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Overview of the '895 Patent @

US00957589532

us
t:

» The '895 Patent relates to a multicore
processor computer system having a
plurality of cores and an integrated
input/out (IIO) module.

o2 United States Patent
Liu et al.

,895 B2
21,2017

* The IO module interfaces between the
multicore processor and an |I/O device.

* The multicore processor further includes a
caching agent to perform cache
coherency operations for the plurality of
cores and the IlO module.

Mercedes-Benz USA, LLC DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

4
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Overview of the '895 Patent

1. A processor comprising:

a plurality of cores, a shared cache memory, a memory
controller to interface with a memory coupled to the
processor, an integrated input/output (IIO) module to
interface between the processor and an IO device
coupled to the processor and a caching agent to perform
cache coherency operations for the plurality of cores
and the I10 module, wherein the processor is to receive
an allocation transaction from the IO device and
directly store data of the allocation transaction into the
shared cache memory, wherein the caching agent is a
single caching agent for the processor and includes a
plurality of distributed portions each associated with a
corresponding one of the plurality of cores.

Pet. at 5-6, 11-19

Claim 1 generally recites a processer including:
» A plurality of cores

« A shared cache memory

« A memory conftroller

« An integrated input/output (IIO) module to interface
between the processor and an IO device

- A €aching agent|to perform cache coherency
operations for the plurality of cores and the IO
module

+ The Gaching dgentis o Single’caching dgent for the

processor

- The caching agentincludes a plurality of distributed

portions each associated with a corresponding core

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344

oN

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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“Single Caching Agent” in the '895 Patent @

* The 8.95 POT?OT broodly . Referring now to FIG. 2, shown is a block diagram of a
describes a “single caching caching agent in accordance with an embodiment of the
ogen’r” for the Processor. present invention. As shown in FIG. 2, caching agent 200

may be logic interposed between one or more cores of a

* |t does not discuss a pCIr'TiCUk]I’ processor and a LLC 230. In addition, caching agent 200

stfructure or circuit
Implementation for the “single

'895 Patent at 2:41-45

caching agent.” Note that although a single structure is shown in FIG. 2
R - for ease of illustration, understand that a caching agent can
- It does, however, indicate the be distributed such that each of different portions of the
CCIChihg Ogen’r can be caching agent can be associated with a corresponding core
formed from distributed L INUE el e
portions and that it “may be Id. at 3:6-10
logic.”

Mercedes-Benz USA, LLC
Pet. at 18; Pet. Reply at 4-5 v. Daedalus Prime LLC

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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“Single Caching Agent” in the '895 Patent

* In FIG. 6, the processor 700 includes a 700
“distributed configuration” having “partitions
or slices” each including a core 710 and @
partition of a caching agent 715 and a[n] =
LLC 720. '895 Patent at 6:30-35 || m | | 2

H

« “Note that while distributed caching agents T e ||
are shown, understand that these distributed oo | Aot | 5 o | | e
portions form a single cache agent, and T | | T | |
which is configured to handle cache | | | |
coherency operations both for the cores as Rl ]
well as an 11O module 750.” e s

Id. at 6:35-40 (emphasis added)

Mercedes-Benz USA, LLC

Pet. at 6-7; Pet. Reply at 4-5 v. Daedalus Prime LLC
IPR2023-01344

'895 Patent at Fig. 6 (annotated)
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Dispute 1 — Whether Sinharoy Discloses
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Overview of Sinharoy @

» Sinharoy discloses a “POWER7" multicore server

F, A Lol e SRR s Ll B
_—_ —— = processor.
’;“ i ey : s 5 : .,1‘ i k! :'l:! rn..
-}.é'a?;-‘i’{:; 5 o’ é"i»ﬁn Gt » Fig. 1 depicts a die photo of the IBM POWER7
R v i T A | processor, which includes:
&= LZcache Ky e 1] B .
E::::-;-:;;: rebes 1° BRRSsim ii « Eight cores (Sinharoy at 1:2)
ESe. g ; - T =
r_’{'f'”zfﬂ i A Weroreg » A “"shared 32-MB L3 cache” comprising “eight 4-

-
: ¥ = - 8 e
- PLLEE LT TIT ™7 LLED LT “"" X

MB L3 regions” (id. at 1:18)

Syust Ot + aws slewes | 2| swun aws eo07

ol ae T 0 a5 o M G B
xche B (2 cal che B L2 cache fied : :
— 1 e « Two memory controllers that interface with DDR
a1 S e B S am :
5 -i?“.'i‘"'—;fzi"?’r‘ée oo fid oo | memory chips (id. at 1:2, 21)
i i - Two “integrated I/O controllers” that interface
—d S between the processor and “IO devices”

including I/O hub chips (id. at 1:22)

» Centralized controllers for the L2 and L3 caches,
which form a “single caching agent” performing
“cache coherency operations” (id. at 1:18-19)

Die photo of the IBM POWER7 chip.

