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I. INTRODUCTION 

1. My name is Sylvia D. Hall-Ellis.  I have been retained as an expert by 

Advanced Micro Devices, Inc. (referred to herein as “AMD”).   

2. I have written this Declaration at the request of AMD to provide my 

expert opinion regarding the authenticity and public availability of several 

publications.  My Declaration sets forth my opinions in detail and provides the 

bases for my opinions regarding the public availability of these publications.    

3. I reserve the right to supplement or amend my opinions, and bases for 

them, in response to any additional evidence, testimony, discovery, argument, 

and/or other additional information that may be provided to me after the date of 

this Declaration.  

4. I am being compensated for my time spent working on this matter at 

my normal consulting rate of $350 per hour, plus reimbursement for any additional 

reasonable expenses.  My compensation is not in any way tied to the content of this 

Declaration, the substance of my opinions, or the outcome of this proceeding.  I 

have no other interests in this proceeding or with any of the parties. 

5. All of the materials that I considered are discussed explicitly in this 

Declaration.    
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II. QUALIFICATIONS 

6. I am currently an Adjunct Professor in the School of Information at 

San José State University.  I obtained a Master of Library Science from the 

University of North Texas in 1972 and a Ph.D. in Library Science from the 

University of Pittsburgh in 1985.  Over the last fifty years, I have held various 

positions in the field of library and information resources.  I was first employed as 

a librarian in 1966 and have been involved in the field of library sciences since, 

holding numerous positions. 

7. I am a member of the American Library Association (“ALA”) and its 

Association for Library Collections & Technical Services (“ALCTS”) Division, 

and I served on the Committee on Cataloging: Resource and Description (which 

wrote the new cataloging rules) and as the chair of the Committee for Education 

and Training of Catalogers and the Competencies and Education for a Career in 

Cataloging Interest Group.  I also served as the Chair of the ALCTS Division’s 

Task Force on Competencies and Education for a Career in Cataloging.  

Additionally, I served as the Chair for the ALA Office of Diversity’s Committee 

on Diversity, as a member of the REFORMA National Board of Directors, and as a 

member of the Editorial Board for the ALCTS premier cataloging journal, Library 

Resources and Technical Services, and as a Co-Chair of the Membership 
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Committee for the Library Research Round Table (LRRT) of the American Library 

Association.  Currently I serve as a member of the LRRT Nominating Committee. 

8. I have also given over one-hundred presentations in the field, 

including several on library cataloging systems and Machine-Readable Cataloging 

(“MARC”) standards.  My current research interests include library cataloging 

systems, metadata, and organization of electronic resources.   

9. I have been deposed twenty-eight times: (1) Symantec Corp. vs. 

Finjan, Inc., Petition for Inter Partes Review of U.S. Patent No. 7,613,926, May 

26, 2016, on behalf of Symantec Corp.; (2) Symantec Corp. vs. Finjan, Inc., 14-

cv-299-HSG (N.D. Cal.), on behalf of Symantec Corp., September 14, 2017; (3) 

one deposition for ten matters: Intellectual Ventures I LLC vs. AT&T Mobility 

LLC; AT&T Mobility II LLC, New Cingular Wireless Services, Inc., SBC Internet 

Services, Inc., Wayport, Inc., and Cricket Wireless LLC, C.A. No. 12-193 (LPS); 

Intellectual Ventures II LLC vs. AT&T Mobility LLC; AT&T Mobility II LLC, 

New Cingular Wireless Services, Inc., SBC Internet Services, Inc., Wayport, Inc., 

and Cricket Wireless LLC, C.A. No. 13-1631 (LPS); Intellectual Ventures I LLC 

vs. T-Mobile USA, Inc. and T-Mobile US, Inc., C.A. No. 13-1632 (LPS); 

Intellectual Ventures II LLC vs. T-Mobile USA, Inc. and T-Mobile US, Inc., C.A. 

No. 13-1633 (LPS); Intellectual Ventures I LLC, vs. Nextel Operations, Inc., Sprint 

Spectrum L.P., Boost Mobile, LLC and Virgin Mobile USA, L.P., C.A. No. 13-1634 
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(LPS); Intellectual Ventures II LLC vs. Nextel Operations, Inc., Sprint Spectrum 

L.P., Boost Mobile, LLC and Virgin Mobile USA, L.P., C.A. No. 13-1635 (LPS); 

Intellectual Ventures I LLC, vs. United States Cellular Corporation, C.A. No. 13-

1636 (LPS); Intellectual Ventures I LLC vs. United States Cellular Corporation, 

C.A. No. 13-1637 (LPS); Intellectual Ventures II LLC vs. AT&T Mobility LLC, 

AT&T Mobility II LLC, New Cingular Wireless Services, Inc., C.A. No. 15-799 

(LPS); Intellectual Ventures I LLC vs. T-Mobile USA, Inc. and T-Mobile US, Inc., 

C.A. No. 15-800 (LPS), on behalf of AT&T Mobility LLC; AT&T Mobility II 

LLC, Boost Mobile, LLC Cricket Wireless LLC, Nextel Operations, Inc., New 

Cingular Wireless Services, Inc., SBC Internet Services, Inc., Sprint Spectrum 

L.P., T-Mobile USA, Inc., T-Mobile US, Inc., United States Cellular Corporation 

Virgin Mobile USA, L.P., and Wayport, Inc., November 15, 2016; (4) Hitachi 

Maxell, LTD., v. Top Victory Electronics (Taiwan) Co. Ltd., et al., 2:14-cv-1121 

JRG-RSP (E.D. Texas), on behalf of Top Victory Electronics (Taiwan) Co. LTD, 

et. al., January 20, 2016; (5) Sprint Spectrum, L.P. vs. General Access Solutions, 

Ltd., Petition for Inter Partes Review of U.S. Patent No. 7,173,916, on behalf of 

Sprint Spectrum L.P., July 13, 2018; (6) Nichia Corporation vs. Vizio, Inc., 8:16-

cv-00545; on behalf of Vizio, Inc., October 12, 2018; (7) Intellectual Ventures I 

LLC, vs. T-Mobile USA, Inc., T-Mobile US, Inc., Ericsson Inc., and 

Telefonaktiebolaget LM Ericsson, 2:17-cv-00557 (JRG), on behalf of T-Mobile 
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USA, Inc., T-Mobile US, Inc., Ericsson Inc., and Telefonaktiebolaget LM 

Ericsson, October 19, 2018; (8) Pfizer, Inc. vs. Biogen, Inc., Petition for Inter 

Partes Review of U.S. Patent No. 8,821,873, on behalf of Pfizer, November 3, 

2018; (9) Finjan, Inc. vs. ESET, LLC and ESET SPOL. S.R.O., 3:17-cv-00183-

CAB-BGS, on behalf of ESET, January 15, 2019; (10) Finjan, Inc. vs. Cisco 

Systems, Inc., 5:17-cv-00072-BLF-SVK, on behalf of Cisco Systems, Inc., 

September 6, 2019; (11) Facebook, Inc., Instagram, LLC and Whatsapp Inc. vs. 

Blackberry Limited, Petition for Inter Partes Review of U.S. Patent No. 9,349,120 

B2, on behalf of Facebook, Inc., Instagram, LLC and Whatsapp Inc. December 20, 

2019; (12) 3Shape A/S and 3Shape Inc. v. Align Technology, Inc., Petition for 

Inter Partes Review of U.S. Patent No. 7,156,661, IPR 2020-00222 and IPR 

2020-00223, August 10, 2020, on behalf of 3Shape A/S and 3Shape Inc.; (13) 

Finjan Inc. v. Rapid7, Inc. and Rapid7 LLC, Northern District of Delaware; 1:18-

cv-01519-MN, September 15, 2020; (14) VLSI Technology LLC v. Intel 

Corporation, Western District of Texas, 6:19-cv-00254, 6:19-cv-00255, 6:19-cv-

00256, on behalf of Intel Corporation, September 23, 2020; (15) Finjan Inc. v. 

Sonicwall, Inc., Northern District of California, 5:17-cv-04467-BLF-HRL, on 

behalf of Sonicwall, Inc., October 27, 2020; (16) VLSI Technology, LLC v. Intel 

Corporation, District of Delaware, 1:18-cv-00966-CFC-CJB, February 5, 2021, on 

behalf of the Intel Corporation; (17) Unified Patents, LLC v. Good Kaisha IP 
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Bridge 1, Petition for Inter Partes Review of U. S. Patent 7,817,868, February 11, 

2021, on behalf of Unified Patents; (18) Finjan, Inc. v. Qualsys, Inc., Northern 

District of California, 4:18-cv-07229-YGR, March 1, 2021, on behalf of Qualsys, 

Inc.; (19) Qualcomm, Inc. v. Monterey Research LLC, Petition for Inter Partes 

Review of U. S. Patent 6,534,805, May 6, 2021, on behalf of Qualcomm, Inc.; (20) 

Hulu, LLC v. Sound View Innovations, LLC, Petition for Inter Partes Review of U. 

S. Patent 5,806,062, May 14, 2021, on behalf of Hulu, LLC; (21) VLSI 

Technology LLC v. Intel Corporation, Western District of Texas, 6:19-cv-

00254, 6:19-cv-00255 and 6:19-cv-00256, August 3, 2021, on behalf of 

Intel Corporation; (22) Liquidia Technologies, Inc. v. United Therapeutics 

Corporation, Petition for Inter Partes Review of U. S. Patent 10,716,793 

B2, October 20, 2021, on behalf of Liquidia Technologies, Inc.; (23) 

EcoFactor, Inc. v. Google, Inc., Western District of Texas, 6:20-cv-00075 

(ADA), 6:20-0078-ADA, and 6:20-cv-00080 ADA, October 27, 2021, on 

behalf of Google, Inc.; (24) Liquidia Technologies, Inc. v. United 

Therapeutics Corporation, Petition for Inter Partes Review of U. S. Patent 

10,716,793 B2, March 11, 2022, on behalf of Liquidia Technologies, Inc.; 

(25) Juniper Networks, Inc. v. Swarm Technology LLC, Petition for Inter 

Partes Review of U. S. Patent 9,852,004, May 5, 2022, on behalf of Juniper 

Networks, Inc.; (26) ParkerVision, Inc. v. Intel Corporation, Western 

District of Texas, 6:20-cv-108 (ADA), October 26, 2022, on behalf of the 
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Intel Corporation; (27) CommScope v. TQ Delta, Petition for Inter Partes 

Review of U. S. Patents 9,094,348 and 10,833,809, February 16, 2023, on behalf 

of CommScope; and, (28) WSOU Investments d/b/a Brazos v. Salesforce.com, Inc. 

for Western District of Texas, 6:20-cv-01164-ADA and 6:20-cv-01170-ADA, 

April 18, 2023, on behalf of Salesforce.   I have not testified at trial. 

10. My full curriculum vitae is submitted herewith as Exhibit 1022.  

III. PRELIMINARIES 

A. Scope of Declaration and Legal Standards 

11. Scope of this Declaration.  I am not an attorney and will not offer 

opinions on the law.  I am, however, rendering my expert opinion on the 

authenticity of the documents referenced herein and on when and how each of 

these documents was disseminated or otherwise made available to the extent that 

persons interested and ordinarily skilled in the subject matter or art, exercising 

reasonable diligence, could have located the documents before November 15, 

2007.   

12. I am informed by counsel that an item is considered authentic if there 

is sufficient evidence to support a finding that the item is what it is claimed to be.  I 

am also informed that authenticity can be established based on the contents of the 

documents themselves, such as the appearance, contents, substance, internal 

patterns, or other distinctive characteristics of the item, taken together with all of 
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the circumstances.  I am further informed that an item is considered authentic if it 

at least 20 years old, in a condition that creates no suspicion of its authenticity, and 

in a place where, if authentic, it would likely be.  Lastly, I have been informed that 

a document’s authenticity can be established by comparison with an authentic 

specimen. 

13. I am informed by counsel that a printed publication qualifies as 

publicly accessible as of the date it was disseminated or otherwise made available 

such that a person interested in and ordinarily skilled in the relevant subject matter 

could locate it through the exercise of ordinary diligence.   

14. While I understand that the determination of public accessibility under 

the foregoing standard rests on a case-by-case analysis of the facts particular to an 

individual publication, I also understand that a printed publication is rendered 

“publicly accessible” if it is cataloged and indexed by a library such that a person 

interested in the relevant subject matter could locate it (i.e., I understand that 

cataloging and indexing by a library is sufficient, though there are other ways that 

a printed publication may qualify as publicly accessible).  One manner of sufficient 

indexing is indexing according to subject matter category.  I understand that the 

cataloging and indexing by a single library of a single instance of a particular 

printed publication is sufficient, even if the single library is in a foreign country.  I 

understand that, even if access to a library is restricted, a printed publication that 
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has been cataloged and indexed therein is publicly accessible so long as a 

presumption is raised that the portion of the public concerned with the relevant 

subject matter would know of the printed publication.  I also understand that the 

cataloging and indexing of information that would guide a person interested in the 

relevant subject matter to the printed publication, such as the cataloging and 

indexing of an abstract for the printed publication, is sufficient to render the 

printed publication publicly accessible. 

15. I understand that routine business practices, such as general library 

cataloging and indexing practices, can be used to establish an approximate date on 

which a printed publication became publicly accessible. 

B. Persons of Ordinary Skill in the Art.  

16. I am told by counsel that the subject matter of this proceeding relates 

to power routing structures and power arrangement methods for integrated circuits.  

17. I have been informed by counsel that a “person of ordinary skill in the 

art at the time of the invention” (“POSITA”) is a hypothetical person who is 

presumed to be familiar with the relevant field and its literature at the time of the 

inventions. This hypothetical person is also a person of ordinary creativity, capable 

of understanding the scientific principles applicable to the pertinent field. 

18. I am told by counsel a POSITA would have had a bachelor’s degree in 

computer science, electrical engineering, computer engineering, or a related field, 
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and approximately two years of experience in the design, development, and/or 

testing of power distribution networks related to integrated circuits with multiple 

power domains, or the equivalent, with additional education and/or research 

substituting for experience and vice versa.  I have been further informed by 

counsel that a person of ordinary skill in the art would have been familiar with and 

able to understand the information known in the art relating to these fields, 

including the information disclosed in the publication discussed in this Declaration. 

19. It is my opinion that such a person would have been engaged in 

research, learning, study, and practice in the field, and formal instruction so that 

bibliographic resources relevant to his or her research would be familiar. Before 

November 15, 2007, such a person would have had access to a vast array of long-

established print resources in the field as well as to a rich set of online resources 

providing indexing information, abstracts, and full text services. 

IV. LIBRARY PROFESSIONAL PRACTICES 

20. In preparing this Declaration, I used authoritative databases, such as 

the OCLC bibliographic database, the Library of Congress Online Catalog, and the 

Library of Congress Subject Authorities, to confirm citation details of the various 

publications discussed. Unless I note otherwise below in reference to a specific 

serial publication, it is my expert opinion that this standard protocol was followed 

for the serial publication discussed below. 
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21. Indexing. A researcher may discover material relevant to his or her 

topic in a variety of ways. One common means of discovery is to search for 

relevant information in an index of periodicals and other publications. Having 

found relevant material, the researcher will then normally obtain it online, look for 

it in libraries, or purchase it from the publisher, a bookstore, a document delivery 

service, or other provider. Sometimes, the date of a document’s public accessibility 

will involve both indexing and library date information. However, date information 

for indexing entries is often unavailable. This is especially true for online indices. 

22. Indexing services use a wide variety of controlled vocabularies to 

provide subject access and other means of discovering the content of documents. 

The Library of Congress Subject Authorities includes standard forms of terms and 

cross references that are included in bibliographic records. Subject headings are 

terms that an individual seeking a document regardless of format can enter in the 

search bar of the online catalog. Subjects also connect an authenticated term (one 

included in the Library of Congress subject headings list) with related, broader, 

and narrower terms. The formats in which these access terms are presented vary 

from service to service. 

23. Online indexing services commonly provide bibliographic 

information, abstracts, and full-text copies of the indexed publications, along with 

a list of the documents cited in the indexed publication. These services also often 
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provide lists of publications that cite a given document. A citation of a document is 

evidence that the document was publicly available and in use by researchers no 

later than the publication date of the citing document. Prominent indexing services 

include the IEEE Xplore database, the ACM Digital Library, ResearchGate, and 

Semantic Scholar.  

24. ACM Digital Library.1 This index is produced by the Association for 

Computing Machinery, the world’s largest scientific and educational computing 

society. The ACM Digital Library contains the full text of all AMC publications, 

hosted full-text publications from selected publishers, and the ACM Guide to 

Computing Literature—a comprehensive bibliography of computing literature 

beginning in the 1950s with more than a million entries.  All metadata in the 

database are freely available on the Web, including abstracts, linked references, 

citing work, and usage statistics.  Full-text articles are available with subscription. 

25. IEEE Xplore database.2  Librarians in academic, special, and large 

public libraries are familiar with the IEEE Xplore database. In working with 

undergraduate and graduate students, researchers, scientists, and the public, 

librarians are intimately familiar with the IEEE Xplore database and rely on its 

 

1 https://dl.acm.org/ 

2 https://ieeexplore.ieee.org/Xplore/home.jsp 
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content for access to reliable, accurate publications. Established to serve as a 

database for the IEEE’s ebooks, standards, conference papers, technical reports, 

and journal articles, and related documents dating from 1988 to the present and 

selectively from 1913 to 1987, IEEE Xplore is a scholarly research database that 

includes 5.8 million documents which is known for its reputable curation and 

maintenance of documents and publication information.  The IEEE Xplore 

database accurately reports dates of publications and events and accurately reports 

locations of events in accordance with standard practices for major industry 

journals. Approximately 20,000 new documents are added to IEEE Xplore each 

month.  Abstracts are free to access, but access to full text requires a subscription 

or institutional login. 

