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(57) 	 ABSTRACT 

Communication systems are described that use signal con-
stellations, which have unequally spaced (i.e. `geometrically' 
shaped) points. In many embodiments, the communication 
systems use specific geometric constellations that are capac-
ity optimized at a specific SNR. In addition, ranges within 
which the constellation points of a capacity optimized con-
stellation can be perturbed and are still likely to achieve a 
given percentage of the optimal capacity increase compared 
to a constellation that maximizes d_,,,, are also described. 
Capacity measures that are used in the selection of the loca-
tion of constellation points include, but are not limited to, 
parallel decode (PD) capacity and joint capacity. 
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Design 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

1 -5.0000 0.1982 0.1980 0.0002 0.0833 
2 -4.8000 0.2063 0.2061 0.0002 0.0924 
3 -4.6000 0.2147 0.2145 0.0002 0.1024 
4 -4.4000 0.2234 0.2232 0.0003 0.1133 
5 -4.2000 0.2324 0.2321 0.0003 0.1252 
6 -4.0000 0.2417 0.2414 0.0003 0.1382 
7 -3.8000 0.2513 0.2510 0.0004 0.1523 
8 -3.6000 0.2613 0.2608 0.0004 0.1677 
9 -3.4000 0.2715 0.2710 0.0005 0.1845 

10 -3.2000 0.2821 0.2815 0.0006 0.2026 
11 -3.0000 0.2930 0.2924 0.0006 0.2222 
12 -2.8000 0.3043 0.3035 0.0007 0.2433 
13 -2.6000 0.3159 0.3150 0.0008 0.2662 
14 -2.4000 0.3278 0.3269 0.0010 0.2907 
15 -2.2000 0.3401 0.3390 0.0011 0.3171 
16 -2.0000 0.3528 0.3516 0.0012 0.3453 
17 -1.8000 0.3658 0.3644 0.0014 0.3755 
18 -1.6000 0.3792 0.3776 0.0015 0.4078 
19 -1.4000 0.3929 0.3912 0.0017 0.4422 
20 -1.2000 0.4070 0.4051 0.0019 0.4788 
21 -1.0000 0.4215 0.4194 0.0022 0.5176 
22 -0.8000 0.4364 0.4340 0.0024 0.5587 
23 -0.6000 0.4516 0.4489 0.0027 0.6021 
24 -0.4000 0.4672 0.4642 0.0030 0.6479 
25 -0.2000 0.4832 0.4799 0.0033 0.6961 
26 0.0000 0.4996 0.4959 0.0037 0.7468 
27 0.0050 0.5000 0.4963 0.0037 0.7481 
28 0.2000 0.5163 0.5122 0.0041 0.7999 
29 0.4000 0.5334 0.5289 0.0045 0.8554 
30 0.6000 0.5509 0.5459 0.0050 0.9133 
31 0.8000 0.5688 0.5633 0.0055 0.9736 
32 1.0000 0.5870 0.5810 0.0060 1.0363 
33 1.2000 0.6056 0.5990 0.0066 1.1012 
34 1.4000 0.6245 0.6173 0.0072 1.1684 
35 1.6000 0.6439 0.6360 0.0079 1.2377 
36 1.8000 0.6635 0.6550 0.0086 1.3090 
37 2.0000 0.6835 0.6742 0.0093 1.3822 
38 2.2000 0.7039 0.6938 0.0101 1.4572 
39 2.4000 0.7246 0.7137 0.0109 1.5338 
40 2.6000 0.7457 0.7338 0.0118 1.6117 

Table 1 

FIG. 25 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

41 2.8000 1 	0.7670 0.7543 0.0128 1.6909 
42 3.0000 0.7887 0.7750 0.0137 1.7709 
43 3.2000 0.8107 0.7960 0.0147 1.8516 
44 3.4000 0.8331 0.8173 0.0158 1.9326 
45 3.6000 0.8557 0.8388 0.0169 2.0134 
46 3.8000 0.8786 0.8606 0.0180 2.0938 
47 4.0000 0.9018 0.8826 0.0192 2.1731 
48 4.2000 0.9252 0.9049 0.0204 2.2508 
49 4.4000 0.9490 0.9274 0.0216 2.3263 
50 4.6000 0.9729 0.9501 0.0228 2.3989 
51 4.8000 0.9971 0.9731 0.0240 2.4677 
52 4.8237 1.0000 0.9758 0.0242 2.4755 
53 5.0000 1.0215 0.9963 0.0252 2.5318 
54 5.2000 1.0461 1.0197 0.0264 2.5905 
55 5.4000 1.0710 1.0433 0.0276 2.6491 
56 5.6000 1.0960 1.0672 0.0289 2.7048 
57 5.8000 1.1213 1.0912 0.0301 2.7584 
58 6.0000 1.1468 1.1154 0.0313 2.8099 
59 6.2000 1.1724 1.1398 0.0326 2.8593 
60 6.4000 1.1983 1.1644 0.0338 2.9064 
61 6.6000 1.2243 1.1892 0.0351 2.9511 
62 6.8000 1.2505 1.2142 0.0363 2.9934 
63 7.0000 1.2769 1.2393 0.0376 3.0322 
64 7.2000 1.3034 1.2646 0.0388 3.0663 
65 7.4000 1.3300 1.2901 0.0399 3.0952 
66 7.6000 1.3567 1.3157 0.0410 3.1187 
67 7.8000 1.3836 1.3415 0.0421 3.1367 
68 8.0000 1.4105 1.3674 0.0431 3.1506 
69 8.2000 1.4376 1.3935 0.0440 3.1605 
70 8.4000 1.4647 1.4197 0.0450 3.1665 
71 8.6000 1.4919 1.4461 0.0458 3.1682 
72 8.6592 1.5000 1.4539 0.0461 3.1678 
73 8.8000 1.5192 1.4726 0.0466 3.1655 
74 9.0000 1.5466 1.4992 0.0474 3.1584 
75 9.2000 1.5740 1.5260 0.0480 3.1466 
76 9.4000 1.6015 1.5529 0.0486 3.1299 
77 9.6000 1.6290 1.5799 0.0491 3.1084 
78 9.8000 1.6566 1.6070 0.0496 3.0839 
79 10.0000 1.6843 1.6343 0.0500 3.0574 
80 10.2000 1.7120 1.6616 0.0503 3.0290 

Table 2 

FIG. 26 
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SNR 	Opt. 	Std. 	Gain I Gain % 
Cap 

Design 

81 10.4000 1.7398 1.6891 0.0506 2.9986 
82 10.6000 1.7676 1.7167 0.0509 2.9662 
83 10.8000 1.7955 1.7443 0.0511 2.9317 
84 11.0000 1.8234 1.7721 0.0513 2.8951 
85 11.2000 1.8514 1.8000 0.0514 2.8562 
86 11.4000 1.8794 1.8279 0.0515 2.8149 
87 11.6000 1.9074 1.8560 0.0514 2.7710 
88 11.8000 1.9354 1.8841 0.0513 2.7244 
89 12.0000 1.9634 1.9123 0.0512 2.6750 
90 12.2000 1.9915 1.9406 0.0509 2.6226 
91 12.2611 2.0000 1.9492 0.0508 2.6059 
92 12.4000 2.0195 1.9689 0.0505 2.5670 
93 12.6000 2.0474 1.9973 0.0501 2.5084 
94 12.8000 2.0754 2.0258 0.0496 2.4466 
95 13.0000 2.1033 2.0544 0.0489 2.3816 
96 13.2000 2.1311 2.0829 0.0482 2.3135 
97 13.4000 2.1589 2.1116 0.0473 2.2424 
98 13.6000 2.1867 2.1402 0.0464 2.1683 
99 13.8000 2.2143 2.1689 0.0454 2.0915 

100 14.0000 2.2419 2.1976 0.0442 2.0121 
101 14.2000 2.2693 2.2263 0.0430 1.9306 
102 14.4000 2.2967 2.2550 0.0417 1.8471 
103 14.6000 2.3239 2.2837 0.0402 1.7622 
104 14.8000 2.3510 2.3122 0.0388 1.6762 
105 15.0000 2.3779 2.3407 0.0372 1.5896 
106 15.2000 2.4047 2.3691 0.0356 1.5030 
107 15.4000 2.4313 2.3973 0.0340 1.4168 
108 15.6000 2.4576 2.4253 0.0323 1.3317 
109 15.8000 2.4837 2.4531 0.0306 1.2481 
110 15.9256 2.5000 2.4704 0.0296 1.1965 
111 16.0000 2.5096 2.4806 0.0289 1.1664 
112 16.2000 2.5351 2.5078 0.0273 1.0871 
113 16.4000 2.5603 2.5347 0.0256 1.0105 
114 16.6000 2.5851 2.5611 0.0240 0.9369 
115 16.8000 2.6095 2.5871 0.0224 0.8664 
116 17.0000 2.6334 2.6125 0.0209 0.7992 
117 17.2000 2.6568 2.6374 0.0194 0.7354 
118 17.4000 2.6796 2.6616 0.0180 0.6750 
119 17.6000 2.7017 2.6851 0.0166 0.6179 
120 17.8000 2.7233 2.7080 0.0153 0.5642 

Table 3 

FIG. 27 
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Design 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

121 18.0000 2.7441 2.7300 0.0140 0.5137 
122 18.2000 2.7641 2.7513 0.0128 0.4664 
123 18.4000 1 	2.7834 2.7717 0.0117 0.4222 
124 18.6000 2.8018 2.7912 0.0106 0.3811 
125 18.8000 2.8194 2.8097 0.0096 0.3428 
126 19.0000 2.8360 2.8274 0.0087 0.3072 
127 19.2000 2.8518 2.8440 0.0078 0.2744 
128 19.4000 2.8667 2.8597 0.0070 0.2442 
129 19.6000 2.8806 2.8743 0.0062 0.2164 
130 19.8000 2.8936 2.8880 0.0055 0.1910 
131 20.0000 2.9056 2.9007 0.0049 0.1678 
132 20.2000 2.9167 2.9125 0.0043 0.1468 
133 20.4000 2.9269 2.9232 0.0037 0.1277 
134 20.6000 2.9363 2.9330 0.0032 0.1104 
135 20.8000 2.9448 2.9420 0.0028 0.0951 
136 21.0000 2.9524 2.9500 0.0024 0.0813 
137 21.2000 2.9593 2.9572 0.0020 0.0692 
138 21.4000 2.9654 2.9636 0.0017 0.0584 
139 21.6000 2.9708 2.9693 0.0015 0.0491 
140 21.8000 2.9755 2.9743 0.0012 0.0409 
141 22.0000 2.9797 2.9786 0.0010 0.0338 
142 22.2000 2.9832 2.9824 0.0008 0.0278 
143 22.4000 2.9863 2.9856 0.0007 0.0226 
144 22.6000 2.9889 2.9884 0.0005 0.0183 
145 22.8000 2.9911 2.9907 0.0004 0.0145 

146 23.0000 2.9929 2.9926 0.0003 0.0115 
147 23.2000 2.9944 2.9942 0.0003 0.0092 
148 23.4000 2.9957 2.9955 0.0002 0.0071 

Table 4 

FIG. 28 
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Label 
0 	1 	2 	3 	4 	5 	6 	7 

Design 

1 -8.450 -2.051 -2.051 -2.048 2.035 2.057 2.057 8.450 
2 -8.446 -2.061 -2.059 -2.046 2.055 2.055 2.055 8.446 
3 1 	-8.441 -2.064 -2.064 -2.057 2.061 2.061 2.062 8.441 
4 -8.436 -2.067 -2.069 -2.068 2.067 2.067 2.069 8.436 
5 -8.432 -2.075 -2.076 -2.072 2.074 2.075 2.074 8.432 
6 -8.426 -2.082 -2.081 -2.081 2.081 2.081 2.081 8.426 
7 -8.421 -2.089 -2.089 -2.089 2.089 2.089 2.089 8.421 
8 -8.416 -2.097 -2.097 -2.095 2.096 2.096 2.097 8.416 
9 -8.410 -2.104 -2.104 -2.104 2.102 2.105 2.105 8.410 

10 -8.404 -2.112 -2.112 -2.112 2.111 2.112 2.112 8.404 
11 8.397 -2.120 -2.120 -2.120 2.120 2.120 2.120 8.397 
12 8.391 -2.129 -2.129 -2.129 2.129 2.129 2.129 8.391 
13 -8.384 -2.138 -2.138 -2.138 2.138 2.138 2.138 8.384 
14 -8.377 -2.147 -2.147 -2.147 2.147 2.147 2.147 8.377 
15 -8.370 -2.156 -2.156 -2.156 2.156 2.156 2.156 8.370 
16 -8.362 -2.166 -2.166 -2.166 2.166 2.166 2.166 8.362 
17 -8.354 -2.176 -2.176 -2.176 2.176 2.176 2.176 8.354 
18 -8.347 -2.186 -2.186 -2.186 2.186 2.186 2.186 8.347 
19 -8.338 -2.196 -2.196 -2.196 2.196 2.196 2.196 8.338 
20 -8.330 -2.207 -2.207 -2.207 2.207 2.207 2.207 8.330 
21 -8.322 -2.218 -2.218 -2.218 2.217 2.218 2.218 8.322 
22 -8.313 -2.228 -2.228 -2.228 2.228 2.228 2.228 8.313 
23 -8.304 -2.239 -2.239 -2.239 2.239 2.239 2.239 8.304 
24 -8.295 -2.250 -2.250 -2.250 2.250 2.250 2.250 8.295 
25 -8.286 -2.261 -2.261 -2.261 2.261 2.261 2.261 8.286 
26 -8.277 -2.273 -2.273 -2.272 2.273 2.273 2.273 8.277 
27 -8.277 -2.273 -2.273 -2.273 2.273 2.273 2.272 8.277 
28 -8.268 -2.284 -2.284 -2.284 2.284 2.284 2.284 8.268 
29 -8.258 -2.295 -2.295 -2.295 2.295 2.295 2.295 8.258 
30 -8.249 -2.306 -2.306 -2.306 2.306 2.306 2.306 8.249 
31 -8.240 -2.317 -2.317 -2.317 2.317 2.317 2.317 8.240 
32 -8.230 -2.328 -2.328 -2.328 2.328 2.328 2.328 8.230 
33 -8.221 -2.339 -2.339 -2.339 2.339 2.339 2.339 8.221 
34 -8.212 -2.350 -2.350 -2.350 2.350 2.350 2.350 8.212 
35 -8.202 -2.361 -2.361 -2.361 2.361 2.361 2.361 8.202 
36 -8.193 -2.372 -2.372 -2.372 2.372 2.372 2.372 8.193 
37 -8.184 -2.382 -2.382 -2.382 2.382 2.382 2.382 8.184 
38 -8.175 -2.392 -2.392 -2.392 2.392 2.392 2.392 8.175 
39 -8.166 -2.402 -2.402 -2.402 2.402 2.402 2.402 8.166 
40 -8.157 -2.412 -2.412 -2.412 2.412 2.412 2.412 8.157 

Table 5 

FIG. 29 
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Label 

Design 

41  
42  
43 
44 
45  
46  
47  
48  
49  
50  
51  
52  
53 
54  
55  
56  
57  
58  
59  
60  
61 
62 

63 
64  
65  
66  
67  
68  
69  
70  
71  
72  
73  
74  
75  
76  
77  
78  
79  
80 

Table 6 

-8.149 -2.422 -2.422 -2.422 2.422 2.422 2.422 8.149 
-8.141 -2.431 -2.431 -2.431 2.431 2.431 2.431 8.141 
-8.132 -2.440 -2.440 -2.440 2.440 2.440 2.440 8.132 
-8.124 -2.449 -2.449 -2.449 2.449 2.449 2.449 8.124 
-8.117 -2.458 -2.458 -2.458 2.458 2.458 2.458 8.117 
-8.109 -2.466 -2.466 -2.466 2.466 2.466 2.466 8.109 
-8.102 -2.474 -2.474 -2.474 2.474 2.474 2.474 8.102 
-8.095 -2.481 -2.481 -2.481 2.481 2.481 2.481 8.095 
-8.088 -2.489 -2.489 -2.489 2.489 2.489 2.489 8.088 
-8.082 -2.496 -2.496 -2.496 2.496 2.496 2.496 8.082 
-8.075 -2.503 -2.503 -2.503 2.503 2.503 2.503 8.075 
-8.075 -2.503 -2.503 -2.503 2.503 2.503 2.503 8.075 
-8.069 -2.509 -2.509 -2.509 2.509 2.509 2.509 8.069 
-8.063 -2.513 -2.513 -2.513 2.391 2.391 2.761 8.061 
-8.031 -2.900 -2.900 -1.639 1.639 2.900 2.900 8.031 
-8.012 -2.987 -2.987 -1.403 1.403 2.987 2.987 8.012 
-7.993 -3.055 -3.055 -1.199 1.199 3.055 3.055 7.993 
-7.976 -3.111 -3.111 -1.012 1.012 3.111 3.111 7.976 
-7.960 -3.158 -3.158 -0.832 0.832 3.158 3.158 7.960 
-7.945 -3.199 -3.199 -0.649 0.649 3.199 3.199 7.945 
-7.930 -3.234 -3.234 -0.445 0.445 3.234 3.234 7.930 
-7.916 -3.265 -3.265 -0.123 0.123 3.265 3.265 7.916 
-7.906 -3.279 -3.279 0.000 0.000 3.279 3.279 7.906 
-7.896 -3.291 -3.291 0.000 0.000 3.291 3.291 7.896 
-7.885 -3.303 -3.303 0.000 0.000 3.303 3.303 7.885 
-7.875 -3.316 -3.316 0.000 0.000 3.316 3.316 7.875 
-7.862 -3.486 -3.168 0.000 0.000 3.168 3.486 7.862 
-7.847 -3.621 -3.052 0.000 0.000 3.052 3.621 7.847 
-7.833 -3.711 -2.979 0.000 0.000 2.979 3.711 7.833 
-7.819 -3.782 -2.925 0.000 0.000 2.925 3.782 7.819 
-7.806 -3.843 -2.881 0.000 0.000 2.881 3.843 7.806 
-7.802 -3.860 -2.870 0.000 0.000 2.870 3.860 7.802 
-7.793 -3.897 -2.844 0.000 0.000 2.844 3.897 7.793 
-7.780 -3.945 -2.812 0.000 0.000 2.812 3.945 7.780 
-7.768 -3.990 -2.783 0.000 0.000 2.783 3.990 7.768 
-7.756 -4.031 -2.756 0.000 0.000 2.756 4.031 7.756 
-7.744 -4.075 -2.720 -0.164 0.164 2.720 4.075 7.744 
-7.730 -4.131 -2.656 -0.362 0.362 2.656 4.131 7.730 
-7.717 -4.178 -2.603 -0.471 0.471 2.603 4.178 7.717 
-7.704 -4.219 -2.560 -0.549 0.549 2.560 4.219 7.704 
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Label 
0 1 2 3 	4 5 6 	7 

