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Prosecution

1. (Currently Amended) Integrated circuit comprising a plurality of processing modules

(M; I, S; T), and-a network (N; RN), and at least one resource manager (RM) for

managing resources of the network (N}, wherein the modules, network and resource

manager are disposed on a chip and arranged for providing at least one connection

between a first and at least one second module, wherein the at least one connection
comprises a set of communication channels each having a set of connection properties,
the connection properties of the different communication channels of said connection
being adjustable independently, wherein said connection supports transactions
comprising at least one of outgoing messages from the first module to the second

module and return messages from the second module to the first module_wherein the

resource manager determines whether the at least one connection with said
communication channels is available based on the connection properties being

available.

Ex-1002, 21

Petition (-01081 IPR, Paper 1), 1, 6-7
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Allowable Subject Matter

1. Claims 1-18 are allowable over the prior art of records.
2. The following is an Examiner's statement of reasons for the indication of
allowable subject matter: Claims 1, 7, are allowable over the prior art of record
because the prior arts, cited in its entirety, or in combination, do not teach wherein
the resource manager determines whether the at least one connection with the
communication channels is available based on the connection properties being
available.

The remaining claims, not specifically mentioned, are allowed for the same

rationale as set for their dependent claims.

Ex-1002, 15
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Ground 2: Goossens2003

Chapter

GUARANTEEING THE QUALITY OF
SERVICES IN NETWORKS ON CHIP

Kees Goossens, John Dielissen, Jef van Meerbergen,
Peter Poplavko™, Andrei Radulescu, Edwin Rijpkema,
Erwin Waterlander, and Paul Wielage

Philips Research Laboratories, Findhoven, The Netherlands

T Technical University of Eindhoven, Eindhoven, The Netherlands

Kees Goossens@philips com

Abstract Users expect a prediciable guality of service (QoS) of embedded systems, even
for fumre. more dynamic, applications. System-on-chip designers use networks
on chip (NOC) to solve deep submicron problems, and to divide global prob-
lems into local. decoupled problems. NQCs provide services through protocol
stacks, and introducing guaranreed services enables IP re-use and platform-
based design. It also provides globally predictable behaviour, as required by
the user, when combining local, decoupled solutions. There are several levels of
QoS commitment (correctness, completion, completion bounds). with increas-
ing cost. A combination of guaranteed and best-effort (no commitment) services
combines their respective aftractive features: predictable behaviour. and good
average resource utilisation. The ETHEREAL NOC 1s an example of this ap-
proach. and forms the basis of a QoS-based design style. as advocated in this
chapter

1. Future applications and systems on chip

In this section we raise the following question: why and how must systems
implementing future applications guarantee the quality of service (Qos)? We
look at each of the components in turn, in the context of embedded systems
and systems on a chip (50C). We then observe that new SOC architectures and
design methods divide global problems into local ones, and rely on networks
on chip (NOC) to compose local solutions. We answer the question, in Sec-
tion 2, by presenting a synthesis of a QoS-based design style and networks on
chip. Section 3 explains that QoS can be decomposed into several levels of

61
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Ground 1: Goossens2002

Abstract
We advocate a network on silicon (NOS) as a hardware ar-
chitecture to implement communication between 1P cores in
future technologies, and as a software model in the form of
a protocol stack to structure the programming of NOSs. We
claim guaranteed services are essential. In the ZETHEREAL
NOS they pervade the NOS as a requirement for hardware de-
sign, and as foundation for software programming.
1. Introduction
It will soon be possible to manufacture systems on silicon
(50Ss) containing 10M gates and megabytes of embedded
software. The complexity of these systems will be over-
whelming, and two fundamental questions arise. First, from
a hardware view point. how can these SOSs be designed?
‘What are the required hardware architecture concepts? Sec-
ond. from a software (application) perspective, how can the
50s hardware be programmed? What software concepts are
needed? Our tenet is that only a consistent approach to both
questions will enable us to harness the opportunities offered
by semiconductor technology.

We believe in the intellectual-property block (IP) re-use
model. This means that a SOS contains hundreds of IPs that
are bought or premade. Assuming their correctness, their
communication is then the problem. We propose a network
on silicon (NOS) to implement the communication between
these IPs. A NOS is a hardware architecture together with a
programming model

Guaranteed services are the focus of this paper: they serve
as the basis for the programming model. and as a require-
ment for the NOS hardware architecture. A profocol stack
is a layered approach to offering different services to differ-
ent clients, based on a common network. It structures com-

iplexity from the physical impl up
to the application in a number of layers. The OSI reference
model [4]. used in this paper. comprises seven layers. In Sec-
tion 2 we motivate why a packet-switched router network is
a suitable hardware architecture, using the lower three layers
as a backdrop. The top four layers are independent of the
hardware architecture and are discussed in Section 3. In that
context we show why guaranteed services offer many advan-
tages over best-gffort services when programming SOSs.

2. Packet-switched Router Networks

In this section we consider how a SOS containing hundreds of
IPs can be designed, especially regarding layout and timing

1530-1591/02 $17.00 © 2002 IEEE
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closure. Consider that the communication patterns of the IPs
are dynamic at two levels. First. multiple configurations ex-
ist. each corresponding to a required user functionality. Sec-
ond, communication data rates are variable within a configu-
ration (e.g. variable-bit-rate MPEG streams). Structuring the
wires used for communication between IPs is the main prob-
lem If dedicated point-to-point wires are used. IPs are con-
nected to all possible communication partners. This leads to
many global wires, with three problems. First, they must be
dimensioned for worst-case conditions in terms of a) electri-
cal parameters such as cross talk and wire spacing, and b)
volume of traffic. Second, it causes wire congestion around
each IP. Thin closely-spaced high-power wires solve conges-
tion. but this conflicts with the requirements for global wires.
which are fat and widely spaced. Third, layout and timing de-
pendencies between all Tps make timing closure global, mak-
ing it non-scalable. Worse. it is layout specific: it cannot be
re-used over design iterations or different designs [2]

A router network based on packet switching helps on these
accounts. Fundamentally, wires are shared. or made pro-
grammable, by introducing switches (routers). This is pos-
sible because dedicated wires are normally underutilised (as
little as 10% [3]). The first benefit is that there are fewer
programmable wires, which reduces wire congestion around
1P blocks. Second. traffic of multiple IPs is combined over a
single wire. which can be dimensioned for the average traffic
overall blocks using that wire instead of worst-case traffic per
1P. Third, mter-IP wires are now structured: either they are
short 1o get on the network, or they are router to router. The
network topology and router layout can both be fixed (e g
a torus and mesh [3] or a fat tree and Maltese cross [3]). or
only the network topology. This allows dedicated optimisa-
tions that are re-usable over $Oss. Finally, and most impor-
tantly. decoupling of (1ps) and ¢
(NOS) enables compositional layout and timing closure. IPs
communicate only using the network so that their layout and
timing closure are independent of other IPs.

Programmable wires also have drawbacks. First, different
1Ps will contend for the use of a wire, requiring arbitration
or scheduling. The propertics of a router network depend
auch on the kind of scheduling it uses. A schedule can be
fixed for a configuration (static) or dynamic (within a con-
figuration). Static scheduling must be worst case, while dy-
namic scheduling leads fo dimensioning for average traffic
volume. Scheduling can also be independent for cach router

Authorized licensed use limited to: Kirkiand & Ellis LLP. Downloaded 01 April 30,2023 at 18:08:01 UTC from IEEE Xplore. Restrictions apply.
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quest for the connection. Connection acceptance may lead to resource reser- desired properties before being used. This may result in
vations in the Noc, e.g. buffers or a link bandwidth percentage. After usage. resource reservations inside the network (e.g., buffer space,

or percentage of the link usage per time unit). If the

or cars. Systems, especially socs, therefore have limited resources, and they requested when asking for a connection setup. The resource
must be shared and managed as the application unfolds its dynamic behaviour. manager RM allocates the necessary resources and enquires
Resource management depends on two phases: negotiation to obtain resources. if such a connection based on these resources is possible.
followed by a steady state in which allocated resources are used. As applica-

To solve this problem, the connection properties of the
request and response parts of a connection can be configured
independently for all of throughput] latency and jitter. Con-

more general connection property model. Not only are more properties con-
sidered. but the request and response communications can be independently
configured (e.g. for flow control, and throughput guarantees). allowing more
fine-grained resource management. Connection-based service provision there-

(Ex-1007, Fig. 4.5, pp. 72, 71, 65, 74) (Ex-1001, Fig. 1, 7:31-33, 10:62-66, 10:24-26, 11:20-22)
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Goossens2003 Drake teachings
(composite annotations)
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“A POSITA would have understood that using Drake’s QoS management process would improve the performance

and efficiency of Goossens2003's NOC by ensuring that connections established by IPs are able to provide the
required services . . . . A POSITA would have understood that mature networking technologies like those described
by Drake could be usefully applied in the context of newer networks on chip.”

Petition (-01081 IPR, Paper 1), 52-53
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Goossens2003 + Drake

Petition (-01081

. 7373049
fUS. 72720
Ppetition for IPR of U

?c\\noncl\

<
‘ Patent Qwner

Case 1PR202 -

o 737349
us Patent NO- - 3

737389
. %

S

. OA]
DA Al
BE HE PATE NT TRIA AND PPE 1 BC
T A\
JEF ORE

TED.
, .(“{p()RA‘
AL COMMINC

Qu .\L( 8

\ o ¢ GIES. 1Y
RK SYS N E ‘1;\()\,(, 3
NETW O! < { TEC HGIE

-G REVI
ONFOR INTER PARTE
PETITION /¢ pAT.NO

IPR, Paper 1), 51-52:

Papet No.__

1TE TE ATE Al TRA . OFY\(E
hMAR‘\ 9
STATES P. N ND D
UN DS S

Goossens2003 describes a network on chip (NOC) for use in providing

communications between “intellectual property blocks (IP)” in a system-on-chip.

Ex-1007, Abstract, 63, 74. Goossens2003 further describes that this NOC “offers
guaranteed services to obtain the advantages ... of QOS-based design ... for real-
time and critical functions.” Ex-1007, 71. These guaranteed services are provided
via “connections” which may require the reservation of NOC resources. Id. But,
as Goossens2003 explains, “SOCs ... have limited resources, and they must be
shared and managed.” Ex-1007, 65; see also id., 67. Goossens2003, however,

does not describe a component or mechanism for managing resource usage within

the NOC or for determining the availability of the resources required for a

requested connection. Ex-1003 J9157-159.

Drake is directed to the same goal of managing network resources in order tc
“ensure[] selected levels of quality of services,” and a POSITA would have been
motivated to combine Goossens2003’s disclosures with Drake’s disclosures
regarding a system for QoS management to obtain the benefits of Drake’s known
solution to ensuring the availability of network resources for guaranteed services.

Ex-1003 9160. A POSITA would have looked to Drake’s disclosure of a “QoS

requestor manager” to formulate requests for guaranteed services with particular

properties and a “QoS allocator” to determine whether the network resources

required for the requested services are available. Ex-1006, 4:17-56; see also id.,
2:14-40.

Slide 6
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Goossens2003 + Drake

Petition(-01081 IPR, Paper 1), 52-53:
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_— | connections will be accepted or rejected depending on whether the NOC “has

sufficient resources available.” Ex-1007, 67.

