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[143] P. Höher, “New iterative (“turbo”) decoding algorithms,” International Symposium on Turbo Codes, Brest,
pp. 63–70, 1997.

[144] J. Proakis, Digital Communications. McGraw Hill, 2nd ed., 1989.

[145] A. Jimenez and K. Zigangirov, “Time-varying periodical convolutional codes with low-density parity-check
matrix,” accepted for publication in theIEEE Transactions on Information Theory, 1999.

[146] P. Adde, R. Pyndiah, O. Raoul, and J.-R. Inisan, “Block turbo decoder design,” in International Symposium
on Turbo Codes and related topics, (Brest, France), pp. 166–169, September 1997.

[147] A. Goalic and R. Pyndiah, “Real-time turbo-decoding of product codes on a digital signal processor,” in
International Symposium on Turbo Codes and related topics, (Brest, France), pp. 267–270, September 1997.

[148] F. Macwilliams and N. Sloane, The theory of error correcting codes, vol. 16, ch. 18, pp. 567–580. Bell
Laboratories, Murray Hill, NJ 07974 USA: North-Holland publishing company, 1978.

[149] S. Ng, T. Liew, L. Yang, and L. Hanzo, “Turbo coding performance using block component codes,” in Pro-
ceedings of VTC 2000 Spring, (Tokyo, Japan), pp. 849–853, 15-18 May 2000.

[150] C. Hastings, “Automatic detection and correction of errors in digital computers using residue arithmetic,” in
Proceeding of IEEE Conference, (Region Six), pp. 465–490, 1966.

[151] R. Watson and C. Hastings, Residue Arithmetic and Reliable Computer Design. Washington, D. C.: Spartan
Books, 1967.

[152] Y. Keir, P. Cheney, and M. Tannenbaum, “Division and overflow detection in residue number systems,” IRE
Transactions on Electronic Computers, vol. EC-11, pp. 501–507, August 1962.

[153] A. Baraniecka and G. Jullien, “On decoding techniques for residue number system realizations of digital
signal processing hardware,” IEEE Transactions on Circuits System, vol. CAS-25, November 1978.

[154] W. Jenkins, “A new algorithm for scaling in residue number systems with applications to recursive digital
filtering,” in IEEE International Symposium on Circuits and Systems, (Phoenix, Arizona), pp. 56–59, 1977.

[155] H. Huang and F. Taylor, “High speed DFT’s using residue numbers,” in IEEE International Conference on
Acoustics, Speech, Signal Processing, (Denver, CO), pp. 238–242, April 1980.

[156] W. Jenkins and B. Leon, “The use of residue number system in the design of finite impulse response filters,”
IEEE Transactions on Circuits Systems, vol. CAS-24, pp. 191–201, April 1977.

[157] T. Vu, “Efficient implementations of the chinese remainder theorem for sign detection and residue decoding,”
IEEE Transactions on Computers, vol. 34, pp. 646–651, July 1985.

[158] C. Su and H. Lo, “An algorithm for scaling and single residue error correction in residue number system,”
IEEE Transactions on Computers, vol. 39, pp. 1053–1064, August 1990.

[159] F. Taylor and C. Huang, “An autoscale residue multiplier,” IEEE Transactions on Computers, vol. 31, pp. 321–
325, April 1982.

[160] G. Jullien, “Residue number scaling and other operations using ROM arrays,” IEEE Transactions on Com-
puters, vol. C-27, pp. 325–337, April 1978.



748 BIBLIOGRAPHY

[161] W. Jenkins, “A highly efficient residue-combinatorial architecture for digital filters,” Proceeding of the IEEE,
vol. 66, pp. 700–702, June 1978.

[162] G. Alia and E. Martinelli, “A VLSI modulo m multiplier,” IEEE Transactions on Computers, vol. 40, pp. 873–
878, July 1991.

[163] D. Radhakrishnan and Y. Yuan, “Novel Approachs to the Design of VLSI RNS Multiplier,” IEEE Transactions
on Circuits and Systems-II, vol. 39, pp. 52–57, January 1992.

