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of U.S. Patent No. 10,083,012

I. INTRODUCTION

1. My name is Todd Mowry.
2. I have been retained by Clover Network, LLC (“Clover”) to provide
opinions in this proceeding related to U.S. Patent No. 10,083,012 (“’012 patent”).

II. PROFESSIONAL BACKGROUND

3. I am a Professor in the Department of Computer Science at Carnegie
Mellon University. I also have a courtesy appointment in the Department of
Electrical and Computer Engineering. I have served on the faculty of Carnegie
Mellon University for 25 years starting in 1997 through the present (2022). As a
faculty member, I have taught and continue to teach courses and directed research
in computer systems and software, operating systems, distributed and network
systems, object-oriented programming and design, and mobile computing. I also
served on the faculty of the University of Toronto for four years between 1993 and
1997, in the Department of Electrical and Computer Engineering and with a
courtesy appointment in the Department of Computer Science. Prior to that
appointment, I served as a Graduate Research Assistant in the Department of
Electrical Engineering at Stanford University for four years between 1989 and
1993.

4. I received a B.S. degree in Electrical Engineering with Highest

Distinction from the University of Virginia in May 1988. I received an M.S. in
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Electrical Engineering from Stanford University in June 1989 and a Ph.D. in
Electrical Engineering from Stanford University in March 1994.

5. I have worked in the computer industry in various capacities. I was a
part-time Computer Architect and then Computer Architecture Consultant at
Silicon Graphics, Inc., in Mountain View, California (formerly MIPS Computer
Systems in Sunnyvale, California) from 1989 to 1993 and 1993 to 1996,
respectively. [ was a Visiting Scientist at IBM in Toronto from 1996 to 2004.
During that same time period (1996 to 2004), I was also a Member of the Technical
Advisory Board of SandCraft, Inc. in Santa Clara, California. I was the Director of
the Intel Research Pittsburgh Lab at Intel Corporation in Pittsburgh, Pennsylvania
from 2004 to 2007.

6. I have authored 19 journal articles and 60 conference papers. I am also
an inventor on 5 patents. | am the recipient of several honors and awards: the
Arthur Samuel Thesis Award (awarded by the Stanford Computer Science
department to the top two Ph.D. theses in a given year), several IBM Faculty
Development Awards (1996, 1997, 1998, 2000, 2001, 2002, and 2003), several
Best Paper Awards (the Second Symposium on Operating Systems Design and
Implementation in 1996; the 20th International Conference on Data Engineering

(ICDE) in 2004), the Alfred P. Sloan Research Fellowship (awarded to researchers

in recognition of distinguished performance and a unique potential to make
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substantial contributions to their field), the Most Thought-Provoking Idea Award in
2004 (awarded by the Architectural Support for Programming Languages and
Operating Systems (ASPLOS)), the TR100 Award in 1999 (awarded by MIT’s
Technology Review magazine to the top 100 most promising young innovators in
science and technology), and I became an ACM Fellow in 2016. I am a member of
the Institute of Electrical and Electronics Engineers (IEEE) and the Association of
Computing Machinery (ACM). I was the Editor-in-Chief of ACM Transactions on
Computer Systems, the premier journal for computer systems research, from 2013-
2018. I was an Associate Editor for the journal prior to that, since 2001. I was the
Program Chair of the International Conference on Architectural Support for
Programming Languages and Operating Systems (ASPLOS) in 2010. I was the Co-
Program Chair of the International Conference on Parallel Architectures and
Compilation Techniques (PACT) in 2001. I have been on the programming
committee in various years for ASPLOS, the International Symposium on
Computer Architecture (ISCA), the International Symposium on
Microarchitectures, and the Workshop on Architectural and System Support for
Improving Format.
7. Overall, I have over 25 years of experience in the field of computer

science, including relevant experience with web-based distributed software

applications, programming environments, distributed systems, database
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management systems, and user interfaces. A copy of my curriculum vitae,
including references to the publications I authored, is attached to my Report as
Appendix A.

8. In light of the foregoing, I consider myself to be an expert in the field
of computer science, and I believe that I am qualified to provide an opinion as to
what a person of ordinary skill in the art would have understood, known, or
concluded regarding the subject matter of the *012 patent at the time of its alleged
invention.

0. I am being compensated at my normal consulting rate of $650 an hour
for my work. My compensation is not dependent on the outcome of this IPR
proceeding or related litigation, nor is my compensation tied to any positions I take
in this Declaration, and therefore it does not affect the substance of my statements
in this Declaration. I have no financial interest in Petitioner. I have no financial

interest in the *012 patent.

III. RELEVANT LEGAL STANDARDS

10. I am not an attorney. For purposes of this declaration, I have been
informed about and understand certain aspects of the law that are relevant to my
analysis and opinions.

11. I have been informed and understand that a patent claim can be

considered to have been obvious to a person of ordinary skill in the art at the time
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of the alleged invention. This means that, even if all the requirements of a claim are

not found in a single prior art reference, the claim is not patentable if the

differences between the subject matter in the prior art and the subject matter in the

claim would have been obvious to a person of ordinary skill in the art at the time of
the alleged invention. I have been informed and understand that a determination of

whether a claim would have been obvious should be based upon several factors,

including, among others:

» the level of ordinary skill in the art at the time the application was
filed;

» the scope and content of the prior art; and

» what differences, if any, existed between the claimed invention and
the prior art.

12.  Thave been informed and understand that the teachings of two or more
references may be combined if such a combination would have been obvious to one
having ordinary skill in the art. In determining whether a combination based on
multiple references would have been obvious, it is appropriate to consider, among

other factors:
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» whether the teachings of the prior art references disclose known
concepts combined in familiar ways, and when combined, would yield
predictable results;

» whether a person of ordinary skill in the art could implement a
predictable variation, and would see the benefit of doing so;

» whether the claimed elements represent one of a limited number of
known design choices, and would have a reasonable expectation of
success by those skilled in the art;

» whether a person of ordinary skill would have recognized a reason to
combine known elements in the manner described in the claim;

» whether there is some teaching or suggestion in the prior art to make
the modification or combination of elements claimed in the patent; and

» whether the claimed invention applies a known technique that had

been used to improve a similar device or method in a similar way.
13.  Ihave been informed and understand that one of ordinary skill in the
art has ordinary creativity and is not an automaton. I have been informed and
understand that in considering obviousness, it is important not to determine
obviousness using the benefit of hindsight derived from the patent being

considered.
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14. Thave been informed and understand that for a patent’s claims to
receive the benefit of priority of an earlier-filed application, every application in the
priority chain leading to the application in question must support every limitation
of the claim. This means that every parent application must describe every
limitation of every claim and that it is not enough for the parent application to
simply render obvious the claims of the child patent. I have been informed and
understand that if a child patent includes claims that are greater in scope than the
subject matter that the inventor chose to disclose to the public in the written
description of the parent application, the parent application does not provide
written description support for the claims of the child patent.

15. I have been informed and understand that whether an application
describes a patent’s claim limitations is known as the “written description
requirement.” [ have been informed and understand that to satisfy the written
description requirement, the patent’s specification must describe the claimed
invention in sufficient detail such that a person of ordinary skill in the art could
reasonably conclude that the inventor had possession of the claimed invention at

the time of filing.

IV. LEVEL OF SKILL IN THE ART

16. It is my understanding that when interpreting the claims of the 012

patent, I must do so based on the perspective of one of ordinary skill in the art at



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012
the relevant priority date. I understand that the earliest priority date for the *012
patent is February 5, 2008 (“the Critical Date”). For the purpose of this proceeding,
I will consider the Critical Date to be the relevant date to ascertain the perspective
of one of ordinary skill in the art.

17.  In my opinion, a person of ordinary skill in the art at the Critical Date
would have been someone with a working knowledge of designing and developing
web-based software and systems. A person of ordinary skill in the art would have a
Bachelor of Science in computer science or a related field, and approximately two
years of professional experience or equivalent study in the design and development
of web-based software and systems, including web-based POS systems. Additional
graduate education could substitute for professional experience, or significant

experience in the field could substitute for formal education.

V.  TECHNOLOGY BACKGROUND

18.  Web-based POS systems were known in the art. For example, Manno
discloses a “web-based point of sale (WPOS) system.” Ex. 1007, Abstract. Woycik
discloses a web-based administrative tool for building and editing user interfaces of
self-service POS kiosks. Ex. 1004, Abstract. Olson discloses a web-based back-
office system for managing POS terminal devices. Ex. 1006, Abstract. Cusack
discloses a “[s]ystem and method for facilitating real-time, web based point of sale

operations.” Ex. 1009, Abstract. Tomlinson discloses retail store tills coupled to a
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remote transaction server over the internet. Ex. 1010, [57]. McNally discloses a
method that “facilitates database equilibrium and synchronization with wired,
wireless and Web-based systems, user-friendly and efficient generation of
computerized menus and reservations for restaurants and other applications . . .
information management and communication with host computer, digital input
device or remote pager via standard hardwired connection, the internet, a wireless
link or the like.” Ex. 1021, Abstract. Mueller discloses “a ‘Web server,”” “POS
server 105,” that communicates with terminal devices via the Internet. Ex. 1008,
[0036], [0033], [0057]. Tengler discloses “restaurant management software” that
allows “a manager to access a management database of a quick-serve restaurant
location remotely through a web interface.” Ex. 1005, [0049], [0022].

19.  POS builder software was also known in the art. For example, Manno
discloses the WPOS system allows a manager “to create or alter web pages on the
store web sites . . . or to view any other commercial data for either store location in
real time.” Ex. 1007, [0051]. Woycik discloses “an administrative tool” that
provides “a menu editor that enables the administrator to create and edit the
interactive menu screens provided by the self-order application at the self-service
client terminals.” Ex. 1004, [0015], [0016]. Cohen discloses a “configuration
builder suitable for use in configuring point of sale systems.” Ex. 1020, 1:34-35.

McNally discloses an “application that enables the rapid creation and building of a
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menu and provides a means to instantly download the menu configuration onto,
e.g., a handheld device or Web page and to seamlessly interface with standard point
of sale (‘POS’) systems.” Ex. 1021, 3:16-20. Wagner discloses “[a] builder, tester,
and runtime integration system and method for a graphical touch user interface,
such as a point-of-sale (POS) touch screen interface system.” Ex. 1022, Abstract.
Tengler discloses “user interface designer 614 [that] allows management to edit the
user interface of the register and self-service applications and also saves the
specifications in the database 602 on main server 464. Ex. 1005, [0103], [0116]. 1
also understand that Patent Owner stated during a prior litigation that it “does not
dispute that the prior art discloses POS builder software.” Ex. 1012, 7 n.3.

20.  The background of the 012 patent references prior art Eisenbrandt,
which discloses “a user configurable interface” that permits users to “configure
display screens either at a point of sale location or at home with a personal
computer.” Ex. 1001, 1:54-58 (citing Eisenbrandt). The 012 patent also references
prior art Cohen, which discloses “a configuration builder” for configuring POS
systems. Id., 1:63-67 (citing Cohen).

21. Web-based access to POS builder systems was also known in the art.
For example, Manno discloses “[a]t a management location 54, which can be

anywhere where there is access to the Internet 18 (or to a LAN at either store

location or at the headquarters location), an authorized management employee or

10
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officer can access the WPOS system using a standard Internet or web-enabled
device such as laptop computer 56, PDA or cell phone 58, or desktop computer
60.” Ex. 1007, [0051]. Woycik discloses the Internet “can also be used by the
administrators to access the administrative tools remotely using a standard web
browser.” Ex. 1004, [0121]. Mueller discloses “a ‘Web server,”” “POS server 105
... that may be accessed via the Web and allows communication with the POS
server 105 in a manner known in the art.” Ex. 1008, [0036]. Tengler discloses that
“Im]anagers access information about the restaurant 2 using the web server 620 and
interfaces 192 and 196,” and that “managers can ... modify menus and change
prices using interfaces 192 and 196.” Ex. 1005, [0109], [0073]. Likewise, POS
builder interfaces allowing programmatic creation and editing of user interfaces,
including POS screens and web pages, were also known. For example, Woycik
discloses POS builder screens and their operation in Figs. 11-13 and 20-22 and
related discussions in the specification. Ex. 1004, Figs. 11-13, 20-22, [0041]-
[0043], [0050]-[0052]. Tengler discloses POS builder screens and describes their
operation in related discussions in the specification. See, e.g., Ex. 1005, Fig. 7A,

[0039]. Bernardo discloses more generalized builder screens that could be used to

build POS screens and describes the same. See, e.g., Ex. 1026, Figs. 4-29, 4:3-59.

11
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VI. THE 012 PATENT
A.  Overview of the 012 patent

22.  The ’012 patent is titled “Web-Based Point of Sale Builder,” and
generally relates to POS systems:
This invention relates to a system and a method for building
a point of sale (POS) system to manage business operations. The

business operations range from a single branch to a large chain
of stores or branches.

More particularly this invention relates to an online, web-
based point of sale builder method, which can assist non expert
business operators in assembling a point of sale system to
manage their businesses.

Ex. 1001, 1:20-27.

23.  The background of the 012 patent describes the “[c]urrent practice in
the field of assembling point of sale systems includes manually coding front-of-
screen information” with the help of “a business expert” and “a programmer or data
expert.” Id., 1:31-37. The “manual” process requires “specially trained people,” “is
prone to mistakes and is time-consuming.” /d., 1:44-46.

24.  The 012 patent purports to improve the process of building and
editing POS systems with “an online, web-based point of sale builder system and
method, which can assist non-expert or expert business operators in assembling a

point of sale system to manage their businesses.” Id., 2:17-21.

12
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B.  Prosecution History of the 012 patent

25. Thave reviewed the prosecution history of the 012 patent. See Ex.
1003. The following is a brief summary of events, none of which impact my
analysis. But I reserve the right to consider the full prosecution history and cited
prior art references should Patent Owner raise a claim construction argument or
otherwise rely on them in response to the petition.

26. The application for the 012 patent was filed June 27, 2017, claiming
priority to a February 5, 2008 application (and one other application) and sharing
the same specification as those earlier applications. Ex. 1001, (22), (63)
(continuation of earlier applications); Ex. 1003, 178 (domestic benefit information).

27.  Patent Owner filed a terminal disclaimer to overcome the single Office
Action rejecting all claims for non-statutory double patenting. See Ex. 1003, 37.
The *012 patent issued September 25, 2018. Ex. 1001, (45).

VII. LISTING OF CLAIMS

1 I[pre] A web-based point of sale (POS) builder system comprising:
1[a] a web server including POS builder software installed thereon;

1[b] one or more POS terminals generated by said POS builder
software and said one or more POS terminals configured to be
accessible at one or more terminal devices,

1[c] said POS terminals configured to accept POS transactions and
collect corresponding transaction data; and

1[d] a POS builder interface configured to be accessible via network
communication with said web server over a communications network;

13
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1[e] wherein said POS builder interface is configured to be utilized to
access said POS builder software for programmatically creating or
modifying said one or more POS terminals in real time over the
communications network,

1[f] wherein said POS builder software is configured to interact with
said one or more POS terminals over the communications network in
order for the web-based point of sale (POS) builder system to perform
functions in accordance with instructions sent from the POS builder
interface;

1[g] wherein said POS transactions and corresponding transaction data
from said one or more POS terminals are configured to be transmitted
to said web server via the communications network; and

1[h] wherein each POS transaction is correlated with corresponding
transaction data occurring at said one or more POS terminals.

2. The web-based point of sale (POS) builder system of claim 1,
wherein instructions to the POS builder interface for programmatic
creation and modification of the one or more POS terminals are not
formatted in programming code.

3. The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals are tested iteratively in real
time while said one or more POS terminals are operable to accept POS
transactions.

4. The web-based point of sale (POS) builder system of claim 1,
wherein at least one of said POS builder interface and said one or more
POS terminals are configured to be implemented without specialized
hardware or software at a given terminal device.

5. The web-based point of sale (POS) builder system of claim 1,
wherein said web server includes a standard internet web server
implemented with standard web server hardware and software, using
one or more relational databases, wherein software for said POS
builder interface resides in and is executed from said web server.

6. The web-based point of sale (POS) builder system of claim 1,
wherein said POS builder software is configured to provide
instructions to add new POS terminals.

14
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7. The web-based point of sale (POS) builder system of claim 1,
wherein said POS builder software is configured to provide
instructions to modify existing POS terminals.

8. The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals are configured to be
accessible by a web browser.

9. The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals, once generated, are
configured to operate independently of said web server.

10

10. The web-based point of sale (POS) builder system of claim 1,
wherein a number, shape and arrangement of selection keys or buttons
for said one or more POS terminals are specified from the POS builder
interface.

11

11. The web-based point of sale (POS) builder system of claim 10,
wherein items are associated with said selection keys or buttons from
the POS builder interface.

12

12. The web-based point of sale (POS) builder system of claim 11,
wherein attributes are attributed to said items from the POS builder
interface.

13

13. The web-based point of sale (POS) builder system of claim 12,
wherein said attributes are stored, retrievable and changeable from a
database stored on said web server.

14

14[pre] A method of implementing a web-based point of sale (POS)
builder system, said web-based point of sale (POS) builder system
comprising a network-accessible web server including POS builder
software installed thereon, the method comprising:

14[a] providing access to said network-accessible web server by one or
more POS terminals, said one or more POS terminals generated from
instructions communicated from said POS builder software to
respective one or more terminal devices;

14[b] accepting POS transactions via said one or more POS terminals;

collecting transaction data corresponding to transactions occurring at
said one or more POS terminals; and

14[c] providing further access to said network-accessible web server
by a POS builder interface via a communications network, said POS

15
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builder software configured to programmatically create or modify said
one or more POS terminals in real time over the communications
network;

14[d] wherein said POS builder software interacts with said one or
more POS terminals over said communications network in order for
the web-based point of sale (POS) builder system to perform functions
in accordance with instructions sent from the POS builder interface;

14[e] wherein said POS transactions and corresponding transaction
data from said one or more POS terminals are transmitted to said
network-accessible web server via a network connection; and

14[f] wherein each POS transaction is correlated with corresponding
transaction data occurring at said one or more POS terminals.

15

15. The method of providing a web-based point of sale (POS) builder
system of claim 14, wherein the method further comprises testing of
said one or more POS terminals iteratively in real time while said one
or more POS terminals are operable to accept POS transactions.

16

16. The method of claim 14, wherein said one or more POS terminals
are accessible by a web browser.

17

17. The method of claim 14, wherein said one or more POS terminals,
once generated, are operable independently of said network-accessible
web server.

18

18. The method of claim 14, wherein a number, shape and arrangement
of selection keys or buttons for said one or more POS terminals are
specified from the POS builder interface.

19

19. The method of claim 18, wherein items are associated with said
selection keys or buttons from the POS builder interface.

20

20. The method of claim 19, wherein attributes are attributed to said
items, said attributes stored, retrievable and changeable from a back
office database stored on said network-accessible web server.

VIII. CLAIM CONSTRUCTION

It is my understanding that the claims of the 012 patent should be

given their ordinary and customary meaning for the purposes of this proceeding,

16
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and that claim terms should be given the meaning that the terms would have had to
a person of ordinary skill in the art at the time of the invention. This is the meaning
that [ have applied to the claims in my analysis.

29. I also understand that several terms of the 012 patent were previously
construed by a district court in prior lawsuits filed by Patent Owner. Exs. 1024,
1025, 1034. Most terms were given their plain and ordinary meaning. [ have
reviewed the Final Claim Construction Orders and Supplemental Claim

Construction Order in those lawsuits, but these orders do not impact my analysis in

this declaration.

A.  “POS terminal” (claims 1-4, 6-10, 14-18)

30. The 012 patent claims use the term “POS terminal” differently than
the claims of its parent application, U.S. Patent No. 9,400,640 (“the *640 patent”).
Claim 1 of the 012 patent recites “POS terminals” that are “generated by ... POS
builder software” and “accessible at one or more terminal devices” (e.g., the
terminal device’s POS software and related interface configuration data), not the
terminal device itself. Ex. 1001, Claim 1; see also Claim 14. Claim 1 of the 012
patent recites:

one or more POS terminals generated by said POS builder

software and said one or more POS terminals configured to be
accessible at one or more terminal devices

17



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012
Id., Claim 1 (emphasis added). A POS terminal is generated by software, and
software (such as POS builder software) can generate data or software. Software
cannot generate a physical device. Further, the POS terminals are “accessible at”
terminal devices. A person of skill in the art (“POSITA”) would have understood
that the 012 patent claims use the term “POS terminals” to refer to software and
configuration data generated by POS builder software, not the terminal device itself
(hardware).
31. In contrast, the parent 640 patent claims (as addressed in separate
IPRs, IPR2022-00779 and IPR2023-00232) use “POS terminal” to refer to a
terminal device that displays “POS screens.” Ex. 1027, Claim 1 (“point of sale
terminals, that display POS screens”); see also Claim 14. A POSITA would have
understood the disparate meaning of the shared term “POS terminals” in the
context of each respective patent. In my opinion, a formal construction of “POS
terminal” is not necessary in this proceeding because the prior art discussed herein
discloses and suggests all elements of the *012 patent claims under any reasonable

construction.

B. “communications network” (claims 1, 14)

32.  This term is not described in the specification and was introduced in a

preliminary amendment to the claims during prosecution. Ex. 1003, 134. The term

18



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012

should be given its ordinary meaning—i.e., a group of devices interconnected by
communication channels.

33. Three technical dictionaries confirm my understanding of this term.
The Microsoft Computer Dictionary (5th Ed. 2002) defines “communications
network” as “network” and defines network as:

network n. A group of computers and associated devices that are
connected by communications facilities. A network can involve
permanent connections, such as cables, or temporary connections
made through telephone or other communications links. A network
can be as small as a LAN (local area network) consisting of a few
computers, printers, and other devices, or it can consist of many
small and large computers distributed over a vast geographic area
(WAN, or wide area network).

Ex. 1028. The IEEE Standard Dictionary of Electrical and Electronics Terms
(1984) defines “communications network™ as:

network (1) (communication) (data transmission). (A) A series
of points interconnected by communication channels. (B) The
switched telephone network is the network of telephone lines
normally used for dialed telephone calls. (C) A private network is
a network of communications channels confined to the use of one
customer.