Design 

81 -7.692 -4.255 -2.524 -0.608 0.608 2.524 4.255 7.692 
82 -7.680 -4.286 -2.494 -0.654 0.654 2.494 4.286 7.680 
83 -7.669 -4.314 -2.471 -0.690 0.690 2.471 4.314 7.669 
84 -7.657 -4.340 -2.452 -0.718 0.718 2.452 4.340 7.657 
85 -7.647 -4.363 -2.438 -0.740 0.740 2.438 4.363 7.647 

86 -7.636 -4.385 -2.428 1 	-0.757 0.757 2.428 1 	4.385 7.636 
87 -7.625 -4.405 -2.422 -0.770 0.770 2.422 4.405 7.625 
88 -7.614 -4.424 -2.418 -0.780 0.780 2.418 4.424 7.614 
89 -7.603 -4.441 -2.417 -0.787 0.787 2.417 4.441 7.603 
90 -7.592 -4.458 -2.419 -0.792 0.792 2.419 4.458 7.592 
91 -7.589 -4.464 -2.420 -0.793 0.793 2.420 4.464 7.589 
92 -7.581 -4.475 -2.423 -0.795 0.795 2.423 4.475 7.581 
93 -7.570 -4.491 -2.428 -0.797 0.797 2.428 4.491 7.570 
94 -7.558 -4.507 -2.435 -0.799 0.799 2.435 4.507 7.558 
95 -7.546 -4.522 -2.444 1 	-0.800 0.800 2.444 1 	4.522 7.546 
96 -7.533 -4.538 -2.453 -0.800 0.800 2.453 4.538 7.533 
97 -7.521 -4.553 -2.464 -0.801 0.801 2.464 4.553 7.521 

98 -7.508 -4.568 -2.475 -0.802 0.802 2.475 4.568 7.508 
99 -7.494 -4.583 -2.488 -0.804 0.804 2.488 4.583 7.494 

100 -7.481 -4.597 -2.501 -0.805 0.805 2.501 4.597 7.481 
101 -7.467 -4.612 -2.514 -0.808 0.808 2.514 4.612 7.467 
102 -7.453 -4.626 -2.529 -0.811 0.811 2.529 4.626 7.453 
103 -7.439 -4.641 -2.543 1 	-0.815 0.815 2.543 1 	4.641 7.439 
104 -7.424 -4.655 -2.559 -0.819 0.819 2.559 4.655 7.424 
105 -7.409 -4.669 -2.574 -0.824 0.824 2.574 4.669 7.409 
106 1 	-7.395 -4.682 -2.590 -0.830 0.830 2.590 4.682 7.395 
107 -7.380 -4.695 -2.607 -0.836 0.836 2.607 4.695 7.380 
108 -7.365 -4.708 -2.623 -0.842 0.842 2.623 4.708 7.365 
109 -7.350 -4.721 -2.640 -0.849 0.849 2.640 4.721 7.350 

110 -7.340 -4.729 -2.651 1 	-0.853 0.853 2.651 1 	4.729 7.340 
111 -7.336 -4.733 -2.656 -0.855 0.855 2.656 4.733 7.336 
112 -7.322 -4.745 -2.672 -0.862 0.862 2.672 4.745 7.322 
113 1 	-7.308 -4.756 -2.687 -0.869 0.869 2.687 4.756 7.308 
114 -7.294 -4.767 -2.703 -0.875 0.875 2.703 4.767 7.294 
115 -7.281 -4.778 -2.717 -0.882 0.882 2.717 4.778 7.281 

116 -7.269 -4.788 -2.731 -0.888 0.888 2.731 4.788 7.269 
117 -7.256 -4.798 -2.744 -0.893 0.893 2.744 4.798 7.256 
118 -7.245 -4.807 -2.757 -0.899 0.899 2.757 4.807 7.245 
119 -7.233 1 	-4.816 -2.769 1 	-0.904 1 	0.904 2.769 4.816 7.233 
120 1 	-7.223 1 	-4.824 -2.781 1 	-0.909 1 	0.909 2.781 4.824 7.223 
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Label 
0 1 2 3 4 5 6 7 

Design 

121 -7.213 -4.832 -2.792 -0.914 0.914 2.792 4.832 7.213 
122 -7.203 4.840 -2.802 -0.918 0.918 2.802 4.840 7.203 
123 -7.194 -4.847 -2.812 -0.922 0.922 2.812 4.847 7.194 
124 -7.185 4.854 -2.821 -0.926 0.926 2.821 4.854 7.185 
125 -7.176 4.861 -2.830 -0.930 0.930 2.830 4.861 7.176 
126 -7.168 4.867 -2.838 -0.933 0.933 2.838 4.867 7.168 
127 -7.161 4.873 -2.846 -0.937 0.937 2.846 4.873 7.161 
128 -7.154 -4.879 -2.853 -0.940 0.940 2.853 4.879 7.154 
129 -7.147 4.885 -2.860 -0.943 0.943 2.860 4.885 7.147 
130 -7.140 -4.890 -2.867 -0.945 0.945 2.867 4.890 7.140 
131 -7.134 -4.895 -2.873 -0.948 0.948 2.873 4.895 7.134 
132 -7.128 -4.900 -2.879 -0.950 0.950 2.879 4.900 7.128 
133 -7.122 4.904 -2.885 -0.953 0.953 2.885 4.904 7.122 
134 -7.116 4.909 -2.890 -0.955 0.955 2.890 4.909 7.116 
135 -7.111 4.913 -2.895 -0.957 0.957 2.895 4.913 7.111 
136 -7.106 4.917 -2.900 -0.959 0.959 2.900 4.917 7.106 
137 -7.102 -4.920 -2.904 -0.961 0.961 2.904 4.920 7.102 
138 -7.097 4.924 -2.909 -0.963 0.963 2.909 4.924 7.097 
139 -7.093 4.927 -2.913 -0.965 0.965 2.913 4.927 7.093 
140 -7.089 4.931 -2.917 -0.966 0.966 2.917 4.931 7.089 
141 -7.084 -4.934 -2.921 -0.968 0.968 2.921 4.934 7.084 
142 -7.081 4.937 -2.924 -0.969 0.969 2.924 4.937 7.081 
143 -7.077 4.940 -2.928 -0.971 0.971 2.928 4.940 7.077 
144 -7.074 4.942 -2.931 1 	-0.972 0.972 2.931 1 	4.942 7.074 
145 -7.071 4.945 -2.934 -0.973 0.973 2.934 4.945 7.071 
146 -7.068 -4.947 -2.937 -0.974 0.974 2.937 4.947 7.068 
147 1 	-7.064 4.950 -2.941 -0.976 1 	0.976 2.941 4.950 1 	7.064 
148 1 	-7.062 -4.952 -2.942 -0.977 1 	0.977 2.942 4.952 1 	7.062 
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Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
1 -5 0.12 0.11 0.1 0.09 0.06 0 
2 -4.8 0.12 0.11 0.1 0.09 0.06 0 
3 -4.6 0.13 0.12 0.11 0.09 0.08 0 
4 -4.4 0.13 0.12 0.1 0.09 0.07 0 
5 -4.2 0.14 0.13 0.11 0.1 0.07 0 
6 -4 0.15 0.14 0.12 0.11 0.08 0 
7 -3.8 0.15 0.14 0.12 0.11 0.08 0 
8 -3.6 0.17 0.15 0.14 0.12 0.09 0 
9 -3.4 0.18 0.16 0.15 0.13 0.09 0 
10 -3.2 0.18 0.16 0.15 0.13 0.1 0 
11 -3 0.2 0.18 0.16 0.14 0.1 0 
12 -2.8 0.19 0.17 0.16 0.14 0.1 0 
13 -2.6 0.21 0.19 0.17 0.15 0.11 0 
14 -2.4 0.23 0.21 0.19 0.17 0.12 0 
15 -2.2 0.23 0.2 0.18 0.17 0.12 0 
16 -2 0.25 0.22 0.2 0.18 0.13 0 
17 -1.8 0.27 0.24 0.22 0.2 0.13 0 
18 -1.6 0.26 0.24 0.21 0.19 0.14 0 
19 -1.4 0.29 0.26 0.23 0.21 0.15 0 
20 -1.2 0.28 0.25 0.23 0.2 0.15 0 
21 -1 0.3 0.27 0.25 0.22 0.16 0 
22 -0.8 0.33 0.3 0.27 0.24 0.18 0 
23 -0.6 0.32 0.29 0.26 0.23 0.17 0 
24 -0.4 0.35 0.31 0.28 0.25 0.18 0 
25 -0.2 0.34 0.3 0.27 0.25 0.2 0 
26 0 0.33 0.3 0.27 0.24 0.19 0 
27 0.01 0.33 0.3 0.27 0.24 0.19 0 
28 0.2 0.32 0.29 0.26 0.23 0.21 0 
29 0.4 0.31 0.28 0.25 0.23 0.2 0 
30 0.6 0.3 0.27 0.24 0.22 0.2 0 
31 0.8 0.29 0.26 0.23 0.21 0.19 0 
32 1 0.28 0.25 0.23 0.2 0.18 0 
33 1.2 0.27 0.24 0.22 0.2 0.18 0 
34 1.4 0.26 0.24 0.21 0.19 0.17 0 
35 1.6 0.25 0.23 0.2 0.18 0.17 0 
36 1.8 0.24 0.22 0.2 0.18 0.16 0 
37 2 0.23 0.21 0.19 0.17 0.15 0 
38 2.2 0.22 0.2 0.18 0.16 0.15 0 
39 2.4 0.22 0.19 0.17 0.16 0.14 0 
40 2.6 0.21 0.19 0.17 0.15 0.14 0 
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Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
41 2.8 0.2 0.18 0.16 0.14 0.13 0 
42 3 0.19 0.17 0.15 0.14 0.13 0 
43 3.2 0.18 0.16 0.15 0.13 0.12 0 
44 3.4 0.17 0.16 0.14 0.13 0.11 0 
45 3.6 0.17 0.15 0.14 0.12 0.11 0 
46 1 	3.8 0.16 0.14 0.13 1 	0.12 0.11 0 
47 4 0.15 0.14 0.12 0.11 0.1 0 
48 4.2 0.15 0.13 0.12 0.11 0.1 0 
49 4.4 0.14 0.13 0.11 0.1 0.09 0 
50 4.6 0.13 0.12 0.11 0.1 0.09 0 
51 4.8 0.13 0.11 0.1 0.09 0.08 0 
52 4.82 0.13 0.11 0.1 0.09 0.08 0 
53 5 0.12 0.11 0.1 0.09 0.08 0 
54 5.2 0.2 0.18 0.16 0.15 0.13 0 
55 5.4 0.57 0.51 0.46 0.41 0.27 0 
56 5.6 0.56 0.51 0.45 0.41 0.3 0 
57 5.8 0.53 0.47 0.43 0.38 0.28 0 
58 6 0.56 0.51 0.46 0.41 0.3 0 
59 6.2 0.54 0.49 0.44 0.39 0.29 0 
60 6.4 0.55 0.49 0.44 0.4 0.29 0 
61 6.6 0.55 0.43 0.39 0.35 0.31 0 
62 6.8 0.56 0.34 0.31 0.28 0.25 0 
63 7 0.56 0.3 0.27 0.25 0.22 0 
64 7.2 0.56 0.3 0.27 0.24 0.22 0 
65 7.4 0.56 0.29 0.26 0.23 0.21 0 
66 7.6 0.57 0.28 0.25 0.23 0.2 0 
67 7.8 0.53 0.27 0.24 0.22 0.2 0 
68 8 0.54 0.26 0.24 0.21 0.19 0 
69 8.2 0.53 0.26 0.23 0.21 0.19 0 
70 8.4 0.53 0.25 0.23 0.2 0.18 0 
71 8.6 0.53 0.24 0.22 02 0.18 0 
72 8.66 0.53 0.24 0.22 0.2 0.18 0 
73 8.8 0.48 0.24 0.21 0.19 0.17 0 
74 9 0.47 0.23 0.21 0.19 0.17 0 
75 9.2 0.47 0.22 0.2 0.18 0.16 0 
76 9.4 0.47 0.22 0.2 0.18 0.16 0 
77 9.6 0.46 0.25 0.23 02 0.18 0 
78 9.8 0.35 0.29 0.26 0.24 0.21 0 
79 10 0.26 0.23 0.21 0.19 0.17 0 
80 10.2 0.2 0.18 0.16 0.14 0.13 0 
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Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
81 10.4 0.15 0.13 0.12 0.11 0.1 0 
82 10.6 0.11 0.1 0.09 0.08 0.07 0 
83 10.8 0.08 0.07 0.06 0.06 0.05 0 
84 11 0.05 0.05 0.04 0.04 0.04 0 
85 11.2 0.04 0.03 0.03 0.03 0.02 0 
86 11.4 0.02 0.02 0.02 0.02 0.01 0 
87 11.6 0.01 0.01 0.01 0.01 0.01 0 
88 11.8 0.01 0.01 0 0 0 0 
89 12 0.03 0.02 0.01 0.01 0.01 0 
90 12.2 0.04 0.03 0.02 0.02 0.02 0 
91 12.26 0.04 0.04 0.03 0.02 0.02 0 
92 12.4 0.05 0.05 0.03 0.03 0.02 0 
93 12.6 0.06 0.06 0.04 1 	0.03 0.03 0 
94 12.8 0.08 0.07 0.05 0.04 0.04 0 
95 13 0.09 0.08 0.05 0.05 0.04 0 
96 13.2 0.1 0.09 0.06 0.05 0.05 0 
97 13.4 0.12 0.1 0.07 0.06 0.06 0 
98 13.6 0.13 0.12 0.08 0.07 0.07 0 
99 13.8 0.14 0.13 0.09 0.0B 0.08 0 
100 14 0.15 0.14 0.1 1 	0.09 0.08 0 
101 14.2 0.17 0.15 0.11 0.1 0.09 0 
102 14.4 0.18 0.16 0.13 0.11 0.1 0 
103 14.6 0.19 0.17 0.14 0.13 0.11 0 
104 14.8 0.21 0.19 0.15 0.14 0.11 0 
105 15 0.2 0.18 0.16 0.14 0.1 0 
106 15.2 0.21 0.19 0.17 0.14 0.1 0 
107 15.4 0.18 0.16 0.14 1 	0.13 0.09 0 
108 15.6 0.17 0.15 0.14 0.12 0.09 0 
109 15.8 0.16 0.14 0.13 0.12 0.08 0 
110 15.93 0.16 0.15 0.13 0.12 0.09 0 
111 16 0.15 0.13 0.12 0.11 0.08 0 
112 16.2 0.14 0.13 0.11 0.1 0.07 0 
113 16.4 0.13 0.12 0.11 0.1 0.07 0 
114 16.6 0.13 0.11 0.1 0.09 0.07 0 
115 16.8 0.12 0.11 0.1 0.09 0.06 0 
116 17 0.12 0.1 0.09 0.08 0.06 0 
117 17.2 0.11 0.1 0.09 0.08 0.06 0 
118 17.4 0.1 0.09 0.08 0.08 0.06 0 
119 17.6 0.1 0.09 0.08 0.07 0.05 0 
120 17.8 0.09 0.09 0.08 0.07 0.05 0 
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Des! n # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
121 18 0.09 0.08 0.07 0.07 0.05 0 
122 18.2 0.09 0.08 0.07 0.06 0.05 0 
123 18.4 0.08 0.07 0.07 0.06 0.04 0 
124 18.6 0.08 0.07 0.06 0.06 0.04 0 
125 18.8 0.07 0.07 0.06 0.05 0.04 0 
126 19 0.07 0.06 0.06 0.05 0.04 0 
127 19.2 0.07 0.06 0.05 0.05 0.04 0 
128 19.4 0.06 0.06 0.05 0.05 0.03 0 
129 19.6 0.06 0.06 0.05 0.04 0.03 0 
130 19.8 0.06 0.05 0.05 0.04 0.03 0 
131 20 0.06 0.05 0.05 0.04 0.03 0 
132 20.2 0.05 0.05 0.04 0.04 0.03 0 
133 20.4 0.05 0.05 0.04 0.04 0.02 0 
134 20.6 0.05 0.04 0.04 0.04 0.02 0 
135 20.8 0.04 0.04 0.03 0.03 0.02 0 
136 21 0.04 0.04 0.04 0.03 0.02 0 
137 21.2 0.04 0.04 0.03 0.03 0.02 0 
138 21.4 0.04 0.03 0.03 0.03 0.02 0 
139 21.6 0.03 0.03 0.03 0.03 0.02 0 
140 21.8 0.03 0.03 0.03 0.02 0.02 0 
141 22 0.03 0.03 0.03 0.02 0.02 0 
142 22.2 0.03 0.03 0.02 0.02 0.02 0 
143 22.4 0.03 0.03 0.02 0.02 0.02 0 
144 22.6 0.03 0.02 0.02 0.02 0.01 0 
145 22.8 0.03 0.02 0.02 0.02 0.01 0 
146 23 0.02 0.02 0.02 0.02 0.01 0 
147 23.2 0.02 0.02 0.02 0.02 0.01 0 
148 23.4 0.02 0.02 0.02 0.02 0.01 0 
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SNR 	Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

41 2.8000 0.7186 0.6632 0.0554 8.3527 
42 3.0000 0.7386 0.6831 0.0555 8.1300 
43 3.2000 0.7593 0.7034 0.0559 7.9468 
44 3.4000 0.7804 0.7240 0.0565 7.7983 
45 3.6000 0.8021 0.7449 0.0572 7.6801 
46 3.8000 0.8243 0.7662 0.0581 7.5872 
47 4.0000 0.8470 0.7878 0.0592 7.5148 

48 4.2000 0.8702 0.8098 0.0604 7.4581 
49 4.4000 0.8938 0.8321 0.0617 7.4120 
50 4.6000 0.9178 0.8548 0.0630 7.3718 
51 4.8000 0.9421 0.8778 0.0644 7.3328 
52 5.0000 0.9668 0.9011 0.0657 7.2903 
53 5.2000 0.9917 0.9248 0.0670 7.2406 
54 5.2657 1.0000 0.9326 0.0674 7.2219 
55 5.4000 1.0169 0.9488 0.0681 7.1793 
56 5.6000 1.0423 0.9732 0.0691 7.1031 
57 5.8000 1.0678 0.9979 0.0699 7.0087 
58 6.0000 1.0934 1.0229 0.0705 6.8934 
59 6.2000 1.1191 1.0483 0.0708 6.7550 

