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J una~erger@qu Lilllemanuel.com 
865 S. FlgueToa St., 1Oth Floor 
Los Angeles, Callfmnia 90017 
Telephone: (213) 443-3000 
Facs1mile: (213) 443-3100 
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Redwood Shores~ California 94065 
Telephone: (650; 801-5000 
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Attorneys for Plaintiff the California 
Institute of Technology 

UNITED STATES DISTRICT COURT 

CENTRAL DISTRICT OF CALIFORNIA 

The CALIFORNIA INSTITUTE OF 
TECHNOLOGY, a California 
corporation, 

Plaintiff, 

vs. 

I 

c 

c 
a 
a 

r 

HUGHES COMMUNICATIONS, 
NC.rl' a Delaware corporation, 

HUuHES NETWORK SYSTEMS, 
LLC, a Delaware limited liability 
ompany, DISH NETWORK 

CORPORATION a Nevada 
orporation, DISH NE WORK L.L.C., 
Colorado limited liab ility company, 

nd DISHNE SATELLITE 
BROADBAND L.L.C., a Colorado 
tmited liability company, 

Defendants. 
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1 Plaintiff the California Institute of Technology ("Cal tech" or "Plaintiff'), by 

2 and through its undersigned counsel, complains and alleges as follows against 

3 Hughes Communications, Inc., Hughes Network Systems, LLC, DISH Network 

4 Corporation, DISH Network L.L.C., and dishNET Satellite Broadband L.L.C. 

5 (collectively, "Defendants"): 

6 NATURE OF THE ACTION 

7 1. This is a civil action for patent infringement arising under the patent 

8 laws of the United States, 35 U.S.C. §§ 1 et seq. 

9 2. Defendants have infringed and continue to infringe, contributed to and 

10 continue to contribute to the infringement of, and/or actively induced and continue 

11 to induce others to infringe Caltech's U.S. Patent No. 7,116,710, U.S. Patent No. 

12 7,421,032, U.S. Patent No. 7,916,781, and U.S. Patent No. 8,284,833 (collectively, 

13 "the Asserted Patents"). Caltech is the legal owner by assignment of the Asserted 

14 Patents, which were duly and legally issued by the United States Patent and 

15 Trademark Office. Caltech seeks injunctive relief and monetary damages. 

16 THE PARTIES 

17 3. Caltech is a non-profit private university organized under the laws of 

18 the State of California, with its principal place of business at 1200 East California 

19 Boulevard, Pasadena, California 91125. 

20 4. On information and belief, Hughes Communications, Inc. ("Hughes 

21 Communications") is a corporation organized under the laws of the State of 

22 Delaware, with its principal place of business located at 11717 Exploration Lane, 

23 Germantown, Maryland 20876. On information and belief, Hughes 

24 Communications is a wholly-owned subsidiary of Hughes Satellite Systems 

25 Corporation, which is a wholly-owned subsidiary of EchoStar Corporation 

26 ("EchoStar"). 

27 5. On information and belief, Hughes Network Systems, LLC ("Hughes 

28 Network") is a limited liability company organized under the laws of the State of 
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1 Delaware, with its principal place of business located at 11717 Exploration Lane, 

2 Germantown, Maryland 20876. On information and belief, Hughes Network is a 

3 wholly owned subsidiary of Hughes Communications. Hughes Communications 

4 and Hughes Network, collectively, are referred to as "Hughes Defendants." 

5 6. On information and belief, DISH Network Corporation ("DISH Corp.") 

6 is a corporation organized under the laws of the State of Nevada with its principal 

7 place of business located at 9601 South Meridian Boulevard, Englewood, Colorado 

8 80112. 

9 7. On information and belief, DISH Network L.L.C. ("DISH L.L.C.") is a 

10 limited liability company organized under the laws of the State of Colorado with its 

11 principal place of business located at 9601 South Meridian Boulevard, Englewood, 

12 Colorado 80112. On information and belief, DISH L.L.C. is a wholly owned 

13 subsidiary of DISH Corp. 

14 8. On information and belief, dishNET Satellite Broadband L.L.C. 

15 ("dishNET") is a limited liability company organized under the laws of the State of 

16 Colorado with its principal place of business located at 9601 South Meridian 

17 Boulevard, Englewood, Colorado 80112. On information and belief, dishNET is a 

18 wholly owned subsidiary of DISH Corp. On information and belief, dishNET and 

19 DISH L.L.C. are related entities. DISH Corp., DISH L.L.C., and dishNET, 

20 collectively, are referred to as "Dish Defendants." 

21 9. On information and belief, Hughes Defendants' parent company, 

22 EchoStar, and Dish Defendants were previously one company. On information and 

23 belief, around January 2008, Echo Star and Dish Defendants became two separate 

24 companies (the "spin-off'). 

25 10. On information and belief, the business relationship among Dish 

26 Defendants, EchoStar and Hughes Defendants remains extremely integrated. The 

27 same individual serves as the Chairman of both Dish Defendants and EchoStar. 

28 Further, since the spin-off, a substantial majority of the voting power of the shares 
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1 of both Dish Defendants and Echo Star is owned beneficially by the Chairman, or by 

2 certain trusts established by the Chairman. Additionally, on information and belief, 

3 in addition to the Chairman, an individual responsible for the development and 

4 implementation of advanced technologies that are of potential utility and importance 

5 to both Dish Defendants and EchoStar serves on the board of both companies. On 

6 information and belief, in 2010, Dish Defendants accounted for 82.5% ofEchoStar's 

7 total revenue and in 2012, Dish Defendants accounted for 49.5% ofEchoStar's total 

8 revenue. Additionally, on information and belief, in October 2012, Dish Defendants 

9 and Hughes Defendants entered into a distribution agreement relating to Hughes 

10 Defendants' satellite internet service: 

11 JURISDICTION AND VENUE 

12 11. This Court has jurisdiction over the subject matter of this action under 

13 28 U.S.C. §§ 1331 and 1338(a). 

14 12. Hughes Defendants are subject to this Court's personal jurisdiction. On 

15 information and belief, Hughes Defendants regularly conduct business in the State 

16 of California, including in the Central District of California, and have committed 

17 acts of patent infringement and/or contributed to or induced acts of patent 

18 infringement by others in this District and elsewhere in California and the United 

19 States. As such, Hughes Defendants have purposefully availed themselves of the 

20 privilege of conducting business within this District; have established sufficient 

21 minimum contacts with this District such that they should reasonably and fairly 

22 anticipate being haled into court in this District; have purposefully directed activities 

23 at residents of this State; and at least a portion of the patent infringement claims 

24 alleged herein arise out of or are related to one or more of the foregoing activities. 

25 13. Dish Defendants are subject to this Court's personal jurisdiction. On 

26 information and belief, Dish Defendants regularly conduct business in the State of 

27 California, including in the Central District of California, maintain employees in this 

28 District and elsewhere in Califomia, and have committed acts of patent infringement 
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1 and/or contributed to or induced acts of patent infringement by others in this District 

2 and elsewhere in California and the United States. As such, Dish Defendants have 

3 purposefully availed themselves of the privilege of conducting business within this 

4 District; have established sufficient minimum contacts with this District such that 

5 they should reasonably and fairly anticipate being haled into court in this District; 

6 have purposefully directed activities at residents of this State; and at least a portion 

7 of the patent infringement claims alleged herein arise out of or are related to one or 

8 more of the foregoing activities. 

9 14. Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391 

10 and 1400 because Defendants regularly conduct business in this District, and certain 

11 of the acts complained ofherein occurred in this District. 

12 CAL TECH'S ASSERTED PATENTS 

13 15. On October 3, 2006, the United States Patent Office issued U.S. Patent 

14 No. 7,116,710, titled "Serial Concatenation of Interleaved Convolutional Codes 

15 Forming Turbo-Like Codes" (the "'710 patent"). A true and correct copy of the 

16 '710 patent is attached hereto as Exhibit A. 

17 16. On September 2, 2008, the United States Patent Office issued U.S. 

18 Patent No. 7,421,032, titled "Serial Concatenation of Interleaved Convolutional 

19 Codes Forming Turbo-Like Codes" (the '"032 patent"). A true and correct copy of 

20 the '032 patent is attached hereto as Exhibit B. The '032 patent is a continuation of 

21 the application that led to the '710 patent. 

22 17. On March 29, 2011, the United States Patent Office issued U.S. Patent 

23 No. 7 ,916, 781, titled "Serial Concatenation of Interleaved Convolutional Codes 

24 Forming Turbo-Like Codes" (the '"781 patent"). A true and correct copy of the 

25 '781 patent is attached hereto as Exhibit C. The '781 patent is a continuation of the 

26 application that led to the '032 patent, which is a continuation of the application that 

27 led to the '710 patent. 

28 18. On October 9, 2012, the United States Patent Office issued U.S. Patent 

COMPLAINT fOR PATENT INfRINGEMENT 
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1 No. 8,284,833, titled "Serial Concatenation of Interleaved Convolutional Codes 

2 Forming Turbo-Like Codes" (the "'833 patent"). A true and correct copy of the 

3 '833 patent is attached hereto as Exhibit D. The '833 patent is a continuation of the 

4 application that led to the '781 patent, which is a continuation of the application that 

5 led to the '032 patent, which is a continuation of the application that led to the '710 

6 patent. 

7 19. The Asserted Patents identify Hui Jin, Aamod Khandekar, and Robert 

8 J. McEliece as the inventors (the "Named Inventors"). 

9 20. Cal tech is the owner of all right, title, and interest in and to each of the 

10 Asserted Patents with full and exclusive right to bring suit to enforce the Asserted 

11 Patents, including the right to recover for past damages and/or royalties. 

12 21. The Asserted Patents are valid and enforceable. 

13 BACKGROUND TO THIS ACTION 

14 22. The Asserted Patents disclose a seminal improvement to coding 

15 systems and methods used for digital satellite transmission. The Asserted Patents 

16 disclose an ensemble of codes called irregular repeat-accumulate (IRA) codes, 

17 which are specific types of low-density parity check (LDPC) codes. The IRA codes 

18 disclosed in the Asserted Patents enable a transmission rate close to the theoretical 

19 limit, while also providing the advantage of a low encoding complexity. 

20 23. In September 2000, the Named Inventors of the Asserted Patents 

21 published a paper regarding their invention, titled "Irregular Repeat-Accumulate 

22 Codes" for the Second International Conference on Turbo Codes. (Exhibit E.) This 

23 paper has been widely cited by experts in the industry. 

24 24. Experts recognize the importance and usefulness of the IRA codes 

25 disclosed in the September 2000 paper by the Named Inventors of the Asserted 

26 Patents. For example, a paper praising these IRA codes was published in August 

27 2004 by Aline Roumy, Souad Guemghar, Giuseppe Caire, and Sergio Verduin the 

28 IEEE Transactions on Information Theory. This paper, titled "Design Methods for 

COMPLAINT roR PATENT INFRINGEMENT 
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1 Irregular Repeat-Accumulate Codes," states: 

IRA codes are, in fact, special subclasses of both irregular 
LDPCs and irregular turbo codes .... IRA codes are an 
appealing choice because the encoder is extremely simple, their 
performance is quite competitive with that of turbo codes and 
LDPCs, and they can be decoded with a very-low-complexity 
iterative decoding scheme. 

2 

3 

4 

5 

6 
(Exhibit F, at 1.) This paper also notes that, four years after the September 2000 

7 
paper, the Named Inventors were the only ones to propose a method to design IRA 

8 
codes. (!d.) 

9 
The current standard for digital satellite transmissions embodies the 25. 

10 
invention of the Asserted Patents by using channel codes that are IRA codes. This 

11 
digital satellite transmission standard is titled "Digital Video Broadcasting (DVB); 

12 
Second generation framing structure, channel coding and modulation systems for 

13 
Broadcasting, Interactive Services, News Gathering and other broadband satellite 

14 
applications" (the "DVB-S2 standard"). 