Ex. 1029. And the Random House Webster’s Computer & Internet Dictionary (3d
Ed. 1999) defines “network™ as:

network A group of two or more computer systems linked
together. There are many types of computer networks, including:

local-area networks (LANs): The computers are
geographically close together (that is, in the same building).
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wide-area networks (WANs): The computers are farther
apart and are connected by telephone wires or radio waves.

k ko ok
Computers on a network are sometimes called nodes.

Computers and devices that allocate resources for a network
are called servers.

Ex. 1030.

34. A POSITA would have understood the term to be broader than any
particular protocol, medium of connection, architecture, or combination thereof.
Further, a POSITA would have understood a “network™ to include local
nodes/servers and distant ones. For example, a retail chain may include a LAN in
each store, a private network connecting the LANs to a WAN, and an Internet
connection allowing a computer at a store to communicate with web servers outside
the WAN. Often companies provide virtual private network (VPN) connections
that allow a remote computer to connect over the Internet to a LAN (and by
extension to a WAN) and interact with computers as though it were physically
present in a retail store. A POSITA would have understood the term
“communications network” to broadly encompass any of these arrangements. In
other words, if two computers can communicate (e.g., share data) with each other,
they are part of the same “communications network.” The claims of the parent of
the *012 patent (i.e., the 640 patent) require “an internet connection” and a

“network compris[ing] the Internet” (Ex. 1027, claim 1), whereas the 012 claims
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more broadly recite “network communication[s]” via “a communications network”
(Ex. 1001, Claim 1).
35. Ireserve the right to respond to constructions offered by Patent Owner

or adopted by the Board.

IX. OVERVIEW OF THE PRIOR ART

A.  Overview of Woycik (Ex. 1004)
36. Woycik was filed May 1, 2007 and published November 15, 2007, both

before the 012 patent’s priority date of February 5, 2008. Ex. 1004, (22),
(43). Woycik is prior art under at least §§ 102(a) and (e).

37.  Woycik discloses a web-based administrative tool for building and
editing self-service POS kiosks. The administrative tool resides and runs on a
central server and is accessible remotely by “web access.” Id., [0075]. The
administrative tool enables “the administrator to perform various administrative
functions such as configuring kiosks, creating and editing menus and available food
items, and specifying tax and payment features of the system.” Id., [0073].

B. Overview of Tengler (Ex. 1005)

38.  Tengler was filed August 29, 2003 and published March 3, 2005, more
than one year before the *012 patent’s priority date of February 5, 2008. Ex. 1005,

(22), (43). Tengler is prior art under at least § 102(b).
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39. Tengler discloses an order processing system for use by merchants
selling goods and/or services. Ex. 1005, Abstract. Tengler’s system includes
Restaurant Management Software installed on a web server and POS terminal
devices running register and self-service applications. /d., [0103]. Tengler’s system
allows “a manager to access a management database of a quick-serve restaurant
location remotely through a web interface.” Id., [0022]. “A user interface designer
614 allows management to edit the user interface of the register and self-service

applications.” Id., [0103].

C. Overview of Olson (Ex. 1006)

40. Olson was filed February 26, 2007, before the 012 patent’s priority
date of February 5, 2008, and published August 28, 2008. Ex. 1006, (22), (43).
Olson identifies one inventor, Quentin Olson. /d., (76). The *012 patent includes
two inventors, Olson and Wayne Baratta. Ex, 1001, (72).

41.  Olson discloses a “Web-based back-office system[]” for managing
POS terminals. Ex. 1006, Abstract. The back-office software is implemented on
web servers that communicate with the POS terminals at stores using HTTP
protocol. /d., [0019]. The web servers “can be located anywhere in the world,” and
the “BO software and data can be viewed from any store employee at any PC who

has Internet access 26 and a password.” Id.
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X.  THE PRIOR ART RELIED UPON HEREIN ARE DISTINCT FROM
THOSE CONSIDERED DURING EXAMINATION

42. 1have been asked to review the prosecution history of the *012 patent,
and to compare the prior art Grounds presented herein to those considered by the
examiner during the examination of the *012 patent. While Olson is listed on the
face of the *012 patent, it was not used in a rejection of the claims, and I have seen
no evidence that Olson was substantively considered at any depth by the examiner.
See generally Ex. 1003; see also id. at 4 (listing Olson (Serial No. 11/710,722) on
an Information Disclosure Statement), 152 (a statement in the application
incorporating Olson (Serial No. 11,710,722) by reference into the patent
specification, but making no priority claim). Neither Woycik nor Tengler is listed
on the face of the 012 patent and neither appears to have been considered during
examination. Accordingly, it is my opinion that the Grounds of invalidity
considered herein are distinct from those considered by the examiner during

examination.
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XI. GROUND 1: WOYCIK IN VIEW OF THE KNOWLEDGE OF A
PERSON OF ORDINARY SKILL IN THE ART RENDERS CLAIMS
1-20 OBVIOUS

A. Claim 1
1.  1[pre]’:

“A web-based point of sale (POS) builder system
comprising”

43.  Woycik discloses “[a] computer-based ordering system for ordering
goods and services includes a plurality of self-service client terminals and a
server.” Ex. 1004, Abstract. An “administrative tool” available via “web access”
provides “a menu editor that enables the administrator to create and edit the
interactive menu screens provided by the self-order application at the self-service
client terminals.” Id.; see also id., [0041], [0050]-[0051], [0075], [0097]-[0099].

44.  Accordingly, it is my opinion that Woycik discloses each limitation of
1[pre].

2. 1]a]

“a web server including POS builder software installed
thereon”

45.  Woycik discloses “chain operator 20 [has] web access to the central

server 22” via Internet 18. Ex. 1004, [0075]. The central server “coordinate[s]

T understand that Patent Owner contends the preamble is not limiting. Ex. 1017, 4.

To the extent any preambles are limiting, they are disclosed in each Ground.
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multiple store locations.” Id., [0030]. “[U]sing a standard web browser” and

Internet 18, chain operator 20 has web access to “administrative tool loaded on the

central server 22.” Id., [0075], [0121]; see also id., [0017].

Web server

|0"\

74 Customer

24— Customer

4

Central | .22
Server

24 —{ Customer

Id., Fig. 1 (excerpted).

INTERNET

20 N

46. Figure 3 illustrates software layers running on the central server,

including a “web based administration tool” and “web server program 100”

implemented using the Microsoft .NET framework:
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!
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1d., Fig. 3; see also id., [0078]-[0081], [0095].

47.  “The administration tool” provides “a menu editor” that “enables the
administrator to create and edit the interactive menu screens provided by the self-
order application” “at the self-service client terminals.” Id., [0013], [0016]; see also
id., [0041], [0050], [0051]. For example, “FIG. 11 depicts a menu editor screen of
the administrative tool which allows an administrator to create and edit the screens

or menus that customers see in the self-order application running on a kiosk.” /d.,

[0041].
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Administrative
tool menu

Mraps 350

Id., Fig. 11; see also id., [0098], [0108], Figs. 12-13, 20.

48.  The “administrative tool” further provides “an item/product editor
screen ...which enables the editing [and adding] of the individual items/products

for sale.” Id., [0051].
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Id., Fig. 21; see also id., [0112], Fig. 22.

49.  Configuration changes (e.g., menu/item edits and additions) are made
with the administrative tool on central server 22/84, and the central server can
“automatically” transmit “changes to the configuration of the self-order
application” to local server kiosk 16/82. Id., [0122]; see also id., [0115], [0076].

50.  Accordingly, it is my opinion that Woycik discloses each limitation of
1[a], including a web server (e.g., central server 22/84) with POS builder software
(e.g., administrative tool) installed thereon.

3. 1[b]

“one or more POS terminals generated by said POS
builder software and said one or more POS terminals
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configured to be accessible at one or more terminal
devices”

51. Asdiscussed in 1[a], Woycik discloses builder software (e.g., the
administrative tool) loaded on central server 22/84 that enables administrators to
create/edit menus and add/edit items of the self-order application and save such
changes to the central server. Configuration information from the administrative
tool saved at the central server includes “menu screens, items, and other settings”
for the self-order application. Ex. 1004, [0075]. The central server can
“automatically” transmit changes (e.g., “changes to the configuration of the self-

order application”) to local server kiosk? 16/82. Id., [0122]; see also id., [0112],

2 Figure 1 labels device 16 as “Server/Client,” Figure 3 labels it Kiosk/Server 82,”
and the specification describes it as “local (on-site) server 16,” “local server 16,”
“local server kiosk 16,” “kiosks 16,” and “client/server kiosk 82.” Ex. 1004,
[0071]-[0073], [0078], Figs. 1, 3. Kiosk 16/82 serves two roles: “one of the kiosks
16 is used both as a client to permit customer entry of orders and as the local server
to interface to the Internet 18.” Id., [0072]. First, it serves “as a client to permit
customer entry of orders.” Id.. Second, it serves as a “local server to interface to the
Internet 18 and to respond to requests from the local client kiosks 33 30.” /1d.
Although kiosks 30 and 36 are also POS terminal devices, my opinions herein are

based on kiosks 16/82.
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[0115], [0073]. The central server can also be used to install a new kiosk or restore
an existing kiosk by “load[ing] all necessary files onto the kiosk, including any
software, database, menu, configuration files and media necessary for use.” /d.,
[0124]; see also id., Fig. 27.

52.  Terminal device 16/82 (referred to as “kiosk 16,” “local kiosk 16,”
“server kiosk 16,” “client/server kiosk 82,” and “Kiosk/Server 82”) serves two
roles: server and kiosk. /d., [0072] (“one of the kiosks 16 is used both as a client to
permit customer entry of orders and as the local server to interface to the Internet
187), [0078], Figs. 1, 3. First, in its role as server, it receives and stores “new
configuration information” for the self-order application (including “menu screens,
items, and other settings”) from central server 22 over Internet 18. Id., [0075]; see
also id., [0073], [0083], [0122].

53.  Second, it serves as a kiosk to permit customer entry of orders. /d.,
[0072]. Woycik discloses kiosks are a form of self-service client terminals, e.g.,
“mounted to a floor . . . or located on a counter or other raised surface.” Id., [0007];
see also id., [0032], Fig. 2. Self-service client terminals (e.g., kiosks 16) are

terminal devices that display POS terminals generated by the administrative tool

(POS builder software).
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54. The self-service client terminal (e.g., kiosks 16) “includes a processor
and a storage medium storing a self-order application,” which “provides a first user
interface including a set of interactive menu screens having buttons that allow the
customer to select and customize products for the order.” Id., [0012]; see also id.,
[0073].

55.  For example, “FIG. 4 depicts a sandwich selection screen provided by
the self-order application running on a kiosk in the exemplary self-ordering

system.” Id., [0034].
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1d., Fig. 4; see also id., Figs. 5-9 (illustrating additional exemplary POS terminals).
As another “example, FIGS. 29 and 30 show respectively an order review template
620 (FIG. 29) and resulting screen display 640 (FIG. 30) as they might be used for
concessions (ala carte) ordering at a sports entertainment venue.” Id., [0129].

56. Woycik explains that the order interface is built “using a multimedia
authoring program” such as Macromedia Flash. /d., [0073], [0078]. Woycik further
explains that Flash content may contain text, video, graphics, or audio information
in addition to scripted instructions (i.e., ActionScript). Id., [0079], [0078]. This
multi-media software was well-known in the late 1990°s and early 2000’s and often

used for building interactive websites, kiosk interfaces, and interactive educational
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programs. Woycik’s kiosk would include pre-installed Flash player 36 software
that would execute the script and display the multi-media content. See id., [0073],
[0078]. The Flash player executing the script would draw the screens and react to
user input (e.g., the press of a button to select an item for purchase). A POSITA
reading Woycik would have understood the Flash player would then update the
screen according to the script instructions and might communicate with other
computers over a network if necessary and/or store data locally on the kiosk. A
POSITA would have understood the Flash player and Flash content (including the
script instructions) would perform the POS transactions.
57.  Accordingly, it is my opinion that Woycik discloses each limitation of
1[b] including POS terminals (e.g., self-order application and/or its interactive
menu screens) generated by POS builder software (e.g., administrative tool) and

configured to be accessible at one or more terminal devices (e.g., kiosk 16/82).

4. 1]c]
“said POS terminals configured to accept POS

transactions and collect corresponding transaction
data”

58.  Asdiscussed in 1[b], Woycik discloses kiosk 16/82 “runs a self-order
application” that “provides a first user interface including a set of interactive menu
screens having buttons that allow the customer to select and customize products for

the order.” Ex. 1004, [0016], [0012]. “The self-order application can also accept
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payment at the kiosk or prompt the customer to pay at a specific location.” /d.,

[0092].
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Id., Fig. 1. The self-order application allows a customer to review and edit the

order using the interactive menu screens before checking out.
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Id., Fig. 30. “The customer can then select the items and quantity they want and,
then when at the order review, just prior to final acceptance, the customer is given
an opportunity to make final adjustments to quantity.” Id., [0129].

59.  The self-order application on kiosk 16/82 collects corresponding
transaction data, which 1s transmitted to the central server. “As seen in FIG. 28,
customer data and/or order data is stored on the local server when a customer
places an order through a client or remote client . . . . The local server connects to

the remote server periodically and stores the customer and order data in the
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centralized data repository.” Id., [0128]; see also id., [0058], [0076], [0141],
Claims 38-39.
60. Accordingly, it is my opinion that Woycik discloses each limitation of
1[c] including POS terminals (e.g., self-order application and/or its interactive
menu screens) at kiosks 16 configured to accept POS transactions and collect

corresponding transaction data (e.g., customer data and/or order data).

S. 1[d]

“a POS builder interface configured to be accessible via
network communication with said web server over a
communications network”

61. Woycik discloses “the administrative tool [is] loaded on the central
server 22,” and chain operator 20 is provided “web access to the central server 22
via Internet 18. Ex. 1004, [0075], Fig. 1; see also id., [0081] (“The central server
84 can include both a web based online order application 102 as well as a web-

based administration tool 104.”).

3 Woycik discloses “that the administrative tool application could be located at a
variety of places,” including at the local server, local clients, or the remote central
server 22/84. Ex. 1005, [0017], [0073], [0075]. For purposes of the Grounds in this
declaration, I am relying on the administrative tool as loaded and executed on

central server 22/84.
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62. Asdiscussed in 1[a], Woycik discloses the “administrative tool” (i.e.,
POS builder software) provides “a menu editor that enables the administrator to
create and edit the interactive menu screens provided by the self-order application
at the self-service client terminals” and an “item editor” to add and edit items
available on the menu screens. /d., [0016], [0112]; see also id., [0013], [0041],
[0050].

63. The graphical user interfaces for the administrative tool are accessible
via Internet communication with the central server. Specifically, “the
administration tool application provid[es] a second user interface that can be
accessed by the administrator to perform various administrative functions.” /d.,
Claim 4, [0012]; see also id., Claim 6 (“wherein the second user interface, which is
provided by the administration tool application, is a graphical user interface, and

the administrator interacts with the administration tool application using the touch
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screen”), [0095]. Administrators can use the Internet “to access the administrative
tools remotely using a standard web browser.” Id., [0121]. Administrative tool 98 is
“produced using the combination of enhanced vector graphics content overlying a
programming software layer (such as .NET)” such that a “store owner or chain
operator can carry out administration of the system using a simplified user interface
that requires little if any training or experience with computers.” Id., [0080]; see
also id., [0100] (“The use of templates eliminates the need for administrators to
write their own code to develop the layout and behavior of the menus.”).
64. As discussed in 1[a], the menu editor screen of the administrative tool

“allows an administrator to create and edit the screens or menus that customers see

in the self-order application running on a kiosk.” Id., [0041].
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POS builder
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1d., Fig. 11; see also id., [0108], Figs. 12-13, 20. The “administrative tool” further
provides “an item/product editor screen ... which enables the editing of the

individual items/products for sale.” Id., [0051].
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1d., Fig. 21; see also id., [0112], Fig. 22.

65. Accordingly, it is my opinion that Woycik discloses each limitation of
1[d] including a POS builder interface (e.g., the administrative tool’s user
interfaces) configured to be accessible via network communication (e.g., via web
access over the Internet) with said web server (e.g., central server 22/84) over a
communications network (e.g., the Internet).

6. 1]e]

“wherein said POS builder interface is configured to be
utilized to access said POS builder software for
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programmatically creating or modifying said one or

more POS terminals in real time over the
communications network”

66. Asdiscussed in 1[a] and 1[d], Woycik discloses a POS builder
interface (e.g., the administrative tool’s user interface) that enables administrators,
via Internet communication with a web server, to create/edit menus and add/edit
items of the interactive menu screens of the self-order application. See, e.g., Ex.
1004, [0075] (“A second approach is to have the administrative tool loaded on the
central server 22 and then provide the chain operator 20 with web access to the
central server 22. In this approach, the central server 22 then accesses and stores
updated configuration information on the local server 16.”).

67. The administrative tool’s user interface (i.e., the POS builder
interface) is provided by and used to access the administrative tool (i.e., the POS
builder software). “[T]he administration tool application provid[es] a second user
interface that can be accessed by the administrator to perform various
administrative functions.” Id., Claim 4, [0098]; see also id., Claim 6 (“wherein the
second user interface, which is provided by the administration tool application, is a
graphical user interface, and the administrator interacts with the administration tool
application using the touch screen”), [0095] (“administrators can setup [sic] menus

and items, and change configuration items primarily via a kiosk touch screen”).
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68. The administrative tool implements changes to menus and items based
on selections at the administrative tool user interface such that the administrator is
not required to have “any knowledge of the underlying code.” See id., [0095],
[0080], [0100]. Configuration changes (e.g., menu and item changes) made over
the Internet with the administrative tool at central server 22 are saved to the central
server, then pushed to kiosks at local stores. /d., [0115], [0076]. For example, “a
franchiser can create a new item or modify an existing item with all of its
associated attributes and save it to the remote server.” Id., [0122]. The central
“server can automatically send the changes to the local server,” or local server 16
can be programmed to periodically check for new configurations at the central
server. Id.; see also id., [0072], [0115]. These changes are communicated via
Internet 18. See id., [0071] (“the local (on-site) server 16 is connected to the
Internet 18 which allows remote access by the restaurant chain operator 20 and
enables the local server 16 to access a central server 22 for software and media
updates”). Woycik thus discloses and suggests programmatic creation and
modification of POS terminals in real-time over the Internet via the POS builder
interface of the administrative tool, including by saving changes to the central
server and by automatically sending changes to server kiosk 16/82.
69.  Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of 1[e] including a POS builder interface (e.g., the administrative tool’s
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user interface) configured to be utilized to access said POS builder software (e.g.,
the administrative tool) for programmatically creating or modifying said one or

more POS terminals (e.g., the self-order application and/or its interactive menu

screens) in real time over the communications network (e.g., Internet).

7. 1]

“wherein said POS builder software is configured to
interact with said one or more POS terminals over the
communications network in order for the web-based
point of sale (POS) builder system to perform functions
in accordance with instructions sent from the POS
builder interface”

70.  The web-based administrative tool installed on the central server
provides updates via the Internet to the self-order application and its interactive
menu screens on kiosks 16. For example, the central server is connected to kiosk
16/82 via “the Internet 18 which . . . enables the local server 16 to access a central
server 22 for software and media updates.” Ex. 1004, [0071], [0076]. The central
(remote) server can also be used to install a new kiosk or restore an existing kiosk
via a “web installation service ... that loads all necessary files onto the kiosk,
including any software, database, menu, configuration files and media necessary
for use.” Id., [0124]; see also id., Fig. 27. A POSITA would have understood that
the software and media update process must be implemented in an interactive
process, e.g., to ensure a complete update. Communications networks transfer files

such as the Flash files (.swf) discussed by Woycik, in chunks called packets and
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must ensure that each file is completely transferred and that all files are completely
transferred. Communications networks sometimes lose or garble data as it is
transferred. Protocols like TCP/IP check to make sure every packet transmitted is
received and received correctly. The receiver in a TCP/IP transfer will provide
feedback to let the sender know it should resend packets that were not received or
that were garbled in transit. This networking handshake is necessarily an interactive
process.

71.  Changes made using the administrative tool’s user interface (e.g.,
menu and item changes) are saved to the central server, then pushed to server
kiosks 16 at local stores. Id., [0115], [0076]. For example, “a franchiser can create
a new item or modify an existing item with all of its associated attributes and save
it to the remote server.” Id., [0122]. Central server 22 “can automatically send the
changes to the local server,” such as server kiosk 16/82. Id.; see also id., [0072],
[0120]. Also, the kiosk may check with the central server for new configurations
and may check with the master order governor to determine whether to display its
order screen. Id., [0115]. A POSITA would have been motivated to centralize
information from the kitchen with the master order governor on central server
22/84 (via the communications network) to ensure that online orders are treated
fairly with in-store orders. For example, if kiosk 16/82 is prevented from accepting

orders for a period of time due to kitchen congestion (as shown in Figure 37), a
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POSITA would have been motivated to likewise prevent online order app 102 from
accepting orders. Otherwise, online orders may keep the kitchen busy with in-store
customers locked out indefinitely. As explained for 1[b], the central server (i.e., the
web server) communicates with kiosks 16 (i.e., terminal devices) via Internet 18 to

provide updates to the self-order application and its interactive menu screens in

accordance with instructions sent from the administrative tool’s user interface.
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1d., Fig. 1; see also supra Claim Element 1[b].
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72.  Accordingly, it is my opinion that Woycik discloses each limitation of
1[f] including POS builder software (e.g., the administrative tool) on central server
22 configured to interact with said POS terminals (e.g., the self-order application
and/or its interactive menu screens) over the communications network (e.g.,
Internet) for the POS builder system to perform functions in accordance with

instructions sent from the POS builder interface (e.g., instructions for menu and

item changes).

8. 1lg]

“wherein said POS transactions and corresponding
transaction data from said one or more POS terminals
are configured to be transmitted to said web server via
the communications network”

73.  Woycik discloses that POS transactions and corresponding transaction
data from the POS terminals (e.g., the self-order application and/or its interactive
menu screens) at terminal devices (e.g., server kiosks 16) are transmitted to the
central (web) server via the Internet.