A POSITA would also have had a reasonable expectation of success in
combining the disclosures of Goossens2003 and Drake. Ex-1003 9164. They
would have understood that doing so merely combines prior art elements according

to known methods to vield predictable results, as both discuss managing resources

to provide guaranteed services. Drake provides additional details about such a

system that is consistent with and would have worked with the system of

Goossens2003. Indeed, Goossens2003 and Drake occupy the same field of data
communication in packet-based networks, and both are directed to ensuring that
sufficient resources are available for the communication of multimedia content,

such as audio and video. See Ex-1006, 1:22-24 (describing “audio and full motion
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Goossens2003 + Drake
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audio and video™). As such, a POSITA would have reasonably expected that use of
Drake’s known solution to ensuring the availability of network resources for
guaranteed services would improve Goossens2003’s NOC in the same way. Ex-
1003 §164. A POSITA would also have understood that Drake’s disclosure is
applicable to networks on chip, including because certain resources are more
limited in the on-chip context and need to be managed carefully. Ex-1007. 65
(“SOCs ... have limited resources, and they must be shared and managed.”).
Because Drake’s QoS management process would more efficiently utilize the
resources of the network and minimize their waste, it is well-suited for such a
resource-constrained environment. Ex-1003 §9165-166. A POSITA would have
understood that mature networking technologies like those described by Drake

could be usefully applied in the context of newer networks on chip. /d. Indeed,

Slide 8
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156. As a threshold matter, a POSITA would have been motivated to

“connections” to provide guaranteed services, and Drake provides additional

implementation details that would aid a POSITA in creating an SoC with improved

performance and efficiency.

combine the disclosures of these two references because both relate to the use of

159. However, Goossens2003 does not include certain details regarding the
implementation of its guaranteed services and connections. For example, the paper
explains that requests for connections will be granted if there are sufficient resources
available, and that they will otherwise be rejected, but does not describe a component

that makes this determination or the process by which it does so. Ex-1007

(Goossens2003) at 67. Goossens2003 also describes that the establishment of
connections to provide guaranteed services may require the reservation of network
resources, which must be carefully managed given the limited resources in SoCs.
Ex-1007 (Goossens2003) at 65, 67. Goossens2003, however, does not describe a

component or mechanism for managing resource usage within the NOC or for

determining the availability of the resources required for a requested connection.

Slide 9
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160. As I explained in Ground I, Drake provides details regarding the
implementation of these features and a POSITA would have found Drake’s known
solution for “ensur[ing] selected levels of quality of services” helpful in

implementing an SoC like the one described by Goossens2003. See Ex-1006

(Drake) at Abstract. A POSITA would have been particularly interested in Drake’s
disclosure of a “QoS requestor manager” to formulate requests for guaranteed

services with particular properties and a “QoS allocator” to determine whether the

network resources required for the requested services are available. See Ex-1006

(Drake) at 4:17-56; see also Ex-1006 (Drake) at 2:14-40.

163. In my opinion, a POSITA would have understood that using Drake’s

quality of service management process would improve the efficiency and
performance of Goossens2003’s network on chip by ensuring that the network
resources required to provide guaranteed services are actually available, and that the
network will be able to fulfill its commitments to the IPs that have been granted such
services. Indeed, Goossens2003 describes the same goal, explaining that “The NOC

that offers communication services will honour the request if has sufficient resources

available, and will reject it otherwise.” Ex-1007 (Goossens2003) at 67.
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166. Furthermore, the parallels between mature off-chip networks and newer
on-chip networks would have been well-known to POSITA. As I explained above,
NoCs have borrowed many design features from scalable interconnection networks
that were designed for large-scale parallel machines in the 1990s. For example, as
described in one text devoted to networks-on-chip “[d]esigning a network for on-

chip communication is similar to the problem of designing a local area computer
network with some computing and communication requirements.” Ex-1014
(Jantsch) at 102. Another chapter in the same text explained that addressing i1ssues
related to network resource allocation—as Goossens2002 and Drake do—is
substantially similar in on-chip and off-chip networks: “The resource allocation,
optimization of network usage and verification of performance and correctness are
the main problems that are basically similar to what distributed and parallel system
designers have to face.” Ex-1014 (Jantsch) at 33. Indeed, the *449 patent itself

acknowledges that many of the 1ssues faced by networks on chip had been studied

in the context of off-chip networks and that results of those studies are applicable to

on-chip networks as well. Ex-1001 (*449 patent) at 1:50-66.
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“A POSITA would have understood that using Drake’s QoS management process would improve the performance

and efficiency of Goossens2003's NOC by ensuring that connections established by IPs are able to provide the
required services . . . . A POSITA would have understood that mature networking technologies like those described
by Drake could be usefully applied in the context of newer networks on chip.”

Petition (-01081 IPR, Paper 1), 52-53
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Goossens2003

Claim 1[a]: “a plurality of processing b. Claim lfa]
modules (M’ |’ S, T) » Goossens2003 discloses this limitation. Ex-1003 §170. Goossens2003
describes that its SoC includes multiple “intellectual property blocks (IP),” which
1t also refers to as “masters” and “slaves.” Ex-1007, 63: see also id., 61, 67-69
(describing “combining IPs to obtain a SOC”), 71-74 (“communication|s] between
one master and one or more slaves™), 77-78. A POSITA would have understood
that these IPs constitute processing modules. Ex-1003 §170. Figure 4.5 of

Goossens2003, annotated below, depicts three such IPs, including one labeled

“UP”—microprocessor—and two labeled “M,” for “memory module.”

a0-7F

B0.FF

Figure 4.5. A narrowcast connection.

Petition (-01081 IPR, Paper 1), 55
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Goossens2003

Claim 1[c]: “at least one resource
manager (RM) for managing resources of
the network (N)”

Claim 1[g]: “wherein the resource
manager determines whether the at least
one connection with said communication
channels is available based on the
connection properties being available”

d. Claim 1[c]

Goossens2003 in view of Drake renders this limitation obvious. Ex-1003
9173, As discussed above, Goossens2003 explains the implementation of
connections in a NOC requires “resource management,” but does not describe a
specific component or mechanism for tracking resource usage within the NOC or
for determining the availability }of the resources required for a requested
connection. See VILB.1: see also Ex-1007, 65, 6869, 74. As discussed in Ground
I, however, Drake discloses a “resource manager” in the form of “a quality of

service (QoS) allocator.” See VII.A.2.d.

h. Claim 1|g]
Goossens2003 in view of Drake renders this limitation obvious. Ex-1003
9182, Goossens2003 describes that when requests for connections are 1ssued by
IPs, its NOC “will honor the request if has sufficient resources available, and will
reject it otherwise.” Ex-1007, 67| But Goossens2003 does not describe the
component of its NOC that determines whether sufticient resources are available,

nor the process by which it does so.

Petition (-01081 IPR, Paper 1), 57, 61
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Goossens2003

3. Claim 2
Claim 2: “...at least one communication

manager (CM) for managing the
communication between different
modules”

Claim 1 1s obvious. See VIL.B.2. Goossens2003 in view of Drake renders
this limitation obvious. Ex-1003 9184. Goossens2003 describes that its system
includes “network interfaces,” and explains that “end-to-end” connection
properties — those properties which relate to the interactions between the master
and slave modules, including “reordering, transaction completion, and flow
control”—*"are implemented by the network interfaces.” Ex-1007, 76—77; Ex-1003
9185. Goossens2003 further describes that “IPs negotiate with network interfaces
to obtain connections with certain properties.” Ex-1007, 77. This is just like the
interaction between the modules and communication manager described in the
’449 Patent. Ex-1001, 10:3-54. Thus, a POSITA would have understood that

Goossens2003’s network interfaces are circuits that manage the communication

between different modules and disclose a communication manager under PO’s
proposed construction‘. Ex-1019, 12; Ex-1003 4186.
Additionally, as discussed in Ground I, Drake discloses a “communication

manager’ in the form of a “QoS requestor manager.” See VII.A.3. For the reasons

Petition (-01081 IPR, Paper 1), 62-63
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Goossens2003

b. Claim 6]a]
Claim 6[a]: “wherein said first module (M;

) is adapted to issue a request (REQ)
for a connection with at least one of said 9193. Goossens2003 describes that “IPs negotiate with network mnterfaces to

second modules to said obtain connections with certain properties.” Ex-1007, 77. Thus, a POSITA would
communication manager (CM)”

Goossens2003 1n view of Drake renders this limitation obvious. Ex-1003

have understood that Goossens2003’s master IPs (i.e., first module) issue requests
tor connections to the network interfaces (i.e., communication managers). Ex-
1003 4193. As explained above, the requested connections are between a “master”

(i.e., first module) and “one or more slaves” (i.e., second modules). Ex-1007, 71.

Petition (-01081 IPR, Paper 1), 65
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Goossens2002 (similar to Goossens2003)

Claim 1[c]: “at least one resource
manager (RM) for managing resources of
the network (N)”

Claim 1[g]: “wherein the resource
manager determines whether the at least
one connection with said communication
channels is available based on the
connection properties being available”

d. Claim 1[c]: “at least one resource manager (RM) for
managing resources of the network (N)”

This limitation 1s disclosed by Goossens2002 and/or rendered ob\ﬁous by
Goossens2002 1n view of Drake. Ex-1003 990. Goossens2002 describes that its
system on silicon mcludes a “quality-of-service manager” (i.e., resource manager)
that can “observe and steer” the NOS (Ex-1005, 3), and a POSITA would have
recognized that it 1s a circuit and that its functionality imnvolves managing resources

of the network. Ex-1003 990. Thus, Goossens2002 discloses a resource manager,

h. Claim 1[g]: “wherein the resource manager
determines whether the at least one connection with
said communication channels is available based on the
connection properties being available”

Goossens2002 in view of Drake renders this limitation obvious.” Ex-1003

9113. As discussed regarding element 1[c], Goossens2002 in view ot Drake

discloses a “resource manager” in the form of quality-of-service manager/QoS

allocator that receives requests for connections with certain QoS properties. See

VIL.A.2.d. As shown above, Drake’s QoS allocator examines the network

Petition (-01081 IPR, Paper 1), 23-24, 32-33
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Drake’s QoS teachings

Petion (-01081 IPR, Paper 1), 12-13

67. To address this need, Drake describes a quality of service management
system that receives requests for “QoS connections” with specified properties,
determines whether the required network resources are available, and reserves those
resources for the requesting station. Ex-1006 (Drake) at Abstract. An exemplary

embodiment of Drake’s system is depicted in Figure 1 below.

FIG. 1
.
| SOURCE [ APPLICATION !} TARGET [APPLICATION :
1 STATION | REQUESTING 1 {STATION| RECEIVING H
H Qos o DATA STREAM| :
: : % :

@S ! QoS : :
REQUESTOR | PROTOCOL | | ;
MANAGER 1 MACHINE H H

: :

TRANSPORT P TRANSPORT ]
PROTOCOL o PROTOCOL :
STACK o STACK H
39

................................

TRANSPORT
PROTOCOL
STACK

T 2

7
i Qos H
i ALLOCATOR !
H 21 H
H H
H

QoS H QoS
REQUESTOR | PROTOCOL
MANAGER | MACHINE

<23 24
QoS
ALLOCATION
DATA BASE
25

"""""""""""""" U39

Ex-1003 (Dr. Mowry Decl.), 967
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Drake’s QoS teachings — Resource Manager

................................

FIG. 1
?sounce APPLICATION ET‘RGET APPLICATION 91. Additionally, Drake similarly discloses a “resource manager” in the
| STATION | REQUESTING ! ISTATION| RECEIVING :
o;s % Pl PATA STREAM : form of a “quality of service (QoS) allocator.” Ex-1006 (Drake) at 4:22-25; see also
1" - ~26 ;
Rgoﬁggmn Paoa'oosom Ex-1006 (Drake) at 4:66-5:14, Fig. 1. Drake further describes the QoS allocator as
MANAGER | MACHINE | | | :
: ~2 8 ~13 v managing resources of the network. Specifically, the QoS allocator receives
: TRANSPORT i TRANSPORT :
- PROTOCOL : 3 PROTOCOL -
: STACK b STACK :
15 : K27 - [ .. ]
- QoS . . ;
\ REQUESTORL™ * g o s
‘ e R 28 :
"""""""""""""" i TN 92. Indeed, Drake’s QoS allocator provides the same functionality as the
I i
| LAN ] “resource manager” that is described in the specification of the 449 patent.
~17
Oob : Specifically, like Drake, the *449 patent describes that its resource manager receives
ALLOCATOR
requests for connections with certain properties, “enquires if such a connection based
TRANSPORT
PROTOCOL ‘ . . . .
STACK ! Resource on these resources is possible,” and “reserves the available connection i.e. the
<2 :
QoS ! QoS : Man ager required resources.” Ex-1001 ("449 patent) at 10:19-57. Additionally, the “quality-
REQUESTOR ; PROTOCOL .
MANAGER | MACHINE
23 % 24 ‘
ALLOCATION :
DATA BASE ]
<25 :
20

Ex-1003 (Dr. Mowry Decl.), 1991-94, 173
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Drake’s QoS teachings — Communication Manager

118, For example, Drake discloses a “commumication manager™ in the form

of a “QoS requestor manager.” Ex-1006 (Drake) at 4:32-37; see also Ex-1006

QoS (Drake) at 4:62—65. 5:5-8, Fig. 1. Drake explains there are QoS requestor managers
L : o |
Q0S8 - Oos that are associated with source stations, and that the QoS requestor managers manage
REQUESTON : PROTOCOL | |
“”‘:.m } mc:me : commumcations between modules by “assembl[ing] a request to reserve a QoS
12 13
::O.ﬁ:co:tj connection for a multi-media data stream ... between source station 10 and target
STACK '
<~ station 29,” which request 1s sent to the QoS allocator (7 e., resource manager). Jd.
- QoS - . ; ; ) -
' REQUESTOR qc ‘ 119, Indeed, this 15 consistent with the disclosure of the communication
16 :
............. r B [ manager described in the specification of the 449 patent, which explains that “[t]he

communication manager CM request[s] a connection with a set of properties
between two modules from the resource manager RM.” Ex-1001 ("449 patent) at

10:19-24.