15 
26. Experts in the industry recognize that the DVB-S2 standard uses the 

IRA codes initially disclosed by the Named Inventors of the Asserted Patents. For 
17 

example, a 2005 paper published by the highly regarded Institute of Electrical and 

16 

18 

19 

20 

21 

22 

23 

24 

Electronics Engineers (IEEE), titled "A Synthesizable IP Core for DVB-S2 LDPC 

Code Decoding," and authored by Frank Kienle, Torben Brack, and Norbert Wehn 

recogmzes: 

The LDPC codes as defined in the DVB-S2 standard are IRA 
codes, thus the encoder realization is straight forward. 
Furthermore, the DVB-S2 code shows regularities which can be 
exploited for an efficient hardware realization. 

25 
(Exhibit G, at 1.) 

26 
27. Moreover, this paper provides credit to the September 2000 paper 

27 
authored by the Named Inventors of the Asserted Patents for the origination of the 

28 
IRA codes that are defined in the DVB-S2 standard. (!d. at 1 & n.8.) 
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1 28. Similarly, on information and belief, a 2007 paper titled "Factorizable 

2 Modulo MParallel Architecture for DVB-S2 LDPC Decoding," and published in the 

3 Proceedings of the 6th Conference on Telecommunications, recognizes that the 

4 DVB-S2 standard uses the IRA codes initially disclosed by the Named Inventors of 

5 the Asserted Patents. This paper, authored by Marco Gomes, Gabriel Faldio, Vitor 

6 Silva, Vitor Ferreira, Alexandre Sengo, and Miguel Falcao, states: 

7 

8 

9 

10 

The new DVB-S2 [) standard adopted a special class of LDPC 
codes lmown by IRA codes [] as the main solution for the FEC 
system. 

(Exhibit H, at 1.) 

29. Moreover, this paper also credits the September 2000 paper authored 
11 

by the Named Inventors of the Asserted Patents for the origination of the IRA codes 
12 

that are defined in the DVB-S2 standard. (!d. at 1 & n.8.) 
13 

30. As even further support, on information and belief, a 2006 industry 
14 

paper published in the Journal of Communications Software and Systems, titled 
15 

"Design of LDPC Codes: A Survey and New Results" and authored by Gianluigi 
16 

17 

19 

20 

21 

22 

Liva, Shumei Song, Lan Lan, Yifei Zhang, Shu Lin, and William E. Ryan, confirms 

The ETSI DVB S2 [] standard for digital video broadcast 
specifies two IRA code families with block lengths 64800 and 
16200. 

(Exhibit I, at 10-11.) 

31. As such, products, methods, equipment, and/or services that implement 

23 the DVB-S2 standard practice one or more claims of each of the Asserted Patents 

24 because the DVB-S2 standard embodies the invention of the Asserted Patents by 

25 using IRA codes. 

26 32. On information and belief, Hughes Defendants manufacture, use, 

27 import, offer for sale, or sell products, methods, equipment, and/or services that 

28 implement the DVB-S2 standard. For example, Hughes Defendants provide satellite 

COMPLAINT FOR PATENT INFRINGEMENT 
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1 broadband internet access to consumers and broadband network services to the 

2 enterprise markets, among other activities, including through their HN System and 

3 HX System product lines. Hughes Defendants have extensively publicized that their 

4 flagship HN System and HX System satellite broadband internet product lines 

5 implement the DVB-S2 standard. On information and belief, Hughes Defendants 

6 market and sell, among other activities, certain broadband equipment and services 

7 that implements the DVB-S2 standard through the HughesNet brand. On 

8 information and belief, Hughes Defendants further sell or provide certain broadband 

9 equipment and services that implements the DVB-S2 standard to Dish Defendants. 

10 On information and belief, Hughes Defendants use their broadband equipment that 

11 implements the DVB-S2 standard for testing, consulting, and/or support services, 

12 among other activities. 

13 33. On information and belief, Dish Defendants manufacture, use, import, 

14 offer for sale, or sell products, methods, equipment, and/or services that implement 

15 the DVB-S2 standard. For example, on information and belief, Dish Defendants 

16 market, offer for sale, sell, and distribute, among other activities, Hughes 

1 7 Defendants' satellite internet service, among other products and services, under the 

18 dishNET brand pursuant to a distribution agreement entered into with Hughes 

19 Defendants in October 2012. On information and belief, Dish Defendants purchase 

20 certain broadband equipment and services that implements the DVB-S2 standard 

21 from Hughes Defendants and offer for sale, sell, provide, and/or distribute this 

22 equipment and service to its customers. On information and belief, Dish Defendants 

23 use this broadband equipment and service that implements the DVB-S2 standard for 

24 testing, consulting and/or support services, among other activities. On information 

25 and belief, the dishNET services are primarily bundled with other services offered 

26 by Dish Defendants. 

27 34. Hughes Defendants admit that their broadband satellite systems are 

28 compliant with "high-speed DVB-S2." (Exhibit J.) Additionally, Hughes 

COMPLAINT FOR PATENT INFRINGEMENT 
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1 Defendants have touted that implementation of this DVB-S2 standard "provides for 

2 higher throughputs, better coding efficiency, and improved satellite resource 

3 utilization for the outbound channel." (Exhibit K.) 

4 35. Further, Hughes Defendants' website advertises its HX System and 

5 provides a linlc to a brochure titled "High-Performance IP Satellite Broadband 

6 System." (Exhibit L.) This brochure similarly highlights Hughes Defendants' 

7 implementation of the DVB-S2 standard, stating that the core component of the HX 

8 System, the HX Gateway, "uses a DVB-S2 carrier . . ; for the outbound channel 

9 received by all HX System remote terminals." (!d.) 

10 3 6. Hughes Defendants' website also advertises its HN System and states 

11 that it is compliant with DVB-S2. (Exhibit M.) 

12 COUNT I 

13 Infringement of the '710 Patent 

14 3 7. Plaintiff re-alleges and incorporates by reference the allegations of the 

15 preceding paragraphs of this Complaint as if fully set forth herein. 

16 38. On information and belief, in violation of35 U.S.C. § 271, Defendants 

17 have infringed and are currently infringing, directly and/or through intermediaries, 

18 the '71 0 patent by making, using, selling, offering for sale, and/or importing into the 

19 United States, without authority, products, methods, equipment, and/or services that 

20 practice one or more claims of the '710 patent. These products, methods, 

21 equipment, and/or services include products that implement the DVB-S2 standard, 

22 including without limitation products in the HN System and HX System product 

23 lines, satellite internet product lines distributed under the dishNET brand, network 

24 and network services that employ these products, and/or marketing, consulting, 

25 and/or support services provided for these products and services (collectively, the 

26 "Accused Services and Products"). For example, at least Paragraphs 32 and 33 

27 illustrate a limited number of examples of Defendants' direct infringement of the 

28 '71 0 patent. Defendants have infringed and are currently infringing literally and/or 

COMPLAINT !'OR PATENT INFRINGEMENT 
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1 under the doctrine of equivalents. 

2 39. On information and belief, in violation of 35 U.S.C. § 271, Defendants 

3 have infringed and are continuing to infringe the '71 0 patent by contributing to 

4 and/or actively inducing the infringement by others of the '71 0 patent by making, 

5 using, selling, offering for sale, and/or importing into the United States, without 

6 authority, products, methods, equipment, and/or services, including the Accused 

7 Services and Products, that practice one or more claims of the '71 0 patent. 

8 40. Hughes Defendants have had actual knowledge of their infringement of 

9 the '71 0 patent before the filing date of this Complaint through letters alleging such 

1 0 infringement, or at least have had actual knowledge of their infringement of the '71 0 

11 patent since no later than the filing date of this Complaint. 

12 41. On information and belief, Dish Defendants have had actual 

13 knowledge of their infringement of the '710 patent before the filing date of this 

14 Complaint based on their marketing, sale, and distribution, among other activities, 

15 of Hughes Defendants' satellite internet service and their relationship with Hughes 

16 Defendants (see Paragraphs 9, 10, 3 3 ). Dish Defendants at least have had actual 

17 knowledge of their infringement of the '710 patent since no later than the filing 

18 date of this Complaint. 

19 42. Notwithstanding Defendants' actual notice of infringement, 

20 Defendants have continued, directly and/or through intermediaries, to manufacture, 

21 use, import, offer for sale, or sell the Accused Services and Products with 

22 knowledge of or willful blindness to the fact that their actions will induce others, 

23 including but not limited to their customers, partners, and/or end users, to infringe 

24 the '71 0 patent. Defendants have induced and continue to induce others to infringe 

25 the '710 patent in violation of 35 U.S.C. § 271 by encouraging and facilitating 

26 others to perform actions that Defendants know to be acts of infringement of the 

27 '71 0 patent with intent that those performing the acts infringe the '71 0 p'atent. 

28 Upon information and belief, Defendants, directly and/or through intermediaries, 
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1 advertise and distribute the Accused Services and Products, publish instruction 

2 materials, specifications and/or promotional literature describing the operation of 

3 the Accused Services and Products, and/or offer training and/or consulting services 

4 regarding the Accused Services and Products to their customers, partners, and/or 

5 end users. At least consumers, partners, and/or end users of these Accused Services 

6 and Products then directly or jointly infringe the '71 0 patent by making, using, 

7 selling, offering for sale, and/or importing into the United States, without authority, 

8 the Accused Services and Products. 

9 43. Upon information and belief, Defendants know that the Accused 

10 Services and Products are especia~ly made or especially adapted for use in the 

11 infringement of the '71 0 patent. The infringing components of these products are 

12 not staple articles or commodities of commerce suitable for substantial non-

13 infringing use, and the infringing components of these products are a material part 

14 of the invention of the '710 patent. Accordingly, in violation of 35 U.S.C. § 271, 

15 Defendants are also contributing, directly and/or through intermediaries, to the 

16 direct infringement ofthe '710 patent by at least the customers, partners, and/or end 

17 users of these Accused Services and Products. The customers, partners, and/or end 

18 users of these Accused Services and Products directly infringe the '71 0 patent by 

19 making, using, selling, offering for sale, and/or importing into the United States, 

20 without authority, the Accused Services and Products. 

21 44. As but one example of Hughes Defendants' contributory and/or 

22 induced infringement, Hughes Defendants explicitly encourage their customers to 

23 practice the methods dis~losed a~d claimed in the '710 patent by using the Accused 

24 Services and Products. As detailed in Paragraphs 34 through 36, Hughes 

25 Defendants' website advertises its HN System and HX System, and provides 

26 information and brochures regarding these systems. (See Exhibits J, K, L, M.) 

27 These webpages and brochures highlight Hughes Defendants' implementation of the 

28 DVB-S2 standard. On information and belief, through materials such as these, the 
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1 Hughes Defendants actively encourage their consumers, partners, and/or end users 

2 to infringe the '710 patent through at least use of the HN System and HX System 

3 product lines, knowing those acts to be infringement of the '71 0 patent with intent 

4 that those performing the acts infringe the '71 0 patent. 

5 45. As but one example of Dish Defendants' contributory and/or induced 

6 infringement, Dish Defendants explicitly encourage their customers to practice the 

7 methods disclosed and claimed in the '71 0 patent by using the Accused Services and 

8 Products. According to Dish Defendants' 2012 Annual Report (10-K), Dish 

9 Defendants lease to dishNET satellite internet subscribers the customer premise 

10 equipment. On information and belief, this equipment implements the DVB-82 

11 standard. On information and belief, through providing this equipment, Dish 

12 Defendants actively encourage their consumers and end users to infringe the '710 

13 patent through at least use of the equipment, knowing those acts to be infringement 

14 ofthe '710 patent with intent that those performing the acts infringe the '710 patent. 

15 46. Defendants are not licensed or otherwise authorized to practice, 

16 contributorily practice and/or induce third parties to practice the claims of the '71 0 

17 patent. 

