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Grounds @

Ground References Claims Basis

1. White (Ex. 1005) Claims 1-4, 7-11, and 14-20 102 / 103

White in view of

2. Shakkarwar (Ex. 1006) Claims 5-6 and 12-13 103
3. Nussbaum (Ex. 1007) Claims 1-4, 7-11, and 14-20 102 / 103
4. LR LY O W PP 103

Shakkarwar

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
Pet. at 6-7.
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Overview of the '588 Patent
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Overview of the '588 Patent @

N — « The '588 Patent discloses a system containing:

a2 United States Patent
Ananthakrishnan ef al.

« at least two processing cores,
* a graphics engine, and

e dn interconnect.

* The cores, graphics engine, and interconnect
can be dynamically controlled to operate at
different frequencies.

g '588 at 6:11-24, 30-44; Horst Decl. 19 42-47.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
Pet. at 7-9.
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Overview of the '588 Patent @

Claim 1 is representative and generally recites
an integrated circuit including:

1. A processor comprising:

a plurality of cores including a first core operable at a first . : : :
voltage and at a first frequency, and a second core a fIrST core Opero ble OT a flrST VOITOge a nd flrST
operable at a second voltage independent of the first
voltage and at a second frequency different from the freq U ency
first frequency;

graphics processing circuitry coupled to the plurality of e A Second core Opero ble O‘I‘ a Second \/OH‘Oge

cores to perform graphics operations, [the graphics
processing circuitry independently operable at a third an d freq ve ncy
frequency different from the first frequency and the
second frequency; and

an interconnect to couple the graphics processing circuitry ° g ra p h |CS p roc eSS| N g CII’C U |Try O p erd b I e d T a

to a memory device, the interconnect operable at a . f
fourth frequency different from the first, second, and Th|rd requeﬂcy

third frequencies.

* an inferconnect, operable at a fourth
frequency, coupling the graphics processing
circuitry to a memory

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Pet. at 7-9, 19-32, 61-71.
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Overview of the '588 Patent @\)

Claim & depends from claims 1, 2, and 4 and
2. The processor of claim 1, further comprising:

first power management circuitry and/or logic to cause the re CI ulres.
first core to operate at the first frequency and to cause

g}:qie;fcnyd core to independently operate at the second « first power management circuitry to cause the first
and second cores to operate at the first and
4. The processor of claim 2, further comprising: SeCOﬂd frequenCieS,

second power management circuitry and/or logic to cause
the graphics processing circuitry to operate at the third

frequency. « second power management circuitry to cause the
graphics processing circuitry to operate at the third

5. The processor of claim 4, wherein the second power

management circuitry and/or logic includes a mapping of frequency, Clﬂd

selectable frequencies of the graphics processing circuitry to

selectable frequencies of the interconnect. e q mqpplng Of SeleCTO b|e frequencies Of The
graphics processing circuity to those of the
inferconnect

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
Pet. at 37-44, 49-53, 76-89.
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Overview of the '588 Patent @

IF IF
. . . ‘3“3-0.9 ﬂﬁgl
FIg. 4 depicts a system having: ] o
) . 455 i T;éée &egt
2 GrOth:S Eﬂglﬂe 420 E | Mailbox I/F -
Display Controller Reg. A Reg. B -
« CPU cores 410, and 410, 2 o, L i
430
* Inferconnect 430 q oo uc
« Power Control Unit (PCU) 455 can s Core e
cause such components to oce e
dynamically operate at different - uc
frequencies. S e
'588 Patent at 6:11-24, 30-44; Horst Decl. 9 42-47.

'588 Patent at Fig. 4 (annotated)

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
Pet. at 7-9.
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Prior Art References
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Overview of White @

multie logie cores, including « White discloses
the first core and second core main memory . .
1 independently controlling
\ JIL g - 0 £ frequencies and/or
4 voltages of:
U bus us bridge us 111
W 1::22J hjjthgg PCIb A\ .
 logic cores
______ 1110 ~| AGP bus PCI device PCI device secondary bus bridge
i‘ : 11124 11128 1116 o
. * a graphics controller
rFe : wi?ﬁmm inferconnect
{‘L;'Z;:‘ \ B ) P » common bridge / AGP
| i sramhics processing " bus (i.e., interconnects)
s clreviity coupling the graphics
FIG. 8 controller to a memory

White at Fig. 8 (annotated).