74.  The central server stores transaction data from the kiosks. For
example, the remote central server “provide[s] a central data repository for multiple
local servers and provide[s] a reporting module. The centralized data repository
stores local transaction data from kiosks as well as customer data for use with
customer recognition and recommendations . . . . As seen in FIG. 28, customer data

and/or order data is stored on the local server when a customer places an order
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through a client or remote client . . . . The local server connects to the remote server
periodically and stores the customer and order data in the centralized data
repository.” Id., [0128], [0089], [0097], [0076]; see also id., Fig. 28, [0072] (“one
of the kiosks 16 is used both as a client to permit customer entry of orders and as
the local server to interface to the Internet 18”°). Additionally, “[cJustomer orders or
other information that is to be retained to enhance the customer experience may be
retained at the local server, and uploaded to the central server, for example, once
per day. In the alternative, the ordering system could provide updates to the central
server in real-time throughout the day.” /d., [0030]. Communication between kiosk
16/82 and central server is via Internet 18. See id., [0071], Fig. 1.
75.  Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of 1[g].

9.  1[h]

“wherein each POS transaction is correlated with
corresponding transaction data occurring at said one or
more POS terminals”

76.  As explained in 1[g], Woycik discloses the centralized data repository
at central server 22 “stores local transaction data from kiosks as well as customer
data for use with customer recognition and recommendations.” Ex. 1004, [0128].
“For this purpose, the system tracks customer orders and stores them on the server.

Where the central server 22 of FIG. 1 1s used, the customer orders can be stored at
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the central server 22 to provide a centralized storage approach that then permits the
prior orders to be accessed from the central server 22 regardless of the particular
store at which the customer is located.” Id., [0089]; see also id., [0030] (transaction
data may be transmitted “to the central server in real-time throughout the day”).
The administrative tool also includes “[s]ystem reports 216 [which] enable the
administrator to view and print sales reports (block 232) of any individual kiosk or
all kiosks for a given day or time period.” Id., [0097].
77.  Thus, it is my opinion that Woycik discloses each limitation of 1[h]
including each POS transaction is correlated with corresponding transaction data at

the self-order application and/or its interactive menu screens on kiosk 16/82.

B. Claim 2

“The web-based point of sale (POS) builder system of claim 1,
wherein instructions to the POS builder interface for
programmatic creation and modification of the one or more
POS terminals are not formatted in programming code”

78.  As explained in 1[d] and 1[e], Woycik discloses a POS builder
interface (e.g., the administrative tool’s user interface) used to access POS builder
software (e.g., administrative tool) for programmatic creation and modification of
POS terminals (e.g., the self-order application and/or its interactive menu screens).
Instructions to the POS builder interface are not formatted in programming code

but instead occur via user selections using the interface. For example, the “menu
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editor screen of the administrative tool [] allows an administrator to create and edit

the screens or menus” using a simple graphical user interface. Ex. 1004, [0041].

POS builder
interface

1d., Fig. 11; see also id., [0108], Figs. 12-13, 20. The “item/product editor
screen of the administrative tool ... enables the editing of the individual

items/products for sale,” also using a graphical user interface. Id., [0051].
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» NESITEP
POS builder Fifets Editor

mterface

1d., Fig. 21; see also id., [0112], Fig. 22.

79.  The administrative tool “enables administrators and store owners to
make changes to the store offerings and customer interface without requiring any
knowledge of the underlying code.” Id., [0095]; see also id., [0080], [0100]
(“templates are menu layouts that assist administrators in creating and modifying
menus quickly and with little effort . . . [and] eliminate[] the need for
administrators to write their own code to develop the layout and behavior of the
menus”).

80.  Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of Claim 2.
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C. Claim 3

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals are tested iteratively
in real time while said one or more POS terminals are
operable to accept POS transactions”

81.  The ’012 patent does not disclose details of what testing POS screens
entails. As explained in 1[a], Woycik discloses POS builder software (e.g.,
administrative tool) that allows an administrator to create and edit POS terminals.

82. A POSITA would have understood Woycik discloses and suggests
iterative testing of POS terminals in real time using the administrative tool. For
example, Woycik discloses “[u]pon exiting the administrative tool, it prompts the
administrator to save the changes or discard changes.” Ex. 1004, [0115]; see also
id., [0115], [0121]. This prompt warns the administrative user that changes are
about to be committed to the system. An administrative user would have wanted to
test/validate changes before committing those changes to the system to avoid
interrupting business operations. Thus, a POSITA would have understood that
workflow to be interactive or would have been motivated to modify the workflow
to be interactive, to allow testing in the same session as the editing but before
committing those changes to the system. A POSITA would have understood
reviewing changes to either save or discard them discloses and suggests testing

POS terminals iteratively in real time.
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As another example, “FIG. 12 illustrates a method of editing menus

using the menu editor,” which involves an iterative process to view menu and item

screens and/or make menu and item changes in real time before saving changes to

the remote server. Id., [0042].
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1d., Fig. 12. This workflow confirms that as changes are made through the add/edit

menu path or the edit items path, the menu is displayed again before further changes

are made. A POSITA would have understood this iterative process discloses and
suggests testing POS terminals iteratively in real time.

84.  As another example, Woycik discloses “the remote server can
automatically send the changes” or periodically send changes “by programming of
the clients to periodically check for new configurations, such as by using
predefined time intervals and/or during idle time when the kiosk is not in use.” /d.,
[0122], [0115]; see also id., [0093], [0117], [0120]-[0121]. “The web enabled
administrative tool also enables store owners to update multiple servers from a
single location, for example, by logging in and updating the local servers either one
at a time or as a group.” Id., [0121]. A POSITA would have understood controlling
POS terminal updates by kiosk, group, during idle time, or at specific times
discloses and suggests testing POS terminals iteratively in real time while POS
terminals are simultaneously in use during store and business operation hours. For
example, a subset of kiosks (terminal devices) or stores would receive and test
updated POS terminals while other POS terminals at terminal devices or stores
continue to operate undisturbed. This controlled roll-out approach was common at

the time of the patent priority date and allowed a limited set of representative users

to engage the system with real-world data rather than relying on pre-packaged test
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scripts or simulated data. Problems would be quickly remedied with a roll-out of
updated screens/data to the same limited users. Further, a POSITA would have
implemented a controlled roll-out to manage bandwidth and 1/O capacity. Network
bandwidth to the stores and server input/output capacity would have limited how
many stores could receive updates at a time without interfering with operations.
85.  Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of Claim 3.

D. Claim 4

“The web-based point of sale (POS) builder system of claim 1,
wherein at least one of said POS builder interface and said
one or more POS terminals are configured to be implemented
without specialized hardware or software at a given terminal
device”

86. Woycik discloses terminal devices (e.g., kiosks 16) that include
hardware “elements commonly found in a general purpose computer, including a
display screen 52 and motherboard 54 having a central processing unit
(microprocessor) 56, hard drive 58, solid state memory 60, and a network
connection 62.” Ex. 1004, [0077]; see also id., Fig. 2. A POSITA would have
understood Woycik discloses no specialized hardware or software is required to be
implemented at kiosk 16/82, e.g., to run the self-order application. Woycik

identifies generic hardware and software as a way to implement its system. Had
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Woycik required specialized hardware/software, a POSITA would have expected
mention of that requirement.

87.  Asdiscussed in 1[a], Woycik discloses chain operator 20 has “web
access to the central server 22” and the “administrative tool loaded on the central
server 22” via Internet 18. Ex. 1004, [0075]; see also id., [0017], Claim 21.
Because the POS builder interface (e.g., the administrative tool’s user interface)
accesses the POS builder software (e.g., the “administrative tool”) that runs on
central server 22/84, which then sends self-order application configuration updates
to kiosks 16 via Internet, the POS builder interface does not require specialized
hardware or software at the terminal device.

88.  To the extent Woycik does not disclose “at least one of said POS
builder interface and said one or more POS terminals are configured to be
implemented without specialized hardware or software at a given terminal device”
(Ex. 1001, Claim 4), a POSITA would have been motivated to use general purpose
hardware and software (as opposed to specialized hardware or software) to reduce
system cost, complexity, and maintenance. The use of general-purpose hardware
and software is of particular value in a POS context because the loss of a terminal
device or other component could result in a direct loss of sales and customer

goodwill. We have all been at a store where the registers did not work and

customers, employees, and management are all frustrated. If the POS system
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requires specialized hardware or software, replacements or repairs depend on a
specialized supply chain that may have limited replacement parts and/or not be
available after-hours or on weekends. Further, specialized hardware and software
means limited supplies and higher prices. If a store owner can purchase any
commodity PC or Mac for the POS terminal device, the store owner can price-shop
at retailers, warehouse clubs, and online. If instead the store must purchase a
specialized system, that store owner has no ability to price-compare.
89.  Thus, it is my opinion that Woycik discloses and suggests each

limitation of Claim 4.

E. Claim 5

“The web-based point of sale (POS) builder system of claim 1,
wherein said web server includes a standard internet web
server implemented with standard web server hardware and
software, using one or more relational databases, wherein
software for said POS builder interface resides in and is
executed from said web server”

90. Woycik discloses a central server (i.e., a web server) that “can be a
general purpose computer.” Ex. 1004, [0008]. Woycik further discloses central
server implements “base operating system 94, such as Microsoft Windows™ XP.”
1d., [0078]. As discussed in 1[a], Woycik discloses POS builder software (e.g., the
administrative tool) installed on said web server (e.g., central server 22/84).
Configuration changes made with the administrative tool and saved on central

server 22/84 (e.g., “media and configurations of menus, items and options”) are
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then transmitted to kiosks at local stores. /d., [0115]; see also id., [0076], [0121]. A
POSITA would have understood software for the POS builder interface resides in
and 1s executed from central server 22/84.

91.  As further explained above in § XI.D (in relation to Claim 4), a
POSITA would also have understood that Woycik discloses and suggests that no
specialized hardware or software is required to implement central server 22/84. See
id., Fig. 3 (illustrating standard web server software). To the extent Woycik does
not disclose central server is “a standard internet web server implemented with
standard web 59 server hardware and software” (Ex. 1001, Claim 5), a POSITA
would have been motivated to use standard hardware and software (as opposed to
specialized hardware or software) to reduce system cost, complexity, and
maintenance.

92.  Woycik further discloses “[w]hen the overall system includes a central
server, for example, to coordinate multiple store locations, the table or database can
be stored at the central server.” Ex. 1004, [0030]; see also id., [0080], [0093],
[0141]. A POSITA would have understood that Woycik’s database discloses and
suggests a relational database. For example, Woycik describes using a table or a
database to store information. See, e.g., id., [0030] (“[t]he table or database where

the customer is looked up”). Relational databases store data in tables, so a POSITA

would have understood Woycik as allowing for storage in either a simple table,
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such as a delimited file, or in a database table, depending on the needs of the store.
In other words, Woycik is saying that the data underlying this disclosure fits
naturally in a table format, either in a file or a relational database rather than the
other types of databases available at the time, which were less common and often
industry specific. To the extent Woycik does not disclose a “relational database”
(Ex. 1001, Claim 5), a POSITA would have been motivated to use a web server
with a relational database to reduce the cost and complexity of the web server and
improve the speed of data retrieval, as such databases were commonly available at
the time of the 012 patent. Standard web application servers included relational
database connectors. Ex. 1031, 3 (“Even though the .NET database connectivity
model ADO.NET provides support for integrating .NET applications with multiple
databases, SQL Server is and probably will be the choice of database for most new
applications developed or migrated to the .NET platform.”); Ex. 1032, 3 (“For
access to database management systems and other existing enterprise computing
resources, J2EE provides support for JDBC, JTA, JNDI, and connectors. JDBC
provides J2EE’s database connectivity. Standard Query Language (SQL)
commands or queries can be issued to a relational database, and the results returned
to any Java application.”). Using a non-relational database would have made it

more difficult to find skilled developers to build and maintain components of the

system and would likely have required non-standard software connectors or other
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back-end software components to build a web-based system. Further, because
relational databases were more common at this time, more individuals were
qualified to setup, tune, and maintain relational databases. To the extent Woycik
does not disclose a relational database, a POSITA would have been motivated to
use one to reduce the cost and complexity of the web server, improve the speed of
data retrieval, and enable the POS developer and merchants to draw from a larger
pool of qualified database administrators.
93. Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of Claim 5.

F. Claim 6

“The web-based point of sale (POS) builder system of claim 1,
wherein said POS builder software is configured to provide
instructions to add new POS terminals”

94. Asexplained in 1[a], Woycik discloses point of sale builder software
(e.g., administrative tool) installed on said web server (e.g., central server 22/84).
The administrative tool “enables the administrator o create and edit the interactive
menu screens.” Ex. 1004, Abstract (emphasis added); see also id., [0075], [0098],
[0112], Claims 1, 7. Woycik further discloses the “administrator . . . may add a
new menu by selecting (blocks 294, 296) the add menu button 266 (FIG. 11).” 1d.,
[0099] (emphasis added); see also id., [0112] (“The administrator may . . . add an

item by selecting ‘Add Item’ 456 on the menu.”), [0113], Fig. 11. As discussed in
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1[d], the POS terminals (e.g., self-order application and/or its interactive menu
screens) are generated by POS builder software (e.g., administrative tool). See also
id., [0057], [0076], Fig. 27. “[ T]he administrative tool can include the same
functions typically used to add, delete, and configure kiosks in the system . . . to
create display screens (e.g., food ordering menus), to create a list of food items that
are used on the different menu screens, and to edit the various attributes of the food
items (e.g., name, associated graphic, price). Id., [0079].

95.  The central “server can automatically send the changes to the local
server 16.” Id., [0112]; see also id., [0115], [0122], [0073]. The “configuration
information” from the administrative tool at central server 22/84 includes “menu
screens, items, and other settings” for the self-order application. /d., [0075]. The
central server can also be used to install a new kiosk or restore an existing kiosk via
Internet by “load[ing] all necessary files onto the kiosk, including any software,
database, menu, configuration files and media necessary for use.” Id., [0124]; see
also id., [0075], Fig. 27.

96. Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of Claim 6.
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G. Claim 7

“The web-based point of sale (POS) builder system of claim 1,
wherein said POS builder software is configured to provide
instructions to modify existing POS terminals”

97. Asexplained in 1[a], Woycik discloses point of sale builder software
(e.g., administrative tool) installed on said web server (e.g., central server 22/84).
The administrative tool “enables the administrator o create and edit the interactive
menu screens.” Ex. 1004, Abstract (emphasis added); see also id., [0075], Claim 7.
Woycik further discloses the “administrator may edit any menu listed in the menu
editor by selecting (block 292) the edit menu button 260 (FIG. 11).” Id., [0099]
(emphasis added); see also id., [0112] (“The individual items or products available
for sale are edited in the item editor which can be selected using the Item Editor
button 222 on the main menu 212 of FIG. 10.”), [0108]. “[T]he administrative tool
can include the same functions typically used to add, delete, and configure kiosks
in the system . . . to create display screens (e.g., food ordering menus), to create a
list of food items that are used on the different menu screens, and to edit the
various attributes of the food items (e.g., name, associated graphic, price). /d.,
[0079].

98.  The central server can “automatically send the changes to the local
server.” Id., [0122]; see also id., [0112], [0115], [0073]. The “configuration

information” from the administrative tool at central server 22/84 includes “menu
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screens, items, and other settings” for the self order application. /d., [0075]. The
central server can also be used to install a new kiosk or restore an existing kiosk via
Internet. Id., [0124]; see also id., [0075], Fig. 27.
99. A POSITA would have understood Woycik discloses and suggests
POS builder software configured to provide instructions to modify existing POS
terminals, e.g., by modifying existing interfaces (e.g., editing menus, products, or
categories) and by providing modified configuration information. For example, the
editing screens (Figs. 10, 11, 13, 14-21) combined with the workflows (Figs. 12,
22) show software configured to edit POS menus and items. A POSITA would
have understood that the changes (once saved/committed) would need to be rolled
out to stores. A POSITA would have understood that roll-out would be in the form
of instructions to update/modify POS terminals on terminal devices. A POSITA
would have understood various approaches such as instructions to
add/delete/replace individual files or instructions to replace data in a local
table/database. For example, an update to the POS terminals might require an
instruction to replace a file providing a revised button animation, e.g., “Flash
content,” in the form of an .swf file. Ex. 1004, [0082], [0078].

100. Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of Claim 7.
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H. Claim 8

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals are configured to be
accessible by a web browser”

101. As discussed in 1[a], Woycik discloses an administrative tool running
on the central server (i.e., the web server). Woycik further discloses “the
administrative tool 98 provides a graphical representation of menu options, button
selections, images, text fields, etc. on the kiosk.” Ex. 1004, [0095]. The system
“can also be used by the administrators to access the administrative tools remotely
using a standard web browser, rather than having to use a kiosk.” /d., [0121]; see
also id., [0093] (“By whatever approach is used for online ordering, the web server
provides a web based interface similar to the self-order application interface on the
kiosks.”), [0115].

102. To the extent Woycik does not disclose POS terminals configured to
be accessible by a web browser, a POSITA would have been motivated to provide
such functionality to allow a manager to view the same interfaces customers see
instore (i.e., the same look and feel) when editing items and menus via the
administrative tool. Providing browser access to view user interfaces of software
applications (including POS terminals) was known, and a POSITA would have
reasonably expected success in enabling such access for Woycik’s POS terminals.

A POSITA would have known that Macromedia Flash files implementing the user
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interface (Ex. 1004, [0078]) could be executed in two environments: a stand-alone
player or a web-browser plug-in. Ex. 1033, 13 (“Macromedia Flash MX
applications can be built to include both the application and its data, as well as the
full Macromedia Flash Player runtime, enabling developers to create stand-alone
applications that can operate offline, outside of the context of a web browser . . . .
A common runtime across operating systems, browsers and chip architectures.”).*
A POSITA reading the .NET and web-server context of Woycik would have
known the Flash files could be deployed in a web-browser with a reasonable
expectation of success and would have been motivated to use the browser
environment for ease of use by managers without requiring installation of a Flash
Player.

103. Thus, it is my opinion that Woycik discloses and suggests each

limitation of Claim &.

4 Available at
https://web.archive.org/web/20030407231242/https://download.macromedia.com/p
ub/flash/whitepapers/richclient.pdf. This reference was cited by contemporaneous
publications including Viljoen et al., “A 2-D MPEG-4 multimedia authoring tool”
(AFRIGRAPH Feb. 2003), available at

https://dl.acm.org/doi/abs/10.1145/602330.602358.
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I. Claim 9

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals, once generated, are
configured to operate independently of said web server”

104. As discussed in 1[e], configuration changes (e.g., menu and item
changes) made with the administrative tool at central server 22/84 are saved to the
central server, then pushed to the kiosks at the local stores. Ex. 1004, [0076],
[0115], [0122]. The central “server can automatically send the changes to the local
server,” such as server kiosk 16/82. Id., [0122]; see also id., [0072]. Once
generated, the POS terminals can take orders and store order data in the local server
(kiosk 16/82). Id., [0128]. Those orders are taken without reliance on the web
server because the local server periodically uploads those orders to the centralized
data repository at block 596. Id.

105. “[T]he software stored on each kiosk 80 includes a combination of a
client computer program 92 (e.g., written in .NET) and user interface content 90
stored in an enhanced vector graphics file format, with this content being used by a
suitable player or virtual machine (e.g., Macromedia Flash Player) to generate the
user interface on the touch screen.” Id., [0078]. More specifically, Woycik
discloses remote central server 22 “provides a method of remotely diagnosing a
kiosk” in which “the remote server connects to local servers and/or client kiosks to

run a diagnostic of each kiosk” “[d]uring periods when the kiosk is idle.” 1d.,
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[0123]. Installation of a new kiosk and restoration of an existing kiosk includes “an
installation wizard that loads all necessary files onto the kiosk, including any
software, database, menu, configuration files and media necessary for use (blocks
582, 584). 1d., [0124]. Thus, the POS terminals (e.g., self-order application and/or
its interactive menu screens) can run at terminal devices (e.g., kiosks 16)
independently of central server 22/84 (i.e., the web server).

106. A POSITA would have understood that Woycik discloses and suggests
the POS terminals (e.g., self-order application and/or its interactive menu screens)
generated by POS builder software (e.g., administrative tool) accessible at kiosks
16 are configured to operate independently of central server 22/84 and set to
periodically upload order information to the web server to enable, for example,
reports across all stores. /d., [0128].

107. [not used]

108. Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of Claim 9.

J. Claim 10

“The web-based point of sale (POS) builder system of claim 1,
wherein a number, shape and arrangement of selection keys
or buttons for said one or more POS terminals are specified
from the POS builder interface”

109. Woycik discloses an administrative tool that enables editing of menus

using a “menu editor.” Ex. 1004, [0099]. Menu screens are comprised of “buttons
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that allow the customer to make selections among available items and options.” /d.,
[0100]. “Buttons can be directly added one at a time by the administrator.” Id. An
administrator can also “edit the individual buttons and associate them with food
items and options and associated button text, graphics, voiceovers, and button

behaviors.” Id., [0108]. By selecting “‘edit items,’” the administrator can “edit the

characteristics of each individual button on the menu.” Id.
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1d., Fig. 12; see also id., [0095], [0108], Figs. 4-9, 14-19, 29-30, 34-38, 40
(illustrating different numbers, shapes, and arrangements of keys or buttons of
interactive menu screens of self-order application). Woycik further discloses a

library of templates, each template representing an interactive menu screen having
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buttons associated with functions and “organized into a particular arrangement.”
1d., [0107]; see also Claims 7-20, [0019], [0099]-[0106], [0119], Figs. 14-19.
110. Accordingly, it is my opinion that Woycik discloses and suggests each

limitation of Claim 10.

K. Claim 11

“The web-based point of sale (POS) builder system of claim
10, wherein items are associated with said selection keys or
buttons from the POS builder interface”

111. As discussed for claim 10, Woycik discloses the administrative tool’s
user interface enables an administrator to “edit the individual buttons and associate
them with food items and options and associated button text, graphics, voiceovers,
and button behaviors.” Ex. 1004, [0108]; see also id., [0020], [0050], [0079],
[0099], [0109], [0112], [0113], Figs. 4-9, 12, 20-22.