Ex-1003 (Dr. Mowry Decl.), 111118-119;
seealsoid. 19 120-122, 130, 187, 195
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Drake’s QoS teachings — Communication Manager

120. Additionally, in my opinion, to the extent Patent Owner argues that the

SOURCE m claimed communication manager must have the ability to request that the resource
* STATION | REQUESTING :
; QoS : manager release reserved connections and resources (see Ex-1006 (Drake) at 10:51—

“11

Qo8 :  0os | ! 54), that too 1s disclosed by Drake. See, e.g., Ex-1006 (Drake) at 8:65-9:1
REQUESTOR * PROTOCOL -
MANAGER | MACHINE |

(describing “QoS de-allocation announcement” message), 11:49—12:34 (describing

12§ N E
T,,::;%’g:: a process for “de-allocating a previously allocated QoS data stream™). Moreover, in
STACK
~15 my opinion, it would have been obvious to a POSITA that the QoS requestor
00S  [mac :
§ REQUESTOR T‘ 2 managers could either accept or reject connections established by the QoS allocator
SESETSTEESEN . SR Nid

based on the specified QoS parameters.

Ex-1003 (Dr. Mowry Decl.), 1120;
seealsoid. 191117-122,130, 187, 195
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Institution Decision

Paper 10
5
Trials@uspto.gov Date: June2l. 2024
Tel: 571-272-7822

Moreover, Patent Owner mischaracterizes the proposed modification

when contending that modifying Goossens2003’s IP block to include

A ! OFFICE
UNITED STATES PATENT AND TRADEMARKC ¥

o

i ARD
BEFORE THE PATENT TRIAL AND APPEALBO

Drake’s requestor manager 12 conflicts with Goossens2003’s teaching to

-

SAMSUNG ELEC TRONICS CO.. LTD..
N Petitioner,

Resp. 62—-63. Goossens2003 describes the Ethereal NoC for SoCs that

NETWORK SYSTEM TECHNOLOGES. LLC.
) Patent Owner.

decouple “computation from communication.” See Pet. 48—51; Prelim.

e

integrates “heterogeneous” intellectual property blocks (IPs). Ex. 1007, 61,
66, 71-74; see Ex. 1003 9 69—70. Petitioner proposes implementing

{PR2024-00338
Patent 7.373.449 B2

e

Drake’s QoS management process in the NoC, not modifymg an IP block.
See Pet. 49-50; Ex. 100399 162-163, 173. Consistent with this, Drake

explains that the QoS management of “a local area network is almost

eiore AU R.K NNY and
B HARI ES]T BOL DRE! L .UHI‘\ E

-’\ }i‘t\ 1 ‘f\ . NDSON, Admi ristranve Paten Judges
STE M. AM ) 4d trar fi

AMUNDSON, Administrative Patent Judge

DECISION .
Granting Institution of Infer Partes Revi
S 35USC§34

entirely concentrated in a single QoS management station on the LAN.”
Ex. 1006, 2:66-3:1.

Institution Decision (-00338 IPR, Paper 10), 85 (Ground 2, Goossens2003);
see alsoid. 66 (Ground 1, Goossens2002)

Reply (Paper 43), 1, 10 Slide 23
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Drake and the claimed “first module”

Application 11 in Drake’s source station 10 requests a QoS connection

Drake:

e
‘\‘\‘\‘““““‘\““&\L‘!}L‘é&,\‘,!‘
N "

patent

5,461,610

More particularly, station 10 is the source of a desired
multimedia transmission and comprises an application 11
which requests a QoS connection to the destination or target
station 29, Application 11 also 15 responsible for causing the

Ex-1006, 4:26-30

Petition (-01081 IPR, Paper 1), 40-41 Slide 24
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Drake and the claimed “first module”

Application 11 in Drake’s source station 10 requests a QoS connection

Dr. Mowry testimony:

Jo.7.373.449
vie! U.S. Patent No
of Dr. Mowry for Inter Partes Review of
Declaration © \

ARK OFFICE
UNITED STATES PATENT AND TRADEMARK €

129. Similarly, Drake describes that an application in a source station (i.e.,

E YARD
EFORE THE P ATENT TRIAL AND APPEAL BC
BE £ , P4 £

SAMSUNG EL ECTRONICS CO LTD.

first module) “requests a QoS connection to the destination or target station 297 (i.e.,

Petitioner

second module). Ex-1006 (Drake) at 4:26-29; see also Ex-1006 (Drake) at Abstract,

< TLC
NETWORK SYSTEM TECHNOLOGIES LI

Patent Owner

5:25-50, 2:32-41 (describing “requested QoS values”). In my opinion, a POSITA

U.S. PATENT NO. 7,373,449

Case IPR2023-TBD

/, PH.D.
DECL ARATION OF TODD MOWRY, P H.IL

Ex-1003, 9129

Samsun g Ex. 1003

Petition (-01081 IPR, Paper 1), 40-41
Reply (Paper 43), 6, 14-21
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Drake and the claimed “first module”

Application 11 in Drake’s source station 10 requests a QoS connection

Dr. Mowry testimony:

] .nt No. 7373449
o Partes Review of U.S. Patent No

Declaration of Dr Mowry for Inf

ES PATENT AND TRADEMARK OFFICE

UNITED STA
E YARD
EFORE THE P ATENT TRIAL AND APPEAL BC

SAMSUNG EI ECTRONICS CO., LTD,

Petitioner
Ao

NETWORK SYSTEM TECHNOLOGIES LI

Patent Owner

US.P ATENT NO. 7,373,449

Case IPR2023-TBD

/, PH.D.
DECL ARATION OF TODD MOWRY, P H.I

samsung Ex. 1003

Petition (-01081 IPR, Paper 1), 40-41

Reply (Paper 43), 6, 14-21

130. Additionally, Drake also describes that the application in the source
station (7.e., first module) communicates this request to a QoS requestor manager
(i.e., communication manager) for subsequent transmission to a QoS allocator, as
discussed further below. See Ex-1006 (Drake) at 3:21-28, 4:32-37, 4:62-65 (“The
QoS requestor manager 12 interacts with application using internal messages as is

well known in the art™), 5:5-8, Fig. 1. This is indicated by the arrows shown in

Drake’s Figure 1 annotated below:

! SOURCE [ APPLICATION

15 :
' QoS MAC :
. REQUESTOR :
: 16 :

STATION | REQUESTING
QoS

(T) <11

REQUESTOR ! PROTOCOL
MANAGER ! MACHINE

<13 3 9
TRANSPORT

PROTOCOL
STACK

QoS \‘./ QoS i

Slide 26
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Drake and the claimed “first module”

Application 11 in Drake’s source station 10 requests a QoS connection

Dr. Mowry testimony (first deposition):

Q. And my question is, are you saying that the 20 Q. All right. Why don't about we go back to Drake

11 application 11 corresponds to the first module or are 21 figure 1.
Deposition °fp 12 you saying that the entire source station corresponds to 22 A Okay.
Todd C. Mowrys 13 the first module? 23 Q. Can you tell me which of the components in

04, 201
November 24 figure 1 of Drake correspond to the claimed first

14 A. Well, I'm saying that the application in a 25 module?

15 source station -- so the application is box 11. The
Qualcomm 16 other parts of -- the other things within box 10 -- that
Ve 17 is, boxes 12, 13, 15, and 16 -- these are the network

Net\N'Ork S\jstem Teq . H H [o . o ]
18 interface. So, for example, in figures 1, 2, and 3, g A When th ot et "
. . en € communication occurs, Its -- Trom e
this would be the NI or ANIP.

1 A. Well, in this scenario it's box 11, which is
2 Iinside the source station.

9 LAN's perspective the communication is between boxes 10
10 and 29. But it is really between box 11 and box 26.
11 But to answer your question, which | -- which

12 is the same answer | said -- gave before, which is it's
13 box 11.

@ QprS

Tlm’
xs m:, "ER

\ Q_H:L\ 5

Ex-2078, 174:10-175:13

Reply (Paper 43), 3-4 Slide 27 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Drake and the claimed “first module”

Application 11 in Drake’s source station 10 requests a QoS connection

Dr. Mowry testimony (second declaration):

E 15. Drake does sometimes refer to the service request or response being Application 11 “requests a
a STATESP:\TEN'TANDTK»\DEZ\L—\RKOFF!( QOS connecton.
o : » T and also transmits the FiG. 1
e aEALEOAD sent from or to “source station 10.” This makes sense, because Drake shows that [l AEeREs e Rttt TR S,
EFORE THE PATENT TRIAL A multimedia data stream 33:335 PLICATION ! | TanceT [ApPLICATION
- . C , .. . (for example. Exhibit 1006. ; REQUESTING | | STATION| RECENING
Sgﬁ;%gggggg{g?g‘;;_ application 11 (which is the component making the original request and receiving 4:27-32. 4:48-50) L i N
Petitioners E : r oo , o8 : .
v. -y . . _ . 1| reauesToR | PR P
ETORK SYSTEM TECINOLOCES the response) is in source station 10. For example. a POSITA would understand Network interface A wauncen : wacne | | | :
atent Owner . e ) _'_-—-———h v H
- . ) ) ) ) ‘components™ (for i [ TRansPoRT : TRANSPORT :
rRa028:00358 source station 10 could be something like a server. It is not wrong to say that in example, Exhibit I vy | PROTOCOL :
1006, 4:34-35) i b - :
that context a service request comes from the server. but it actually originates from §{n_e_u3:§mn . :
. T OF S — cnezd ke [
pECEARATIOSOF DR TODD MO ST o . . . e ~H
an application running on the server. A POSITA would understand the application | - |
running on the server to be a component (such as the main processor) that is P o :
BLLOCATOR H
separate from the interfacing “components™ that are also part of the server. This is
Qualcomm v. Network syS‘e"‘IJSEE‘z‘Z’f&iisa
Qualcomm Exhibit 1043

TRANSPORT
eRATNCM

just like what Drake shows, where application 11 and the network interface

“components” (such as QoS requestor manager 12) are shown and described as

separate things. See Exhibit 1006, Fig. 1 and 4:26-36.

Ex-1043, 915

Reply (Paper 43), 2-4 Slide 28
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Drake and the claimed “first module”

Application 11 in Drake’s source station 10 requests a QoS connection

PO Response (Paper 35), 18-19:

Dr. Mowry later clarified that enly the application 11 within source station 10
corresponds to the claimed “first module™:

Q. Can you tell me which of the components m figure 1
of Drake correspond to the claimed first module?

A. Well, in this scenario it’s box 11, which 1s inside the
source station.

JGIES. 1AC

TECHNOLC
'“ wnet

EX2078. 174:23-175:19; see also id., 174:10-19 (“T'm saying that the application in
a source station — so the application is box 11. The ... other things within box 10 ...

are the network interface™), 175:21-176:2 (“box 11 1s the first module™).