[164] F. Taylor and A. Ramnarayanan, “An efficient residue-to-decimal converter,” IEEE Transactions on Circuits
and Systems, vol. 28, pp. 1164–1169, December 1981.

[165] A. Shenoy and R. Kumaresan, “Residue to binary conversion for RNS arithmetic using only modular look-up
table,” IEEE Transactions on Circuits and Systems, vol. 35, pp. 1158–1162, September 1988.

[166] G. Alia and E. Martinelli, “On the lower bound to the VLSI complexity of number conversion from weighted
to residue representation,” IEEE Transactions on Computers, vol. 42, pp. 962–967, August 1993.

[167] G. Alia and E. Martinelli, “A VLSI algorithm for direct and reverse conversion from weighted binary number
system to residue number system,” IEEE Transactions on circuits and Systems, vol. 31, pp. 1033–1039,
December 1984.

[168] F. Barsi and P. Maestrini, “Error correction properties of redundant residue number systems,” IEEE Transac-
tions on Computers, vol. 22, pp. 307–315, March 1973.

[169] S. Yau and Y. Liu, “Error correction in redundant residue number systems,” IEEE Transactions on Computers,
vol. C-22, pp. 5–11, January 1984.

[170] H. Krishna and J.-D. Sun, “On theory and fast algorithms for error correction in residue number system
product codes,” IEEE Transactions on Comput., vol. 42, pp. 840–852, July 1993.

[171] R. Cosentino, “Fault tolerance in a systolic residue arithmetic processor array,” IEEE Transactions on Com-
puters, vol. 37, pp. 886–890, July 1988.

[172] F. Barsi and P. Maestrini, “Error detection and correction by product codes in residue number system,” IEEE
Transactions on Computers, vol. 23, pp. 915–924, September 1974.

[173] V. Ramachandran, “Single residue error correction in residue number systems,” IEEE Transactions on Com-
puters, vol. 32, pp. 504–507, May 1983.

[174] A. Shenoy and R. Kumaresan, “Fast base extension using a redundant modulus in RNS,” IEEE Transactions
on Computers, vol. 38, pp. 292–297, February 1989.

[175] E. Claudio, G. Orlandi, and F. Piazza, “A systolic redundant residue arithmetic error correction circuit,” IEEE
Transactions on Computers, vol. 42, pp. 427–432, April 1993.

[176] L. Yang and L. Hanzo, “Redundant residue number system based error correction codes,” in Proceedings of
IEEE VTC’01 (Fall), (Atlantic City, USA), pp. 1472–1476, October 2001.

[177] M. Etzel and W. Jenkins, “Redundant residue number systems for error detection and correction in digital
filters,” IEEE Transactions on Acoustics, Speech and Signal Processing, vol. ASSP-28, pp. 538–544, October
1980.

[178] C. Huang, D. Peterson, H. Rauch, J. Teague, and D. Fraser, “Implementation of a fast digital processor using
the residue number system,” IEEE Transactions on Circuits Systems, vol. CAS-28, pp. 32–38, January 1981.

[179] W. Jenkins, “Recent advances in residue number system techniques for recursive digital filtering,” IEEE
Transactions on Acoustics, Speech and Signal Processing, vol. ASSP-27, pp. 19–30, February 1979.

[180] M. Soderstrand, “A high-speed, low-cost, recursive digital filter using residue number arithmetic,” Proceed-
ings of IEEE, vol. 65, pp. 1065–1067, July 1977.

[181] M. Soderstrand, W. Jenkins, and G. Jullien, Residue Number System Arithmetic: Modern Applications in
Digital Signal Processing. New York, USA: IEEE Press, 1986.

[182] R. Krishnan, G. Jullien, and W. Miller, “Complex digital signal processing using quadratic residue number
systems,” IEEE Transactions on Acoustics, Speech and Signal Processing, vol. 34, pp. 166–176, February
1986.