112. Thus, it is my opinion that Woycik discloses and suggests limitation of
Claim 11.

L. Claim 12

“The web-based point of sale (POS) builder system of claim
11, wherein attributes are attributed to said items from the
POS builder interface”

113. Asdiscussed in 1[d], Woycik discloses a POS builder interface (e.g.,
administrative tool’s user interface) with “functions . . . to create a list of food

items that are used on the different menu screens, and to edit the various attributes
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of the food items (e.g., name, associated graphic, price).” Ex. 1004, [0079]. “When
adding or editing an existing item, the administrative tool launches a separate items
detail screen with multiple tabs to edit various item attributes.” Id., [0112]; see also
id., [0109] (“The administrator can modify each button attribute in the editor.”),
[0122] (“[A] franchiser can create a new item or modify an existing item with all of
its associated attributes and save it to the remote server (blocks 550, 552).”).
114. FIG. 21 depicts the item editor screen 440 (a POS builder interface),

which enables attribution of attributes to items associated with selection keys or

buttons:

f : Tt P OO0 |
';NEQB*E‘P ' sl rownion]
{tem Editor - 8
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Id., Fig. 21; see also id., [0079], [0082], [0093], [0103], [0108], [0113], Figs. 4-9,
12, 20-22.
115. Thus, it is my opinion that Woycik discloses and suggests each

limitation of Claim 12.

M. Claim 13

“The web-based point of sale (POS) builder system of claim
12, wherein said attributes are stored, retrievable and
changeable from a database stored on said web server”

116. As discussed for claim 12, Woycik discloses item editor screen 440
for editing item information. The item editor, like the menu editor, is part of the
administrative tool stored on the central server (i.e., the web server). See supra
§§ XI.A.2 (claim 1[a]), XL.E (claim 5). Menu and item information, including
attribute information, is maintained in a database at the central server. See id.,
[0122] (“This can be done, for example, by using the administrative tool on the
remote server to configure the menus and items locally stored there.”); see also id.,
Fig. 3 (illustrating “Web Server/DB (.NET)” on central server), [0030], [0080],
[0089], [0093], [0099], [0141].

117. Thus, it is my opinion that Woycik discloses and suggests each

limitation of Claim 13.
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N. Claims 14-20

118. Claims 14-20 are method claims that recite similar limitations as the
apparatus claims discussed previously. A POSITA would have understood that the
structures disclosed in Ground 1 and identified with similar limitations are
disclosed as, designed to, and are intended to perform the method steps recited in
Claims 14-20. The following table maps the limitations of Claims 14-20 to
discussions of similar structural limitations in addressed in my declaration. It is my
opinion that Claims 14-20 are obvious for the same reasons provided for finding
Claims 1-13 obvious in this Ground. For each limitation of Claims 14-20, I

incorporate by reference the following sections of this Ground as though repeated

herein.
Limitation Discussion Incorporated by Reference
14[pre] See §§ XI1.A.1, XI.A.2 (claim 1[pre] and 1[a]).
14[a] See §§ XI.A.3, XI.A.8 (claim 1[b] and 1[g]).
14[b] See § XI1.A.4 (claim 1[c]).
14[c] See §§ XI1.A.5, XI1.A.6 (claim 1[d] and 1[e]).
14[d] See § XI.A.7 (claim 1[f]).
14[e] See § XI.A.8 (claim 1[g]).
14[f] See § XI1.A.9 (claim 1[h]).
15 See § XI.C (claim 3).
16 See § XI.H (claim 8).
17 See § XL.I (claim 9).
18 See § X1.J (claim 10).
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Limitation Discussion Incorporated by Reference
19 See § XI.K (claim 11).
20 See §§ XI.L, XI.M (claims 12 and 13).

XII. GROUND 2: OLSON COMBINED WITH WOYCIK RENDERS
CLAIMS 1-20 OBVIOUS

A. Motivation to Combine

119. Olson discloses “[a] point of sale system with a web-based back-office
system.” Ex. 1006, Claim 1; see also id., [ Abstract]. “The POS terminals
communicate via HTTP protocol (hypertext transfer protocol) 23 with Back-office
BO software, which is implemented on web servers 24, which can be located
anywhere in the world.” Id., [0019]. “Part of the POS application, the BO interface
is continuously running in the background. ... Additionally, the BO interface
requests update from the BO such as new items, price changes, employees, etc.”
1d., [0019]. “[T]he BO software and data can be viewed from any store employee at
any PC who has Internet access 26 and a password” via web access to the BO
server. Id., [0019], Claim 5, [0026], [0027]. Olson contemplates configuring POS
terminals (id., [0024]) but requires programming and does not disclose POS builder
software.

120. As discussed in Ground 1, Woycik discloses POS builder software
(e.g., the administrative tool) that resides and runs on central server 22 and is

remotely accessible with “web access” for managers or administrators. Ex. 1004,
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[0075]. The administrative tool provides “a menu editor that enables the
administrator to create and edit the interactive menu screens provided by the self-
order application at the self-service client terminals.” Id., [0016]; see also id.,
[0041], [0050], [0097] (item editor 222), Figs. 11, 20-22. Users access the
administrative tool using graphical user interfaces (POS builder interfaces) to
programmatically create and edit user interfaces of the kiosk self-order application
(POS terminals) in real time over the Internet.

121. A POSITA would have been motivated to add the web-based
administrative tool taught by Woycik to the web-based POS system taught by
Olson and would have reasonably expected the combination to improve the
usability and configurability of Olson’s web-based POS system. For example, the
combination would (1) allow managers to remotely and centrally configure and
manage POS terminals for one or more store locations, (ii) reduce the cost and time
associated with manually creating, editing, and/or updating Olson’s POS terminals,
(i11) eliminate delays inherent in coding or configuring POS terminal devices
individually; (iv) reduce or eliminate training required to create and edit POS
terminals, and (v) further realize the advantages of utilizing the Internet to deliver
known POS system software and functionality.

122. Olson describes using modern programming techniques (e.g., object-

oriented programming in Java) to simplify the process of modifying POS terminals;
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however, a POSITA would have recognized that most changes to menus and items
in POS terminals could be made without programming by utilizing a graphical user
interface and a data-driven design approach like the one taught by Woycik. A
POSITA would have immediately recognized how to use Woycik’s POS builder
interfaces to define menus and items to be displayed in a Java-based system like
Olson. A POSITA would have seen the benefit of allowing managers or other non-
technical users to manage POS terminals and would have been motivated to
implement this approach to add value and avoid giving programmers tasks like
editing screens and buttons. A POSITA would have understood that the cost of
integrating Woycik’s POS builder into Olson could be amortized over the life of
the system and shared by all users of the system, whereas the cost of Olson’s
manual edits would accrue indefinitely and would be specific to a single store or
business. A POSITA would also have understood that changes could be made
much more rapidly with Woycik’s POS builder approach because a manager could
quickly make (and test) the change and then roll it out immediately. In contrast,
Olson’s approach requires scheduling time with a programmer to explain the
change, implement the change, test the new software, and roll out the change
through a software distribution mechanism. This programming-centric manual

editing process would undoubtedly be slower and more cumbersome. A POSITA

would also have understood that a non-technical user could quickly learn how to
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make changes in Woycik’s POS builder interfaces, whereas learning how to
program changes in Java would require at least months, if not years, of training and
practice. Finally, a POSITA would have appreciated the benefit of offering an
Internet accessible POS builder to allow a manager or store owner to make changes
from the office, from home, or from vacation to support his/her business without
being tied to a physical location or having to carry around a software development
environment.

123. Because Olson’s BO server already enables mangers to remotely
access to BO software and data over the Internet and updates POS terminal devices
with “new items, price changes, employees, etc.” (Ex. 1001, 4:32), a POSITA
would have been motivated to add Woycik’s POS builder software to run on
Olson’s BO server to facilitate user-friendly design and modification of POS
screens and terminals, also via the Internet. For example, adding Woycik’s POS
builder software as a BO application on Olson’s BO server would provide
merchants with a “a menu editor ... to create and edit the interactive menu screens
provided by the self-order application at the self-service client terminals.” Ex.

1004, [0016]. These changes could then be automatically sent to local terminal
devices in real time. /d., [0115], [0076]; see also Ex. 1006, [0026], [0027]. Such

combination would also enable merchants with multiple locations (e.g., franchisors

or chain store owners) to update and manage menus efficiently and quickly across
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stores, while ensuring consistency at different locations. All that would be required
for a merchant to build a POS interface, conduct transactions, and analyze data
would be a terminal device with web access and an Internet connection. Such a
combination would likewise better serve small and mobile merchants by
minimizing POS interface maintenance costs and providing a more comprehensive
web server-based POS system than Olson alone. Overall, such a combination
represents the mere application of a known technique (e.g., the POS builder of
Woycik’s administrative tool) to a known system (e.g., Olson’s web-based back-
office system) ready for improvement (i.e., to improve features and functionality
provided by Olson’s POS system with web-based back office). A POSITA would
have had a reasonable expectation of success of adding Woycik’s administrative
tool to Olson given the similarity of the POS architectures, including a remote
central server that is accessible and interactively communicates via Internet with
one or more local, in-store POS terminal devices. POS systems operate in a narrow
problem domain managing a finite list of products and options arranged in menus.
A POSITA would have known how to translate the data captured by Woycik’s POS
builder into Olson’s Java-based POS system with at least a reasonable expectation
of success. Olson and Woycik are both directed to improving via use of the Internet
POS systems and software, including back-office applications, and enable remote

access to the web server for administrative tasks.

76



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012

B. Claim 1
1. 1[pre]

“A web-based point of sale (POS) builder system
comprising”

124. Olson discloses “[a] point of sale system with a web-based back-office
system.” Ex. 1006, claim 1; see also id., Abstract. “The POS terminals
communicate via HTTP protocol (hypertext transfer protocol) 23 with Back-office
BO software, which is implemented on web servers 24, which can be located
anywhere in the world.” Id., [0019]; see also id., Abstract, [0010], [0020], [0024],
Claim 1.

125. Woycik discloses a web-based POS builder system. See supra
§ XI.A.1 (claim 1[pre]).

126. Thus, it is my opinion that the combination of Olson and Woycik
discloses and suggests each limitation of 1[pre].

2. 1]a]

“a web server including POS builder software installed
thereon”

127. Olson discloses “[a] point of sale system with a web-based back-office
system.” Ex. 1006, claim 1; see also id., Abstract. “The POS terminals
communicate via HTTP protocol (hypertext transfer protocol) 23 with Back-office

BO software, which is implemented on web servers 24.” Id., [0019]. Figure 1

77



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012

illustrates back-office “web servers 24” (id.) connected to POS 21 in store 1 and

POS 22 in store 2:

Points of Sale in Stores &
Back Office Server on the Web

POS

pos1 | Posz | pPost1 | Posz / terminals

Store 1 Store 1 Store 2 Store 2

21— il —"
25
K \ 23 Torfocal Internet
1 fo el connection
R!:?:':e'::' S Backoffice implemented on various
access Web Servers -
l—=4 _§
Web server
FIG. 1

1d., Fig. 1; see also id., Fig. 4 (illustrating back-office web server 24/36). Olson
further discloses that “web servers 24 ... can be located anywhere in the world.”
1d., [0019]; see also id., Abstract, [0010], [0020], [0024], Claim 1.

128. As discussed in Ground 1, Woycik discloses a web server (e.g., central
server 22/84) with POS builder software (e.g., administrative tool) installed
thereon. See supra § XI.A.2 (claim 1[a]).

129. As discussed above in § XII.A, a POSITA would have been motivated
to implement the administrative tool and/or its features as taught by Woycik as a
BO application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via the Internet and would have reasonably
expected the combination to do so. See supra 4 123 . In this modified system,
Olson’s web server (e.g., web server 24/36) would have POS builder software (e.g.,
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Woycik’s administrative tool) installed thereon to provide centralized management
of POS terminals through the POS builder interfaces of Woycik.
130. Thus, it is my opinion that the combination of Olson and Woycik

discloses and suggests each limitation of 1[a].

3. 1[b]

“one or more POS terminals generated by said POS
builder software and said one or more POS terminals
configured to be accessible at one or more terminal
devices”

131. Olson discloses POS terminal devices located in stores:

Points of Sale in Stores &
Back Office Server on the Web

POS 1 POS 2 POS 1 POS 2
Store 1 Store 1 Store 2 | Store 2
21— 22
25 23 HTTP
‘ protocal
} 26 to Web
Remote PC S Backoffice implemented on various
with Web
Aocisa Web Servers 24

FIG. 1

Ex. 1006, Fig. 1; see also id., Abstract, [0019], [0021], [0023], Fig. 4. Each POS
terminal device 21/22 is implemented with “personal computer hardware and

software” and “represents a single cash register in a store, retail location, or
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business location. /d., [0012], [0017]. Users can press keys on the “keyboard, touch
screen or touch pad,” and messages are displayed on the “POS screen” of the POS
terminal device. Id., [0023]. Olson further discloses that POS terminal devices
communicate with the web server via the Internet. Ex. 1006, [0019]-[0020]. Thus,
Olson discloses one or more POS terminals (e.g., POS screen displays’) accessible
at one or more terminal devices (e.g., “POS transaction engine terminals”™).

132. As discussed in Ground 1, Woycik discloses POS terminals (e.g., self-
order application and/or its interactive menu screens) generated by POS builder
software (e.g., administrative tool) installed on a web server and configured to be
accessible at one or more terminal devices (e.g., kiosks 16). See supra § XI1.A.3
(claim 1[b]).

133. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and

editing of POS terminals in real time via Internet and would have reasonably

expected the combination to do so. See supra 4 123. In this modified system, POS

> Olson uses the terms “POS terminal” and “POS transaction engine terminals”
interchangeably to refer to a POS terminal device, and uses the term “POS screen”

to refer to what the *012 claims call a “POS terminal.” See supra § VIII.A.
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terminals generated by POS builder software implemented at Olson’s web server
24/36 would be accessible at one or more terminal devices (e.g., at “POS
transaction engine terminals” via Olson’s BO interface). Ex. 1006, Abstract.
Alternatively, Woycik’s kiosk server 16 could be used as a terminal device to
interface with the administrative tool on Olson’s web server 24/36.
134. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each element of this limitation.

4. 1[c]

“said POS terminals configured to accept POS
transactions and collect corresponding transaction
data”

135. Asdiscussed in Ground 1, Woycik discloses POS terminals (e.g., self-
order application and/or its interactive menu screens) configured to accept POS
transactions and collect corresponding transaction data (e.g., customer data and/or
order data). See supra § XI1.A.4 (claim 1[c]).

136. Olson also discloses POS terminals configured to accept POS
transactions and collect corresponding transaction data. Ex. 1006, [0017] (“All
transaction data is stored in a relational database on the hard drive in the POS.”),
[0019], [0020] (“The POS such as 21 send transaction data to the BO in the form of

an HTTP post or communication.”).
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137. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra 9 123. In this modified system, the
administrative tool implemented on Olson’s web server 24/36 would generate POS
terminals (e.g., self-order application and/or its interactive menu screens)
configured to accept POS transactions and collect transaction data at terminal
devices (e.g., at “POS transaction engine terminals” and/or at Woycik’s kiosk
server 16).
138. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of 1[c].

S. 1[d]

“a POS builder interface configured to be accessible via
network communication with said web server over a
communications network”

139. The system of Olson “allows remote monitoring of both the POS and
back-office systems from anywhere via the web.” Ex. 1006, [0027]; see also id.,
Claim 5 (*““a real-time status of said POS terminals and said back-office web servers
is obtained at remote locations via personal computers with browser based web

access”).
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140. Figures 1 and 4 illustrate remote PCs connecting to the web servers

24/36 via web browsers using the Internet:

Points of Sale in Stores &
Back Office Server on the Web

FOS 1 POS 2 POS 1 FOS 2
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POS/Back Office

Architeciure

Melation o0

Remote PC

1d., Figs. 1, 4; see also id., Abstract, [0004], [0011], [0026].
141. As discussed in Ground 1, Woycik discloses a POS builder interface
(e.g., the administrative tool’s user interfaces) for accessing POS builder software

(e.g., administrative tool) configured to be accessible via network communication
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(e.g., via web access) with said web server (e.g., central server 22/84) over a
communications network (e.g., the Internet). See supra § XI.A.5 (claim 1[d]).

142. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra 9 123. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, Woycik’s administrative tool installed on Olson’s
web server 24/36 would provide a POS builder interface (e.g., the administrative
tool’s user interface) configured to be accessible via network communication (e.g.,
via web access over the Internet) with said web server (e.g., web server 24/36) over
a communications network (e.g., the Internet).

143. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of 1[d].

6. 1]e]

“wherein said POS builder interface is configured to be
utilized to access said POS builder software for
programmatically creating or modifying said one or
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more POS terminals in real time over the
communications network”

144. As discussed in Ground 1, Woycik discloses a POS builder interface
(e.g., the administrative tool’s user interface) configured to be utilized to access
said POS builder software (e.g., the administrative tool) for programmatically
creating or modifying said one or more POS terminals (e.g., the self-order
application and/or its interactive menu screens) in real time over the
communications network (e.g., Internet). See supra § XI.A.6 (claim 1[e]).

145. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, Woycik’s administrative tool installed on Olson’s
web server 24/36 is configured to be utilized to access said POS builder software
(e.g., the administrative tool) for programmatically creating or modifying said one
or more POS terminals (e.g., the self-order application and/or its interactive menu
screens) in real time over the communications network (e.g., Internet). For
example, said POS terminals would be saved at web server 24/36 and accessible at
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terminal devices (e.g., at “POS transaction engine terminals” and/or at Woycik’s
kiosk server 16) in real-time. Ex. 1006, Abstract, [0019]; see also Ex. 1004, [0072],
[0115], [0122].

146. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of 1[e].

7. 1[f]

“wherein said POS builder software is configured to
interact with said one or more POS terminals over the
communications network in order for the web-based
point of sale (POS) builder system to perform functions
in accordance with instructions sent from the POS
builder interface”

147. As discussed in Ground 1, Woycik discloses POS builder software
(e.g., the administrative tool) configured to interact with said POS terminals (e.g.,
the self-order application and/or its interactive menu screens) over the
communications network (e.g., Internet) for the POS builder system to perform
functions in accordance with instructions sent from the POS builder interface (e.g.,
instructions for menu and item changes). See supra § XI.A.7 (claim 1[f]).

148. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably

expected the combination to do so. See supra § XII.A. For example, the
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administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, Woycik’s administrative tool installed on Olson’s
web server 24/36 is POS builder software configured to interact with said POS
terminals (e.g., the self-order application and/or its interactive menu screens) over
the communications network (e.g., Internet) for the POS builder system to perform
functions in accordance with instructions sent from the POS builder interface (e.g.,
instructions for menu and item changes).

149. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of 1[f].

8. 1[g]

“wherein said POS transactions and corresponding
transaction data from said one or more POS terminals
are configured to be transmitted to said web server via
the communications network”

150. Asdiscussed in 1[b], Olson discloses that POS terminals communicate
with web server 24. For example, “POS terminals communicate via HTTP protocol
(hypertext transfer protocol) 23 with Back-office BO software, which is
implemented on web servers 24.” Ex. 1006, [0019]; see also id., [0020] (“The POS
such as 21 send transaction data to the BO in the form of an HTTP post or

communication.”).
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151. Asdiscussed in Ground 1, Woycik discloses POS transactions and
corresponding transaction data from POS terminals (e.g., the self-order application
and/or its interactive menu screens) on server kiosks 16 are transmitted to central
server via the Internet. See supra § X1.A.8 (claim 1[g]).

152. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, the POS transactions and corresponding transaction
data from POS terminals (e.g., the self-order application and/or its interactive menu
screens) at terminal devices (e.g., at “POS transaction engine terminals” and/or at
Woycik’s kiosk server 16) would be transmitted to Olson’s web server 24/36 via
the Internet.

153. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of 1[g].
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9.  1[h]

“wherein each POS transaction is correlated with
corresponding transaction data occurring at said one or
more POS terminals”

154. As explained in Ground 1, Woycik discloses that each POS transaction
is correlated with corresponding transaction data at the self-order application and/or
its interactive menu screens at kiosk 16/82. See supra § X1.A.9 (claim 1[h]). Olson
also discloses each POS transaction is correlated with corresponding data occurring
at POS terminals of terminal devices. Ex. 1006, [0017]-[0020].

155. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, each POS transaction is correlated with
corresponding transaction data occurring at said one or more POS terminals (e.g.,
the self-order application and/or its interactive menu screens).

156. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of 1[h].
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C. Claim 2

“The web-based point of sale (POS) builder system of claim 1,
wherein instructions to the POS builder interface for
programmatic creation and modification of the one or more
POS terminals are not formatted in programming code”

157. As discussed in Ground 1, Woycik discloses a POS builder interface
(e.g., the administrative tool’s user interface) for programmatic creation and
modification of POS terminals (e.g., the self-order application and/or its interactive
menu screens) wherein instructions to the POS builder interface are not formatted
in programming code. See supra § X1.B (claim 2).

158. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, instructions to the POS builder interface are not
formatted in programming code.

159. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of Claim 2.
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D. Claim 3

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals are tested iteratively
in real time while said one or more POS terminals are
operable to accept POS transactions”

160. The 012 patent does not disclose details of what testing POS
terminals entails. As explained in Ground 1, a POSITA would have understood that
Woycik discloses and suggests iterative testing of POS terminals in real time using
the administrative tool while POS terminals are operable to accept POS
transactions. See supra § XI1.C (claim 3).

161. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, POS terminals would be tested iteratively in real
time while said POS terminals are operable to accept POS transactions.

162. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of Claim 3.
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E. Claim 4

“The web-based point of sale (POS) builder system of claim 1,
wherein at least one of said POS builder interface and said
one or more POS terminals are configured to be implemented
without specialized hardware or software at a given terminal
device”

163. As explained in Ground 1, Woycik discloses and suggests a POS
builder interface and POS terminals configured to be implemented without
specialized hardware or software at a given terminal device. See supra § XI1.D
(claim 4). Olson also discloses and suggests POS terminals configured to be
implemented without specialized hardware or software at a given terminal device.
See supra § X11.B.3 (claim 1[b]).

164. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, neither the POS builder interface (e.g.,

administrative tool’s user interface) nor POS terminals (e.g., the self-order
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application and/or its interactive menu screens) would require specialized hardware
or software at a given terminal device.
165. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of Claim 4.

F. Claim 5

“The web-based point of sale (POS) builder system of claim 1,
wherein said web server includes a standard internet web
server implemented with standard web server hardware and
software, using one or more relational databases, wherein
software for said POS builder interface resides in and is
executed from said web server.”

166. Olson discloses a standard internet web server implemented with
standard web server hardware and software, using one or more relational databases.
Ex. 1006, [0012] (“The web server is implemented with web server hardware and
software, also using one or more relational databases.”), [0026] (“Web Server 36
illustrates a BO implemented with Apache PHP using relational databases.”). Olson
discusses drawbacks associated with custom POS software and does not disclose or
suggest a need for specialized web server hardware or software for Olson’s BO
system. Id., [0006].