+ Oualcomm BICOTPTE et
()‘\‘m:\ and was } ed
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Drake and the claimed “first module”

PQO’s new post-institution claim construction:

ate! 315 1C] er's Respe nse
atent OWIY Respo’

271 449

1 Pates No. /.21 A4 P

S. Patent 1

paper No-
o U.S. Patent No. 7,373,449 Patent Owner’s Response
IPR2024-00338
SRS ‘first module.””
o ATES PATENT AND T o)
\'Nl'l'\il) .\'L\IL.\ P/ e
N PPE;\L BO.\RD
. +HE PATENT TRIAL AND A
BEFOR!“ THE P AT

\ORPORA’ TED*
 ALCOMM INCOF
QUALC Petitioner

Paper 14, 25. For the reasons discussed below, this construction 1s

v

mconsistent with intrinsic evidence and the understanding of a POSITA. The

- CHNOLOGIES. LLC
ORK SYSTEM TECHNOLO®
NETWORK.: Patent Owner

claimed first module and communication manager (“CM”) should be construed as

272 449
patent No- 737344

separate and distinct claim elements. EX2070, 9114.

1 rtes Revie [\ 200338
Inter Parte Review No. IPR20=~
e PR20 4-0033

| me—

RE SPONSE

PATENT OWNER’S

PO Response (Paper 35), 13

P 4
* alcomm 11 yrporate e pet and a notion 10T yinder 11 PR2024
{ nder 1! 1

n for )@
filedary jtion ar h\
\{
orpe i { \ R20!
Q Of !

S 10! A Hetiione \ sroceeding.
i his pr di
ined as a F (itioner 10 his |
was )0 a
01081 and
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Drake and the claimed “first module”

Dr. Mowry testimony regarding new claim construction:

IARK OFFICE
UNITED STATES PATENT AND TRADEM

BOARD
BEFORE THE PATENT TRIAL AND APPEAL

I have not been asked to provide an opinion on this claim construction

[

-ORPORATED. and
JALCOMM TNCORP RAL .
S%E\BLTNG ELEC TRONICS CO-. 1D
. Petitioners

Declaration and also explain below. the claims are met by a combination of
NETWORE S‘;;thl\é zﬁ;momﬁm%

issue. I also note that it would not affect my opinions. As I stated in my First

e

IPR2024-00338

Goossens2002 with Drake’s QoS teachings. and also Goossens2003 with Drake’s

U.S. Patent No. 7.272+

QoS teachings. In each of the combinations. the QoS components (including the
i

: SUPPORT OF
> ATION OF DR. TODD }IO\V,RY INS
PECLA PETITKOYER‘S REPLY

communication manager) are not positioned in the first module but rather where
the Goossens references already teach to put QoS functionality: outside of the
modules. with the NOC. As I explain further below. I also point to “first module™

and “communication manager™ components in the prior art that are separate and
i distinet.

Qualcomm V. Network Systerl‘;;;to\;:-lgg;;

Qualcomm Exhibit 1043

Ex-1043, 17
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Goossens2003 + Drake

Goossens2003 Drake teachings
(composite annotations)

- FIG. 1
aro reauee |
d, WS NI M, o | | i
OO_7F E = R IIACY‘: | ' ? .
pp NI \ STACK ms?rlcxm | g
/‘d RE: esrou C ‘27 :
00-FF » W Nl Mﬂ - R s R
80-FF i
Lo ;
| ALLOCAT! |
21
4 Resource
Manager

“A POSITA would have understood that using Drake’s QoS management process would improve the performance

and efficiency of Goossens2003's NOC by ensuring that connections established by IPs are able to provide the
required services . . . . A POSITA would have understood that mature networking technologies like those described
by Drake could be usefully applied in the context of newer networks on chip.”

Petition (-01081 IPR, Paper 1), 52-53
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Technology and Motivations

Dr. Mowry testimony (Ex-1003):

Dex A 2373
evie s patent No. 7.373.449
£ Dr. Mowry for fnfer Partes Review of U.S. Pa
Declaration © 0

t S R K ICE
H)‘l\\l*l’\\l\\\.\l[)l ADEMARK OFF
NITE! ATES P/

N AL BOARD
BEFORE THE PA TENTT RIAL AND APPEA

SAMSUNG El ECTRONICS CO., LTD.

Petitioner
4
NETWORK SYSTEM FECHNOLOGIES. LLC.

Patent Owner

U.S. PATENT NO. 7,373,449

Case PR2023-T BD

¥ D.
DECLAR. ATION OF T ODD MOW RY, PH

samsung EX. 1003

Petition (-1081 IPR, Paper 1), 10
Reply (Paper 43), 5-6

30.

Computer systems are comprised of a number of different components,
including processors (e.g, CPUs, GPUs, etc.). memory (e.g.. SRAM, DRAM, etc.)
and various input/output (I/O) devices. As the capacity of integrated circuit (IC)
technology has improved exponentially over the years, it has enabled larger portions

of computer systems to be integrated onto single chips. For example, in the early

31. As IC capacity has continued to increase well beyond what is needed

to implement a single processor, it has enabled “Systems-on-Chip” (SoC) designs
that include even more system components on a single chip: usually some
combination of processors (often including multiple CPUs and possibly accelerators
such as GPUs), portions of the memory hierarchy, and possibly I/O devices or
controllers. SoCs were well-known by the late 1990s, and are integrated on a silicon
die. See, e.g., Ex-1014 (Jantsch) at vii (“During the 1990s more and more processor
cores and large reusable components have been integrated on a single silicon die,
which has become known under the label System on Chip (SoC).”); Ex-1008 (Wolf)
at 1 (“An SoC is an integrated circuit that implements most or all of the functions of
a complete electronic system.”); Ex-1009 (Badawy) at 1 (“With the increase in the

number of logic gates that can be implemented on a single chip, various

functionalities ... can be integrated info a single silicon chip, realizing an entire

system on chip (SoC)”). Thus, SoCs can also be referenced as System on Silicon.
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Technology and Motivations

Dr. Mowry testimony (Ex-1003):

o 7373.449
ow of U.S. Patent No. 7,573+

£ Dr. Mowry for fnfer Partes Review of U

Declaration of )

ARK OFFICE
UNITED STATES PATENT AND TRADEMARK
N AL BOARD
BEFORE THE PA TENT TRIAL AND APPEAL

SAMSUNG El ECTRONICS CO., LTD.

Petitioner

NETWORK SYSTEM T ECHNOLOGIES. L1
Patent Owner
.S, PATENT NO- 7,373,449

Case IPR2023-TBD

VRY D.
DECL ARATION OF TODD MOWRY, PH.

samsung Ex. 1003

Reply (Paper 43), 5-6

33.

By integrating the interconnection network fully onto a chip, NoC
designs can potentially provide lower cost, lower latency, and higher bandwidth
relative to off-chip designs. To take full advantage of these potential benefits and to
provide scalability as the number of on-chip components increases, NoCs have
borrowed many design features from scalable interconnection networks that were
designed for large-scale parallel machines in the 19905.| See Ex-1015 (Culler) at
749-828: Ex-1010 (Radulescu) at 277 (“Networks have been the subject of research
for decades, both in the context of local and wide area networks (computer networks)

[]. and as an interconnect for parallel machines []. Both are very much related to on-

chip networks, and many of the results in those fields are also applicable on chip.”);
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Technology and Motivations

’449 patent:
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10y Patent NO.& US »
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- )
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I ARSTRACT
Apr. 5, 2005 (

(&7 PCT b L WOINIATE
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s 20060041889 A1 Fe

300 Foreign Application
Ocl, B, 2002 (EF} e

(513 k. CL
GosE 1300

2 US.CL ;
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58) ¥l i

18 Claims, 1 Drawing Shest

Seo application

““»EE

Petition (-1081 IPR, Paper 1), 20, 54
Reply (Paper 43), 5-6
Ex-1003, 1133, 166, 82

Most of these topics have been already the subject of
research 1n the field of local and wide area networks (com-
puter networks) and as an interconnect for parallel machine
interconnect networks. Both are very much related to on-
chip networks, and many of the results in those fields are
also applicable on chip, However, NoC’s premises are

different from off-chip networks, and, therefore, most of the

65

(Ex-1001, 1:61-67)
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Only documents PQO’s expert cites

PO Response (Paper 35), vii

Exhibit No. Description
Plaintiff Network System Technologies, LLC’s Supplemental
2045 Claim Construction Brief, Network System Technologies, LLC v.
Qualcomm Incorporated et al., Civil Action No. 1:22-cv-1331-
DAE (W.D. Tex.), Dkt. 106 (Mar. 1, 2024)
Defendants’ Supplemental Invalidity Contention Cover Pleading,
2046 Network System Technologies, LLC v. Qualcomm Incorporated et
al., Civil Action No. 1:22-cv-1331-DAE (W.D. Tex.) (Jan. 23,
2024)
2047-2049 | RESERVED
Defendants’ Invalidity and Ineligibility Contentions And
Disclosures Pursuant to Patent Rule 3-3 Cover Pleading, Network
2050 System Technologies, LLC v. Samsung Electronics Co., Lid., et
al., Civil Action No. 2:22-cv-00481-JRG (E.D. Tex.) (July 11,
2023)
2051-2061 | RESERVED
2062 Statutory Disclaimer dated March 25, 2024
2063-2069 | RESERVED
2070 Declaration of Dr. Nader Bagherzadeh
2071 Curriculum vitae of Dr. Nader Bagherzadeh
I v YT SO A L TV S N =
112072 A survey of Research and Practices of Network on Chip i
2073 Routing Algorithms for On Chip Networks 1:
L e S |
2074 McGraw Hill Dictionary
2075 IEEE Dictionary
2076 Supported Token-Ring Functions — IBM Documentation
2077 Token Ring Solutions
2078 Transcript of Nov. 4, 2024 Deposition of Dr. Todd Mowry
2079 Transcript of Nov. 15, 2024 Deposition of Sean O’Bryan
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Drake’s QoS-12 component not “redundant”

Goossens2003 +

| 00-7F
uP NI \

q
00-FF r Wr NI M.
80-FF

Ex-1003 (Dr. Mowry Decl.), 1170
(annotations of Goossens2003, Fig. 4.5)

Petition (-01081 IPR, Paper 1), 51-54, 62-63

Reply (Paper 43), 8-9, 15 Slide 38

Drake teachings

Resource
Manager

Exhibit 1003 (Dr. Mowry Decl.), 1993, 121
(composite annotations of Drake, Fig. 1)
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Drake’s QoS-12 component not “redundant”

“The Board stated that ‘[i]f . . . Kabemoto already addresses [the]
problem [of cache coherency] through the use of a known technique
similar to that of Bauman's, [it] fail[ed] to see why one of ordinary skillin
the art would regard Bauman's technique as an obvious improvement to
Ka-bemoto. But the Board's reasoning belies its conclusion. That Ka-
bemoto and Bauman address the same problem and that Bauman's
cache was a known way to address that problem is precisely the reason
that there's a motivation to combine under KSR and our precedent.

Intel Corp. v. PACT XPP Schweiz AG

And contrary to the Board's suggestion, Intel never had to show that
replacing Kabemoto's secondary cache with Bauman's secondary cache
was an ‘improvement’ in a categorical sense. Intel just had to show that
Bauman's secondary cache was a ‘suitable option’to replace
Kabemoto's secondary cache.