26. The IEEE Xplore requires peer review before publishing content. I 

have used IEEE publications in print and online for nearly 50 years. Currently I 

have access to IEEE documents as part of the resources for faculty through the 

King Library at San José State University. In addition to covering material from 

the IEEE, the IEEE Xplore also covers materials from the Institution of 

Engineering and Technology.  The IEEE Xplore digital library provides Web 

access to more than 5.3-million full-text documents from some of the world's most 

highly cited publications.  Approximately 20,000 new documents are added to 
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IEEE Xplore each month.  Abstracts are free to access, but access to full text 

requires a subscription or institutional login. 

27. ResearchGate. 3  A social networking site for scientists and 

researchers to share papers, ask and answer questions, and find collaborators., 

ResearchGate is the largest academic social network in terms of active 

users, although other services have more registered users, and a 2015–2016 survey 

suggests that almost as many academics have Google Scholar profiles.  

28. Features available to ResearchGate members include following a 

research interest and the work of other individual participants, a blogging feature 

for users to write short reviews on peer-reviewed articles, private chat rooms for 

sharing data, editing documents, or discussing confidential topics, and a research-

focused job board. ResearchGate indexes self-published information on user 

profiles and suggests members connect with others who have similar 

interests. Member questions are fielded to others who have identified relevant 

expertise on their profiles.  

29. As of 2018, ResearchGate had more than 15 million users, with its 

largest user-bases coming from Europe and North America. Most of 

ResearchGate's users are involved in medicine, biology, engineering, computer 

science, agricultural sciences, and psychology. ResearchGate publishes a citation 
 

3 https://www.researchgate.net 
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impact measurement in the form of an “RG Score,” which is reported to be 

correlated with existing citation impact measures. ResearchGate does not charge 

fees for putting content on the site and does not require peer review.  

30. Semantic Scholar. 4  A project developed at the Allen Institute for 

Artificial Intelligence and publicly released in November 2015, Semantic Scholar 

is designed to be an AI-backed search engine for scientific journal articles which 

uses a combination of machine learning, natural language processing, and machine 

vision to add a layer of semantic analysis to the traditional methods of citation 

analysis, and to extract relevant figures, entities, and venues from papers. Semantic 

Scholar is designed to highlight important, influential papers, and to identify the 

connections between them. 

31. As of January 2018, following a 2017 project that added biomedical 

papers and topic summaries, the Semantic Scholar corpus included more than 40 

million papers from computer science and biomedicine. In March 2018, Doug 

Raymond, who developed machine learning initiatives for the Amazon 

Alexa platform, was hired to lead the Semantic Scholar project. As of August 

2019, the number of included papers had grown to more than 173 million after the 

addition of the Microsoft Academic Graph records, already used by Lens.org. 

 

4 https://www.semanticscholar.org  
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V. ONLINE CATALOGS AND MARC RECORDS  

32. MARC is a framework into which descriptive bibliographic data are 

transcribed to interact with the software in online library catalogs to provide access 

to books, journals, and other resources in the collection. The bibliographic data 

provide points of access and can be searched by a POSITA to identify and obtain 

resources in the library collection. An information seeker (or POSITA) can search 

a local online library catalog or the holdings of a group of libraries in a state or 

region or in the global catalog WorldCat. 

33. MARC records are not designed for public viewing. Although a 

significant number of libraries provide access to the MARC version of a 

bibliographic record, the public display is designed to show information in a 

succinct manner that is quickly understood and useful to the information seeker. 

Libraries determine the default search for the online catalog to make the entry of 

search terms efficient and result in a successful search. Information seekers can 

enter a keyword, title, author, or standard number for the item. Libraries may also 

provide a search capability called “Summon” that allows the information seeker to 

enter known information about the item to conduct a search.  

34. Learning to use an online library catalog begins in elementary school 

and continues through high school and post-secondary studies. Undergraduate 

students further develop their skills to use the online catalog at the academic 
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institution where they are studying through information literacy instruction which 

is provided by professional reference and user experience librarians. The skills 

required to search, identify, and obtain the resources identified in this 

Declaration/report are fundamental to using the online catalogs in libraries and 

information centers.  Therefore, a POSITA who has attained the undergraduate 

and/or graduate educational levels described above (see paragraph 17) possesses 

the searching and retrieval skills needed to search library catalogs. 

35. Professional catalog and metadata librarians prepare and enhance 

MARC records to provide points of access for each item in the library collection. 

Using a set of internationally adopted guidelines, rules for the assignment of 

classification numbers, and the assignment of subject headings from standardized 

lists, taxonomies, folksonomies, locally developed lists. An information seeker 

(including POSITAs) can search the online library catalog in a number of ways to 

identify a specific item or resources on a defined topic.  

36. The continued development of the software that supports integrated 

online library catalogs resulted in the potential to search by an individual creator or 

author, title proper or variant title, a series that contains the desired item, subjects, 

corporate bodies responsible in part for the creation of an item, or standard 

identification numbers associated with the item (e.g., International Standard Book 

Numbers (ISBN), International Standard Serial Numbers (ISSN), and Publisher’s 
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Numbers). Each of these data elements appears in a prescribed location within the 

MARC framework so that the software can parse, index, and display data elements 

resulting from a user-initiated search. 

37. Examining the MARC records for a specific item reveals the 

comprehensive data transcribed about a particular item at the time that cataloging 

and classification occurred. In addition to the creator, title, subjects, and standard 

numbers, additional information may provide additional and relevant data 

depending on the type of resource. Understanding the full extent of bibliographic 

data for an item and the points of access associated with it provides essential 

information that can be used to determine the indexing and public availability for 

documents described in this Declaration.  

VI. LIBRARY CATALOGING PRACTICES 

38.  I am fully familiar with the library cataloging standard known as the 

MARC standard, which is an industry-wide standard method of storing and 

organizing library catalog information.5  MARC was first developed in the 1960s 

by the Library of Congress.  A MARC-compatible library is one that has a catalog 

consisting of individual MARC records for each of its items.  Today, MARC is the 

 

5  The full text of the standard is available from the Library of Congress at 

http://www.loc.gov/marc/bibliographic/. 
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primary communications protocol for the transfer and storage of bibliographic 

metadata in libraries.6 

39. Since at least the early 1970s and continuing to the present day, 

MARC has been the primary communications protocol for the transfer and storage 

of bibliographic metadata in libraries.7  As explained by the Library of Congress: 

You could devise your own method of organizing the 

bibliographic information, but you would be isolating your library, 

limiting its options, and creating much more work for yourself. Using 

the MARC standard prevents duplication of work and allows libraries 

to better share bibliographic resources. Choosing to use MARC 

 

6  Almost every major library in the world is MARC-compatible.  See, e.g., MARC 

Frequently Asked Questions (FAQ), Library of Congress, 

https://www.loc.gov/marc/faq.html (last visited April 20, 2023) (“MARC is the 

acronym for MAchine-Readable Cataloging.  It defines a data format that emerged 

from a Library of Congress-led initiative that began nearly forty years ago. It 

provides the mechanism by which computers exchange, use, and interpret 

bibliographic information, and its data elements make up the foundation of most 

library catalogs used today.”).  MARC is the ANSI/NISO Z39.2-1994 (reaffirmed 

2016) standard for Information Interchange Format. 
7 A complete history of the development of MARC can be found in MARC: Its 

History and Implications by Henrietta D. Avram (Washington, DC: Library of 

Congress, 1975) and available online from the Hathi Trust 

(https://babel.hathitrust.org/cgi/pt?id=mdp.39015034388556;view=1up;seq=1; last 

visited April 20, 2023).   
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enables libraries to acquire cataloging data that is predictable and 

reliable. If a library were to develop a “home-grown” system that did 

not use MARC records, it would not be taking advantage of an 

industry-wide standard whose primary purpose is to foster 

communication of information. 

Using the MARC standard also enables libraries to make use of 

commercially available library automation systems to manage library 

operations. Many systems are available for libraries of all sizes and 

are designed to work with the MARC format. Systems are maintained 

and improved by the vendor so that libraries can benefit from the 

latest advances in computer technology. The MARC standard also 

allows libraries to replace one system with another with the assurance 

that their data will still be compatible. 

 
Why Is a MARC Record Necessary? LIBRARY OF CONGRESS, 

http://www.loc.gov/marc/umb/um01to06.html#part2 (last visited April 20, 2023). 

40. Thus, almost every major library in the world is MARC-compatible.  

See, e.g., MARC Frequently Asked Questions (FAQ), LIBRARY OF CONGRESS, 

https://www.loc.gov/marc/faq.html (last visited April 20, 2023) (“MARC is the 

acronym for MAchine-Readable Cataloging. It defines a data format that emerged 

from a Library of Congress-led initiative that began nearly fifty years ago. It 

provides the mechanism by which computers exchange, use, and interpret 

bibliographic information, and its data elements make up the foundation of most 

library catalogs used today.”).  MARC is the ANSI/NISO Z39.2-1994 standard 
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(reaffirmed in 2016) for Information Interchange Format.  The full text of the 

standard is available from the Library of Congress at 

http://www.loc.gov/marc/bibliographic/ (last visited April 20, 2023). 

41. A MARC record comprises several fields, each of which contains 

specific data about the work.  Each field is identified by a standardized, unique, 

three-digit code corresponding to the type of data that follow.  For example, a 

work’s title is recorded in field 245, the primary author or creator of the work is 

recorded in field 100, an item’s International Standard Book Number (“ISBN”) is 

recorded in field 020, an item’s International Standard Serial Number (“ISSN”) is 

recorded in field 022, an item’s Library of Congress call number is recorded in 

field 050, and the publication date is recorded in field 260 under the subfield “c.”  

Id.8  If a work is a periodical, then its publication frequency is recorded in field 

310, alternate publication frequency is recorded in field 321, and the publication 

dates (e.g., the first and last publication) are recorded in field 362, which is also 

 

8 In some MARC records, field 264 is used rather than field 260 to record 

publication information.  See http://www.loc.gov/marc/bibliographic/bd264.html 

(last visited April 20, 2023) (“Information in field 264 is similar to information in 

field 260 (Publication, Distribution, etc. (Imprint)). Field 264 is useful for cases 

where the content standard or institutional policies make a distinction between 

functions”). 

AMD EX1021 
AMD v. Realtek - Page 22



22 

referred to as the enumeration/chronology field.  See 

http://www.loc.gov/marc/bibliographic/bd3xx.html (last visited April 20, 2023). 

42. MARC records also include several fields that include subject matter 

classification information.  An overview of MARC record fields is available 

through the Library of Congress at http://www.loc.gov/marc/bibliographic/.  For 

example, 6XX fields are termed “Subject Access Fields.”  See 

http://www.loc.gov/marc/bibliographic/bd6xx.html.  Among these, for example, is 

the 650 field; this is the “Subject Added Entry – Topical Term” field.  See 

http://www.loc.gov/marc/bibliographic/bd650.html.  The 650 field is a “[s]ubject 

added entry in which the entry element is a topical term.”  Id.  These authenticated 

subject entries “are assigned to a bibliographic record to provide access according 

to generally accepted thesaurus-building rules (e.g., Library of Congress Subject 

Headings (LCSH), Medical Subject Headings (MeSH)).”  Id.   

43. Further, MARC records include call numbers, which themselves 

indicate a subject and physical location within the library collections.  For 

example, the 050 field is the “Library of Congress Call Number.”  See 

http://www.loc.gov/marc/bibliographic/bd050.html (last visited April 20, 2023).  A 

defined portion of the Library of Congress Call Number is the classification 

number, and “source of the classification number is Library of Congress 

Classification and the LC Classification-Additions and Changes.”  Id.  Thus, 
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included in the 050 field is a subject matter classification.  Each item in a library 

has a single classification number.  A library selects a classification scheme (e.g., 

the Library of Congress Classification scheme just described or a similar scheme 

such as the Dewey Decimal Classification scheme or the National Library of 

Medicine Classification scheme) and uses it consistently.  When the Library of 

Congress assigns the classification number, it appears as part of the 050 field.  If a 

local library assigns the classification number, it appears in a 090 field.  In either 

scenario, the MARC record includes a classification number that represents a 

subject matter classification.   

44. Each item in a library has a single classification number.  A library 

selects a classification scheme (e.g., the Library of Congress Classification scheme 

just described or a similar scheme such as the Dewey Decimal Classification 

scheme) and uses it consistently.  When the Library of Congress assigns the 

classification number, it appears as part of the 050 field, as discussed above.  For 

MARC records created by libraries other than the Library of Congress (e.g., a 

university library or a local public library), the classification number may appear in 

a 09X (e.g., 090) field.  See http://www.loc.gov/marc/bibliographic/bd09x.html 

(last visited April 20, 2023). 

45. The OCLC was created “to establish, maintain and operate a 

computerized library network and to promote the evolution of library use, of 
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libraries themselves, and of librarianship, and to provide processes and products 

for the benefit of library users and libraries, including such objectives as increasing 

availability of library resources to individual library patrons and reducing the rate 

of rise of library per-unit costs, all for the fundamental public purpose of furthering 

ease of access to and use of the ever-expanding body of worldwide scientific, 

literary and educational knowledge and information.” 9   Among other services, 

OCLC and its members are responsible for maintaining the WorldCat database 

(http://www.worldcat.org/), used by independent and institutional libraries 

throughout the world. 

46. OCLC also provides its members online access to MARC records 

through its OCLC bibliographic database.  When an OCLC member institution 

acquires a work, it creates a MARC record for this work in its computer catalog 

system in the ordinary course of its business.  MARC records created at the Library 

of Congress were initially tape-loaded into the OCLC database through a 

subscription to MARC Distribution Services daily or weekly.  Once the MARC 

record is created by a cataloger at an OCLC member institution or is tape-loaded 

from the Library of Congress, the MARC record is then made available to any 

 

9  Third Article, Amended Articles of Incorporation of OCLC Online Computer 

Library Center, Incorporated (available at 

https://www.oclc.org/content/dam/oclc/membership/articles-of-incorporation.pdf). 
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other OCLC members online, and therefore made available to the public.  

Accordingly, once the MARC record is created by a cataloger at an OCLC member 

institution or is tape-loaded from the Library of Congress or another library 

anywhere in the world, any publication corresponding to the MARC record has 

been cataloged and indexed according to its subject matter such that a person 

interested in that subject matter could, with reasonable diligence, locate and access 

the publication through any library with access to the OCLC bibliographic 

database or through the Library of Congress. 

47. When an OCLC member institution creates a new MARC record, 

OCLC automatically supplies the date of creation for that record.  The date of 

creation for the MARC record appears in the fixed field (008), characters 00 

through 05.  The MARC record creation date reflects the date on which, the item 

was first acquired or cataloged.  Initially, field 005 of the MARC record is 

automatically populated with the date the MARC record was created in year, 

month, day format (YYYYMMDD) (some of the newer library catalog systems 

also include hour, minute, second (HHMMSS)).  Thereafter, the library’s computer 

system may automatically update the date in field 005 every time the library 

updates the MARC record (e.g., to reflect that an item has been moved to a 

different shelving location within the library).  Field 005 is visible when viewing a 

MARC record via an appropriate computerized interface, but when a MARC 
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record is printed to hardcopy, no “005” label appears.  The initial field 005 date 

(i.e., the date the MARC record was created) does appear, however, next to the 

label “Entered.” 10   The date upon which the most recent update to field 005 

occurred also appears, next to the label “Replaced.”  Thus, when an item’s MARC 

record has been printed to hardcopy—as is the case with the exhibits to this 

report—the date reflected next to the label “Entered” is necessarily on or after the 

date the library first cataloged and indexed the underlying item. 

48. Once one library has cataloged and indexed a publication by creating 

a MARC record for that publication, other libraries that receive the publication do 

not create additional MARC records—the other libraries instead rely on the 

original MARC record.  They may update or revise the MARC record to ensure 

accuracy, but they do not replace or duplicate it.  This practice does more than save 

libraries from duplicating labor, it also enhances the accuracy of MARC records.  

It also allows librarians around the world to know that a particular MARC record is 

authoritative.  In contrast, a hypothetical system wherein duplicative records were 

created would result in confusion as to which record is authoritative.   

49. The date of creation of the MARC record by a cataloger at an OCLC 

 

10 In this report, I sometimes refer to the “Entered” entry as field 008, characters 

00-05.   
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member institution reflects when the underlying item is accessible to the public.  

Upwards of two-thirds to three-quarters of book sales to libraries come from a 

jobber or wholesaler for online and print resources.  These resellers make it their 

business to provide books to their customers as fast as possible, often providing 

turnaround times of only a single day after publication.  Libraries purchase a 

significant portion of the balance of their books directly from publishers 

themselves, which provide delivery on a similarly expedited schedule.  In general, 

libraries make these purchases throughout the year as the books are published and 

shelve the books as soon thereafter as possible in order to make the books available 

to their patrons.  Thus, books are generally available at libraries across the country 

within just a few days of publication. 