60 6.4000 1.1448 1.0740 0.0708 6.5919 
61 6.6000 1.1704 1.1000 0.0704 6.4032 
62 6.8000 1.1960 1.1263 0.0697 6.1889 
63 7.0000 1.2216 1.1530 0.0686 5.9490 
64 7.2000 1.2470 1.1799 0.0671 5.6843 
65 7.4000 1.2724 1.2072 0.0652 5.4035 
66 7.6000 1.2980 1.2348 0.0632 5.1173 
67 7.8000 1.3238 1.2626 0.0612 4.8477 
68 8.0000 1.3500 1.2907 0.0593 4.5905 
69 8.2000 1.3780 1.3191 0.0589 4.4669 
70 8.4000 1.4086 1.3477 0.0609 4.5190 
71 8.6000 1.4392 1.3766 0.0626 4.5447 
72 8.8000 1.4696 1.4057 0.0639 4.5449 
73 9.0000 1.4999 1.4350 0.0649 4.5208 
74 9.0008 1.5000 1.4351 0.0649 4.5207 
75 9.2000 1.5300 1.4645 0.0655 4.4740 
76 9.4000 1.5600 1.4942 0.0658 4.4056 
77 9.6000 1.5899 1.5241 0.0658 4.3170 
78 9.8000 1.6195 1.5541 0.0654 4.2101 
79 10.0000 1.6490 1.5843 0.0647 4.0864 
80 10.2000 1.6783 1.6145 0.0637 3.9475 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

81 10.4000 1.7074 1.6449 0.0624 3.7953 
82 10.6000 1.7363 1.6754 0.0609 3.6327 
83 10.8000 1.7650 1.7060 0.0591 3.4625 
84 11.0000 1.7937 1.7366 0.0571 3.2884 
85 11.2000 1.8223 1.7672 0.0551 3.1155 
86 11.4000 1.8509 1.7979 0.0530 2.9491 
87 11.6000 1.8797 1.8286 0.0511 2.7943 
88 11.8000 1.9086 1.8593 0.0494 2.6548 
89 12.0000 1.9378 1.8899 0.0478 2.5317 
90 12.2000 1.9671 1.9206 0.0466 2.4250 
91 12.4000 1.9966 1.9511 0.0455 2.3327 
92 12.4227 2.0000 1.9546 0.0454 2.3230 
93 12.6000 2.0263 1.9816 0.0446 2.2522 
94 12.8000 2.0559 2.0121 0.0439 2.1810 
95 13.0000 2.0856 2.0424 0.0432 2.1167 
96 13.2000 2.1153 2.0726 0.0426 2.0569 
97 13.4000 2.1448 2.1028 0.0421 1.9998 
98 13.6000 2.1742 2.1328 0.0415 1.9437 
99 13.8000 2.2035 2.1627 0.0408 1.8875 

100 14.0000 2.2326 2.1925 0.0401 1.8301 
101 14.2000 2.2614 2.2221 0.0394 1.7711 
102 14.4000 2.2901 2.2516 0.0385 1.7096 
103 14.6000 2.3184 2.2809 0.0375 1.6457 
104 14.8000 2.3465 2.3100 0.0365 1.5792 
105 15.0000 2.3743 2.3390 0.0353 1.5104 
106 15.2000 2.4018 2.3678 0.0341 1.4395 
107 15.4000 2.4290 2.3963 0.0328 1.3670 
108 15.6000 2.4559 2.4246 0.0314 1.2934 
109 15.8000 2.4825 2.4526 0.0299 1.2192 
110 15.9336 2.5000 2.4711 0.0289 1.1703 
111 16.0000 2.5087 2.4802 0.0284 1.1457 
112 16.2000 2.5344 2.5076 0.0269 1.0722 
113 16.4000 2.5598 2.5345 0.0253 1.0000 
114 16.6000 2.5848 2.5610 0.0238 0.9296 
115 16.8000 2.6093 2.5870 0.0223 0.8615 
116 17.0000 2.6332 2.6124 0.0208 0.7960 
117 17.2000 2.6567 2.6373 0.0193 0.7333 
118 17.4000 2.6795 2.6616 0.0179 0.6737 
119 17.6000 2.7017 2.6851 0.0166 0.6171 
120 17.8000 2.7232 2.7080 0.0153 0.5637 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

121 18.0000 2.7440 2.7300 0.0140 0.5134 
122 18.2000 2.7641 2.7513 0.0128 0.4663 
123 18.4000 2.7834 2.7717 0.0117 0.4222 
124 18.6000 2.8018 2.7912 0.0106 0.3810 

Table 16 

FIG. 40 



U.S. Patent 	Sep. 11, 2012 	Sheet 60 of 167 	US 8,265,175 B2 

Label 

Design 

1 1 	-4.583 -4.583 -4.582 -4.583 4.583 4.583 4.583 4.583 
2 -4.584 -4.584 -4.581 -4.582 4.584 4.582 4.582 4.582 
3 -4.584 -4.582 -4.582 -4.582 4.584 4.584 4.579 4.584 
4 -4.584 -4.582 -4.582 -4.582 4.583 4.583 4.582 4.583 
5 -4.583 -4.583 -4.583 -4.583 4.586 4.586 4.579 4.579 

6 -4.585 -4.582 -4.582 -4.582 4.584 4.584 4.580 4.583 
7 -4.587 -4.587 -4.578 -4.578 4.583 4.583 4.582 4.583 
8 -4.585 -4.585 -4.580 -4.580 4.583 4.583 4.583 4.583 
9 -4.583 -4.583 -4.582 -4.582 4.583 4.583 4.582 4.583 

10 -4.585 -4.584 -4.581 -4.581 4.583 4.583 4.583 4.583 
11 -4.583 -4.583 -4.583 -4.583 4.584 4.584 4.581 4.581 
12 -4.583 -4.583 -4.582 -4.582 4.585 4.582 4.582 4.582 
13 -4.587 -4.581 -4.581 -4.581 4.587 4.582 4.581 4.581 
14 -4.583 -4.583 -4.582 -4.583 4.583 4.583 4.582 4.583 
15 -4.583 -4.583 -4.582 -4.582 4.583 4.583 4.582 4.583 

16 -4.583 -4.583 -4.582 -4.583 4.583 4.583 4.583 4.583 
17 -4.587 -4.582 -4.580 -4.581 4.587 4.582 4.581 4.582 

18 -4.583 -4.583 -4.582 -4.583 4.584 4.584 4.581 4.581 
19 -4.583 -4.583 -4.582 -4.582 4.584 4.584 4.581 4.582 
20 -4.583 -4.583 -4.582 -4.582 4.583 4.583 4.582 4.582 
21 -4.583 -4.583 -4.582 -4.583 4.583 4.584 4.582 4.582 
22 -4.584 -4.584 -4.580 -4.583 4.587 4.588 4.576 4.579 

23 -4.589 -4.586 -4.578 -4.578 4.588 4.581 4.581 4.581 
24 -4.584 -4.584 -4.581 -4.581 4.583 4.583 4.582 4.583 
25 -4.585 -4.582 -4.582 -4.582 4.584 4.583 4.582 4.582 
26 -4.583 -4.583 -4.583 -4.583 4.583 4.583 4.582 4.583 
27 -4.584 -4.583 -4.582 -4.582 4.583 4.583 4.582 4.582 

28 -4.583 -4.583 -4.583 -4.583 4.583 4.583 4.582 4.582 
29 -4.583 -4.582 -4.582 -4.582 4.583 4.583 4.583 4.583 
30 -4.587 -4.587 -4.578 -4.579 4.587 4.587 4.579 4.579 
31 -4.584 -4.583 -4.582 -4.582 4.584 4.584 4.581 4.582 
32 -4.583 -4.583 -4.582 -4.582 4.583 4.583 4.582 4.582 
33 -4.584 -4.584 -4.578 -4.584 4.584 4.584 4.580 4.582 
34 -4.584 -4.584 -4.578 -4.584 4.584 4.584 4.578 4.584 

35 -5.110 -5.110 -3.986 -3.986 5.110 5.110 3.986 3.986 
36 -5.355 -5.354 -3.651 -3.651 5.355 5.355 3.650 3.650 
37 -5.515 -5.514 -3.404 -3.404 5.515 5.515 3.404 3.404 
38 -5.638 -5.638 -3.196 -3.196 5.640 5.637 3.196 3.196 
39 -5.729 -5.729 -3.029 -3.029 5.729 5.729 3.029 3.029 
40 -5.808 -5.807 -2.876 -2.876 5.808 5.808 2.876 2.876 
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FIG. 41 
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Label 
0 1 2 3 4 	5 6 7 

Design 

41 -5.874 -5.874 -2.739 -2.739 5.874 5.872 2.740 2.740 
42 -5.929 -5.929 -2.617 -2.617 5.929 5.929 2.617 2.617 
43 -5.978 -5.975 -2.506 -2.506 5.978 5.976 2.505 2.505 
44 -6.018 -6.018 -2.405 -2.405 6.018 6.018 2.405 2.405 
45 -6.055 -6.054 -2.312 -2.312 6.054 6.054 2.312 2.312 

46 -6.087 -6.085 -2.227 -2.227 6.087 6.086 2.227 2.227 
47 -6.113 -6.113 -2.151 -2.151 6.113 6.113 2.151 2.151 
48 -6.138 -6.138 -2.081 -2.081 6.138 6.137 2.081 2.081 
49 -6.159 -6.159 -2.017 -2.017 6.159 6.159 2.017 2.017 
50 -6.179 -6.176 -1.960 -1.960 6.178 6.178 1.959 1.959 
51 -6.194 -6.193 -1.907 -1.907 6.194 6.194 1.907 1.907 
52 -6.208 -6.208 -1.860 -1.860 6.208 6.208 1.860 1.860 
53 -6.221 -6.220 -1.819 -1.819 6.221 6.219 1.819 1.820 
54 -6.224 -6.224 -1.807 -1.807 6.224 6.224 1.807 1.807 
55 -6.231 -6.230 -1.783 -1.783 6.231 6.231 1.783 1.783 
56 -6.240 -6.240 -1.752 -1.752 6.242 6.237 1.752 1.752 
57 -6.247 -6.247 -1.725 -1.725 6.247 6.247 1.725 1.725 
58 -6.254 -6.253 -1.703 -1.703 6.253 6.253 1.703 1.703 
59 -6.260 -6.256 -1.686 -1.686 6.260 6.256 1.686 1.686 
60 -6.261 -6.261 -1.673 -1.673 6.261 6.261 1.673 1.673 
61 -6.263 -6.263 -1.665 -1.665 6.263 6.263 1.665 1.665 
62 -6.264 -6.264 -1.661 -1.661 6.264 6.264 1.661 1.661 
63 -6.265 -6.265 -1.660 -1.660 6.265 6.264 1.660 1.660 
64 -6.264 -6.264 -1.663 -1.663 6.291 6.237 1.658 1.667 
65 -6.734 -5.796 -1.570 -1.737 6.244 6.244 1.674 1.674 
66 -6.781 -5.697 -1.582 -1.750 6.781 5.697 1.582 1.750 
67 -6.914 -5.533 -1.550 -1.781 6.915 5.533 1.549 1.781 
68 -7.016 -5.403 -1.517 -1.809 7.017 5.403 1.517 1.809 
69 -7.923 -3.658 7.923 -2.800 2.800 0.035 3.659 -0.035 

70 -7.913 -3.668 7.913 -2.816 2.816 0.052 3.668 -0.052 
71 -7.902 -3.680 7.902 -2.831 2.831 0.068 3.680 -0.068 
72 -7.890 -3.694 7.890 -2.845 2.845 0.084 3.694 -0.084 
73 -7.878 -3.710 7.878 -2.859 2.859 0.099 3.710 -0.099 
74 -7.878 -3.710 7.878 -2.859 2.859 0.099 3.710 -0.099 
75 1 	-7.864 -3.728 7.864 1 	-2.872 2.872 0.115 3.728 -0.115 
76 -7.850 -3.749 7.850 -2.883 2.883 0.131 3.749 -0.131 
77 -7.835 -3.772 7.835 -2.893 2.893 0.148 3.772 -0.148 
78 -7.819 -3.798 7.819 -2.902 2.902 0.166 3.798 -0.166 
79 -7.802 -3.827 7.802 -2.908 2.908 0.185 3.827 -0.185 
80 -7.784 -3.859 7.784 -2.911 2.911 0.206 3.859 -0.206 
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Design 
0 	1 	2 	3 

Label 
4 	5 	6 	7 

81 -7.765 -3.896 7.765 -2.911 2.911 0.230 3.896 -0.230 
82 -7.745 -3.937 7.745 -2.907 2.907 0.257 3.937 -0.257 
83 -7.724 -3.983 7.724 -2.897 2.897 0.290 3.983 -0.290 
84 -7.701 -4.036 7.701 -2.880 2.880 0.328 4.036 -0.328 
85 -7.677 -4.095 7.677 -2.857 2.857 0.374 4.095 -0.374 
86 -7.651 -4.157 7.651 -2.828 2.829 0.425 4.157 -0.425 
87 -7.625 -4.220 7.625 -2.797 2.797 0.479 4.220 -0.479 
88 -7.600 -4.280 7.600 -2.765 2.765 0.533 4.280 -0.533 
89 -7.576 -4.334 7.576 -2.734 2.734 0.585 4.334 -0.585 
90 -7.555 -4.382 7.555 -2.707 2.707 0.632 4.382 -0.632 
91 -7.536 -4.423 7.536 -2.682 2.682 0.672 4.423 -0.672 
92 -7.534 -4.428 7.534 -2.680 2.680 0.677 4.428 -0.677 
93 -7.519 -4.459 7.519 -2.662 2.662 0.707 4.459 -0.707 
94 -7.504 -4.489 7.504 -2.644 2.644 0.736 4.489 -0.736 
95 -7.491 -4.515 7.491 -2.630 2.630 0.761 4.515 -0.761 
96 -7.479 -4.538 7.479 -2.618 2.618 0.780 4.538 -0.780 
97 -7.469 -4.558 7.469 1 	-2.609 2.609 0.796 4.558 -0.796 
98 -7.459 -4.576 7.459 -2.603 2.603 0.808 4.576 -0.808 
99 -7.449 -4.593 7.449 -2.598 2.599 0.818 4.593 -0.817 

100 -7.439 -4.608 7.439 -2.597 2.597 0.825 4.608 -0.825 
101 -7.430 -4.623 7.430 -2.597 2.597 0.831 4.623 -0.830 
102 -7.420 -4.636 7.420 -2.599 2.599 0.835 4.636 -0.835 
103 -7.410 -4.650 7.410 1 	-2.603 2.603 0.838 4.650 -0.838 
104 -7.399 -4.663 7.399 -2.608 2.608 0.841 4.663 -0.841 
105 -7.389 -4.675 7.388 -2.615 2.615 0.844 4.675 -0.844 
106 -7.377 -4.688 7.377 -2.624 2.624 0.847 4.688 -0.847 
107 -7.366 -4.700 7.366 -2.634 2.633 0.850 4.700 -0.850 
108 -7.354 -4.712 7.354 -2.644 2.644 0.854 4.712 -0.854 
109 -7.342 -4.724 7.342 -2.656 2.656 0.858 4.724 -0.858 
110 -7.334 -4.732 -0.862 -2.661 7.334 4.732 0.862 2.661 
111 -7.330 -4.736 -0.863 -2.666 7.329 4.736 0.863 2.666 
112 -7.317 -4.747 -0.868 -2.679 7.317 4.747 0.868 2.679 
113 -7.304 -4.758 -0.873 -2.693 7.304 4.758 0.873 2.693 
114 -7.292 -4.768 -0.878 -2.707 7.292 4.768 0.878 2.707 
115 -7.279 -4.778 -0.884 -2.720 7.279 4.778 0.884 2.720 
116 -7.267 -4.788 -0.889 -2.733 7.267 4.788 0.889 2.733 
117 -7.255 -4.798 -0.894 -2.746 7.256 4.798 0.894 2.746 
118 -7.244 -4.807 -0.899 -2.758 7.244 4.807 0.899 2.758 
119 1 	-7.233 1 	-4.816 -0.904 -2.770 1 	7.233 4.816 0.904 1 	2.770 
120 1 	-7.223 1 	-4.824 -0.909 -2.781 1 	7.223 4.824 0.909 1 	2.781 
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Label 

Design 

121  
122  
123  
124 

Table 20 

-7.212 -4.832 -0.914 -2.792 7.212 4.832 0.914 2.792 
-7.203 -4.840 -0.918 -2.802 7.203 4.840 0.918 2.802 
-7.194 -4.847 -0.922 -2.812 7.194 4.847 0.922 2.812 
-7.185 -4.854 -0.926 -2.821 7.185 4.854 0.926 2.821 