167. As discussed for Ground 1, Woycik discloses software for said POS
builder interface resides in and is executed from said web server. See supra § XI.E

(claim 5).
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168. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via the Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code.
169. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of Claim 5.

G. Claim 6

“The web-based point of sale (POS) builder system of claim 1,
wherein said POS builder software is configured to provide
instructions to add new POS terminals”

170. Woycik discloses the administrative tool is configured to provide
instructions to add new POS terminals. See supra § X1.F (claim 6). As discussed
above, a POSITA would have been motivated to implement the administrative tool
and/or its features as taught by Woycik as a BO application on Olson’s web server
24/36 to allow programmatic creating and editing of POS terminals in real time via
Internet and would have reasonably expected the combination to do so. See supra §

XII.A. For example, the administrative tool of Woycik would allow a non-technical
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user (e.g., a store manager) to add/edit screens and items without learning how to
write software code.
171. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of Claim 6.

H. Claim 7

“The web-based point of sale (POS) builder system of claim 1,
wherein said POS builder software is configured to provide
instructions to modify existing POS terminals”

172. As discussed for Ground 1, Woycik discloses and suggests the
administrative tool is configured to modify existing POS terminals. See supra §
XI1.G (claim 7). As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code.

173. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each limitation of Claim 7.
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I. Claim 8

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals are configured to be
accessible by a web browser”

174. Woycik discloses and suggests said one or more POS terminals are
configured to be accessible by a web browser. See supra § XI.H (claim 8).

175. Olson discloses “BO software and data can be viewed from any store
employee at any PC who has Internet access 26 and a password” via web access to
the BO server, and “a real-time status of said POS terminals and said back-office
web servers is obtained at remote locations via personal computers with browser
based web access.” Ex. 1006, [0019], Claim 5, Claim 20, [0026], [0027].

176. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO
application on Olson’s web server 24/36 to allow programmatic creating and
editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, POS terminals (e.g., self-order application and/or its
interactive menu screens) are configured to be accessible by a web browser

accessing Olson’s web server 24/36 with POS builder software (e.g., administrative
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tool) installed thereon. For example, POS terminals would be viewable via browser
access to the administrative tool as “BO software and data” on Olson’s web server
(Ex. 1006, [0019]) and accessed “remotely using a standard web browser” (Ex.
1004, [0121]).
177. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each element of this claim.

J. Claim 9

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals, once generated, are
configured to operate independently of said web server”

178. Olson discloses that “if the web goes down, the POS terminal
continues to operate. There is a loose coupling of the POS to the back office (BO).
The POS to BO connection is not required for the basic business functions of the
POS.” Ex. 1006, [0017]. Olson’s POS terminal devices and related software are
thus configured to operate independently of the web server.

179. Woycik also discloses that said POS terminals (e.g., self-order
application and/or its interactive menu screens), once generated, are configured to
operate independently of said web server. See supra § XI.I (claim 9).

180. As discussed above, a POSITA would have been motivated to
implement the administrative tool and/or its features as taught by Woycik as a BO

application on Olson’s web server 24/36 to allow programmatic creating and
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editing of POS terminals in real time via Internet and would have reasonably
expected the combination to do so. See supra § XII.A. For example, the
administrative tool of Woycik would allow a non-technical user (e.g., a store
manager) to add/edit screens and items without learning how to write software
code. In this modified system, POS terminals (e.g., self-order application and/or its
interactive menu screens) at terminal devices (e.g., at “POS transaction engine
terminals” (Ex. 1006, Abstract) and/or at Woycik’s kiosk server 16) are configured
to operate independently of said web server.
181. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each element of this claim.

K. Claim 10

“The web-based point of sale (POS) builder system of claim 1,
wherein a number, shape and arrangement of selection keys

or buttons for said one or more POS terminals are specified
from the POS builder interface”

182. Woycik discloses and suggests a number, shape, and arrangement of
selection keys or buttons for POS terminals are specified from the administrative
tool’s manager interface. See supra § XI.J (claim 10). As discussed above, a
POSITA would have been motivated to implement the administrative tool and/or
its features as taught by Woycik as a BO application on Olson’s web server 24/36
to allow programmatic creating and editing of POS terminals in real time via

Internet and would have reasonably expected the combination to do so. See supra §
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XIILA. For example, the administrative tool of Woycik would allow a non-technical
user (e.g., a store manager) to add/edit screens and items without learning how to
write software code.
183. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each element of this claim.

L. Claim 11

“The web-based point of sale (POS) builder system of claim
10, wherein items are associated with said selection keys or
buttons from the POS builder interface”

184. Woycik discloses and suggests this claim. See supra § X1.K (claim
11). As discussed above, a POSITA would have been motivated to implement the
administrative tool and/or its features as taught by Woycik as a BO application on
Olson’s web server 24/36 to allow programmatic creating and editing of POS
terminals in real time via Internet and would have reasonably expected the
combination to do so. See supra § XII.A. For example, the administrative tool of
Woycik would allow a non-technical user (e.g., a store manager) to add/edit screens
and items without learning how to write software code.

185. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each element of this claim.
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M. Claim 12

“The web-based point of sale (POS) builder system of claim
11, wherein attributes are attributed to said items from the
POS builder interface”

186. Woycik discloses attributes attributed to items from the administrative
tool’s manager interface. See supra § XI.L (claim 12). As discussed above, a
POSITA would have been motivated to implement the administrative tool and/or
its features as taught by Woycik as a BO application on Olson’s web server 24/36
to allow programmatic creating and editing of POS terminals in real time via
Internet and would have reasonably expected the combination to do so. See supra
§ XIILA. For example, the administrative tool of Woycik would allow a non-
technical user (e.g., a store manager) to add/edit screens and items without learning
how to write software code.

187. Accordingly, it is my opinion that the combination of Olson and
Woycik discloses and suggests each element of this claim.

N. Claim 13

“The web-based point of sale (POS) builder system of claim
12, wherein said attributes are stored, retrievable and
changeable from a database stored on said web server”

188. Woycik discloses attributes are stored, retrievable, and changeable
from a database stored on the web server. See supra § XI.M (claim 13). As

discussed above, a POSITA would have been motivated to implement the

100



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012
administrative tool and/or its features as taught by Woycik as a BO application on
Olson’s web server 24/36 to allow programmatic creating and editing of POS
terminals in real time via Internet and would have reasonably expected the
combination to do so. See supra § XII.A. For example, the administrative tool of
Woycik would allow a non-technical user (e.g., a store manager) to add/edit screens
and items without learning how to write software code.
189. Accordingly, it is my opinion that the combination of Olson and

Woycik discloses and suggests each element of this claim.

0. Claims 14-20

190. Claims 14-20 are method claims that recite similar limitations as the
apparatus claims discussed previously. A POSITA would have understood that the
structures disclosed in Ground 1 and identified with similar limitations are
disclosed as, designed to, and are intended to perform the method steps recited in
Claims 14-20. The following table maps the limitations of Claims 14-20 to
discussions of similar structural limitations in addressed in my declaration. It is my
opinion that Claims 14-20 are obvious for the same reasons provided for finding
Claims 1-13 obvious in this Ground. For each limitation of Claims 14-20, I
incorporate by reference the following sections of this Ground as though repeated

herein.
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Limitation| Discussion Incorporated by Reference
14[pre] See §§ X11.B.1, XII.B.2 (claim 1[pre] and 1[a]).
14[a] See §§ X11.B.3, XII.B.8 (claim 1[b] and 1[g]).
14[b] See § XI1.B.4 (claim 1[c]).

14[c] See §§ XI1.B.5, XII.B.6 (claim 1[d] and 1[e]).
14[d] See § XII.B.7 (claim 1[f]).

14[e] See § XII.B.8 (claim 1[g]).

14[f] See § XII.B.9 (claim 1[h]).

15 See § XII.D (claim 3).

16 See § XILI (claim 8).

17 See § XI1.J (claim 9).

18 See § XIL.K (claim 10).

19 See § XIL.L (claim 11).

20 See §§ XII.M, XILN (claims 12 and 13).

XIII. GROUND 3: TENGLER IN VIEW OF THE KNOWLEDGE OF A
PERSON OF ORDINARY SKILL IN THE ART RENDERS OBVIOUS

CLAIMS 1-20
A. Claim 1
1. 1[pre]

“A web-based point of sale (POS) builder system
comprising”

191. Tengler discloses an order processing system for use by merchants

selling goods and/or services, such as the restaurant depicted in Figure 2. Ex. 1005,

Abstract, [0003]-[0006], [0016].
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64

54

56

1d., Fig. 2. Cashiers at front counter 4 use “order terminals 52[] to enter orders,”
customers use “self-service kiosks 74, and order takers at remote call centers use
call center terminal equipment. /d., [0062], [0074], [0112].

192. Tengler’s system includes Restaurant Management Software (RMS)
600 installed on main server 464 and a plurality of local and remote POS terminal
devices. Main server 464 provides specifications for the user interface of the
register and self-service applications to client devices via RMS proxy. Id., [0114],
[0121], [0094], [0096], Fig. 14.

193. Tengler’s system allows “a manager to access a management database
of a quick-serve restaurant location remotely through a web interface.” Id., [0022];

see also id., claim 42, [0073]. “A user interface designer 614 allows management
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to edit the user interface of the register and self-service applications and also saves
the specifications in the database 602.” Id., [0103].
194. Accordingly, it is my opinion that Tengler discloses the elements of
I[pre].
2. 1]a]

“a web server including POS builder software installed
thereon”

195. Tengler discloses a web server. Main server 464 in office 24 “runs the
system server software 604, the database 602, the store-resident web server
software 620, the production display service 609, and the drive-through display

service 610.” Id., [0116].
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Id., Fig. 15.

196. Office 24 includes computer 702 (also referred to as manager station

70) with web browser 704

that enables managers “to view food production and

service activity in the restaurant” as well as “modify menus and change prices.” /d.,

[0073]; see also id., [0024], [0103] (“The store resident web server 620 also allows

managers to edit the user interface of the register and self-service applications and

also saves the specifications in the database 602.”), Claim 42 (““A method

comprising enabling a manager to access a management database of a quick-serve

restaurant location remotely through a web interface.”).
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197. Tengler discloses POS builder software. “A user interface designer
614 allows management to edit the user interface of the register and self-service
applications and also saves the specifications in the database 602.” Id., [0103]. The
restaurant manager uses web browser 704 to “modify menus and change prices
using interfaces 192 and 196.” Id., [0073]. As explained below in 1[d] and 1[e],
interfaces 192 and 196 are POS builder interfaces utilized to access user interface
designer 614.

198. Tengler discloses and suggests user interface designer (POS builder
software) is installed on main server 464. Main server 464 comprises system
(RMS) server 604, MSDE database 602, and store-resident web server 620. /d.,
Fig. 15. User interface designer 614 saves data in database 602 and interfaces with
web server 620, both located on main server 464. See id., [0107] (“The store-
resident web server 620 and the user interface designer 614 directly connect with
database 602.”), [0109] (“Managers access information about the restaurant 2 using
the web server 620 and interfaces 192 and 196.”), [0073] (“These managers can
also modify menus and change prices using interfaces 192 and 196.”).

199. To the extent Tengler does not disclose that user interface designer is
installed on main server 464, a POSITA would have been motivated to install it

there because user interface designer 614 “directly connect[s]” with database 602

and interfaces with web server software 620, both located on main server 464. Id.,

106



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012
[0107], [0109] [0073]. Installing user interface designer 614 on main server 464
would maximize speed and reliability of communications between web server
software 620, user interface designer 614, and database 602 by avoiding reliance on
a network-connected device other than main server 464 to facilitate such
interactions. A POSITA would have reasonably expected success installing user
interface designer on main server 464 because other RMS server applications are
stored there already. Installing user interface designer elsewhere (e.g., on a device
running a client application), would increase complexity and decrease reliability by
relying on an additional network-connected device (e.g., a client) to access the user
interface designer. There are a finite number of possible installation locations for
user interface designer in Tengler’s server-client system, and the single server (i.c.,
main server 464) is the most logical option. A POSITA would have been motivated
to install user interface designer on main server 464 and discouraged from
installing it elsewhere. See supra § XII.B.2, discussing Woycik and Olson’s
reliance on a web server for hosting POS builder software and other back-office
software. Further, main server 464 houses other core system services and is likely
the most reliable and well-maintained production system. A POSITA would have

been motivated to combine core services as illustrated in Figure 15 to allow a

common backup mechanism, physical security, power backup, and other
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safeguards covering the other core functions like the database, system server, and
web server.
200. Accordingly, it is my opinion that Tengler discloses and suggests a
web server (e.g., main server 464) including POS builder software (e.g., user

interface designer®) installed thereon.

3. 1[b]

“one or more POS terminals generated by said POS
builder software and said one or more POS terminals
configured to be accessible at one or more terminal
devices”

201. Tengler discloses the POS builder software (e.g., user interface
designer) generates POS terminals (e.g., register and self-service applications
and/or their user interfaces) configured to be accessible at one or more terminal
devices (e.g., terminals 52, kiosks 74, and/or call center terminals). The “user
interface designer 614 allows management to edit the user interface of the register
and self-service applications and also saves the specifications in the database 602
on main server 464. Ex. 1005, [0103]. Main server 464 provides user interface

specifications to RMS client applications on terminal devices via RMS proxies. /d.,

[0094]; see also id., Fig. 14, [0121].

6 References herein to “user interface designer” include related software and system

objects. See Ex. 1005, Fig. 16, [0121].
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202. User interfaces of register and self-service applications are accessible
at terminal devices, including order terminals 52 (via register application 606),
kiosks 74 (via self-service application 618), and call center terminals (via register

application 627). Ex. 1005, Fig. 14. “FIG. 3 is a graphical user interface for order

entry.” Id., [0032].

| POS ternunal |—> 0%

9

1d., Fig. 3. “[O]rder takers at the front counter 4 use a graphical user interface 100
displayed on the order terminals 52[] to enter orders.” Id., [0062]; see also id.,
[0048]. “[T]elephone order takers at the call center use the same interface 100 as
order takers in restaurant 2 to enter customer orders.” Id., [0114]; see also id.,
[0016], Fig. 14. “[CJustomer kiosks 74 provide an interface 200 on a touch screen”
for entering orders. Id., [0075]; see also id., [0074], [0076], Fig. 4 (illustrating
interface 125), Figs. 8-10.
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203. Accordingly, it is my opinion that Tengler discloses POS terminals
(e.g., register and self-service applications and/or their user interfaces) generated by
POS builder software (e.g., user interface designer) configured to be accessible at
terminal devices (e.g., order terminals 52, customer self-service kiosks 74, and/or

call center equipment).

4. 1[c]

“said POS terminals configured to accept POS
transactions and collect corresponding transaction
data”

204. Tengler’s POS terminals (e.g., register and self-service applications
and/or their user interfaces) displayed on terminal devices are configured to accept
POS transactions and collect corresponding transaction data. For example, Fig. 3 is

“a graphical user interface for order entry.”
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Ex. 1005, Fig. 3; [0032]; see also id., [0062], [0114]. Figure 4 is a “graphical user

interface for accepting payment for orders and making change.”
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Fig. 4; [0033]; see also id., [0049], [0055], [0062], [0076], [0088], Figs. 9-10 (user
interfaces for self-service application), Claim 5.

205. Order and customer information (i.e., transaction data) is collected at
each order terminal. See id., [0018], [0065], [0066] (“In addition to the terminals,
registers, and workstations that display and receive order information, the
restaurant includes other hardware devices that interact with the restaurant
management software.”), [0090] (“The database 607 stores information about cash
and transactions for each cashier station in addition to information about operators
at the cashier station.”). Order information is also collected in a store-wide
database. For example, “RMS server 604 ... tracks the state of all pending orders at
all times and stores this information in a ‘shoebox’ database 605.” Id., [0088]. And
MSDE database 602 at main server 464 “maintains a complete history of orders for
a long period of time for later analysis and display.” Id., [0089]; see also id., [0018]
(“The information includes historical information about orders previously placed
by the customer.”).

206. Thus, it is my opinion that Tengler discloses POS terminals (e.g.,
register and self-service applications and/or their user interfaces) configured to

accept POS transactions and collect corresponding transaction data (e.g., order and

customer information).
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5. 1[d]

“a POS builder interface configured to be accessible via
network communication with said web server over a
communications network”

207. Tengler discloses a POS builder interface (e.g., manager graphical
user interfaces) configured to be accessible via network communication with the
web server (e.g., main server 464) over a communications network (e.g., a network
comprising the Internet’).

208. As discussed in 1[a], main server 464 includes web server software
620. “Managers access information about the restaurant 2 using the web server 620
and interfaces 192 and 196.” Id., [0109]. “The manager station 70 can use a
broadband data line 72 to link the manager to the Internet. Referring to FIGS. 7A
and 7B, managers can view information about the multiple restaurants 2 using
interfaces 192 and 196 over the Internet.” Id., [0073]. For example, “store resident

web server 620 enables external managers to view restaurant status information in

the database 602 using the interface 190.” Id., [0103].

7 References to “a network comprising the Internet” in Ground 3 refer to a
communications network comprising (a) the Internet, (b) TCP/IP network such as
network 462, and/or (¢) local area network between server 604 and

registers/stations/terminals. Ex. 1005, [0088].
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Id., Fig. 7.

209. “These managers can also modify menus and change prices using
interfaces 192 and 196.” Id., [0073]; see also id., [0103], [0109]. For example, the
“product editor” screen of interface 192 lists various attributes of a product,

including recipe, item type, product info, pricing, and new. Id., Fig. 7A, [0073].
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ld., Fig. 7A (excerpted). The “menu” screen of interface 196 allows managers to
“modify menus” of a particular restaurant location. /d., [0073]; see also id., [0108],

[0111].
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1d., Fig. 7B (excerpted); see also id., [0108].

210. Accordingly, it is my opinion that Tengler discloses a POS builder
interface (e.g., manager graphical user interfaces such as 192 and 196) configured
to be accessible via network communication with said web server (e.g., main server
464) over a communications network (e.g., a network comprising the Internet).

6. 1]e]

“wherein said POS builder interface is configured to be
utilized to access said POS builder software for
programmatically creating or modifying said one or
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more POS terminals in real time over the
communications network”

211. Asdiscussed in 1[d], POS builder interfaces (e.g., manager interfaces)
are configured to be accessible via network communication with said web server
(e.g., main server 464) over the communications network (e.g., network comprising
the Internet). Tengler’s manager interfaces are utilized to access user interface
designer (i.e., POS builder software) for creating or modifying user interfaces of
register and self-service applications. Ex. 1005, [0073] (“[M]anagers can also
modify menus and change prices using interfaces 192 and 196.”); [0103] (“A user
interface designer 614 allows management to edit the user interface of the register
and self-service applications and also saves the specifications in the database
602.”); see also id., Figs. TA, 7B.

212. Manager graphical user interfaces are utilized to access user interface
designer for programmatically creating or modifying user interfaces of self-service
applications. For example, Figure 16 “represents the organization of applications
and object classes for” Restaurant Management Software 600, “includ[ing] server
applications 722 that include RMS server 604.” Id., [0121]; see also id., [0088],

Fig. 14.
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Id., Fig. 16. “Graphical User Interface (GUI) design objects 756 implement the
logic for user interface designer 614.” Id., [0121]. “GUI elements 758 are a
library of elements useful for creating GUIs for client applications 724. . . .
Package java.awt 766 contains additional classes for creating user interfaces and
for painting graphics and images.” Id.; see also id., [0073], [0107], [0109]; see
also infra § XIII.B (Claim 2).

213. User interfaces of client applications are created or modified in real
time over the network comprising the Internet. As discussed in 1[b], user interface
designer 614 allows managers to edit user interfaces of client applications and save
modified specifications to database 602 in real-time via the network and modified
user interfaces are made available at terminal devices running client applications in
real-time. “The interaction between the register applications 606 and other clients

with the RMS server 604 is a real-time process.” Id., [0094]; see also id., [0056],
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[0103], [0121], [0127], Fig. 14. POS terminals are thus created or modified in real
time over the communications network (e.g., a network comprising the Internet)
both when the manager saves modified specifications to database 602 and when
clients of RMS server 604 (including register and self-service applications) receive
and/or display modified user interfaces in real-time.

214. A remote “call center order taker’s register 627” is an example of a
client application that interacts with RMS server 604 in real-time. Id., [0112].
When a customer calls to place an order, register 627 contacts “the restaurant’s
RMS server 604 (via a remote session established through its RMS proxy 628)”
and “display[s] the appropriate user interface, so that the order taker can enter the
customer’s order.” Id.; see also id., [0114] (“[T]elephone order takers at the call
center use the same interface 100 as order takers in restaurant 2 to enter customer
orders.”).

215. Communication between RMS server 604 and clients (e.g., remote call
center register 627) occurs via a TCP/IP network such as network 462. Id., [0078],
[0115], [0136]. A POSITA would have understood TCP/IP communications
between RMS server 604 on main server 464 and clients discloses and suggests
communicating via the Internet. TCP/IP stands for Transport Control Protocol over

Internet Protocol and is by definition an Internet protocol. Call center order taker

telephones also “may be replaced with Voice over Internet Protocol (VolIP) enabled
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computers using the network 462 and speakers and microphones. . . . In examples
where network 462 is a TCP/IP network, the address 1s identified by a TCP/IP
address on network 462.” Id., [0136]. Tengler thus discloses and suggests TCP/IP
network 462 is and utilizes the same communications network as the Internet.

216. As discussed above in § VIII.B, “communications network” is a group
of devices interconnected by communication channels. RMS server 604 is
(1) accessible using interfaces 192 and 196 over the Internet (see infra § XII1.A.5S),
(2) connected to remote call center register 627 via TCP/IP network such as
network 462, and (3) connected to in-store registers/stations/terminals via a local
area network (Ex. 1005, [0088]).

217. Because these devices are interconnected by communication channels,
they collectively comprise a communications network. As discussed above in §
VIII.B, a communications network is present any time computers are in
communication (i.e., can share data) with each other, whether that communication
is over a LAN, a WAN, the Internet, or some combination thereof. Thus, Tengler
discloses a “communications network™ is a network comprising the Internet,
network 462, and/or the in-store local area network (LAN).