50. Journals.  Catalogers can create MARC records for all types of print, 

online, and digital resources.  For example, MARC records cover serial 

publications, including both serially-published monographs and journals.  OCLC 

hosts MARC records for more than 320 million serial publications.  Serial 

publications are those publications that have the same collective title but are 

intended to be continued indefinitely with enumeration such as a volume or issue 

number, e.g., magazines and journals.  In the OCLC bibliographic database, the 

first issue of the serial publication is typically cataloged, but the date is left open-

ended with the use of a punctuation mark such as a dash.  Individual issues are not 
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cataloged according to the current national cataloging rules outlined in RDA: 

Resource and Access.  Instead, MARC records for serial publication in OCLC 

represent the entire run of the serial title.  With knowledge of the first issue 

published, future issues can be predicted.  In my extensive professional experience, 

is it highly unusual for a library to stop collecting and shelving a serial publication 

prior to the end of its publication run.  If a subscription to a serial publication ends 

its run or is cancelled before the end of its run, the library will denote that it has 

stopped receiving new volumes by filling in the end date in the local MARC 

record. 

51. The handling of printed journal subscriptions is shown on the covers 

of individual issues.  As was the best practice among libraries, issues arrived at a 

central facility and were immediately received, verified as part of a subscription, 

checked in, and stamped with the institution’s name and date.  Determining that the 

issue was part of the library subscription ensured that the entire set of publications 

for the year had been received so that they could be professionally bound and 

retained.  This process also verified that all of the published issues arrived so that 

the library staff did not have to request or claim an issue that did not arrive as 

expected.  In large public libraries with branches and multi-campus libraries within 

academic institutions, the journals were sorted and delivered to the subscribing 

unit.  The issues were frequently stamped again to acknowledge receipt.  The new 

AMD EX1021 
AMD v. Realtek - Page 29



29 

issue was placed in the public area; the older issue was stored so that it remained 

available. 

52. The foregoing process has been standard library practice longer than I 

have been working in the profession.  I first learned the steps in the process in the 

late 1970s and later supervised it.  Although the checking in process has become 

automated and now links electronically to holdings records for the MARC record 

for each serial title, the manual stamping and placing the issue in a public area has 

not changed for 50 years.  Unless I note otherwise below in reference to a specific 

serial publication, it is my expert opinion that this standard protocol was followed 

for each of the publications discussed below.   

VII. PUBLICATIONS 

A. PUBLICATION 1: “Benefits and Costs of Power-Gating 
Technique” by Hailin Jiang, Malgorzata Marek-Sadowska, and 
Sani R. Nassif. (“Jiang 2005”) 

53. Attached hereto as Attachment 1 is a copy of a conference paper 

published in the volume titled 2005 International Conference on Computer 

Design: Proceedings found in the North Carolina State University at Raleigh 

Libraries.  The conference paper titled “Benefits and Costs of Power-Gating 

Technique” by Hailin Jiang, Malgorzata Marek-Sadowska, and Sani R. Nassif 

(hereafter “Jiang 2005”) appears beginning on page 559.  The 2005 International 

Conference on Computer Design: Proceedings (ICCD ’05) was held on October 2-
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5, 2005, in San José, California.  Attachment 1 is a true and correct copy of the 

Jiang 2005 conference paper (pages 559-566).  I obtained this copy of the 

conference paper from the North Carolina State University at Raleigh Libraries.  

Specifically, the text of the Jiang 2005 conference paper is complete; no pages are 

missing, and the text on each page appears to flow seamlessly from one page to the 

next; further, there are no visible alterations to the document.  Attachment 1 was 

found within the custody of a library—a place where, if authentic, a copy of this 

conference proceedings volume would likely be.  Attachment 1 is a true and 

correct copy in a condition that creates no suspicion about authenticity.   

54. The Jiang 2005 conference paper is also available in the ACM Digital 

Library, 11  the IEEE Xplore database, 12  which indicated a publication date of 

October 31, 2005, and the digital repositories ResearchGate 13  and Semantic 

Scholar.14  

 

11 https://dl.acm.org/doi/10.1109/ICCD.2005.34.  
12 https://ieeexplore.ieee.org/document/1524207.  
13 

https://www.researchgate.net/publication/4182370_Benefits_and_costs_of_power-

gating_technique.  
14 https://www.semanticscholar.org/paper/Benefits-and-costs-of-power-gating-

technique-Jiang-Marek-

Sadowska/3b3f4b97ad8b0b07e5aee1edb27b52f1dc720d98.  
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55. Attached hereto as Attachment 1A is a true and correct copy of the 

MARC record for this conference proceedings volume from the North Carolina 

State University at Raleigh Libraries online catalog.  The library ownership is 

indicated by the presence of the library’s code (NRC) in field 994.  The library 

continues to update this MARC record and enhanced the MARC record to meet 

current cataloging rules.  The most recent enhancement to the MARC record 

occurred on November 18, 2005, as shown in field 005 (“20051118”).  I personally 

identified and retrieved the library catalog record which is Attachment 1A. 

56. Based on finding a copy of Attachment 1 in the North Carolina State 

University at Raleigh Libraries and MARC record in its online library catalog 

attached as Attachment A, it is my opinion that the book titled 2005 International 

Conference on Computer Design: Proceedings was publicly available at the North 

Carolina State University at Raleigh Libraries as of November 8, 2005, as 

indicated in field 008 (“051108”).  

57. Attached hereto as Attachment 1B is a true and correct copy of the 

MARC record for the volume titled 2005 International Conference on Computer 

Design: Proceedings obtained from the OCLC bibliographic database.  I 

personally identified and retrieved the MARC record that is Attachment 1B.  As 

previously noted, the library that created the record is recorded in field 040 with a 

unique library code.  For Attachment 1B, that library code is “IXA,” which means 
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that the MARC record for this conference proceedings volume was cataloged at the 

University of Texas – Austin Libraries.  As can be seen in the “Entered” field in 

the MARC record for this exhibit, a cataloger at the University of Texas – Austin 

Libraries created OCLC record number 62240543 on November 8, 2005, as shown 

in the “Entered” field (“20051108”).  The library continues to update this MARC 

record and enhanced the MARC record to meet current cataloging rules.  The most 

recent enhancement to the MARC record occurred on June 9, 2022, as shown in 

the “Replaced” field (“20220609”).  

58. Attachment 1B further includes an entry in field 050 (“TK7888.4 $b 

.I23 2005”)—as described above, a subject matter classification number consistent 

with the Library of Congress classification system (analogous to the Dewey 

Decimal classification system). Attachment 1B also shows that Attachment 1 was 

catalogued with four descriptor terms reading “Microcomputers $x Design and 

construction $v Congresses” (see Attachment 1C, Library of Congress subject 

heading sh85084804, Attachment 1D, Library of Congress subject heading 

sh87005579, and Attachment 1E, Library of Congress subject heading 

sh85031115), “Electronic digital computers $x Circuits $v Congresses” (see 

Attachment 1F, Library of Congress subject heading sh2009124809), “Integrated 

circuits $x Very large scale integration $v Congresses” (see Attachment 1G, 

Library of Congress subject heading sh2008104263), and “Computer engineering 
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$v Congresses” (see Attachment 1H, Library of Congress subject heading 

sh2009121192) in the 650 fields.  Thus, as of its cataloging, the publication 

corresponding to the MARC record attached hereto as Attachment 1B was indexed 

according to its subject matter by virtue of at least two independently sufficient 

classifications: the field 050 entry and the field 650 entries.  Further, as of 

November 8, 2005, the MARC record attached hereto as Attachment 1B was 

accessible through any library with access to the OCLC bibliographic database or 

the online catalog at a library that acquired the conference proceedings volume. 

59. Attachment 1B indicates that the volume titled 2005 International 

Conference on Computer Design: Proceedings as cataloged at the University of 

Texas – Austin Libraries is currently available from 11 libraries.  For these 

reasons, it is my opinion that Attachment 1 was published and publicly accessible 

at least as early as November 8, 2005.  

B. PUBLICATION 2: “LVS Verification across Multiple Power 
Domains for a Quad-Core Microprocessor” by Wei Li, Daniel 
Blakely, Scott Van Sooy, Kevin Dunn, David Kidd, and Robert 
Rogenmoser. (“Li”) 

60. Attached hereto as Attachment 2 is a copy of the journal article “LVS 

Verification across Multiple Power Domains for a Quad-Core Microprocessor” by 

Wei Li, Daniel Blakely, Scott Van Sooy, Kevin Dunn, David Kidd, and Robert 

Rogenmoser (hereafter “Li”).  The Li  article was published in Volume 11, 

Number 2 of the journal ACM Transactions on Design Automation of Electronic 

AMD EX1021 
AMD v. Realtek - Page 34



34 

Systems and was found in the University of Central Florida Libraries (Orlando, 

Florida). The Li article appears beginning on page 490 of this issue dated April 

2006.  Attachment 2 is a true and correct copy of the Li article (pages 490-500 of 

the full journal issue).  Specifically, the text of the article is complete; no pages are 

missing, and the text on each page appears to flow seamlessly from one page to the 

next; further, there are no visible alterations to the document.  The Li article is also 

available in the ACM Digital Library,15 which records an online publication date of 

April 1, 2006.  Attachment 2 was found within the custody of a library—a place 

where an authentic copy of this journal would likely be.  Attachment 2 is a true and 

correct copy in a condition that creates no suspicion about its authenticity.   

61. Attached hereto as Attachment 2A is a true and correct copy of the 

metadata record for the journal ACM Transactions on Design Automation of 

Electronic Systems in the University of Central Florida Libraries online catalog.16    

I personally identified and retrieved the MARC record that is Attachment 2A.   

62. Based on finding a print copy of Attachment 2 in the University of 

 

15 https://dl.acm.org/doi/abs/10.1145/1142155.1142166.  
16 https://ucf-

flvc.primo.exlibrisgroup.com/discovery/fulldisplay?docid=cdi_yonsei_eresources_

16081&context=PC&vid=01FALSC_UCF:UCF&lang=en&search_scope=DN_an

d_CI&adaptor=Primo%20Central&tab=Everything&query=any,contains,1084-

4309&mode=basic  

AMD EX1021 
AMD v. Realtek - Page 35



35 

Central Florida Libraries and MARC record in its online library catalog attached as 

Attachment 2A, it is my opinion that the Li article published in the journal ACM 

Transactions on Design Automation of Electronic Systems was publicly available 

on or shortly after July 24, 2006, as noted by the stamp on the cover. This date 

stamp has the general appearance of date stamps that libraries have long affixed to 

periodicals to show when an issue was received, verified, and checked in.     

63. As noted in the holdings information, the University of Central 

Florida Libraries has received the journal ACM Transactions on Design 

Automation of Electronic Systems since January 1996 and continues to receive the 

publication.  In view of the metadata record for Attachment 2, the Li article was 

publicly available on or shortly after July 24, 2006, because the serial title had 

been received, cataloged, and indexed in the University of Central Florida 

Libraries and made part of its online catalog database. 

64. Attached hereto as Attachment 2B is a true and correct copy of the 

MARC record for the journal ACM Transactions on Design Automation of 

Electronic Systems obtained from the OCLC bibliographic database.  As 

previously noted, the library that created the record is recorded in field 040 with a 

unique library code.  For Attachment 2B, that library code is “NSD,” which means 

that the MARC record for this serial was cataloged as part of the National Serials 

Data Program at the Library of Congress.  As can be seen in the “Entered” field in 

AMD EX1021 
AMD v. Realtek - Page 36



36 

the MARC record for this exhibit, a cataloger in the Library of Congress created 

OCLC record number 33041249 on August 25, 1995, as shown in the “Entered” 

field (“19950825”).  The library continues to update this MARC record and 

enhanced the MARC record to meet current cataloging rules.  The most recent 

enhancement to Attachment 2B occurred on April 3, 2022, as shown in the 

“Replaced” field (“20220403”).  I personally identified and retrieved the MARC 

record that is Attachment 2B.  The “BLvl” entry in Attachment 2B is “s,” which 

indicates that the journal ACM Transactions on Design Automation of Electronic 

Systems is a serial publication.  Field 310 of Attachment 2B reads “Quarterly.”  

Accordingly, the MARC record for Attachment 2 corresponds to the journal ACM 

Transactions on Design Automation of Electronic Systems from the time the serial 

title began publication and includes the date of the Li article.   

65. Attachment 2B includes an entry in field 050 (“TK7869 $b .A25”)—

as described above, a subject matter classification number consistent with the 

Library of Congress classification system (analogous to the Dewey Decimal 

classification system)—and an entry in field 082 (“004”), a subject matter 

consistent with the Dewey Decimal classification system.  Attachment 2B further 

includes four descriptor terms reading “Electronic systems $x Design $x Data 

processing $v Periodicals” (see Attachment 2C, Library of Congress subject 

heading sh85042373, Attachment 2D, Library of Congress subject heading 
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sh85037197, Attachment 2E, Library of Congress subject heading sh85035857, 

and Attachment 2F, Library of Congress subject heading sh85099890),“Electronic 

circuit design $x Data processing $v Periodicals” (see Attachment 2G, Library of 

Congress subject heading sh85042278 and Attachment 2F, Library of Congress 

subject heading sh85099890), “Computer-aided design $v Periodicals” (see 

Attachment 2G, Library of Congress subject heading sh2009121170), and 

“Integrated circuits $x Design $x Data processing $v Periodicals” (see Attachment 

2H, Library of Congress subject heading sh85067117, Attachment 2D, Library of 

Congress subject heading sh85037197, Attachment 2E, Library of Congress 

subject heading sh85035857, and Attachment 2F, Library of Congress subject 

heading sh85099890) in the 650 fields.  Thus, as of its cataloging, the publication 

corresponding to the MARC record attached hereto as Attachment 2B was indexed 

according to its subject matter by virtue of at least three independently sufficient 

classifications: the field 050 entry, the field 082 entry, and the field 650 entries.  

As of August 25, 1995, the MARC record attached hereto as Attachment 2B was 

accessible through any library with access to the OCLC bibliographic database or 

the online catalog at a library that subscribed to the serial.  

66. Attachment 2B indicates that the journal ACM Transactions on 

Design Automation of Electronic Systems as cataloged in the Library of Congress 

is currently available from 396 libraries.  For these reasons, it is my opinion that 
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Attachment 2 was published and accessible to the public at least as early as April 

1, 2006, online and July 24, 2006, in print. 

C. PUBLICATION 3: “Power/Ground Supply Network 
Optimization for Power-Gating” by Hailin Jiang and Malgorzata 
Marek-Sadowska. (“Jiang 2006”) 

67. Attached hereto as Attachment 3 is a copy of a conference paper 

published in the volume titled International Conference on Computer Design 2006 

found in the University of Wisconsin – Madison Libraries.  The conference paper 

titled “Power/Ground Supply Network Optimization for Power-Gating” by Hailin 

Jiang and Malgorzata Marek-Sadowska (hereafter “Jiang 2006”) appears beginning 

on page 332.  The International Conference on Computer Design 2006 was held on 

October 1-4, 2006, in San José, California.  Attachment 3 is a true and correct copy 

of the Jiang 2006 conference paper (pages 332-337).  I obtained this copy of the 

conference paper from the University of Wisconsin Libraries.  Specifically, the text 

of the Jiang 2006 conference paper is complete; no pages are missing, and the text 

on each page appears to flow seamlessly from one page to the next; further, there 

are no visible alterations to the document.  Attachment 3 was found within the 

custody of a library—a place where, if authentic, a copy of this conference 

proceedings volume would likely be.  Attachment 3 is a true and correct copy in a 

condition that creates no suspicion about authenticity.   

68. The Jiang 2006 conference paper is also available in the IEEE Xplore 
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database17 and was added on November 12, 2007.  

69. Attached hereto as Attachment 3A is a true and correct copy of the 

MARC record for this conference proceedings volume from the University of 

Wisconsin – Madison Libraries online catalog.  The library ownership is indicated 

by the presence of the library’s name at the top of the screen.  The volume titled 

International Conference on Computer Design 2006 is cataloged as a part of series 

and is listed in the fifteenth field 762. The library continues to update this MARC 

record and enhanced the MARC record to meet current cataloging rules.  The most 

recent enhancement to the MARC record occurred on April 2, 2023, as shown in 

field 005 (“20230402”).  I personally identified and retrieved the library catalog 

record which is Attachment 3A. 

70. Based on finding a copy of Attachment 3 in the University of 

Wisconsin – Madison Libraries and MARC record in its online library catalog 

attached as Attachment 3A, it is my opinion that the book titled International 

Conference on Computer Design 2006 was publicly available at the University of 

Wisconsin – Madison Libraries as of November 18, 2005, as indicated in the 

”Entered” field of Attachment 3B.  

71. Attached hereto as Attachment 3B is a true and correct copy of the 

MARC record for the volume titled International Conference on Computer Design 
 

17 https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4380783.  
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2006 obtained from the OCLC bibliographic database.  I personally identified and 

retrieved the MARC record that is Attachment 3B.  As previously noted, the 

library that created the record is recorded in field 040 with a unique library code.  

For Attachment 3B, that library code is “W2U,” which means that the MARC 

record for this conference proceedings volume was cataloged at the Wilfrid Library 

at Laurier University (Waterloo, Ontario, Canada).  As can be seen in the 

“Entered” field in the MARC record for this exhibit, a cataloger in the Wilfrid 

Library at Laurier University created OCLC record number 613544548 on 

November 18, 2005, as shown in the “Entered” field (“20051118”).  The library 

continues to update this MARC record and enhanced the MARC record to meet 

current cataloging rules.  The most recent enhancement to the MARC record 

occurred on April 28, 2022, as shown in the “Replaced” field (“20220428”).  