FIG. 44 



U.S. Patent 	Sep. 11, 2012 	Sheet 64 of 167 	US 8,265,175 B2 

Design # SNRs 5.00% 40.00% 50.00% 60.00% 70.00% 100.00% 
65 7.4 0.62 0.22 0.2 0.18 0.16 0 
66 7.6 0.55 0.21 0.19 0.17 0.15 0 
67 7.8 0.57 0.26 0.23 0.21 0.19 0 
68 8 0.5 0.3 0.27 0.24 0.22 0 
69 8.2 0.46 0.34 0.3 0.27 0.25 0 
70 8.4 0.45 0.33 0.3 0.27 0.24 0 
71 8.6 0.44 0.33 0.3 0.27 0.24 0 
72 8.8 0.48 0.32 0.29 0.26 0.24 0 
73 9 0.47 0.32 0.29 0.26 0.23 0 
74 9 0.47 0.32 0.29 0.26 0.23 0 
75 9.2 0.46 0.31 0.28 0.25 0.23 0 
76 9.4 0.45 0.3 0.27 0.25 0.22 0 
77 9.6 0.43 0.3 0.27 024 0.22 0 
78 9.8 0.42 0.29 0.26 0.23 0.21 0 
79 10 0.41 0.28 0.25 0.23 0.21 0 
80 10.2 0.4 0.27 0.25 022 0.2 0 
81 10.4 0.39 0.27 0.24 0.22 0.19 0 
82 10.6 0.42 0.26 0.23 0.21 0.19 0 
83 10.8 0.39 0.26 0.23 0.21 0.19 0 
84 11 0.37 0.25 0.23 0.2 0.18 0 
85 11.2 0.37 0.25 0.22 0.2 0.18 0 
86 11.4 0.33 0.25 0.22 0.2 0.18 0 
87 11.6 0.29 0.24 0.22 0.2 0.18 0 
88 11.8 0.24 0.22 0.2 0.18 0.16 0 
89 12 0.22 0.2 0.18 0.16 0.14 0 
90 12.2 0.2 0.18 0.17 0.15 0.13 0 
91 12.4 0.19 0.17 0.15 0.13 0.12 0 
92 12.42 0.19 0.17 0.15 0.13 0.12 0 
93 12.6 0.18 0.16 0.14 0.12 0.11 0 
94 12.8 0.17 0.16 0.14 0.13 0.11 0 
95 13 0.17 0.15 0.13 0.12 0.11 0 
96 13.2 0.16 0.14 0.13 0.12 0.11 0 
97 13.4 0.16 0.14 0.13 0.11 0.1 0 
98 13.6 0.15 0.14 0.13 0.11 0.1 0 
99 13.8 0.16 0.15 0.13 0.12 0.11 0 
100 14 0.17 0.16 0.14 0.13 0.11 0 
101 14.2 0.19 0.17 0.15 0.14 0.12 0 
102 14.4 0.2 0.18 0.16 0.14 0.12 0 
103 14.6 0.21 0.19 0.17 0.15 0.11 0 
104 14.8 0.2 0.18 0.16 0.14 0.1 0 
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Design # SNRs 5.00% 40.00% 50.00% 60.00% 70.00% 100.00% 
105 15 0.19 0.17 0.15 0.14 0.1 0 
106 15.2 0.19 0.18 0.16 0.14 0.1 0 
107 15.4 0.18 0.16 0.15 0.13 0.1 0 
108 15.6 0.17 0.15 0.14 0.13 0.09 0 
109 15.8 0.16 0.14 0.13 0.12 0.09 0 
110 1 	15.93 0.15 0.13 0.12 1 	0.11 0.08 0 
111 16 0.15 0.14 0.12 1 	0.11 0.08 0 
112 16.2 0.14 0.12 0.11 0.1 0.07 0 
113 16.4 0.13 0.12 0.11 0.1 0.07 0 
114 16.6 0.13 0.11 0.1 0.09 0.07 0 
115 16.8 0.12 0.11 0.1 0.09 0.06 0 
116 17 0.11 0.1 0.09 0.08 0.06 0 
117 17.2 0.11 0.1 0.09 0.08 0.06 0 
118 17.4 0.1 0.09 0.08 1 	0.08 0.06 0 
119 17.6 0.1 0.09 0.08 0.07 0.05 0 
120 17.8 0.09 0.09 0.08 0.07 0.05 0 
121 18 0.09 0.08 0.07 0.07 0.05 0 
122 18.2 1 	0.09 1 	0.08 0.07 0.06 1 	0.05 10 
123 18.4 0.08 0.07 0.07 0.06 0.04 0 
124 18.6 0.08 0.07 0.06 0.06 0.04 0 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design # 
1 -5.0000 0.1982 0.1980 0.0002 0.0812 
2 -4.8000 0.2063 1 	0.2061 0.0002 0.0902 
3 -4.6000 0.2147 0.2145 0.0002 0.1001 
4 -4.4000 0.2234 0.2232 0.0002 0.1110 
5 -4.2000 0.2324 0.2321 0.0003 0.1229 
6 -4.0000 0.2417 0.2414 0.0003 0.1359 
7 -3.8000 0.2514 0.2510 0.0004 0.1501 
8 -3.6000 0.2613 0.2609 0.0004 0.1656 
9 -3.4000 0.2715 0.2710 0.0005 0.1825 

10 -3.2000 0.2821 0.2816 0.0006 0.2009 
11 -3.0000 0.2930 0.2924 0.0006 0.2209 
12 -2.8000 0.3043 0.3036 0.0007 0.2425 
13 -2.6000 0.3159 0.3151 0.0008 0.2659 
14 -2.4000 0.3279 0.3269 0.0010 0.2911 
15 -2.2000 0.3402 0.3391 0.0011 0.3183 
16 -2.0000 0.3529 0.3516 0.0012 0.3476 
17 -1.8000 0.3659 0.3645 0.0014 0.3791 
18 -1.6000 0.3793 0.3777 0.0016 0.4128 
19 -1.4000 0.3930 0.3913 0.0018 0.4488 
20 -1.2000 0.4072 0.4052 0.0020 0.4872 
21 -1.0000 0.4217 0.4195 0.0022 0.5281 
22 -0.8000 0.4366 0.4341 0.0025 0.5715 
23 -0.6000 0.4519 0.4491 0.0028 0.6175 
24 -0.4000 0.4675 0.4644 0.0031 0.6663 
25 -0.2000 0.4835 0.4801 0.0034 0.7177 
26 0.0000 0.4999 0.4961 0.0038 0.7719 
27 0.0008 0.5000 0.4962 0.0038 0.7658 
28 0.2000 0.5167 0.5125 0.0042 0.8289 
29 0.4000 0.5339 0.5292 0.0047 0.8886 
30 0.6000 0.5514 0.5462 0.0052 0.9511 
31 0.8000 0.5694 0.5636 0.0057 1.0164 
32 1.0000 0.5877 0.5814 0.0063 1.0844 
33 1.2000 0.6063 0.5994 0.0069 1.1552 
34 1.4000 0.6254 0.6178 0.0076 1.2283 
35 1.6000 0.6448 0.6365 0.0083 1.3040 
36 1.8000 0.6646 0.6555 0.0091 1.3820 
37 2.0000 0.6847 0.6748 0.0099 1.4625 
38 2.2000 0.7052 0.6945 0.0107 1.5451 
39 2.4000 0.7260 0.7144 0.0116 1.6297 
40 2.6000 0.7472 0.7346 0.0126 1.7162 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design # 
41 2.8000 0.7688 0.7551 0.0136 1.8045 
42 3.0000 0.7906 0.7759 0.0147 1.8944 
43 3.2000 0.8128 0.7970 0.0158 1.9858 
44 3.4000 0.8354 0.8184 0.0170 2.0783 
45 3.6000 0.8582 0.8400 0.0182 2.1719 
46 3.8000 0.8814 0.8619 0.0195 2.2663 
47 4.0000 0.9049 0.8840 0.0209 2.3612 
48 4.2000 0.9286 0.9064 0.0223 2.4564 
49 4.4000 0.9527 0.9290 0.0237 2.5516 
50 4.6000 0.9771 0.9519 0.0252 2.6465 
51 4.7864 1.0000 0.9734 0.0266 2.7327 
52 4.8000 1.0017 0.9750 0.0267 2.7407 
53 5.0000 1.0266 0.9983 0.0283 2.8339 
54 5.2000 1.0517 1.0218 0.0299 2.9256 
55 5.4000 1.0771 1.0456 0.0315 3.0153 
56 5.6000 1.1028 1.0696 0.0332 3.1025 
57 5.8000 1.1286 1.0938 0.0349 3.1868 
58 6.0000 1.1547 1.1182 0.0366 3.2699 
59 6.2000 1.1810 1.1427 0.0383 3.3517 
60 6.4000 1.2076 1.1675 0.0401 3.4318 
61 6.6000 1.2343 1.1925 0.0419 3.5103 
62 6.8000 1.2613 1.2176 0.0437 3.5868 
63 7.0000 1.2885 1.2430 0.0455 3.6606 
64 7.2000 1.3158 1.2685 0.0473 3.7311 
65 7.4000 1.3433 1.2941 0.0491 3.7978 
66 7.6000 1.3710 1.3200 0.0510 3.8609 
67 7.8000 1.3988 1.3460 0.0528 3.9211 
68 8.0000 1.4268 1.3722 0.0546 3.9785 
69 8.2000 1.4549 1.3985 0.0564 4.0328 
70 8.4000 1.4832 1.4250 0.0582 4.0837 
71 8.5186 1.5000 1.4408 0.0592 4.1088 
72 8.6000 1.5116 1.4516 0.0600 4.1311 
73 8.8000 1.5401 1.4784 0.0617 4.1748 
74 9.0000 1.5688 1.5053 0.0635 4.2162 
75 9.2000 1.5976 1.5324 0.0652 4.2547 
76 9.4000 1.6265 1.5596 0.0669 4.2906 
77 9.6000 1.6555 1.5869 0.0686 4.3237 
78 9.8000 1.6846 1.6143 0.0703 4.3538 
79 10.0000 1.7138 1.6419 0.0719 4.3805 
80 10.2000 1.7431 1.6696 0.0735 4.4034 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 	Gain % 
[bits] 

Design # 
81 10.4000 1.7725 1.6974 0.0751 4.4223 
82 10.6000 1.8019 1.7254 0.0765 4.4366 
83 10.8000 1.8314 1.7534 0.0780 4.4462 
84 11.0000 1.8609 1.7816 0.0793 4.4514 
85 11.2000 1.8905 1.8099 0.0806 4.4542 
86 11.4000 1.9202 1.8383 0.0819 4.4549 
87 11.6000 1.9499 1.8667 0.0831 4.4534 
88 11.8000 1.9797 1.8953 0.0843 4.4497 
89 11.9363 2.0000 1.9149 0.0851 4.4441 
90 12.0000 2.0095 1.9240 0.0855 4.4438 
91 12.2000 2.0394 1.9528 0.0866 4.4355 
92 12.4000 2.0694 1.9817 0.0877 4.4249 
93 12.6000 2.0994 2.0107 0.0887 4.4121 
94 12.8000 2.1294 2.0397 0.0897 4.3969 
95 13.0000 2.1595 2.0689 0.0906 4.3798 
96 13.2000 2.1896 2.0981 0.0915 4.3610 
97 13.4000 2.2197 2.1274 0.0923 4.3403 
98 13.6000 2.2499 2.1568 0.0931 4.3178 
99 13.8000 2.2801 2.1863 0.0939 4.2934 

100 14.0000 2.3104 2.2158 0.0946 4.2671 
101 14.2000 2.3406 2.2454 0.0952 4.2389 
102 14.4000 2.3709 2.2751 0.0958 4.2085 
103 14.6000 2.4012 2.3049 0.0963 4.1761 
104 14.8000 2.4314 2.3347 0.0967 4.1414 
105 15.0000 2.4617 2.3646 0.0971 4.1045 
106 15.2000 2.4920 2.3946 0.0974 4.0654 
107 15.2531 2.5000 2.4026 0.0974 4.0539 
108 15.4000 2.5222 2.4247 0.0976 4.0241 
109 15.6000 2.5525 2.4547 0.0977 3.9805 
110 15.8000 2.5827 2.4849 0.0978 3.9347 
111 16.0000 2.6129 2.5151 0.0978 3.8868 
112 16.2000 2.6430 2.5454 0.0977 3.8366 
113 16.4000 2.6732 2.5757 0.0975 3.7842 
114 16.6000 2.7033 2.6061 0.0972 3.7296 
115 16.8000 2.7333 2.6365 0.0968 3.6729 
116 17.0000 2.7634 2.6670 0.0964 3.6139 
117 17.2000 2.7933 2.6975 0.0958 3.5527 
118 17.4000 2.8233 2.7281 0.0952 3.4893 
119 17.6000 2.8531 2.7587 0.0944 3.4237 
120 17.8000 2.8829 2.7893 0.0936 3.3558 

Table 25 

FIG. 49 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design # 
121 18.0000 2.9127 2.8200 0.0927 3.2856 
122 18.2000 2.9424 2.8508 0.0916 3.2130 
123 18.4000 2.9720 2.8815 0.0904 3.1382 
124 18.5898 3.0000 2.9108 0.0892 3.0644 
125 18.6000 3.0015 2.9123 0.0891 3.0610 
126 18.8000 3.0309 2.9432 0.0877 2.9814 
127 19.0000 3.0603 2.9740 0.0862 2.8995 
128 19.2000 3.0895 3.0049 0.0846 2.8153 
129 19.4000 3.1187 3.0358 0.0828 2.7288 
130 19.6000 3.1477 3.0667 0.0810 2.6400 
131 19.8000 3.1766 3.0977 0.0790 2.5491 
132 20.0000 3.2054 3.1286 0.0768 2.4563 
133 20.2000 3.2341 3.1594 0.0746 2.3616 
134 20.4000 3.2626 3.1903 0.0723 2.2653 
135 20.6000 3.2909 3.2211 0.0698 2.1677 
136 20.8000 3.3191 3.2518 0.0673 2.0691 
137 21.0000 3.3471 3.2824 0.0647 1.9700 
138 21.2000 3.3749 3.3129 0.0620 1.8706 
139 21.4000 3.4025 3.3433 0.0592 1.7714 
140 21.6000 3.4298 3.3734 0.0564 1.6730 
141 21.8000 3.4569 3.4033 0.0536 1.5758 
142 22.0000 3.4837 3.4329 0.0508 1.4802 
143 22.1229 3.5000 3.4510 0.0490 1.4199 
144 22.2000 3.5102 3.4622 0.0480 1.3867 
145 22.4000 3.5364 3.4911 0.0452 1.2956 
146 22.6000 3.5621 3.5196 0.0425 1.2074 
147 22.8000 3.5874 3.5476 0.0398 1.1222 
148 23.0000 3.6123 3.5751 0.0372 1.0403 
149 23.2000 3.6366 3.6019 0.0346 0.9619 
150 23.4000 3.6603 3.6281 0.0322 0.8870 
151 23.6000 3.6835 3.6537 0.0298 0.8158 
152 23.8000 3.7059 3.6784 0.0275 0.7482 
153 24.0000 3.7277 3.7023 0.0253 0.6842 
154 24.2000 3.7487 3.7254 0.0232 0.6239 
155 24.4000 3.7689 3.7476 0.0213 0.5672 
156 24.6000 3.7882 3.7688 0.0194 0.5139 
157 24.8000 3.8067 3.7891 0.0176 0.4641 
158 25.0000 3.8242 3.8083 0.0159 0.4176 
159 25.2000 3.8409 3.8266 0.0143 0.3744 
160 25.4000 3.8566 3.8437 0.0129 0.3344 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design # 
161 25.6000 3.8713 3.8598 0.0115 0.2974 
162 25.8000 3.8851 3.8749 0.0102 0.2634 
163 26.0000 3.8979 3.8889 0.0090 0.2323 
164 26.2000 3.9097 3.9018 0.0079 0.2037 
165 26.4000 3.9207 3.9137 0.0070 0.1779 
166 26.6000 3.9306 3.9246 0.0061 0.1545 
167 26.8000 3.9397 3.9345 0.0052 0.1334 
168 27.0000 3.9479 3.9434 0.0045 0.1145 
169 27.2000 3.9553 3.9515 0.0039 0.0977 
170 27.4000 3.9619 3.9587 0.0033 0.0829 
171 27.6000 3.9678 3.9650 0.0028 0.0698 
172 27.8000 3.9729 3.9706 0.0023 0.0584 
173 28.0000 3.9775 3.9755 0.0019 0.0485 
174 28.2000 3.9814 3.9798 0.0016 0.0399 
175 28.4000 3.9847 3.9834 0.0013 0.0326 
176 28.6000 3.9876 3.9865 0.0011 0.0264 
177 28.8000 3.9900 3.9892 0.0008 0.0212 
178 29.0000 3.9920 3.9914 0.0007 0.0169 
179 29.2000 3.9937 3.9932 0.0005 0.0134 
180 29.4000 3.9951 3.9947 0.0004 0.0103 
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Label 
0 1 2 3 4 	5 6 7 

Design 

1 -20.036 -6.369 -6.322 -6.315 -6.314 -6.302 -6.294 -6.240 
2 -20.035 -6.309 -6.309 -6.309 -6.309 -6.309 -6.309 -6.309 
3 -20.032 -6.337 -6.280 -6.271 -6.346 -6.289 -6.366 -6.282 
4 -20.029 -6.320 -6.311 -6.311 -6.311 -6.311 -6.307 -6.307 
5 -20.026 -6.323 -6.323 -6.323 -6.305 -6.305 -6.305 -6.305 
6 -20.024 -6.335 -6.335 -6.335 -6.335 -6.335 -6.260 -6.260 
7 -20.021 -6.315 -6.316 -6.316 -6.315 -6.317 -6.317 -6.313 
8 -20.017 -6.320 -6.320 -6.320 -6.320 -6.320 -6.320 -6.300 
9 -20.014 -6.341 -6.329 1 	-6.329 -6.329 1 	-6.300 -6.300 -6.300 

10 -20.011 -6.308 -6.320 -6.316 -6.307 -6.343 -6.326 -6.318 
11 -20.008 -6.363 -6.326 -6.318 -6.318 -6.318 -6.306 -6.300 
12 -20.004 -6.333 -6.325 -6.325 -6.323 -6.323 -6.323 -6.310 
13 -20.001 -6.336 -6.333 -6.320 -6.326 -6.317 -6.316 -6.323 
14 -19.997 -6.323 -6.331 -6.323 -6.331 -6.327 -6.322 -6.325 
15 -19.993 -6.328 -6.328 -6.328 -6.328 -6.328 -6.328 -6.328 

16 -19.990 -6.332 -6.331 1 	-6.331 -6.332 -6.324 1 	-6.328 -6.326 
17 -19.986 -6.331 -6.331 -6.331 -6.331 -6.331 -6.331 -6.331 
18 -19.983 -6.332 -6.332 -6.332 -6.332 -6.332 -6.332 -6.332 
19 -19.979 -6.339 -6.339 -6.336 -6.336 -6.330 -6.330 -6.330 
20 -19.976 -6.332 -6.330 -6.336 -6.336 -6.346 -6.332 -6.339 
21 -19.972 -6.362 -6.362 -6.362 -6.333 -6.315 -6.315 -6.312 
22 -19.950 -6.582 -6.589 -6.596 -6.580 -6.574 -6.584 -4.681 
23 -19.919 -6.734 -6.725 1 	-6.725 -6.725 -6.724 1 	-6.730 -3.421 
24 -19.889 -6.822 -6.823 -6.821 -6.829 -6.826 -6.831 -2.221 
25 -19.862 -6.899 -6.898 -6.901 -6.903 -6.894 -6.895 -0.058 
26 -19.850 -6.922 -6.913 -6.913 -6.913 -6.911 -6.911 0.144 
27 -19.840 -7.180 -7.160 -7.150 -7.140 -7.140 -5.430 -0.150 