Intel Corp. v. PACT XPP Schweiz AG, 61 F.4th 1373, 1380-81 (Fed. Cir.
2023) (internal citations omitted)

Reply (Paper 43), 8 Slide 39
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Drake’s QoS-12 component not “redundant”

Dr. Mowry testimony:

52. A POSITA would understand that Goossens2003’s NOC would

51. Inaddition, in the combination, the “QoS requestor manager” would ) ) : R
Q 1 © desirably include a component to take the signal from the “re-use[d]” IP block and

ioni 3’ ) i : : o )
not be redundant of the functioning of Goossens2003’s IP blocks. As I discussed communicate with the network. Exhibit 1007, Abstract. Different re-used IPs

above, network interfaces “decouple computation from communication” by _ o _ .
would typically use different protocols to describe the type of service it wanted to

bling their host/IP module t icate without iri ifi
ENabling tetr hos froduie to communicate WITthout fequiring spectiic send 1ts data over. Exhibit 1010 at 1. Therefore, Goosens2003’s NOC would have

knowledge of the low-level network details. A POSITA would understand that . _
been expected to use a component such as Drake’s QoS requestor manager 12 to

components such as the QoS requestor manager 12 would desirably be included in _
assemble/format a request that could be understood by the network.‘ That 1s exactly

the NOC of Goossens2003. ) o
what Drake teaches the QoS requestor manager 12 1s for. Exhibit 1006, 4:33-35

(“components 12 and 13 assemble a request”), 4:62-65 (*QoS requestor manager
EX-1 043’ Tl 1] 51 _52 12 interacts with application 11.. to format the QoS request™). A POSITA would
not expect such an interfacing component would already be included in the “re-
used” IP block. which does the computation and sends messages without regard to
the communication system it is using. The fact that this specific component was
not disclosed in Goossens2003 is the result of Goossens2003’s disclosure not

including the details of the QoS components. A POSITA would not expect that

Goossens2003’s network would be able to perform its QOS functionality without a

component to assemble the QoS request from the different re-used IP protocols.
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Drake’s QoS-12 component not “redundant”

Goossens2003 (Exhibit 1007):

Chapter 4 -
E QUALITY ©
/TEEING THE QUALLL
GUARANTEEIF® L pKs ON CHIP

SERVICES IN

ns, John Dielissen, Je

Future @

 cection we raise the follc
applicatio
ompo!

nen
0cC). We then
!

Reply (Paper 43), 9

samsung EX- 1007

Abstract

Users expect a predictable qualitv of service (Qos) of embedded systems. even
tor future. more dynamic. applications. System-on-chip designers use networks
on chip (Noc) to solve deep submicron problems. and to divide global prob-
lems into local. decoupled problems. Nocs provide services through protocol
stacks. and introducing guaranteed services enables 1P re-use and platform-
based design. It also provides globally predictable behaviour. as required by
the user. when combining local. decoupled solutions. There are several levels of
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Drake’s QoS-12 component not “redundant”

Dr. Mowry testimony:

Reply (Paper 43), 9, 15

67. Second, as I also explained above, this argument ignores the role of
interfaces in networking (on-chip and off-chip). While it is true that the QoS
originates from the requesting module (for example application 11 in Drake’s
source station), a POSITA at the time knew it was good design practice to raise the
level of abstraction for requests so that the requesting module did not need to be
redesigned for different implementations. A POSITA would have recognized that
Drake’s QoS requestor manager 12 was an interface that understood how to
forward the QoS request from the requesting module to the resource manager, as
that 1s what Drake explains requestor manager 12 did (e.g., formatting the request
appropriately). Exhibit 1006, 4:33-38. A POSITA would understand that the QoS
requestor manager 12 would have this same function in the Goossens references‘. In
fact, the Goossens references themselves explain that “network interfaces” are used

to interface with the (interchangeable/reusable) IP modules. Exhibit 1007

(Goossens2003), 74 (“Both networks contain two components: routers and
network interfaces ... network interfaces are required to bridge the network layer
and transport layer™), 76-77 (“IPs negotiate with network interfaces to obtain
connections with certain properties.”), Fig. 4.5; Exhibit 1005 (Goossens2003), §3,

§4.

Ex-1043, 167
Slide 42
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Drake’s QoS “requestor manager” 12

D I M Owry te Stl mo ny: 28. A POSITA would have understood Drake to teach that the QoS

requestor manager 12 is part of the network interface components for source
station 10. This would have been understood because (A) network interfaces were
commonly included as part of a host in an off-chip LAN system (see Exhibit 2070,
q77). (B) Drake specifically teaches that the functionality of 1ts QoS request
manager 12 includes “assembl[ing]” and “format[ing]” the QoS request to enable
communication with networking components like the QoS allocator 20 (Exhibit
1006, 4:32-37, 4:62-65), which a POSITA would recognize was interfacing: (C) the
surrounding components 13-16 of source station 10 are also network interface-type

components involved m enabling communication with network components 1n the

LAN (Exhibit 1006, 4:32-47); and (D) the location of the components 12 through
16—between the application 11 and LAN 17—is the location of a network
interface (Exhibit 1006, FIG. 1). Thus, a POSITA would understand Drake to teach

the QoS requestor manager 12 in the network interface.

Ex-1043, 128
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Drake’s QoS “requestor manager” 12

FIG. 1
isounr:ls APPLICATION gTARGET APPLICATION
' STATION | REQUESTING + ' STATION| RECEIVING
' QoS - DATA STREAM|
. I ' ' ~26
transport protocol stack, 15 to the target station 29. Source REQUESTOR | PROTOCOL | |
station 10 also inciudes a QoS requestor manager 12 and a { | MANACER | MACHNE | i
. = : 12 4 13 .
QoS protocol machine 13. Together, components 12 and 13 5 TRANSPORT o TRANSPORT
assemble a request to reserve a QoS connection for a ! TSTACK . TSTack

multi-media data stream on that path through the LAN 17
between source station 10 and target station 29. Using a

[..]

It should be noted that application 11 may simply be a file
server application which causes multimedia data to be :
transported from a multimedia data base to LAN 17. Onc i otaeny
such server application is the IBM OS/2 LAN Server S“;C" _
program described in IBM Manual S04G-1046. The QoS g Gos 1 oes
requestor manager 12 interacts with application 11 using | "ANAGER | MACHNE
internal messages as is well known in the art and utilizes I N
QoS protocol machine 13 to format the QoS request. ; ALLOCATION

................................

Ex-1006, 4:32-37, 4:62-65 and Fig. 1
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Drake’s QoS-12 component not “redundant”

PO Sur-Reply, Paper 55, p. 10, arguing “Qo0S-12 is
not a standard part included in all stations attached
to LAN 17 (see target station 29)”

PO Sur-Reply (Paper 55), 8-10

.......................................................

| SOURCE [ APPLICATION i % TARGET [ APPLICATION
| STATION | REQUESTING ! STATION| RECEIVING
4 QoS - ATA STREAM
3 SN I <26
. QS ' QoS -
: | REQUESTOR ! PROTOCOL | | !
H MANAGER | MACHINE
~12 ¥ 13
TRANSPORT
PROTOCOL

' QoS [MAC'
. REQUESTOR| _

TRANSPORT
PROTOCOL

STACK |

o

QS ! QoS
REQUESTOR | PROTOCOL
MANAGER ! MACHINE

& § 24
QoS

ALLOCATION
DATA BASE
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Drake’s QoS-12 component not “redundant”

Dr. Mowry testimony:

Paper 55, 8-10

14
15
16
17
18
19
20
21
22
23
24
25

Q Okay. Now | want to focus on the target station
29 in Drake. There are no QoS components shown in target
station 29 in Figure 1 of Drake; correct?

A ltis true that target station 29 in Figure 1
does not contain QoS requestor manager 12 or QoS protocol
machine 13, and the reason for that is they are simply
illustrating what's necessary to send something from a
particular source to a particular target.

In practice, if the target station was also able

to initiate quality of service communication requests,
then it would also contain those same components.

But they only need to be actively used by the

1
2
3

Page 44
source of a communication that involves quality of

service. And that's why they are shown -- that's why

| believe they're illustrated only in source station 10.

O R oD ©ONO O R W

Fage 45
A Yes, that's -- that's correct, because --

because the target station in this example is only
receiving communication. It does not need to actively
use any quality of service components.

So for that reason, | believe that that's the
reason why it's not illustrated in target station 29.

However, as | stated before, if -- in many cases
these things would be designed symmetrically. So if
target station 29 is able to initiate quality of service
communication with another module, then it would also
have QoS requestor manager 12 and QoS protocol machine
13.

But as the target only, it does not need to use
such components, and | believe that that's the reason why

they are not shown in -- in box 29 in Figure 1.

Ex-2088, 43:14-44:3, 45:1-15
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Interfacing: off-chip LAN vs. on-chip

Off-chip LAN — network interface/network adapter components within host/computer unit
Dr. Mowry: PQO’s Expert:

28. A POSITA would have understood Drake to teach that the QoS 77.  Another difference between NoCs and traditional computer networks

requestor manager 12 is part of the network interface components for source . g o

ques £ 5P P SHTs 1s the modules that are communicating through each network. Traditional computer
station 10. This would have been understood because (A) network interfaces were ) )
networks connect servers with personal computers or personal computers with
commonly included as part of a host in an off-chip LAN system (see Exhibit 2070,

N o ' other personal computers, for example. Embedded within these computers are
977); (B) Drake specifically teaches that the functionality of its QoS request

specific network adapters that connect the computer to the network. Includin

(Ex-1043, 128) P P P 2
olication 11 1 network adapters (i.e., network interfaces) in a module on an SoC is highly
Application 11 “requests a
QoS connection,” G 1
and also transmits the e SRR disfavored for several reasons, one of which being that it prevents module re-use.
multimedia data stream ! soURCE PXPPLICATION ! ! TARGET [APPLICATION :
(for example, Exhibit 1006, { STATION | REQUESTING | isTATION Aecanem | :
4:27-32, 4:48-50) | g : a

QS | QoS
REQUESTOR | PROTOCOL
MANAGER | MACHINE

(Ex-2070, 177)

Network interface

“components” (for
example, Exhibit

I “TRANSPORT
1
1
1006, 4:34-35) i
!

PROTOCOL
STACK

TRANSPORT
PROTOCOL
STACK

"""""""""""""""" T Tt

nnnnnnnn

(Ex-1043, 115)
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Interfacing: off-chip LAN vs. on-chip

On-chip — network interface outside of IP modules
Dr. Mowry: PO’s Expert:

27. A POSITA would have understood that a “difference” between off-

78. It is impractical to design a module on a NoC with a dedicated network
chip and on-chip network interfaces was that network interfaces in a traditional of} . . i N
adapter (i.e., network interface) because, if changes are made to the network, the
chip network were typically part of the host (e.g., a server), whereas in a NoC they

module would similarly have to be changed. As a solution, SoC designers have
were separate from the [P module (as the Goossens references show). Exhibit

2070, 977. A POSITA would also have understood that this “difference” is merely decoupled the modules and the network adapters, hhereby allowing the modules to
box drawing exercise. The network interface in both off-chip and on-chip network merely communicate with a network adapter that 1s not integrated on the module.
is functionally disposed in the same location — between the communicating (E X- 2070 , 1" 7 8)
component (e.g., application 11 in Drake; IP module in
Goossens2002/Goossens2003) and the rest of the network. Each of Drake, 25 Q. Where are the network interfaces in Goossens i
‘)
Goossens2002, and Goossens2003 references the use of network interfaces to I located?
2 A. There's certainly not in the IPs, but they are
facilitate communication between users of the network and the network. Exhibit 3 somewhere else.
(EX_’] 043 1]27) 4 Q. Are they in the network?
’
5 A. Could be.
, 6 Q. But you don't know?
ooTE 7 A, Itdoesn't have to -- it doesn't say, but it
8 could be, yes.
80-FF

(Ex-1037, 80:25-81:8)
(Ex-1003, 91170)
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Interfacing: off-chip LAN vs. on-chip

Dr. Mowry testimony:

[..]

strongly disagree. A POSITA would have been familiar with this “difference,” but
that would have motivated a POSITA to place the communication manager (such
as Drake’s QoS requestor manager 12) outside the IP module in the network-on-
chip context, not inside it. In fact, this known “difference” between off-chip
networks and on-chip networks is the reason why Drake showing the QoS
requestor manager 12 located in source station 10 does not teach to include the
QoS requestor manager 12 inside the IP module. I explain this in the following
paragraphs.

