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Abstract: The algebraic method for constructing nonbinary quasi-cyclic(QC) low-density parity-check (LDPC)
codes based on balanced incomplete block designs(BIBD) is presented. The generalized nonbinary location vec-
tor is proposed on constructions. A nonbinary matrix, which consists of nonbinary circulant submatrices, is
formed by generalized two-dimensional matrix dispersion considering the generalized nonbinary location vector
and BIBD method. The codes constructed by this method have girths at least 6. Experimental results show that
significant coding gains are achieved over Reed-Solomon codes of the same parameters under the Additive White
Gaussian Noise( AWGN) channel with iterative decoding Fast Fourier Transform based q — ary Sum — Product
Algorithm(FFT-QSPA) . And a good performance is also achieved over nonbinary Mackay LDPC codes with al-
most the same conditions.
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Table 1 A list of parameters that the prime field GF(12¢ + 1) has
a primitive element o such that the condition a*' = 1 = a° holds

¢ 12t+1 (a,c)
1 13 (11,7) (7,9) (6,3) (2,1)

(68,69) (62,51) (60,27) (59,9) (58,51)
(53,9) (47,15) (45,69) (44,27) (42,27)
(40, 33) (39,45) (34,9) (33,69) (31,63)
(29,63) (28,33) (26,51) (20,45) (15,15)
(14,45) (13,63) (11,15) (5,33)

(92,75) (90,21) (87,41) (84,3) (83,59)
(82,77) (80,83) (76,95) (74,71) (71,65)
(68,87) (60,81) (59, 9) (58, 5) (57,93)
(56,63) (41,15) (40,45) (39,53) (38,57)
(37,33) (29,39) (26,17) (23,23) (21,47)
(17,35) (15,29) (14,11) (13,51) (10,89)
(7,69) (5,27)

(103,17) (99,5) (98,85) (96,47) (95,77)
(91,19) (85,95) (79,79) (72,7) (70, 13)
(69,11) (67,43) (65,55) (62,91) (59,103)
(58,53) (57,89) (56,29) (53,83) (52,35)
(51,107) (50,49) (47,37) (44,1) (42,97)
(40,65) (39,67) (37,61) (30,25) (24,41)
(18,73) (14,23) (13,101) (11,31) (10,59)
(6,71)

9 109

(179,103) (171,19) (163,41) (160,83)
(158,101) (157,167) (153,29) (140,71)
(134,91) (131,151) (128,79) (127,7)
(124,143) (123,127) (118,49) (115,107)
(112,67) (105,89) (104,149) (103,113)
(98,163) (97,31) (96,133) (91,137)
(90,47) (85,43) (84,121) (83,73) (78,23)
(77,59) (76,179) (69,157) (66,17) (63,139)
(58,37) (57,53) (54,97) (53,169) (50,61)
(47,1) (41,161) (28,119) (24,77) (23,11)
(21,173) (18,131) (10,109) (2,13)

15 181
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Table 2 A list of parameters that the prime field GF(20¢ + 1) has
a primitive element o« such that the condition o* + 1 = o holds

t 20t +1 (a,c)
(35,23) (34,25) (30,31) (29,7) (28,33)

(26,17) (24,21) (22,15) (19,35) (17,1) (15,
37) (13,13) (12,27) (11,11) (7,5) (6,3)

2 4

(59,53) (55,55) (54,29) (51,47) (44,35)
(43,37) (35,13) (31,49) (30,19) (26,43)
(18,7) (17,5) (10,17) (7,59) (6,25) (2,23)

(234,77) (228,5) (227,67) (210,107) (207,
17) (206,71) (204,163) (202,41) (199,223)
(195,205) (190, 143) (189, 145) (186,73)
(185,167) (179,217) (175,55) (173,7) (172,
211) (171,181) (170,131) (167,173) (163,
31) (157,233) (155,101) (149,95) (146,133)
(142, 121) (137,35) (132, 185) (131,203)
(129, 37) (127, 115) (114,235) (112, 157)
(110,83) (109,65) (104,155) (99,1) (95,13)
(92,215) (86,221) (84,113) (78,151) (74,
53) (71,11) (70,61) (69,91) (68,127) (66,
175) (62,97) (56,47) (55,193) (52,25) (51,
23) (46,85) (42,103) (39,161) (37,43) (35,
191) (34,137) (31,227) (14,187) (13,125)
(7,197)

(278,33) (270,23) (269,193) (268, 153)
(266, 153) (262, 213) (260,93) (259, 43)
(258, 23) (257,263) (255,143) (254,73)
(251, 23) (240, 253) (239, 113) (237,53)
(235, 153) (233,83) (230, 173) (229, 123)
(227, 53) (226, 183) (210, 243) (207, 123)
(206, 183) (205, 93) (199, 73) (198, 143)
(197,263) (194,223) (190, 223) (187, 23)
(186, 93) (185,93) (184,213) (178, 173)
(177,253) (176, 113) (174,103) (173,43)
(171,33) (166,13) (164,3) (161,103) (159,
103) (154,83) (150,143) (148,193) (133,53)
(131,3) (127,223) (122,243) (120, 243)
(117, 143) (115,153) (110,173) (108, 183)
(107, 243) (105,253) (104, 113) (103, 33)
(97,73) (96,233) (95,233) (94,163) (91,83)
(87,83) (84,123) (83,3) (82,213) (76,233)
(75,43) (74,263) (71,103) (55,43) (54,193)
(52,263) (51,33) (48,223) (46,13) (44,193)
(42,253) (41,113) (30,163) (27,213) (26,3)
(24,123) (23,163) (22,183) (21,233) (19,73)
(15,13) (13,13) (12,53) (11,163) (3,173)

12 241

14 281
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