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Overview of Nussbaum

System On Chip 100
first core (S0C) second core
N
\ Core 0 Core N interconnect
101 101
Ry yd ’
g \ . North-Bridge & DRAM
Performance Power Memory Controller  |q N
Analysis Allocation
Contral Control ~ f~ 109
= i 107
/
Graphics Processing Unit
(GPU)
103
- graphics processing circuitry ==
Fla. 1

Nussbaum at Fig. 1 (annotated).

Pet. at 59-61.

N

* Nussbaum discloses power allocation
control circuitry that independently
adjusts the frequency and/or
voltage of:

« multiple processing cores
» a graphics processing unit (GPU)

« a North-Bridge (i.e., interconnect)
coupling the GPU to a memory

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Overview of Shakkarwar @

" \‘ graphics processing circuitry ShOkkOrWOr diSC|OseS:
SYSTEM VST
e l siTes « a graphics controller
311 315
A4 .
T » a data controller/bus (i.e.,

nd S o | ol || %R | interconnect) coupling the graphics

inferconnect X0 controller to a memory
MOD&EIEJMC
o | [Pt - » adjusting the bus rate (i.e.,
1 | 316 .
uss o frequency) of the interconnect
—— T based on the bandwidth
- i requirements of the graphics

KEYBOARD/
CON‘%;‘%%ELER‘, WO i[ssng‘oa‘? conftroller.

Shakkarwar at Fig. 3 (annotated).

Shakkarwar at 6:49-52.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
13

Pet. af 49-59; Reply at 4-5.
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Overview of Shakkarwar @

400 » Fig. 4 depicts a method for managing power
consumption:
r401
MONITOR * 401 - monitor bandwidth of a component (e.g., graphics
I > PROCESSING circuitry) for increasing or decreasing requwemen’rs
y 4 « 402 - detect a change in the graphics circuitry’s required
CHANGE IN bandwidth, such as when a 3-D graphics applications is
CONDITIONS starfed
v + 403 - determine the new bandwidth required for the
D HARACTERISTIC graphics circuitry’s data connection (i.e., interconnect)
prEONen e based on a look-up table containing clock speeds (i.e.,
a0 FIG. 4 frequencies)
CHARACTERISTIC - 404 — determine whether the bandwidth of the
inferconnect should be modified
ne . - 405 - adjust the data rate of the interconnect, such as by
AN e increasing its frequency
Shakkarwar at 6:41-43, 49-52, 6:59-7:10, 7:26-29, Fig. 4.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Pet. at 49-59; PO’s Response at 17-18, Reply af 2-3, 5-6.
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Dispute — Whether Shakkarwar discloses or
renders obvious the "mapping of selectable
frequencies . ..” limitation
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The “Mapping of Selectable Frequencies . . .” Limitation @

Claims 5 and 12 each recite “a mapping of selectable
frequencies of the graphics processing circuitry 1o selectable
frequencies of the interconnect”

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
‘588 Patent at claims 5, 12.
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Shakkarwar Discloses the Claimed “Selectable Frequencies” @\)

« Shakkarwar describes selecting “clock...levels” (i.e., frequencies) of
“graphics controller 305"

Clock/voltage control 316 provides operat-
ing characteristics for each of system processor 301, data
controller 302, IO device 320, and graphics controller 305.
Clock and voltage levels of each processor, device, and or
controller are alterable based on bandwidth requirements for
communicating and processing information.

Shakkarwar at 5:25-30, 2:51-58;
Horst Decl. 4 140 n.4.

« Shakkarwar describes a selectable “clock rates” (i.e., frequencies) of a
Ycommunication bus” (i.e., intferconnect):

Pet. at 49-59, 84-94; Reply 5-6 & n.2

The clock gen-
erator and communication bus are operated at variable clock

rates and voltage levels to ensure bandwidth requirements are
satisfied for communicating and processing information.