72. Attachment 3B further includes an entry in field 050 (“TK7888.3”)—

as described above, a subject matter classification number consistent with the 

Library of Congress classification system (analogous to the Dewey Decimal 

classification system). Attachment 3B also shows that Attachment 3 was 

catalogued with five descriptor terms reading “Computer engineering $v 

Congresses” (see Attachment 1H, Library of Congress subject heading 

sh2009121192), “Embedded computer systems $v Congresses” (see Attachment 

3C, Library of Congress subject heading sh2008102939), “Integrated circuits $x 
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Very large scale integration $v Congresses” (see Attachment 1G, Library of 

Congress subject heading sh2008104263), “Electronic digital computers $x 

Circuits $v Congresses” (see Attachment 1F, Library of Congress subject heading 

sh2009124809), “Microcomputers $x Design and construction $v Congresses” (see 

Attachment 1C, Library of Congress subject heading sh85084804, Attachment 1D, 

Library of Congress subject heading sh87005579, and Attachment 1E, Library of 

Congress subject heading sh85031115) and in the 650 fields. Thus, as of its 

cataloging, the publication corresponding to the MARC record attached hereto as 

Attachment 3B was indexed according to its subject matter by virtue of at least two 

independently sufficient classifications: the field 050 entry and the field 650 

entries.  Further, as of November 18, 2005, the MARC record attached hereto as 

Attachment 3B was accessible through any library with access to the OCLC 

bibliographic database or the online catalog at a library that acquired the 

conference proceedings volume. 

73. Attachment 3B indicates that the volume titled International 

Conference on Computer Design 2006 as cataloged in the Wilfrid Library at 

Laurier University is currently available from 30 libraries.  For these reasons, it is 

my opinion that Attachment 3 was published and publicly accessible at least as 

early as November 18, 2005. 
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D. PUBLICATION 4: “Power-Gating Aware Floorplanning” by 
Hailin Jiang and Malgorzata Marek-Sadowska. (“Jiang 2007”) 

74. Attached hereto as Attachment 4 is a copy of a conference paper 

published in the volume titled Eighth International Symposium on Quality 

Electronic Design: Proceedings found in the Linda Hall Library of Science, 

Engineering & Technology (Kansas City, Missouri).  The conference paper titled 

“Power-Gating Aware Floorplanning” by Hailin Jiang and Malgorzata Marek-

Sadowska (hereafter “Jiang 2007”) appears beginning on page 853.  The Eighth 

International Symposium on Quality Electronic Design was held on March 26-28, 

2007, in San José, California.  Attachment 4 is a true and correct copy of the Jiang 

2007 conference paper (pages 853-858).  I obtained this copy of the conference 

paper from the Linda Hall Library of Science, Engineering & Technology.  

Specifically, the text of the Jiang 2007 conference paper is complete; no pages are 

missing, and the text on each page appears to flow seamlessly from one page to the 

next; further, there are no visible alterations to the document.  Attachment 4 was 

found within the custody of a library—a place where, if authentic, a copy of this 

conference proceedings volume would likely be.  Attachment 4 is a true and 

correct copy in a condition that creates no suspicion about authenticity.   

75. The Jiang 2007 conference paper is also available in the IEEE Xplore 
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database,18 added on April 10, 2007, the ACM Digital Library,19 published March 

26, 2007, and the digital repository Semantic Scholar.20 

76. Attached hereto as Attachment 4A is a true and correct copy of the 

MARC record for this conference proceedings volume from the Linda Hall Library 

of Science, Engineering & Technology online catalog.  The library ownership is 

indicated by the presence of the library’s code (LHL) in field 049.  The most recent 

enhancement to the MARC record occurred on May 6, 2008, as shown in field 005 

(“20080506”).  I personally identified and retrieved the library catalog record 

which is Attachment 4A. 

77. Based on finding a copy of Attachment 4 in the Linda Hall Library of 

Science, Engineering & Technology and MARC record in its online library catalog 

attached as Attachment 4A, it is my opinion that the book titled Eighth 

International Symposium on Quality Electronic Design: Proceedings was publicly 

available at the Linda Hall Library of Science, Engineering & Technology as of 

June 6, 2007, as indicated in field 008 (“070606”).  

78. Attached hereto as Attachment 4B is a true and correct copy of the 

 

18 https://ieeexplore.ieee.org/document/4149140.  
19 https://dl.acm.org/doi/abs/10.1109/ISQED.2007.123.  
20 https://www.semanticscholar.org/paper/Power-Gating-Aware-Floorplanning-

Jiang-Marek-Sadowska/045fb9ec269be637f3b10bfe73aa95b54b9176b9.  
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MARC record for the volume titled Eighth International Symposium on Quality 

Electronic Design: Proceedings obtained from the OCLC bibliographic database.  

I personally identified and retrieved the MARC record that is Attachment 4B.  As 

previously noted, the library that created the record is recorded in field 040 with a 

unique library code.  For Attachment 4B, that library code is “LHL,” which means 

that the MARC record for this conference proceedings volume was cataloged at the 

Linda Hall Library of Science, Engineering & Technology.  As can be seen in the 

“Entered” field in the MARC record for this exhibit, a cataloger at the Linda Hall 

Library of Science, Engineering & Technology created OCLC record number 

138289590 on June 6, 2007, as shown in the “Entered” field (“20070606”).  The 

library continues to update this MARC record and enhanced the MARC record to 

meet current cataloging rules.  The most recent enhancement to the MARC record 

occurred on June 10, 2022, as shown in the “Replaced” field (“20220610”).  

79. Attachment 4B further includes an entry in field 090 (“TK7874.75 $b 

.I565 2007”)—as described above, a subject matter classification number 

consistent with the Library of Congress classification system (analogous to the 

Dewey Decimal classification system) and an entry in field 082 (“621.39/5”)—as 

described above, a subject matter classification number consistent with the Dewey 

Decimal classification system.   Attachment 4B also shows that Attachment 4 was 

catalogued with four descriptor terms reading “Integrated circuits $x Very large 
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scale integration $x Reliability $v Congresses” (see Attachment 4C, Library of 

Congress subject heading sh85067125, Attachment 4D, Library of Congress 

subject heading sh85112510, and Attachment 1E, Library of Congress subject 

heading sh85031115), “Integrated circuits $x Very large scale integration $x 

Design and construction $v Congresses” (see Attachment 4E, Library of Congress 

subject heading sh2008104743), “Integrated circuits $x Very large scale 

integration $x Computer-aided design $v Congresses” (see Attachment 4F, Library 

of Congress subject heading sh2008123907), and “Integrated circuits $x Very large 

scale integration $x Testing $x Quality control $v Congresses” (see Attachment 

4G, Library of Congress subject heading sh2009127319, Attachment 4H, Library 

of Congress subject heading sh85109440, and Attachment 1E, Library of Congress 

subject heading sh85031115) and in the 650 fields. Thus, as of its cataloging, the 

publication corresponding to the MARC record attached hereto as Attachment 4B 

was indexed according to its subject matter by virtue of at least two independently 

sufficient classifications: the field 050 entry and the field 650 entries.  Further, as 

of November 18, 2005, the MARC record attached hereto as Attachment 4B was 

accessible through any library with access to the OCLC bibliographic database or 

the online catalog at a library that acquired the conference proceedings volume. 

80. Attachment 4B indicates that the volume titled Eighth International 

Symposium on Quality Electronic Design: Proceedings as cataloged at the Linda 
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Hall Library of Science, Engineering & Technology is currently available from 5 

libraries.  For these reasons, it is my opinion that Attachment 4 was published and 

publicly accessible at least as early as March 26, 2007.  

E. PUBLICATION 5: “Minimizing Inductive Noise in System-On-a-
Chip with Multiple Power Gating Structures” by Suhwan Kim, 
Stephen V. Kosonocky, Daniel R. Knebel, Kevin Stawiasz, David 
Heidel, and Mike Immediato. (“Kim”) 

81. Attached hereto as Attachment 5 is a copy of a conference paper 

published in the volume titled ESSCIRC 2003: Proceedings of the  29th European 

Solid-State Circuits Conference found in the Linda Hall Library of Science, 

Engineering & Technology (Kansas City, Missouri).  The conference paper titled 

“Minimizing Inductive Noise in System-On-a-Chip with Multiple Power Gating 

Structures” by Suhwan Kim, Stephen V. Kosonocky, Daniel R. Knebel, Kevin 

Stawiasz, David Heidel, and Mike Immediato (hereafter “Kim”) appears beginning 

on page 635.  The 29th European Solid-State Circuits Conference was held on 

September 15-18, 2003, in Estorial, Portugal.  Attachment 5 is a true and correct 

copy of the Kim conference paper (pages 635-638).  I obtained this copy of the 

conference paper from the Linda Hall Library of Science, Engineering & 

Technology.  Specifically, the text of the Kim conference paper is complete; no 

pages are missing, and the text on each page appears to flow seamlessly from one 

page to the next; further, there are no visible alterations to the 

document.  Attachment 5 was found within the custody of a library—a place 
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where, if authentic, a copy of this conference proceedings volume would likely be.  

Attachment 5 is a true and correct copy in a condition that creates no suspicion 

about authenticity.   

82. The Kim conference paper is also available in the IEEE Xplore 

database,21 added on January 14, 2004, and the digital repository ResearchGate.22 

83. Attached hereto as Attachment 5A is a true and correct copy of the 

MARC record for this conference proceedings volume from the Linda Hall Library 

of Science, Engineering & Technology online catalog.  The library ownership is 

indicated by the presence of the library’s code (LHL) in field 049.  The most recent 

enhancement to the MARC record occurred on February 8, 2006, as shown in field 

005 (“20060208”).  I personally identified and retrieved the library catalog record 

which is Attachment 5A. 

84. Based on finding a copy of Attachment 5 in the Linda Hall Library of 

Science, Engineering & Technology and MARC record in its online library catalog 

attached as Attachment 5A, it is my opinion that the book titled ESSCIRC 2003: 

Proceedings of the  29th European Solid-State Circuits Conference was publicly 

 

21 https://ieeexplore.ieee.org/document/1257215.  
22 

https://www.researchgate.net/publication/224745461_Minimizing_inductive_noise

_in_system-on-a-chip_with_multiple_power_Gating_structures.  
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available at the Linda Hall Library of Science, Engineering & Technology as of 

January 5, 2004, as indicated in field 008 (“040105”).  

85. Attached hereto as Attachment 5B is a true and correct copy of the 

MARC record for the volume titled ESSCIRC 2003: Proceedings of the  29th 

European Solid-State Circuits Conference obtained from the OCLC bibliographic 

database.  I personally identified and retrieved the MARC record that is 

Attachment 5B.  As previously noted, the library that created the record is recorded 

in field 040 with a unique library code.  For Attachment 5B, that library code is 

“LHL,” which means that the MARC record for this conference proceedings 

volume was cataloged at the Linda Hall Library of Science, Engineering & 

Technology.  As can be seen in the “Entered” field in the MARC record for this 

exhibit, a cataloger at the Linda Hall Library of Science, Engineering & 

Technology created OCLC record number 53977408 on January 5, 2004, as shown 

in the “Entered” field (“20040105”).  The library continues to update this MARC 

record and enhanced the MARC record to meet current cataloging rules.  The most 

recent enhancement to the MARC record occurred on March 11, 2023, as shown in 

the “Replaced” field (“20230311”).  

86. Attachment 5B further includes an entry in field 050 (“TK7871.85 $b 

.E887 2003”)—as described above, a subject matter classification number 

consistent with the Library of Congress classification system (analogous to the 
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Dewey Decimal classification system) and an entry in field 082 (“621.38152”)—as 

described above, a subject matter classification number consistent with the Dewey 

Decimal classification system.   Attachment 5B also shows that Attachment 5 was 

catalogued with three descriptor terms reading “Semiconductors $v Congresses” 

(see Attachment 5C, Library of Congress subject heading sh2008111509), 

“Integrated circuits $v Congresses” (see Attachment 5D, Library of Congress 

subject heading sh2008104261), and “Solid state electronics $v Congresses” (see 

Attachment 5E, Library of Congress subject heading sh2008111513) in the 650 

fields. Thus, as of its cataloging, the publication corresponding to the MARC 

record attached hereto as Attachment 5B was indexed according to its subject 

matter by virtue of at least three independently sufficient classifications: the field 

050 entry, the field 082 entry, and the field 650 entries.  Further, as of January 5, 

2004, the MARC record attached hereto as Attachment 5B was accessible through 

any library with access to the OCLC bibliographic database or the online catalog at 

a library that acquired the conference proceedings volume. 

87. Further supporting my opinion that Attachment 5 was publicly 

accessible to ordinarily skilled and interested researchers in the field is the fact that 

the book titled ESSCIRC 2003: Proceedings of the 29th European Solid-State 

Circuits Conference was registered with the U. S. Copyright Office as item 

TX0006054694 on October 27, 2004, and indicated a publication date of 
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September 16, 2003 (see Attachment 5F, U. S. Copyright Office Public Catalog).  

As noted above, this would have provided a POSITA with keyword searching 

capabilities and other tools to locate this book. 

88. Attachment 5B indicates that the volume titled ESSCIRC 2003: 

Proceedings of the  29th European Solid-State Circuits Conference as cataloged at 

the Linda Hall Library of Science, Engineering & Technology is currently 

available from 17 libraries.  For these reasons, it is my opinion that Attachment 5 

was published and publicly accessible at least as early as January 5, 2004.  

F. PUBLICATION 6: Low Power Methodology Manual by Michael 
Keating, David Flynn, Robert Aitken, Alan Gibbons, and Kaijian 
Shi. (“Keating”)  

89. Attached hereto as Attachment 6 is a copy of excerpts of a book titled 

Low Power Methodology Manual by Michael Keating, David Flynn, Robert 

Aitken, Alan Gibbons, and Kaijian Shi (hereafter “Keating”) and issued by 

Springer Science+Media with a 2007 copyright date.  Attachment 6 is a true and 

correct copy of the title page, copyright page, table of contents, and excerpts as 

held by the University of California – Berkeley Libraries.  The excerpts include 

Chapter 2, “Standard Low Power Methods” (pp. 13-19); Chapter 3, “Multi-Voltage 

Design” (pp. 21-31); Chapter 7, “A Power Gating Example” (pp. 85-100); Chapter 

11, “Implementing Multi-Voltage, Power Gated Designs” (pp. 155-186); and, 

Appendix B, “UPF Command Syntax” (pp. 267-292). I obtained Attachment 6 
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through counsel from the University of California – Berkeley Libraries. The text in 

Attachment 6 is complete; no pages are missing, and the text on each page appears 

to flow seamlessly from one page to the next; further, there are no visible 

alterations to the document.  Attachment 6 is a true and correct copy in a condition 

that creates no suspicion about its authenticity. 

90. Attached hereto as Attachment 6A is a true and correct copy of the 

MARC record for this monograph from the University of California – Berkeley 

Libraries online catalog.  The library ownership is indicated by the presence of the 

library’s code (CUY) in the 035 field.  The library continues to update this MARC 

record and enhanced the MARC record to meet current cataloging rules. The most 

recent enhancement to the MARC record occurred on November 27, 2007, as 

shown in field 005 field (“20071127”).  I personally identified and retrieved the 

library catalog record which is Attachment 6A. 

91. Based on finding a print copy of the Keating book in the University of 

California – Berkeley Libraries and MARC record in its online library catalog 

attached as Attachment 6A, it is my opinion that the book titled Low Power 

Methodology Manual was publicly available on October 11, 2007, as shown in 

field 008 (“071011”). The International Standard Book Number (ISBN) on 

Attachment 8 (978-0-387-71818-7) matches the ISBN in the first field 020 of 

Attachment 6A.  Therefore, Attachment 6 is the same book as the one that the 
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cataloger at the University of California – Berkeley Libraries used to create the 

MARC record that is Attachment 6A. 

92. Attached hereto as Attachment 6B is a true and correct copy of the 

MARC record for the Keating book titled Low Power Methodology Manual 

obtained from the OCLC bibliographic database.  I personally identified and 

retrieved the MARC record that is Attachment 6B.  As previously noted, the 

library that created the record is recorded in field 040 with a unique library code.  

For Attachment 6B, that library code is “DLC,” which means that the MARC 

record for this book was created at the Library of Congress. As can be seen in the 

“Entered” field in the MARC record for this exhibit, a cataloger at the Library of 

Congress created OCLC record number 156812961 on May 7, 2007, as shown in 

the “Entered” field (“20070507”) as part of the Cataloging in Publication 

Program.23  The library continues to update and enhance this MARC record to 

meet current cataloging rules.  The most recent enhancement to Attachment 6B 

occurred on April 28, 2022, as shown in the “Replaced” field (“20220428”).  I 

personally identified and retrieved the MARC record that is Attachment 6B.     