28 -19.823 -6.964 -6.962 -6.967 -6.955 -6.965 -6.961 0.939 
29 -19.796 -7.238 -7.238 -7.238 -7.238 -7.233 -5.505 1.455 
30 -19.756 -7.424 -7.426 -7.426 -7.426 -7.425 -4.126 1.219 
31 -19.713 -7.576 -7.574 -7.574 -7.574 -7.574 -0.998 -0.906 
32 -19.683 -7.631 -7.628 -7.630 -7.626 -7.627 -0.542 -0.543 
33 -19.663 -7.660 -7.660 -7.660 -7.659 -7.659 0.000 0.000 
34 -19.654 -7.668 -7.668 -7.668 -7.664 -7.655 -0.001 0.000 

35 -19.597 -8.155 -8.155 -8.154 -8.154 -5.289 -0.161 -0.159 
36 -19.601 -7.739 -7.739 -7.737 -7.737 -7.734 0.324 0.324 
37 -19.507 -8.421 -8.421 -8.421 -8.421 -3.082 -0.540 -0.540 

38 -19.551 -7.804 -7.804 -7.804 -7.804 -7.804 1.020 1.020 
39 -19.445 -8.528 -8.528 -8.528 -8.528 -0.978 -0.977 -0.977 

40 -19.418 -8.562 -8.562 -8.562 -8.562 -0.916 -0.916 -0.916 
Table 28 
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Label  
8 	9 	10 	11 	12 	13 	14 	15 

Design 

1 1 	6.314 6.351 6.351 6.315 6.320 6.236 6.269 20.036 
2 6.159 6.287 6.287 6.287 6.381 6.381 6.381 20.034 
3 6.316 6.262 6.286 6.298 6.298 6.296 6.414 20.032 
4 6.248 6.309 6.309 6.328 6.328 6.328 6.328 20.029 
5 6.303 6.303 6.303 6.303 6.326 6.326 6.326 20.026 
6 6.200 6.267 6.267 6.267 6.398 6.398 6.398 20.023 
7 6.309 6.312 6.318 6.316 6.320 6.320 6.313 20.020 
8 6.273 6.321 6.321 6.321 6.321 6.330 6.330 20.017 
9 6.302 6.302 6.308 6.329 6.329 6.329 6.329 20.014 

10 6.312 6.312 6.326 6.311 6.325 6.325 6.328 20.011 
11 6.321 6.321 6.321 6.321 6.321 6.321 6.321 20.007 
12 6.320 6.320 6.320 6.324 6.326 6.326 6.326 20.004 
13 6.317 6.322 6.322 6.323 6.327 6.323 6.335 20.001 
14 6.323 6.329 6.328 6.324 6.323 6.324 6.332 19.997 
15 6.324 6.324 6.324 6.324 6.326 6.333 6.337 19.993 
16 6.324 6.323 6.328 6.325 6.327 6.336 6.341 19.990 
17 6.328 6.328 6.330 6.332 6.332 6.332 6.334 19.986 
18 6.331 6.331 6.331 6.331 6.333 6.333 6.338 19.983 
19 6.330 6.331 6.333 6.333 6.337 6.337 6.337 19.979 
20 6.333 6.336 6.339 6.339 6.334 6.328 6.340 19.975 
21 6.313 6.313 6.313 6.355 6.355 6.355 6.355 19.972 
22 4.681 6.578 6.571 6.582 6.587 6.603 6.582 19.950 
23 3.421 6.716 6.716 6.722 6.737 6.738 6.734 19.919 
24 2.221 6.820 6.831 6.822 6.830 6.826 6.822 19.889 
25 0.059 6.893 6.894 6.902 6.901 6.901 6.899 19.862 
26 0.144 5.429 7.147 7.147 7.154 7.154 7.169 19.843 
27 -0.140 6.900 6.900 6.900 6.910 6.920 6.950 19.850 
28 0.895 2.960 7.406 7.403 7.400 7.399 7.399 19.796 
29 1.467 1.467 7.466 7.466 7.466 7.466 7.466 19.770 
30 1.219 1.225 7.521 7.521 7.521 7.521 7.521 19.741 
31 -0.906 2.985 7.536 7.537 7.537 7.537 7.545 19.719 
32 -0.546 1.662 7.624 7.621 7.621 7.624 7.620 19.685 
33 0.000 0.000 7.659 7.660 7.660 7.660 7.660 19.663 
34 0.000 0.000 7.663 7.663 7.663 7.665 7.668 19.654 
35 -0.159 -0.159 7.703 7.703 7.703 7.703 7.703 19.627 
36 0.324 0.327 4.201 8.309 8.309 8.309 8.309 19.551 
37 -0.540 -0.540 7.771 7.771 7.771 7.771 7.771 19.576 
38 1.020 1.020 1.021 8.501 8.501 8.501 8.501 19.468 
39 -0.977 -0.977 6.441 8.121 8.121 8.121 8.121 19.517 
40 -0.915 -0.915 5.622 8.286 8.286 8.286 1 	8.287 19.476 
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Label 
0 1 	2 3 4 5 6 7 

Design 

41 1 	-19.438 -8.393 -8.393 -8.393 -8.393 -5.030 0.855 0.855 
42 1 	-19.365 -8.624 -8.624 -8.624 -8.624 -0.796 -0.796 -0.795 
43 -19.369 -8.542 -8.542 -8.542 -8.542 -4.089 0.735 0.735 
44 -19.315 -8.681 -8.681 -8.681 -8.681 -0.676 -0.676 -0.675 
45 -19.290 -8.706 -8.707 -8.707 -8.707 -0.617 -0.617 -0.617 
46 -19.267 -8.731 -8.731 -8.731 -8.731 -0.559 -0.559 -0.558 
47 -19.252 -8.724 -8.724 -8.724 -8.724 -2.617 0.500 0.500 
48 -19.221 -8.776 -8.776 -8.776 -8.776 -0.444 -0.444 -0.444 
49 -19.199 -8.796 -8.796 -8.796 -8.795 -0.388 -0.388 -0.388 
50 -19.181 -8.805 -8.805 -8.805 -8.805 -1.696 0.329 0.329 
51 -19.160 -8.820 -8.820 -8.820 -8.820 -1.430 0.280 0.280 
52 -19.158 -8.831 -8.831 -8.831 -8.831 -0.285 -0.278 -0.278 
53 -19.138 -8.846 -8.847 -8.846 -8.846 -0.241 -0.227 -0.241 
54 -19.119 -8.860 -8.860 -8.860 -8.860 -0.702 -0.066 -0.066 
55 -19.100 -8.873 -8.873 -8.873 -8.873 -0.232 -0.232 -0.212 
56 -19.081 -8.884 -8.884 -8.884 -8.884 -0.360 -0.342 0.100 
57 -19.043 -9.266 -9.266 -9.265 -7.601 -1.129 -1.129 0.534 
58 -18.995 -9.478 -9.478 -9.478 -6.660 -1.335 -1.335 -1.335 
59 -18.952 -9.606 -9.606 -9.606 -5.932 -1.717 -1.717 -1.715 
60 -18.914 -9.697 -9.697 -9.697 -5.244 -2.057 -2.057 -2.056 
61 -18.879 -9.767 -9.767 -9.767 -4.469 -2.412 -2.412 -2.412 
62 -18.848 -9.816 -9.816 -9.816 -2.987 -2.987 -2.987 -2.987 
63 -18.824 -9.832 -9.832 -9.832 -2.985 -2.985 -2.985 -2.985 
64 -18.800 -9.848 -9.848 -9.848 -2.986 -2.986 -2.986 -2.986 
65 -18.775 -9.862 -9.862 -9.862 -2.988 -2.988 -2.988 -2.988 
66 -18.742 -10.161 -10.161 -9.278 -3.006 -3.006 -3.006 -3.006 
67 -18.705 -10.362 -10.362 -8.862 -3.036 -3.036 -3.036 -3.036 
68 -18.671 -10.482 -10.482 -8.612 -3.061 -3.061 -3.061 -3.061 
69 -18.638 -10.573 -10.573 -8.428 -3.083 -3.083 -3.083 -3.083 
70 -18.608 -10.645 -10.645 -8.285 -3.102 -3.102 -3.102 -3.102 
71 -18.600 -10.660 -10.660 -8.250 -3.110 -3.110 -3.110 -3.110 
72 -18.579 -10.705 -10.705 -8.170 -3.118 -3.118 -3.118 -3.118 
73 -18.545 -10.797 -10.797 -7.881 -3.559 -3.559 -3.559 -1.674 
74 -18.512 -10.880 -10.880 -7.584 -3.788 -3.788 -3.788 0.000 
75 -18.481 -10.932 -10.932 -7.425 -3.867 -3.867 -3.867 0.259 
76 -18.450 -11.005 -11.005 -6.996 -4.647 -4.647 -2.290 0.000 
77 -18.421 -11.052 -11.052 -6.725 -4.860 -4.861 -1.978 0.000 
78 -18.394 -11.089 -11.089 -6.487 -5.027 -5.027 -1.764 0.000 
79 -18.366 -11.120 -11.120 -6.261 -5.182 -5.181 -1.146 -1.075 
80 -18.339 -11.146 -11.146 -5.849 -5.849 -4.951 -1.079 -1.078 
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Label 
8 9 10 	11 12 13 14 15 

Design 

41 0.855 0.855 0.856 8.594 8.594 8.594 8.594 19.391 
42 -0.795 -0.792 4.532 8.475 8.475 8.475 8.476 19.403 
43 0.735 0.735 0.737 8.653 8.653 8.653 8.653 19.340 
44 -0.675 -0.675 3.684 8.599 8.599 8.599 8.599 19.338 
45 -0.617 -0.617 3.307 8.646 8.646 8.646 8.647 19.308 
46 -0.558 -0.558 2.953 8.688 8.688 8.688 8.688 19.279 
47 0.500 0.501 0.502 8.754 8.754 8.754 8.754 19.243 
48 -0.443 -0.443 2.296 8.755 8.755 8.755 8.755 19.227 
49 -0.387 -0.387 1.989 8.782 8.782 8.782 8.782 19.203 
50 0.335 0.335 0.336 8.814 8.814 8.814 8.814 19.178 
51 0.280 0.290 0.290 8.830 8.830 8.830 8.830 19.160 
52 -0.278 -0.278 1.416 8.826 8.826 8.826 8.826 19.159 
53 -0.208 -0.224 1.152 8.843 8.844 8.844 8.844 19.139 
54 0.002 0.148 0.683 8.860 8.860 8.860 8.860 19.119 
55 -0.212 0.445 0.445 8.873 8.873 8.873 8.873 19.100 
56 0.181 0.181 0.241 8.884 8.884 8.885 8.885 19.081 
57 0.534 0.543 0.619 7.675 9.250 9.250 9.250 19.044 
58 1.335 1.335 1.335 6.660 9.478 9.478 9.478 18.995 
59 1.716 1.716 1.717 5.932 9.606 9.606 9.606 18.952 
60 2.056 2.056 2.056 5.244 9.697 9.697 9.697 18.914 
61 2.411 2.412 2.412 4.469 9.767 9.767 9.767 18.879 
62 2.987 2.987 2.987 2.987 9.816 9.816 9.816 18.848 
63 2.985 2.985 2.985 2.985 9.832 9.832 9.832 18.824 
64 2.986 2.986 2.986 2.986 9.848 9.848 9.848 18.800 
65 2.988 2.988 2.988 2.988 9.862 9.862 9.862 18.775 
66 3.006 3.006 3.006 3.006 9.278 10.161 10.161 18.742 
67 3.036 3.036 3.036 3.036 8.862 10.362 10.362 18.705 
68 3.061 3.061 3.061 3.061 8.612 10.482 10.482 18.671 
69 3.083 3.083 3.083 3.083 8.428 10.573 10.573 18.638 
70 3.102 3.102 3.102 3.102 8.285 10.645 10.645 18.608 
71 3.110 3.110 3.110 3.110 8.250 10.660 10.660 18.600 
72 3.118 3.118 3.118 3.118 8.170 10.705 10.705 18.579 
73 1.674 3.559 3.559 3.559 7.881 10.797 10.797 18.545 
74 0.000 3.788 3.788 3.788 7.584 10.880 10.880 18.512 
75 0.259 2.208 4.527 4.527 7.200 10.956 10.956 18.481 
76 0.000 2.290 4.647 4.647 6.997 11.005 11.005 18.450 
77 0.001 1.977 4.861 4.861 6.724 11.052 11.052 18.421 
78 0.000 1.764 5.027 5.027 6.487 11.089 11.089 18.394 
79 1.111 1.111 5.182 5.182 6.261 11.120 11.120 18.366 
80 1.078 1.078 4.951 5.848 5.849 11.146 11.146 18.339 
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Label 

Design 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110  
111  
112  
113  
114  
115  
116  
117  
118  
119  
120 

Table 32 

-18.310 -11.166 -11.166 -5.820 -5.820 -5.038 -1.059 -1.059 
-18.281 -11.184 -11.184 -5.829 -5.829 -5.042 -1.064 -1.064 
-18.250 -11.200 -11.200 -5.869 -5.869 -4.977 -1.088 -1.088 
-18.216 -11.625 -10.769 -6.029 -6.028 -4.637 -1.196 -1.196 
-18.183 -11.856 -10.518 -6.167 -6.167 4.318 -1.321 -1.321 
-18.151 -12.003 -10.359 -6.260 -6.260 4.096 -1.419 -1.419 
-18.121 -12.114 -10.244 -6.327 -6.327 -3.928 -1.497 -1.497 
-18.092 -12.202 -10.156 -6.378 -6.378 -3.800 -1.559 -1.559 
-18.070 -12.250 -10.110 -6.410 -6.410 -3.730 -1.590 -1.590 
-18.064 -12.276 -10.088 -6.417 -6.417 -3.703 -1.607 -1.607 
-18.037 -12.339 -10.034 -6.448 -6.448 -3.630 -1.644 -1.643 
-18.011 -12.397 -9.985 -6.483 -6.483 -3.412 -2.368 -0.967 
-17.985 -12.447 -9.947 -6.510 -6.510 -2.960 -2.960 -0.633 
-17.960 -12.496 -9.905 -6.787 -6.251 -2.977 -2.977 -0.578 
-17.935 -12.548 -9.844 -7.024 -6.017 -3.029 -3.029 -0.316 
-17.911 -12.592 -9.800 -7.137 -5.915 -3.056 -3.056 0.000 
-17.887 -12.632 -9.760 -7.242 -5.805 -3.365 -2.785 0.000 
-17.863 -12.668 -9.730 -7.318 -5.727 -3.481 -2.701 0.000 
-17.839 -12.702 -9.704 -7.391 -5.629 -3.688 -2.476 -0.486 
-17.814 -12.732 -9.684 -7.450 -5.545 -3.844 -2.283 -0.732 
-17.789 -12.759 -9.675 -7.487 -5.497 -3.924 -2.181 -0.851 
-17.763 -12.784 -9.674 -7.511 -5.476 -3.962 -2.136 -0.902 
-17.736 -12.807 -9.678 -7.526 -5.473 -3.975 -2.128 -0.914 
-17.708 -12.829 -9.687 -7.535 -5.482 -3.975 -2.140 -0.903 
-17.679 -12.849 -9.700 -7.541 -5.496 -3.966 -2.162 -0.882 
-17.650 -12.869 -9.716 -7.544 -5.514 -3.955 -2.187 -0.858 
-17.640 -12.870 -9.720 -7.550 -5.520 -3.950 -2.190 -0.850 
-17.619 -12.888 -9.734 -7.547 -5.533 -3.944 -2.212 -0.835 
-17.588 -12.906 -9.753 -7.550 -5.552 -3.934 -2.234 -0.815 
-17.556 -12.925 -9.774 -7.554 -5.571 -3.926 -2.253 -0.799 
-17.523 -12.942 -9.795 -7.558 -5.588 -3.921 -2.269 -0.787 
-17.490 -12.960 -9.818 -7.563 -5.604 -3.918 -2.282 -0.777 
-17.456 -12.977 -9.841 -7.570 -5.619 -3.917 -2.293 -0.771 
-17.421 -12.993 -9.864 -7.578 -5.633 -3.919 -2.301 -0.767 
-17.385 -13.009 -9.888 -7.587 -5.646 -3.922 -2.308 -0.765 
-17.349 -13.025 -9.913 -7.598 -5.659 -3.927 -2.314 -0.765 
-17.312 -13.040 -9.938 -7.611 -5.671 -3.933 -2.320 -0.765 
-17.274 -13.054 -9.963 -7.625 -5.683 -3.940 -2.325 -0.766 
-17.235 -13.067 -9.989 -7.641 -5.695 -3.948 -2.329 -0.768 
-17.196 -13.080 -10.015 -7.658 -5.708 -3.956 -2.334 -0.770 

FIG. 56 
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10 
	

11 	12 
	

13 	14 	15 
Design 

81 1.059 1.059 5.038 5.820 5.820 11.166 11.166 18.310 
82 1.064 1.064 5.042 5.829 5.829 11.184 11.184 18.281 
83 1.088 1.088 4.977 5.869 5.869 11.200 11.200 18.250 
84 1.196 1.196 4.637 6.028 6.028 10.769 11.625 18.216 
85 1.321 1.321 4.318 6.167 6.167 10.518 11.856 18.183 
86 1.419 1.419 1 	4.096 6.260 6.260 10.359 1 	12.003 18.151 
87 1.497 1.497 3.928 6.327 6.327 10.244 12.114 18.121 
88 1.559 1.559 3.800 6.378 6.378 10.156 12.202 18.092 
89 1.590 1.590 3.730 6.410 6.410 10.110 12.250 18.070 
90 1.607 1.607 3.703 6.417 6.417 10.088 12.276 18.064 
91 1.644 1.644 3.630 6.448 6.448 10.034 12.339 18.037 
92 0.967 2.369 3.412 6.483 6.483 9.985 12.397 18.011 
93 0.633 2.960 1 	2.960 6.510 6.510 9.947 1 	12.447 17.985 
94 0.578 2.977 2.977 6.251 6.787 9.905 12.496 17.960 
95 0.316 3.029 3.029 6.017 7.024 9.844 12.548 17.935 
96 0.000 3.056 3.056 5.915 7.137 9.800 12.592 17.911 
97 0.000 2.785 3.365 5.805 7.242 9.760 12.632 17.887 
98 0.000 2.701 3.481 5.727 7.318 9.730 12.668 17.863 
99 0.486 2.476 3.688 5.629 7.391 9.704 12.702 17.839 