26.  As Dr. Bagherzadeh appears to agree that the general understanding
in the art was that the network interfaces in an on-chip network context paralleled
the network interfaces of a traditional oft-chip network. Exhibit 2070, §77. That is,

the network interfaces of a NoC were known to perform the same general function

[..]

Reply (Paper 43), 9-12

Ex-1043 99125-26, 61; see also id. 1952-57

Slide 49

61.  Dr. Bagherzadeh also asserts that Drake and Goossens2003 “teach
completely opposite solutions” because QoS requestor manager 12 is in the source
station 10 of Drake. Exhibit 2070, 4262. As discussed above in paragraphs 25-29,
38-39, 52, and 54 above, Drake’s inclusion of the QoS requestor manager 12 in the
source station 10 teaches a POSITA that a natural, obvious place to put it would be
in the network interface of Goossens2003. POSITAs did not typically view a
“network,” “NoC” or “LLAN” as having rigid boundaries like suggested by Dr.
Bagherzadeh. To the contrary, POSITASs looked at components and how they
interact, which a POSITA understood was the same for both on-chip and oft-chip
network. For an off-chip network: the components included an application, which
interacted with a network interface, which interacted with the transport
components to transport a message. And for an on-chip network: the components
also included an IP module, which interacted with a network interface, which

interacted with transport components to transport a message. Because a POSITA
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Purported “
ported “space constraints”

Goossens2003 (Ex-1007):

Chapter 4

GUARANTEEING

Kees Goossens. John Dielissen.
Peter Poplavko'. Andrei Radule

Philips Re search Laboratories. Eindhot

{ Technical University of Eindhoven, I

Kees Goossens@philips.com

Abstract Users expect a pr.\hcmhlc

Jems into local, decoupled

stacks, and introducing g

the user, when combining |

QoS comumitment (correctn

ing cost. A combination of

chapter

Reply (Paper 43), 12-13

1. Future applications and systems on chip

and systems on a chip (SOC)- We then observe that new SOC architectures

THE QUALITY OF

SERVICES IN NETWORKS ON CHIP

Jef van Meerbergen.
wsen, Edwin Rijpkema.

Erwin Waterlander. and Paul Wielage

en, The Nether lands
Sindhoven The Nethe rlands

quality of service (Q0S) of embedded systems. even

for future, more dynamic. applications \'}'\1?)1]—&\1)-E\\|[7 designers use networks
on chip (NOC) t0 solve deep subnucron problems. and to divide olobal prob-

problems NOCs provide serv ices through pmmcn\
aranteed SeIVIces enables 1P re-use and platform-

based design. It also provides globally px‘ed)cmhle behaviour. as required by

ocal decoupled solutions There are several levels of
Jess. completion. completion bounds), with increas:
f_.'\\mnmeed and best-effort (no comumitment) services

combines their respective attractive features pledm;\ble behaviour. and good
average resource utilisation. The ETHEREAL NOC 15 an example of this ap-
proach. and forms the basis of a Qos-based design style. as advocated in this

In this section We raise the follow ing question: why and how must systems
im])/mnunlmg future u]r[r]u'ullmn guarantee the qzmhly of service (Qos)? We
look at each of the components in tum, in the context of embedded systems

and

design methods divide global problems into local ones, and rely on networks
on chip (NOC) t© compose local solutions. We answer the question, in Sec-
tion 2, by presenting & synthesis of a Qos-based design style and networks on
chip. Section 3 explains that Qos can be decomposed into several levels of

61
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Purported “space constraints”

Dr. Mowry testimony:

Even if oft-chip networks may have larger components, that would not mean that 22, Specific to the combinations of Drake with Goossens2002 or

the general teachings of off-chip networks are not applicable, and Dr. Bagherzadeh Goossens2003, Dr. Bagherzadeh relies on this “size” difference to suggest the
provides no specific reason why a difference in size would render all teachings proposed combination is faulty because “implementing a communication
“impossible.” component outside of the IPs and NOS would require space and resources,” such

21, In fact. Dr. Bagherzadeh and I agree that essentially everything as a separate circuit with its own network interface. Exhibit 2070, 99263, 188. A

mntegrated onto a chip is just a smaller version of the off-chip component. For POSITA knew that implementing a component anywhere on a chip (or off-chip)

X . B: ac / s that a “system-on-chip,” which is - - : -
example, Dr. Bagherzadeh acknowledges that a “system-on-chip,” which is the requires space and resources, and anything that communicates with a network

focus of Goossens2002, Goossens2003, and the "449 patent, is a larger system typically required a network interface. These general facts do not mean that a

) o . e A CA el
implemented in smaller form onto a chip. Exhibit 2070, 62 (*“A system-on-chip POSITA would not be motivated to implement a component in a NOC, as Dr.

‘SoC”) 1s an mtegrated circuit in which the colm onents of a system are integrated )
( ) = P fas = Bagherzadeh appears to be suggesting. Moreover, as [ noted above, Goossens2002

on the chip, including memories, processors, interfaces, and logic.”) (emphasis : : o :
F = P gic.”) (emp specifically explains that a system-on-silicon (SOS/SOC) can contain “hundreds of

added). I similarly stated in my First Declaration: ““[a]s the capacity of integrated e —— s . .
IPs” (Exhibit 1005, 1), indicating that space and resources (particularly for a chip

circuit (IC) technology has improved exponentially over the years, it has enabled . _ ;
containing only a small number of IPs) would not have been a dissuading factor.

larger portions of computer systems to be integrated onto single chips.” Exhibit

1003, 930 (emphasis added): see also id.. 931 (citing references). This applies EX_1 043 1]1]20_23
’

equally to implementing components from networks, such as the components in

Drake. For example, the *449 patent, Dr. Bagherzadeh, Goossens2002, and
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Purported “space constraints”

Goossens2002 (Ex-1005):

Reply (Paper 43), 12-13
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Drake does not teach away

PO contends “Drake teaches that it would be complex to
implement QoS in the network,” citing Ex-1006, 2:57-3:3

Ex-1006 (Drake), 2:57-3:3: Ex-1006 (Drake), 4:66-67:
invention. A major advantage of the present invention is the QoS allocator 20 is a station attached to LAN 17| which
ability to provide quality of service management in bridged manages the QoS requests for the entire LAN 17. Like other
LAN environments using all of the existing connection

60 Set-up procedures, thereby providing such QoS management

with little added complexity. It is possible, of course, to : ;
create in the QoS management system a routc selection o8l e
mechanism if such a mechanism does not already exist in the - L“L\w ‘_‘“ ........ -
LANs themselves. ] -

65  In accordance with another feature of the present inven- USRS USSR
tion, the quality of service management of a local area jmﬁmE‘lgl 5
network is almost entirely concentrated in a single QoS [ ;
management station on the LAN, thereby significantly g g REBAIES
reducing the complexity of introducing QoS management e | Nianager
into existing LAN networks. The QoS management station L St

. QoS

ALLOCATION
DATA BASE

.................................

PO Response (Paper 35), 30, 52
Reply (Paper43), 11-12, 14

Ex-1043, 1955, 117 Slide 53 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Drake does not teach away

PO contends “Drake teaches that it would be complex to
implement QoS in the network,” citing Ex-1006, 2:57-3:3

Dr. Mowry testimony:

PO Response (Paper 35), 30 and 52
Reply (Paper 43), 11-12, 14

Ex-1043, 1155, 117

doing so. Additionally, as I dis-::usse%:l above, in my opinion, a POSITA would have
looked to Drake’s disclosures regarding a QoS allocator for details regarding the
implementation of resource management in Goossens2003°s NOC, and would have
been motivated to implement the functionality of Drake’s QoS allocator in a circuit

on the same mtegrated circuit chip as Goossens2003°s IP blocks and NOC. As I

Ex-1003, 1173

and the resource manager could go anywhere on the chip that is connected to the
network (Exhubit 2078, 212:20-213:3), yust as Drake shows and which is consistent
with Goossens2003 and Goossens2002 s teachung of providing quality of service

management separate from the IP modules.

Ex-1043, 9938, see also id. 45

Slide 54

FIG. 1
| SOURCE [ APPLICATION i | TARGET [aPPLICATION
: STATION | REQUESTING : I STATION| RECEIVING
s QoS $ 3 PAYA STREAM
< : 26
. QoS H QoS HEN-
H REQUESTOR | PROTOCOL R
MANAGER | MACHINE
12 3 <13
TRANSPORT - I TRANSPORT

PROTOCOL ‘o PROTOCOL
STACK i

................................

Resource

—

T T ; Manager
REQUESTOR | PROTOCOL 3
MANAGER ! MACHINE

Ex-1003, 193
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Communication Manager — Nl a “natural” place to implement

Dr. Mowry testimony
(first declaration):

Dr. Mowry testimony
(first deposition):

184. Claim 2 depends from claim 1, which is obvious for the reasons that I
explained above. Additionally, in my opinion, Goossens2003 in view of Drake
renders this limitation obvious.

185. For example, Goossens2003 describes that its system includes
“network interfaces,” and explains that that “end-to-end” connection properties—
those properties which relate to the interactions between the master and slave
modules, including “reordering, transaction completion, and flow control”—“are
implemented by the network interfaces.” Ex-1007 (Goossens2003) at 76-77.
Additionally, Goossens2003 further describes that “IPs negotiate with network
interfaces to obtain connections with certain properties.” Ex-1007 (Goossens2003)

at 77. In my opinion, this is just like the interaction between the modules and

communication manager described in the *449 patent| Ex-1001 (449 patent) at

10:3-54.

Ex-1003, 11184-185

Petition (-01081 IPR, Paper 1), 62-63
Reply (Paper 43), 10-11

Dr. Mowry testimony
(second declaration):

10 Q. So here you wrote, "Additionally, in my

11 opinion, a POSITA would have been motivated to do so by

12 implementing the functionality of Drake's QoS requestor

13 manager as a circuit on the same integrated circuit chip

14 as Goossens2002's IP blocks and NOS." Do you see that?

15 A. Yes. [ ]

24 Q. You have not explicitly defined in paragraph

25 122 where Drake's QoS requestor manager would be
Page 204

1 implemented as a circuit on the integrated circuit chip

2 in Goossens2002?

3 MR. KOHLHEPF: Object to form.

4 THE WITNESS: Well, there are — I'm referring

5 to the teachings of Drake, and there would be several —-

6 | mean, there would be several options for where this

7 might be implemented. It's shown here in the network

8 interface. That would be a natural place to put it. |

Ex-2078, 203:10-204:9

Slide 55

of a component to carry out that functionality. Exhibit 1003, 11159, 173. I also
explained that Goossens2003 similarly discloses comnmmication management that
is “implemented by~ Goossens2003°s network inferfaces* Exhibit 1003, T]185-
186; Exhibit 1007, 76-77. Thus. Drake and the Goossens references, as well as the
general understanding in the art. would all teach a POSITA that a nafural place to
put components corresponding to the network inferface (such as Drake’s QoS
requestor 12), would have been in the network mterfaces of the Goossens
refirences. And in (e neltwok-on-clop context of Goossens2003, (e e faces @

with the NOC, outside of the IP modules (and the same is true for Goossens2002).

33 and 102). Implementing Drake’s QoS components and data path in
Goossens2003 or Goossens2002's NOC architecture would have been routine and
straightforward. For example. as I explained at my deposition a natural and

obvious place to implement the communication manager is in Goossens’ network

interface (which is where Goossens itself teaches to put communication

management functionality, see Exhibit 1003 at §9185-186) (Exhibit 2078, 204:7-8),

Ex-1043, 1129, 38
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Resource Manager — in a circuit on the same |IC chip

Dr. Mowry testimony:

Petition (-01081 IPR, Paper 1), 58
Reply (Paper 43), 6-8, 11-12, 14

doing so. Additionally, as I dis-::uase%:l above, in my opinion, a POSITA would have
looked to Drake’s disclosures regarding a Qo5 allocator for details regarding the
implementation of resource management in Goossens2003°s NOC, and would have
been motivated to implement the functionality of Drake’s QoS allocator in a circuit

on the same mtegrated circwit chip as Goossens2003°s IP blocks and NOC. As 1

Ex-1003, 91173

and the resource manager could go anywhere on the chip that is connected to the
network (Exiubit 2078, 212:20-213:3). just as Drake shows and which is consistent
with Goossens2003 and Goossens2002’s teaching of providing quality of service

management separate from the IP modules.

