000 1000 0000 || -128
1000 0001 127
1000 0010 126
1111 1110 2

1111 1111 A

forbidden 0

0000 0001 1

0111 1111 127
0000 0000 1000 0000 || 128
0000 0000 1000 0001 || 129
0000 0000 1111 1111 | 255
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Annex C
(normative)

o
” -

'ing verifier

’"’H

lints imposed through a Video Buffering Verifier

=
1

lly connected to the output of an encoder. Coded data
1e constant bitrate that is being used. Coded data is

is a requirement of the encoder (or editor) that the
fer 1o either overflow or underflow,

clock frequency as well as the same picture rate, and
B is given in the vbv_buffer_size field in the

r filling the input buffer with all the data that
t code itself, the input buffer is filled from the
in the video bitstream.

e o e

been in the buffer longest is instantaneously
all of the picture data for the picture which at that
removed.,

L
-y

1

:ludes any sequence header and group of picture layer
t code as well as all the picture data elements and any
wled picture in the video sequence, any zero bit or
ance header is also included in the picture data.

1
=_—

1] L
r—
L el Nl

yving any picture data and immediately after this
ned its occupancy shall lie between zero bits and B
y vbv_buffer_size in the sequence header.

pr—

]

. (n+1)'th coded picture dm_] shall satisfy

]

Real-valued arithmetic is used in these inequalities.

)

sen by vbv_buffer_size * 16 384 bits.

ed in bits) just after ime L

: full precision of the bitrate rather than the rounded
rate field in the sequence header shall be used by the

r—

;.sconnd
icture is removed from the VBV buffer

| 4

|
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L Sequence & GOP bits

’ |<I_l vbv_d!:lay _Up.1]

Figure C.1

lz I ln In+] | 't'

— — -

-- VBV buffer occupancy
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incoding video

aders understand and implement this part of ISO/IEC
EC 11172 do not specify the design of a decoder. They
do not specify what algorithms encoders should employ
ve material is written in a concise form and contains few
‘This annex attempts to address this problem by
liscussing encoding and decoding algorithms which are

h a way that it is fairly straightforward to design a

sly in architecture and implementation details, but have
nethods and the results of the decoding process are closely
10ds of post processing and display, but the results of
decoding steps.

nart of ISO/IEC 11172 does not specify how to design or
¢ video. This annex devoles a major part Lo discussing

YIEC JITC1/SC29/WG11 which is widely known as

t of ISO/TEC 11172 was developed in response (0
strieving audio and video information on digital storage
m which can deliver data at approximately 1,2 Mbits/s,
ximately this data rate. The "constrained parameters

1at is expected to be widely used, is limited to data rates
ed that this part of ISO/IEC 11172 is not limited to this

ing developed during the work of the MPEG video
nications applications [5], and ISO/IEC 10918 by the

the coding of still pictures [6]. Elements of both of
ISO/IEC 11172, but subsequent development work by the
 to this part of ISO/IEC 11172, Le Gall [2] gives an
229/WG11 (MPEG) developed this part of ISO/IEC

172 itself.

ympressed digital video. This annex describes some ways
implemented.

ible, the basic algorithms have been tuned to work well
esolutions of about 350 pels horizontally by about 250
pictures/s, The use of the word "picture” as opposed (o
codes progressively-scanned images and does not

‘¢ video must be converted (o a non-interlaced format
tionally produce an interlaced format for display.

ieveral methods of viewing coded video which are
ayback, freeze picture, fast forward, fast reverse, and slow

pe=y

PSR eSSTR TSI TR
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