18 47. By reason of Defendants' infringing activities, Caltech has suffered, 

19 and will continue to suffer, substantial damages. 

20 48. Caltech is entitled to recover from Defendants the damages sustained as 

21 a result of Defendants' wrongful acts in an amount subject to proof at trial. 

22 49. Defendants' continuing acts of infringement are irreparably harming 

23 and causing damage to Caltech, for which Caltech has no adequate remedy at law, 

24 and will continue to suffer such irreparable injury unless Defendants' continuing 

25 acts of infringement are enjoined by the Court. The hardships that an injunction 

26 would impose are less than those faced by Caltech should an injunction not issue. 

27 The public interest would be served by issuance of an injunction. Thus, Cal tech is 

28 entitled to a preliminary and a permanent injunction against further infringement. 
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1 50. Hughes Defendants' infringement of the '710 patent has been and 

2 continues to be willful and deliberate, justifying a trebling of damages under 35 

3 U.S.C. § 284. Among other facts, Hughes Defendants have had knowledge of their 

4 infringement of the '71 0 patent before the filing date of this Complaint through 

5 letters alleging such infringement. Upon information and belief, Hughes 

6 Defendants' accused actions continued despite an objectively high likelihood that 

7 they constituted infringement of the '71 0 patent. Hughes Defendants either knew or 

8 should have known about their risk of infringing the '71 0 patent. Hughes 

9 Defendants' conduct despite this knowledge was made with both objective and 

10 subjective reckless disregard for the infringing nature of their activities as 

11 demonstrated by Hughes Defendants' knowledge regarding the claims of the '710 

12 patent. 

13 51. Defendants' infringement ofthe '710 patent is exceptional and entitles 

14 Caltech to attorneys' fees and costs incurred in prosecuting this action under 35 

15 u.s.c. § 285 . 

16 

17 

COUNT II 

Infringement of the '032 Paten! 

18 52. Plaintiff re-alleges and incorporates by reference the allegations of the 

19 preceding paragraphs of this Complaint as if fully set forth herein. 

20 53. On information and belief, in violation of 35 U.S.C. § 271, Defendants 

21 have infringed and are currently infringing, directly and/or through intermediaries, 

22 the '032 patent by making, using, selling, offering for sale, and/or importing into the 

23 United States, without authority, products, methods, equipment, and/or services that 

24 practice one or more claims of the '032 patent. These products, methods, 

25 equipment, and/or services include products that implement the DVB-S2 standard, 

26 including without limitation products in the HN System and HX System product 

27 lines, satellite internet product lines distributed under the dishNET brand, network 

28 and network services that employ these products, and/or marketing, consulting, 
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1 and/or support services provided for these products and services (collectively, the 

2 "Accused Services and Products"). For example, at least Paragraphs 32 and 33 

3 illustrate a limited number of examples of Defendants' direct infringement of the 

4 '032 patent. Defendants have infringed and are currently infringing literally and/or 

5 under the doctrine of equivalents. 

6 54. On information and belief, in violation of35 U.S.C. § 271, Defendants 

7 have infringed and are continuing to infringe the '032 patent by contributing to 

8 and/or actively inducing the infringement by others of the '032 patent by making, 

9 using, selling, offering for sale, and/or importing into the United States, without 

10 authority, products, methods, equipment, and/or services, including the Accused 

11 Services and Products, that practice one or more claims of the '032 patent. 

12 55. Hughes Defendants have had actual knowledge of their infringement of 

13 the '032 patent before the filing date of this Complaint through letters alleging such 

14 infringement, or at least have had actual knowledge of their infringement of the '032 

15 patent since no later than the filing date of this Complaint. 

16 56. On information and belief, Dish Defendants have had actual knowledge 

17 of their infringement of the '032 patent before the filing date of this Complaint 

18 based on their marketing, sale, and distribution, among other activities, of Hughes 

19 Defendants' satellite internet service and their relationship with Hughes Defendants 

20 (see Paragraphs 9, 10, 33). Dish Defendants at least have had actual knowledge of 

21 their infringement of the '032 patent since no later than the filing date of this 

22 Complaint. 

23 57. Notwithstanding Defendants' actual notice of infringement, Defendants 

24 have continued, directly and/or through intermediaries, to manufacture, use, import, 

25 offer for sale, or sell the Accused Services and Products with knowledge of or 

26 willful blindness to the fact that their actions will induce others, including but not 

27 limited to their customers, partners, and/or end users, to infringe the '032 patent. 

28 Defendants have induced and continue to induce others to infringe the '032 patent in 
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1 violation of 35 U.S.C. § 271 by encouraging and facilitating others to perform 

2 actions that Defendants know to be acts of infringement of the '032 patent with 

3 intent that those performing the acts infringe the '032 patent. Upon information and 

4 belief, Defendants, directly and/or through intermediaries, advertise and distribute 

5 the Accused Services and Products, publish instruction materials, specifications 

6 and/or promotional literature describing the operation of the Accused Services and 

7 Products, and/or offer training and/or consulting services regarding the Accused 

8 Services and Products to their customers, partners, and/or end users. At least 

9 consumers, partners, and/or end users of these Accused Services and Products then 

10 directly or jointly infringe the '032 patent by making, using, selling, offering for 

11 sale, and/or importing into the United States, without authority, the Accused 

12 Services and Products. 

13 58. Upon information and belief, Defendants know that the Accused 

14 Services and Products are especially made or especially adapted for use in the 

15 infringement of the '032 patent. The infringing components of these products are 

16 not staple articles or commodities of commerce suitable for substantial non-

17 infringing use, and the infringing components of these products are a material part 

18 of the invention of the '032 patent. Accordingly, in violation of 35 U.S. C. § 271, 

19 Defendants are also contributing, directly and/or through intermediaries, to the 
' 

20 direct infringement of the '032 patent by at least the customers, partners, and/or end 

21 users of these Accused Services and Products. The customers, partners, and/or end 

22 users of these Accused Services and Products directly infringe the '032 patent by 

23 making, using, selling, offering for sale, and/or importing into the United States, 

24 without authority, the Accused Services and Products. 

25 59. As but one example of Hughes Defendants' contributory and/or 

26 induced infringement, Hughes Defendants explicitly encourage their customers to 

27 practice the methods disclosed and claimed in the '032 patent by using the Accused 

28 Services and Products. As detailed in Paragraphs 34 through 36, Hughes 
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1 Defendants' website advertises its HN System and HX System, and provides 

2 information and brochures regarding these systems. (See Exhibits J, K, L, M.) 

3 These webpages and brochures highlight Hughes Defendants' implementation of the 

4 DVB~S2 standard. On information and belief, through materials such as these, the 

5 Hughes Defendants actively encourage their consumers, partners, and/or end users 

6 to infringe the '032 patent through at least use of the HN System and HX System 

7 product lines, knowing those acts to be infringement of the '032 patent with intent 

8 that those performing the acts infringe the '032 patent. 

9 60. As but one example of Dish Defendants' contributory and/or induced 

10 infringement, Dish Defendants explicitly encourage their customers to practice the 

11 methods disclosed and claimed in the '032 patent by using the Accused Services and 

12 Products. According to Dish Defendants' 2012 Annual Report (lO~K), Dish 

13 Defendants lease to dishNET satellite internet subscribers the customer premise 

14 equipment. On information and belief, this equipment implements the DVB-S2 

15 standard. On information and belief, through providing this equipment, Dish 

16 Defendants actively encourage their consumers and end users to infringe the '032 

17 patent through at least use of the equipment, knowing those acts to be infringement 

18 of the '032 patent with intent that those performing the acts infringe the '032 patent.. 

19 61. Defendants are not licensed or otherwise authorized to practice, 

20 contributorily practice and/or induce third parties to practice the claims of the '032 

21 patent. 

22 62. By reason of Defendants' infringing activities, Caltech has suffered, 

23 and will continue to suffer, substantial damages. 

24 63. Cal tech is entitled to recover from Defendants the damages sustained as 

25 a result of Defendants' wrongful acts in an amount subject to proof at trial. 

26 64. Defendants' continuing acts of infringement are irreparably harming 

27 and causing damage to Caltech, for which Caltech has no adequate remedy at law, 

28 and will continue to suffer such irreparable injury unless Defendants' continuing 
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1 acts of infringement are enjoined by the Court. The hardships that an injunction 

2 would impose are less than those faced by Caltech should an injunction not issue. 

3 The public interest would be served by issuance of an injunction. Thus, Cal tech is 

4 entitled to a preliminary and a permanent injunction against further infringement. 

5 65. Hughes Defendants' infringement of the '032 patent has been and 

6 continues to be willful and deliberate, justifying a trebling of damages under 35 

7 U.S.C. § 284. Among other facts, Hughes Defendants have had lmowledge of their 

8 infringement of the '032 patent before the filing date of this Complaint through 

9 letters alleging such infringement. Upon information and belief, Hughes 

10 Defendants' accused actions continued despite an objectively high likelihood that 

11 they constituted infringement of the '032 patent. Hughes Defendants either knew or 

12 should have known about their risk of infringing the '032 patent. Hughes 

13 Defendants' conduct despite this knowledge was made with both objective and 

14 subjective reckless disregard for the infringing nature of their activities as 

15 demonstrated by Hughes Defendants' lmowledge regarding the claims of the '032 

16 patent. 

17 66. Defendants' infringement of the '032 patent is exceptional and entitles 

18 Cal tech to attorneys' fees and costs incurred in prosecuting this action under 35 

19 u.s.c. § 285. 

20 

21 

COUNT III 

Infringement of the '781 Patent 

22 67. Plaintiff re-alleges and incorporates by reference the allegations of the 

23 preceding paragraphs of this Complaint as if fully set forth herein. 

24 68. On information and belief, in violation of 35 U.S.C. § 271, Defendants 

25 have infringed and are currently infringing, directly and/or through intermediaries, 

26 the '781 patent by using, without authority, products, methods, equipment, and/or 

27 services that practice one or more claims of the '781 patent. These products, 

28 methods, equipment, and/or services include products that implement the DVB-S2 
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1 standard, including without limitation products in the HN System and HX System 

2 product lines, satellite internet product lines distributed under the dishNET brand, 

3 network and network services that employ these products, and/or marketing, 

4 consulting, and/or support services provided for these products and services 

5 (collectively, the "Accused Services and Products"). For example, at least 

6 Paragraphs 32 and 33 illustrate a limited number of examples of Defendants' direct 

7 infringement of the '781 patent. Defendants have infringed and are currently 

8 infringing literally and/or under the doctrine of equivalents. 

9 69. On information and belief, in violation of 35 U.S.C. § 271, Defendants 

10 have infringed and are continuing to infringe the '781 patent by contributing to 

11 and/or actively inducing the infringement by others of the '781 patent by making, 

12 using, selling, offering for sale, and/or importing into the United States, without 

13 authority, products, methods, equipment, and/or services, including the Accused 

14 Services and Products, that practice one or more claims of the '781 patent. 

15 70. On information and belief, Hughes Defendants have had actual 

16 knowledge of their infringement of the '781 patent, the subject matter of the '781 

17 patent, and/or the invention of the '781 patent before the filing date of this 

18 Complaint. On information and belief, Hughes Defendants also had knowledge of 

19 the application that led to the '781 patent before the filing date of this Complaint. 

20 Hughes Defendants at least have had actual knowledge of their infringement of the 

21 '781 patent since no later than the filing date of this Complaint. 

22 71. On information and belief, Dish Defendants have had actual knowledge 

23 of their infringement of the '781 patent before the filing date of this Complaint 

24 based on their marketing, sale, and distribution, among other activities, of Hughes 

25 Defendants' satellite internet service and their relationship with Hughes Defendants 

26 (see Paragraphs 9, 10, 33). Dish Defendants at least have had actual knowledge of 

27 their infringement of the '781 patent since no later than the filing date of this 

28 Complaint. 
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72. Notwithstanding Defendants' actual notice of infringement, Defendants 

2 have continued, directly and/or through intermediaries, to manufacture, use, import, 

3 offer for sale, or sell the Accused Services and Products with knowledge of or 

4 willful blindness to the fact that their actions will induce others, including but not 

5 limited to their customers, partners, and/or end users, to infringe the '781 patent. 