Ex-1043, 9938, see also id. 45
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Reasonable expectation of success

Petitioner’s showing: PO Response (Paper 35), 30:

Spine., 567 F.3d at 1327. Moreover, under Petitioner’s proposed definition, it would

* Petition, pp.18-20 (citing Dr. Mowry,

Ex-1 003, 1'”"80_82’ Ex-1 005, Ex-1 006, not be within the routine skill for a POSITA to implement Drake’s QoS requestor
Ex-1001 ) manager in Goossens2002’s NOS. EX2070, ﬂﬂ201-210.‘ Drake teaches that it would
* Petltlon’ pp52_54 (Cltl ng Dr. MOWl"y, be complex to implement QoS in the network. EX1006, 2:57-3:3: EX2070, §200. It

Ex-1003, 1191164-166, Ex-1007, Ex-
1006, Ex-1001

ey manager in the Goossens2002 NOS than the LAN in Drake. EX2070, 9206. A
* Reply (Paper 43, 13-14) (citing Dr. s ) 1206
MOWFy, Ex-1043 1'”'33_39) POSITA under Petitioner’s definition would not have a reasonable expectation of

would be orders of magnitude more complex to implement the QoS requestor

success in combining Goossens2002 and Drake 1n this manner. EX2070, 9201-210.

Reply (Paper 43), 12-13 Slide 57 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Drake’s QoS teachings — Communication Manager

118, For example, Drake discloses a “commumication manager™ in the form

of a “QoS requestor manager.” Ex-1006 (Drake) at 4:32-37; see also Ex-1006

QoS (Drake) at 4:62—65. 5:5-8, Fig. 1. Drake explains there are QoS requestor managers
L : o |
Q0S8 - Oos that are associated with source stations, and that the QoS requestor managers manage
REQUESTON : PROTOCOL | |
“”‘:.m } mc:me : commumcations between modules by “assembl[ing] a request to reserve a QoS
12 13
::O.ﬁ:co:tj connection for a multi-media data stream ... between source station 10 and target
STACK '
<~ station 29,” which request 1s sent to the QoS allocator (7 e., resource manager). Jd.
- QoS - . ; ; ) -
' REQUESTOR qc ‘ 119, Indeed, this 15 consistent with the disclosure of the communication
16 :
............. r B [ manager described in the specification of the 449 patent, which explains that “[t]he

communication manager CM request[s] a connection with a set of properties
between two modules from the resource manager RM.” Ex-1001 ("449 patent) at

10:19-24.

Ex-1003 (Dr. Mowry Decl.), 111118-119;
seealsoid. 19 120-122, 130, 187, 195

Petition (-01081 IPR, Paper 1), 35-38, 62-63 Slide 58 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Drake teaches separate QoS “components”

Drake: Dr. Mowry testimony:

More particularly, station 10 is the source of a desired S
multimedia transmission and comprises an application 11 31. Dr. Bagherzadeh appears to suggest that everything inside of source

which requests a QoS connection to the destination or target
station 29. Application 11 also is responsible for causing the

station 10 is software minning on a commeon processing module. That is not what a

transmission of the multimedia data stream, via the LAN POSITA would understand Drake to disclose. A POSITA would understand Drake
transport protocol stack, 15 to the target station 29. Source

station 10 also includes a QoS requestor manager 12 and a to be disclosing and describing application 11 and QoS requestor manager 12 as
QoS protocol machine 13. Together, components 12 and 13

assemble a request to reserve a QoS connection for a separate components. See. for example, Exhibit 1006 (Drake) at FIG. 1 (showing
multi-media data stream on that path through the LAN 17

) ) . application 11 and requestor manager 12 as separate components with arrows
between source station 10 and target station 29. Using a PP 1 . P P

between them showing the data path): 4:34 (referning to “compoenents 12 and 137).

SOURCE [ APPLICATION :
STATION | REQUESTING :
QoS h

.....

A POSITA would understand from this description that QoS requestor manager 12

: T 15 already separate from application 11 in Drake, and there is no reason it could not
: QoS ' QoS , : : _. ,
: | RequesToR | PrOTOCOL | | be implemented apart from source station 10. A POSITA would have further
i | MANAGER ! MACHINE | ! . . : :
: <1z} 13 : understood that it was commeon design practice to have the network interface
3 TRANSPORT :
: PROTOCOL ‘ components (e.g.. QoS requestor manager 12) as separate components from the
: STACK '
} ~15 : main processing module (for example, application 11) as I explained above. Supra.
¢ QoS imac :
; REQUESTORL : T915. 27-28. This is exactly what Drake shows.
Rl b ReH
1
Ex-1 006, 4:26'37, Flg 1 Ex-1 043, 1]31 , See also id. 1]1]56-57, 118-119

Reply (Paper 43), 12-13, n.6 Slide 59 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Drake and the claimed “first module”

Dr. Mowry testimony regarding new claim construction:

IARK OFFICE
UNITED STATES PATENT AND TRADEM

BOARD
BEFORE THE PATENT TRIAL AND APPEAL

I have not been asked to provide an opinion on this claim construction

[

-ORPORATED. and
JALCOMM TNCORP RAL .
S%E\BLTNG ELEC TRONICS CO-. 1D
. Petitioners

Declaration and also explain below. the claims are met by a combination of
NETWORE S‘;;thl\é zﬁ;momﬁm%

issue. I also note that it would not affect my opinions. As I stated in my First

e

IPR2024-00338

Goossens2002 with Drake’s QoS teachings. and also Goossens2003 with Drake’s

U.S. Patent No. 7.272+

QoS teachings. In each of the combinations. the QoS components (including the
i

: SUPPORT OF
> ATION OF DR. TODD }IO\V,RY INS
PECLA PETITKOYER‘S REPLY

communication manager) are not positioned in the first module but rather where
the Goossens references already teach to put QoS functionality: outside of the
modules. with the NOC. As I explain further below. I also point to “first module™

and “communication manager™ components in the prior art that are separate and
i distinet.

Qualcomm V. Network Systerl‘;;;to\;:-lgg;;

Qualcomm Exhibit 1043

Ex-1043, 17

Reply (Paper 43), 2-4 Slide 60
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Goossens2003 + Drake

Goossens2003 Drake teachings
(composite annotations)

- FIG. 1
aro reauee |
d, WS NI M, o | | i
OO_7F E = R IIACY‘: | ' ? .
pp NI \ STACK ms?rlcxm | g
/‘d RE: esrou C ‘27 :
00-FF » W Nl Mﬂ - R s R
80-FF i
Lo ;
| ALLOCAT! |
21
4 Resource
Manager

“A POSITA would have understood that using Drake’s QoS management process would improve the performance

and efficiency of Goossens2003's NOC by ensuring that connections established by IPs are able to provide the
required services . . . . A POSITA would have understood that mature networking technologies like those described
by Drake could be usefully applied in the context of newer networks on chip.”

Petition (-01081 IPR, Paper 1), 52-53
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Drake’s QoS teachings: data path

' SOURCE [aPRLICATION | i
 STATION | REGUESTING :
! Gas :
: i :

; Gos - Gos |
! | reouestosl: spoTocoL |
¢ sanmmnen I macHme

T :II 1%

APPLICATION
RECETVING r
DATA STHEAM

=18
P ——— ."'-EE

Ex-1043 (Dr. Mowry Decl.), 9183

Petition (-01081 IPR, Paper 1), 40-41

Reply (Paper 43), 6, 14-21

Slide 62

o TRAMNSPORT
-

1) P————e—rd |
' BOURCE | sPBLICATION
| STATION | REQUESTING
! oS

I o G @od

REQUESTOR - PAOTOCOL | -

! | MAMAGER ; MACHIME
=g 1%

Ex-1043 (Dr. Mowry Decl.), 990
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Drake’s QoS teachings: data path

PQO’s expert agrees: PQO’s expert agrees return path the same:
US. Patent > o;.;\,nggs Sheet 1 0£ 10 5,461,611 22 Q. So the message does go from QoS allocator 20 to
\\,\l\:IG. 1 23 the application 11. Whether it ultimately goes past
2 gk - 5l B
/;,.t% ; \\ i, 25 does go from QoS allocator 20 to application requestng
gre-mmes.ou M °0
;QAINAGER ‘ MACHINE H . 1 QDSQ
&= 2 A e
; { <z : 3 Q. Okay. What 1s the path that 1s disclosed by
\(EQUESTOR , i} 4 Drake for that message going to application requesting
""""""""""""""""""""""""""""" = 5 QoS?
6 MR. CHRISTOPHER: Objection to form.
| o 7 THE WITNESS: It is the reverse of this path
/ ALLOCATO; = \\ 8 that we have.
PRSOTTP?{; 9 Q. The path going from the QoS allocator back to
| 0 ) 10 the application requesting QS is the same as the red
: e ; il 11 path that you just drew, just in reverse; right?
\ A;ﬁgggg 12 A. Explicitly, that would be the path to return,
3. S, . S ; 13 yes.

Ex-1037, 59:22-60:8, 61:9-13
Ex-1036, 2

Reply (Paper 43), 18, 19-20 Slide 63 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Drake’s QoS teachings

Claim 6[b]/10[c]: “said = Drake:

communication manager _
) | SOURCE [appLICATION | | Jancer [appLicATION| : transport protocol stack, 15 to the target station 29. Source
( C M) IS ada p ted to QoS P OATA STREAM 5 station 10 also includes a QoS requestor manager 12 and a
. : mn _'_\_‘! % QoS protocol machine 13. Together, components 12 and 13
forward said r equeSt L | ool prceepoc | | | assemble a request to reserve a QoS connection for a
REO) f . R B H e l ; multi-media data stream on that path through the LAN 17
( Q) ora connection - 'imm P TrAonT § between source station 10 and target station 29. Using a
. . . | PROFOCOL i PROTOCOL .
with communication : sy | ok || [..]
H ] ~27 H
; : P MAC ? stream transmitted from application 11 in station. 10. The
channels each haVIng a : R . overall function of allocator 20 is to receive the QoS request
Specjfic set of connection e — ~a from station 10, examine the resources of LAN 17, and
. . | determine if a path exists in LAN 17 between station 1§ and
properties to sa d TTSETT <1 station 29 which satisfies the requested level of QoS. If the

QoS exists, it is assigned to this QoS data stream. 1 the QoS
is not available, station 10 is notified of the lack of an

resource manager (RM)”

TRANSPORT adequate QoS path to the intended destination.
PSTACK It should be noted that application 11 may simply be a file
—1 2 server application which causes multimedia data to0 be
REQUESTOR | PROTOCOL transporied from a multimedia data base to LAN 17. Onc
e 1 | such server application is the IBM 0OS/2 LAN Server
G0s : program described in IBM Manual S04G-1046. The QoS
Ao : requestor manager 12 interacts with application 11 using
s internal messages as is well known in the art and wutilizes

e 008 protocol machine 13 to format the QoS request.
Ex-1043 (Dr. Mowry Decl.), 1183 Ex-1006 (Drake),

4:32-37, 4:50-54, 4:62-65

Petition, (-01081 IPR, Paper 1), 41-42 .
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Drake’s QoS teachings

Claim 6[b]/10[c]: “said Dr. Mowry testimony:

commun I ca tl onmana g er 83.  Neither of these assertions would make sense to a POSITA and neither 85, Asto Dr. Bagherzadeh's second assertion, that if a POSITA were to

( CM ) IS a d a p ted to is supported by Drake. As to the first—that because Drake describes the request understand that any particular component in source station 10 was forwarding the

f orwa rd said re que St received by the QoS allocator 20 as coming from “source station 10.” a POSITA request, it would be “transport protocol stack 15 and/or MAC entity 16. not QoS

( R E Q) fo raconnhe Ctl oh would understand that it was not forwarded by the QoS requestor manager 12 in requestor manager 12 (Exhibit 2070, $288)—Drake does not support that either. A

WI t h commun I ca tl oh source station 10—Drake shows the opposite. Drake does not disclose an POSITA would understand the role of these components (protocol stack 15 and

C h anhe l s eac h h aVI n g a alternative path. where the request somehow bypasses QoS requestor manager 12. MAC entity 16) is to successfully transfer a data message that was received from
To the contrary. Drake’s Figure 1 shows one path—the request goes through (is QoS requestor manager 12 across the interconnect (LAN 17 in this case) to a

specific set of connection

p r Op erties to sai d allocator 20. The various lines with arrows illustrate the data path in this chain (i.e.
resource manager (RM) 7 11+212/13, 1271315, 15++16, 16=+17. etc.).