Shakkarwar at Abstract, 2:51-58;

Horst Decl. § 140 n.4.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Shakkarwar Discloses When “Mapping” is Perfformed \Oj

« Shakkarwar illustrates an association between graphics controller and
inferconnect frequencies:

For example, when an application that is known to use 3-D
graphics is opened, system software can determine if the bus
rate between the data controller and the graphics controller is
high enough to support the graphics requirements. Shakkarwar at 6:49-52.

» Selecting to open a 3-D graphics program increases graphics controller
frequency and bandwidth requirements, causing an associated increase
iIn inferconnect bus rate (i.e., frequency). e

» Thus, when graphics circuitry frequency increases, Shakkarwar indicates
that a determination of a required interconnect bus rate (i.e., frequency)
is also made.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
18

Pet. at 49-59, 84-94; Reply at 2-8
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Shakkarwar Discloses a “Mapping” @

« Shakkarwar describes using a look-up table listing devices' / components’
clock speeds (i.e., frequencies) required to process a given amount of
information.

Upon detecting a change in processing, the method deter-
mines bandwidth 403 for an associated data connection based
on the active components. For example, a look-up table may
include a list of clock speeds, and/or voltage levels required to
process information for specific devices and/or groups of

devices. Shakkarwar at 7:5-10.

« Such “components” and “devices” include the graphics controller 305 and
data conftroller 302 (i.e., interconnect).

Shakkarwar at Abstract, 2:24-39, 6:41-43, 49-52; Horst Decl. {9 137-138, 140, 145.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
19

Pet. at 49-59, 84-94; Reply 5-6 & n.2.
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Shakkarwar Discloses a “Mapping” @

« Shakkarwar thus feaches the claimed mapping association between the
frequencies of the data conftroller 302 interconnect and graphics controller
305.

140. Shakkarwar thus teaches determuning the appropriate bandwidth for a data
connection to a module (e.g.. graphics controller 305). utilizing a look-up table that

includes a list of appropriate clock speeds®. (/d.. 7:5-10) It also considers other

active components, such as the data controller 302 (e.g.. the “interconnect™) and its
clock speeds. (White, 7:5-10) As such. a POSITA would have understood that
Shakkarwar teaches to map selectable frequencies of the graphics processing

circuitry to selectable frequencies of the mterconnect using look-up tables.

Horst Decl. 4 140.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
20

Pet. at 49-59, 84-94; Reply 5-6.
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Shakkarwar Discloses a “Mapping” @

« Bandwidth is a function of frequency. Jd
Pl
. 5 ™ PROCESSING
« Shakkarwar describes determining ‘ oot |
the interconnect frequency based o
on graphics circuitry bandwidth Al R
N . 403 using a look-up table
wecs e <
« Shakkarwar’s graphics circuitry R
frequency is therefore associated o 404 FIG. 4
Wl.l-h O SeleCTOble IﬂTerCOﬂﬂeCT SHARACTERISTE interconnect frequency
frequency. " Y
CLANGE circuitry data requirements
Horst Decl. 9 138-42 & n.4. CHARACTERISTIC l

Shakkarwar at Fig. 4 (annotated).

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
21

Pet. at 49-59, 84-94; Reply 4-6.
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“Clock Speed” is Undisputedly “Frequency” @

* A POSITA would understand that Shakkarwar’s “clock speed” is another term for

e Dr. HOI’ST eprCIinS ThCIT “clock frequency.” A subsystem, such as a processor core has a clock signal

freq ve nCy 1S SynOnymOUS delivered to various components to control the speed of operation. In this context,
with “clock speed.”

“frequency.” “clock frequency” and “clock rate” are synonymous.
q Y, q y Yy y

Horst Decl. § 140 n.4.

° D(jed(]|us’s exper-l- Dr Stepping back from the '588 patent, what

Brogioli Clgrees .I.hO.I. is the frequency of a processing core?
“frequency” is tantamount
to “clock speed.”

that's not necessarily always the case, but in a
simple example it's kind of the clock speed the

thing is running at.

