
Exhibit B-1 to Citadel Securities’ Invalidity Contentions: 

Invalidity of U.S. Patent No. 10,931,286 based on Altera 

1 

As described in the following claim chart, claims 1, 2, 8, 10-11, and 19-20 of U.S. Patent No. 10,931,286 are invalid under 35 U.S.C. 

§§ 102 and/or 103 in view of the Altera® SyncE solution consisting of Altera’s Stratix® V FPGA interoperating with Silicon Labs’

5345 jitter-attenuating phase-locked loop (PLL) (“Altera”).1 Altera is prior art that is described in a printed publication, in public use,

on sale, or otherwise available to the public before the effective filing date of the ’286 patent. In particular, Altera is a product that was

developed by Altera and Silicon Labs, as reflected in the documents referenced below.

Documents showing the operation of Altera include but are not limited to: 

• Synchronous Ethernet Solutions with Altera FPGAs and Silicon Labs Jitter-Attenuating PLLs (“Altera White Paper”)

(CITADEL_HFT_0004708)

• Stratix V Device Handbook (“Stratix Handbook”) (CITADEL_HFT_0004128)

• Any-Frequency, Any-Output Jitter-Attenuators/Clock Multiplies Si5345, Si5344, Si5342 Family Reference Manual (“Si5345

Reference Manual”) (CITADEL_HFT_0002183)

• Altera Phase-Locked Loop (Altera PLL) IP Core User Guide, August 1, 2014 (CITADEL_HFT_0004049)

• Altera Low Latency Ethernet 10G MAC IP Core Migration Guidelines, May 4, 2015 (CITADEL_HFT_0004065)

• Transceiver Signal Integrity Development Kit, Stratix V GX Edition User Guide, July 2012 (CITADEL_HFT_0004076)

Citations to particular documents or passages are merely exemplary of where each limitation is found. Citadel Securities reserves the 

right to rely on other documents or passages providing comparable evidence of how Altera alone or in combination with other prior art 

and general knowledge renders the ’286 patent claims invalid. Citadel Securities intends to offer expert testimony and opinions 

establishing the general knowledge of a person of ordinary skill in the art, known design objectives, motivations to combine references 

and elements within the general knowledge of a POSA, the state-of-the-art, how a POSA would understand the disclosures of the cited 

prior art references, and any secondary considerations/objective indicia identified by HFT. 

To the extent that Altera is found not to anticipate one or more of the claims of the ’286 patent, those claims are obvious in view of 

Altera alone or in combination with other prior art references, such as “A Low-Latency Library in FPGA Hardware for High-

1 The analysis in this chart is based, in part, on HFT’s proposed claim constructions and the apparent claim scope required to support 

HFT’s infringement contentions. Nothing in this chart should be interpreted as conceding that HFT’s claim constructions or 

interpretation of claim scope are correct or supported by intrinsic or extrinsic evidence. Nor should this chart be interpreted as 

conceding that claim terms are definite or that claim preambles are limiting. 
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Frequency Trading (HFT)” by John W. Lockwood, and/or the general knowledge of a POSA and commonly understood design 

objectives, including, inter alia, the desire to reduce delays associated with using clock-domain crossing operations by incorporating a 

PLL external to an FPGA. Motivation to combine these references is provided in the references themselves. Citadel Securities’ 

Invalidity Contentions provide additional details regarding the motivation to combine Altera with these Lockwood and/or the general 

knowledge of a POSA. 

Citadel Securities also incorporates by reference the petition for institution of IPR2026-00151 for additional details about how claims 

1, 2, 8, 10-11, and 19-20 are rendered invalid by Altera. 
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Claims Exemplary Disclosures from the Prior Art 

[1.preamble] A 

method for 

processing a first 

serial data stream 

comprising market 

data, using a field 

programmable gate 

array system, to 

generate a second 

serial data stream 

comprising order 

entry data, wherein 

the method comprises 

the steps of: 

 

The preamble is not limiting.  

 

To the extent the preamble is limiting, Altera discloses a method of processing a serial data stream using a 

field-programmable gate array system to generate a second serial data stream, and a person of ordinary 

skill in the art would understand that the method could be applied to convert market data to order entry 

data, as taught by Lockwood. See, e.g.:  

 

 
Lockwood: 
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Claims Exemplary Disclosures from the Prior Art 
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Claims Exemplary Disclosures from the Prior Art 

 

A person of ordinary skill in the art would have been motivated to combine Altera and Lockwood. 