100 0.732 2.283 1 	3.844 5.545 7.450 9.684 1 	12.732 17.814 
101 0.851 2.181 3.924 5.497 7.487 9.675 12.759 17.789 
102 0.902 2.136 3.962 5.476 7.511 9.674 12.784 17.763 
103 0.914 2.128 3.975 5.473 7.526 9.678 12.807 17.736 
104 0.903 2.140 3.975 5.482 7.535 9.687 12.829 17.708 
105 0.882 2.162 3.966 5.496 7.541 9.700 12.849 17.679 
106 0.858 2.187 3.955 5.514 7.544 9.716 12.869 17.650 
107 0.850 2.190 1 	3.950 5.520 7.550 9.720 1 	12.870 17.640 
108 0.835 2.212 3.944 5.533 7.547 9.734 12.888 17.619 
109 0.815 2.234 3.934 5.552 7.550 9.753 12.906 17.588 
110 0.799 2.253 3.926 5.571 7.554 9.774 12.925 17.556 
111 0.787 2.269 3.921 5.588 7.558 9.795 12.942 17.523 
112 0.777 2.282 3.918 5.604 7.563 9.818 12.960 17.490 
113 0.771 2.293 3.917 5.619 7.570 9.841 12.977 17.456 
114 0.767 2.301 1 	3.919 5.633 7.578 9.864 1 	12.993 17.421 
115 0.765 2.308 3.922 5.646 7.587 9.888 13.009 17.385 
116 0.765 2.314 3.927 5.659 7.598 9.913 13.025 17.349 
117 0.765 2.320 3.933 5.671 7.611 9.938 13.040 17.312 
118 0.766 2.325 3.940 5.683 7.625 9.963 13.054 17.274 
119 0.768 2.329 3.948 5.695 7.641 9.989 13.067 17.235 
120 0.770 2.334 3.956 5.708 7.658 10.015 13.080 17.196 

Table 33 
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Label 
0 1 2 3 4 	5 6 7 

Design 

121 -17.156 -13.092 -10.041 -7.676 -5.720 -3.966 -2.339 -0.772 
122 -17.115 -13.104 -10.068 -7.696 -5.734 -3.975 -2.344 -0.774 
123 -17.074 -13.114 -10.095 -7.718 -5.748 -3.986 -2.349 -0.776 
124 -17.030 -13.120 -10.120 -7.740 -5.760 -4.000 -2.350 -0.780 
125 -17.031 -13.124 -10.122 -7.741 -5.762 -3.997 -2.355 -0.778 

126 -16.988 -13.132 -10.150 -7.765 -5.778 -4.008 -2.362 -0.780 
127 -16.944 -13.140 -10.177 -7.791 -5.795 -4.020 -2.368 -0.783 
128 -16.900 -13.147 -10.205 -7.817 -5.814 -4.032 -2.376 -0.785 
129 -16.854 -13.152 -10.232 -7.845 -5.833 -4.046 -2.383 -0.788 
130 -16.809 -13.157 -10.259 -7.875 -5.855 -4.060 -2.392 -0.790 
131 -16.762 -13.161 -10.286 -7.905 -5.877 -4.075 -2.401 -0.793 

132 -16.715 -13.163 -10.313 -7.936 -5.901 -4.091 -2.410 -0.796 
133 -16.667 -13.165 -10.339 -7.967 -5.927 -4.109 -2.420 -0.800 
134 -16.619 -13.166 -10.365 -8.000 -5.955 -4.128 -2.431 -0.803 
135 -16.570 -13.165 -10.390 -8.033 -5.983 -4.148 -2.443 -0.807 
136 -16.521 -13.164 -10.415 -8.066 -6.014 -4.170 -2.456 -0.811 
137 -16.471 -13.162 -10.439 -8.100 -6.045 -4.193 -2.470 -0.816 

138 -16.422 -13.159 -10.462 -8.134 -6.077 -4.217 -2.484 -0.821 
139 -16.372 -13.155 -10.484 -8.167 -6.111 -4.243 -2.500 -0.826 
140 -16.323 -13.151 -10.506 -8.201 -6.144 -4.270 -2.517 -0.832 
141 -16.273 -13.146 -10.527 -8.234 -6.179 -4.297 -2.534 -0.838 
142 -16.225 -13.140 -10.547 -8.266 -6.213 -4.326 -2.552 -0.844 
143 -16.190 -13.140 -10.560 -8.290 -6.230 -4.340 -2.560 -0.850 
144 -16.176 -13.134 -10.566 -8.298 -6.247 -4.354 -2.571 -0.850 
145 -16.129 -13.128 -10.585 -8.329 -6.281 -4.383 -2.589 -0.857 
146 -16.083 -13.122 -10.603 -8.359 -6.313 -4.411 -2.608 -0.863 
147 -16.038 -13.116 -10.620 -8.388 -6.345 -4.439 -2.627 -0.870 

148 -15.994 -13.110 -10.636 -8.416 -6.376 -4.466 -2.645 -0.876 
149 -15.952 -13.104 -10.652 -8.443 -6.406 -4.492 -2.662 -0.882 

150 -15.911 -13.098 -10.667 -8.469 -6.435 -4.517 -2.679 -0.888 
151 -15.872 -13.093 -10.681 -8.494 -6.462 -4.541 -2.695 -0.894 
152 -15.834 -13.087 -10.695 -8.517 -6.488 -4.564 -2.710 -0.899 
153 -15.798 -13.083 -10.708 -8.540 -6.513 -4.585 -2.725 -0.904 
154 -15.763 -13.078 -10.721 -8.561 -6.536 -4.606 -2.739 -0.909 
155 -15.730 -13.074 -10.733 -8.582 -6.558 -4.625 -2.752 -0.913 

156 -15.698 -13.070 -10.745 -8.601 -6.579 -4.643 -2.764 -0.918 
157 -15.668 -13.066 -10.756 -8.619 -6.599 -4.660 -2.776 -0.922 
158 -15.639 -13.062 -10.767 -8.637 -6.618 -4.677 -2.787 -0.926 

159 -15.611 -13.059 -10.777 -8.654 -6.636 -4.692 -2.797 -0.929 
160 -15.584 -13.056 -10.787 -8.669 -6.653 -4.707 -2.807 -0.933 
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Label 
10 	11 	12 	13 	14 	15 

Design 

161 0.936 2.816 4.721 6.670 8.684 10.796 13.053 15.559 
162 0.939 2.825 4.734 6.685 8.699 10.805 13.050 15.534 
163 0.942 2.833 4.747 6.699 8.712 10.813 13.047 15.512 
164 0.945 2.841 4.758 6.714 8.726 10.822 13.045 15.489 
165 0.947 2.848 4.770 6.727 8.738 10.829 13.042 15.468 
166 0.950 2.856 4.781 6.739 8.750 10.837 13.040 15.447 
167 0.952 2.862 4.791 6.751 8.761 10.844 13.038 15.428 
168 0.954 2.869 4.801 6.763 8.772 10.851 13.036 15.409 
169 0.956 2.874 1 	4.809 6.773 8.782 1 	10.857 13.035 15.392 
170 0.958 2.880 4.818 6.784 8.792 10.864 13.033 15.374 
171 0.960 2.886 4.826 6.793 8.801 10.870 13.032 15.359 
172 0.962 2.891 4.834 6.802 8.810 10.875 13.030 15.344 
173 0.964 2.896 4.842 6.812 8.819 10.881 13.028 15.328 
174 0.966 2.901 4.850 6.821 8.827 10.887 13.027 15.312 
175 0.967 2.906 4.856 6.829 8.835 10.891 13.025 15.300 
176 0.969 2.909 1 	4.862 6.836 8.842 1 	10.896 13.024 15.287 
177 0.970 2.913 4.868 6.843 8.849 10.900 13.023 15.275 
178 0.971 2.918 4.875 6.851 8.856 10.905 13.022 15.261 
179 0.973 2.921 4.879 6.856 8.861 10.909 13.022 15.252 
180 0.974 2.926 4.887 6.865 8.869 10.913 13.019 15.240 
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Design # SNRs 5.00°% 15.00% 30.00% 45.00% 60.00% 100.00% 
1 -5 0.27 0.23 0.2 0.17 0.14 0 
2 -4.8 0.31 0.26 0.22 0.19 0.16 0 
3 -4.6 0.38 0.32 0.27 0.23 0.18 0 
4 -4.4 0.34 0.29 0.25 0.21 0.16 0 
5 -4.2 0.34 0.29 0.25 0.21 0.18 0 
6 -4 0.38 0.32 0.27 0.23 0.2 0 
7 -3.8 0.38 0.32 0.27 0.23 0.2 0 
8 -3.6 0.42 0.36 0.3 0.26 0.22 0 
9 -3.4 0.38 0.32 0.27 0.23 0.2 0 
10 -3.2 0.47 0.4 0.34 0.29 0.24 0 
11 -3 0.52 0.4 0.34 0.26 0.22 0 
12 -2.8 0.52 0.44 0.38 0.32 0.27 0 
13 -2.6 0.47 0.4 0.34 0.29 0.24 0 
14 -2.4 0.52 0.44 0.38 0.32 0.27 0 
15 -2.2 0.58 0.49 0.42 0.36 0.3 0 
16 -2 0.58 0.49 0.42 0.36 0.27 0 
17 -1.8 0.65 0.55 0.47 0.4 0.34 0 
18 -1.6 0.65 0.55 0.47 0.4 0.34 0 
19 -1.4 0.72 0.61 0.52 0.44 0.37 0 
20 -1.2 0.65 0.55 0.47 0.4 0.34 0 
21 -1 0.71 0.61 0.52 0.44 0.37 0 
22 -0.8 0.8 0.68 0.58 0.49 0.42 0 
23 -0.6 0.74 0.63 0.53 0.45 0.38 0 
24 -0.4 0.83 0.7 0.5 0.51 0.43 0 
25 -0.2 0.93 0.79 0.67 0.57 0.44 0 
26 0 0.93 0.79 0.67 0.57 0.49 0 
27 0 0.93 0.79 0.67 0.57 0.44 0 
28 0.2 1.04 0.89 0.75 0.64 0.49 0 
29 0.4 0.97 0.82 0.7 0.59 0.45 0 
30 0.6 0.97 0.82 0.7 0.59 0.5 0 
31 0.8 0.97 0.82 0.7 1 	0.6 0.51 0 
32 1 0.97 0.83 0.7 0.6 0.51 0 
33 1.2 0.98 0.83 0.71 0.6 0.51 0 
34 1.4 1.09 0.92 0.79 0.67 0.57 0 
35 1.6 1.09 0.93 0.79 0.67 0.57 0 
36 1.8 1.22 1.04 0.88 0.75 0.64 0 
37 2 1.23 1.04 0.89 0.75 0.64 0 
38 2.2 1 	1.23 1.05 0.89 0.76 0.64 0 
39 2.4 1 	1.26 1.07 0.91 0.77 0.66 0 
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Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
40 2.6 1.25 1.06 0.9 0.77 0.65 0 
41 2.8 1.25 1.06 0.9 0.77 0.65 0 
42 3 1.38 1.18 1 0.85 0.65 0 
43 3.2 1.38 1.18 1 0.85 0.65 0 
44 3.4 1.38 1.18 1 0.85 0.72 0 
45 3.6 1.34 1.14 0.97 0.83 0.7 0 
46 3.8 1.2 1.02 0.87 0.74 0.63 0 
47 4 1.46 1.24 1.05 0.9 0.69 0 
48 4.2 1.42 1.21 1.03 0.87 0.74 0 
49 4.4 1.52 1.29 1.1 0.93 0.71 0 
50 4.6 1.44 1.23 1.04 0.89 0.68 0 
51 4.79 1.22 1.04 0.88 0.75 0.64 0 
52 4.8 1.2 1.02 0.87 0.74 0.63 0 
53 5 0.98 0.83 0.71 0.6 0.51 0 
54 5.2 0.6 0.51 0.43 0.37 0.31 0 
55 5.4 0.38 0.33 0.28 0.24 0.2 0 
56 5.6 0.37 0.32 0.27 0.23 0.19 0 
57 5.8 1.09 0.93 0.79 0.67 0.57 0 
58 6 1.45 1.23 1.05 0.89 0.76 0 
59 6.2 1.46 1.24 1.06 0.9 0.69 0 
60 6.4 1.4 1.19 1.01 0.86 0.73 0 
61 6.6 1.41 1.2 1.02 0.86 0.74 0 
62 6.8 1.42 1.2 1.02 0.87 0.67 0 
63 7 1.42 1.21 1.02 0.87 0.67 0 
64 7.2 1.42 1.21 1.03 0.87 0.67 0 
65 7.4 1.28 1.09 0.92 0.79 0.67 0 
66 7.6 1.42 1.21 1.02 0.87 0.67 0 
67 7.8 1.29 1.1 0.93 0.79 0.67 0 
68 8 1.3 1.11 0.94 0.8 0.68 0 
69 8.2 1.31 1.11 0.95 0.8 0.68 0 
70 8.4 1.32 1.12 0.95 0.81 0.69 0 
71 8.52 1.32 1.12 0.95 0.81 0.62 0 
72 8.6 1.32 1.13 0.96 0.81 0.69 0 
73 8.8 1.29 1.09 0.93 0.79 0.67 0 
74 9 1.35 1.15 0.97 0.83 0.7 0 
75 9.2 1.38 1.17 0.99 0.85 0.65 0 
76 9.4 1.24 1.05 0.89 0.76 0.65 0 
77 9.6 1 	1.24 1 	1.06 0.89 0.76 0.65 1 	0 
78 9.8 1 	1.25 1 	1.06 0.89 0.76 0.64 0 
79 10 1.25 1.06 0.89 0.76 0.64 0 
80 10.2 1.18 1 0.85 0.72 0.61 0 
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Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
81 10.4 1.2 1.02 0.86 0.73 0.62 0 
82 10.6 1.2 1.02 0.87 0.74 0.63 0 
83 10.8 1.19 1.01 0.86 0.73 0.56 0 
84 11 1.08 0.92 0.6 0.51 0.43 0 
85 11.2 0.92 0.78 0.44 0.37 0.32 0 
86 1 	11.4 0.82 0.7 0.36 0.31 0.26 0 
87 11.6 0.78 0.67 0.37 0.31 0.27 0 
88 11.8 0.79 0.67 0.38 0.33 0.28 0 
89 11.94 0.79 0.67 0.4 0.34 0.29 0 
90 12 0.79 0.67 0.39 0.33 0.28 0 
91 12.2 0.8 0.68 0.41 1 	0.35 0.3 0 
92 12.4 0.8 0.68 0.58 0.49 0.42 0 
93 12.6 0.81 0.68 0.58 0.49 0.42 0 
94 12.8 0.68 0.58 0.49 0.42 0.36 0 
95 13 0.66 0.56 0.48 0.41 0.35 0 
96 13.2 0.67 0.57 0.48 0.41 0.35 0 
97 13.4 0.61 0.52 0.44 0.38 0.32 0 
98 13.6 0.61 0.52 0.44 1 	0.38 0.32 0 
99 13.8 0.22 0.18 0.16 0.13 0.11 0 
100 14 0.06 0.05 0.05 0.04 0.03 0 
101 14.2 0.09 0.07 0.06 0.05 0.04 0 
102 14.4 0.13 0.11 0.09 0.08 0.07 0 
103 14.6 0.14 0.12 0.1 0.08 0.07 0 
104 14.8 0.15 0.13 0.11 0.09 0.08 0 
105 15 0.17 0.14 0.12 1 	0.1 0.09 0 
106 15.2 0.19 0.16 0.14 0.12 0.1 0 
107 15.25 0.19 0.17 0.14 0.12 0.1 0 
108 15.4 0.21 0.18 0.15 0.13 0.11 0 
109 15.6 0.23 0.2 0.17 0.14 0.12 0 
110 15.8 0.25 0.21 0.18 0.15 0.13 0 
111 16 0.27 0.23 0.2 0.17 0.14 0 
112 16.2 0.29 0.25 0.21 0.18 0.15 0 
113 16.4 0.31 0.26 0.22 0.19 0.16 0 
114 16.6 0.33 028 024 0.2 0.17 0 
115 16.8 0.35 0.3 0.25 0.22 0.18 0 
116 17 0.37 0.32 0.27 0.23 0.19 0 
117 17.2 0.39 0.33 0.28 0.24 0.21 0 
118 17.4 0.41 0.35 0.3 0.25 0.22 0 
119 17.6 0.43 0.37 0.31 0.27 0.23 0 
120 17.8 0.45 0.39 0.33 0.28 0.24 0 
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Design 4 SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
121 18 0.47 0.4 0.34 0.29 0.25 0 
122 18.2 0.49 0.42 0.35 0.3 0.25 0 
123 18.4 0.46 0.39 0.33 028 0.24 0 
124 18.59 0.48 0.41 0.31 0.27 0.23 0 
125 18.6 0.48 0.41 0.31 0.27 0.23 0 
126 1 	18.8 0.45 0.38 0.3 1 	0.25 0.21 0 
127 19 0.46 0.39 0.28 0.24 0.21 0 
128 19.2 0.43 0.37 0.28 0.24 0.21 0 
129 19.4 0.4 0.34 0.28 0.24 0.2 0 
130 19.6 0.41 0.35 0.28 0.24 0.2 0 
131 19.8 0.35 0.3 0.25 022 0.18 0 
132 1 	20 0.33 0.28 0.24 0.2 0.17 0 
133 20.2 0.34 0.29 0.25 1 	0.21 0.18 0 
134 20.4 0.32 0.27 0.23 0.2 0.17 0 
135 20.6 0.3 0.26 0.22 0.18 0.16 0 
136 20.8 0.31 0.26 0.22 0.19 0.15 0 
137 21 0.26 0.22 0.19 0.16 0.14 0 
138 1 	21.2 0.27 0.23 0.19 0.17 0.14 0 
139 21.4 025 0.21 0.18 0.15 0.13 0 
140 21.6 0.24 0.2 0.17 1 	0.15 0.11 0 
141 21.8 0.21 0.18 0.15 0.13 0.11 0 
142 22 0.2 0.17 0.14 0.12 0.1 0 
143 22.12 0.22 0.18 0.16 0.13 0.1 0 
144 1 	22.2 0.19 0.16 0.14 0.12 0.1 0 
145 22.4 0.18 0.16 0.13 0.11 0.1 0 
146 22.6 0.18 0.15 0.13 0.11 0.09 0 
147 22.8 0.17 0.14 0.12 1 	0.1 0.09 0 
148 23 0.14 0.12 0.1 0.09 0.08 0 
149 23.2 0.15 0.13 0.11 0.09 0.07 0 
150 1 	23.4 0.13 0.11 0.09 0.08 0.07 0 
151 23.6 0.14 0.12 0.1 0.09 0.07 0 
152 23.8 0.13 0.11 0.1 0.08 0.07 0 
153 24 0.13 0.11 0.09 0.08 0.06 0 
154 24.2 0.11 0.09 0.08 1 	0.07 0.06 0 
155 24.4 0.1 0.09 0.08 0.06 0.05 0 
156 1 	24.6 0.1 0.08 0.07 0.06 0.05 0 
157 24.8 0.09 0.08 0.07 0.06 0.05 0 
158 25 0.09 0.08 0.07 0.06 0.05 0 
159 25.2 0.09 0.07 0.06 0.05 0.05 0 
160 25.4 0.08 0.07 0.06 0.05 0.04 0 
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Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
161 25.6 0.08 0.07 0.06 0.05 0.04 0 
162 25.8 0.08 0.06 0.05 0.05 0.04 0 
163 26 0.07 0.06 0.05 0.04 0.04 0 
164 26.2 0.07 0.06 0.05 0.04 0.04 0 
165 26.4 0.07 0.06 0.05 0.04 0.03 0 
166 26.6 0.06 0.05 0.05 0.04 0.03 0 
167 26.8 0.05 0.05 0.04 0.03 0.03 0 
168 27 0.06 0.05 0.04 0.04 0.03 0 
169 27.2 0.06 0.05 0.04 0.03 0.03 0 
170 27.4 0.05 0.04 0.04 0.03 0.03 0 
171 27.6 0.05 0.04 0.04 0.03 0.03 0 
172 27.8 0.05 0.04 0.03 0.03 0.02 0 
173 28 0.04 0.04 0.03 0.03 0.02 0 
174 28.2 0.04 0.04 0.03 0.03 0.02 0 
175 28.4 0.04 0.04 0.03 0.03 0.02 0 
176 28.6 0.04 0.03 0.03 0.02 0.02 0 
177 28.8 0.03 0.03 0.03 0.02 0.02 0 
178 29 1 	0.04 1 	0.03 0.03 0.02 1 	0.02 1 	0 
179 29.2 0.04 0.03 0.03 0.02 0.02 0 
180 29.4 0.03 0.03 0.02 0.02 0.02 0 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design # 
1 -5.0000 0.1977 0.1576 0.0401 25.4629 
2 -4.8000 0.2058 0.1643 0.0415 25.2261 
3 -4.6000 0.2141 0.1713 0.0428 24.9841 
4 -4.4000 0.2227 0.1785 0.0442 24.7360 
5 4.2000 0.2316 0.1860 0.0455 24.4818 
6 4.0000 0.2407 0.1938 0.0469 24.2216 
7 -3.8000 0.2502 0.2019 0.0484 23.9548 
8 -3.6000 0.2600 0.2102 0.0498 23.6816 
9 -3.4000 0.2700 0.2188 0.0512 23.4016 