218. To the extent this element requires a particular protocol and/or
medium of connection used both to access user interface designer at the server and

for server-client communications, and to the extent Tengler does not disclose the
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same, a POSITA would have been motivated to use the Internet for Tengler’s
server-client communications because the Internet was ubiquitous by February
2008, Tengler’s system includes a web server with Internet access (Ex. 1005, Fig.
2,[0109]), and a POSITA would have been familiar with Internet protocols and
implementation of web-based systems. Proprietary WAN technologies, which
would be required for remote call centers, often required long-term contracts,
proprietary equipment, and cost more than fungible broadband Internet connections
offered by competing telecommunications and cable companies. Using the Internet
for server-client communications would also reduce POS system/maintenance costs
by eliminating an in-store LAN, which is often cost-prohibitive for small-scale
and/or mobile merchants. Selection of a communications network was a mere
matter of design choice selected from a finite number of predictable alternatives,
such as “a LAN, a WAN, and/or the Internet.” Ex. 1007, [0015]; see also Ex. 1008,
[0033], [0057] (POS server may communicate with terminal devices “directly, via
a network such as a Local Area Network (LAN), the Internet, or via any other
communication technology, as is well known in the art.”).
219. Accordingly, it is my opinion that Tengler discloses and suggests a
POS builder interface (e.g., manager graphical user interfaces such as 192 and 196)

configured to be utilized to access POS builder software (e.g., user interface

designer) for programmatically creating or modifying said one or more POS

121



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012

terminals (e.g., register and self-service applications and/or their user interfaces) in

real time over the communications network (e.g., network comprising the Internet).

7. 1[f]

“wherein said POS builder software is configured to
interact with said one or more POS terminals over the
communications network in order for the web-based
point of sale (POS) builder system to perform functions
in accordance with instructions sent from the POS
builder interface”

220. Asdiscussed in 1[d] and 1[e], Tengler discloses manager graphical
user interfaces (POS builder interface) utilized to access user interface designer
(POS builder software) on main server 464 for programmatically creating or
modifying graphical user interfaces of register applications (POS terminals) in real
time over a network comprising the Internet. As discussed for 1[a], Tengler
discloses “[a] user interface designer 614 allows management to edit the user
interface of the register and self-service applications and also saves the
specifications in the [MSDE] database 602.” Ex. 1005, [0103]. MSDE database

602 is part of main server 464 (i.e., the web server).
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1d., Fig. 15 (excerpted).

221. Asdiscussed in 1[b] and 1[e], Tengler discloses POS terminals (e.g.,
register and self-service applications and/or their user interfaces) accessible at
terminal devices via proxy sessions with RMS server software 604 on main server
464. “The interaction between the register applications 606 and other clients with
the RMS server 604 is a real-time process.” Id., [0094]. For example, “[t]he RMS
proxy server 608 notifies its host application (e.g.[,] register applications 606) that
a change has occurred via an event when the host application inspects the changed
data and updates any internal structures as necessary, which infers updates to the
interfaces 130.” /d.

222. As discussed for 1[e], Tengler discloses and suggests real-time
interaction between RMS server 604 (on main server 464) and client applications

via a network comprising the Internet. Changes made via manager interfaces of
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user interface designer at main server 464 are thus accessible at terminal devices in
real time.

223. Accordingly, it is my opinion that Tengler discloses and suggests POS
builder software (e.g., user interface designer) configured to interact with said one
or more POS terminals (e.g., register and self-service applications and/or their user
interfaces) over the communications network (e.g., a network comprising the
Internet) in order for the POS builder system to perform functions in accordance

with instructions sent from the POS builder interface (e.g., instructions from the

manager user interface to modify the user interface of register applications).

8. 1ig]

“wherein said POS transactions and corresponding
transaction data from said one or more POS terminals
are configured to be transmitted to said web server via
the communications network”

224. As discussed in 1[c], Tengler’s POS terminals (e.g., register and self-
service applications and/or their user interfaces) are configured to accept POS
transactions and collect corresponding transaction data. This order information is
collected at each order terminal and transmitted to main server 464. See Ex. 1005,
[0065], [0090]. For example, RMS server 604 “tracks the state of all pending
orders at all times and stores this information in a ‘shoebox’ database 605.” Id.,
[0088]; see also id., [0095] (RMS server 604 “synchronizes the register-specific

databases 607 with shoebox database 605’). MSDE database 602 at main server
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464 “maintains a complete history of orders for a long period of time for later
analysis and display.” Id., [0089].

225. Asdiscussed in 1[e], Tengler discloses and suggests real-time
interaction between RMS server 604 (on main server 464) and client applications
via a network comprising the Internet.

226. Thus, it is my opinion that Tengler discloses and suggests said POS
transactions and corresponding transaction data from POS terminals (e.g., register
and self-service applications and/or their user interfaces) are configured to be
transmitted to said web server (e.g., main server 464) via the communications

network (e.g., a network comprising the Internet).

9.  1[h]

“wherein each POS transaction is correlated with
corresponding transaction data occurring at said one or
more POS terminals”

227. Asdiscussed in 1[c], Tengler’s POS terminals (e.g., register and self-
service applications and/or their user interfaces) are configured to accept POS
transactions and collect corresponding transaction data.

228. The transaction data is correlated by order (i.e., transaction). Data
about each order is collected at each station. See Ex. 1005, [0011] (“[E]ach of the
stations comprising storage for data about the orders.”), [0055] (“While the order is

being placed, the kiosk takes a picture of the customer with a digital camera and
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enters the image into the database, linked to the order.”), [0018] (“The image is
stored in connection with the order, and the image is used in connection with a
subsequent order.”). Order information is also collected in a store-wide database.
For example, “RMS server 604 ... tracks the state of all pending orders at all times
and stores this information in a ‘shoebox’ database 605.” Id., [0089]. MSDE
database 602 at main server 464 “maintains a complete history of orders for a long
period of time for later analysis and display.” Id., [0089].
229. Thus, it is my opinion that Tengler discloses each POS transaction is
correlated with corresponding transaction data occurring at said one or more POS

terminals.

B. Claim 2

“The web-based point of sale (POS) builder system of claim 1,
wherein instructions to the POS builder interface for
programmatic creation and modification of the one or more
POS terminals are not formatted in programming code”

230. As explained in 1[d] and 1[e], Tengler discloses a POS builder
interface (e.g., manager graphical user interfaces) utilized to access POS builder
software (e.g., user interface designer) for programmatic creation and modification
of POS terminals (e.g., register and self-service applications and/or their user
interfaces). Instructions to the POS builder interface are not formatted in
programming code. For example, managers “modify menus and change prices

using interfaces 192 and 196.” Ex. 1005, [0073]; see also id., [0103], [0109].
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1d., Fig. 7A (excerpted). The “menu” screen of interface 196 allows managers to
“modify menus” of using a graphical user interface. Id., [0073]; see also id.,

[0111].
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1d., Fig. 7B (excerpted); see also id., [0108].
231. Accordingly, it is my opinion that Tengler discloses and suggests each

element of this claim.

C. Claim 3

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals are tested iteratively
in real time while said one or more POS terminals are
operable to accept POS transactions”

232. The ’012 patent does not disclose details of what testing POS

terminals entails. As explained in 1[a], Tengler discloses POS builder software
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(e.g., user interface designer) that allows a manager to create or modify POS
terminals (e.g., register and self-service applications and/or their user interfaces).
233. A POSITA would have understood that Tengler discloses and suggests
iterative testing of POS terminals in real time using the user interface designer. For
example, Tengler discloses “[a] user interface designer 614 allows management to
edit the user interface of the register and self-service applications and also saves the
specifications in the [MSDE] database 602.” Ex. 1005, [0103]. A POSITA would
have understood that reviewing changes to either save or discard them discloses
and suggests testing POS terminals, and this process can be done iteratively and
occur in real time.
234. Terminal devices are notified when changes are made to database 602.
For example, “[the RMS proxy server 608 notifies its host application (e.g.[,]
register applications 606) that a change has occurred via an event when the host
application inspects the changed data and updates any internal structures as
necessary, which infers updates to the interfaces 130.”). Moreover, “[t]he
interaction between the register applications 606 and other clients with the RMS
server 604 is a real-time process.” Id., [0094]. A POSITA would thus have
understood Tengler discloses and suggests iterative testing of edits to user

interfaces of client applications while terminal devices running unedited client

applications are operable to accept POS transactions, with such edits being
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immediately available at such terminal devices when the manager saves them to
database 602.
235. Thus, it is my opinion that Tengler discloses and suggests each

element of this claim.

D. Claim 4

“The web-based point of sale (POS) builder system of claim 1,
wherein at least one of said POS builder interface and said
one or more POS terminals are configured to be implemented
without specialized hardware or software at a given terminal
device”

236. Tengler discloses terminal devices (e.g., terminals 52, kiosks 74, call
center terminals) running RMS software client applications. Ex. 1005, Figs. 14-16.
A POSITA would have understood that Tengler discloses no specialized hardware
or software is required at terminal devices (e.g., to run register and self-service
applications) because none are disclosed in Tengler.

237. Asdiscussed in 1[a], Tengler discloses user interface designer (POS
builder software) is accessible via Internet. /d., [0109] (“Managers access
information about the restaurant 2 using the web server 620 and interfaces 192 and
196.”), [0073] (“These managers can also modify menus and change prices using
interfaces 192 and 196.”). Managers do so using a computer with a web browser.
Id., [0116], Fig. 15. As discussed in 1[e], Tengler’s POS builder interface (e.g.,

manager interface) is used to access user interface designer for programmatically
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creating or modifying said one or more POS terminals (e.g., register and self-
service applications and/or their user interfaces) in real time over the
communications network. Tengler does not disclose the need for any specialized
hardware or software at a terminal device for a manager to use manager user
interfaces of the user interface designer (e.g., via web browser) to create and edit
user interfaces of register and self-service applications in real time. Accordingly, a
POSITA would have understood that manager interfaces are configured to be
implemented without specialized hardware or software at a given terminal device.
238. To the extent Tengler does not disclose “at least one of said POS
builder interface and said one or more POS terminals are configured to be
implemented without specialized hardware or software at a given terminal device”
(Ex. 1001, Claim 4), a POSITA would have been motivated to use general purpose
hardware and software (as opposed to specialized hardware or software) to reduce
system cost, complexity, and maintenance, as explained supra, § XI.D.
239. Thus, it is my opinion that Tengler discloses and suggests every

element of this claim.

E. Claim 5

“The web-based point of sale (POS) builder system of claim 1,
wherein said web server includes a standard internet web
server implemented with standard web server hardware and
software, using one or more relational databases, wherein
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software for said POS builder interface resides in and is
executed from said web server”

240. Tengler discloses main server 464 in office 24 “runs the system server
software 604, the database 602, the store-resident web server software 620, the
production display service 609, and the drive-through display service 610.” Id.,
[0116]. “The restaurant management software 600 is not limited to any specific
operating system.” Id., [0115].

241. A POSITA would have understood that Tengler discloses and suggests
that no specialized hardware or software is required to implement the web server.
To the extent Tengler does not disclose main server 464 comprises “a standard
internet web server implemented with standard web server hardware and software”
(Ex. 1001, Claim 5), a POSITA would have been motivated to use general purpose
hardware and software (as opposed to specialized hardware or software) to reduce
the system cost, complexity, and maintenance, as explained supra, § XI.D.

242. A POSITA would further have understood Tengler discloses and
suggests database 602 at main server 464 is a relational database. Specifically,
Tengler discloses the use of Structured Query Language (“SQL”) to access data.
Ex. 1005, [121]. A POSITA would have known that SQL is a database access
language that only works with relational databases. Thus, Tengler discloses the use
of a relational database when it describes the use of SQL. To the extent Tengler
does not disclose a “relational database[]” (Ex. 1001, Claim 5), a POSITA would
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have been motivated to use a web server with relational database to reduce the cost
and complexity of the web server and improve the speed of data retrieval, as such
databases were commonly available at the time of the 012 patent. See supra
§ XLE.

243. As discussed in 1[a], Tengler discloses and suggests that user interface
designer 614 is installed on main server 464. For the same reasons as 1[a], a
POSITA would have understood that Tengler discloses and suggests that user
interface designer 614 resides in and is executed from main server 464.

244, Accordingly, it is my opinion that Tengler discloses and suggests each

element of this claim.

F. Claim 6

“The web-based point of sale (POS) builder system of claim 1,
wherein said POS builder software is configured to provide
instructions to add new POS terminals”

245. As explained in 1[a], Tengler discloses and suggests POS builder
software (e.g., user interface designer) installed on said web server (e.g., main
server 464). “A user interface designer 614 allows management to edit the user
interface of the register and self-service applications and also saves the
specifications in the database 602. In this manner, the user interface designer 614
enables the restaurant management software to be configured for different stores

and different brands without having to do a complete redesign.” Id., [0103].
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246. Managers use interfaces 192 and 196 (POS builder interfaces) to
modify menus and change prices. Id., [0073], Figs. 7A (“new” and “copy” option
for menus), 7B. As discussed in 1[e], POS terminals are created or modified in real
time over the communications network both when the manager saves modified
specification to database 602 and when clients of RMS server 604 (including
register and self-service applications) receive and display modified user interfaces.
A POSITA would have understood Tengler to describe a system for managing POS
terminals on POS terminal devices and would have understood Tengler must
provide a mechanism for adding new POS terminals and terminal devices in order
to build up and manage those terminals, for example to accommodate growth in the
business. Thus, Tengler discloses and suggests POS builder software configured to
provide instructions to add new POS terminals, e.g., by adding new interfaces (e.g.,
a new menu category or subcategory or new product), by duplicating and/or
revising menus for different stores and/or different brands, and by providing user
interface specifications for use in RMS proxy sessions via client devices.

247. Accordingly, it is my opinion that Tengler discloses and suggests each

element of this claim.

134



Declaration of Dr. Todd Mowry
In Support of Petition for Inter Partes Review
of U.S. Patent No. 10,083,012

G. Claim 7

“The web-based point of sale (POS) builder system of claim 1,
wherein said POS builder software is configured to provide
instructions to modify existing POS terminals”

248. As discussed for claim 6, Tengler discloses and suggests POS builder
software (e.g., user interface designer) installed on said web server (e.g., main
server 464). Managers use interfaces 192 and 196 (POS builder interfaces) to
modify menus and change prices. Ex. 1005, [0073], Figs. 7A, 7B.

249. Thus, Tengler discloses and suggests POS builder software configured
to provide instructions to modify existing POS terminals, e.g., by modifying
existing interfaces (e.g., editing menus, products, or categories), by editing menus
for different stores and/or different brands (see id., [0103]), and by providing
modified user interface specifications for use during RMS proxy sessions by client
devices.

250. Accordingly, it is my opinion that Tengler discloses and suggests each
element of this claim.

H. Claim 8

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals are configured to be
accessible by a web browser”

251. Asdiscussed for 1[a], Tengler discloses user interface designer 614 at

main server 464 that is accessible via web access. Office 24 includes computer 702
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(also referred to as manager station 70) with web browser 704 that enables
managers to “view food production and service activity in the restaurant” as well as
“modify menus and change prices.” Id., [0073]; see also id., [0103] (“The store
resident web server 620 also allows managers to edit the user interface of the
register and self-service applications and also saves the specifications in the
database 602.”), Claim 42 (“A method comprising enabling a manager to access a
management database of a quick-serve restaurant location remotely through a web
interface.”). Thus, Tengler discloses and suggests POS terminals (e.g., register and
self-service applications and/or their user interfaces) accessible by a web browser.
252. To the extent Tengler does not disclose POS terminals accessible by a
web browser, a POSITA would have been motivated to provide such functionality
to allow a manager to view the interfaces employees and customers see in-store
(i.e., the same look and feel) when editing items and menus via the user interface
designer. Tengler discloses the use of web interfaces for management of the
database and editing POS terminals. Ex. 1005, Claim 42, [0103]. The screens
required to perform those functions are no more complex than the screens of the
POS terminals and a POSITA would have had a reasonable expectation of success
in implementing the POS terminals as web applications. Moreover, a POSITA

would have been aware of Woycik’s web-based POS terminals (see, e.g., Ex. 1004,

[0093]) and would have been confident in using the same technology to implement
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Tengler. Providing browser access to view user interfaces of software applications
(including POS terminals) was known, and a POSITA would have reasonably
expected success in enabling access to user interfaces of register and self-service
applications via Tengler’s web server and user interface designer.
253. Accordingly, it is my opinion that Tengler discloses and suggests each

element of this claim.

I. Claim 9

“The web-based point of sale (POS) builder system of claim 1,
wherein said one or more POS terminals, once generated, are
configured to operate independently of said web server”

254. As discussed in 1[e], manager edits to user interfaces of register and
self-service applications made with user interface designer at main server 464 are
saved to database 602, then made available to client devices via RMS proxy
sessions. “Each of the cashier stations 302, 304, 382, 402, and 406 has a restaurant
management system client application 606 and a database 607.” Id., [0090]; see
also id., Figs. 11 & 14. “The databases 607 ensure that each of the cashier stations
302, 304, 382, 402, and 406 is capable of running in a standalone mode by
operating on stored or cached data if any of the cashier stations become
disconnected from network 462.” Id., [0090]; see also id., Claim 5 (““‘Apparatus
comprising stations in a quick-serve commercial establishment, the stations

enabling users to enter orders, check the status of orders, and assemble orders for
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delivery, a network interconnecting the stations, each of the stations comprising
storage for data about the orders, and software to cause copies of the data to be
cached at multiple ones of the stations.”), Claim 6 (“The apparatus of claim 5 in
which each of the stations operates using the cached copies of the data if the station
is disconnected from the network.”). A POSITA would thus have understood
Tengler discloses POS terminals generated by user interface designer are
configured to operate independently of main server 464, e.g., in the event of
network disruption.
255. Accordingly, it is my opinion that Tengler discloses and suggests each

element of this claim.

J. Claim 10

“The web-based point of sale (POS) builder system of claim 1,
wherein a number, shape and arrangement of selection keys

or buttons for said one or more POS terminals are specified
from the POS builder interface.”

256. As discussed for 1[a], Tengler discloses user interface designer (POS
builder software) “allows management to edit the user interface of the register and
self-service applications and also saves the specifications in the database 602.” Ex.
1005, [0103]. The restaurant manager uses web browser 704 to “modify menus and
change prices using interfaces 192 and 196.” Id., [0073]. As discussed for 1[d] and
1[e], manager interfaces such as 192 and 196 (POS builder interfaces) are

configured to be utilized to access user interface designer (POS builder software) to
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create or modify user interfaces of register and self-service applications (POS
terminals).
257. Tengler discloses user interfaces of register and self-service

applications comprise various numbers, shapes, and arrangements of selection keys

and buttons. Ex. 1005, Figs. 3-4, 9-10. Figures 4 and 9 appear below:

FIG. 4
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Ex. 1005, Figs. 4, 9.
258. A POSITA would have understood “modify[ing] menus and

chang[ing] prices” (Ex. 1005, [0073] discloses and suggests creating and/or altering
user interface content, design, and navigation elements via manager interfaces,
including specifying and displaying the number, shape and arrangement of keys or
buttons as these were and remain common attributes of POS terminal interfaces.
See Ex. 1004 (Woycik), Figs. 4-9, 11-21; Ex. 1005 (Tengler), Figs. 3, 4, 9; Ex.
1019 (Jacobs), Figs. 1-20, Ex. 1021 (McNally), Figs. 1, 7; Ex. 1022 (Wagner),

Figs. 2A-D, 4; Ex. 1011 (Eisenbrandt), Figs. 6-8, Ex. 1009 (Cusack), Figs. 3A-D.
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A POSITA would have understood that a web-based point-of-sale builder would
have generated a specification of the number, shape (e.g., height and width
dimensions), and arrangement of selection keys or buttons on the screen, for
example using HTML tags, image files, or other user interface elements. Ex. 1023,
[0073] (listing configuration options for standard properties of an HTML
container). A POSITA would have had a reasonable expectation of success
providing a web-based POS builder capable of specifying the number, shape and
arrangement of keys or buttons because these specifications can be implemented
with known techniques, e.g., standard HyperText Markup Language (HTML). As
an example, Cusack discloses “[u]ser interfaces such as that shown in FIG. 3A can
be designed using common web design techniques, such as those used to design
and implement HTML or Active Server Pages, and will be readily understood by
those having ordinary skill in the art.” Ex. 1009, [0042]. The HTML-based POS
screens can be navigated to select by buttons to select food items for purchase. /d.,
[0042]-[0044].

259. It is my opinion that a POSITA would have been motivated to allow
managers to specify and display the number, shape, and arrangement of keys or
buttons appearing on Tengler’s web pages to improve customization, aesthetics,
and functionality of POS screens. Indeed, allowing managers to specify the

number, shape and arrangement of selection keys or buttons was known in the art
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and would enable modification and optimization of the number of selections, items,
and navigation elements displayed on each POS screen. Eisenbrandt, a patent cited
in the background section of the 012 patent, for example, discloses a configurable
user interface that allows selection between different button types, shapes, and
arrangements. Ex. 1011, Figs. 6-8. Woycik, discussed in Ground 1 above, discloses
a menu editor that supports different number, shape, and arrangement of keys and
buttons. See Ex. 1004, Figs. 4-9, 14, 19, 29-30, 34-38, 40 (illustrating different
number, shapes, and arrangement of keys or buttons).

260. Alternatively, a POSITA would have been motivated to allow
managers to specify the number, shape, and arrangement of keys or buttons
appearing on Tengler’s client application interfaces to improve customization,
aesthetics, and functionality of POS terminal displays. For example, certain buttons
may be more frequently pressed and may be configured to be larger or of a
different shape, like the “return” and “space” keys on computer keyboards. Buttons
to increase or decrease quantities need only be large enough to register a press as

66 9

their label may be a simple “+” or “-” character. Buttons may be sized larger to
incorporate a picture of the item or sized smaller to allow more buttons on a single
screen that is easy to scan. Indeed, allowing managers to specify these features was

known in the art and would enable modification and optimization of the number of

selections, items, and navigation elements displayed on each POS screen. See Ex.
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1005. For example, a POSITA would have recognized that a preferred number,
shape, and arrangement of buttons would depend upon, e.g., whether the interface
being designed is a self-service interface (in which case the interface may
preferably be simpler, with fewer options per screen, see id., Figs. 9-10) or a
register interface (in which case the interface may include more options per screen,
see id., Figs. 3-4). Manager selection of menu categories and products to associate
with each such category would also impact number, shape, and arrangement of
selection keys or buttons.