Specifically, a POSA would have been motivated to use Altera in high-frequency trading applications as 

described in Lockwood to minimize latency. A POSA seeking to implement the Altera FPGA for high-

frequency trading would have a reasonable expectation of success because a skilled artisan would 

recognize that the Altera FPGA’s programmable logic could be used to process financial data in high-

frequency trading. 

 

[1.a] receiving, by a 

first plurality of data 

pins in a first interface 

of a field 

programmable gate 

array in the field 

programmable gate 

array system, the first 

serial data stream; 

 

Altera discloses receiving a serial data stream by a first plurality of data pins in a first interface. See, e.g.:  

 

Altera at 2: 

 
 

Stratix Handbook: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.b] receiving, by a 

first reference clock 

pin in the first 

interface, a first clock 

signal having a first 

frequency and a first 

phase; 

 

Altera discloses receiving, by a first reference clock pin in the first interface, a first clock signal having a 

first frequency and a first phase. See, e.g.:  

 

Altera at 2: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.c] transmitting, from 

the first plurality of 

data pins in the first 

interface to a 

deserializer in the field 

programmable gate 

array, the first serial 

data stream; 

Altera discloses transmitting from the first plurality of data pins in the first interface to a deserializer the 

first serial data stream. See, e.g.:  

 

Altera at 2: 
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Claims Exemplary Disclosures from the Prior Art 

 

 
 

Stratix Handbook: 
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Claims Exemplary Disclosures from the Prior Art 
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Claims Exemplary Disclosures from the Prior Art 

 
To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.d] providing, from 

the first reference 

clock pin in the first 

interface to the 

deserializer, a clock 

signal based at least on 

the first clock signal; 

Altera discloses providing a clock signal from the first reference clock pin to the deserializer. See, e.g.:  

 

Altera at 2: 

HFT Solutions, LLC, Ex. 2007 
Citadel Securities LLC v. HFT Solutions LLC, IPR2026-00212 

Page 10 of 57



Exhibit B-1 to Citadel Securities’ Invalidity Contentions: 

Invalidity of U.S. Patent No. 10,931,286 based on Altera 

 

11 

Claims Exemplary Disclosures from the Prior Art 

 

 
 

Stratix Handbook: 
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Claims Exemplary Disclosures from the Prior Art 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.e] generating, by the 

deserializer, a first 

receiver side clock 

Altera discloses generating by the deserializer a first receiver side clock signal having a second frequency 

and a second phase, based at least in part on the first clock signal. See, e.g.:  
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Claims Exemplary Disclosures from the Prior Art 

signal having a second 

frequency and a 

second phase, based at 

least in part on the first 

clock signal; 

 

Altera at 2: 

 
 

Stratix Handbook: 
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Claims Exemplary Disclosures from the Prior Art 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.f] converting, by the 

deserializer, the first 

serial data stream into 

a first plurality of 

parallel data streams; 

 

Altera discloses converting, by the deserializer, the first serial data stream into a plurality of parallel data 

streams. See, e.g.:  

 

Altera at 2: 
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Claims Exemplary Disclosures from the Prior Art 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.g] transmitting, 

from the deserializer to 

the computational 

circuitry, the first 

plurality of data 

streams comprising a 

Altera discloses transmitting from the deserializer to the computational circuitry the first plurality of data 

streams  comprising a first plurality of data items and a first amount of data streams. See, e.g.:  

 

Altera at 2: 
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Claims Exemplary Disclosures from the Prior Art 

first plurality of data 

items and a first 

amount of data 

streams; 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.h] transmitting, via 

a first clock output pin 

on a second interface 

of the field 

programmable gate 

array to a phase 

Altera discloses transmitting via a first clock output pin on a second interface of the field programmable 

gate array to a phase detector not part of the field programmable gate array the first receiver side clock 

signal. See, e.g.:  

 

Altera at 2: 
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Claims Exemplary Disclosures from the Prior Art 

detector that is part of 

the field programmable 

gate array system and 

not part of the field 

programmable gate 

array, the first receiver 

side clock signal; 
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Claims Exemplary Disclosures from the Prior Art 

 
 