10 -3.2000 0.2804 0.2277 0.0526 23.1144 
11 -3.0000 0.2910 0.2370 0.0541 22.8200 
12 -2.8000 0.3020 0.2465 0.0555 22.5180 
13 -2.6000 0.3133 0.2563 0.0569 22.2080 
14 -2.4000 0.3248 0.2665 0.0583 21.8898 
15 -2.2000 0.3367 0.2770 0.0597 21.5628 
16 -2.0000 0.3489 0.2878 0.0611 21.2267 
17 -1.8000 0.3613 0.2989 0.0624 20.8808 
18 -1.6000 0.3741 0.3104 0.0637 20.5252 
19 -1.4000 0.3872 0.3222 0.0650 20.1587 
20 -1.2000 0.4005 0.3344 0.0661 19.7810 
21 -1.0000 0.4141 0.3469 0.0673 19.3912 
22 -0.8000 0.4280 0.3597 0.0683 18.9893 
23 -0.6000 0.4421 0.3729 0.0693 18.5739 
24 -0.4000 0.4565 0.3864 0.0701 18.1444 
25 -0.2000 0.4711 0.4003 0.0708 17.7001 
26 0.0000 0.4859 0.4145 0.0715 17.2401 
27 0.2000 0.5010 0.4291 0.0719 16.7635 
28 0.4000 0.5162 0.4440 0.0722 16.2693 
29 0.6000 0.5316 0.4592 0.0724 15.7567 
30 0.8000 0.5471 0.4748 0.0723 15.2244 
31 1.0000 0.5628 0.4908 0.0720 14.6717 
32 1.2000 0.5786 0.5071 0.0715 14.0974 
33 1.4000 0.5944 0.5237 0.0707 13.5004 
34 1.6000 0.6104 0.5407 0.0698 12.9055 
35 1.8000 0.6270 0.5580 0.0691 12.3775 
36 2.0000 0.6442 0.5756 0.0686 11.9162 
37 2.2000 0.6619 0.5936 0.0684 11.5177 
38 2.4000 0.6802 0.6118 0.0684 11.1782 
39 2.6000 0.6991 0.6305 0.0687 10.8936 
40 2.8000 0.7186 0.6494 0.0692 10.6597 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design # 
41 3.0000 0.7386 0.6686 0.0700 10.4722 
42 3.2000 0.7593 0.6882 0.0711 10.3265 
43 3.4000 0.7804 0.7081 0.0724 10.2182 
44 3.6000 0.8021 0.7282 0.0739 10.1425 
45 3.8000 0.8243 0.7487 0.0756 10.0945 
46 4.0000 0.8470 0.7695 0.0775 10.0696 
47 4.2000 0.8702 0.7906 0.0796 10.0628 
48 4.4000 0.8938 0.8120 0.0818 10.0689 
49 4.6000 0.9178 0.8337 0.0841 10.0835 
50 4.8000 0.9421 0.8557 0.0864 10.1016 
51 5.0000 0.9668 0.8780 0.0888 10.1186 
52 5.2000 0.9917 0.9005 0.0912 10.1305 
53 5.4000 1.0169 0.9234 0.0936 10.1329 
54 5.6000 1.0423 0.9465 0.0958 10.1224 
55 5.8000 1.0678 0.9699 0.0979 10.0957 
56 6.0000 1.0934 0.9936 0.0999 10.0497 
57 6.2000 1.1191 1.0175 0.1016 9.9824 
58 6.4000 1.1448 1.0417 0.1030 9.8921 
59 6.6000 1.1704 1.0662 0.1042 9.7773 
60 6.8000 1.1960 1.0909 0.1051 9.6380 
61 7.0000 1.2216 1.1159 0.1057 9.4739 
62 7.2000 1.2470 1.1411 0.1060 9.2859 
63 7.4000 1.2725 1.1665 0.1060 9.0866 
64 7.6000 1.2988 1.1922 0.1067 8.9466 
65 7.8000 1.3259 1.2180 0.1079 8.8548 
66 8.0000 1.3535 1.2441 0.1094 8.7928 
67 8.2000 1.3814 1.2704 0.1110 8.7338 
68 8.4000 1.4094 1.2969 0.1125 8.6745 
69 8.6000 1.4376 1.3236 0.1140 8.6134 
70 8.8000 1.4696 1.3505 0.1191 8.8172 
71 9.0000 1.4999 1.3776 0.1223 8.8779 
72 9.0008 1.5000 1.3777 0.1223 8.8771 
73 9.2000 1.5300 1.4048 0.1252 8.9121 
74 9.4000 1.5600 1.4323 0.1278 8.9202 
75 9.6000 1.5899 1.4599 0.1300 8.9029 
76 9.8000 1.6195 1.4877 0.1318 8.8608 
77 10.0000 1.6490 1.5157 0.1333 8.7947 
78 10.2000 1.6784 1.5439 0.1345 8.7124 
79 10.4000 1.7079 1.5722 0.1357 8.6296 
80 10.6000 1.7376 1.6008 0.1368 8.5474 
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SNR 	Opt. 	Std. 	Gain 	Gain % 
Cap 	Cap 	[bits] 

Design # 
81 10.8000 1.7719 1.6296 0.1424 8.7355 
82 11.0000 1.8033 1.6586 0.1447 8.7246 
83 11.2000 1.8346 1.6877 0.1468 8.6985 
84 11.4000 1.8659 1.7172 0.1487 8.6597 
85 11.6000 1.8972 1.7468 0.1504 8.6109 
86 11.8000 1.9287 1.7767 0.1520 8.5555 
87 12.0000 1.9603 1.8068 0.1535 8.4959 
88 12.2000 1.9920 1.8371 0.1549 8.4335 
89 12.2496 2.0000 1.8447 0.1553 8.4187 
90 12.4000 2.0240 1.8677 0.1563 8.3688 
91 12.6000 2.0561 1.8985 0.1576 8.2996 
92 12.8000 2.0883 1.9296 0.1587 8.2232 
93 13.0000 2.1205 1.9609 0.1596 8.1376 
94 13.2000 2.1527 1.9925 0.1602 8.0402 
95 13.4000 2.1848 2.0242 0.1605 7.9297 
96 13.6000 2.2167 2.0563 0.1605 7.8050 
97 13.8000 2.2486 2.0885 0.1601 7.6656 
98 14.0000 2.2803 2.1209 0.1593 7.5115 
99 14.2000 2.3117 2.1536 0.1581 7.3434 

100 14.4000 2.3430 2.1864 0.1566 7.1620 
101 14.6000 2.3741 2.2194 0.1547 6.9689 
102 14.8000 2.4050 2.2526 0.1524 6.7660 
103 15.0000 2.4358 2.2859 0.1499 6.5558 
104 15.2000 2.4664 2.3194 0.1471 6.3410 
105 15.4000 2.4971 2.3529 0.1441 6.1245 
106 15.4192 2.5000 2.3562 0.1438 6.1030 
107 15.6000 2.5276 2.3866 0.1410 5.9087 
108 15.8000 2.5582 2.4204 0.1379 5.6954 
109 16.0000 2.5888 2.4542 0.1346 5.4854 
110 16.2000 2.6194 2.4881 0.1313 5.2791 
111 16.4000 2.6500 2.5220 0.1280 5.0762 
112 16.6000 2.6806 2.5560 0.1246 4.8762 
113 16.8000 2.7111 2.5899 0.1212 4.6790 
114 17.0000 2.7415 2.6238 0.1177 4.4842 
115 17.2000 2.7718 2.6577 0.1141 4.2915 
116 17.4000 2.8020 2.6916 0.1104 4.1009 
117 17.6000 2.8321 2.7254 0.1066 3.9130 
118 17.8000 2.8620 2.7591 0.1029 3.7285 
119 18.0000 2.8919 2.7928 0.0991 3.5488 
120 18.2000 2.9218 2.8263 0.0954 3.3762 

Table 45 

FIG. 69 



U.S. Patent 	Sep. 11, 2012 	Sheet 89 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design # 
121 18.4000 2.9517 2.8598 0.0919 3.2131 
122 18.6000 2.9817 2.8931 0.0886 3.0622 
123 18.7214 3.0000 2.9133 0.0867 2.9760 
124 18.8000 3.0119 2.9263 0.0856 2.9259 
125 19.0000 3.0423 2.9593 0.0830 2.8046 
126 19.2000 3.0729 2.9922 0.0807 2.6964 
127 19.4000 3.1035 3.0249 0.0786 2.5978 
128 19.6000 3.1341 3.0575 0.0766 2.5058 
129 19.8000 3.1646 3.0899 0.0747 2.4178 
130 20.0000 3.1949 3.1221 0.0728 2.3321 
131 20.2000 3.2250 3.1541 0.0709 2.2472 
132 20.4000 3.2548 3.1859 0.0689 2.1625 
133 20.6000 3.2844 3.2176 0.0668 2.0772 
134 20.8000 3.3137 3.2490 0.0647 1.9911 
135 21.0000 3.3427 3.2802 0.0625 1.9039 
136 21.2000 3.3714 3.3112 0.0601 1.8158 
137 21.4000 3.3997 3.3420 0.0577 1.7270 
138 21.6000 3.4276 3.3724 0.0552 1.6377 
139 21.8000 3.4553 3.4026 0.0527 1.5483 
140 22.0000 3.4825 3.4324 0.0501 1.4593 
141 22.1304 3.5000 3.4516 0.0484 1.4022 
142 22.2000 3.5093 3.4618 0.0475 1.3712 
143 22.4000 3.5357 3.4909 0.0448 1.2844 
144 22.6000 3.5616 3.5194 0.0422 1.1994 
145 22.8000 3.5871 3.5475 0.0396 1.1167 
146 23.0000 3.6120 3.5750 0.0371 1.0366 
147 23.2000 3.6364 3.6019 0.0346 0.9594 
148 23.4000 3.6602 3.6281 0.0321 0.8854 
149 23.6000 3.6834 3.6536 0.0298 0.8148 
150 23.8000 3.7059 3.6784 0.0275 0.7476 
151 24.0000 3.7277 3.7023 0.0253 0.6839 
152 24.2000 3.7487 3.7254 0.0232 0.6237 
153 24.4000 3.7689 3.7476 0.0213 0.5670 
154 24.6000 3.7882 3.7688 0.0194 0.5139 
155 24.8000 3.8067 3.7891 0.0176 0.4641 
156 25.0000 3.8242 3.8083 0.0159 0.4176 
157 25.2000 3.8409 3.8266 0.0143 0.3744 
158 25.4000 3.8566 3.8437 0.0129 0.3344 
159 25.6000 3.8713 3.8598 0.0115 0.2974 
160 25.8000 3.8851 3.8749 0.0102 0.2634 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design # 
161 26.0000 3.8979 3.8889 0.0090 0.2323 
162 26.2000 3.9097 3.9018 0.0079 0.2037 
163 26.4000 3.9207 3.9137 0.0070 0.1779 
164 26.6000 3.9306 3.9246 0.0061 0.1545 
165 26.8000 3.9397 3.9345 0.0052 0.1334 
166 27.0000 3.9479 3.9434 0.0045 0.1145 
167 27.2000 3.9553 3.9515 0.0039 0.0977 
168 27.4000 3.9619 3.9587 0.0033 0.0829 
169 27.6000 3.9678 3.9650 0.0028 0.0698 
170 27.8000 3.9729 3.9706 0.0023 0.0584 
171 28.0000 3.9775 3.9755 0.0019 0.0485 
172 28.2000 3.9814 3.9798 0.0016 0.0399 
173 28.4000 3.9847 3.9834 0.0013 0.0326 
174 28.6000 3.9876 3.9865 0.0011 0.0264 
175 28.8000 3.9900 3.9892 0.0008 0.0212 
176 29.0000 3.9920 3.9914 0.0007 0.0169 
177 29.2000 3.9937 3.9932 0.0005 0.0134 
178 29.4000 3.9951 3.9947 0.0004 0.0103 
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Label 

Design 
0 1 2 3 4 5 6 	7 

1 -9.221 -9.221 -9.221 -9.221 -9.216 -9.216 -9.221 -9.221 
2 -9.253 -9.252 1 	-9.200 -9.252 -9.200 -9.200 1 	-9.200 -9.200 
3 -9.232 -9.222 -9.216 -9.222 -9.216 -9.216 -9.216 -9.216 
4 -9.224 -9.220 -9.219 -9.219 -9.219 -9.219 -9.219 -9.219 
5 -9.226 -9.226 -9.226 -9.226 -9.195 -9.219 -9.220 -9.220 
6 -9.230 -9.225 -9.218 -9.218 -9.217 -9.217 -9.217 -9.217 
7 -9.229 -9.224 -9.224 -9.224 -9.214 -9.214 -9.214 -9.214 
8 -9.225 -9.225 -9.225 -9.225 -9.192 -9.219 -9.225 -9.219 
9 -9.225 -9.224 -9.219 -9.219 -9.215 -9.218 -9.219 -9.218 

10 -9.227 -9.227 -9.227 -9.227 -9.193 -9.200 -9.227 -9.227 
11 -9.221 -9.221 -9.221 -9.221 -9.214 -9.218 -9.221 -9.220 
12 -9.220 -9.220 -9.220 -9.220 -9.217 -9.217 -9.220 -9.220 
13 -9.228 -9.228 -9.215 -9.228 -9.215 -9.215 -9.215 -9.215 
14 -9.221 -9.221 -9.221 -9.221 -9.216 -9.216 -9.221 -9.220 
15 -9.220 -9.220 -9.220 -9.220 -9.219 -9.219 -9.219 -9.219 
16 -9.220 -9.220 -9.220 -9.220 -9.219 -9.219 -9.219 -9.219 
17 -9.232 -9.232 -9.232 -9.232 -9.189 -9.189 -9.231 -9.219 
18 -9.224 -9.224 -9.224 -9.224 -9.211 -9.212 -9.224 -9.212 
19 -9.222 -9.220 -9.220 -9.220 -9.219 -9.219 -9.220 -9.219 
20 -9.223 -9.220 -9.219 -9.220 -9.217 -9.219 -9.219 -9.219 
21 -9.220 -9.220 1 	-9.220 -9.220 -9.219 -9.219 1 	-9.220 -9.220 
22 -9.222 -9.222 -9.220 -9.220 -9.218 -9.219 -9.219 -9.219 
23 -9.229 -9.223 -9.219 -9.219 -9.217 -9.217 -9.217 -9.217 
24 -9.225 -9.219 -9.219 -9.219 -9.219 -9.219 -9.219 -9.219 
25 -9.224 -9.222 -9.220 -9.221 -9.217 -9.217 -9.217 -9.217 
26 -9.223 -9.223 -9.223 -9.223 -9.210 -9.212 -9.222 -9.222 
27 -9.222 -9.221 -9.221 -9.221 -9.217 -9.217 -9.220 -9.218 
28 -9.235 -9.235 -9.230 -9.235 -9.203 -9.206 -9.207 -9.207 
29 -9.226 -9.220 -9.219 -9.219 -9.218 -9.218 -9.218 -9.218 
30 -9.236 -9.236 -9.211 -9.235 -9.207 -9.210 -9.210 -9.210 
31 -9.225 -9.225 -9.216 -9.225 -9.216 -9.216 -9.216 -9.216 
32 -9.226 -9.226 -9.224 -9.225 -9.214 -9.214 -9.214 -9.214 
33 -9.221 -9.221 -9.220 -9.220 -9.219 -9.219 -9.219 -9.219 
34 -10.280 -10.279 -10.279 -10.279 -8.021 -8.021 -8.021 -8.021 
35 -10.773 -10.773 -10.772 -10.772 -7.346 -7.346 -7.346 -7.346 
36 -11.094 -11.094 -11.094 -11.094 -6.850 -6.850 -6.850 -6.850 
37 -11.336 -11.336 -11.336 -11.336 -6.442 -6.442 -6.442 -6.442 
38 -11.527 -11.527 -11.527 -11.527 -6.094 -6.094 -6.094 -6.094 
39 -11.684 -11.684 -11.684 -11.684 -5.786 -5.786 -5.786 -5.786 
40 -11.817 -11.816 -11.816 -11.816 -5.512 -5.512 -5.512 -5.512 
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Label 
0 	1 2 3 4 5 6 7 