93. Attachment 6B further includes an entry in field 050 (“TK7874.66 $b 

.L67 2007”)—as described above, this includes a subject matter classification 

number consistent with the Library of Congress classification system (analogous to 
 

23 https://www.loc.gov/publish/cip/.  
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the Dewey Decimal classification system) and  an entry in field 082 (“621.381”)—

as described above, this includes a subject matter classification number consistent 

with the Dewey Decimal classification system.  Attachment 6B further includes 

two descriptor terms reading “Low voltage integrated circuits” (see Attachment 

6C, Library of Congress subject heading sh95004622) and “Systems on a chip” 

(see Attachment 6D, Library of Congress subject heading sh2002000568) in the 

650 fields.  Thus, as of its cataloging, the publication corresponding to the MARC 

record attached hereto as Attachment 6B was indexed according to its subject 

matter by virtue of at least three independently sufficient classifications: the field 

050 entry, the field 082 entry, and the field 650 entries.  Further, as of May 7, 

2007, the MARC record attached hereto as Attachment 6B was accessible through 

any library with access to the OCLC bibliographic database or the online catalog at 

a library that added this book to its collection.   

94. Further supporting my opinion that Attachment 6 was publicly 

accessible to ordinarily skilled and interested researchers in the field is the fact that 

the book titled Low Power Methodology Manual was registered with the U.S. 

Copyright Office as item TX0007433405 on October 13, 2011, and indicated a 

publication date of July 31, 2007 (see Attachment 6E, U.S. Copyright Office 

Public Catalog).  As noted above, this would have provided a POSITA with 

keyword searching capabilities and other tools to locate this book. 
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95. Attachment 6B indicates that the Keating book titled Low Power 

Methodology Manual as cataloged at the Library of Congress is currently available 

from 67 libraries.  For these reasons, it is my opinion that Attachment 6 was 

published and accessible to the public at least as early as July 31, 2007.  

G. PUBLICATION 7: “A Pseudo-Hierarchical Methodology for 
High Performance Microprocessor Design” by A. Bertolet, K. 
Carpenter, K. Carrig, A. Chu, A. Dean, F. Ferraiolo, S. Kenyon, 
D. Phan, J. Petrovick, G. Rodgers, D. Willmott, T. Bairley, Q, T. 
Decker, V. Girardi, B, Y. Lapid, M. Murphy, P. A. Scott, and R. 
Weiss. (“Bertolet”) 

96. Attached hereto as Attachment 7 is a copy of a conference paper 

published in the volume titled Proceedings: 1997 International Symposium on 

Physical Design found in the Georgia Institute of Technology Library (Atlanta, 

Georgia).  The conference paper titled “A Pseudo-Hierarchical Methodology for 

High Performance Microprocessor Design” by A. Bertolet, K. Carpenter, K. 

Carrig, A. Chu, A. Dean, F. Ferraiolo, S. Kenyon, D. Phan, J. Petrovick, G. 

Rodgers, D. Willmott, T. Bairley, Q, T. Decker, V. Girardi, B, Y. Lapid, M. 

Murphy, P. A. Scott, and R. Weiss (hereafter “Bertolet”) appears beginning on 

page 124.  The 1997 International Symposium on Physical Design was held on 

April 14-16, 1996, in Napa Valley, California.  Attachment 7 is a true and correct 

copy of the Bertolet conference paper (pages 124-19).  I obtained this copy of the 

conference paper from the Georgia Institute of Technology Library.  Specifically, 

the text of the Bertolet conference paper is complete; no pages are missing, and the 
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text on each page appears to flow seamlessly from one page to the next; further, 

there are no visible alterations to the document.  Attachment 7 was found within 

the custody of a library—a place where, if authentic, a copy of this conference 

proceedings volume would likely be.  Attachment 7 is a true and correct copy in a 

condition that creates no suspicion about authenticity.   

97. The Bertolet conference paper is also available in the ACM Digital 

Library,24 added on April 1, 1997. 

98. Attached hereto as Attachment 7A is a true and correct copy of the 

metadata record for this conference proceedings volume from the Georgia Institute 

of Technology Library online catalog.  The library ownership is indicated by the 

presence of the library’s code (GAT) in field 049.  I personally identified and 

retrieved the library catalog record which is Attachment 7A. 

99. Attached hereto as Attachment 7B is a true and correct copy of the 

MARC record for the volume titled Proceedings: 1997 International Symposium 

on Physical Design obtained from the OCLC bibliographic database.  I personally 

identified and retrieved the MARC record that is Attachment 7B.  As previously 

noted, the library that created the record is recorded in field 040 with a unique 

library code.  For Attachment 7B, that library code is “GAT,” which means that the 

MARC record for this conference proceedings volume was cataloged at the 
 

24 https://dl.acm.org/doi/10.1145/267665.267702.  
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Georgia Institute of Technology Library.   

100. Based on finding a copy of Attachment 7 in the Georgia Institute of 

Technology Library and metadata record in its online library catalog attached as 

Attachment 7A, it is my opinion that the book titled Proceedings: 1997 

International Symposium on Physical Design was publicly available at the Georgia 

Institute of Technology as of May 26, 1999, as indicated in the “Entered” field 

(“19990526”).  

101. As can be seen in the “Entered” field in the MARC record for this 

exhibit, a cataloger at the Georgia Institute of Technology Library created OCLC 

record number 41436664 on May 26, 1999.  The library continues to update this 

MARC record and enhanced the MARC record to meet current cataloging rules.  

The most recent enhancement to the MARC record occurred on October 25, 2022, 

as shown in the “Replaced” field (“20221025”).  

102. Attachment 7B further includes an entry in field 050 (“TK7874.75 $b 

.I58 1997”)—as described above, a subject matter classification number consistent 

with the Library of Congress classification system (analogous to the Dewey 

Decimal classification system). Attachment 7B also shows that Attachment 7 was 

catalogued with two descriptor terms reading “Integrated circuits $x Very large 

scale integration $v Congresses” (see Attachment 1G, Library of Congress subject 

heading sh2008104263) and “Integrated circuits $x Design and construction $v 
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Congresses” (see Attachment 7C, Library of Congress subject heading 

sh2008104738) in the 650 fields. Thus, as of its cataloging, the publication 

corresponding to the MARC record attached hereto as Attachment 7B was indexed 

according to its subject matter by virtue of at least two independently sufficient 

classifications: the field 050 entry and the field 650 entries.  Further, as of May 26, 

1999, the MARC record attached hereto as Attachment 7B was accessible through 

any library with access to the OCLC bibliographic database or the online catalog at 

a library that acquired the conference proceedings volume. 

103. Further supporting my opinion that Attachment 7 was publicly 

accessible to ordinarily skilled and interested researchers in the field is the fact that 

the book titled Proceedings: 1997 International Symposium on Physical Design 

was registered with the U. S. Copyright Office as item TX0005077849 on October 

25, 1999, and indicated a publication date of March 31, 1997 (see Attachment 7D, 

U. S. Copyright Office Public Catalog).  As noted above, this would have provided 

a POSITA with keyword searching capabilities and other tools to locate this book. 

104. Attachment 7B indicates that the volume titled Proceedings: 1997 

International Symposium on Physical Design as cataloged at the Georgia Institute 

of Technology Library is currently available from 6 libraries.  For these reasons, it 

is my opinion that Attachment 7 was published and publicly accessible at least as 

early as April 1, 1997, and in print on May 26, 1999.  
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H. PUBLICATION 8: “Advanced Power Management Techniques: 
Going Beyond Intelligent Shutdown” by Luca Benini. (“Benini”) 

105. Attached hereto as Attachment 8 is a copy of a conference paper 

published in the volume titled Proceedings of the ASP-DAC 2003: Asia and South 

Pacific Design Automation Conference 2003 found in the University of Wisconsin 

– Madison Libraries.  The conference paper titled “Advanced Power Management 

Techniques: Going Beyond Intelligent Shutdown” by Luca Benini (hereafter 

“Benini”) appears beginning on page 385.  The ASP-DAC 2003: Asia and South 

Pacific Design Automation Conference was held on January 21-24, 2004, in 

Kitakyushu, Japan.  Attachment 8 is a true and correct copy of the Benini 

conference paper (pages 385-389).  I obtained this copy of the conference paper 

from the University of Wisconsin – Madison Libraries.  Specifically, the text of the 

Benini conference paper is complete; no pages are missing, and the text on each 

page appears to flow seamlessly from one page to the next; further, there are no 

visible alterations to the document.  Attachment 8 was found within the custody of 

a library—a place where, if authentic, a copy of this conference proceedings 

volume would likely be.  Attachment 8 is a true and correct copy in a condition 

that creates no suspicion about authenticity.   

106. The Benini conference paper is also available in the ACM Digital 
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Library,25 added on January 14, 2004. 

107. Attached hereto as Attachment 8A is a true and correct copy of the 

MARC record for this conference proceedings volume from the University of 

Wisconsin – Madison Libraries online catalog.  The library ownership is indicated 

by the presence of the library’s name at the top of the screen.  I personally 

identified and retrieved the library catalog record which is Attachment 8A. 

108. Attached hereto as Attachment 8B is a true and correct copy of the 

MARC record for the volume titled Proceedings of the ASP-DAC 2003: Asia and 

South Pacific Design Automation Conference 2003 obtained from the OCLC 

bibliographic database.  I personally identified and retrieved the MARC record that 

is Attachment 8B.  As previously noted, the library that created the record is 

recorded in field 040 with a unique library code.  For Attachment 8B, that library 

code is “ZCU,” which means that the MARC record for this conference 

proceedings volume was cataloged at the Columbia University Libraries  (New 

York, New York).  As can be seen in the “Entered” field in the MARC record for 

this exhibit, a cataloger at the Columbia University Libraries created OCLC record 

number 51906952 on March 24, 2003, as shown in the “Entered” field 

(“20030324”).  The library continues to update this MARC record and enhanced 

the MARC record to meet current cataloging rules.  The most recent enhancement 
 

25 https://dl.acm.org/doi/abs/10.1145/1119772.1119848.  
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to the MARC record occurred on February 16, 2023, as shown in the “Replaced” 

field (“20230216”).  

109. Attachment 8B further includes an entry in field 050 (“TK7874 $b 

.A759 2003”)—as described above, a subject matter classification number 

consistent with the Library of Congress classification system (analogous to the 

Dewey Decimal classification system) and an entry in field 082 (“621.3815”)—as 

described above, a subject matter classification number consistent with the Dewey 

Decimal classification system.   Attachment 8B also shows that Attachment 8 was 

catalogued with two descriptor terms reading “Integrated circuits $x Computer-

aided design $v Congresses” (see Attachment 8C, Library of Congress subject 

heading sh2009127317) and “Electronic circuit design $x Data processing $v 

Congresses” (see Attachment 8D, Library of Congress subject heading 

sh2008102924) in the 650 fields. Thus, as of its cataloging, the publication 

corresponding to the MARC record attached hereto as Attachment 8B was indexed 

according to its subject matter by virtue of at least three independently sufficient 

classifications: the field 050 entry, the field 082 entry, and the field 650 entries.  

Further, as of March 24, 2003, the MARC record attached hereto as Attachment 

8B was accessible through any library with access to the OCLC bibliographic 

database or the online catalog at a library that acquired the conference proceedings 

volume. 
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110. Further supporting my opinion that Attachment 8 was publicly 

accessible to ordinarily skilled and interested researchers in the field is the fact that 

the book titled Proceedings of the ASP-DAC 2003: Asia and South Pacific Design 

Automation Conference 2003 was registered with the U. S. Copyright Office as 

item TX0005705561 on March 20, 2003 and indicated a publication date of 

January 21, 2003 (see Attachment 8E, U. S. Copyright Office Public Catalog).  As 

noted above, this would have provided a POSITA with keyword searching 

capabilities and other tools to locate this book. 

111. Attachment 8B indicates that the volume titled Proceedings of the 

ASP-DAC 2003: Asia and South Pacific Design Automation Conference 2003 as 

cataloged at the Columbia University Libraries is currently available from 14 

libraries.  For these reasons, it is my opinion that Attachment 8 was published and 

publicly accessible at least as early as January 21, 2003 online, and March 24, 

2003 in print.  

I. PUBLICATION 9: “Via-Configurable Routing Architectures and 
Fast Design Mappability Estimation for Regular Fabrics” by 
Yajun Ran and Malgorzata Marek-Sadowska. (“Ran”) 

112. Attached hereto as Attachment 9 is a copy of a conference paper 

published in the volume titled ICCAD-2005: International Conference on 

Computer Aided Design found in the University of Wisconsin – Madison Libraries.  

The conference paper titled “Via-Configurable Routing Architectures and Fast 
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Design Mappability Estimation for Regular Fabrics” by Yajun Ran and Malgorzata 

Marek-Sadowska (hereafter “Ran”) appears beginning on page 25.  The ICCAD-

2005: International Conference on Computer Aided Design was held on November 

6-10, 2005, in San José, California.  Attachment 9 is a true and correct copy of the 

Ran conference paper (pages 25-32).  I obtained this copy of the conference paper 

from the University of Wisconsin – Madison Libraries.  Specifically, the text of the 

Ran conference paper is complete; no pages are missing, and the text on each page 

appears to flow seamlessly from one page to the next; further, there are no visible 

alterations to the document.  Attachment 9 was found within the custody of a 

library—a place where, if authentic, a copy of this conference proceedings volume 

would likely be.  Attachment 9 is a true and correct copy in a condition that creates 

no suspicion about authenticity.   

113. The Ran conference paper is also available in the ACM Digital 

Library, 26  added on May 31, 2005, the IEEE Xplore database, 27  added on 

December 15, 2005, and the digital repository Semantic Scholar.28 

114. Attached hereto as Attachment 9A is a true and correct copy of the 
 

26 https://dl.acm.org/doi/10.5555/1129601.1129606.  
27 https://ieeexplore.ieee.org/document/1560035.  
28 https://www.semanticscholar.org/paper/Via-configurable-routing-architectures-

and-fast-for-Ran-Marek-

Sadowska/c6a0c551deced413a94b172cebc82f8296c11290.  
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MARC record for this conference proceedings volume from the University of 

Wisconsin – Madison Libraries online catalog.  The library ownership is indicated 

by the presence of the library’s name at the bottom of the screen.  I personally 

identified and retrieved the library catalog record which is Attachment 9A. 

115. Attached hereto as Attachment 9B is a true and correct copy of the 

MARC record for the volume titled ICCAD-2005: International Conference on 

Computer Aided Design obtained from the OCLC bibliographic database.  I 

personally identified and retrieved the MARC record that is Attachment 9B.  As 

previously noted, the library that created the record is recorded in field 040 with a 

unique library code.  For Attachment 9B, that library code is “NRC,” which means 

that the MARC record for this conference proceedings volume was cataloged at the 

North Carlina State University – Raleigh Libraries.  As can be seen in the 

“Entered” field in the MARC record for this exhibit, a cataloger at the North 

Carolina State University – Raleigh Libraries created OCLC record number 

6520971 on December 9, 2005, as shown in the “Entered” field (“20051209”).  

The library continues to update this MARC record and enhanced the MARC record 

to meet current cataloging rules.  The most recent enhancement to the MARC 

record occurred on June 23, 2022, as shown in the “Replaced” field (“20220623”).  

116. Attachment 9B further includes an entry in field 050 (“TK7867 $b 

.I3713 2005”)—as described above, a subject matter classification number 
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consistent with the Library of Congress classification system (analogous to the 

Dewey Decimal classification system) and an entry in field 082 (“621.3815”)—as 

described above, a subject matter classification number consistent with the Dewey 

Decimal classification system.   Attachment 9B also shows that Attachment 9 was 

catalogued with three descriptor terms reading “Electronic circuit design $x Data 

processing $v Congresses” (see Attachment 8D, Library of Congress subject 

heading sh2008102924), “Computer-aided design $v Congresses” (see Attachment 

9C, Library of Congress subject heading sh2008101464), and “Electronic circuits 

$x Testing $v Congresses” (see Attachment 9D, Library of Congress subject 

heading sh85042282 and Attachment 1E, Library of Congress subject heading 

sh85031115) in the 650 fields. Thus, as of its cataloging, the publication 

corresponding to the MARC record attached hereto as Attachment 9B was indexed 

according to its subject matter by virtue of at least three independently sufficient 

classifications: the field 050 entry, the field 082 entry, and the field 650 entries.  

Further, as of December 9, 2005, the MARC record attached hereto as Attachment 

9B was accessible through any library with access to the OCLC bibliographic 

database or the online catalog at a library that acquired the conference proceedings 

volume. 

117. Further supporting my opinion that Attachment 9 was publicly 

accessible to ordinarily skilled and interested researchers in the field is the fact that 
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the book titled ICCAD-2005: International Conference on Computer Aided Design 

was registered with the U. S. Copyright Office as item TX0006287270 on 

November 22, 2005, and indicated a publication date of November 11, 2005 (see 

Attachment 9E, U. S. Copyright Office Public Catalog).  As noted above, this 

would have provided a POSITA with keyword searching capabilities and other 

tools to locate this book. 

118. Attachment 9B indicates that the volume titled ICCAD-2005: 

International Conference on Computer Aided Design as cataloged at the North 

Carolina State University – Raleigh Libraries is currently available from 46 

libraries.  For these reasons, it is my opinion that Attachment 9 was published and 

publicly accessible at least as early as May 31, 2005 online, and December 9, 2005 

in print.  

