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Alumni Research Foundation v. Apple cases and

described the asserted patent (U.S. Patent No.
5,781,752). That article also summarized some recent
large verdicts for patents asserted by academic insti-
tutions and provided several reasons why this series
may be of interest to the readership of IEEE Micro,
most notably because the inventors are well-known
and several well-known computer architects worked
as experts on this case. Part Il described the com-
plaints; namely, it described the plaintiff, Wisconsin
Alumni Research Foundation (“WARF"), the inventors,
and WARF's allegations as to how the Apple's products
infringed WARF's patent. Part Ill described Apple’s an-
swer to the allegations in WARF's complaint, Apple's
counterclaims, and WARF's response to those coun-
terclaims. Part IV examined Apple’s allegation of ineg-
uitable conduct by the inventors, a technical analysis
of that allegation, and Judge Conley's legal analysis of
the sufficiency of Apple's allegations. Parts V and VI re-
viewed WARF's motion to compel Apple to produce ex-
ecutable versions of the simulators for its A6, A7, and
A8 processors (hereinafter “Accused Products”) and
the hearing that Magistrate Judge Crocker (hereinaf-
ter “Judge Crocker”) had on that motion.

Part | of this series introduced the Wisconsin

In addition to WARF's motion to compel Apple to
produce executable versions of the simulators of the
accused processors, WARF filed three more motions
to compel. This article covers the first and second of
those motions; the third one will not be covered in this
article series asi it likely is of less interest to the reader-
ship of IEEE Micro.
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WAREF filed the first of these motions to compel on
10 October 2014, just one week after it filed the simu-
lator-related motion to compel (see Wis. Alumni Rsch.
Found. v. Apple, Inc."). In this motion WARF requested
that the Court order Apple to produce documents,
source code, etc. for additional accused processors
(A8 and two future, unreleased processors) that likely
use the patented invention (see pages 1-2 Wis. Alumni
Rsch. Found. v. Apple, Inc.").

With respect to the A8 processor, Apple responded
that “[o]nce products incorporating the A8 processor
were released for sale to the public, and WARF actually
accused the A8 processor of infringement on Septem-
ber 16, 2014, Apple informed WARF that it would pro-
duce discovery for the A8" (see page 5 of Wis. Alumni
Rsch. Found. v. Apple, Inc.?). With respect to unreleased
processors, Apple argued that they were “still under-
going major design changes” and were “not finalized”
(see page 2 of Wis. Alumni Rsch. Found. v. Apple, Inc.?).
Apple argued that the on-going design changes and
the accompanying documentation would: 1) require
“repeated collections and productions of documents
and source code through the end of fact discovery,”
which will impose a significant burden on Apple, and
2) result in WARF constantly changing its infringement
theories and expert reports of those infringement the-
ories to track Apple’s design changes (see page 3 of
Wis. Alumni Rsch. Found. v. Apple, Inc.?).

Judge Crocker held a telephonic hearing on 31 Oc-
tober 2014 for this motion and the motion to compel
regarding production of an executable version of the
simulator (see Wis. Alumni Rsch. Found. v. Apple, Inc.5).
Based on the redacted transcript, it appears that the
parties agreed that the A8 and A8X processors should
be included in this case and that Apple would pro-
duce documents, source code, etc. for those proces-
sors (see page 21 of Wis. Alumni Rsch. Found. v. Apple,
Inc.?). But Judge Crocker denied WARF's motion re-
garding the two future processors for apparently three
reasons. First, Judge Crocker agreed with Apple that
the fact that the future processors were not released
meant “it's a moving target. Every day something new
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and different happens” (see page 21 of Wis. Alumni
Rsch. Found. v. Apple, Inc.?). Second, the future proces-
sors may not be released prior to trial (see page 22 of
Wis. Alumni Rsch. Found. v. Apple, Inc.*). Third, includ-
ing the future processors in this lawsuit might delay
the trial date (see page 21 of Wis. Alumni Rsch. Found.
v. Apple, Inc.*). Judge Crocker said that while he did
not prefer to have “piecemeal” cases and that it would
be more efficient to have all accused processors in a
single trial, he had to “draw the line somewhere” and
WARF could include the future processors in a second
lawsuit, which WARF ultimately did (see pages 32, 20—
21,22, 32-33 of Wis. Alumni Rsch. Found. v. Apple, Inc.?).