[183] L.-L. Yang and L. Hanzo, “Residue number system arithmetic assisted m-ary modulation,” IEEE Communi-
cations Letters, vol. 3, pp. 28–30, February 1999.



BIBLIOGRAPHY 749

[184] A. Baraniecka and G. Jullien, “Residue number system implementations of number theoretic transforms,”
IEEE Transactions on Acoustic, Speech and Signal Processing, vol. ASSP-28, pp. 285–291, June 1980.

[185] M. Soderstrand and E. Fields, “Multipliers for residue number arithmetic digital filters,” Electronics Letters,
vol. 13, pp. 164–166, March 1977.

[186] B. Tseng, G. Jullien, and W. Miller, “Implementation of FFT structure using the residue number system,”
IEEE Transactions on Computers, vol. 28, pp. 831–844, November 1979.

[187] L.-L. Yang and L. Hanzo, “Performance of residue number system based DS-CDMA over multipath fading
channels using orthogonal sequences,” ETT, vol. 9, pp. 525–536, November–December 1998.

[188] L.-L. Yang and L. Hanzo, “Residue number system based multiple code DS-CDMA systems,” in Proceeding
of VTC’99 (Spring), (Houston, TX, USA), IEEE, 16–20 May 1999.

[189] L. Hanzo and L.-L. Yang, “Ratio statistic test assisted residue number system based parallel communication
systems,” in Proceeding of VTC’99 (Spring), (Houston, TX, USA), pp. 894–898, IEEE, 16–20 May 1999.

[190] K. Yen, L.-L. Yang, and L. Hanzo, “Residual number system assisted CDMA – a new system concept,”
in Proceedings of 4th ACTS Mobile Communications Summit’99, (Sorrento, Italy), pp. 177–182, June 8–11
1999.

[191] L.-L. Yang and L. Hanzo, “A residue number system based parallel communication scheme using orthogonal
signaling: part I - system outline,” To appear in IEEE Trans. on Vehicular Technology, 2002.

[192] L.-L. Yang and L. Hanzo, “A residue number system based parallel communication scheme using orthogonal
signaling: part II - multipath fading channels,” To appear in IEEE Trans. on Vehicular Technology, 2002.

[193] D. Mandelbaum, “Error correction in residue arithmetic,” IEEE Transactions on Computers, vol. C-21,
pp. 538–543, June 1972.

[194] L. Yang and L. Hanzo, “Minimum-distance decoding of redundant residue number system codes,” in Pro-
ceedings of IEEE ICC’2001, (Helsinki, Finland), pp. 2975–2979, June 2001.

[195] T. Liew, L. Yang, and L. Hanzo, “Turbo decoded redundant residue number system codes,” in Proceedings of
VTC 2000 Spring, (Tokyo, Japan), pp. 576–580, 15-18 May 2000.

[196] T. Keller, T. H. Liew, and L. Hanzo, “Adaptive redundant residue number system coded multicarrier modula-
tion,” IEEE Journal on Selected Areas in Communications, vol. 18, pp. 2292–2301, November 2000.

[197] T. Keller, T. Liew, and L. Hanzo, “Adaptive rate RRNS coded OFDM transmission for mobile communication
channels,” in Proceedings of VTC 2000 Spring, (Tokyo, Japan), pp. 230–234, 15-18 May 2000.

[198] W. Jenkins and E. Altman, “Self-checking properties of residue number error checkers based on mixed radix
conversion,” IEEE Transactions on Circuits and Systems, vol. 35, pp. 159–167, February 1988.

[199] W. Jenkins, “The design of error checkers for self-checking residue number arithmetic,” IEEE Transactions
on Computers, vol. 32, pp. 388–396, April 1983.

[200] O. Aitsab and R. Pyndiah, “Performance of Reed-Solomon block turbo code,” in GLOBECOM ’96, (London,
U.K.), pp. 121–125, November 1996.