Sinharoy at Fig. 1 (annotated)

Mercedes-Benz USA, LLC
Pet. at 12-19 v. Daedalus Prime LLC

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Overview of Sinharoy @

« The POWER7 multicore processor supports “cache
coherency operations” such as:

* It also supports “cache injection” as a “coherent
operation,” which “enables DMA write traffic to be
written directly info a cache, instead of to
memory.” (Id. at 1:17, 22)

» Sinharoy also discloses a system which combines
up to four POWERY chips. (Id. at 1:23)

Mercedes-Benz USA, LLC
Pet. at 16-18, 22-23 v. Daedalus Prime LLC

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

IPR2023-01344 10



The “Single Caching Agent” Limitation A

Claim 1 recites “a caching agent to perform cache
coherency operations for the plurality of cores and
the IO module . . ., wherein the caching agent is @
single caching agent for the processor . . ."

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

11



Sinharoy Discloses a Single Caching Agent @

» The L2 cache includes a “single

centralized controller” and each To.l'urlher 1:cduce energy usagn 1h.c 1‘cz.ld;-"clai1'1."1 (RC)
L3 cache reaion includes a “sinale machines, \-\-"hl‘Ch have been ulll.u‘cd m. prior dcs‘flgns to

) g . 9 manage core fetches, read-modify-write operations on
centralized confroller.” (Smhoroy af behalf of core stores, and core prefetch operations, have been
1:18-1 9) divided nto two classes: 1) a set of eight fully functional

RC machines that are incorporated into the L2 cache
controller and manage core fetches and stores that hit the L2

 Both L2 and L3 cache controllers

have read/claim (RC) machines, cache and 2) a set of 24 more energy-efficient “lightweight”
which manage “cache RC machines that are mcorporated into the L3 cache
coherence OperGﬂOﬂS " such as: controller and manage prefetches and stores that miss the

L2 cache. These lightweight RC machines stage data through
the L3 cache and will be described more fully in the
section on L3 cache.

Sinharoy at 1:18

Mercedes-Benz USA, LLC DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

12
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Sinharoy Discloses a Single Caching Agent @

The L2 and L3 cache controllers in Sinharoy work with each other.

sockets.” (Id.. 1:18-19.) These RC machines are shared across all L3 regions and
hence are part of a logical single cache controller. In my opinion. if the L3 regions
had separate independent cache controllers, they would each need their own RC
machmes and there would be no opportunity to globally reorder the storage
EX1017 (Horst Supp. Decl.)
operations. The RC machines in both the L2 and L3 cache controllers also further at 918
support that the L2 and L3 cache controllers work with each other and share
information and logic across cores in certain scenarios, Thus. there is not an

independent cache controller per core and the shared and portioned parts of the cache

controllers form a logical “single caching agent.”

Mercedes-Benz USA, LLC DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

13

Pet. at 16-19; Horst Decl. (EX1003) at 1155-58, 65-66; Horst Supp. Decl. (EX1017) at 118 v. Daedalus Prime LLC
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Sinharoy Discloses a Single Caching Agent

« Apart from RC machines, cache
controllers for L3 cache regions also
include write machines, which manage
“cache coherence operations” such
qas:

« “Cache injection” operation is a
“cache coherency operation” for the
IO module.

« The cache controllers for the L2 and L3
caches, including RC and write
machines, form a logical “single
caching agent.”

Pet. at 16-19; Horst Decl. (EX1003) af 155-58, 65-66

I'he centralized L3 region controller provides a single
core/L2 dispatch port, a single lateral L3 region dispatch
port, dual snoop dispatch ponts (for even and odd cache
lines), and a single pool of operational resources.

Storage accesses that miss the L2 cache access the

4-MB local L3 region via the core/L2 dispatch port. Those
that hit in the 4-MB local L3 region are managed by a pool of

eight read machines. Prefetches and some L2 store misses
also access the L3 region via the core/L2 dispatch port and
are managed by a pool of 24 lightweight RC machines. When
prefetched data is staged to the L3 cache, it 15 managed

by a pool of ten write machines. Each write machine has
an associated cast-out machine to manage the eviction of
lines displaced by writes. Note that these write machines
are also utilized by other operations such as cast-outs and
cache-injections.