6 Defendants have induced and continue to induce others to infringe the '781 patent in 

7 violation of 35 U.S.C. § 271 by encouraging and facilitating others to perform 

8 actions that Defendants know to be acts of infringement of the '781 patent with 

9 intent that those performing the acts infringe the '781 patent. Upon information and 

10 belief, Defendants, directly and/or through intermediaries, advertise and distribute 

11 the Accused Services and Products, publish instruction materials, specifications 

12 and/or promotional literature describing the operation of the Accused Services and 

13 Products, and/or offer training and/or consulting services regarding the Accused 

14 Services and Products to their customers, partners, and/or end users. At least 

15 consumers, partners, and/or end users of these Accused Services and Products then 

16 directly or jointly infringe the '781 patent by making, using, selling, offering for 

17 sale, and/or importing into the United States, . without authority, the Accused 

18 Services and Products. 

19 73. Upon information and belief, Defendants know that the Accused 

20 Services and Products are especially made or especially adapted for use in the 

21 infringement of the '781 patent. The infringing components of these products are 

22 not staple articles or commodities of commerce suitable for substantial non-

23 infringing use, and the infringing components of these products are a material part 

24 of the invention ofthe '781 patent. Accordingly, in violation of35 U.S.C. § 271, 

25 Defendants are also contributing, directly and/or through intermediaries, to the 

26 direct infringement of the '781 patent by at least the customers, partners, and/or end 

27 users of these Accused Services and Products. The customers, partners, and/or end 

28 users of these Accused Services and Products directly infringe the '781 patent by 
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1 making, using, selling, offering for sale, and/or importing into the United States, 

2 without authority, the Accused Services and Products. 

3 74. As but one example of Hughes Defendants' contributory and/or 

4 induced infringement, Hughes Defendants explicitly encourage their customers to 

5 practice the methods disclosed and claimed in the '781 patent by using the Accused 

6 Services and Products. As detailed in Paragraphs 34 through 36, Hughes 

7 Defendants' website advertises its HN System and HX System, and provides 

8 information and brochures regarding these systems. (See Exhibits J, K, L, M.) 

9 These webpages and brochures highlight Hughes Defendants' implementation of the 

10 DVB-S2 standard. On information and belief, through materials such as these, the 

11 Hughes Defendants actively encourage their consumers, partners, and/or end users 

12 to infringe the '781 patent through at least use of the HN System and HX System 

13 product lines, knowing those acts to be infringement of the '781 patent with intent 

14 that those performing the acts infringe the '781 patent. 

15 75. As but one .example of Dish Defendants' contributory and/or induced 

16 infringement, Dish Defendants explicitly encourage their customers to practice the 

17 methods disclosed and claimed in the '781 patent by using the Accused Services and 

18 Products. According to Dish Defendants' 2012 Annual Report (10-K), Dish 

19 Defendants lease to dishNET satellite internet subscribers the customer premise 

20 equipment. On information and belief, this equipment implements the DVB-S2 

21 standard. On information and belief, through providing this equipment, Dish 

22 Defendants actively encourage their consumers and end users to infringe the '781 

23 patent through at least use of the equipment, knowing those acts to be infringement 

24 of the '7 81 patent with intent that those performing the acts infringe the '7 81 patent. 

25 76. Defendants are not licensed or otherwise authorized to practice, 

26 contributorily practice and/or induce third parties to practice the claims of the '781 

27 patent. 

28 77. By reason of Defendants' infringing activities, Caltech has suffered, 
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1 and will continue to suffer, substantial damages. 

2 78. Caltech is entitled to recover from Defendants the damages sustained as 

3 a result of Defendants' wrongful acts in an amount subject to proof at trial. 

4 79. Defendants' continuing acts of infringement are irreparably harming 

5 and causing damage to Cal tech, for which Cal tech has no adequate remedy at law, 

6 and will continue to suffer such irreparable injury unless Defendants' continuing 

7 acts of infringement are enjoined by the Court. The hardships that an injunction 

8 would impose are less than those faced by Caltech should an injunction not issue. 

9 The public interest would be served by issuance of an injunction. Thus, Caltech is 

10 entitled to a preliminary and a permanent injunction against further infringement. 

11 80. Hughes Defendants' infringement of the '781 patent has been and 

12 continues to be willful and deliberate, justifying a trebling of damages under 35 

13 U.S.C. § 284. Among other facts, on information and belief, Hughes Defendants 

14 have had knowledge of their infringement of the '781 patent, the subject matter of 

15 the '781 patent, and/or the invention of the '781 patent before the filing date of this 

16 Complaint. Upon information and belief, Hughes Defendants' accused actions 

17 continued despite an objectively high likelihood that they constituted infringement 

18 of the '781 patent. Hughes Defendants either knew or should have known about 

19 their risk of infringing the '781 patent. Hughes Defendants' conduct despite this 

20 knowledge was made with both objective and subjective reckless disregard for the 

21 infringing nature of their activities as demonstrated by Hughes Defendants' 

22 knowledge regarding the claims of the '781 patent. 

23 81. Defendants' infringement of the '781 patent is exceptional and entitles 

24 Caltech to. attorneys' fees and costs incurred in prosecuting this action under 35 

25 u.s.c. § 285. 

26 

27 

COUNT IV 

Infringement of the '833 Patent 

28 82. Plaintiff re-alleges and incorporates by reference the allegations of the 
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1 preceding paragraphs of this Complaint as if fully set forth herein. 

2 83. On information and belief, in violation of 35 U.S.C. § 271, Defendants 

3 have infringed and are currently infringing, directly and/or through intermediaries, 

4 the '833 patent by making, using, selling, offering for sale, and/or importing into the 

5 United States, without authority, products, methods, equipment, and/or services that 

6 practice one or more claims of the '833 patent. These products, methods, 

7 equipment, and/or services include products that implement the DVB-S2 standard, 

8 including without limitation products in the HN System and HX System product 

9 lines, satellite internet product lines distributed under the dishNET brand, network 

10 and network services that employ these products, and/or marketing, consulting, 

11 and/or support services provided for these products and services (collectively, the 

12 "Accused Services and Products"). For example, at least Paragraphs 32 and 33 

13 illustrate a limited number of examples of Defendants' direct infringement of the 

14 '833 patent. Defendants have infringed and are currently infringing literally and/or 

15 under the doctrine of equivalents. 

16 84. On information and belief, in violation of35 U.S.C. § 271, Defendants 

17 have infringed and are continuing to infringe the '833 patent by contributing to 

18 and/or actively inducing the infringement by others of the '833 patent by making, 

19 using, selling, offering for sale, and/or importing into the United States, without 

20 authority, products, methods, equipment, and/or services, including the Accused 

21 Services and Products, that practice one or more claims of the '833 patent. 

22 85. On information and belief, Hughes Defendants have had actual 

23 lmowledge of their infringement of the '833 patent, the subject matter of the '833 

24 patent, and/or the invention of the '833 patent before the filing date of this 

25 Complaint. On information and belief, Hughes Defendants also had knowledge of 

26 the application that led to the '833 patent before the filing date of this Complaint. 

27 Hughes Defendants at least have had actual knowledge of their infringement of the 

28 '833 patent since no later than the filing date of this Complaint. 
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1 86. On information and belief, Dish Defendants have had actual knowledge 

2 of their infringement of the '833 patent before the filing date of this Complaint 

3 based on their marketing, sale, and distribution, among other activities, of Hughes 

4 Defendants' satellite internet service and their relationship with Hughes Defendants 

5 (see Paragraphs 9, 10, 33). Dish Defendants at least have had actual knowledge of 

6 their infringement of the '833 patent since no later than the filing date of this 

7 Complaint. 

8 87. Notwithstanding Defendants' actual notice of infringement, Defendants 

9 have continued, directly and/or through intermediaries, to manufacture, use, import, 

10 offer for sale, or sell the Accused Services and Products with knowledge of or 

11 willful blindness to the fact that their actions will induce others, including but not 

12 limited to their customers, partners, and/or end users, to infringe the '833 patent. 

13 Defendants have induced and continue to induce others to infringe the '833 patent in 

14 violation of 35 U.S.C. § 271 by encouraging and facilitating others to perform 

15 actions that Defendants know to be acts of infringement of the '833 patent with 

16 intent that those performing the acts infringe the '833 patent. Upon information and 

17 belief, Defendants, directly and/or through intermediaries, advertise and distribute 

18 the Accused Services and Products, publish instruction materials, specifications 

19 and/or promotional literature describing the operation of the Accused Services and 

20 Products, and/or offer training and/or consulting services regarding the Accused 

21 Services and Products to their customers, partners, and/or end users. At least 

22 consumers, partners, and/or end users of these Accused Services and Products then 

23 directly or jointly infringe the '833 patent by making, using, selling, offering for 

24 sale, and/or importing into the United States, without authority, the Accused 

25 Services and Products. 

26 88 . Upon information and belief, Defendants know that the Accused 

27 Services and Products are especially made or especially adapted for use in the 

28 infringement of the '833 patent. The infringing components of these products are 
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1 not staple articles or commodities of commerce suitable for substantial non-

2 infringing use, and the infringing components of these products are a material part 

3 of the invention of the '833 patent. Accordingly, in violation of 35 U.S. C. § 271, 

4 Defendants are also contributing, directly and/or through intermediaries, to the 

5 direct infringement of the '833 patent by at least the customers, partners, and/or end 

6 users of these Accused Services and Products. The customers, partners, and/or end 

7 users of these Accused Services and Products directly infringe the '833 patent by 

8 making, using, selling, offering for sale, and/or importing into the United States, 

9 without authority, the Accused Services and Products. 

10 89. As but one example of Hughes Defendants' contributory and/or 

11 induced infringement, Hughes Defendants explicitly encourage their customers to 

12 practice the methods disclosed and claimed in the '833 patent by using the Accused 

13 Services and Products. As detailed in Paragraphs 34 through 36, Hughes 

14 Defendants' website advertises its HN System and HX System, and provides 

15 information and brochures regarding these systems. (See Exhibits J, K, L, M.) 

16 These webpages and brochures highlight Hughes Defendants' implementation of the 

17 DVB-S2 standard. On information and belief, through materials such as these, the 

18 Hughes Defendants actively encourage their consumers, partners, and/or end users 

19 to infringe the '833 patent through at least use of the HN System and HX System 

20 product lines, knowing those acts to be infringement of the '833 patent with intent 

21 that those performing the acts infringe the '833 patent. 

22 90. As but one example of Dish Defendants' contributory and/or induced 

23 infringement, Dish Defendants explicitly encourage their customers to practice the 

24 methods disclosed and claimed in the '833 patent by using the Accused Services and 

25 Products. According to Dish Defendants' 2012 Annual Report (10-K), Dish 

26 Defendants lease to dishNET satellite internet subscribers the customer premise 

27 equipment. On information and belief, this equipment implements the DVB-S2 

28 standard. On information and belief, through providing this equipment, Dish 

-? -
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1 Defendants actively encourage their consumers and end users to infringe the '833 

2 patent through at least use of the equipment, knowing those acts to be infringement 

3 of the '833 patent with intent that those performing the acts infringe the '833 patent. 

4 91. Defendants are not licensed or otherwise authorized to practice, 

5 contributorily practice and/or induce third patiies to practice the claims of the '833 

6 patent. 

7 92. By reason of Defendants' infringing activities, Caltech has suffered, 

8 and will continue to suffer, substantial damages. 

9 93. Cal tech is entitled to recover from Defendants the damages sustained as 

1 0 a result of Defendants' wrongful acts in an amount subject to proof at trial. 