J. PUBLICATION 10: “Low-Power Design Methodology and 
Applications Utilizing Dual Supply Voltages” by Kimiyoshi Usami 
and Mutsunori Igarashi. (“Usami”) 

119. Attached hereto as Attachment 10 is a copy of a conference paper 

published in the volume titled Proceedings of the ASP-DAC 2000: Asia and South 

Pacific Design Automation Conference, 2000 found in the Linda Hall Library of 

Science, Engineering & Technology (Kansas City, Missouri).  The conference 

paper titled “Low-Power Design Methodology and Applications Utilizing Dual 

Supply Voltages” by Kimiyoshi Usami and Mutsunori Igarashi (hereafter 
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“Usami”) appears beginning on page 123.  The ASP-DAC 2000: Asia and South 

Pacific Design Automation Conference, 2000 was held on January 25-28, 2000, in 

Yokohama, Japan.  Attachment 10 is a true and correct copy of the Usami 

conference paper (pages 123-128).  I obtained this copy of the conference paper 

from the Linda Hall Library of Science, Engineering & Technology.  Specifically, 

the text of the Usami conference paper is complete; no pages are missing, and the 

text on each page appears to flow seamlessly from one page to the next; further, 

there are no visible alterations to the document.  Attachment 10 was found within 

the custody of a library—a place where, if authentic, a copy of this conference 

proceedings volume would likely be.  Attachment 10 is a true and correct copy in a 

condition that creates no suspicion about authenticity.   

120. The Usami conference paper is also available in the IEEE Xplore 

database,29 added on August 6, 2002, the ACM Digital Library,30 added on January 

28, 2000, and the digital repositories ResearchGate31 and Semantic Scholar.32 

121. Attached hereto as Attachment 10A is a true and correct copy of the 

 

29 https://ieeexplore.ieee.org/document/835082/similar#similar.  
30 https://dl.acm.org/doi/10.1145/368434.368590.  
31 https://www.researchgate.net/publication/221154567_Low-

power_design_methodology_and_applications_utilizing_dual_supply_voltages.  
32 https://www.semanticscholar.org/paper/Low-power-design-methodology-and-

applications-dual-Usami-Igarashi/4061ef9410a85234ae5c0301eb6d92fb2f04ff67.  
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MARC record for this conference proceedings volume from the Linda Hall Library 

of Science, Engineering & Technology online catalog.  The library ownership is 

indicated by the presence of the library’s code (LHL) in field 049.  The most recent 

enhancement to the MARC record occurred on January 17, 2002, as shown in field 

005 (“20020117”).  I personally identified and retrieved the library catalog record 

which is Attachment 10A. 

122. Based on finding a copy of Attachment 10 in the Linda Hall Library 

of Science, Engineering & Technology and MARC record in its online library 

catalog attached as Attachment 10A, it is my opinion that the book titled 

Proceedings of the ASP-DAC 2000: Asia and South Pacific Design Automation 

Conference, 2000 was publicly available at the Linda Hall Library of Science, 

Engineering & Technology as of May 27, 1998, as indicated in field 005 

(“980527”).  

123. Attached hereto as Attachment 10B is a true and correct copy of the 

MARC record for the volume titled Proceedings of the ASP-DAC 2000: Asia and 

South Pacific Design Automation Conference obtained from the OCLC 

bibliographic database.  I personally identified and retrieved the MARC record that 

is Attachment 10B.  As previously noted, the library that created the record is 

recorded in field 040 with a unique library code.  For Attachment 10B, that library 

code is “DLC,” which means that the MARC record for this conference 
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proceedings volume was cataloged at the Library of Congress.  As can be seen in 

the “Entered” field in the MARC record for this exhibit, a cataloger at the Library 

of Congress created OCLC record number 43950158 on May 27, 1998, as shown 

in the “Entered” field (“19980527”).  The library continues to update this MARC 

record and enhanced the MARC record to meet current cataloging rules.  The most 

recent enhancement to the MARC record occurred on November 30, 2022, as 

shown in the “Replaced” field (“20221130”).  

124. Attachment 10B further includes an entry in field 050 (“QA76.6 $b 

.A78 2000”)—as described above, a subject matter classification number 

consistent with the Library of Congress classification system (analogous to the 

Dewey Decimal classification system).   Attachment 10B also shows that 

Attachment 10 was catalogued with two descriptor terms reading “Integrated 

circuits $x Computer-aided design $v Congresses” (see Attachment 8C, Library of 

Congress subject heading sh2009127317) and “Electronic circuit design $x Data 

processing $v Congresses” (see Attachment 8D, Library of Congress subject 

heading sh2008102924) in the 650 fields. Thus, as of its cataloging, the publication 

corresponding to the MARC record attached hereto as Attachment 10B was 

indexed according to its subject matter by virtue of at least two independently 

sufficient classifications: the field 050 entry and the field 650 entries.  Further, as 

of May 27, 1998, the MARC record attached hereto as Attachment 10B was 
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accessible through any library with access to the OCLC bibliographic database or 

the online catalog at a library that acquired the conference proceedings volume. 

125. Further supporting my opinion that Attachment 10 was publicly 

accessible to ordinarily skilled and interested researchers in the field is the fact that 

the book titled Proceedings of the ASP-DAC 2000: Asia and South Pacific Design 

Automation Conference was registered with the U. S. Copyright Office as item 

TX0005102080 on April 13, 2000 and indicated a publication date of January 25, 

2000 (see Attachment 10C, U. S. Copyright Office Public Catalog).  As noted 

above, this would have provided a POSITA with keyword searching capabilities 

and other tools to locate this book. 

126. Attachment 10B indicates that the volume titled Proceedings of the 

ASP-DAC 2000: Asia and South Pacific Design Automation Conference as 

cataloged at the Library of Congress is currently available from 28 libraries.  For 

these reasons, it is my opinion that Attachment 10 was published and publicly 

accessible at least as early as January 28, 2000 online, and May 27, 1998 in print.  

VIII. SUMMARY OF OPINIONS 

127. In view of the foregoing, it is my opinion that the publications 

described above were publicly available no later than the corresponding date listed 

in the table below: 
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Attachment Publication Publicly 
Available At 

Least As Early 
As 

1 Jiang, Hailin, Malgorzata Marek-Sadowska, and 
Sani R. Nassif. “Benefits and Costs of Power-
Gating Technique.” In 2005 International 
Conference on Computer Design: Proceedings 
(pp. 559-566). ICCD ’05. Los Alamitos, CA: 
IEEE Computer Society, ©2005. 

November 8, 
2005 

2 Li, Wei, Daniel Blakely, Scott Van Sooy, Kevin 
Dunn, David Kidd, and Robert Rogenmoser. 
“LVS Verification across Multiple Power 
Domains for a Quad-Core Microprocessor.” 
ACM Transactions on Design Automation of 
Electronic Systems, vol. 11, no. 2 (April 2006): 
490-500. 

April 1, 2006 

3 Jiang, Hailin, and Malgorzata Marek-Sadowska. 
“Power/Ground Supply Network Optimization 
for Power-Gating.” In International Conference 
on Computer Design 2006 (pp. 332-337). 
ICCD ’06. Piscataway, NJ: IEEE, ©2006. 

November 18, 
2005 

4 Jiang, Hailin, and Malgorzata Marek-Sadowska. 
“Power-Gating Aware Floorplanning.” In 
Eighth International Symposium on Quality 
Electronic Design: Proceedings (pp. 853-860). 
ISQED ’07. Los Alamitos, CA:  IEEE Computer 
Society, ©2007. 

March 26, 2007 

5 Kim, Suhwan, Stephen V. Kosonocky, Daniel 
R. Knebel, Kevin Stawiasz, David Heidel, and 
Mike Immediato. “Minimizing Inductive Noise 
in System-On-a-Chip with Multiple Power 
Gating Structures.” In ESSCIRC 2003: 
Proceedings of the 29th European Solid-State 
Circuits Conference (pp. 635-638). ESSCIRC 
2004. Piscataway, NJ: IEEE, ©2003. 

January 5, 2004 

6 Keating, Michael, David Flynn, Robert Aitken, 
Alan Gibbons, and Kaijian Shi. Low Power 
Methodology Manual. New York: Springer 
Science + Business Media, 2007. 

July 31, 2007 
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Attachment Publication Publicly 
Available At 

Least As Early 
As 

7 Bertolet, A., K. Carpenter, K. Carrig, A. Chu, A. 
Dean, F. Ferraiolo, S. Kenyon, D. Phan, J. 
Petrovick, G. Rodgers, D. Willmott, T. Bairley, 
Q, T. Decker, V. Girardi, B. Y. Lapid, M. 
Murphy, P. A. Scott, and R. Weiss. “A Pseudo-
Hierarchical Methodology for High 
Performance Microprocessor Design.” In 
Proceedings: 1997 International Symposium on 
Physical Design (pp. 124-129). ISPD '97. New 
York: Association for Computing Machinery, 
©1997. 

April 1, 1997 

8 Benini, Luca. “Advanced Power Management 
Techniques: Going Beyond Intelligent 
Shutdown.” In Proceedings of the ASP-DAC 
2003: Asia and South Pacific Design 
Automation Conference 2003 (pp. 385–389). 
ASP-DAC '03. Piscataway, NJ: Institute of 
Electrical and Electronics Engineers, ©2003. 

January 21, 
2003 

9 Ran, Yajun, and Malgorzata Marek-Sadowska. 
“Via-Configurable Routing Architectures and 
Fast Design Mappability Estimation for Regular 
Fabrics.” In ICCAD-2005: International 
Conference on Computer Aided Design (pp. 25-
32). ICCAD '05. Piscataway, NJ: IEEE, ©2005. 

May 31, 2005 

10 Usami, Kimiyoshi, and Mutsunori Igarashi. 
“Low-Power Design Methodology and 
Applications Utilizing Dual Supply Voltages.” 
In Proceedings of the ASP-DAC 2000: Asia and 
South Pacific Design Automation Conference, 
2000 (pp. 123-128). Piscataway, NJ: Institute of 
Electrical and Electronics Engineers, 2000. 

May 27, 1998 
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Abstract
Power-gating is a technique for saving leakage

power by shutting off the idle blocks. However,

without good understanding and careful design,

negative effects of power gating may overwhelm the

potential gain and may make the technique not

worth the effort. In this paper, we report on our

study of the benefits and costs of the power-gating

technique in terms of power, area, and performance.

We model and analyze several strongly related

parameters such as sleep-transistor size, decap

area, and supply voltage level. We also report on

our experiments to demonstrate how the gated area,

circuit behavior and power mesh granularity affect

the power gating technique at the system level.

Experimental results show that, by compromising

4% of the total area and 5% of the dynamic power,

we can achieve 47% leakage power saving while

maintaining the same performance. With technology

scaling down, the saving is significant. We conclude

that we can benefit from the power-gating technique

in future technology nodes.

1. Introduction

With the advent of portable electronic devices and

high density VLSI circuits, power dissipation has

emerged as a major design concern. Simultaneously,

technological advances result in shrinking of the

minimum feature size as well as in lowering of the

supply and threshold voltages which cause a dra-

matic increase of the leakage current. Leakage

power has now become a major component of the

total power dissipation in CMOS circuits[6][9]. 

Power-gating is a technique for reducing leakage

power by shutting off the idle blocks. Implementa-

tion of power-gating requires a multi-threshold

CMOS process. Logic blocks are implemented using

low- , high-performance transistors whereas high-

 transistors (called sleep transistors) connect the

gated blocks to the power supply [1]. Power-gating

Vt

Vt

is not a cost-free technique. Negative effects include

a combination of noise, performance penalty, area

and power overhead, etc. In this paper, we study and

quantify the benefits and costs of the power-gating

technique in terms of area and power. We also con-

sider the impact of scaling trends on the applicabil-

ity of power gating. In [2], the authors evaluate

limitations and power-savings of three leakage-

power reduction techniques and address the outlook

for scaling technology. However, although they

mention sleep transistors, the focus of the paper is

on using phase-locked loops (PLLs) as voltage regu-

lators to gate power supply. The phenomena occur-

ring in circuits power-gated with sleep transistors

are not addressed in that work. Moreover, the stud-

ies are performed on small test circuits (such as 32-

bit 2-input NOR gate) which may not capture all the

phenomena of a system-level power-gating tech-

nique. To the best of our knowledge, our work is the

first one addressing the system-level trade-off in

sleep-transistor-based power-gating technique.    

The remainder of this paper is organized as fol-

lows. In section 2, we briefly introduce the costs and

benefits of a sleep-transistor-based power-gating

technique. In section 3, we characterize and model

each effect in detail, explaining the simulation flow

used to evaluate the trade-off. In section 4 we show

the experimental results and scaling trend. Section 5

concludes the work.

2. Comparison two power supply systems

Here we consider a standard chip (Fig1(a)) and a

power-gated chip (Fig1(b)) both implementing the

same functionality. In the standard chip, all logic

circuits are connected to Vdd through a hierarchical

power mesh. The entire chip is fully powered at all

times. In the power-gated chip, we have local power

meshes for all macros, and sleep transistors are used

to connect the local mesh to the global mesh.
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When a macro is active, the sleep transistor is

turned on. Its size must be large enough to guarantee

that the current drawn by the macro does not cause

excessive voltage drop. If we want to maintain the

same performance with and without power-gating,

in the gated chip the  has to be raised by  to

counteract the voltage drop across the sleep transis-

tor. However, increasing the supply voltage

increases the dynamic and leakage power consump-

tion, which may nullify the intended power savings. 

Also, when sleep transistors are turned on and

off, considerable power supply currents are drawn in

a short period of time, which may result in large

voltage fluctuations on the power grid. This power-

gating noise (PGN) affects the reliability of sys-

tems-on-chips (SoCs), especially for advanced

CMOS technologies with narrow noise margins. We

need to add extra decoupling capacitance (decap) to

reduce the PGN and take into account the additional

leakage currents associated with the intentionally

introduced capacitors. At the same time, the switch-

ing sleep transistors consume more dynamic power. 

In a chip without power-gating, the non-switch-

ing part of the circuit serves as a decoupling capaci-

tor and reduces the power grid noise. However, in

the power-gated chip, the gated macros are discon-

nected from the power supply during their idle state,

which prevents them from acting as a decap for the

active circuit. Thus the non-gated macros adjacent

to the gated circuitry may need extra decap to guar-

antee that power grid noise remains within tolerable

margins. The gated macros not only stop providing

decap to other macros, but also act as an obstacle for

decap insertion. Extra decap will enlarge the chip

size and again consume more leakage power. 

We will now consider the chip shown in Fig.1.

Region I contains the gated macros B and C,

whereas region II consists of ungated macros A and

D. We qualitatively compare the leakage, dynamic

power, decap and sleep transistor area of those two

regions. We normalize the data to that of an ungated

chip which realizes the same functionality as the

gated chip. The trade-off in terms of power and area

for power-gating systems can be summarized in

Table.1. 

We notice that the benefit comes only from sav-

ing in the leakage power of gated circuits, and the

costs include: 1) area consumed by the extra decap

and sleep transistors; 2) dynamic power of both

regions and leakage consumption of non-gated cir-

cuit and decaps. In our study, we will attempt to

quantify these benefits and costs. 

3. Characterization of power gating

technique

3.1. Power-gating modeling

The power-gating model is shown as Fig.2. The

upper power mesh can be modeled as a linear RL

network excited by constant voltage sources. The

lower power mesh is composed of a linear RC net-

work excited by time-varying current sources which

represent the switching currents drawn by the logic

circuits. We use a simple triangle waveform to

model the current profiles.  is the on-chip decou-

Vdd DV

VDD

VDD

(a)

A

B

C

D

VDD

VDD

A

B

C

D

(b)

Figure 1. Power supply system (a) normal 
power supply system (b) power-gating system

sleep
transistor

L1

L2

Table 1. Power-gating vs. non-power-gating

non-power-gating

chip region

power-gated

chip region

I II I II

P(leakage) 1 1

P(dyn) 1 1

Area(decap) 1 1 1

Area(st) N/A N/A N/A

C
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pling capacitor which is provided by the non-switch-

ing part of the logic circuit. 

In the traditional power network analysis for the

ungated chip, sleep transistors are replaced by vias

(resistors). So the entire system is a linear RLC net-

work excited by the voltage and current sources.

The modified Nodal Analysis (MNA) formulation

can be used to solve this system. However, when

sleep transistors are introduced, the power network

is no longer linear. We use HSPICE to simulate the

power-gating noise at the moment the sleep transis-

tors are turned on and off; and we use ALSIM, the

IBM linear power network analyzer, to simulate the

voltage delivery behavior when sleep transistors are

on and can be modeled as resistances. 

3.2.  Sleep-transistor sizing 

In our model, we assume distributed sleep tran-

sistors, one per gated block. When sleep transistors

are absent, the delay of a single gate can be approxi-

mated by [3]

(EQ 1)

where  is the load capacitance at the gate’s

output,  is the threshold voltage in the low 

block, and  is the velocity saturation index for

modeling short channel effects [4]. In the presence

of a sleep transistor, the gate propagation delay

increases to

(EQ 2)

where  is the voltage drop on the sleep tran-

sistor. To eliminate the performance loss caused by

the sleep transistor,  has to be increased to  such

that

. (EQ 3)

We assume  and define supply increase

ratio as

(EQ 4)

and we get
. (EQ 5)

The sleep transistor operates in its linear region

and the current can be expressed as

. (EQ 6)

Substituting for , the size of sleep transistors

can be expressed as

(EQ 7)

where  is the threshold voltage of the sleep

transistor. The total sleep transistors’ size of one

gated block can be approximated by

(EQ 8)

where  is the maximum switching current

generated by the gated circuit.

We notice that the sleep transistor size is related

to the increased . Thus the higher the supply

voltage, the smaller the required sleep transistor; but

also the more power consumed. Performance can be

traded also. If we allow some performance loss

(PL), supply voltage may not necessarily increase.