Sinharoy at 1:19

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Knowledge by Other L3 Caches Shows Cache Controllers Work

Together

As illustrated in Figure 10, the capacity, data flow logic,
and control flow logic of a 4-MB local L3 region are shared
between the L2 cache to which the local L3 region is
coupled, and the other seven 4-MB L3 regions on the chip.
The associated L2 cache utilizes the 4-MB local L3 region
directly as a victim cache. The other seven 4-MB L3 regions
on the chip also use the 4-MB local L3 region as a victim
cache under certain circumstances. Note that when the core
and L2 associated with a given L3 region are disabled,
the remaining L3 regions enjoy full access to the L3 region.
When the associated core and L2 are enabled, a number
of heuristics cooperate to give precedence to the associated
L2 cache while allowing load and capacity balancing among
all eight L3 regions on the chip, thereby causing them to
behave as a highly set-associative (64-way) adaptive 32-MB
L3 cache.

Sinharoy at 1:19-20

Pet. Reply at 7-9; Horst Supp. Decl. (EX1017) atf 16

to the L3 region.” (/d. (emphasis added).) A POSITA would have understood that

the reason why the remaining 1.3 regions still enjoy full access to the disabled L3

region is that the other cache controllers still have knowledge about the disabled

L3 cache region. Thus. they do not operate independently from each other.

Following that, Sinharoy discloses “[w]hen the associated core and L2 are enabled,

a number of heuristics? cooperate to give precedence to the associated L.2 cache

while allowing load and capacity balancing among all eight L3 regions on the chip,

thereby causing them to behave as a highly set-associative (64-way) adaptive 32-
MB L3 cache.” (/d. at 1:20.) As I have explained during my deposition, the load
and capacity balancing means that there is a single “centralized controller for all
the caches.” (See EX2001, 17:5-8.) The single cache controller includes the
distributed portions of cache controllers of the L2 and L3 caches. (See EX1007,

9955-58.)

&

EX1017 (Horst Supp. Decl.) at {16

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Sinharoy Discloses a Single Caching Agent @\

7

Patent Owner argues: But:

Because Sinharoy's « The Petition stafes that “the caching

L2 and L3 caches agent, comprising the centralized cache

have structurally controllers for the L2 and L3 caches

individual cache including RC and write machines, is

controllers, there is no formed as a single caching agent for the

“single cache processor.”

Sl « These cache confrollers for the L2
caches and L3 cache regions, including
RC and write machines, form one logical

“single caching agent.”

Mercedes-Benz USA, LLC
POR at 16; PO Sur-reply at 5-6 v. Daedalus Prime LLC

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
16
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Sinharoy Discloses a Single Caching Agent @

Patent Owner also argues: But:

Because there are » There are at least three scenarios where snooping

: operations are avoided in Sinharoy, such as:
>Ome S!’]OOplﬂg + the difference between the cache states for T and TEN
operations in the L2 Sinharoy at 1:17)

and L3 caches in + “when the core and L2 associated with a given L3 region are
Sinharoy, the cache disabled, the remaining L3 regions enjoy full access to the L3
confrollers for the L2 ecion. Seasei ot IEl)

and L3 caches work + “snooped by ... possibly other L3 caches” (id.)
independently and  Because snooping operations can be avoided in
do not form a “single these instances, the cache confrollers for the L2 and

L3 caches work together and form and logical
“single caching agent.”

caching agent.”

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC

POR at 17-19; PO Sur-reply at 6-8 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Horst Supp. Decl. (EX1017) at 1415-17; Pet. Reply at 7-9 IPR2023-01344 17



Snooping Can Be Avoided in at Least the TEN State, Showing the Cache
Controllers Work Together

Table 2 explains 13 cache-state protocol used in Sinharoy’s cache “coheren[ce] operations”

Table 2 IBM POWERT cache states. the “T" state (Description, “Formerly MU, now shared”), Sinharoy specifies “Yes.
State | Deseripiion uthority | Sharers source | Da Seope probably global.” (/d.. Table 2.) In my opinion. the “probably global” means that
and scope data cast-out | cast-out
! fmalid None NA A NA None when a cache line is in this state and is potentially shared with other L3 cache
D Deleted, None N/A NiA N/A None
do not allocate
S Shared Read Ve, scope Ve yrobably regions. accesses to the local L3 regions need to snoop the remote L3 regions.
unknown - Pt h ¥
SL | Shared, local Read Yes, scope rlobal Meanwhile. for the cache state “TEN.” (Description. “Formerly ME. now shared™).
data source unknown - ’
T Formerly MU, Update Yes, probabl; i Yes Required, . . . . N . . -
now shared g notified elobal it specifies “Yes, local.” (I4.)’ In my opinion, the “local” means that the targeted
TE Formerly ME, Update Yes, probably If No Required,
now shared global notified global cache line is shared but it is known that the other non-local cores have not modified
M Modified, Update No At Yes Optional,
avoid sharing request local . . .
ME | Exclusive Updae | Mo Al No None that cache line, so the local L3 cache region does not need to snoop other regions.
request
MU | Modified, bias | Update | No At Yes Optional, The difference between the cache states “T" and “TEN"™ shows that snooping can be
toward sharing request local
1G Invalid, cached None N/A, probably N/A N/A Required, . . . . - .
scopestate glohal capies okl avoided in cerfain scenarios. Af least because a L3 cache region does not need to
N Invalid, None N/A, probably Y es oAl
seap predictor local copies snoop other L2 caches or L3 cache regions every single time, a POSITA would have
™ Formerly MU, Update Yes, local
now shared [ TotTed Tocal N .
TN [ Formeio E Tpdie == T v Nome understood that the cache controllers for them work together with each other and
now shared notified

form a single logical caching agent.