11 94. Defendants' continuing acts of infringement are irreparably harming 

12 and causing damage to Caltech, for which Caltech has no adequate remedy at law, 

13 and will continue to suffer such irreparable injury unless Defendants' continuing 

14 acts of infringement are enjoined by the Court. The hardships that an injunction 

15 would impose are less than those faced by Caltech should an injunction not issue. 

16 The public interest would be served by issuance of an injunction. Thus, Caltech is 

17 entitled to a preliminary and a permanent injunction against further infringement. 

18 95. Hughes Defendants' infringement of the '833 patent has been and 

19 continues to be willful and deliberate, justifying a trebling of damages under 35 

20 U.S.C. § 284. Among other facts, on information and belief, Hughes Defendants 

21 have had knowledge of their infringement of the '833 patent, the subject matter of 

22 the '833 patent, and/or the invention of the '833 patent before the filing date of this 

23 Complaint. Upon information and belief, Hughes Defendants' accused actions 

24 continued despite an objectively high likelihood that they constituted infringement 

25 of the '833 patent. Hughes Defendants either knew or should have known about 

26 their risk of infringing the '833 patent. Hughes Defendants' conduct despite this 

27 knowledge was made with both objective and subjective reckless disregard for the 

28 
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1 infringing nature of their activities as demonstrated by Hughes Defendants' 

2 knowledge regarding the claims of the '833 patent. 

3 96. Defendants' infringement of the '833 patent is exceptional and entitles 

4 Caltech to attorneys' fees and costs incurred in prosecuting this action under 35 

5 u.s.c. § 285. 

6 PRAYER FOR RELIEF 

7 WHEREFORE, Plaintiff respectfully prays for the following relief: 

8 (a) A judgment that Defendants have infringed each and every one of the 

9 Asserted Patents; 

1 0 (b) A preliminary and permanent injunction against Defendants, its 

11 respective officers, agents, servants, employees, attorneys, parent and subsidiary 

12 corporations, assigns and successors in interest, and those persons in active concert 

13 or participation with them, enjoining them from infringement, inducement of 

14 infringement, and contributory infringement of each and every one of the Asserted 

15 Patents, including but not limited to an injunction against making, using, selling, 

16 and/or offering for sale within the United States, and/or importing into the United 

17 States, any products, methods, equipment and/or services that infringe the Asserted 

18 Patents; 

19 (c) Damages adequate to compensate Caltech for Defendants' infringement 

20 of the Asserted Patents pursuant to 35 U.S.C. § 284; 

21 (d) Prejudgment interest; 

22 (e) Post-judgment interest; 

23 (f) A judgment holding Hughes Defendants' infringement of the Asserted 

24 Patents to be willful, and a trebling of damages pursuant to 35 U.S.C. § 284; 

25 (g) A declaration that this Action is exceptional pursuant to 35 U.S .C. 

26 § 285, and an award to Caltech of its attorneys' fees, costs and expenses incurred in 

27 connection with this Action; and 

28 
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1 (h) Such other relief as the Court deems just and equitable. 
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DATED: October 1, 2013 Respectfully submitted, 

QUINN EMANUEL URQUHART & 
SULLIVAN, LLP 
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DEMAND FOR JURY TRIAL

Pursuant to Rule 38 of the Federal Rules of Civil Procedure and Local Rule

38-] of this Court, Plaintiff hereby demands a trial by jury as to all issues so triable.

DATED: October 1, 2013 Respectfully submitted,

QUINN EMANUEL URQUHART &

SULLIVAN, LLP

Attorneys for PlaintijjrCalifornia Institute

of Technology
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SERIAL CONCATENATION 0F
INTERLEAVED CONVOLUTIONAL CODES

FORMING TURBO-LIKE CODES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to US. Provisional Appli-
cation Ser. No. 60/205,095, filed on May 18, 2000, and to
Us. application Ser. No. 09/922,352, filed on Aug. 18, 2000
and entitled Interleaved Serial Concatenation Forming
Turbo—Like Codes.

GOVERNMENT LICENSE RIGHTS

The U.S. Government has a paid-up license in this inven-
tion and the right in limited circdmstances to require the
patent owner to license others on reasonable terms as
provided for by the terms of Grant No. COR—9804793
awarded by the National Science Foundation.

BACKGROUND

Properties of a channel sheet the amount of data that can
be handled by the channel. The so-called "Shannon limit"
defines the theoretical limit of the amount of data that a
channel can carry.

Different techniques have been used to increase the data
rate that can be handled by a channel. "Near Shannon Limit
Error—Correcting Coding and Decoding: Turbo Codes,” by
Berton et a1. ICC. pp 106471070, (1993), described a new
“turbo code“ technique that has revolutionized the field of
error correcting codes. Turbo codes have sufficient random-
ness to allow reliable communication over the channel at a

high data rate near capacity. However, they still retain
suiticient structure to allow practical encoding and decoding
algorithms. Still, the technique for encoding and decoding
turbo codes can be relatively complex.

A standard turbo coder 100 is shown in FIG. 1; A block

of k informatiOn bits is input directly to a first coder 102. A
k bit interleaver 106 also receives the k bits and interleaves
them prior to applying them to a second coder 104. The
second coder produces an output that has more bits than its
input, that is, it is a coder with rate that is less than 1. The
coders 102, 104 are typically recursive convolutional coders.

Three different items are sent over the channel 150: the
original k bits, first encoded bits 110, and second encoded
bits 112. At the decoding end, two decoders are used: a first
constituent decoder 160 and a second constituent decoder

162. Each receives both the original k bits, and one of the
encoded portions 110, 112. Each decoder sends likelihood
estimates of the decoded bits to the other decoders. The
estimates are used to decode the uncoded information hits as
corrupted by the noisy channel.

SUMMARY

A coding system according to an embodiment is config-
ured to receive a portion of a signal to be encoded, for
example, a data block including a fixed number of bits. The
coding system includes an outer coder, which repeats and
scrambles bits in the data block. The data block is appor—
tioned into two or more sub—blocks, and bits in difl‘erent
sub-blocks are repeated a difi‘erent number of times accord-
ing to a selected degree profile. The outer coder may include
a repeater with a variable rate and an interleaver. Alterna-
tively, the outer coder may be a low-density generator matrix
(LDGM) coder.
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The repeated and scrambled bits are input to an inner
coder that has a rate substantially close to one. The” inner
coder may include one or more accumulators that perform
recursive modulo two addition operations on the input bitStream.

The encoded data output from the inner coder may be
transmitted on a channel and decoded in linear time at a

destination using iterative decoding techniques. The decod-
ing techniques may be based on a Tanner graph represen—tation of the code.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a prior “turbo code"
system.

FIG. 2 is a schematic diagram of a coder according to an
embodiment.

FIG. 3 is a Tanner graph for an irregular repeat and
accumulate (IRA) coder.

FIG. 4 is a schematic diagram of an IRA coder according
to an embodiment.

FIG. 5A illustrates a message from a variable node to a
check node on the Tanner graph of FIG. 3.

FIG. 5B illustrates a message from a check node to a
variable node on the Tanner graph of FIG. 3.

FIG. 6 is a schematic diagram of a coder according to an
alternate embodiment.

FIG. 7 is a schematic diagram of a coder according to
another alternate embodiment.

DETAILED DESCRIPTION

FIG. 2 illustrates a coder 200 according to an embodi-
ment. The coder 200 may include an outer coder 202. an
interleaver 204, and inner coder 206. The coder may housed
to format blocks ofdata for transmission, introducing redun-
dancy into the stream of data to protect the data from loss
due to transmission errors. The encoded data may then be
decoded at a destination in linear time at rates that may
approach the channel capacity.

The outer coder 202 receives the uncoded data. The data
may be partitioned into blocks of fixed size, say k bits. The
outer coder may be an (n,k) binary linear block coder; where
n>k. The coder accepts as input a block u of k data bits and
produces an output block v of n data bits. The mathematical
relationship between 11 and v is v=Tou, where T,J is an nxk
matrix, and the rate of the coder is km.

The rate of the codcr may be irregiflar, that is, the value
of To is not constant, and may differ for sub-blocks of bits
in the data block. In an embodiment, the outer coder 202 is
a repeater that repeals the k bits in a block a number of times
q to produce a block with n bits, where n=qk. Since the
repeater has an irregular output, difl'ercnt bits in the block
may be repeated a different number of times. For example,
a fraction ofthe bits in the block may be repeated two times,
a fraction of bits may be repeated three times, and the
remainder of bits may be repeated four times. These frac-
tions define a degree sequence, or degree profile, ofthe code.

The inner coder 206 may be a linear rate-l coder, which
means that the n-bit output block x can be written as x=T,w,
where T, is a nonsingular n><n matrix. The inner coder 210
can have a rate that is close to 1, e.g., within 50%, more
preferably 10% and perhaps even more preferably within
1% of I.

In an embodiment, the hmer coder 206 is an accumulator,
which produces outputs that are the module two (mod-2)
partial sums of its inputs. The accumulator may be a
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truncated rate-1 recursive convolutional coder with the

transfer function l/(lt-D). Such an accumulator may be
considered a block coder whose input block [xh . , . , an and
output block [y ,, . . . , yn] are related by the formula

Yt=Xr

YI=3|93XZ

yf‘tfl‘fiGBfi

yn=kl$x2$x3$. - . 63X".

where “83” denotes mod»2, or exclusive-OR (XOR), addi-
tion. An advantage ofthis system is that only mod-2 addition
is necessary for the accumulator. The accumulator may be
embodied using only XOR gates, which may simplify the
design.

The bits output horn the outer coder 202 are scrambled
before they are input to the inner coder 206. This scrambling
may be performed by the interleaver 204, which performs a
pseudo-random permutation of an input block v, yielding an
output block w having the some length as v.

The serial concatenation of the interleaved irregular
repeat code and the accumulate code produces an irregular
repeat and accumulate (IRA) code, An IRA code is a linear
code, and as such, may be represented as a set of parity
checks. The set of parity checks may he represented in a
bipartite graph, called the Tanner graph, of the code. FIG. 3

shows a Tanner graph 300 of an IRA code with parametersfl, . .
integer. The Tanner graph includes two kinds of nodes:
variable nodes (open circles) and check nodes (filled
circles). There are k Variable nodes 302 on the lefl, called
information nodes. There are r variable nodes 306 on the

right, called parity nudes. There are Ffldlrilih’a check nodes
304 connected between the informal ion nodes; and the parity
nodes. Each information node 302 is connected to a number
of check nodes 304. The fraction of information nodes
connected to exactly i check nodes is f,. For example, in the
Tamer graph 300, each of the f2 information nodes are
connected to two check nodes, corresponding to a repeat of
q=2, and each of the f3 information nodes are connected to
three check nodes, corresponding to q=3.

Each check node 304 is connected to exactly "a" infor-
mation nodes 302. In FIG. 3, a=3. These connections can be
made in many ways, as indicated by the arbitrary permuta-
tion of the ra edges joining informationnodes 302 and check
nodes 304 in permutation block 310. These connections
correspond to the scrambling performed by the interleaver
204.