- . 1ANA T 3 g ST r =
forwarded by) QoS requestor ger 12, and then ultimately is received by QoS destination. So. to the extent forwarding the request 1s just passing the message

along, then every step in the chain in source station 10 is forwarding the message,

including QoS requestor manager 12 and also then entities 15, and then 16. A

POSITA would understand that for the request to ultimately arrive at QoS allocator

20 from source station 10, the QoS requestor manager 12 has to forward it.
However, Drake teaches that the QoS requestor manager 12 realizes that it niust
first send a message somewhere else: to allocator station 20. Therefore. QoS

requestor manager 12 is also forwarding in the sense of redirecting

EX-1 043 1]1]83 85 see alSO Id TH' 83_87 communication, in that it realizes the request should be sent to 20 (not 29).
b b b °

Reply (Paper 43), 17-19 Slide 65 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Drake’s QoS teachings

..............................................................

Claim 6[c]/10[e]: “said Drake: s sowce o) | e [avmcanow
resource manager (RM) o B S
responding with the = ﬁ e

availability of the e darr -y

requested connection ol Ef% |

to said communication ) ] || a S R
manager (CM)” T= :;:w <‘°‘i” ——

QoS
[ MAL
e BN e ! '"Erj
ACCEPTANCE e — DENIAL TRANSPORT
% Phps B T ‘e : PROTOCOL
MESSAGE . STACK
#—\Tf‘ ; -

SEND S SEND : ot 04
FILE TO 'Esf mu:wsn N0 | penaL TO i REQUESTOR | PROTOCOL
TARGET N\ e TARGET MANATGER | MACHINE
R B = : = | T
/l-. ' 1]
(35 i ALLOCATION
93 : | DaTA BASE |

-

-

Ex-1003 (Dr. Mowry Decl.), 191133, 197 Ex-1043 (Dr. Mowry Decl.), 1988-93

Petition (-01081 IPR, Paper 1), 42-43, 47, 67, 69 .
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Drake’s QoS teachings

Claim 6[c]/10[e]: “said
resource manager (RM)
responding with the
availability of the
requested connection
to said communication
manager (CM)”

T
T L

Oct. 24,19

Petition (-01081 IPR, Paper 1), 42-43
Reply (Paper 43), 19-21

Drake:

station 29 which satisfies the requested level of QoS. If the
QoS exists, it is assigned to this QoS data stream. 1f the QoS
is not available, station 10 is notified of the lack of an
adequate QoS path to the intended destination.

It should be noted that application 11 may simply be a file
server application which causes multimedia data to be
transported from a multimedia data base to LAN 17. Onc
such server application is the IBM OS/2 LAN Server
program described in IBM Mamual S04G-1046. The QoS
requestor manager 12 interacts with application 11 using
internal messages as is well known in the art and utilizes
QoS protocol machine 13 to format the QoS request.

Before proceeding to a description of the flow charts of
FIGS. 4 through 11, the contents of the various messages
exchanged between the stations of the loeal area network of
FIG. 1 necessary to implement quality of service multimedia
path management will be discussed. These messages
include: the QoS allocation request, QoS allocation reply,
QoS de-allocation announcement, QoS allocation change
request, QoS change reply messages, QoS refresh announce-
ment, allocation present announcement requestor present
announcement, and requestor present reply messages. The
contents of each of these messages are described below:

granted. An AllocationReply message is then sent from
allocator station 20 (FIG. 1) to source station 10, indicating
that the request has been granied. The source station 10, in
turn, receives the AllocationReply message in box 183, and
box 184 is entered to start an allocation refresh timer in
source station 10 which is unique to this request.

Ex-1006, 4:55-65, 8:20-29, 14:22-27
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Claim 6[c]/10[e]: “said
resource manager (RM)
responding with the
availability of the
requested connection to
said communication
manager (CM)”

Reply (Paper 43), 19-21

Dr. Mowry testimony:

90. Drake does not just disclose a black box source station 10. Instead.

Drake shows and describes the components in source station 10. and the data path

through those components. A POSITA would understand that the only way Drake’s
QoS works 1s for the reply regarding the QoS request to get back to application 11
in source station 10—the entity that originally made the QoS request. And Drake
shows that to get back to application 11, the reply is first sent to QoS requestor
manager 12, which Drake teaches is the interface with application 11. E.g., Exhibit
1006. 4:63-65 (“QoS requestor manager 12 interacts with application 117). This is
also clearly shown in Drake’s Figure 1 (double-headed arrows for the data path.
indicating to a POSITA that the reply comes back through the same path as the

request):

92. AsTexplained above Figure 1 shows the data path for communication
(the lines with arrows at each end). and this indicates to a POSITA that the reply
message goes back to component 12 before anything goes back to component 11.
Exhibit 1006. Fig. 1. And Drake also expressly explains that QoS requestor
manager 12 is the thing that interfaces with application 11—a POSITA would
understand this is true for messages going in both directions. See Exhibit 1006,
4:63-65 (“QoS requestor manager 12 interacts with application 117). Moreover,
there is no teaching in Drake of an alternative reply message route that bypasses
the QoS requester manager 12. Dr. Bagherzadeh states that the reply “could have
been sent to application 11 or some component not depicted in Drake’s Figure 17
(Exhibit 2070, §294), but that is not what Drake shows. Drake shows the reply
message traveling back through QoS requestor manager 12 and QoS Protocol

machine 13. See Exhibit 1040 at 60:3-61:13.

Ex-1043, 9990, 92; see also id. 1988-93
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RATION OF THE UNIVERSITY OF TEX

SATAUSTIN

LIBRARIES REGARDING THE “NETWORKS ON CHIP” REFERENCE

OPEN RECORDS REQUEST NO. R005527-113023

I, Sean O’Bryan, declare as follows:

1. Iam over the age of 18, have never been com
moral turpitude, and am legally competent to
personal knowledge of the matters stated here

o

. Iam a librarian at University of Texas Librar
the University of Texas, Austin, TX.

w

. I'have been employed by UT Libraries for 22

'S

. 1 familiar with the routine record-keeping pra

o

. The UT Libraries’ records that are regularly r
operation reflect that “Networks on Chip” edi
Tenhunen is in the UT Libraries’ collection. /
was catalogued on April 16, 2003.

6. A true and accurate copy of the cataloging rec
attached as Exhibit A.

7. At the time of the acquisition of “Networks o
typically made newly catalogued items availa
days of cataloging.

8. I have reviewed the portions of “Networks on
they reflect a true and accurate copy of the co
as it exists in the UT Libraries.

* Note: In January 2020, UT Libraries completec
anew Library Services Platform (ExLibris’ Alm
our catalog of record. Prior to January 2020, Inni
employed as our catalog. Prior to 2007, UT Libr:
developed catalog system (UTCAT/UTNetCat).

2020 required migration to the new Alma platfor

Petition (-01081 IPR, Paper 1), 8-10
Reply (Paper 43), 24-25
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Networks on Silicon: Combining Best-Effort and Guaranteed Services
K. Goossens, J. van Meerbergen, A. Pecters, and P Wiclage
Philips Research Laboratories, Eindhoven, The Netherlands
Lwiclage! @phil

kees. 5 fvan.meerl ad

s

We advocate a nenwork on silicon (NOS) as a hardware ar-
chitecture to implement communication between 1P cores in
Jfuture technologies. and as a seftware model in the form of
a protocol stack to structure the programming of NOss. We
claim guaranteed services are essential. In the ETHEREAL
NOS they pervade the NOS as a requirement for hardware de-
sign, and as foundation for software programmting.

1. Introduction

1t will soon be possible to manufacture systems on silicon
(505s) containing 10M gates and megabytes of cmbedded
software. The complexity of these systems will be over-
whelming, and two fundamental questions arise. First, from
a hardware view point, how can these SOSs be designed?
What are the required hardware architecture concepts? Sec-
ond, from a software (application) perspective, how can the
505 hardware be programmed? What software concepts are
needed? Our tenet is that only a consistent approach to both

closure. Consider that the communication patterns of the 1P
are dynamic at two levels. First, multiple configurations ex-
ist, cach corresponding to a required user functionality. Sec-
ond, communication data rates are variable within a configu-
ration (c.g. variable-bit-rate MPEG streams). Structuring the
wires used for communication between 1Ps is the main prob-
lem. If dedicated point-to-point wires are used, IPs are con-
nected to all possible communication partners. This leads to
many global wires, with three problems. First, they must be
dimensioned for worst-case conditions in terms of a) electri-
cal parameters such as cross talk and wire spacing, and b)
volume of traffic. Second, it causes wire congestion around
each 1p. Thin closely-spaced high-power wires solve conges-
tion, but this conflicts with the requirements for global wires,
hi spaced. Third, layout and timing de-
pendencies between all 1ps make timing closure global, mak-
ing it non-scalable. Warse, it is layout specific: it cannot be
re-used over design iterations or different designs [2].

A router network based on packet switching helps on these

Declaration of Gordon MacPherson,
IEEE records custodian (Ex-1025

Proceedings of the 2002 Design, Automation and Test in Europe Conference and Exhibition (DATE 02)
1530-1591/02 $17.00 @ 2002 IEEE

CoMPuT
SOCI

R

mo
=T

.].
I

Guaranieed serices are (he Tocts of (s paper: ey serve
as the basis for the programming model, and as a require-
ment for the NOS hardware architecture. A protocol siack
is a layered approach 1o offering different services to differ-
ent clients, based on a common network. It structures com-
munication complexity from the physical implementation up
to the application in a number of layers. The St reference
model [4]. used in this paper, comprises seven layers. In Sec-
tion 2 we motivate why a packet-switched router network is
a suitable hardware architeeture, using the lower three layers
as a backdrop. The top four layers are independent of the
hardware architecture and are discussed in Section 3. In that
context we show why guaranteed services offer many advan-
tages over best-¢ffort services when programming SOSs.

2. Packet-switched Router Networks

In this section we consider how a 505 containing hundreds of
1ps can be designed, especially regarding layout and timing

Proceedings of the 2002 Design, Automation and Tes! in Europe Conference and Extibition (DATE'02) COMPUTER
SOCIETY

1530-1581/02 $17.00 © 2002 IEEE
Authorizad ioensed uss imited t: Kirland & Ef LLP. Donmioadad on Aprl 30,2023 at 10:08:01 UTC from IEEE Xplors. Restricions spply.

short to get on the network, or they are router to router. The
netwark topology and router layout can both be fixed (e.g.
a torus and mesh [3] or a fat tree and Maltese cross [5]), or
only the netwaork topology. This allows dedicated optimisa-
tions that are re-usable over soss. Finally, and most impor-
tantly, decoupling of computation (1Ps) and communication
(NOs) enables compositional layout and timing closure. 1Ps
communicatc only using the network so that their layout and
timing closure are independent of other IPs.

Programmable wires also have drawbacks. First, different
15 will contend for the usc of a wirc, requiring arbitration
or scheduling. The properties of a router network depend
much on the kind of scheduling it uses. A schedule can be
fixed for a configuration (static) or dynamic (within a con-
figuration). Static scheduling must be worst case, while dy-
namic schoduling lcads to dimensioning for average traffic
volume. Scheduling can also be independent for each router

Samsung Ex. 1005

Petition (-01081 IPR, Paper 1), 8-10

Reply (Paper 43), 26-28
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