Sinharoy at 1:17 (Table 2) EX1017 (Horst Supp. Decl. ) at {17

Mercedes-Benz USA, LLC
Pet. Reply at 10-11; Horst Supp. Decl. (EX1017) at 117 v. Daedalus Prime LLC

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Snooping Is Not Necessary for All of the Other L3 Caches

Storage accesses that miss both the L2 cache and the
4-MB local L3 region are broadcast to the coherence fabric
and snooped by the memory controller, other L2 caches,
possibly other L3 caches| and by the seven remote 4-MB L3
regions that comprise the remaining 28 MB of the on-chip L3
cache. Therefore, operations that miss the 4-MB local L3
region but hit in the remaming 28 MB of the L3 cache access
the cache via the snoop dispatch ports. L2 cast-out operations
access the 4-MB local L3 region via the core/L2 dispatch
port, whereas lateral cast-outs access a given 4MB L3 region
via the lateral L3 region dispatch port (see targeted cases
below) or via the snoop dispatch ports (see state merge cases
below). All of the cast-out scenarios are described in detail
in the subsequent paragraphs.

Sinharoy at 1:19

Pet. Reply at 7-9; Horst Supp. Decl. (EX1017) at 115

the term “possibly other L3 caches” in this sentence. The term “possibly” means

that not all of the other L3 cache regions need to be snooped. As I have opined in

my deposition, this disclosure means the cache controllers for the 1.2 and L3
caches do not work independently from each other. (See EX2001. 18:3-16.) The
caches in Sinharoy cannot independently handle read and write misses without
coordinating with each other. (See id.) To avoid the need of snooping all of the
other L3 regions, there has to be “some high-level logic that does that
coordination.” (/d., 17:11-14.) A POSITA would have understood that the cache
controller for a L3 region has knowledge about whether the lines in its local 1.3
region are held in any other L2 and L3 caches as well. (See id.. 18:3-9.) Such
knowledge means that each of them has to have knowledge of what is in the other

caches to be able to avoid snooping in other regions. (See id., 18:3-16.)

EX1017 (Horst Supp. Decl.) at 115

Mercedes-Benz USA, LLC

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

v. Daedalus Prime LLC
IPR2023-01344
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Tang Overview

DMA Cache: Using On-Chip Storage to Architecturally Separate I/O Data from
CPU Data for Improving 1/0 Performance

Dan Tang'?”, Yungang Bao', Weiwu Hu'?, Mingyu Chen'

'Key Laboratory of Computer System and
Chinese A

rchitecture,
ademy of Scien

Institute of Computing Technology,

“Loongson Technologies Corporation Limited
*Graduate School of Chinese Academy of Sciences
{tangdan, baoyg, hww, cmy} @ict.ac.cn

Abstract

As technology advances both in increasing bandwidth
and in reducing latency for 1/0 buses and devices, moving
1/ data in/out memory has become critical. In this paper
we have observed the different characteristics of /O and
CPU memory reference behavior, and found the potential
benefits of separating 1/0 data from CPU data. We
propose a DMA cache technique 1o store VO data. in
dedicated on-chip storage and present two DMA cache
designs. The first design, Decoupled DMA Cache (DDC),
adopts additional on-chip storage as the DMA cache to
buffer 1/0 data. The second design, Partition-Based DMA
Cache (PBDC), does not require additional on-chip
storage, but can dynamically use some ways of the
processor s last level cache (LLC) as the DMA cache

We have implemented and evaluated the two DMA
cache designs by using an FPGA-based emulation
platform and the memory reference traces of real-world
applications. Experimental results show that, compared
with the existing snooping-cache scheme, DDC can
reduce memory access latency (in bus cycles) by 34.8%
on average (up to 58.4%). while PBDC can achieve about
80% of DDC’ performance improvements despite no
additional on-chip storage

1. Introduction

DMA technology provides special channels for CPU
and 1/0 devices 1o exchange /O data, and the memory is
/O data. When the CPU wants to

gers the DMA write operations that
transfer the VO data from /O devices to the memory. On
the opposite direction of the CPU writing data to IO
devices, the DMA read operations, i.c., transferring VO
data from the memory to /0 devices, are performed.