In an alternate embodiment, the outer coder 202 may he
a low-density generator matrix (LDGM) coder that performs
an irregular repeat ofthe kbits in the block, as shown in FIG.
4. As the name implies, an LDGM code has a sparse
(low-density) generator matrix. The IRA code produced by
the coder 400 is a serial concatenation of Lhe LDGM code
and the accumulator code. The interleaver 204 in FIG. 2 may
be excluded due to the randomness already present in the
structure of the LDGM code,

Ifthe permutation performed in pcl'nmtalimt block .13 II is
lined. the Tanner graph represents a binary linear block code
wilhk inlornration hits {uh , .. , 11k) andrparity hilsfit ,, . . .,
x), as liillnws. [Each til' thc inlhrtuaLiuiI bits is erssocinlcd
with one ot'tlte information uncles 302. and each nt‘lite parity
bits is associated with one ofthe parity nodes 306. The value
of a parity bit is determined uniquely by the condition that
the mod-2 sum ofthe values of the variable nodes connected

. , f}; a), where 12:0, 2,f,=1 and “a” is a positive 3
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to each ofthe check nodes 304 is zero. To see this, set xo—fi.
Then if the values ofthe bits on the ra edges coming out the
permutation box are (V1, . ; . , vm), then we have therecursive formula

A

Xi = xj—l + Z Vii—tun

for j=1, 2, . . -. , r. This is in etTect the encoding algorithm.
Two types of IRA codes are represented in FIG. ’3, a

nonsystematic version and a systematic version. The non-
systematic version is an (r,1<) code, in which the codeivord
corresponding to the information bits (11,, . . . , uk) is (x,, . . . ,
x,). The systematic version is a (k+r, k) code, in which the
codeword is (11,, . . ., uk; x,, . . . , x,).

The rate of the nonsystematic code is

R a
myr— W

The rate of the systematic code is

a

. .

For example, regular repeat and accumulate (RA) codes
can be considered nonsystematic IRA codes with a=l and
exactly one f, equal to 1, say 1‘7:1, and the rest zero, inwhr'ch
case Rwy, simplifies to R=1/q. '

The IRA code may be represented using an alternate
notation. Let h, be the fraction of edges between the infor—
mation nodes 302 and the check nodes 304 that are adjacent
to an information node of degree i, and let p, be the fraction
ofsuch edges that are adjacent to a check node of degree i+2
(i .e., one that is adjacent to i information nodes). These edge
fractions may he used to represent the IRA code rather than
the corresponding node fractions. Define h(x)=2,7»,x"l and
p(x)=2,p,x"1 to be the generating functions of these
sequences. The pair (h, p) is called a degree distribution. For
LCX)=2r.ftXn

 

L(x)=lo‘h(t)dd[ oiMlldl

The rate of the systematic [RA code given by the degree
distribution is given by

 

“Belief propagation" on the Tanner Graph realization may
be used to decode IRA codes. Roughly speaking, the belief
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propagation decoding technique allows the messages passed
on an edge to represent posterior densities on the bit asso-
ciated with the variable node. 'A probability density on a bit
is a pair of non-negative real numbers p(0), 13(1) satisfying
p(0)+p(1)=1, where p(0) denotes the probability of the bit
being 0, 13(1) the probability of it being 1 . Such a pair can be
represented by its log likelihood ratio, m=log(p(0)/p(1)).
The outgoing message from a variable node 11 to a check
node v represents information about u, and a message from
a check node n to a variable node v represents information
about u, as shown in FIGS. 5A and 5B, respectively.

The outgoing message from a node n to a node v depends
on the incoming messages from all neighbors w of 11 except
v. 1f 11 is ,a variable message node, this outgoing message is

m(u -r v) = Z m(w -o u) +mo(u)wen

where mo(u) is the log-likelihood message associated with u.
If u is a check node, the corresponding formula is

m(u —r v) mtw 9 u)

tenh 7. — n tank 2

  

Before decoding, the messages m(w—->u) and m(u—>v) are
initialized to be zero, and mo(u) is initialized to be the
log-likelihood ratio based on the channel received informa-
tion. If the channel is memoryless, i.e., each channel output
only relies on its input, and y is the output of the channel
code bit 13, then m0(i)=log(p(u=0|y)/p(u=l|y)). After this
initialization, the decoding process may run in a fully
parallel and local manner. In each iteration, every variable]
check node receives messages from its neighbors, and sends
back updated messages Decoding is terminated afier a fixed
number of iterations or detecting that all the constraints are
satisfied. Upon termination, the decoder outputs a decoded
sequence based on the messages m(u)=2.w,,,(w—>u).

Thus, on various channels, iterative decoding only difi‘ers
in the initial messages mo(u). For example, consider three
memoryless channel models: a binary erasure channel
(EEC); a binary symmetric channel (BSC); and an additive
white Gaussian noise (AGWN) channel.

In the BBC, there are two inputs and three outputs. When
0 is transmitted, the receiver can receive either 0 or an
erasure E. An erasure E output means that the receiver does
not know how to demodulate the output. Similarly, when 1
is transmitted, the receiver can receive either 1 or E. Thus,
for the BEC, yE{0, E, 1}, and

+170 ify:0
meta): 0 ify=E

-1» ify=l

In the BSC, there are two possible inputs (0,1) and two
possible outputs (O, 1). The BSC is characterized by a set of
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conditional probabilities relating all possible outputs to
possible'inputs. Thus, for the BSC y6_{0, 1},

1—?
P
 

log if y = 0
lllo_(ll) : . 1.”—10— if =1

E p _)'

and

In the AWGN, the discrete-time input symbols X take
their values in a finite alphabet while channel output sym-
bols Y can take any values along the real line. There is
assumed to be no distortion or other efl'ects other than the
addition of white Gaussian noise. In an AWGN with a

Binary Phase Shift Keying (BPSK) signaling which maps 0
to the symbol with amplitude VB? and 1 to the symboliwith
amplitude —/E§, output yER, then ?

Mo(u)=4y¢FflVo

where N012 is the noise power spectral density.
The selection of a degree profile for use in a particular

transmission channel is a design parameter, which maybe
affected by various attributes ofthe channel. The criteria for
selecting a particular degree profile may include, for
example, the type of channel and the data rate 0n the
channel. For example, Table 1 shows degree profilesthat
have been found to produce good results for an AWGN
channel model. ' ' '

TABLE 1

r1 2 t -1

r2 0.139025 0.078194 0.054485
in 0.2221555 0.123085 0.104315
t5 0.160813
is 0.638820 0.030173 0.125755
mo 0.229816
in 0.016484
r12 0.103023
2.13 0.437902
r14
M6
r27 0.450302
in 0.0171342
Rate 0.333304 0.333223 0.333218
oGA 1.1040 1.2415 1.2515
0' 1.1931 1.2607 1.2780

(Eb/NO) * (dB) 0.190 _0.250 -0.371
s.L. (dB) -o.4953 —0.4950 -0.4958

Table 1 shows degree profiles yielding codes of rate
approximately J/3 for the AWGN channel and with a=2, 3, 4.
For each sequence, the Gaussian approximation noise
threshold, the actual sum-product decoding threshold and
the corresponding energy per hit (Ebinoise power (N0) ratio
in dB are given. Also listed is the Shannon limit (s.L.).

As the parameter “a" is increased, the performance
improves, For example, for a=4, the best code found has an
iterative decoding threshold of Eb/N0=-0.371 dB, which is
only 0.12 dB above the Shannon limit.

The accumulator component of the coder may lie replaced
by a “double accumulator" 6110 :11: shown in FIG. ti. The
double accumulator can be viewed as a truncated rule 1

convolutional coder with transfer fturction 1/(1+D+D2).
Alternatively, a pair of accumulatom may be the added, as

shown in FIG. 7. There are three component codes: the
"outer” code 700, the “middle” code 702, and the “inner”
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code 704. The outer code is an irregular repetition code, and
the middle and inner codes are both acoumulators.

IRA codes may be implemented in a variety of channels,
including memoryless channels, such as the BEC, BS_C, and
AWGN, as well as channels having non»binary input, non-
symrnetric and fading channels, and/or channels with
memory.

A number of embodiments have been described. Never;

theless, it will be understood that various modifications may
be made without departing from the spirit and scope of the
invention. Accordingly, other embodiments are within the
scope of the following claims.

The invention claimed is:

1. A- method of encoding a signal, comprising:
obtaining a block of data in the signal to be encoded;
partitioning said data block into a plurality of sub-blocks,

each sub-block including a plurality of data elements;
first encoding the data block to front a first encoded data

block, said first encoding including repeating the data
elements in difl‘erent sub-blocks a different number of
times;

interleaving the repeated data elements in the first
encoded data block; and

second encoding said first encoded data block using an
encoder that has a‘rate close to one.

2. The method of claim 1, wherein said second encoding
is via a rate 1 linear transformation.

3. The method of claim 1, wherein said first encoding is
carried out by a first coder with a variable rate less than one,

and said second encoding1s carried out by a second coder
with a rate substantially close to one.

4. The method of claim 3, wherein the second coder
comprises an accumulator.

5. The method of claim 4, wherein the data elements
comprises bits.

6. The method of claim 5, wherein the first coder corn-
prises a repeater operable to repeat difierent sub-blocks a
different number of times in response to a selected degree
profile.

7. The method of claim 4, wherein the first coder com-
prises a low-density generator matrix coder and the second
coder comprises an accumulator.

8. The method of claim 1, wherein the second encoding
uses a transfer function of l/(1+D).

9. The method of claim 1, wherein the second encoding
uses a transfer function of 1/(1+D+D2).

10. The method of claim 1, wherein said second encoding
utilizes two accumulators.

11. Amethod of encoding a signal, comprising:
receiving a block of data in the signal to be encoded, the

data block including a plurality of bits;
first encoding the data block such that each bit in the data

block is repeated and two or more of said plurality of
bits are repeated a dilferent number of times in order to
form a first encoded data block; and

second encoding the first encoded data block in such a
way that bits in the first encoded data block are accu-
mulated.

12. The method of claim 11, wherein the said second
encoding is via a rate 1 linear transformation.

13. The method of claim 11, wherein the first encoding is
via a low-density generator matrix transformation.

14. The method of claim 11, wherein the signal to be
encoded comprises a plurality of data blocks of fixed size.
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15. A coder comprising:
a first coderhaving an input configured to receive a stream

of bits, said first coder operative to repeat said stream
of bits irregularly and scramble the repeated bits; and

a second coder operative to forther encode bits output
from the first coder at a rate within 10% of one.

16. The coder of claim 15, wherein the stream of. bits
includes a data bleak, and wherein the first coder is operative
to apportion said data block into a plurality of sub-blocks
and to repeat bits in each sub—block a number of times,
wherein bits in difierent sub-blocks are repeated a different
number of times.

17. The coder of claim 16, wherein the second coder
comprises a recursive convolutional encoder with a transfer
function of 1/(] +D).

18. The coder of claim 16, wherein the second coder
comprises a recursive convolutional encoder with a transfer
function of 1/(1+D+D2). -

19. The coder of claim 15 wherein the first coder com-
prises a repeater having a variable rate and an interleaver

20. The coder of claim 15, wherein the first coder com-
prises a low-density generator matrix coder. -

21. The coder of claim 15, wherein the second coder
comprises a rate 1 linear encoder.

22. The coder of claim 21, wherein the second coder
comprises an accumulator.

23. The coder of claim 22, wherein the second coder
further comprises a second accumulator.

24. The coder of claim 15 wherein the second coder
comprises a coder operative to further encode bits output
from the first coder at a rate within 1% of one.

25. A coding system comprising:
a first coder having an input configured to receive a stream

of bits, said first coder operative to repeat said stream
of bits irregularly and scramble the repeated bits;

11 second coder operative to fitrther encode bits output
from the first coder at a rate within 10% ofone in order
to fonn an encoded data stream; and

a decoder operative to receive the encoded data stream
and decode the encoded data stream using an iterative
decoding technique.

26. The coding system of claim 25, wherein the first coder
comprises a repeater operative to ”receive a data block
including a plurality of bits from said stream of bits and to-
repeat bits in the data block a diflerent number of times
according to a selected degree profile.

27. The coding system of claim 26, wherein the first coder
comprises an interleaver.

28. The coding system of claim 25, wherein the first coder
comprises a low-density generator matrix coder.

29. The coding system of claim 25, wherein the second
coder comprises a rate 1 accumulator.

30. The coding system of claim 25, wherein the decoder
is operative to decode the encoded data stream using a
posterior decoding techniques.

31. The coding system of claim 25, wherein the decoder
is operative to decode the encoded data stream based on a
Tanner graph representation.