261. Keys and buttons enable employees and customers to navigate register
and self-service application user interfaces. A POSITA would have a reasonable
expectation of success providing user interface designer with the capability to
specify the number, shape and arrangement of keys or buttons because these
specifications can be implemented with known techniques. Markup formats like
HTML include height and width attributes and enable different shapes through
scripting or rendering of images. Programming languages like Java and
ActionScript (in Flash files) provide more fine-grain control of shape, size, and
arrangement.

262. Thus, it is my opinion that Tengler discloses and suggests each

element of this claim.
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K. Claim 11

“The web-based point of sale (POS) builder system of claim
10, wherein items are associated with said selection keys or

buttons from the POS builder interface”

263. As explained for Claim 10, Tengler discloses and suggests allowing
specification of a number, shape, and arrangement of keys or buttons via manager
interfaces to improve customization, aesthetics, and functionality of POS terminal
displays, and these same considerations would have motivated a POSITA to enable
the manager to associate items with the keys or buttons via manager interfaces. See
Ex. 1005, Figs. 3-4, 9-10. A POSITA would have understood one of the key
advantages of a computer-based POS system is the ability to associate “virtual”
buttons with items. Prior art systems often had numeric entry of codes for items or
a large touchpad with and insert associating portions of the touchpad with items.
The first approach required significant training of clerks to learn the codes 143
associated with items. The second approach required a clerk to hunt across a large
template and required replacing templates if the menu changed. A POSITA would
have recognized the value of grouping items, associating items with virtual buttons
on a computer display and having the ability to update the screens without
modifying physical touchpads and without training employees to remember an

ever-changing list of codes. Indeed, Tengler discloses items associated with keys or
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buttons at user interfaces of register and self-service applications, which are already
created and edited using interface designer. See Ex. 1005, Figs. 3, 9.

264. It was commonplace to associate items with buttons or keys of POS
terminals to enable users to select individual items for purchase (e.g., using a touch
screen) or navigate through hierarchical categories and subcategories of
menus/items and in fact was how commercial POS systems operated at the time of
the 012 patent. See Ex. 1007 (Manno), [0046], [0029], [0058]; Ex. 1004 (Woycik),
[0108]; see also Ex. 1009 (Cusack), Fig. 3C; Ex. 1019 (Jacobs), Figs.1, 2; Ex. 1021
(McNally), Figs. 1-7; Ex. 1022 (Wagner), Figs. 3, 9.

265. Thus, it is my opinion that Tengler discloses and suggests each

element of this claim.

L. Claim 12

“The web-based point of sale (POS) builder system of claim
11, wherein attributes are attributed to said items from the
POS builder interface”

266. As discussed for Claim 11, Tengler discloses and suggests manager
interfaces (POS builder interfaces) allow items to be associated with keys or
buttons of user interfaces for register and self-service applications. Tengler also
discloses attributing attributes to items from manager interfaces, including via the

“Product Editor” tab of interface 192. Ex. 1005, Fig. 7A (listing various editable
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attributes of a product, including recipe, item type, product info, and pricing),
[0073].

267. Thus, it is my opinion that Tengler discloses and suggests this claim.

M. Claim 13

“The web-based point of sale (POS) builder system of claim
12, wherein said attributes are stored, retrievable and
changeable from a database stored on said web server”

268. As discussed for 1[a], Tengler discloses that “[a] user interface
designer 614 allows management to edit the user interface of the register and self-
service applications and also saves the specifications in the [MSDE] database 602.”
Ex. 1005, [0103]. Main server 464 (said web server) includes “system server
software 604, the database 602, the store-resident web server software 620, the
production display service 609, and the drive-through display service 610.” Id.,
[0116]; see also id., Fig. 15. Thus, the self-service applications and specifications
with item attributes are stored on the web server.

269. “The manager’s interface is linked directly to the database in the
restaurant (without the intervention of any intermediary database or process), so
that information presented to the manager is derived directly from the database of
the restaurant and changes made by the manager through the interface are
committed directly to the database in the restaurant.” /d., [0073].

270. Thus, it is my opinion that Tengler discloses and suggests this claim.
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N. Claims 14-20

271. Claims 14-20 are method claims that recite similar limitations as the
apparatus claims discussed previously. A POSITA would have understood that the
structures disclosed in Ground 1 and identified with similar limitations are
disclosed as, designed to, and are intended to perform the method steps recited in
Claims 14-20. The following table maps the limitations of Claims 14-20 to
discussions of similar structural limitations in addressed in my declaration. It is my
opinion that Claims 14-20 are obvious for the same reasons provided for finding
Claims 1-13 obvious in this Ground. For each limitation of Claims 14-20, I

incorporate by reference the following sections of this Ground as though repeated

herein.

Limitation Discussion Incorporated by Reference
14[pre] See §§ XIIILA.1, XIIT.A.2 (claim 1[pre] and 1[a]).
14[a] See §§ XIII1.A.3, XIII.A.8 (claim 1[b] and 1[g]).
14[b] See § XII1.A .4 (claim 1[c]).

14[c] See §§ XIIILA.5, XIII.A.6 (claim 1[d] and 1[e]).
14[d] See § XIII.A.7 (claim 1[f]).

14[e] See § XII1.A.8 (claim 1[g]).

14[f] See § XIII.A.9 (claim 1[h]).

15 See § XIII.C (claim 3).

16 See § XIII.H (claim 8).
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Limitation Discussion Incorporated by Reference
17 See § XIILI (claim 9).

18 See § XIII.J (claim 10).

19 See § XIIILLK (claim 11).

20 See §§ XIII.L, XIII.M (claims 12 and 13).

XIV. CONCLUSION

272. For at least the above reasons, it is my opinion that all claims of the
’012 patent would have been obvious to a person of ordinary skill in the art.

XV. AVAILABILITY FOR CROSS-EXAMINATION

273. In signing this declaration, I recognize that this declaration will be
filed as evidence in a contested case before the Patent Trial and Appeal Board of
the United States Patent and Trademark Office. I also recognize that I may be
subject to cross-examination in the case and that cross-examination will take place
within the United States. If cross-examination is required of me, I will appear for
cross-examination within the United States during the time allotted for cross-
examination.

XVI. RIGHT TO SUPPLEMENT

274. Ireserve the right to supplement my opinions in the future to respond
to any arguments that the Patent Owner raises and to take into account new

information as it becomes available to me.
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XVII. ACKNOWLEDGMENT

275. Ideclare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to be true;
and further that these statements were made with the full knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or

both, under Section 1001 of Title 18 of the United States code.

Dated: December 1, 2022

T Wiy

Dr. Todd Mowry ©~
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University of Toronto Department of Computer Science.)

January, 2000

J. Gregory Steffan

Hardware Support for Thread-Level Speculation. (Co-
winner of the SCS Doctoral Dissertation Award.)

April, 2003

Antonia Zhai

Compiler Optimization of Value Communication for
Thread-Level Speculation.

January, 2005

Angela Demke Brown

Explicit Compiler-based Memory Management for Out-
of-core Applications. (Co-winner of the SCS Doctoral
Dissertation Award.)

May, 2005

Christopher Colohan

Applying Thread-Level Speculation to Database Trans-
actions

November, 2005

Shimin Chen

Redesigning Database Systems in Light of CPU Cache
Prefetching.

December, 2005

Amit Manjhi

Increasing the Scalability of Dynamic Web Applications

March, 2008

Olatunji Ruwase

Improving Device Driver Reliability Through Decoupled
Dynamic Binary Analysis

May, 2013

Michelle Goodstein

Dataflow Analysis-Based Dynamic Parallel Monitoring

August, 2014

Vivek Seshadri Simple DRAM and Virtual Memory Abstractions to En- May, 2016
able Highly Efficient Memory Subsystems
Gennady Pekhimenko | Practical Data Compression for Modern Memory Hierar- July, 2016

chies

Chris Fallin

Finding and Exploiting Parallelism with Data-Structure-
Aware Static and Dynamic Analysis

February, 2019

Prashanth Menon On Building Robustness into Compilation-Based Main- May, 2021
Memory Database Query Engines

Pratik Fegade A New Framework for Code Optimization May, 2022

(expected)

Ziqi Wang Improving Transactional Memory through Page Overlays May, 2023

(expected)
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Publications

Book Chapters

1.

Amir Yazdanbakhsh, Gennady Pekhimenko, Hadi Esmaeilzadeh, Onur Mutlu, and Todd C.
Mowry. Towards Breaking the Memory Bandwidth Wall Using Approximate Value Prediction.
In Approzimate Circuits: Methodologies and CAD, Springer International Publishing, 2019,
pages 417-441.

Refereed Journal Articles

1.

10.

11.

12.

Prashanth Menon, Amadou Ngom, Lin Ma, Todd C. Mowry, and Andrew Pavlo. Permutable
Compiled Queries: Dynamically Adapting Compiled Queries without Recompiling. In Pro-
ceedings of the VLDB Endowment, 14(2):101-113, October 2020.

Amir Yazdanbakhsh, Gennady Pekhimenko, Bradley Thwaites, Hadi Esmaeilzadeh, Onur
Mutlu, and Todd C. Mowry. REVP: Rollback-Free Value Prediction with Safe-to-Approximate
Loads. In ACM Transactions on Architecture and Code Optimization (TACO), 12(4):62,
February 2016.

Amir Yazdanbakhsh, Gennady Pekhimenko, Bradley Thwaites, Hadi Esmaeilzadeh, Onur
Mutlu, and Todd C. Mowry. Mitigating the Memory Bottleneck with Approximate Load
Value Prediction. In IEEE Design and Test, 33(1), January 2016.

. Vivek Seshadri, Samihan Yedkar, Hongyi Xin, Onur Mutlu, Phillip B. Gibbons, Michael A.

Kozuch, and Todd C. Mowry. Mitigating Prefetcher-Caused Pollution Using Informed Caching
Policies for Prefetched Blocks. In ACM Transactions on Architecture and Code Optimization
(TACO), 11(4), January 2015.

Shimin Chen, Phillip B. Gibbons, Michael Kozuch, and Todd C. Mowry. Log-Based Archi-
tectures: Using Multicore to Help Software Behave Correctly. In Operating Systems Review,
45(1), January 2011.

Shimin Chen, Michael Kozuch, Phillip B. Gibbons, Michael Ryan, Theodoros Strigkos, Todd
C. Mowry, Olatunji Ruwase, Evangelos Vlachos, Babak Falsafi, and Vijaya Ramachandran.
Flexible Hardware Acceleration for Instruction-Grain Lifeguards. In IEEE Micro (Top Picks
from 2008 Computer Architecture Conferences), 29(1), January 2009.

Seth C. Goldstein, Todd C. Mowry, Jason D. Campbell, Michael P. Ashley-Rollman, Michael
De Rosa, Stanislav Funiak, James F. Hoburg, Mustafa E. Karagozler, Brian Kirby, Peter Lee,
Padmananabhan Pillai, J. Robert Reid, Daniel D. Stancil, and Michael P. Weller. Beyond
Audio and Video: Using Claytronics to Enable Pario. In AI Magazine, 30(2), March 2009.

Antonia Zhai, J. Gregory Steffan, Christopher B. Colohan, and Todd C. Mowry. Compiler
and Hardware Support for Reducing the Synchronization of Speculative Threads. In ACM
Transactions on Architecture and Code Optimization (TACO), 5(1), May 2008.

Christopher B. Colohan, Anastassia Ailamaki, J. Gregory Steffan, and Todd C. Mowry. In-
crementally parallelizing database transactions with thread-level speculation. In ACM Trans-
actions on Computer Systems (TOCS), 26(1), February 2008.

Shimin Chen, Anastassia Ailamaki, Phillip B. Gibbons, and Todd C. Mowry. Improving Hash
Join Performance through Prefetching. In ACM Transactions on Database Systems, 32(3):1-32,
September 2007.

Christopher B. Colohan, Anastasia Ailamaki, J. Gregory Steffan, and Todd C. Mowry. CMP
Support for Large and Dependent Speculative Threads. In IEEE Transactions on Parallel and
Distributed Systems, 18(8):1041-1054, August 2007.

J. Gregory Steffan, Christopher B. Colohan, Antonia Zhai and Todd C. Mowry. The STAM-
Pede Approach to Thread-Level Speculation. In ACM Transactions on Computer Systems,
23(3):253-300, August 2005.
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13.

14.

15.

16.

17.

18.

19.

20.

Seth Copen Goldstein, Jason Campbell and Todd C. Mowry. Programmable Matter. In IEEE
Computer, 38(6):99-101, June 2005.

Angela Demke Brown, Todd C. Mowry and Orran Krieger. Compiler-Based 1/O Prefetching
for Out-of-Core Applications. In ACM Transactions on Computer Systems, 19(2):111-170,
May 2001.

Chi-Keung Luk and Todd C. Mowry. Architectural and Compiler Support for Effective In-
struction Prefetching: A Cooperative Approach. In ACM Transactions on Computer Systems,
19(1):71-109, February 2001.

Todd C. Mowry and Chi-Keung Luk. Understanding Why Correlation Profiling Improves the
Predictability of Data Cache Misses in Nonnumeric Applications. In IEEE Transactions on
Computers, 49(4), April 2000.

Chi-Keung Luk and Todd C. Mowry. Automatic Compiler-Inserted Prefetching for Pointer-
Based Applications. In IEEE Transactions on Computers, 48(2), February 1999.

Mark Horowitz, Margaret Martonosi, Todd C. Mowry, and Michael D. Smith. Informing
Memory Operations: Memory Performance Feedback Mechanisms and their Applications. In
ACM Transactions on Computer Systems, 16(2):170-205, May 1998.

Todd C. Mowry. Tolerating Latency in Multiprocessors through Compiler-Inserted Prefetch-
ing. In ACM Transactions on Computer Systems, 16(1):55-92, February 1998.

Todd Mowry and Anoop Gupta. Tolerating Latency Through Software-Controlled Prefetch-
ing in Shared-Memory Multiprocessors. In Journal of Parallel and Distributed Computing,
12(2):87-106, 1991.

Refereed Conference Papers

1.

Pratik Fegade, Tiangi Chen, Phillip Gibbons, and Todd C. Mowry. The CoRa Tensor Com-
piler: Compilation for Ragged Tensors with Minimal Padding. To appear in Proceedings of
the Fifth Conference on Machine Learning and Systems (MLSys), August 2022.

Amadou Ngom, Prashanth Menon, Matthew Butrovich, Lin Ma, Wan Shen Lim, Todd C.
Mowry, and Andrew Pavlo. Filter Representation in Vectorized Query Execution. In Proceed-
ings of the 17th International Workshop on Data Management on New Hardware (DaMoN),
June 2021.

Ziqi Wang, Chul-Hwan Choo, Michael A. Kozuch, Todd C. Mowry, Gennady Pekhimenko,
Vivek Seshadri, and Dimitrios Skarlatos. NVOverlay: Enabling Efficient and Scalable High-
Frequency Snapshotting to NVM. In Proceedings of the 48th Annual International Symposium
on Computer Architecture (ISCA), June 2021.

Pratik Fegade, Tianqi Chen, Phillip Gibbons, and Todd C. Mowry. Cortex: A Compiler
for Recursive Deep Learning Models. In Proceedings of the Fourth Conference on Machine
Learning and Systems (MLSys), April 2021.

Daming D. Chen, Phillip B. Gibbons, and Todd C. Mowry. TardisTM: Incremental Repair for
Transactional Memory. In Proceedings of the Eleventh International Workshop on Program-
ming Models and Applications for Multicores and Manycores (PMAM °20), February 2020.

Ziqi Wang, Michael A. Kozuch, Todd C. Mowry, and Vivek Seshadri. Multiversioned Page
Overlays: Enabling Faster Serializable Hardware Transactional Memory. In Proceedings of the
28th International Conference on Parallel Architectures and Compilation Techniques (PACT),
September 2019.

Vivek Seshadri, Donghyuk Lee, Thomas Mullins, Hasan Hassan, Amirali Boroumand, Jeremie
Kim, Michael A. Kozuch, Onur Mutlu, Phillip B. Gibbons, and Todd C. Mowry. Ambit:
in-memory accelerator for bulk bitwise operations using commodity DRAM technology. In
Proceedings of the 50th Annual International Symposium on Microarchitecture (MICRO-50),
October 2017.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Prashanth Menon, Andrew Pavlo, and Todd C. Mowry. Relaxed Operator Fusion for In-
Memory Databases: Making Compilation, Vectorization, and Prefetching Work Together At
Last. In Proceedings of VLDB 11(1): 1-13, September 2017.

Andrew Pavlo, Gustavo Angulo, Joy Arulraj, Haibin Lin, Jiexi Lin, Lin Ma, Prashanth Menon,
Todd Mowry, Matthew Perron, Ian Quah, Siddharth Santurkar, Anthony Tomasic, Skye Toor,
Dana Van Aken, Ziqi Wang, Yingjun Wu, Ran Xian, and Tieying Zhang. Self-Driving Database
Management Systems” In Proceedings of the 2017 Conference on Innovative Data Systems
Research (CIDR), January 2017.

Gennady Pekhimenko, Evgeny Bolotin, Nandita Vijaykumar, Onur Mutlu, Todd C. Mowry,
and Stephen W. Keckler. A Case for Toggle-Aware Compression for GPU Systems. In Pro-
ceedings of the 22nd International Symposium on High-Performance Computer Architecture
(HPCA), March 2016.

Michelle L. Goodstein, Phillip B. Gibbons, Michael A. Kozuch, and Todd C. Mowry. Track-
ing and Reducing Uncertainty in Dataflow Analysis-Based Dynamic Parallel Monitoring. In
Proceedings of the 2015 International Conference on Parallel Architectures and Compilation
Techniques (PACT ’15), October 2015.

Nandita Vijaykumar, Gennady Pekhimenko, Adwait Jog, Abhishek Bhowmick, Rachata Ausavarung-

nirun, Chita Das, Mahmut Kandemir, Todd C. Mowry, and Onur Mutlu. A Case for Core-
Assisted Bottleneck Acceleration in GPUs: Enabling Efficient Data Compression. In Proceed-
ings of the 42nd Annual International Symposium on Computer Architecture (ISCA), June
2015.

Vivek Seshadri, Gennady Pekhimenko, Olatunji Ruwase, Onur Mutlu, Phillip B. Gibbons,
Michael A. Kozuch, Todd C. Mowry, and Trishul Chilimbi. Page Overlays: An Enhanced
Virtual Memory Framework to Enable Fine-grained Memory Management. In Proceedings of
the 42nd Annual International Symposium on Computer Architecuture (ISCA), June 2015.

Gennady Pekhimenko, Tyler Huberty, Rui Cai, Onur Mutlu, Phillip P. Gibbons, Michael A.
Kozuch, and Todd C. Mowry. Exploiting Compressed Block Size as an Indicator of Future
Reuse. In Proceedings of the 21st International Symposium on High-Performance Computer
Architecture (HPCA), February 2015.

Vivek Seshadri, Abhishek Bhowmick, Onur Mutlu, Phillip B. Gibbons, Michael A. Kozuch,
and Todd C. Mowry. The Dirty-Block Index. In Proceedings of the 41st Annual International
Symposium on Computer Architecuture (ISCA), June 2014.

Olatunji Ruwase, Michael A. Kozuch, Phillip B. Gibbons, and Todd C. Mowry. Guardrail:
High Fidelity Correctness Checking of Device Drivers for Safeguarding I/O Operations. In Pro-
ceedings of the Nineteenth International Conference on Architectural Support for Programming

Languages and Operating Systems (ASPLOS 2014), March 2014.

Gennady Pekhimenko, Vivek Seshadri, Yoongu Kim, Hongyi Xin, Onur Mutlu, Phillip B.
Gibbons, Michael A. Kozuch, and Todd C. Mowry. Linearly Compressed Pages: A Low-
Complexity, Low-Latency Main Memory Compression Framework. In Proceedings of the 46th
Annual International Symposium on Microarchitecture (MICRO-46), December 2013.

Vivek Seshadri, Yoongu Kim, Chris Fallin, Donghyuk Lee, Rachata Ausavarungnirun, Gen-
nady Pekhimenko, Yixin Luo, Onur Mutlu, Phillip B. Gibbons, Michael A. Kozuch, and Todd
C. Mowry. RowClone: Fast and Energy-Efficient In-DRAM Bulk Data Copy and Initial-
ization. In Proceedings of the 46th Annual International Symposium on Microarchitecture
(MICRO-46), December 2013.

Michelle L. Goodstein, Shimin Chen, Phillip B. Gibbons, Michael A. Kozuch, and Todd C.
Mowry. Chrysalis Analysis: Incorporating Synchronization Arcs in Dataflow-Analysis-based
Parallel Monitoring. In Proceedings of the 21st International Conference on Parallel Architec-
tures and Compilation Techniques (PACT-2012), September 2012.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Vivek Seshadri, Onur Mutlu, Todd C. Mowry, and Michael A. Kozuch. The Evicted-Address
Filter: A Unified Mechanism to Address Both Cache Pollution and Thrashing. In Proceedings
of the 21st International Conference on Parallel Architectures and Compilation Techniques
(PACT-2012), September 2012.

Gennady Pekhimenko, Vivek Seshadri, Onur Mutlu, Todd C. Mowry, Phillip B. Gibbons,
and Michael A. Kozuch. Base-Delta-Immediate Compression: A Practical Data Compres-
sion Mechanism for On-Chip Caches. In Proceedings of the 21st International Conference on
Parallel Architectures and Compilation Techniques (PACT-2012), September 2012.

Olatunji Ruwase, Shimin Chen, Phillip Gibbons, and Todd C. Mowry. Decoupled Lifeguards:
Enabling Path Optimizations for Dynamic Correctness Checking Tools. In Proceedings of
the ACM SIGPLAN 2010 Conference on Programming Language Design and Implementation
(PLDI), June 2010.

F. Ryan Johnson, Radu Stoica, Anastasia Ailamaki, and Todd C. Mowry. Decoupling Con-
tention Management from Scheduling. In Proceedings of the Fifteenth International Conference
on Architectural Support for Programming Languages and Operating Systems (ASPLOS 2010),
March 2010.