In the past decade, the performance of 1/O bus and
device has improved dramatically. New 1O bus
technologies, such as PCl-Express 2.0, AMD's
HyperTransport 3.0 and Intel’s QPI, can provide bus
bandwidths of 10~20GB/s that are close to the bandwidth
of a DDR23 DRAM memory system. VO device’s
bandwidth and latency have also substantially improved.

Cormesponding author: Weiws Hi (bwwa ieLac.ca).

987-1-4244-5659-8/09/$25.00 ©2009 IEEE

Pet. af 42-43, 52-53

For example, using a single server, Fusion-io Company
recently adopted PCI Express and SSD technology to
exceed one million IOPS (/O Operations Per Second)
and 8GB/s sustained throughput [1]. Unlike traditional
hard disks, SSD avoids mechanical delays so that it
ments on

usually has low access latency, e.g.. expe
Intel® X25-E SSD demonstrate that the latency of
reading 4KB data is only 75us [2). Additionally, the
latency of Infiniband’s RDMA operations can even be
less than lus [S]. With these substantial technology
advances, moving VO data in‘out memory has become
critical for DMA scheme, because it exhausts a
substantial portion of memory bandwidth as well
accounts for a considerable part of IO operation latenc;
Kumar et al. have profiled the execution of handling 4KB
twork /O data and found that buffer copy (.., VO data
movement) is the largest single contributor to the overall
processing time per packet, accounting for over 25% [18].

To address this problem, researchers have proposed

several schemes to reduce the memory access overhead of
the DMA operations. Some studies proposed the cache
injection techniques that directly inject VO data into a
processor’s cache [21-23]. lyer proposed a chipset cache
1o improve performance of Web Servers [15]. Intel
proposed a Direct Cache Access (DCA) scheme [14] that
has been implemented in the Intel 82599 10 Gigabit
Ethemet (GbE) controller [4]. Although these schemes
d significant 1O  performance

have demonst
improvement for a few specific workloads under some
specific environments, their evaluation results are limited
because of the three reasons: (1) Little previous work
investigated the inherent characteristics of DMA memory
references, such as DMA request size and
(the definition is in Section 2). The characteristic
differences between DMA and CPU memory reference
pattems, however, are
optimization schemes. (2) Their studies mainly focus on

use distan

ic processors that are de for some specific
etworking  processors  and
embedded processors. (3) Their conclusions are usually
drawn from studying one type of /O such as network. In
real systems, e.g., Video-on-De
centers, however, various types of IO operations can

nd servers and data

» Tang discloses a system and method to store

|/O data into a shared last level cache (LLC).

« One design,

Partition-Based DMA Cache

(PBDC),"” includes a dual-processor system,

each using the processor’s LLC as a

“dedicated DMA cache.” (Tang at § 3.2.1)

» Tang discloses |/O data from an I/O device
can be written directly into the dedicated

DMA cache. (Id. at § 2, § 3.2.2)

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Tang Overview @

o — P ——— » The PBDC design of Tang is a dual-processor system.
R e ™~....| Each processorincludes:
CorleO Corlen Coieo Coien
FCache|D-Cache| =~ |lCache|D-Cache| =3 |ICache|DCache| =+ |lCache[D-Cache : °
[ L2Cache LZC‘?che iczte:ache_ iczéache n Cores (Core O, ..., Core n)
— e — o —— « An /O bus handling I/O requests
- | Way| ... [Way|Way[Way] ., |Way|Way | 1: | Way[Way| _ |Way[Way|Way] .. |Way | -
g 0 m [mH [m2)  [n1 | (1 n Ind m+2|m+1 | m 0 | g
g | T3 HRYEH T3 g * A memory controller
[ Prefetcher Prefefcher NHE Prefetcher Prefetcher | 17
0 |\f0DalaCuntmIIer CPU Data Controller i | CPU Data Controller {10 Data Canfioller|  Q L .
L | Gohiomolloe |3 | Gl ContolLogi | P * An LLC partitioned into n ways (Way O, ..., Way n)
e ¢ e ] ettt 3 e
: | Bus + Coligrénce ! Bus : A ne e C toll
Cache Coherence Controller tﬁb Cache Coherence Controller gecins Sellsisies eiiitel=l
- : - « An LLC Controller (comprising two prefetchers, I/O
: emory Controller o Memory Controller :
S R 13'"tE""B""'d'i)'MA'(':"'ﬁ'"P'B'i)'c'"""""""': data controller, CPU data controller, global control
tgure 10 Organization of Partition-Based DMA Cache (PBDC) logic, and configuration module ) (Tang at § 3.2)

Tang at Fig. 10 (annotated)

Mercedes-Benz USA, LLC

. DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
Pet. at 44-54 v. Daedalus Prime LLC
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Tang Discloses a Single Caching Agent in Each Processor @