32. The coding system of claim 25, wherein the decoder
is operative to decode the encoded data stream in linear time.

33. The coding system of claim 25, wherein the second
coder comprises a coder operative to further encode bits
output from the first coder at a rate within 1% of one.

-r 1' st: 11 11
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. SERIAL CONCATENATION OF
INTERLEAVED CONVOLUTIONAL CODES

FORMING TURBO-LIKE CODES

CROSS-REFERENCE TO RELATED
APPLICATIONS

'llris application is a continuation ofU.S. application Ser.
No.09!861,102, filed May 18, 2001,now Us. l’al.No. 7,116,
710, which claims the pr'iurityol'U.S. provisional application
Ser. No. 601201095, filed May 18, 2000. and is 3 continue-
tion-impart of US. application Ser. No. 09/922,852, filed
Aug. 18, 2000, now US. Pat. No. 7,089,477;

GOVERNMENT LICENSE RIGHTS

The US. Government has a paid-up license in this inven-
tion and the right in limited circumstances to require the
patent owner to license others on reasonable terms as pro-
vided for by the terms of Grant No. CCR-9804793 awarded
by the National Science Foundation.

BACKGROUND

Properties ofa channel affect lhe amount ofdata that can be
handled by the channel. The so-enllctl “Shannon limit”
defines the theoretical limit of the amount of data that a
channel can carry.

Different techniques have been used to increase the data
rate that can he handled by a channel. "Near Shannon Limit
Ermr-Correcthig Coding and Decoding: ‘l‘urho Codes,” by
Barron ct ul. ICC. pp 1064-1010. (1993), described a new
"trrrbo code" technique that has revolutionized the Iicltl or
error correcting codes. Turbo codes barre snflicient random-
ness to allow reliable comautn'tcarion over the channel at a
high data rate near capacity. I'Iowevor, they still retain sutfi-
cient structure to allow practical encoding and decodingalgo-
rithms. Still, the technique for encoding and decoding turbo
codes can be relatively complex.

A standard turbo coder 10015 shown in FIG. 1. A block of
k information bits is input directly ton firstcoder102.A I: bit
intorleaver 106 also receives the k hits and interleuves them
prior to applying thorn to a second coder 104. The second
coder produces an output that has more bits than its input, that
Is, it let: coder will! rate that isless than l.'lhc coders 102, 104
are typically recursive convolutionnl coders.

Three different items are sent over the channel 150: the
original it hits, first encoded hits 1101 and second encoded hits
112. At the decoding end. two decoders are used: a first
constituent decoder 160 and a second constituent decoder
162. Each receives both the original k bits, and one of the
encoded portions 110, 112. Each decoder sends likelihood
estimates ol‘tlre decoded bits‘ to the other decoders. The esti—
mates are used to decode the uncoded information bits as
corrupted by the noisy channel.

SUMMARY

A coding system according to an embodiment is config-
ured to receive a portion of a signal to be encoded, liar
example, a (ltrtn block including a fixed number rrt'bits. The
coding system includes an outer coder, which repeats and
nururublcshlts irr Iho rlnta hloclc,'l'he data block is apportioned
into two or more sub-blocks, and bits in different sub-blocks
are repeated at different number of times according to a
selected degree profile. The outer coder may include a

10

15

20

25

30

.IS

40

45

50

55

60

65

2

repeater with a variable rate and an interleaver. Alternatively,
the outer. coder may be a low-density generator matrix
[LDGM] coder. '

Tltcrepeolod and scrambled bits zu'e input to an innercoder
that has [I rate substantially close to one. Theinaet' coder may
include one or more accumulators that perform recursive
modulo two mldtiiou operations on the input hit stream.

The encoded data output from the inner coder may be
transmitted on .zr channelaud decoded in linear time at a

destination using iterative decoding techniques, The decod—
ing techniques may be based on aTanner graph rcpre SCItLEtliUt'tof the code.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a prior “turbo code”
system. _.

FIG. 2 is a schematic diagram ofa coder according to an
embodiment. '

FIG. 3 is a Tanner graph for an irregular repeat and accu-
mulate (IRA) coder.

FIG. 4 is a schematic diagram ofan IRA coder accordingto
an embodiment.

FIG. SA illustrates a message from a variable node to a
check node on the Tanner graph of FIG. 3.

FIG. 5B illustrates a message from a check node to a
variable node on the Tanner graph of FIG. 3. .

FIG. 6 is a schematic diagram of a coder according to an-
altemate embodiment.

FIG. 7 is a schematic diagram of a coder according to
another alternate embodiment.

DETAILED DESCRIPTION

F16. 2 illustrates a coder zen according to an errthodiment.
The under 200 may include an outer coder 202, an inrorlcavcr
204, and inner coder 205. The coder may he used to format
blocks of data 1331' transmission. introducing rwnndancy into
the stream ofdata to protect the data from loss due to trans-
mission errora. The encoded data may then be decoded at a
destination in linear time at rates that may approach the charr-
ncl capacity.

The outer coder 202 receives the uncoded data. The data
may be partitioned into blocks of fixed size, say It bits..The
outer coder may be an (11,10 binary linear block coder, where
n>k. The coder accepts as input a block u ofk data bits and
produces an output block v of n data bits. The mathematical
relationship between u and v is v=Tou, where T0 is an nxk
mutt-ix, and the rate of the coder is l-dn.

The rate of the coder may he irregular, that is. the value of
'!'n is not constant, and may differ for sub-blocks ofbits inthe
data block. In an cruhodirrtorrt, the outer coder 202 is a
repeater that repeats the it hits irt a block a number of times q
to produce a block with nhits, where n“—'qlc. Si tree the repeater
has an irregular output, different hits in the block may be
repeated at different number of times. For example, a fraction
ol‘tlte bits in the block may be repeated two tirnert, a fraction
ofbits may be repeated three times, and the remainder ofbits
may be repeated four times. These fractions define a degree
sequence, or degree profile, of the code.

The inner coder 206 may he a linear rate-l coder, which
means that the tribal output block x can be written as rt--‘l‘,w_.
where 'l', is ‘d trtrnainguhrrnxrr tntrlrirt. The inner coder 210 can
lruvca ratetlrut is close to Lay... wilhirr 50%. more preferably
10% and perhaps even more preferably within l% of 1.

In an embodiment, the inner coder 206 is an accumulator,
which produces outputs that are the modulo two (mod-2)
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partial sums ofits inputs. The accumulator may bea truncated
rate-l recursive convolutional coder with the transfer func-

ti on 1/(1+D). Such an accumulatorrnay be considered a block
coder whose input block [xv . . . ,x,,] and output block
[y,, . . . ,y,,] are related by the formula

Yr=xr

J’fxte‘z

J's =‘x,63x2$x,

y" =x1$x163x3$. . . (Bx... ’ -:

where “ED" dcrrotes1norl-2, or exclusive-01E (XOR), addition.
An ndvrurtage of this system is that only mod-2 addition is
necessary for the ttcctllltlrl‘dlttt‘. The. accumulator may be
embodied using only XOR gates, which may simplify the
design. :

The bits output from the outer coder 202 are scrambled
before they are input to the inner coder 206. This scrambling
may be performed by the interleave: 204, which performs a
pseudo-random permutation ofan input block v, yielding an
output block w having the same length as v.

The serial concatenation ofthe interleaved irregular repeat
code and the accumulate code produces an irregular repeat
and accumulate (IRA) code.An IRA code is n linearcode, and
as such, may be represented as a set ofparity checks. The set
of parity checks may be rcpresented in a bipartite graph,
called the Tanner graph, of the code. FIG. 3 shows a Tanner
graph 300 of an IRA code with parameters (fl, . . . , i); a),
where ego, E,f,=1 and "a" is a positive integer. The Tanner
graph includes two kinds of nodes: variable nodes (open
circles) and check nodes (filled circles). There are k variable
nodes 302 on the left, called information nodes. There are r
variable nodes 306 on the right, called parity nodes. There are
F(k2,if,)la check nodes 304 connected between the informa-
tion nodes and the parity nodes. Each information node 302 is
connected to a number of check nodes 304. The fraction of

information nodes connected to exactly i check nodes is f,.
For example, in the Tanner graph 300, each ofthe f2 informa-
tion nodes are connected to two check nodes, corresponding
to a repeat of q=2, and each of the f3 information nodes are
connected to three check nodes, corresponding to q=3.

Each check node 304 is connected to exactly "a” informa-
tion nodes 302. In FIG. 3, a=3. These connections can be
made inmany ways, as indicated by the arbitrary permutation
of the ra edges joining information nodes 302 and check
nodes 304 in permutation block 310. These connections cor-
respond to the scrambling performed by the interleaver 204.

In an alternate embodiment, the outer coder 202 may be a
low-density generator matrix (LDGM) coder that performs
an irregularrepeat ofthe k bits inthe block, as shown in FIG.
4. As the name implies, an LDGM code has a sparse (low-
density) generator matrix. The IRA code produced by the
coder 400 is a serial concatenation ofllre LDGM code and the
accumulator code. The irrtericavur 204 in FIG. 2 may be
excluded due to the randomness already present in the struc-
ture of the LDGM code.

If the permutation performed in permutation block 310 is
fixed, the Tanner graph represents a binary linear block code
with k information bits (11,, . . . , up) and r parity bits
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(x1, . . ._ ,xr), as follows. Each of the information bits is
associated with one ofthe information nodes 302, and eachof
the parity bits is associated with one of the parity nodes 306.
The value of a parity bit is determined uniquely by the‘con-
ditionvthat the mod-2 sum of the values of the variable nodes

connected to each of the check nodes 304 is zero. To see this,
set x°=0. Then if the values ofthe bits on the ra edges coming
out the permutation box are (V1, . . . , vm), then we have the
recursive formula

A

X; = Xj—r + Z Vu-niu1-1

for j=l, 2, . . . , r. This is in effect the encoding algorithm. -

Two types of IRA codes are represented in FIG. 3, a non-
systematic version and a systematic version. The norrsystem-
atic version is an (r,k) code, in which the codeword corre-
sponding to the information bits (uh . . . ,uk) is (x,, . . . , x,).
The systematic version is a (k+r, k) code, in which the code-
word is (11,, . . , ,uk; x,, . . . ,x, .

The rate of the nonsysterna tic cede is

a

an= X—ifii

The rate of the systematic code is

 

For example, regular repeat and accumulate (RA) codes
can he considered nonsysternatic IRA codes with a=l and
exactly one f, equal to I, say ffl, and the rest zero, in which
case Rm}: simplifies to R=] lq.

The IRA code may be represented using an alternate nota-
tion. Let h, be the fraction of edges between the information
nodes 302 and the check nodes 304 that are adjacent to an
informationnode ofdegree i, andlet p, be the fraction of such
edges that are adjacentto a check node ofdegree 1+2 (i.e., one
that is adjacent to i information nodes). These edge fractions
may be used to represent the IRA code rather than the corre-

sponding node fractions. Define h(x)=2,h,x"‘ and p(x)=2,p,
x"l to be the generating functions of these sequences. The
pair (ix, p) is called a degree distribution. For L(x)=2,-f,x,,

_ 11,]:
TEAM/iI

. |

L(X)=fd(t)dI/f Modrt] a

f;
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The rate of the systematic IRA code given by the degree
distribution is given by

 

5

.-l
ZPj/J 1'3l

Rt = 1+
” Eli/i, l

15

"Belief propagation" on the ‘l'nnner Graph realization may
he used to decode lRA codes. Rougfly speaking. the belief
propagation decoding technique allows the messages passed
on an edge to represent posterior densities on the bit usstoci-
atcd with the variable node. A probability density on a bit is a
pair crucial-negative our] numbers pm). pEt] satisfying pith-t
p[l)= l . where MCI) denotes the probability ol'the bit being 0,
13(1) the probability of it being 1. Such a pair'can be repre-
sented by its log likelilniud ratio, nir-log(p(tl)fp{l)]. The out-
going message from a variable node n to a check node v
represents information about u, and u iiiausngc from it check
node n to a variable node v representn iid'orinntion nboutu, as
shown in FIGS. 5A and 53, respectively.