With respect to the future processors, | agree with
Judge Crocker’s second and third reasons. While it may
be more efficient to have a single trial for all accused
processors, including the future processors at this
stage in the case might delay the trial. But | disagree
with his first reason that the design of future proces-
sors is a “moving target,” which necessarily requires
that Apple will need to repeatedly collect documents
and could require that WARF change its infringement
theories and expert reports to track Apple’s on-going
design changes. The reason for this is because an ar-
chitectural-level feature, such as tracking potential
dependences across memory accesses, is very unlike-
ly to meaningfully change—Ilet alone change enough
to affect the patent infringement analysis—after the
architectural design stage. Furthermore, the further
into the design process the future processor is, e.g.,
register transfer level, verification, synthesis, physical
design, design for test, tape-out, silicon testing, etc.,
the less likely that there will be any architectural-lev-
el changes, let alone patent infringement-relevant
changes. For example, during layout, the designers
may realize that a buffer may need to have one fewer
(or can have one more) entry or that the access time
might be a little higher. But none of those kinds of low-
er level changes would affect whether Claim 1 of the
WARF's patent would be infringed:

1) In a processor capable of executing program in-
structions in an execution order differing from
their program order, the processor further having
a data speculation circuit for detecting data de-
pendence between instructions and detecting a
mis-speculation where a data consuminginstruc-
tion dependent for its data on a data producing
instruction of earlier program order, is in fact ex-
ecuted before the data producing instruction, a
data speculation decision circuit comprising:
> a predictor receiving a mis-speculation indi-

cation from the data speculation circuit to
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produce a prediction associated with the par-

ticular data consuming instruction and based
on the mis-speculation indication; and

> a prediction threshold detector preventing

data speculation for instructions having a pre-
diction within a predetermined range.

—U.S. Patent No. 5,781,752, Claim 1.

Rather, Claim 1 requires that there is a predictor
and a prediction threshold detector that each oper-
ate in a particular way. Given that Claim 1 focuses on
high-level components that are very unlikely to change
after the architectural design stage, even if the future
processor is still being designed, it is very unlikely that
there will be any design changes that would require
that Apple will need to repeatedly collect documents
or could require that WARF change its infringement
theories or expert reports to track Apple's on-going
design changes. Rather, it is fairly likely that the only
documents Apple would need to collect and produce
are those that existed at the end of the architectural
design stage. Similarly, it is also fairly likely that WARF
would not need to change its infringement theory or
its expert reports, as it is unlikely that there will be
any meaningful changes at an architectural level that
would change WARF's infringement analysis.

Finally, with respect to Judge Crocker's comment
that the design is always changing, to the extent that
future processors, e.g., an A9 processor, also use the
data-dependency predictor,® that data-dependency
predictor is likely to be the same—at least in terms
of the components required by WARF's patent—as
what the A8 processor uses. For example, while the
A9 processor may use a more sophisticated predictor
than the A8 processor, all that Claim 1 requires is “a
predictor receiving a mis-speculation indication from
the data speculation circuit to produce a prediction...
based on the mis-speculation indication[.]” As such, as
long as the predictor in the A9 processor receives a
misspeculation indication from the data speculation
circuit and bases its prediction on the misspeculation
indication, for the purposes of infringement, the pre-
dictor in the A9 processor would operate in the same
infringing manner as the predictor in the A8 processor.

Similarly, while the A9 processor may use a more
sophisticated prediction threshold, e.g., one that dy-
namically varies, the fact that both the A8 and A9
processors might have a prediction threshold means
that, for the purposes of infringement, the prediction

2This article uses the term “data-dependency predictor” to re-
fer to the accused feature in the accused products.
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threshold in the A9 processor would operate in the
same infringing manner as the prediction threshold in
the A8 processor.

As such, rather than the design constantly chang-
ing as Judge Crocker believed, the high-level designs
may be effectively identical, only differing by their im-
plementation. Given that the asserted patent is not
limited to a particular implementation, the implemen-
tation differences of the data-dependency predictor
in the A8 and A9 are irrelevant. In that case, including
the future A9 processors into WARF's original lawsuit
probably will not delay the trial.

As described in Part VI of this series, WARF filed a mo-
tion to compel to require Apple to produce an execut-
able version of the simulator for the Accused Products
(A6, A7, and A8 processors). The reason WARF did this
is so that they could measure the performance ben-
efit of the asserted patent in those processors. With
respect to this issue, Part VI of this series comment-
ed that “Apple never appeared to suggest that, as
an alternative to producing an executable version of
the simulator (which it also argued was not relevant
and was an undue burden), that WARF should run the
workloads on actual silicon of the Accused Products.
This tends to indicate that there was no way to turn
off the data-dependency prediction feature in the Ac-
cused Products, and thus there would be no way to
measure the speedup of the patent.”® But that specu-
lation was incorrect.