These parameters should be decided according to

design requirements.

3.3. Power saving vs. cost

The purpose of power-gating is to save leakage

power when blocks are idle. However, power-gating

itself incurs power cost. If that cost is comparable or

even larger than the savings, then the power-gating

technique is not worth the effort. The work reported

in [5] estimates the minimum idle time when consid-

ering the overhead associated with the leakage

reduction technique. However, if the supply voltage

is increased to counteract the performance loss of

power-gating, as analyzed in section 3.2, the mini-

mum idle time is no longer sufficient to characterize

the trade-off between the cost and benefit. 

Figure 2. Power gating modeling 
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Fig.3(a) depicts the circuit’s power gating sched-

ule.  is the sleep time,  is the active

time,  and  are the transition times. We have

two power supply schemes: (a) power-gating and (b)

no-power-gating. Circuits are divided into two

regions (I) consisting of gated circuits and (II) of

non-gated circuits. Fig.3 (b)-(e) shows the power

comparisons in particular regions. The dark line

illustrates the power consumed in the power-gated

chip, and the light line indicates power consumed in

the ungated chip. From the comparisons, we get the

leakage power saving  in region I; the leakage

power overhead , and dynamic power overhead

 in region II

We define  and  to be the energies dissi-

pated by sleep transistor during the time periods 

and . To make the power-gating scheme worth-

while, the power balance must satisfy the following

inequality:

(EQ 9)

From Eq.9, we note that not only should the

sleep time be long enough, but also the active time

cannot be longer than a certain period. We define an

active ratio:

The designer can select the value of  and

observe power saving as a function of . The

waveform will reach a maximum saving value after

a certain value of . We can also fix  to

explore the effect of .

3.4. Power estimation

3.4.1. Dynamic power, Dynamic power is con-

sumed by the switching of the circuit and of the

sleep transistor. The dynamic power consumed by

the circuit as

(EQ 10)

where  is the capacitance of the kth gate,

which is also the load capacitance of its parent gate.

 is an empirically determined switching factor

characterizing the circuit’s switching activity.  is

the operating frequency and  is the supply volt-

age. In this paper, we focus only on relative compar-

isons rather than precise calculations; our

estimations are rough but sufficient to observe the

trends. For more accuracy, we can perform logic

simulation, obtain switching probabilities of each

gate and use individual weights  on each . 

The dynamic power consumed by the sleep tran-

sistor is obtained from HSPICE on a simple model

shown in the Fig.4.  is the total drain-source

capacitance of the non-switching part of the gated

circuit. A step signal  is applied to trigger the

sleep transistor. HSPICE reports the average power

dissipation  during the time T. To get

 (Section3.3), we have

. (EQ 11)

3.4.2. Leakage power, There are two major leakage

mechanisms in scaled devices: subthreshold leakage

 and gate leakage . [10]. Both of these leak-

age components are increasing very rapidly with

technology scaling. Furthermore, to get sufficiently

large capacitance, decaps are usually made from

thin gate-oxide MOS transistors with long and wide

channels. These decaps will leak more as technology

continues scaling down.

Circuit leakage is caused by two mechanisms:

gate- leakage and decap-leakage. Gate-leakage char-

acterizes the leakage of logic gates and is input-pat-
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tern-dependent. Decap leakage is pattern-

independent. We use HSPICE to simulate the aver-

age leakage for a variety of standard cells used in

circuits. Probability of pattern occurrence should be

weighted in simulation. To compute the decap leak-

age, we run simulations and determine the unit leak-

age per . The total leakage of a circuit is

estimated as

 (EQ 12)

where  is total decap area,  is the empirical

switching factor. Leakage power is expressed as

. (EQ 13)

When supply voltage increases,  will

increase exponentially

(EQ 14)

where ,  is the thermal

voltage, and n is the subthreshold slope coefficient. 

3.5. Decap insertion

Power grid noise is caused by simultaneous

switching of the core logic and I/O buffers. Sleep

transistors introduce power-gating noise when they

are switching on and off. By adding decoupling

capacitors, we can dramatically reduce both power

gating noise and simultaneous switching noise.

Decaps come from on-chip non-switching capacitors

 or thin-oxide capacitors  which are pur-

posely inserted. The on-chip decap is extracted from

each logic block and is known before floorplanning.

If  is not sufficient for noise immunity, more

s are added. We model the  insertion as illus-

trated in Fig.5. Decap can be added peripherally

around a block (Fig.5. b) or can be evenly distrib-

uted within the block(Fig.5. c). 

We apply a greedy algorithm to implement decap

insertion: 

1 Given a set of blocks with their areas, minimum and

maximum height/width ratios, and the switching

current profiles modeled as piece-wise-linear

functions, we apply floorplanning. 

2 After floorplanning, we know each block’s location

and the topology of power grid. We simulate the

whole chip and obtain the noise distribution. We

determine a grid node P on which the worst-case

noise occurs.

3a (Peripheral insertion) The boundary decap tile is

considered as a pure capacitance block. For a node P,

we calculate the noise sensitivity to decap placed on

every side of each block: ,

. N is the total number of blocks in

the chip.  represents four sides of a block. 

is a decap added to the ith block, on the jth side.

We insert decap to a block and size which

results in maximum elimination of noise.

3b (Central insertion) We calculate the noise sensitivity

to decap of each block for node P: .

We select the one resulting in the greatest noise

reduction and insert decap into the corresponding

block.

4 We simulate the chip with added decap to update the

noise distribution. If the worst case noise is already

within the noise margin, we go to step 5; otherwise,

back to step 3.

5 We update the area of each block with inserted

decaps and apply a refinement floorplannning (with

hard blocks) to adjust the blocks’ location. 

3.6.  Simulation flow

Our complete simulation flow is shown in Fig.6.

We begin with a set of blocks and perform the initial

floorplanning. Next we follow two branches. One is

for the regular power supply chip and the other is for

the power-gated chip. In the former one, we do the

power grid noise analysis and decap insertion to

keep the noise within the margin. In the latter one,

we first size the sleep transistors and increase Vdd

to ensure the same performance. Power grid noise

analysis combined with decap insertion are per-
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formed to meet the noise margin. Finally, we com-

pare the saving and overhead of those two designs.

4. Experiments

We implement 26 circuits (from MCNC and

ISCAS benchmarks respectively) as the basic logic

blocks. The initial floorplan of those blocks is

shown as in Fig.7. 

For each block, we collected following data from

standard cell library and simulation:

: loading capacitance, for dynamic power

estimation;

: current profile, for noise analysis;

: leakage current, for leakage power

estimation;

: decoupling capacitance, for noise analy-

sis and power estimation.

We used Tcl programming language to develop

our simulation flow, which includes HSPICE and

ALSIM. We ran all the experiments on a P4 2.4GHz

PC with Linux. The test circuits were first imple-

mented in 0.13 m technology. The temperature was

25 C. 

1. Power-gating vs. no-power-gating

In this experiment, we gated half of the circuits

(blocks whose geometric centers were on the left

half of the chip) and compared it with non-power-

gated chip in terms of power and area. Table.2

shows the parameters of the initial chip. The noise is

beyond the acceptable margin (we assume 10% of

Vdd), so decap insertion is necessary. We imple-

ment both center decap insertion and peripheral

decap insertion. 

The comparison results are reported in Table 3.

Vdd is increased to 1.54V to meet the same target

frequency. The relative area overheads introduced

by the sleep transistors and decaps are listed in rows

3, 5, 9 and 11. The last column indicates the benefit

(positive number) and cost (negative number) of the

power-gating technique. For example, for the center

decap insertion strategy, by compromising 4.2%

area and 4.98% dynamic power, we can achieve

44.24% saving in leakage power. Experimental

A set of logic macros

floorplanning 

noise analysis

decap insertion

 within margin?

N

Y

non-gating chip

size sleep transistor 

noise analysis

within margin?

N
Y

decap insertion

power-gating chip

compare total power consumption and area overhead

Figure 6. Evaluating power-gating technique 

and increase Vdd

Figure 7. Floorplan of 26 circuits(1x0.9mm^2)

Cl

Iprofile

Ileak

Cdecap

m
¯

Table 2. Initial chip

Vdd(V) Vnoise(V) Cload(pF) P_dyn(mW) P_leak(mW)

1.5 0.25 398 143 13.7

Table 3. Comparison between w/ and w/o 
power-gating

no-gating power-gating b/c(%)

Center 

Decap

Insertion

Vdd(V) 1.5 1.54

ST(%) 0 4 -4

Decap(pF)

(%)

481 529

2.4 2.66 -0.2

Pdyn(mW) 143 150 -4.98

Pleak(mW) 13.9 7.75 44.24

Peri-

pheral

Decap

Insertion

Vdd 1.5 1.54

ST(%) 0 4 -4

Decap(pF)

(%)

567 850

2.85 4.21 -1.36

Pdyn(mV) 143 150 -4.98

Pleak(mV) 14.0 8.89 +36.5
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results show that, in general, the center decap inser-

tion is better than the peripheral one. 

We note that the energy consumed by switching

of sleep transistors (which is around 7.5nJ) is not

counted in the dynamic power calculation reported

in Table 3. Generally speaking, we need to use Eq.9

to decide when savings are possible. However, in

this case the absolute cost of dynamic power (7mW)

exceeds the absolute saving of leakage

power(6.15mW), so the total power cannot be saved.

In a later experiment, however, we will see that with

technology scaling down, power-gating to reduce

leakage does save the total power.

2. Gating-effects vs. gated-area

We did a study on the impact of gated area on

gating effects. First, we built a chip whose current

distribution was uniform. Then we varied the ratio

of gated to non-gated area from 20% to 100%, as

shown in Fig.8. Table 4 summarizes the results. All

the data have been normalized to the ungated sys-

tem. Leakage power decreases with increase in

gated-to-ungated ratio. The interesting thing is that

the area overhead and the dynamic power overhead

do not keep increasing. The reason is as follows:

First, as the gated area increases, the sleep transistor

size is increasing. More efforts, such as increasing

Vdd and inserting decap, are required to counteract

its impact on the active circuits. However, at the

same time that the area of the active circuits is

decreasing, their impact begins to diminish. This

means that after reaching a certain gating ratio, we

begin saving at an increasing rate. 

3. Gating-effect vs. gated-circuits

In this experiment, we studied the effect of cir-

cuit behavior on the power-gating result. We re-

floorplanned the 26 logic blocks in such a way that

big-current drawing blocks were placed in region B,

and small current-drawing blocks in region S, as

shown in Fig.9. Then we gated one region and kept

the other active. The comparisons are shown in

Table.5. In general, gating big current-drawing

blocks saves more leakage power but at a higher

overhead cost of area and dynamic power. 

4. Gating-effect vs. power-mesh-granularity

In this experiment, we studied the impact of the

power mesh granularity on power-gating result. We

kept the area of power mesh constant and changed

the width of horizontal and vertical segments.

Fig.10 shows power meshes of various granularity.

We used meshes of several granularities on the same

gated system. Fig 11 shows the decap insertion

results for such meshes.  stands for a mesh of

m rows and n columns. The y-axis data is normal-

ized to the ungated system. The stable curve implies

that if we keep the power mesh area constant, the

noise incurred by power-gating does not change

much with mesh granularity.

Figure 8. Fated circuits in grey area

Table 4. Gated-area vs. gating-effects

gated area 20% 40% 60% 80% 100%

Area NG 1 1 1 1 1

G 1.03 1.05 1.16 1.16 1.15

P

dynamic

NG 1 1 1 1 1

G 1.02 1.04 1.06 1.04 1.02

P

leakage

NG 1 1 1 1 1

G 0.73 0.66 0.53 0.29 0.08

Figure 9. Circuits have different behavior in 
different regions

B

S     B

S

Table 5. Gated circuits with different behavior

ST(%) Decap P_dynamic P_leakage

NG N/A 1 1 1

gate_B 7 1.14 1.06 0.42

gate_S 3 1.06 1.04 0.73

MxN

Figure 10. Power mesh granularity

Figure 11. inserted decap
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5. Technology trends

Fig 12 shows how technology affects power-gat-

ing. We observe that dynamic power decreases and

leakage power increases for technology moving

130nm to 70nm. The difference in leakage power

between power-gated and ungated systems is

becoming larger than the difference in dynamic

power, which implies a promising future for the

power-gating technique. At the same time, we note

that the power density is increasing for both power-

gated and ungated systems, as shown in Fig 13, but

the growth is slower for the power-gated chips than

for the ungated, which suggests that in the future the

low-power designs will favor the power-gating tech-

niques. 

5. Conclusions

In this paper, we have discussed the findings of

our studies on the benefits and costs incurred by the

power-gating technique. We demonstrated that there

are several components strongly related to power-

gating, such as sleep transistor size, decap area, and

supply voltage  level. We modeled these compo-

nents and analyzed the effects they caused. We

showed experimentally how the gated area, circuit

behavior and power mesh granularity affect the

power budget of the gating technique at the system

level. Our experimental results show that, by com-

promising the 4% of total area and 5% of the

dynamic power, we can reduce leakage power by

47% while keeping the same performance. With

technology scaling down, the absolute value of

power saving will out weigh the absolute value of

power cost. Therefore, we conclude that power-gat-

ing is a promising low-power technique for the next

generation technology.
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Abstract -- Power-gating is a technique for efficiently
reducing leakage power by shutting off the idle blocks. How-
ever, the presence of power-gating may also introduce nega-
tive effects on power supply network, which have not been
considered in the earlier design stages. Ignoring those effects
may result in suboptimal power supply network designs and
could potentially even nullify the intended power savings. In
this paper, we analyze mutual dependencies between the sleep
transistors and the P/G network, and we present a general
flow to optimize the P/G supply network for power-gating.
Experimental results show that sizing sleep transistor and
power network separately cannot achieve optimal solution in
terms of power. By compromising only 1% of the total area,
our optimization method allows us to save 10% of power dissi-
pated on decaps and sleep transistors, which is a practical
solution for a power-gated system. We also report results of a
study on optimal solutions for various gated areas and current
densities.

Index Terms -- Power gating, power/ground network,
decap, sleep transistor, optimization.

I. INTRODUCTION
Due to continuous shrinking of the minimal feature size,

lowering of supply voltages, and lowering of threshold
voltages, leakage power is emerging as a major challenge
for current and future CMOS designs. Power-gating is an
efficient technique for reducing leakage power by shutting
off the idle blocks. Implementation of power-gating
requires a multi-threshold CMOS process. Logic blocks are
implemented using low- , high-performance transistors,
whereas high-  transistors (also called sleep transistors)
connect the gated blocks to the power supply [6]. 

However, the power-gating is not without cost. In [4],
the authors discuss and quantify the negative effects of
power gating, which include noise, performance penalty,
area and power overhead, etc. Recently, research efforts
have been made in the physical design stage to reduce some
of these negative effects. In [1], the authors propose a novel
gating structure in which the sleep transistors are turned on
in a non-uniform, step-wise manner to reduce the magni-
tude of the voltage fluctuations. In [5], the authors propose
two clustering algorithms based on bin-packing and set-
partitioning techniques for centralized sleep-transistor siz-
ing, which improve the chip area and performance.

However, all those works have been done assuming that
the power supply network had already been designed.
There is no mention that the global power supply grid
requires any special considerations related to power gating.
Designing the global grid giving no consideration to power
gating causes two problems. First, introducing power-gat-
ing to an existing grid causes a new power grid noise origi-

nating from the switching of sleep transistors. At the same
time, gated macros shield the decap effect from the gated
circuit and hinder the decap insertion in that area. Thus the
power supply network should be appropriately redesigned
to be immune to the gating noise. Second, the traditional
P/G network optimization performs wire sizing and decou-
pling capacitor insertion [7][9] targeting at minimizing the
total area. However, when power-gating is implemented,
sleep transistors will consume power and more decaps will
cause more dissipated leakage power, especially in more
advanced technologies. If the power delivery network and
sleep transistors are designed in such a way that their extra
costs nullify the power savings, the power-gating technique
becomes useless. Because of the mutual dependencies
between the sleep transistors and the P/G network, we have
to consider them together to achieve an optimal solution in
terms of power. In this work, we present a general algo-
rithm to optimize the power/ground supply network for
power-gating. To the best of our knowledge, our work is
the first one that addresses this problem.

The remainder of the paper is organized as follows. In
section II, we point out the problems introduced by power-
gating in the context of P/G network. In section III, we
address the co-design of the sleep transistors and of the P/G
network. In section IV, we present our method for optimiz-
ing the P/G network for power-gating. In section V we
show the experimental results. Section VI summarizes our
conclusions and suggests practical uses for the results. 

II. ANALYSIS OF P/G NETWORK DESIGN WITH
POWER-GATING

Traditionally, the on-chip power distribution network is
constructed hierarchically. Power is delivered from the top-
level metal layer (which is connected to the package),
down through the internal layers, and finally to the active
device. The entire chip is fully powered at all times. In a
power-gating system, a circuit is divided into several power
domains. Each domain is independently controlled by a
sleep-transistor. The sleep transistors are turned off to
reduce the dynamic power and leakage power in a standby
mode, and turned on in an active mode for normal opera-
tion.

Power/ground network is traditionally optimized by
wire width sizing and decap insertion, with an objective of
minimizing the total area under the IR drop and electrical
migration constraints. However, when power-gating is
applied on a power supply network, the new technique will
introduce extra effects which did not exist before but which
should be considered now. 