Single Caching Agent for First Processor

The first processor on the left includes a cache coherence

controller and an LLC-conftroller, which form a logical
Core 0 Coren Core 0 Coren TP I h TH
-Cache [D-Cache |+« |LCache [D-Cache -Cache |D-Cache | ++  [I.Cache [D-Cache single cacning agen
L2 Cache L2 Cache L2 Cache L2 Cache
* The I/O data conftroller and CPU data confroller of the
. I . [T, ol i-\”;‘_ﬂ_ ‘Vaﬁvgy‘| . LLC-conftroller performs cache coherency operations for
] m jm+1|m+. M- n n|n m+Z [m+1 | m @
A e ) : i 3 the cores (Core 0 to Core n) (Tang at § 3.2.2)
Prefetch Prefetch Prefetch Prefetch
o|  NiDGssGee] CPUDasConier E | [P0 bata Contoter [satimi| 0 « The prefetchers of the LLC-controller perform cache
e (o=t T coherency operations for the IO module (id. at §§ 3.1.5,
Bus |, il Ciah?rence 1 Bus 32] )
Cache Coherence Controller gk Cache Coherence Controller ‘
e e — ! T + The cache coherence conftroller performs cache
| Memory Controller | ‘ Memory Controller ‘ coherency opero’rions for the cores and the 11O module
Figure 10 Organization of Partition-Based DMA Cache (PBDC) (’d at 88 3.1.5, 32])

Thus, Tang’s “single caching agent” performs “cache
coherency operations for the plurality of cores and the 11O
module.”

Tang at Fig. 10 (annotated)

Mercedes-Benz USA, LLC

. DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
Pet. at 51-54; Pet. Reply at 16-17 v. Daedalus Prime LLC
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LLC and Cache Coherence Contirollers Manage Cache Coherence @
Operations for the Processor

can use several ways of the processor’s LLC as the
dedicated DMA Cache. Because some important design
issues of PBDC, such as write policy, cache coherence

pI’OIOCOL replacemen‘[ pOllC_V, can EldOpt the same de“ﬂgn Therefore, the DMA Cache could benefit from adopting

of DDC, we lllﬂinl_\-' focus on the design of the LLC’s even a straightforward sequential prefetching technique.
controller. In our design, the prefetcher 1s triggered to generate four
sequential prefetching requests upon the state transitions
from Invalid-state to Shared-state or Exclusive-state. The
prefetching requests are forwarded to the cache coherence
controller as a Probe-Read request and the desired data
can be fetched from either some processor’s caches or the
memory of the system.

The L1/L2 caches add one bit to each block tag to

In the CPDC direction, the DMA read request on the
DMA Cache can trigger a prefetching operation. As
mentioned in Subsection 2.2, the I/O data has very regular
reference patterns, most being linear within a DMA buffer.

Tang at § 3.2.1 (adopting some of same
designs from DDC design)

IO Data Controller (IOD-Ctrler) and CPU Data

Controller (CPUD-Ctrler) are responsible for write policy,
maintaining cache coherence, replacement policy and
tagging data for the I/O data ways (Way, ~ Way,,) and the
CPU data ways (Wayy.,, ~ Way,) respectively
CPUD-Ctrler still adopts the original cache management
policies. [OD-Ctrler can use different policies for the /O
data, e.g., the WT policy, the I0-ESI protocol and the
replacement policy of the DDC.

indicate whether the block stores I/O data or CPU data.
The tag of the block can be propagated among the L1/1.2
caches. The replacement policy of the L1/L2 caches
requires a slight modification in which the block with the
“I0_Data™ tag 1s evicted directly without being swapped
into the victim buffer or the LLC. To propagate the tag,
the data paths also need to add one bit. When forwarding
blocks to other caches, the DMA Cache and LLC tag the
data copy as “I0_Data” and “CPU_Data”, respectively. In
other words, the DMA Cache 1s the source of “IO Data”
tag and the LLC 1s the source of “CPU_Data” tag.

ld. at §3.2.2 Id. at § 3.1.5 (DDC Design)

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Tang Discloses a Single Caching Agent @
Patent Owner argues: But:

Because Tang includes « As previously explained, Figure 10 of Tang

a pair of cache discloses two processors, each with the same
controllers which stfructure and each including its own cache
communicate with controller and LLC-conifroller.

one another via a
“coherence link,” it
does not have @

« The “coherence link” in Figure 10 connects the
two processors together to form a cluster.