On 20 February 2015, WAREF filed its next motion
to compel (second of the three remaining motions
to compel). In this motion, WARF requested that the
Court order Apple to produce specific versions of the
Accused Processors in order to measure the perfor-
mance benefit of the Accused Products (see page 1 of
Wis. Alumni Rsch. Found. v. Apple, Inc.?). More specifi-
cally, WARF stated that it tried to get the performance
information, first by asking, via an “interrogatory” (i.e.,
a written question where the answer is under oath),
whether there was a way to disable to the data-de-
pendency predictor (see page 1 of Wis. Alumni Rsch.
Found. v. Apple, Inc.?). WARF then stated that “[flour
months later, Apple identified only a technical manual
describing a technique it knew WARF would be unable
to use due to Apple's security controls (but neglected
to disclose this to WARF)" (see page 1 of Wis. Alum-
ni Rsch. Found. v. Apple, Inc.?). Rather, according to
WAREF, “only Apple has the security keys to permit the
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[data-dependency predictor] to be flipped” (see page 1
of Wis. Alumni Rsch. Found. v. Apple, Inc.?) (emphasis
in WARF's brief).

When WARF asked Apple to produce sample devic-
es that had the data-dependency predictor disabled,
Apple stated that such devices “do not presently ex-
ist at Apple” (see page 1 of Wis. Alumni Rsch. Found.
v. Apple, Inc.?). But after deposing Apple's engineers,
WARF learned that Apple had several such devices
that its engineers “routinely used” to “perform exactly
the kinds of experiments WARF seeks to run” (see page
2 of Wis. Alumni Rsch. Found. v. Apple, Inc.%). WARF ar-
gues that, despite those facts, “Apple still refused to
let WARF inspect and test the devices on the familiar
ground that it would be too burdensome” (see page 2
of Wis. Alumni Rsch. Found. v. Apple, Inc.%) (emphasis
in WARF's brief).

To support its motion, WARF retained an expert,
Prof. Glenn Reinman of the University of California, Los
Angeles, to provide an expert declaration (see page 1
of Wis. Alumni Rsch. Found. v. Apple, Inc.”). While por-
tions of his declaration are redacted, Prof. Reinman
appears to have tried to disable the data-dependen-
cy predictor on a commercial iPhone, but was unable
to do so given that the particular variable “resides in
a protected portion of memory controlled by the op-
erating system” (see paragraph 9 of Wis. Alumni Rsch.
Found. v. Apple, Inc.”).

WARF requested that the Court order Apple to do
one of three® alternatives (see page 24 of Wis. Alumni
Rsch. Found. v. Apple, Inc.?). Unfortunately, due to the
redactions in WARF's brief, Prof. Reinman’s declara-
tion, Apple's brief, and Apple employee Peter Bannon's
declaration, it is very difficult to determine what the
three alternatives are. That said, reading between the
lines, the first alternative may be that Apple provides
their typical test setup, that includes a JTAG interface,
so Prof. Reinman can “plug a cable directly into the
board/device in which the chip is installed and interact
directly with the processor” (see paragraph 17 of Wis.
Alumni Rsch. Found. v. Apple, Inc.”, and page 24 of Wis.
Alumni Rsch. Found. v. Apple, Inc.f). The second alter-
native may be that Apple provides the iOS source code
and its compiler so that Prof. Reinman (or alternatively
Apple itself) can manually change iOS in order to cre-
ate a “side build” of iOS that disables the data-depen-
dency predictor (see paragraph 12 of Wis. Alumni Rsch.

PApple describes WARF's requests as only being two alterna-
tives, which could mean the first and third alternatives are ei-
ther similar or overlap, or are otherwise combined (see page 1
of Wis. Alumni Rsch. Found. v. Apple, Inc.®).
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Found. v. Apple, Inc.”, and page 24 of Wis. Alumni Rsch.
Found. v. Apple, Inc.). The third alternative may be that
Apple provides devices where the data-dependency
predictor is somehow disabled and possibly where iOS
has not been installed (see paragraph 10 of Wis. Alumni
Rsch. Found. v. Apple, Inc.”, and page 24 of Wis. Alumni
Rsch. Found. v. Apple, Inc.5).

In its response, Apple argues that it provided WARF
with “substantial performance-related discovery,”
including “all results that it could locate of the simu-
lations or experiments created by Apple engineers
during the development of the accused A7, A8, and
A8X processors,” “emails or other documents” discuss-
ing those results, source code for those processors,
depositions of the Apple engineers who designed the
accused feature, etc. (see pages 1, 6-8 of Wis. Alumni
Rsch. Found. v. Apple, Inc.®).