Vt
Vt
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First, the sleep transistor needs to be carefully designed.
Its size must be sufficient to guarantee that the current
drawn by a macro does not cause an excessive voltage drop
on a sleep transistor which is turned on. However, when
large-size sleep transistors are turned on and off, consider-
able power supply currents are drawn in a short period of
time, which may result in large voltage fluctuations on the
power grid. This power-gating noise (PGN) affects the reli-
ability of systems-on-chips (SoCs), especially for advanced
CMOS technologies with narrow noise margins. We need
to add extra decap to reduce the PGN and take into account
the additional leakage currents associated with the inten-
tionally introduced capacitors. 

Second, in the power-gating system, the gated macros
are disconnected from the power supply in their idle state,
which prevents them from acting as decaps for the active
circuits. Thus the non-gated macros adjacent to the gated
circuitry may need extra decap to guarantee that power grid
noise remains within tolerable margins. The gated macros
not only stop providing decap to other macros, but also act
as an obstacle for decap insertion. Extra decap will enlarge
the chip size and again consume more leakage power. 

So without taking these effects into account, the power
supply network will not be robust enough to tolerate noise
and needs to be redesigned. Now, the question is, should
we design a P/G network with power-gating in one shot? Is
the co-design of sleep transistors and P/G network neces-
sary? In the following section, we will discuss the mutual
dependencies between the sleep transistor design and P/G
network design to answer these questions. 

III.    CAN THE SLEEP TRANSISTOR AND P/G 
NETWORK DESIGN BE DECOUPLED?

The most straightforward approach to design a robust
P/G network with power-gating is to size the sleep transis-
tors first, and then optimize the P/G network. This
approach works to achieve the minimal total area consumed
by the sleep transistors, decaps, and power mesh. This is so
because the smaller sleep transistors will cause less noise,
thus requiring fewer resources to counteract it. All the siz-
ings go in the same direction. We can first minimize the
total area of sleep transistor under the performance con-
straint (i.e. the maximal voltage drop across on the sleep
transistor), then optimize the P/G network by wire-sizing
and insert decap based on the given size of sleep transis-
tors. 

However, the purpose of introducing power-gating is to
save power. If the cost of power overhead caused by power
gating is greater than the savings it provides, power-gating
is useless. So the task we face is how to minimize the
power consumption caused by power-gating. We have
observed a mutual dependency in terms of power between
the sleep transistors’ sizes and decap. When we decrease
the sleep transistors’ sizes, the switching noise on the
power grid decreases, which calls for less decap and in turn
less dissipated leakage power. However, smaller size tran-
sistors have larger resistance, which increases the IR drop

across them, which increases the power consumed. So the
simple approach outlined at the beginning of this section
cannot guarantee the minimal power consumption. Opti-
mizing the area would make no sense because it could
erode the potential power saving. Moreover, because of the
mutual dependency, the designs of sleep transistors and
P/G networks cannot be decoupled. We need to find the
trade-off between sleep transistors and decap to achieve the
optimal solution in terms of power. 

In this work, we present a general flow to optimize a
P/G network with power-gating. Through this flow, we can
achieve an optimal solution in terms of either area or power
consumption. More generally, by adjusting the weighting
parameters, we can determine the best trade-off between
area and power, depending on design requirements. 

IV.    P/G NETWORK OPTIMIZATION CONSIDERING 
POWER-GATING 

A. Modeling 
a) Power-gating.
The power-gating model is shown in Fig.1. The upper

power mesh can be modeled as a linear resistive network
excited by constant voltage sources (we ignore the package
inductance in this work). The lower power mesh is com-
posed of a linear RC network excited by time-varying cur-
rent sources which represent the switching currents drawn
by the logic circuits. We use a simple triangular waveform
to model the current profiles.  denotes decap from the on-
chip non-switching capacitors  and/or purposely
inserted oxide capacitors . 

b) Sleep transistor.
The model we use for the sleep transistor depends on its

region of operation, see Fig.2. When the sleep transistor is
switching, it works in the saturation region. In the satura-
tion stage, the sleep transistor can be modeled as a current
source with a triangle waveform. The peak current is
expressed by Sakurai’s alpha-power-law [8] formula:

(1)

where  is the velocity saturation index for modeling the
short channel effects. It is close to one in modern deep sub-
micron devices. We define the switching period as twice
the falling time of the signal : . (Refer to
Fig.2 for definitions of t0, t1 and t2.) When a gated macro is
active, the sleep transistor which controls it works in the
linear region and can be modeled as a resistor:

C
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Fig. 1. Power gating modeling 
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                   (2)
           

       (3)
where  is the switching current of the logic block,  is
the threshold voltage of the sleep transistor, and  is the
channel resistance of the sleep transistor in the linear oper-
ation region.

We know that voltage drop on a sleep transistor will
degrade the chip’s performance. We define the allowable
performance loss (PL) as:

      (4)
where  is the delay of the circuit when sleep transistors
are absent, and  is the delay of the circuit when sleep
transistors are present. From [5] we know that:

(5)

   (6)
where  is the peak current of  and  is the thresh-
old voltage of the gate in logic blocks. This formula indi-
cates the lower bound of sleep transistor size. 

 The model of sleep transistor in a saturation region will
be used for noise analysis, and the model of sleep transistor
in a linear region will be used for power estimation in our
objective function. Note that the power consumption
should also include the dynamic power consumed by the
sleep transistors during the switching period. However, if
the gating period is long enough, that part of power is rela-
tively small and can be ignored in the objective function. 

c) Power grid noise

To estimate the power grid induced noise at a node, we
use the following efficient formulation [7]:
   

(7)
where  is the tunable circuit parameter and NM is the
noise margin. This integral expression represents the
shaded area in Fig.3. For the whole circuit, we have

                     
(8)

where N is the number of nodes whose noise goes beyond
the margin. This metric is a summation of the integrals of
the noise violations, which is zero if all constraints are sat-
isfied. 

B. Problem formulation
The optimization of P/G network with power-gating can

be formulated as:
Objective: 

where 

              
 
Subject to:      

                      
                           

                             and  (9)

where  is a scaling factor to make the two terms in the
objective function of the same magnitude.  denotes
width of the i-th transistor,  is the width of the k-th wire
in the grid, and  is the area of the j-th inserted decap

. These are the variables we need to adjust.  is the
length of a sleep transistor and  denotes the length of a
wire segment.  is the lower bound of the size on an i-th
sleep transistor, which is determined based on Eq.(6).
Other bounds are determined by the design.  is the resis-
tance of a sleep transistor, which is defined in Eq.(3).

is the peak current of the current drawn from the gated
blocks and  is the leakage power per unit area of
decap.  is defined in Eq.(8) and  is a very small number. 

 is a weight factor to trade off between area and
power; its range is between 0 and 1. If we set , we
simultaneously size the wire segments, decap, and sleep
transistors to achieve the minimal area under noise con-
straint. As we discussed in section III, the result should be
the same as that obtained from sizing the sleep transistor
first, followed by P/G network optimization. If we set

, we can size the sleep transistor and decap to
achieve the optimal power for the initial power mesh. 
can be adjusted depending on design requirement. Experi-
ments show that the grid power consumption constitutes
only 5% of the combined decaps and sleep
transistors power consumption, so we do not include the
grid power in the formula.

This is a non-linear problem with non-linear objective
and constraint functions. We can apply a standard
sequence-of-quadratic-programs (SQP) [3] to solve this
optimization problem. The calculation of objective func-
tion and its derivatives with respect to each decision vari-
able is straightforward. The evaluation of constraint
function  can be done by HSPICE simulation. We use
adjoint sensitivity analysis [2] to calculate the derivatives
of  with respect to varying parameters. In the following
sub-section we discuss this point in more detail.
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C. Sensitivity calculation
The adjoint-network-based sensitivity analysis is a stan-

dard technique for circuit optimization used when sensitivi-
ties of the cost function with respect to many parameter
values are required. In [7] the authors use this method to
find the optimal solution for decap sizing and placement. 

The basic idea of the adjoint sensitivity analysis is as
follows. By applying Tellegen’s theorem, we have

(10)

 where  and  represent the vectors of branch voltages
and currents in the original network , and where  and 
represent the branch voltages and currents in the adjoint
network . The networks  and  have the same topology;
both satisfy the Kirhchoff’s current (KCL) and voltage
(KVL) laws.  denotes the terms corresponding to voltage
sources;  denotes the terms corresponding to the current
sources;  denotes the terms corresponding to branches
with no sources. 

All the interesting performance metrics (power, delay,
voltage, etc.) can be expressed with the following general
formula:

(11)
whose variation is:

(12)

So, for a given performance function , the excitations
 and  in adjoint network can be chosen so as to make

the left-hand side of Eq.(10) equal to the performance vari-
ation . Since the choice of the element types in the
adjoint circuit is arbitrary, they can be chosen so as to can-
cel the terms depending on  or  in the right-hand
side of Eq.(10) leaving only the terms depending on param-
eter variation.

In the original network we attach a zero valued current
source to those nodes which do not tap to any source (either
voltage or current).  is then the function of :

                     
(13)

Then the variation of  can be expressed as:

                 
(14)

We assign the adjoint circuit excitations such that:
,    

Then the Eq.(10) is rewritten as:

(15)

The voltage sources are constant, so . Unlike in
[7], we need to adjust the sleep transistor which is modeled

as a current source in the original network. That means 
is a varying parameter and . Eq.(15) becomes:

 (16)

From [2], we know that if the corresponding R(C)
branches of the adjoint and original networks are the same,
the first term on the right-hand side of Eq.(16) depends
only on parameter variation, which can be stated as:

(17)

We have: ,  and

 

where  is the capacitance of the on-chip decap. By apply-
ing chain rules, we finally get:

(18)

D. Optimization flow
The complete P/G network with power-gating optimiza-

tion flow is summarized in Fig.4. First we set up a floor-
planned chip with the initial power grid, define the gated
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Fig. 4. Optimizing P/G network for power-gating
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regions, and assign the initial sizes of sleep transistors to
them. Then we apply SQP solver to size the wire segments,
decap, and sleep transistor simultaneously to achieve the
optimal solution according to the objective function. The
sensitivity calculation is done by the adjoint method
described in section IV. It must be repeated in every itera-
tion. 

V.    EXPERIMENTS

We integrated C++ with TCL to develop our optimiza-
tion flow. HSPICE was used to simulate the circuit and
SOL/QPSOL[3] was evoked to solve SQP. We ran all the
experiments on a P4 2.4GHz PC with Linux. The test cir-
cuits were implemented in 0.13 m technology with

. The temperature was 25 C. 
We used circuits from MCNC and ISCAS benchmarks

as the basic logic blocks. The switching current profiles
and on-chip decap are extracted by simulating each circuit.
We mapped those blocks to MCNC floorplan benchmarks
ami33 and ami49, respectively. The initial floorplanned
chips are shown in Fig.5.

We first optimized the power network without power-
gating and then applied the power-gating on the circuits in
such a way that the gated area occupied half of the chip,
consisting of the top-left and bottom-right quadrants.
Table.1 shows the effect of power-gating. The first two col-
umns list the data of chip and grid size, respectively. Power
mesh reported in this experiment is global power mesh
which is mainly affected by power-gating, because sleep
transistors are connected to global power mesh. After
applying power-gating, there were 96(219) violated nodes
in non-gated region which would affect the non-gated cir-
cuits. The worst case voltage  was 0.93(0.72). So we
concluded that not considering power-gating could lead to
a wrong decision in designing a power supply network.

Then we applied our flow to optimize the power net-
work with power-gating. We first set , which implies
that we target the optimal solution only in terms of
area(OptA). Then, based on this optimal solution, we set

 to determine the optimized solution in terms of

power(OptP). We compared our results with the traditional
two-step method (sleep transistor sized first, followed by
power network optimization). 

The comparison results are shown in Table.2. The area
of power-mesh, the area of decaps and sleep transistors, as
well as the power consumed by decap and sleep transistor,
are reported. From this table, we note that we achieve the
same results by applying the traditional method and by
applying OptA, which confirms that separately optimizing
sleep transistor and power networks will achieve the opti-
mal solution in terms of area. However, it’s not the optimal
solution in terms of power. Comparing the data in the fifth
column, we note that around 10% power saving from
decaps and sleep transistors achieved by applying our opti-
mization flow. Because the leakage power is dominant in
advanced technologies, the power saving from decap has a
significant impact on the total chip power consumption.
The area overhead is about 0.6% in chip area, which is neg-
ligible. We also notice that the power mesh does not
change much comparing OptP with OptA. After the power
network with power-gating is re-optimized, worst case
voltage is within or close to margin, as shown in the sixth
column. Column seven lists the iterations to achieve the
optimal solution. The last column lists run time. Although
we employed HSPICE inside the optimization flow, run
time is still affordable because the global power mesh has
relative coarse grids and few nodes. 

In the second experiment, we studied the impact of var-
ious power-gating schedules on optimization results. We
applied four power-gating schedules on each benchmark:

• g1: gated area occupied 30% of the chip;

• g2: gated area occupied 70% of the chip;

• g3: gated area occupied half of the chip and gated blocks
have higher current density;

• g4: gated area occupied half of the chip and gated blocks
have lower current density.

Fig.6 illustrates the gating schedules respectively.
Gated circuits are marked grey. In g3 and g4, we purposely
re-floorplanned the chip in such a way that circuits with

µ
Vdd 1.2= °

Fig. 5. Initial floorplanned chips

(a) ami33 (b) ami49

Vmin

Table 1.   Effect of power-gating

chip_size
(um^2)

grid_size # of vio-
lated nodes

Z
(v.ns) (v)

ami33 1232x936 30x30 96 0.58 0.93
ami49 1723x1748 40x40 219 10.07 0.72

Vmin

α 1=

α 0=

Table 2.   Comparison of optimizations

power 
mesh
area

decap&sleep-trans. # of 
iters

run 
time(s)area power

(mw)

ami33
Trad 98739 16476 15.8 1.082 23 581
OptA 98739 16476 15.8 1.080 26 625
OptP 98862 22647 14.0 1.081 27 627

ami49
Trad 210631 62323 39.2 1.078 33 2139
OptA 210631 62323 39.2 1.081 39 2725
OptP 211064 78389 35.7 1.079 39 2869

cost & saving 0.6% 10%

Vmin

Fig. 6. Different gating schedules

g1 g2 g3 g4
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higher current density are placed in the left half of the chip
and circuits with lower current density are placed in the
right half of the chip.

We applied our optimization flow on each chip with
various power-gating schedules and compared OptA with
OptP, in terms of area and power consumed by decap and
sleep transistors. Table.3 shows the results. From the table,
we note that in both gating schedules g1 and g2, our opti-
mization flow did not save as much power as in the first
experiment (refer to Table.1). We explain that result as fol-
lows: If the gated area is small, the sleep transistor is small,
so adjusting its area does not save much power. When the
gated area is large, the sleep transistor is also large, and so
the cost of power on the large amount of extra decap nulli-
fies the saving on the sleep transistor. So, our optimization
flow favors power-gating with comparable areas of gated
and non-gated circuits. However, we note that for the two
corner cases, the power consumed by sleep transistor and
decap might be equal or exceed the power saving from
power-gating, in which case power-gating is not practical. 

Comparing the data for g3 and g4, we notice that the
advantage of OptP is diminished when gated circuits have
higher current densities. This behavior is consistent with
the sleep transistor’s size increase when current density
increases. A small change of sleep transistor will require a
large amount of decap to ameliorate the noise. More decap
consumes more leakage power, which makes the power
saving on sleep transistor relatively smaller. So our optimi-
zation flow is more effective when power-gating is applied
on circuits with smaller current densities. Again, we note
that in case of large current density of the gated circuits,
the amount of power consumed by the sleep transistor and
decap will be larger, which may nullify the saving from
power-gating. In such a case, we would not choose to apply
the power-gating technique.   

VI.    CONCLUSION

In this paper, we have studied the effects on P/G net-
work introduced by a power-gating technique and analyzed
mutual dependencies between the sleep transistor and the
P/G network. We presented a general flow to optimize the
P/G supply network for power-gating in terms of both
power and area. Experimental results show that sizing a

sleep transistor and a power network separately cannot
achieve an optimal solution in terms of power. By compro-
mising only 1% of the total area, our optimization method
allows us to save 10% of power dissipated on decaps and
sleep transistors. This offers a practical solution for a
power-gated system. Our optimization flow is more effec-
tive when gated circuits are of smaller current density, and
when the areas of gated and non-gated circuit are compara-
ble. We believe that our results could be used as reference
by designers working on power-gating systems.
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Table 3.   Optimizations vs. power-gating schedules

before
opt

OptA OptP
area

(um^2)
power
(mw)

run_time
(s)

area
(um^2)

power
(mw)

run_time
(s)

power 
saving%

area cost
(%)

ami33

g1 1.03 13835 11.2 476 18447 10.3 497 8 0.4
g2 0.89 26675 20.7 997 37052 19.2 1020 7 0.9
g3 0.80 37225 28.2 1023 48756 26.0 1151 8 1.0
g4 0.96 15108 13.8 798 23180 12.3 786 11 0.7

ami49

g1 0.72 59107 33.2 2070 74166 30.5 2113 8 0.5
g2 0.58 98136 47.5 3070 128254 44.2 3127 7 1.0
g3 0.51 112790 55.2 3154 145919 51.3 3018 7 1.1
g4 0.70 51764 31.7 2349 69836 28.8 2413 9 0.6
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