Si5345 Reference Manual: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.i] generating, using 

the field programmable 

gate array system, a 

feedback clock signal 

Altera discloses using a field programmable gate array system to generate a feedback clock signal 

associated with a first transmitter side clock signal, the feedback clock signal having a third frequency and 

a third phase, by performing the following steps until a first output of the phase detector is below a first 

threshold level. See, e.g.:  
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Claims Exemplary Disclosures from the Prior Art 

associated with a first 

transmitter side clock 

signal, the feedback 

clock signal having a 

third frequency and a 

third phase, by 

performing the 

following steps until a 

first output of the 

phase detector is below 

a first threshold level: 

 

Altera at 2: 

 
 

Si5345 Reference Manual: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.i.i] generating, by an 

adjustable oscillator in 

the field programmable 

gate array system, a 

second clock signal 

having a fourth 

frequency and a fourth 

phase; 

Altera discloses generating, by an adjustable oscillator, a second clock signal having a fourth frequency 

and a fourth phase. See, e.g.:  
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.i.ii] generating, by 

the phase detector, the 

first output based on a 

comparison of the first 

receiver side clock 

signal and the 

feedback clock signal 

obtained from the 

second clock signal; 

 

Altera discloses generating by the phase detector the first output based on a comparison of the first 

receiver side clock signal and the feedback clock signal obtained from the second clock signal. See, e.g.:  

 

Si5345 Reference Manual: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.i.iii] transmitting, 

from the phase 

detector to a phase 

controller of the field 

programmable gate 

array system which is 

not in the field 

programmable gate 

array, the first output; 

Altera discloses transmitting from the phase detector to a phase controller of the field programmable gate 

array system which is not in the field programmable gate array, the first output. See, e.g.:  
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.i.iv] determining, by 

the phase controller, 

interim adjustment 

information based on 

the first output; and 

Altera discloses determining interim adjustment information based on the first output with a phase 

controller. See, e.g.:  

 

Si5345 Reference Manual: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.i.v] transmitting, 

from the phase 

controller to the 

adjustable oscillator, 

the interim adjustment 

information; 

 

Altera discloses transmitting from the phase controller to the oscillator the interim adjustment information. 

See, e.g.:  
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.i.vi] wherein, the 

adjustable oscillator 

adjusts the second 

clock signal based on 

the interim adjustment 

information and steps 

(i) through (v) are 

repeated until the first 

output of the phase 

detector is below the 

first threshold level; 

Altera discloses the adjustable oscillator adjusts the second clock signal based on the interim adjustment 

information and steps (i) through (v) are repeated until the first output of the phase detector is below the 

first threshold level. See, e.g.:  

 

Si5345 Reference Manual at 10: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

Id. at 9: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

Id. at 19: 

 
 

Id. at 17: 
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Claims Exemplary Disclosures from the Prior Art 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.j] generating, by the 

serializer, a first 

transmitter side clock 

signal based on the 

second clock signal; 

and 

 

Altera discloses generating, by the serializer, a first transmitter side clock signal based on the second clock 

signal. See, e.g.:  

 

Altera at 2: 

 
 

Stratix Handbook: 
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Claims Exemplary Disclosures from the Prior Art 
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Claims Exemplary Disclosures from the Prior Art 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.k] transmitting, by 

the serializer to the 

Altera discloses transmitting, by the serializer to the computational circuitry, the first transmitter side 

clock signal. See, e.g.: 
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Claims Exemplary Disclosures from the Prior Art 

computational 

circuitry, the first 

transmitter side clock 

signal; 

 

 

Altera at 2: 

 
 

Stratix Handbook: 
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Claims Exemplary Disclosures from the Prior Art 

 
To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.l] performing, by 

the computational 

circuitry, a first set of 

operations on at least a 

portion of the first 

plurality of data items 

to generate a second 

Altera discloses performing, by the computational circuitry, a first set of operations on at least a portion of 

the first plurality of data items to generate a second plurality of parallel data streams comprising a second 

amount of data streams. See, e.g.:  

 

Altera at 2: 
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Claims Exemplary Disclosures from the Prior Art 

plurality of parallel 

data streams 

comprising a second 

amount of data 

streams; 

 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.m] transmitting, 

from the computational 

circuitry to the 

serializer, the second 

plurality of parallel 

data streams; 