Michelle Goodstein, Evangelos Vlachos, Shimin Chen, Phillip B. Gibbons, Michael Kozuch,
and Todd C. Mowry. Butterfly Analysis: Adapting Dataflow Analysis to Dynamic Parallel
Monitoring. In Proceedings of the Fifteenth International Conference on Architectural Support
for Programming Languages and Operating Systems (ASPLOS 2010), March 2010.

Evangelos Vlachos, Michelle Goodstein, Michael Kozuch, Shimin Chen, Babak Falsafi, Phillip
B. Gibbons, and Todd C. Mowry. Paralog: Enabling and Accelerating Online Parallel Moni-
toring of Multithreaded Applications. In Proceedings of the Fifteenth International Conference

on Architectural Support for Programming Languages and Operating Systems (ASPLOS 2010),
March 2010.

Amit Manjhi, Charles Garrod, Bruce M. Maggs, Todd C. Mowry, Anthony Tomasic. Holistic
Query Transformations for Dynamic Web Applications. In Proceedings of the 2009 IEEE 25th
International Conference on Data Engineering (ICDE), March-April 2009.

Daniel J. Dewey, Michael P. Ashley-Rollman, Michael DeRosa, Seth Copen Goldstein, Todd
C. Mowry, Siddhartha S. Srinivasa, Padmanabhan Pillai, and Jason Campbell. Generalizing
metamodules to simplify planning in modular robotic systems. In Proceedings of the IEEE/RSJ
2008 International Conference on Intelligent Robots and Systems (IROS), September 2008.

Charles Garrod, Amit Manjhi, Anastasia Ailamaki, Bruce Maggs, Todd Mowry, Christopher
Olston, and Anthony Tomasic. Scalable Query Result Caching for Web Applications. In
Proceedings of the 34th International Conference on Very Large Databases (VLDB), August
2008.

Lei Li, Wenjie Fu, Fan Guo, Todd C. Mowry, and Christos Faloutsos. Cut-and-stitch: efficient
parallel learning of linear dynamical systems on SMPs. In Proceedings of the 14th ACM
SIGKDD International Conference on Knowledge Discovery and Data Mining (KDD), August
2008.

Shimin Chen, Michael Kozuch, Theodoros Strigkos, Babak Falsafi, Phillip B. Gibbons, Todd
C. Mowry, Michael Ryan, Olatunji Ruwase, and Evangelos Vlachos. Flexible Hardware Accel-
eration for Instruction-Grain Program Monitoring. In Proceedings of the 35th Annual Inter-
national Symposium on Computer Architecture (ISCA), June 2008.

Olatunji Ruwase, Phillip B. Gibbons, Todd C. Mowry, Vijaya Ramachandran, Shimin Chen,
Michael Kozuch, and Michael Ryan. Parallelizing dynamic information flow tracking. In

Proceedings of the 20th Annual ACM Symposium on Parallel Algorithms and Architectures
(SPAA), June 2008.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Brian Kirby, Burak Aksak, James Hoburg, Todd C. Mowry, and Padmanabhan Pillai. A
Modular Robotic System Using Magnetic Force Effectors. In Proceedings of the IEEE/RS.J
2007 International Conference on Intelligent Robots and Systems (IROS), October 2007.

Michael Ashley-Rollman, Seth Goldstein, Peter Lee, Todd C. Mowry, and Padmanabhan Pillai.
Meld: A Declarative Approach to Programming Ensembles. In Proceedings of the IEEE/RS.J
2007 International Conference on Intelligent Robots and Systems (IROS), October 2007.

Amit Manjhi, Phillip B. Gibbons, Anastassia Ailamaki, Charles Garrod, Bruce M. Maggs,
Todd C. Mowry, Christopher Olston, Anthony Tomasic, and Haifeng Yu. Invalidation Clues for
Database Scalability Services. In Proceedings of the 2007 IEEE 23rd International Conference
on Data Engineering (ICDE), pages 316-325, April 2007.

Michael De Rosa, Peter Lee, Seth Goldstein, Jason Campbell, Padmanabhan Pillai, and Todd
C. Mowry. Distributed Watchpoints: Debugging Large Multi-Robot Systems. In Proceedings
of the 2007 IEEE International Conference on Robotics and Automation (ICRA), pages 3723-
3729, April 2007.

Benjamin D. Rister, Jason Campbell, Padmanabhan Pillai, and Todd C. Mowry. Integrated
Debugging of Large Modular Robot Ensembles. In Proceedings of the 2007 IEEE International
Conference on Robotics and Automation (ICRA ), pages 2227-2234, April 2007.

Shimin Chen, Phillip Gibbons, Michael Kozuch, Vasileios Liaskovitis, Anastassia Ailamaki,
Guy Blelloch, Babak Falsafi, Limor Fix, Nikos Hardavellas, Todd C. Mowry and Chris Wilk-
erson. Scheduling Threads for Constructive Cache Sharing on CMPs. In Proceedings of 18th
ACM Symposium on Parallelism in Algorithms and Architectures (SPAA ), pages 105-115, June
2007.

Shimin Chen, Babak Falsafi, Phillip B. Gibbons, Michael Kozuch, Todd C. Mowry, Radu
Teodorescu, Anastassia Ailamaki, Limor Fix, Gregory R. Ganger, Bin Lin, and Steven W.
Schlosser. Log-Based Architectures for General-Purpose Monitoring of Deployed Code. In

Proceedings of the Workshop on Architectural and System Support for Improving Software
Dependability (ASID), held with ASPLOS XII, October 2006.

Christopher B. Colohan, Anastassia Ailamaki, J. Gregory Steffan, and Todd C. Mowry. Tol-
erating Dependences Between Large Speculative Threads Via Sub-Threads. In Proceedings of
the 33rd Annual International Symposium on Computer Architecture (ISCA), pages 216-226,
June 2006.

Amit Manjhi, Anastassia Ailamaki, Bruce M. Maggs, Todd C. Mowry, Christopher Olston, and
Anthony Tomasic. Simultaneous Scalability and Security for Data-Intensive Web Applications.
In Proceedings of the 2006 ACM SIGMOD International Conference on Management of Data,
pages 241-252, June 2006.

Vasileios Liaskovitis, Shimin Chen, Phillip B. Gibbons, Anastassia Ailamaki, Guy E. Blelloch,
Babak Falsafi, Limor Fix, Nikos Hardavellas, Michael Kozuch, Todd C. Mowry, and Chris
Wilkerson. Parallel Depth First vs. Work Stealing Schedulers on CMP Architectures. In
Proceedings of 18th ACM Symposium on Parallelism in Algorithms and Architectures (SPAA),
August 2006.

Brian Kirby, Jason Campbell, Burak Aksak, Padmanabhan Pillai, James F. Hoburg, Todd
C. Mowry, and Seth Copen Goldstein. Catoms: Moving Robots without Moving Parts. In
Proceedings of the Twentieth National Conference qon Artificial Intelligence (AAAI), pages
1730-1731, July 2005.

Christopher Olston, Amit Manjhi, Charles Garrod, Anastassia Ailamaki, Bruce M. Maggs,
and Todd C. Mowry. A Scalability Service for Dynamic Web Applications. In Proceedings of
the Second Biennial Conference on Innovative Data Systems Research (CIDR), pages 56-69,
January 2005.
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44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

o4.

55.

56.

o7.

Christopher B. Colohan, Anastassia Ailamaki, J. Gregory Steffan, and Todd C. Mowry. Op-
timistic Intra-Transaction Parallelism on Chip Multiprocessors. In Proceedings of the 31st
International Conference on Very Large Data Bases (VLDB), pages 73-84, September 2005.

Shimin Chen, Anastassia Ailamaki, Phillip B. Gibbons, and Todd C. Mowry. Inspector Joins.
In Proceedings of the 31st International Conference on Very Large Data Bases (VLDB), pages
817-828, September 2005.

Antonia Zhai, Christopher B. Colohan, J. Gregory Steffan, and Todd C. Mowry. Compiler Op-
timization of Memory-Resident Value Communication Between Speculative Threads. In Pro-
ceedings of the 2007 International Symposium on Code Generation and Optimization (CGO),
pages 39-52, March 2004.

Shimin Chen, Anastassia Ailamaki, Phillip B. Gibbons and Todd C. Mowry. Improving Hash
Join Performance through Prefetching. In Proceedings of the 20th International Conference
on Data Engineering (ICDE), pages 116-127, April 2004. (This paper received the Best Paper
Award.)

Antonia Zhai, Christopher B. Colohan, J. Gregory Steffan and Todd C. Mowry. Compiler
Optimization of Scalar Value Communication Between Speculative Threads. In Proceedings of
the Tenth International Conference on Architectural Support for Programming Languages and

Operating Systems (ASPLOS-X), October 2002.

Shimin Chen, Philip B. Gibbons, Todd C. Mowry and Gary Valentin. Fractal Prefetching
B+-Trees: Optimizing Both Cache and Disk Performance. In Proceedings of the 2002 ACM
SIGMOD International Conference on Management of Data, June 2002.

J. Gregory Steffan, Christopher B. Colohan, Antonia Zhai and Todd C. Mowry. Improving
Value Communication for Thread-Level Speculation. In Proceedings of the Eighth International
Symposium on High-Performance Computer Architecture (HPCA), February 2002.

Shimin Chen, Philip B. Gibbons and Todd C. Mowry. Improving Index Performance through
Prefetching. In Proceedings of the 2001 ACM SIGMOD International Conference on Manage-
ment of Data, pages 235-246, May 2001. (This paper received the Runner-Up for Best Paper
Award.)

Angela Demke Brown and Todd C. Mowry. Taming the Memory Hogs: Using Compiler-
Inserted Releases to Manage Physical Memory Intelligently. In Proceedings of the Fourth
Symposium on Operating Systems Design and Implementation (OSDI 2000), pages 31-44, Oc-
tober 2000.

J. Gregory Steffan, Christopher B. Colohan, Antonia Zhai and Todd C. Mowry. A Scalable
Approach to Thread- Level Speculation. In Proceedings of the 27th Annual International
Symposium on Computer Architecture, pages 1-12, June 2000.

Todd C. Mowry and Sherwyn R. Ramkissoon. Software-Controlled Multithreading Using
Informing Memory Operations. In Proceedings of the Sixth International Symposium on High-
Performance Computer Architecture, January, 2000.

Chi-Keung Luk and Todd C. Mowry. Memory Forwarding: Enabling Aggressive Layout Opti-
mizations by Guaranteeing the Safety of Data Relocation. In Proceedings of the 26th Annual
International Symposium on Computer Architecture (ISCA), pages 88-99, May 1999.

Chi-Keung Luk and Todd C. Mowry. Cooperative Prefetching: Compiler and Hardware Sup-
port for Effective Instruction Prefetching in Modern Microprocessors. In Proceedings of the
31st Annual International Symposium on Microarchitecture, pages 182-193, December 1998.

J. Gregory Steffan and Todd C. Mowry. The Potential for Using Thread-Level Data Spec-
ulation to Facilitate Automatic Parallelization. In Proceedings of the Fourth International
Symposium on High-Performance Computer Architecture, pages 2-13, February, 1998.
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59.
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62.

63.

64.

65.

66.

Charles Chan, Adley Lo, and Todd C. Mowry. Comparative Evaluation of Latency Tolerance
Techniques for Software Distributed Shared Memory. In Proceedings of the Fourth Inter-
national Symposium on High-Performance Computer Architecture, pages 300-311, February,
1998.

Todd C. Mowry and Chi-Keung Luk. Predicting Data Cache Misses in Non-Numeric Ap-
plications Through Correlation Profiling. In Proceedings of the 30th Annual International
Symposium on Microarchitecture, pages 314-320, December 1997.

Todd C. Mowry, Angela K. Demke and Orran Krieger. Automatic Compiler-Inserted I/0O
Prefetching for Out-of-Core Applications. In Proceedings of the Second Symposium on Oper-
ating Systems Design and Implementation (OSDI ’96), pages 3-17, October 1996. (This paper
received the Best Paper Award.)

Chi-Keung Luk and Todd C. Mowry. Compiler-Based Prefetching for Recursive Data Struc-
tures. In Proceedings of the Seventh International Conference on Architectural Support for
Programming Languages and Operating Systems, pages 222-233, October 1996.

Edouard Bugnion, Jennifer M. Anderson, Todd C. Mowry, Mendel Rosenblum and Monica S.
Lam. Compiler- Directed Page Coloring for Multiprocessors. In Proceedings of the Seventh
International Conference on Architectural Support for Programming Languages and Operating
Systems, pages 244-255, October 1996.

Mark Horowitz, Margaret Martonosi, Todd C. Mowry, and Michael D. Smith. Informing
Memory Operations: Providing Memory Performance Feedback in Modern Processors. In

Proceedings of the 23rd Annual International Symposium on Computer Architecture, pages
260-270, May 1996.

Todd C. Mowry, Monica S. Lam and Anoop Gupta. Design and Evaluation of a Compiler Al-
gorithm for Prefetching. In Proceedings of the Fifth International Conference on Architectural
Support for Programming Languages and Operating Systems, pages 62-73, October 1992.

Anoop Gupta, John Hennessy, Kourosh Gharachorloo, Todd Mowry, and Wolf-Dietrich Weber.
Comparative Evaluation of Latency Reducing and Tolerating Techniques. In Proceedings of the
18th Annual International Symposium on Computer Architecture, pages 254-263, May 1991.

Anoop Gupta, Wolf-Dietrich Weber, and Todd Mowry. Reducing Memory and Traffic Require-
ments for Scalable Directory-Based Cache Coherence Schemes. In Proceedings of International
Conference on Parallel Processing, pages 312-321, August 1990.

Technical Reports

Evangelos Vlachos, Michelle Goodstein, Michael Kozuch, Shimin Chen, Babak Falsafi, Phillip
B. Gibbons, Todd C. Mowry, and Olatunji Ruwase. Parallel LBA: Conherence-based Paral-
lel Monitoring of Multithreaded Applications. Carnegie Mellon University Technical Report
CMU-CS-09-108, March 2009.

Michelle Goodstein, Evangelos Vlachos, Shimin Chen, Phillip Gibbons, Michael Kozuch, and
Todd C. Mowry. The Butterfly Model: Theoretical Foundations. Carnegie Mellon University
Technical Report CMU-CS-08-170, February 2009.

Amit Manjhi, Anastassia Ailamaki, Bruce M. Maggs, Todd C. Mowry, Christopher Olston, and
Anthony Tomasic. Simultaneous Scalability and Security for Data-Intensive Web Applications.
Carnegie Mellon University Technical Report CMU-CS-06-116, March 2006.

Charles Garrod, Amit Manjhi, Anastassia Ailamaki, Phillip Gibbons, Bruce Maggs, Todd
Mowry, Christopher Olston, and Anthony Tomasic. Scalable Consistency Management for
Web Database Caches. Carnegie Mellon University Technical Report CMU-CS-06-128, July
2006.

Amit Manjhi, Phillip B. Gibbons, Anastassia Ailamaki, Charles Garrod, Bruce M. Maggs,
Todd C. Mowry, Christopher Olston, Anthony Tomasic, and Haifeng Yu. Invalidation Clues
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for Database Scalability Services. Carnegie Mellon University Technical Report CMU-CS-06-
139, July 2006.

e Christopher B. Colohan, Anastassia Ailamaki, J. Gregory Steffan, and Todd C. Mowry. Sup-
porting Large Speculative Threads for Databases and Beyond. Carnegie Mellon University
Technical Report CMU-CS-05-109, July 2005.

e Christopher B. Colohan, Anastassia Ailamaki, J. Gregory Steffan, and Todd C. Mowry. Op-
timistic Intra-Transaction Parallelism on Chip Multiprocessors. Carnegie Mellon University
Technical Report CMU-CS-05-118, March 2005.

e Shimin Chen, Anastassia Ailamaki, Phillip B. Gibbons, and Todd C. Mowry. Improving Hash
Join Performance through Prefetching. Carnegie Mellon University Technical Report CMU-
CS-03-157, October 2003.

e Shimin Chen, Phillip B. Gibbons, Todd C. Mowry, and Gary Valentin. Fractal Prefetching B+4-
Trees: Optimizing Both Cache and Disk Performance. Carnegie Mellon University Technical
Report CMU-CS-02-115, March 2002.

e Spiros Papadimitrious and Todd C. Mowry. Exploring Thread-Level Speculation in Software:
The Effects of Memory Access Tracking Granularity. Carnegie Mellon University Technical
Report CMU-CS-01-145, July 2001.

e Shimin Chen, Phillip B. Gibbons and Todd C. Mowry. Improving Index Performance through
Prefetching. Carnegie Mellon University Technical Report CMU-CS-00-177, December 2000.

e J. Gregory Steffan, Christopher B. Colohan and Todd C. Mowry. Extending Cache Coherence
to Support Thread-Level Data Speculation on a Single Chip and Beyond. Carnegie Mellon
University Technical Report CMU-CS-98-171, December 1998.

e Todd C. Mowry and Sherwyn R. Ramkissoon. Software-Controlled Multithreading Using
Informing Memory Operations. Carnegie Mellon University Technical Report CMU-CS-98-
169, October 1998.

e Chi-Keung Luk and Todd C. Mowry. Compiler and Hardware Support for Automatic Instruc-
tion Prefetching: A Cooperative Approach. Carnegie Mellon University Technical Report
CMU-CS-98-140, June 1998.

e J. Gregory Steffan, Christopher B. Colohan and Todd C. Mowry. Architectural Support for
Thread-Level Data Speculation. Carnegie Mellon University Technical Report CMU-CS-97-
188, November 1997.

e Todd C. Mowry and Chi-Keung Luk. Predicting Data Cache Misses in Non-Numeric Applica-

tions Through Correlation Profiling. Carnegie Mellon University Technical Report CMU-CS-
97-175, September 1997.

e J. Gregory Steffan and Todd C. Mowry. The Potential for Thread-Level Data Speculation
in Tightly-Coupled Multiprocessors. University of Toronto Technical Report CSRI-TR-350,
February 1997.

e Chi-Keung Luk and Todd C. Mowry. Predicting Data Cache Misses in Non-Numeric Appli-
cations Through Correlation Profiling. University of Toronto Technical Report CSRI-TR-359,
February, 1997.

e Mark Horowitz, Margaret Martonosi, Todd C. Mowry, and Michael D. Smith. Informing
Loads: Enabling Software to Observe and React to Memory Behavior. Stanford University
Technical Report CSL-TR~95-673, July 1995.

e Todd C. Mowry. Tolerating Latency Through Software-Controlled Data Prefetching. Technical
Report CSL-TR-94-628, Stanford University, June 1994.

Patents Held
e Todd C. Mowry. U.S. Patent 7,127,586: Prefetching hints. Issued October, 2006.

163



e Shimin Chen, Phillip B. Gibbons, and Todd C. Mowry. U.S. Patent 6,772,179: System and
method for improving index performance through prefetching. Issued August, 2004.

e Todd C. Mowry. U.S. Patent 6,240,488: Prefetching hints. Issued May, 2001.

e Todd C. Mowry. U.S. Patent 5,732,242: Consistently specifying way destinations through
prefetching hints. Issued March, 1998.

e Todd C. Mowry and Earl A. Killian. U.S. Patent 5,696,958: Method and apparatus for
reducing delays following the execution of a branch instruction in an instruction pipeline.
Issued December, 1997.

Distinguished Lectures

9/25/13: “The Log-Based Architectures Project: Exploiting Multicore to Help Parallel Software
Behave Correctly”, University of Wisconsin-Madison, Department of Computer Science, Dis-
tinguished Lecture Series.

2/7/08: “Pario: the Next Step Beyond Audio and Video”, University of Toronto, Department of
Electrical and Computer Engineering Distinguished Lecture Series.
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Professional Activities

Professional Societies

e Member of the Institute of Electrical and Electronics Engineers (IEEE)
e Member of the Association of Computing Machinery (ACM)

Industrial Employment

5/04-6/07: Intel Corporation, Pittsburgh, Pennsylvania: Director of the Intel Research Pitts-
burgh Lab.

6/89-11/93: Silicon Graphics, Inc., Mountain View, California (formerly MIPS Computer
Systems, Sunnyvale California): Computer Architect (part-time).

Consulting

7/07-2/11: Intel Corporation, Pittsburgh, Pennsylvania: Research Advisor.

8/96—4/04: SandCraft, Inc., Santa Clara, California: Member of the Technical Advisory
Board.

1/96—4/04: IBM, Toronto: Visiting Scientist.

12/93-12/96: Silicon Graphics, Inc., Mountain View, California: Computer Architecture
Consultant.
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University Committee Work and Other Service Activities

Committee Work

Faculty Hiring Committees:

— Computer Science Department: 2008, 2010.
— Computer Systems Area: 2000, 2001, 2002, 2003, 2004.

Chair of the Computer Science Department Head Selection Committee, 2007.
CSD Ph.D. Admissions Committee, 2001, 2002, 2003.

School of Computer Science Council, 2001-2004.

Carnegie Mellon University Faculty Senate (Presidential Appointeee), 2000-2001.
Computer Systems Area Advocate, 2000-2004.

Doctoral Review Committee, 1998-2004.

ACM Thesis Award Nomination Committee, 1999.

Journal, Conference and Workshop Organization

Editor-in-Chief, ACM Transactions on Computer Systems, 2013-2018.
Associate Editor, ACM Transactions on Computer Systems, 2001-2013.

Program Chair of the International Conference on Architectural Support for Program-
ming Languages and Operating Systems (ASPLOS), 2011.

Sponsorship Chair, International Conference on Architectural Support for Programming
Languages and Operating Systems (ASPLOS), 2010.

Member of the ISCA program committee, 1998, 2000, and 2011.
Member of the ASPLOS program committee, 2000, 2004.
Member of the ASPLOS external review committee, 2012.

Co-Program Chair of the International Conference on Parallel Architectures and Compi-
lation Techniques (PACT), 2001.

Member of the International Symposuim on Microarchitecture program committee, 1998.

Member of the Workshop on Architectural and System Support for Improving Software
Dependability (ASID) program committee, 2005.

Member of the Workshop on Memory System Performance (MSP) program committee
(in conjunction with PLDI), 2002 and 2004.

Member of the IBM CASCON program committee, 1995, 1996, 1997.
Member of the First SUIF Workshop Program Committee, 1996.
Organized the CASCON 97 workshop on Compiler Optimization, 1997.

Initiated and organized the 1st Toronto / Rochester Workshop on Shared-Memory Mul-
tiprocessors, 1994.
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