“single caching « Patent Owner raised this in their Response, but
agent.” appears to have dropped the argument in the
Sur-reply.

ereeeele ane Uk LUC DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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POR at 29; Pet. Reply at 16-17; EX1017, 126 v. Daedalus Prime LLC
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Dispute 3 — Whether Tang Discloses
“Distributed Portions Each Associated with a
Corresponding” Core Limitation

Mercedes EX1021
Mercedes-Benz USA, LLC

v. Daedalus Prime LLC
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE IPR2023-01344
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Limitation 1g @

Claim 1 recites “wherein the caching agent . ..
Includes a plurality of distributed porfions each
associated with a corresponding one of the plurality
of cores”

Mercedes-Benz USA, LLC
Pet. at 50-59 v. Daedalus Prime LLC

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
27

IPR2023-01344



Tang Discloses a Caching Agent with Distributed Portions

Each arrow is connected to a “distributed

portion” of logic associated with a
A corresponding core

Cara Confn Cerel Coren
|.Cgcne|B-CathE m yﬂgnelD-CdLhu |-UECT’IEIE';“”9 s \-UatﬂElD'cafm
L2 Cacha/ L2Cache /] L2Cache L2 Cache
= 4 i i
| M o ==
F— = ====== o ===
- | Way| . [Way|Way(way|  IWay %y | | Way|Way| _  |Way|Way [Way| [Way | "
i 0 m |mtm2| i n | n e [ | me2 | fm 0 %
: TT 77l |3 IT 1l
[ Prefetcher Prefetchdr | Prefetcher Prefetcher | ¥
g | 100 Dsia Coriolet |  CPU Data Gontroller | CPU Data Controller {0 Data Conmaler| O
Gebl ool | || bulconlloge |
0 =====F/ === ————Fg————|I0
Bus Iy I Coherence + Bus
Cache Coherence Controller ‘%’ Cache Coherence Controller
' :
Memory Controller Memory Controller

Figure 10 Organization of Partition-Based DMA Cache (PBDC)

Tang aft Fig. 10 (annotated)

Pet. at 53-54; Pet. Reply at 18-19; EX1017 (Horst Supp. Decl.) at 1928-29

29. In addition, according to Figure 10 of Tang, the LLC controller and
the cache coherence controller (i.e.. the “single caching agent™) include signals and
logic (depicted as arrows in Figure 10) that are each connected to core O to core n.
(EX1004, Figure 10 (annotated below).) The separate arrows to each of the cores
0-n shows that the shared logic must have signals to individual cores for handling,
e.g., L2 cache misses, and those signals are sent or received by logic associated
with individual cores. As shown in Figure 10, each signal (depicted as a single
arrow going into a given core in Figure 10) is associated with logic in a single
given core, which is a “distributed portion™ of the caching agent. (EX1004, Figure
10 (annotated below).) Thus, because the cache coherence controller sends
ditferent signals to the different cores, it has “distributed portions” of logic that
connect to these signals. In addition, the cache coherence controller has
“distributed portions” corresponding to each core, allowing it to separately address

and send signals to the different cores. (EX1004, Figure 10 (annotated below).)

EX1017 (Horst Supp. Decl.) at 129

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Tang Discloses a Caching Agent with Distributed Portions @

» The left processor of the PBDC

Core0 C Core 0 Cor o o 00
Gube| o [Gobon kol - (G design includes an LLC partitioned
o i i i into n ways (Way 0 to Way n) and n
; |_wa7vu_? ] : ﬁf@'&;@ﬂ"@ : cores. (Tang at § 3.2.2)
: . - ' ! .
¢ Pralelch;rt - Prefetcher {| I Prefelcher : IPrehtchar | e Because the cochlng ogen’r
g |”0Dﬂ'ﬂﬂﬂfm'er CPU Data Controller | CPU Data Controller {0 Data Conmaler| O
P v | v manages cache coherence
e I S [ nlentenianly ¥ il
B [ '] e I B protocol for n cores and the n-way

Link

Cache Coherence Controller f——— Cache Coherence Controller Sthred LLC, |1- hCIS “dis’rribu’red
: : portions” of logic that each

Memory Controller Memory Controller . . .
Figure 10 Organization of Partition-Based DMA Cache (PBDC) associated with a elivsinieelis:

Tang aft Fig. 10 (annotated)

Mercedes-Benz USA, LLC DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Tang Discloses a Caching Agent with Distributed Portions @\

7

Patent Owner argues: But:

“Even if Tang can be read as « Asshown previously, the cache coherence
disclosing a single caching controller (as part of the *single caching
gg@gﬂgﬁ% BIRC " Itis agent”) sends different signals to different
agent does not - cores, and thus has "distriouted portions” of
plurality of distributed its logic that connect to the signals.

portions each associated . : TPRTI,

with a corresponding one of Eoch Qrrow is c;ormec’red to a distributed
the plurality of cores . . ." portion” of logic associated with @

“[W]hen it comes to the corresponding core from Core 0 to Core n.
cache controllerin Tang, alll « Further, the cache coherence controllers has
of the cores of the processor “distributed portions” corresponding to each
share the same cache g .