Brogioli Tr. (Ex. 1013) 28:17-29:6,
see also 29:7-11 (same, for GPUs), 29:12-24 (same, for inferconnects)

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
22

Pet. at 49-59, 84-94; Reply at 5-8 & n.2
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Daedalus’ Expert's Testimony @

e Dr. Brogioli admits that 41.  Shakkarwar determines a frequency to change the bus to by using “a

Shakka MOF’ S |OOJ(-Up fable look-up table [that] may include a list of clock speeds ... required to process
determines bus (i.e.,
inferconnect) frequencies

information for specific devices and/or groups of devices.” Id. at 7:7-10.

Brogioli Decl. § 41.

Speaking more generally what is a look-up

, table?
« Shakkarwar’s look-up table
thus contains such A. I think a generic example would be if you
inferconnect frequenCieS had a table of three entries and I went to look at
bosed on Dr' BrOQIOII S what's at Row 2 or something, there would be some

description of how such
tables operate

values there in a generic sense.

Brogioli Tr. 24:2-15; see also 57:17-58:9.

Reply atf 6-8 & n.3. DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

PO Sur-reply at 5 n.2, 6 (referring to a bus as “i.e., inferconnect”) 23
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Daedalus’ Expert's Testimony @

 Dr. Brogioli states
Shakkarwar’s look-up table
contains clock speeds (i.e.,
frequencies) of
“computational
components.”

» Daedalus itself states that
the clock speeds of
computational components
include those of “graphics
processing circuitry.”

Reply at 5-8.

PO Sur-reply at 5 & n.2.

"A module can be removed when it becomes
enabled or disabled, for example, not used for a
specific amount of time, time-outs, et cetera."

So it looks like those devices are
computational components, for example, for which the
look-up table includes clock speeds and voltage

levels for processing information.

Brogioli Tr. 52:15- 53:14.

While the look-up table? of Shakkarwar may provide a list of clock speeds

for graphics processing circuitry, there is no teaching or suggestion that

Patent Owner’s Sur-reply at 5.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Shakkarwar Discloses a the Claimed “Mapping .. ."” @

Patent Owner argues: But:
Shakkarwar lacks the « Shakkarwar’s look-up table contains the
“mapping of frequencies- requisite “mapping” association
to-frequencies” required - It contains frequencies for “devices” /
by the claims because it “*components” including interconnects and

Y : graphics circuitry
deS.CnbeS Only a table Horst Decl. 11 134-149, 212-227; Brogioli Decl. § 41; Brogioli Tr. 52:15-53:14; Patent
that includes clock Owner’s Sur-reply at 5-7.

speeds and/or VO”Oge Upon detecting a change in processing, the method deter-

levels requ ired to process mines bandwidth 403 for an associated data connection based

- e Bes on the active components. For example, a look-up table may

IﬂfOf:mCIT!Oﬂ for SpGCIfIC include a list of clock speeds, and/or voltage levels required to

devices process information for specific devices and/or groups of
devices.

Shakkarwar at 7:5-10.

POR af 20-22, 27-28; PO Sur-reply at 1-2, 4-6 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Pet. at 49-59, 84-94; Reply at 1-8 25
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Shakkarwar Discloses a the Claimed “Mapping . . ." @

Patent Owner argues: But:

Shakkarwar lacks the « Bandwidth is proportional to frequency:
“mapping of frequencies-
to-frequencies” because

* A POSITA would understand that Shakkarwar’s “clock speed” is another term for

it mo ni.l.ors ba ndWIdTh “clock frequency.” A subsystem, such as a processor core has a clock signal
Nnot freq Uency” delivered to various components to control the speed of operation. In this context,

“frequency,” “clock frequency” and “clock rate” are synonymous. Bandwidth is
the product of frequency and the width of the connection. Sending 16 bits (2
bytes) at a frequency of 1 MHz is a bandwidth of 2 MB/s (Mega-Bytes per

Second). With a fixed width connection, bandwidth increases in direct proportion

to frequency.

Horst Decl. § 140 n.4

POR at 20-21, 27-28; PO Sur-reply at 4-6 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Pet. at 49-59, 84-94; Reply at 1-8 26
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