The outgoing message from a node n to a node v depends
on the incoming messages from all neighbors w ot'tt except v.

25

JO

Ifu is a variable message node. this outgoing message is 35

40

m(u -t v) = Z mtw -9 u)+mo(u)W”
45

50

where m0(u) is the log-likelihood message associated with
u. If u is a check node, the corresponding formula is

55

m(u —> v) m(w —‘ u)
2=nm2wev

 
lanh
 

60

Before decoding, the messages m(w—>u) and m(u—>v) are
initialized to be zero, and [110(11) is initialized to be the log- 65
likelihood ratio based on the channel received information. If
the channel is memoryless, i.e., each channel output only

6

relies on. its inputI and y is the oulput oflhc channel code bit
it, then mU(u)=lug(p(u=(lly)lp(u=l ly)). Allcr [hilt initializa-
tion. the decoding process may 11“.] inn lblly parallel and lot: a]
manner. In each iteration, every variablcfcheck node receives
messnges from its neighbors, and sends back updated mesv
sages. Decoding is laminated uflcr a iiitutl rtluuber of itera-
tions or detecting that all the constraints are satisfied. Upon
turntinulion, the decoder outputs a decoded sequence based
on the messages mfiu)=22w,,,(w—en).

‘l'llus, on various chutuicls. iterntivc decoding only differs
in the initial mossnget: moot). For example, consider three
iuetnoryless channel models: a binary erasure channel
(REC); a binary symmetric chnnncl (EEG); and an additive
white Gaussian noise (AGWN) channel.

Indie BBC, there are two inputs rind three outputs. WhenO
is transmitted. the rec eiver can receive clilterfl oran erasure E.
An erasure E output menus [lint the receiver does not know
how to rte-modulate the output. Similarly, when t is transmit-
Ied, the mceiver can receive either 1 orTl. ’I'hun, forthe BEG,
y e {0, E, 1], anti

+00 ify=0

mo(u)={ 0 ify=E—oo ify=l

in Illc 380. than: are two possible inputs (0,1) and lwo
possible outputs (0, l). The 386 is characterized by a set of
condiliottal probabilities relating all possible outputs to pos~
siblc inputs. Thus. for the BSC y e {0, l],

tog—1 if y =0
night) =

—log
 

ify:

and

in the AWGN, the discrete-time input symbols X take their
values in a finite alphabet while channel output symbole can
take any values along the real line. There is assumed to be no
distortion or other effects other than the addition of white
Gaussian noise. In an AWGN with a Binary Phase Shift
Keying (BPSK) signaling which maps 0 to the symbol with
amplitude {E and l to the symbol with amplitude ~JE,
output y e R, then

moiul=4yilEINo

where ND/Z is the noise power spectral density.
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The selection of a degree prollln for use in a particular
transmission channel is a design pantuteter. which may be
affected by various attributes of the channel. The criteria for
selecting a particular degrecpmfilernny include, for example.
the type of channel and the data rate on the channel. For
example. Table l shows degree profiles that have been found
to produce good results for an AWGN Channel model.

TABLE 1-————....._._.______
n 2 3 .1.———_——_____
1.2 0.139025 0.075194 0.054435
M 0.2221555 0.128085 0.104315
7‘5 0.160813
2.6 0.638820 0.036178 0.126755
MO 0.229816
Ml 0.016484
1.12 01108828
MS 0.4879027.14
M 6

2.27 0.450302
A28 0.017842
Rate 0.333364 0.333223 0.333218
OGA 1.1840 1.2415 1.2615
0' 1.1931 1.2607 1.2780
(Eb/N0) * (dB) 0.190 —o.2so -o.371
S.L. (dB) -o.4953 —o.49ss —0.4953—————_.______—_.

Table 1 shows degree profiles yielding codes of rate
approximately Vs for theAWGN cinmncl and with n=2, 3, :1.
For each sequence, the Gaussian approximation noise thresh-
old, the some] sum-product decoding threshold and the cor-
responding energy per bit (Ea-noise power (No) ratio in dB
are given. Also listed is the Shannon limit (S.L.).

As the parameter “a” is increased, the performance
improves. For example, for F4, the best code found has an
iterative decoding threshold of Eb/No=-0.37] dB, which is
only 0.12 dB'above the Shannon limit.

The accumulator component ofthe coder may be replaced
by a “double accumulator” 600 as shown in FIG. 6. The
double accumulator can be viewed as a truncated rate 1 con-
volutiona] coder with transfer function 1/(1+D+D2).

Alternatively, a pair of accumulators may be the added, as
shown in FIG. 7. There are three component codes: the
“outer" code 700. the "middle" code 702, and the “inner"
corle 704. The outer code is an irregular repetition code, and
the middle and inner codes are both accumulators.

lRA codes may be implemented in a variety ot'chnnncls,
including momuryless channels, such as the EEC, SSH, and
AWGN, as well as channels having nonvbinary input, non-
symmetrio and fading channels. tutdlor channels with
memory. '

A number of embodiments have been described. Neverthe—
less. it will he understood that various modifications may be.
matte without rtepnrting from the spirit and scope of the
irwcotiou. Accordingly, other embodiments are within the
scope of the following claims. '

The invention claimed is:

1. A method comprising:

receiving a collection of message bits having a first
sequence in a source data stream;

generating a sequence ofparity bits, wherein each parity bit
"x!” in the sequence is in accordance with the formula
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X,‘ =Xj—t +2 Yurmmi=1

where

“294" is the value of a parity bit “j—l,” and

“Z Vlj—l p.11”

is the value ofa sum of “a" randomly chosen irregular-repeats
ofthe message bits; and - '

making the sequence ofparity bits available for transmis-
sion in a transmission data stream.

2. The method of claim 1, wherein the sequence ofparity
bits is generated is in accordance with “a” being constant.

3. The method of claim 1, wherein the sequence ofparity
bits is generated is in accordance with “a" varying for differ—
ent parity bits. I

4. The method ofclaim 1, wherein generating the sequence
of parity bits comprises performing recursive modulo two
addition operations on the random sequence of bits.

5. The method ofclaim 1, wherein generating the sequence
ofparity bits comprises:

generating a random sequence ofbits that repeats each of
the mcssngc bits one or more times with the repeats of
the mess age bits being distributed in a random sequence,
wherein (Iificrcnt l‘rnctions of the message bits are each
repeated at difl'erent number oftimes and the number of
repeats for each message bit is irregular; and

XOR summing in linear sequential fashion a predecessor
parity bit and “a” bits of the random sequence of bits.

6. The method of claim 5, wherein generating the random
sequence ol‘bits comprises coding the collection ol'mcssuge
hits using a lotwclunsity generator matrix [LDGNL] coder.

'1. The method of claim 5, wherein generating the random
sequence of bits comprises:

producing a block of data bits, wherein different mes sage
bits are each repeated at different number of times in a
sequence that matches the first sequence; and

randomly permu ting the different bits to generate the ran-
dom sequence.

8. The method of claim 1, further comprising transmitting
the sequence of parity bits.

9. The method of claim 8, wherein transmitting the
sequence of parity bits comprises transmitting the sequence
ofparity hits as part of a nonsystemutic cede.

10. The method of claim 8, wherein transmitting the
sequence of parity bits comprises transmitting the sequenéc
ofparity bits as part of a systematic code.

11. A device comprising:

an encoder configured to receive a collection of message
bits and encode the messagebits to generate a collection
of parity bits in accordance with the following Tanner
graph:
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message passing decoder comprising two or more
clteelu’vuriahlc nodes operating in parallel to receive
messages from neighboring cltccki‘variable nodes and
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12. The device of claim 11, wherein the encoder is config- 35 v _ .__- .
tired to generate the collection of parity hits as if a number of '
inputs into nodesv, was not constant. X.

13. The device ofclaim 1], wherein thcencodercumpriscs: ______ ._
u low—density generator matrix (IDGM) coder configured

it: perform an irregular repeat on message hits having, :1 40
first sequence i113 somcetlata stream to output it random
sequence of repeats of the message bits; andan accumulator configured to XOR sum in linear scqucn- 19, The device of claim 18, wherein me message passing
tin] RENO” 1* predecessor parity 1"” 311d “‘11" bits 0f “19 decoderis configured lo decode the received data stream that
random sequence of repeats ofthe message bits. 45 includes the message bits.

14.The device efcluirn 12, wherein the accumulator com- 2[,_ The device of claim 18, wherein the message passing
pri 395 a 1'59““stve CODVOIUfiOM1 “Ode"- . . decoder is configured to decode the received data stream as if

15. The device of claim 14, wherein the recursive convo- a number of inputs into nodes Vi was not constant.
lutional coder comprises a truncated rate-l recursive convo— 21. Th0 dcvicc of claim 18, wherein the message passing
lutionui coder.‘ . t r . 5° decoder is configured to decode in linear time at rates that

16. The device 01 claim .I4, wherein the recnrswc eonvo— a roach 3 ca acity ofa channel
lutinnul curler has a transfer function of “(l +0]. p22 111 d p. f . h . 111 .17‘ The device of claim 12, fttrlher comprising a secund ’ E a“??? claun 18’ w er?!“ c message passmgnectunulator configured to determine a second sequence of decoder compuses a beliefpropagation decoder.23. The device of claim 18, wherein the message passing
parity bits that defines a second condition that constrains the 55 _ , .nuidum sequence ul'repmts ul'the message bits. decoder 15 configured to decode the received data Stream

[8‘ A device comprising: Wl‘hout the message hits-
a mes sage passingttecuder configured to decode a received

data stream that includesa collection of parity hits, the so i it an m
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 UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. - : 7,421,032 B2 V ‘ I ‘ _ Page I of IAPPLICATION NO. : 11/542950 ' i »
DATED : September 2, 2008 . . -
INVENTOR(S) : l-lui Jin, Aumod Khandekar and Robert J. McEliece

it is certified that error appears in'the above-identified patent and that said Letters Patent ishereby corrected as shown beiow: .

  Title Page, item [73] (Assignee), line 1, please delete “Callifomje” and insert
a-Californian, therefor. ‘

Claim ll, Column 9, line 28, delete “.Vl ” and insert --V,--, therefor.

Claim 11, Column 9, line 29, delete “U1” and insert -—Uk--, therefor.

Claim ll, Column 9, line 29-, delete “X1” and insert --X.--, therefor.

Claim 18, Column 10, line 35, delete “V1” and insert --V,--, therefor.

Claim 18, Column 10, line 36, delete “U1” and insert --Uk-‘—, therefor.

Claim 18, Column 10, line 37, delete “X1” and insert --Xr--, therefor.

Signed and Sealed this

Seventeenth Day of February, 2009

film (Mr
JOHN DOLL
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 7,421,032 B2 Page 1 of I
APPLICATION NO. : 11/542950

DATED : September 2, 2008
INVENTOR(S) : Hui Jin, Aamod Khandekar 'and Robert J. McEliece

It is certified that error appears In the above—identified patent and that said Letters Patent is hereby corrected as shown below:

1

x1 : xH + Z ”(j—1w
i=1

At column 4, line 14, please delete “ ” and insert

‘1

xi = xj—l + Z V0~l>a+i
.=]

)1

xi = xj—l + ZVu—lwi ,
i=1

In claim 1, column 8, line 4, please delete ‘f ” and insert

a .

xi = xj—l "' 21 V<j~l>a+t ,
a

Z V( j—l)a+1
In claim 1, column 8, line 13, please delete “ i=1 ” and insert

a

Z v(j—1)a+i
" i—l __

Signed and Sealed this

Twenty-seventh Day of July, 2010

0cm}! 3 KW
David I. Kappos

Direcmr ofrhe United States Patent and Trademark Office
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