 

Altera discloses transmitting from the computational circuitry to a serializer the second plurality of 

parallel data streams. See, e.g.:  

 

Altera at 2: 
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Claims Exemplary Disclosures from the Prior Art 

 
 

Stratix Handbook: 
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To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.n] converting, by 

the serializer, the 

second plurality of 

parallel data streams 

into the second serial 

data stream; and 

 

Altera discloses converting by the serializer the second plurality of parallel data streams into the second 

serial data stream. See, e.g.:  

 

Altera at 2: 
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To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[1.o] transmitting, 

from the serializer off 

the field programmable 

gate array system via a 

second plurality of 

data pins in the first 

interface, the second 

serial data stream. 

 

Altera discloses transmitting from the serializer off the field programmable gate array system via a second 

plurality of data pins in the first interface the second serial data stream. See, e.g.:  

 

Altera at 2: 
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To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[2] The method of 

claim 1, wherein the 

second frequency 

corresponds to the first 

frequency. 

 

A person of ordinary skill in the art would understand that when using Altera, the second frequency can 

correspond to the first frequency. See, e.g.: 

 

Altera at 2: 
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To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[8] The method of 

claim 1, wherein a 

difference between the 

third phase and the 

second phase is less 

than a second 

threshold level. 

 

Altera discloses a difference between the third phase and the second phase is less than a second threshold 

level. See, e.g.: 
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Id. at 19: 

 
 

Id. at 17: 

 
 

Id. at 27: 
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To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[10] The method of 

claim 1, wherein the 

first set of operations 

does not include clock 

domain crossing 

operations that delay 

processing of the first 

Altera discloses the first set of operations does not include clock domain crossing operations that delay 

processing of the first set of parallel data streams. For example, as discussed in previous limitations, Altera 

uses PLL(s). See, e.g.: 

 

Altera at 2: 
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set of parallel data 

streams. 
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To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 
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[11] The method of 

claim 1, wherein the 

first amount of data 

streams is the same as 

the second amount of 

data streams. 

 

Altera discloses the first amount of data streams is the same as the second amount of data streams. See, 

e.g.: 

 

Altera at 2: 
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Altera at 2: 

 
 

To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[19] The method of 

claim 1, wherein the 

transmission of the 

second serial data 

stream from the 

serializer off the field 

programmable gate 

array is transmitted to 

an input/output module 

off the field 

programmable gate 

array. 

 

Altera discloses transmitting the second serial data stream from the serializer off the field programmable 

gate array to an input/output module off the field programmable gate array. See, e.g.:  
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To the extent HFT contends that Altera fails to teach this limitation, this limitation would have been 

obvious to a person of ordinary skill in the art based on this reference either alone or in combination with 

the knowledge of one of ordinary skill in the art. 

 

[20] The method of 

claim 1, wherein the 

first serial data stream 

includes market data 

and the second serial 

data stream includes 

trading data. 

 

A person of ordinary skill in the art would understand that Altera could be used wherein the first serial 

data stream includes market data and the second serial data stream includes trading data, as taught by 

Lockwood. 
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Lockwood: 

HFT Solutions, LLC, Ex. 2007 
Citadel Securities LLC v. HFT Solutions LLC, IPR2026-00212 

Page 55 of 57



Exhibit B-1 to Citadel Securities’ Invalidity Contentions: 

Invalidity of U.S. Patent No. 10,931,286 based on Altera 

 

56 

Claims Exemplary Disclosures from the Prior Art 

 
 

 

HFT Solutions, LLC, Ex. 2007 
Citadel Securities LLC v. HFT Solutions LLC, IPR2026-00212 

Page 56 of 57



Exhibit B-1 to Citadel Securities’ Invalidity Contentions: 

Invalidity of U.S. Patent No. 10,931,286 based on Altera 

 

57 

Claims Exemplary Disclosures from the Prior Art 

 

A person of ordinary skill in the art would have been motivated to combine Altera and Lockwood. 

Specifically, a POSA would have been motivated to use Altera in high-frequency trading applications as 

described in Lockwood to minimize latency. A POSA seeking to implement the Altera FPGA for high-

frequency trading would have a reasonable expectation of success because a skilled artisan would 

recognize that the Altera FPGA’s programmable logic could be used to process financial data in high-

frequency trading. 
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