Apple makes three arguments against WARF's re-
quests that the Court should order Apple to undertake
one of the alternatives. First, Apple argued that WARF's
requests would require Apple to create documents or
things (see pages 1, 6-8 of Wis. Alumni Rsch. Found.
v. Apple, Inc.8). In other words, Apple argued that be-
cause none of the things that WARF requests exists,
Apple would have to create them, which is beyond the
scope of what is required under the Federal Rules (see
page 10 of Wis. Alumni Rsch. Found. v. Apple, Inc.®). Fur-
thermore, Apple said that WARF's requests are signifi-
cantly beyond what courts have granted in other cases
(see page 13 of Wis. Alumni Rsch. Found. v. Apple, Inc.?).

Second, Apple asserted that creating and produc-
ing what WARF requests would impose an “undue bur-
den” on it (see page 14 of Wis. Alumni Rsch. Found. v.
Apple, Inc.8). In particular, Apple stated that it would
be “deprived [of] valuable engineering time” in order
to meet WARF's requests and to monitor “WARF's use
of the equipment due to security risks presented by
their production” (see pages 14-17 of Wis. Alumni Rsch.
Found. v. Apple, Inc.®).

Third, Apple said that WARF “greatly overstates the
relevance of additional performance data” (see page 17 of
Wis. Alumni Rsch. Found. v. Apple, Inc.®). In particular, as
described above, Apple argued that it already produced
“all simulations or experiments created by Apple engi-
neers during the development of the accused A7, A8,
and A8X it could locate” (see page 18 of Wis. Alumni Rsch.
Found. v. Apple, Inc.b). Apple also argued that WARF al-
ready questioned Apple's engineers about the perfor-
mance aspects of the accused feature in depositions
(see page 18 of Wis. Alumni Rsch. Found. v. Apple, Inc.8).

In addition, Apple argued that “testing performed
on the requested devices would be of limited rele-
vance” (see page 19 of Wis. Alumni Rsch. Found. v.
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Apple, Inc.®). More specifically, Apple argued that the
modifications that WARF products may have “un-
known and unintended effects” that may affect the
test results (see page 19 of Wis. Alumni Rsch. Found.
v. Apple, Inc.?).

On 11 March 2015, Judge Crocker held a telephonic
hearing for this motion (see Wis. Alumni Rsch. Found.
v. Apple, Inc.®). The meeting minutes that were pub-
lished on the docket state that Judge Crocker “granted
the motion in the manner and for the reasons stated
during the hearing” (see Wis. Alumni Rsch. Found. v.
Apple, Inc.®). Unfortunately, the redacted version of the
hearing transcript is not publicly available, so Judge
Crocker's reasons are unknown.

In general, | agree with Judge Crocker’s decision.
Measuring the exact performance impact of the da-
ta-dependency predictor in the Accused Products is
critically important to determining the damages due
to Apple's alleged infringement of the asserted pat-
ent. Obviously, if the data-dependency predictor has
a speedup of 20%, then it is more valuable than if it
provides a speedup of 2%. While the damages may not
be 10x higher with the former as compared to the lat-
ter, the former should be significantly more valuable.
Therefore, in order to provide the jury with accurate
data upon which they can make an educated decision
regarding the damages for Apple's alleged infringe-
ment of the asserted patent, it is necessary to measure
the performance of the data-dependency predictor in
the accused products.

With respect to Apple’s argument that the modifi-
cations WARF requested may affect the test results,
| do not believe that the modifications that WARF re-
quested are likely to affect the test results at all, let
alone significantly. More specifically, WARF's request-
ed modifications only changes one parameter: wheth-
er the data-dependency predictor is on or off. As such,
given that there is a single change, the likelihood that
the test results may be affected is low. Furthermore,
WARF and Apple can compare WARF's test results to
the results that Apple generated while designing the
accused processor to “sanity check” whether WARF's
test results are reasonable. Finally, this kind of test is
exactly what engineers typically do to measure the
performance of a particular feature.

With respect to Apple’s arguments that creating
and producing what WARF requests is an undue bur-
den, | disagree for at least two reasons. First, creating
a side version of iOS—one where the only difference
from public releases of iOS versions is that it disables
the data-dependency predictor—seems to be incredi-
bly easy for Apple’s iOS software engineers to do. Sec-
ond, Apple's arguments regarding security appear to
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be exaggerated, as WARF's testing would likely occur
in the same place that WARF reviewed Apple’s source
code. Given that Apple does not appear to have sig-
nificant issues with WARF reviewing its source code
in that location, Apple likewise should not have any
significant issues with WARF testing specific devices
with the data-dependency predictor turned off oronin
the same location.

The next article in this series will continue to exam-
ine what happened in this case.
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