NN core, dllowing it to separately address and

send signals to the different cores.

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344 30
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Dispute 4 — Whether Xu Was Publicly
Available Before December 13, 2011

Ground 1b: Sinharoy in view of Xu Renders Obvious Dependent Claims 2 and 10

Mercedes EX1021
Mercedes-Benz USA, LLC

v. Daedalus Prime LLC
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Xu Was Publicly Available Before December 13, 2011 @

Explorations of Optimal Core and Cache . XU hGS O “201 -l |EEE” Copyrlgh_l_ no_l_lce. (EX-l 005 O_I_ -l )

Placements for Chip Multiprocessor

““““

« Gordon MacPherson (Director, Board Governance
& Policy Development aft IEEE) indicated in his
declaration that “Xu . . ., published in 2011
NORCHIP, date of conference November 14-15,
2011. Copies of the conference proceedings were
made available no later than the last day of the
conference ...” (EX1013 at §13)

» According to the record of the copyright catalog

from the Copyright Office, 2011 NORCHIP was
W published at least by December 22, 2011, and thus
would have been distributed before then. (EX1019)

les EX1005, Page 1 of 6
nt No. 9

Mercedes-Benz USA, LLC DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Pet. at 33-34; MacPherson Decl. (EX1013); Pet. Reply at 11-13 v. Daedalus Prime LLC 0
IPR2023-01344




Xu Was Publicly Available Before December 13, 2011 O\

11. Thomas Canhao Xu, et al.; “Explorations of optimal core and cache placements for e
Chip Multiprocessor”, published in 2011 NORCHIP, date of conference November Public Catalog
14-15,2011. Copies of the conference proceedings were made available no later than S e ot - G0 D NORCHPf e 3] e e .
the last day of the conference. The article is currently available for public download o <= I..:a_fi NORCHIPYIIEX5433)
from the IEEE digital library, IEEE Xplore. Mo, —
EX1013 (MacPherson Decl.) at {11 e ieow | Date of Creation: 2011
s | |_Date of Publication: 2011:12:2) _ I

Authorship on Application: IEEE, employer for hire; Domicile: United States. Authorship: Collective Work
Rights and Permissions: William Hagen, IEEE, 445 Hoes Lane, Piscataway. NJ, 08854, United States, (732) 562
3966, w hagen(@icee.org

Names: [EEE

provious | noxt p]

at and Email (Hel

[ Email |
Contact Us | Request Copies | Geta Search Estimate | Frequently Asked Questions (FAQs) about Copvright | Copyuight
fi ge | of Congress Home Page

EX1019 (copyright record of 2011 NORCHIP)

Mercedes-Benz USA, LLC DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Pet. at 33-34; MacPherson Decl. (EX1013); Pet. Reply at 11-13 v. Daedalus Prime LLC 33
IPR2023-01344




Xu Was Publicly Available Before December 13, 2011 @

-

Patent Owner argues: But:

“[Mr. MacPherson’s] « Patent Owner has not put forth any

declaration offers no contradictory evidence regarding Xu's

indication that he had date of public availability.

personal knowledge « The declaration by Mr. MacPherson, who

of any publication of is Director, Board Governance & Policy

Xu af the 2011 Development at IEEE, explicitly states that

NORCHIP conference it was available at least by Nov. 15, 2011.

« Record from the Copyright Office shows

that 2011 NORCHIP was published at least
by Dec. 22, 2011, supporting the position it
would have been distributed before then.

ereeeele ane Uk LUC DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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EX1019 is admissible under FRE 803(8) and 902 L

Patent Owner argues:

Y. Ex. 1019 is being
offered to prove the
truth of the alleged
public availability of
XU ...,ishearsay.”

“ ... Ex. 1019, that
record has not been
authenticated.”

PO Sur-reply at 13; PO Motion to Exclude (MTE) af 2-3

Pet. Oppo. to MTE atf 2-3

But:

In Smart Microwave Sensors GMBH v. Wavetronix
LLC, the Board found that printed copies of
“Copyright Office Catalog information” are
“public records and, therefore, not hearsay.”
IPR2016-00488, Paper 57, at 29 (PTAB July 17, 2017).

Patent Owner appears to have dropped the
hearsay objection in the Sur-reply.

In Jackson v. Netflix, Inc., 506 F. Supp. 3d 1007,
1013 (C.D. Cal. 2020), the court took judicial notice
of copyright catalog entries from the Copyright
Office’s website under FRE 902, because they were
“indisputably authentic, relevant to [plaintiff’s]
claims, and on government welbsites.”

Mercedes-Benz USA, LLC
v. Daedalus Prime LLC
IPR2023-01344

7

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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