[201] O. Aitsab and R. Pyndiah, “Performance of concatenated Reed-Solomon/Convolutional codes with iterative
decoding,” in GLOBECOM ’97, (New York, USA), pp. 644–648, 1997.

[202] R. Pyndiah, P. Combelles, and P. Adde, “A very low complexity block turbo decoder for product codes,” in
GLOBECOM ’96, (London, U.K.), pp. 101–105, November 1996.

[203] S. Lin, D. Constello Jr., and M. Miller, “Automatic-repeat-request error-control schemes,” IEEE Communi-
cations Magazine, vol. 22, pp. 5–17, December 1984.

[204] T. Keller, T. Liew, and L. Hanzo, “Adaptive redundant residue number system coded multicarrier modulation,”
IEEE Journal on Selected Areas in Communications, vol. 18, pp. 2292–2301, November 2000.

[205] T. James, “Study into redundant residue number system codes,” tech. rep., University of Southampton, May
1999.

[206] L. Hanzo, W. Webb, and T. Keller, Single- and Multi-Carrier Quadrature Amplitude Modulation: Principles
and Applications for Personal Communications, WLANs and Broadcasting. IEEE Press, 2000.
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Blurb

For the sake of completeness and wide reader appeal, virtually no prior knowledge is assumed
in the field of channel coding. In Chapter 1 we commence our discourse by introducing the
family of convolutional codes and the hard- as well as soft-decision Viterbi algorithm in
simple conceptual terms with the aid of worked examples.

Chapter 2 provides a rudimentary introduction to the most prominant classes of block
codes, namely to Reed-Solomon (RS) and Bose-Chaudhuri-Hocquenghem (BCH) codes. A
range of algebraic decoding techiques are reviewed and worked examples are provided.

Chapter 3 elaborates on the trellis-decoding of BCH codes using worked examples and
characterises their performance. Furthermore, the classic Chase algorithm is introduced and
its performance is investigated.

Chapter 4 introduces the concept of turbo convolutional codes and gives a detailed dis-
course on the Maximum Aposteriory (MAP) algorithm and its computationally less demand-
ing counterparts, namely the Log-MAP and Max-Log-MAP algorithms. The Soft Output
Viterbi Algorithm (SOVA) is also highlighted and its concept is augmented with the aid of a
detailed worked example. Then the effects of the various turbo codec parameters are investi-
gated.

Chapter 5 comparatively studies the trellis structure of convolutional and turbo codes,
while Chapter 6 characterises turbo BCH codes. Chapter 7 is a unique portrayal of the
novel family of Redundant Residue Number System (RNS) based codes and their turbo de-
coding. Chapter 8 considers the family of joint coding and modulation based arrangements,
which are often referred to as coded modulation schemes. Specifically, Trellis Coded Modu-
lation (TCM), Turbo Trellis Coded Modulation (TTCM), Bit-Interleaved Coded Modulation
(BICM) as well as iterative joint decoding and demodulation assisted BICM (BICM-ID) are
studied and compared under various narrow-band and wide-band propagation conditions.

In Chapter 9 and 10 space-time block codes and space-time trellis codes are intro-
duced. Their performance is studied comparative in conjunction with a whole host of chan-
nel codecs, providing guide-lines for system designers. As a lower-complexity design al-
ternative to multiple-transmitter, multiple-receiver (MIMO) based schemes the concept of
near-instantaneously Adaptive Quadrature Amplitude Modulation (AQAM), combined with
near-instantaneously adaptive turbo channel coding is introduced in Chapter 11.

Based on the introductory concepts of Chapter 12, Chapter 13 is dedicated to the
detailed principles of iterative joint channel equalisation and channel decoding techniques
known as turbo equalisation. Chapter 14 provides theoretical performance bounds for
turbo equalisers, while Chapter 15 offers a wide-ranging comparative study of various turbo
equaliser arrangements. The problem of reduced implemenattional complexity is addressed
in Chapter 16. Finally, turbo equalised space-time trellis codes are the subject of Chap-
ter 17.