Design 

41 -11.928 -11.928 -11.928 -11.928 -5.265 -5.265 -5.265 -5.265 
42 -12.025 -12.025 -12.023 -12.025 -5.042 -5.042 -5.042 -5.042 
43 -12.108 -12.108 -12.107 -12.108 -4.838 4.838 -4.838 -4.838 
44 1 	-12.181 -12.180 -12.180 -12.180 -4.652 -4.652 -4.652 -4.652 
45 -12.244 -12.244 -12.244 -12.244 -4.482 4.482 -4.482 -4.482 
46 -12.300 -12.300 -12.300 -12.300 -4.327 4.327 -4.327 -4.327 
47 -12.348 -12.348 -12.348 -12.348 -4.187 4.187 -4.187 4.187 
48 -12.391 -12.391 -12.390 -12.390 -4.058 4.058 -4.058 -4.058 
49 -12.429 -12.429 -12.428 -12.428 -3.942 -3.942 -3.942 -3.942 
50 -12.461 -12.461 1 	-12.461 -12.461 -3.837 1 	-3.837 -3.837 -3.837 
51 -12.491 -12.490 -12.489 -12.489 -3.743 -3.743 -3.743 -3.743 
52 -12.515 -12.515 -12.514 -12.514 -3.660 -3.660 -3.660 -3.660 
53 -12.541 -12.541 -12.517 -12.522 -3.592 -3.592 -3.594 -3.594 
54 -12.556 -12.552 -12.552 -12.552 -3.524 -3.524 -3.524 -3.524 
55 -12.568 -12.568 -12.568 -12.568 -3.471 -3.471 -3.471 -3.471 
56 -12.586 -12.586 -12.569 -12.582 -3.426 -3.426 -3.427 -3.426 
57 -12.595 -12.595 1 	-12.582 -12.587 -3.391 1 	-3.391 -3.393 -3.392 
58 -12.605 -12.605 -12.575 -12.602 -3.366 -3.366 -3.368 -3.366 
59 -12.605 -12.605 -12.595 -12.602 -3.349 -3.349 -3.350 -3.349 
60 -12.606 -12.606 -12.593 -12.605 -3.340 -3.341 -3.343 -3.342 
61 -12.615 -12.605 -12.596 -12.596 -3.339 -3.340 -3.340 -3.340 
62 -12.669 -12.669 -12.531 -12.538 -3.334 -3.334 -3.357 -3.356 
63 -16.220 -12.525 -10.823 -10.823 -2.815 -3.060 -3.520 -3.520 
64 -12.374 -12.374 1 	-12.374 -12.374 -3.419 1 	-3.419 -3.419 -3.419 
65 -16.429 -12.067 -10.510 -10.510 -2.915 -3.151 -3.545 -3.545 
66 -16.646 -11.953 -10.412 -10.412 -2.868 -3.118 -3.554 -3.554 
67 -16.808 -11.873 -10.335 -10.335 -2.828 -3.086 -3.564 -3.564 
68 1 	-16.934 -11.816 -10.270 -10.270 -2.793 -3.054 -3.575 -3.575 
69 1 	-17.032 -11.780 -10.213 -10.213 -2.763 -3.021 -3.588 -3.588 
70 1 	-15.874 -15.874 -7.431 -7.431 15.874 15.874 -5.725 -5.725 
71 -15.852 -15.845 1 	-7.463 -7.464 15.852 15.845 -5.752 -5.752 
72 -15.850 -15.850 -7.460 -7.460 15.850 15.850 -5.750 -5.750 
73 -15.822 -15.820 -7.500 -7.500 15.822 15.822 -5.777 -5.777 
74 -15.793 -15.792 -7.542 -7.542 15.794 15.791 -5.800 -5.800 
75 -15.765 -15.761 -7.587 -7.588 15.765 15.759 -5.821 -5.821 
76 -15.758 -15.702 -7.633 -7.648 15.757 15.703 -5.837 -5.837 
77 -15.738 -15.654 -7.688 -7.710 15.738 15.654 -5.850 -5.850 
78 -16.426 -14.932 -7.512 -7.920 16.426 14.932 -5.820 -5.820 
79 -16.777 -14.559 -7.409 -8.036 16.778 14.559 -5.775 -5.775 
80 -17.021 -14.296 -7.335 -8.129 17.021 14.296 -5.726 -5.726 
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Label 
8 9 10 11 12 13 14 15 

Design 

41 11.928 11.928 11.928 11.928 5.265 5.265 5.265 5.265 
42 12.025 12.025 12.023 12.023 5.042 5.042 5.042 5.042 
43 12.108 12.108 12.108 12.108 4.838 4.838 4.838 4.838 
44 12.181 12.181 12.181 12.181 4.652 4.652 4.652 4.652 
45 12.244 12.244 12.244 12.244 4.482 4.482 4.482 4.482 
46 12.299 12.299 12.299 12.299 4.328 4.328 4.328 4.328 
47 12.348 12.348 12.348 12.348 4.187 4.187 4.187 4.187 
48 12.391 12.392 12.390 12.391 4.058 4.058 4.058 4.058 
49 12.429 12.429 12.429 12.429 3.941 3.941 3.941 3.941 
50 12.461 12.461 12.461 12.461 3.837 3.837 3.837 3.837 
51 12.491 12.491 12.489 12.489 3.743 3.743 3.743 3.743 
52 12.515 12.515 12.514 12.514 3.660 3.660 3.660 3.660 
53 12.540 12.540 12.540 12.540 3.583 3.583 3.585 3.583 
54 12.556 12.556 12.547 12.555 3.523 3.523 3.524 3.523 
55 12.569 12.569 12.568 12.569 3.470 3.470 3.471 3.471 
56 12.581 12.581 12.579 12.579 3.427 3.427 3.427 3.427 
57 12.595 12.588 12.587 12.587 3.392 3.393 3.393 3.393 
58 12.599 12.596 12.595 12.595 3.366 3.367 3.367 3.367 
59 12.600 12.600 12.600 12.600 3.351 3.351 3.351 3.351 
60 12.604 12.604 12.603 12.604 3.341 3.341 3.341 3.341 
61 12.607 12.607 12.597 12.607 3.338 3.338 3.339 3.338 
62 12.602 12.602 12.602 12.602 3.345 3.345 3.345 3.345 
63 12.424 12.424 12.424 12.424 3.403 3.403 3.403 3.403 
64 16.734 12.329 10.663 10.663 2.735 3.014 3.518 3.518 
65 16.429 12.066 10.511 10.511 2.915 3.151 3.545 3.545 
66 16.646 11.953 10.412 10.412 2.868 3.118 3.554 3.554 
67 16.808 11.873 10.335 10.335 2.828 3.086 3.564 3.564 
68 16.933 11.816 10.270 10.270 2.793 3.054 3.575 3.575 
69 17.033 11.780 10.213 10.213 2.762 3.022 3.588 3.588 
70 5.725 5.725 0.168 0.168 7.431 7.431 -0.168 -0.168 
71 5.752 5.752 0.200 0.200 7.464 7.465 -0.200 -0.200 
72 5.750 5.750 0.200 0.200 7.460 7.460 -0.200 -0.200 
73 5.777 5.777 0.231 0.231 7.501 7.501 -0.232 -0.232 
74 5.800 5.800 0.264 0.264 7.542 7.542 -0.264 -0.264 
75 5.821 5.821 0.297 0.297 7.587 7.589 -0.297 -0.297 
76 5.837 5.837 0.333 0.333 7.633 7.648 -0.333 -0.333 
77 5.850 5.850 0.372 0.372 7.687 7.710 -0.371 -0.371 
78 5.820 5.820 0.403 0.403 7.512 7.920 -0.403 -0.403 
79 5.775 5.775 0.435 0.435 7.409 8.036 -0.435 -0.435 
80 5.726 5.726 0.469 0.469 7.335 8.129 -0.469 -0.469 
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Label 
0 	1 2 3 4 5 6 7 

Design 

81 -18.783 -12.062 18.197 -10.830 -3.578 -5.451 -3.578 -5.645 
82 -18.750 -12.045 18.134 -10.833 -3.574 -5.494 -3.574 -5.700 
83 -18.705 -12.026 18.079 -10.832 -3.567 -5.547 -3.567 -5.764 
84 -18.646 -12.005 18.034 -10.825 -3.556 -5.611 -3.556 -5.837 
85 -18.574 -11.980 17.998 -10.814 -3.540 -5.687 -3.540 -5.920 
86 -18.490 -11.954 17.970 -10.798 -3.520 -5.774 -3.520 -6.011 
87 -18.398 -11.926 17.948 -10.779 -3.496 -5.869 -3.496 -6.108 
88 -18.302 -11.901 17.929 -10.761 -3.470 -5.966 -3.470 -6.205 
89 -18.280 -11.900 17.920 -10.760 -3.460 -5.990 -3.460 -6.230 
90 -18.207 -11.880 17.909 -10.744 -3.444 -6.061 -3.444 -6.299 
91 -18.120 -11.867 17.886 -10.731 -3.418 -6.149 -3.418 -6.386 
92 -18.040 -11.861 17.859 -10.721 -3.393 -6.227 -3.393 -6.465 
93 -17.966 -11.862 17.829 -10.715 -3.371 -6.294 -3.371 -6.537 
94 -17.899 -11.872 17.796 -10.711 -3.351 -6.352 -3.351 -6.600 
95 -17.837 -11.888 17.761 -10.709 -3.333 -6.400 -3.333 -6.658 
96 -17.780 -11.911 17.724 -10.708 -3.317 -6.440 -3.317 -6.709 
97 -17.724 -11.941 17.688 -10.705 -3.304 -6.472 -3.304 -6.756 
98 -17.680 -11.982 17.639 -10.701 -3.291 -6.494 -3.291 -6.798 
99 -17.625 -12.022 17.609 -10.691 -3.282 -6.514 -3.281 -6.839 

100 -17.580 -12.076 17.569 -10.677 -3.277 -6.522 -3.265 -6.877 
101 -17.536 -12.137 17.532 -10.655 -3.274 -6.524 -3.250 -6.913 
102 -17.500 -12.211 17.494 -10.623 -3.270 -6.513 -3.233 -6.947 
103 -17.466 -12.295 17.462 -10.581 -3.267 -6.491 -3.214 -6.979 
104 -17.441 -12.388 17.434 -10.529 -3.263 -6.456 -3.192 -7.006 
105 -17.421 -12.484 17.414 -10.470 -3.259 -6.413 -3.168 -7.028 
106 -17.420 -12.490 17.410 -10.460 -3.260 -6.410 -3.170 -7.030 
107 -17.407 -12.577 17.398 -10.411 -3.255 -6.363 -3.142 -7.046 
108 -17.395 -12.663 17.388 -10.354 -3.252 -6.313 -3.115 -7.061 
109 -17.385 -12.740 17.378 -10.304 -3.251 -6.266 -3.089 -7.074 
110 -17.374 -12.807 1 	17.370 -10.261 -3.252 1 	-6.224 -3.063 -7.087 
111 -17.363 -12.865 17.359 -10.225 -3.256 -6.186 -3.039 -7.101 
112 -17.346 -12.915 17.346 -10.197 -3.264 -6.156 -3.017 -7.119 
113 -17.335 -12.960 17.333 -10.172 -3.273 -6.124 -2.993 -7.137 
114 -17.317 -12.998 17.316 -10.153 -3.287 -6.098 -2.970 -7.162 
115 -17.296 -13.031 17.295 -10.140 -3.305 -6.074 -2.945 -7.193 

116 -17.272 -13.058 17.272 -10.131 -3.328 -6.051 -2.919 -7.232 
117 -17.244 -13.082 17.244 -10.127 -3.356 -6.029 -2.888 -7.279 
118 -17.211 -13.101 17.211 -10.128 -3.393 -6.006 -2.852 -7.338 
119 -17.172 -13.115 17.172 -10.134 -3.438 -5.983 -2.811 -7.406 
120 -17.126 -13.125 17.126 -10.146 -3.496 -5.964 -2.765 -7.483 
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Label 
0 1 	2 3 4 5 6 7 

Design 

121 -17.073 -13.130 17.073 -10.163 -3.570 -5.950 -2.716 -7.565 
122 -17.011 -13.129 17.012 -10.183 -3.661 -5.947 -2.667 -7.649 
123 -16.970 -13.130 16.970 -10.200 -3.720 -5.950 -2.640 -7.700 
124 -16.945 -13.125 16.945 -10.205 -3.765 -5.954 -2.624 -7.729 
125 -16.879 -13.119 16.879 -10.228 -3.867 -5.968 -2.591 -7.798 
126 -16.817 -13.115 16.817 -10.249 -3.954 -5.984 -2.568 -7.856 
127 -16.763 -13.114 16.763 -10.271 -4.022 -5.999 -2.551 -7.903 
128 -16.713 -13.115 16.713 -10.292 -4.074 -6.013 -2.539 -7.942 
129 -16.667 -13.117 1 	16.667 -10.313 -4.116 -6.026 -2.531 -7.975 
130 -16.624 -13.120 16.624 -10.334 -4.149 -6.039 -2.526 -8.005 
131 -16.582 -13.123 16.582 -10.356 -4.176 -6.053 -2.524 -8.033 
132 -16.540 -13.127 16.541 -10.378 -4.199 -6.067 -2.524 -8.060 
133 -16.499 -13.129 16.500 -10.400 -4.220 -6.083 -2.525 -8.087 
134 -16.459 -13.132 16.458 -10.422 -4.238 -6.100 -2.528 -8.113 
135 -16.418 -13.134 16.417 -10.444 -4.256 -6.119 -2.532 -8.140 
136 -16.375 -13.134 1 	16.376 -10.466 -4.275 -6.139 -2.539 -8.167 
137 -16.335 -13.135 16.332 -10.487 -4.293 -6.162 -2.545 -8.195 
138 -16.291 -13.134 16.290 -10.508 -4.312 -6.186 -2.555 -8.223 
139 -16.249 -13.132 16.247 -10.528 -4.332 -6.212 -2.565 -8.251 
140 -16.204 -13.129 16.204 -10.548 -4.354 -6.239 -2.577 -8.280 
141 -16.180 -13.130 16.180 -10.560 -4.370 -6.260 -2.590 -8.300 
142 -16.160 -13.126 16.161 -10.567 -4.377 -6.267 -2.590 -8.309 
143 -16.117 -13.122 16.117 -10.585 -4.400 -6.296 -2.604 -8.337 
144 -16.074 -13.117 1 	16.074 -10.603 -4.424 -6.324 -2.619 -8.365 
145 -16.031 -13.112 16.032 -10.620 -4.448 -6.353 -2.635 -8.393 
146 -15.989 -13.107 15.989 -10.636 -4.472 -6.382 -2.650 -8.419 
147 -15.948 -13.102 15.949 -10.652 -4.497 -6.410 -2.666 -8.445 
148 -15.910 -13.098 15.908 -10.667 -4.519 1 	-6.437 -2.681 1 	-8.470 
149 -15.872 -13.092 15.869 -10.682 -4.542 -6.463 -2.696 -8.495 
150 -15.833 -13.087 15.833 -10.695 -4.565 -6.489 -2.712 -8.518 
151 -15.797 -13.082 15.797 -10.708 -4.586 -6.513 -2.726 -8.540 
152 -15.763 -13.078 15.763 -10.721 -4.606 -6.536 -2.739 -8.562 
153 -15.730 -13.073 1 	15.730 -10.733 -4.625 -6.559 -2.752 -8.582 
154 -15.698 -13.069 15.698 -10.745 -4.643 -6.580 -2.764 -8.601 
155 -15.668 -13.066 15.668 -10.756 -4.660 -6.599 -2.776 -8.619 
156 -15.639 -13.062 15.639 -10.767 -4.677 -6.618 -2.787 -8.637 
157 -15.610 -13.059 15.610 -10.777 -4.692 -6.637 -2.797 -8.654 
158 -15.584 -13.056 15.584 -10.787 -4.707 -6.654 -2.807 -8.670 
159 -15.559 -13.053 15.559 -10.796 -4.721 -6.670 -2.816 -8.685 
160 -15.535 1 	-13.050 1 	15.535 -10.805 -4.734 -6.685 -2.825 1 	-8.699 
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Label 
9 	10 
	

11 	12 
	

13 	14 	15 
Design 

121 10.163 7.566 13.130 5.951 0.294 2.713 -0.295 3.570 
122 10.184 7.650 13.130 5.947 0.368 2.666 -0.369 3.661 
123 10.200 7.700 13.130 5.950 0.420 2.640 -0.420 3.720 
124 10.206 7.729 13.125 5.954 0.452 2.623 -0.452 3.765 
125 10.228 7.799 13.120 5.969 0.534 2.590 -0.534 3.867 
126 10.250 7.856 13.115 5.985 0.604 2.567 -0.604 3.954 
127 10.271 7.903 13.114 6.000 0.658 2.550 -0.659 4.022 
128 10.292 7.942 13.115 6.013 0.700 2.539 -0.700 4.074 
129 10.313 7.975 13.117 6.026 0.732 2.531 -0.732 4.116 
130 10.334 8.005 13.120 6.039 0.757 2.526 -0.757 4.149 
131 10.356 8.033 13.123 6.053 0.776 2.524 -0.776 4.176 
132 10.378 8.060 13.127 6.067 0.791 2.523 -0.791 4.199 
133 10.400 8.087 13.130 6.083 0.803 2.525 -0.803 4.220 
134 10.422 8.113 13.132 6.100 0.813 2.528 -0.813 4.238 
135 10.444 8.140 13.133 6.119 0.822 2.533 -0.821 4.257 
136 10.466 8.167 13.135 6.139 0.828 2.538 -0.828 4.274 
137 10.487 8.195 13.134 6.163 0.835 2.547 -0.834 4.294 
138 10.508 8.223 13.134 6.186 0.840 2.555 -0.840 4.312 
139 10.528 8.251 13.131 6.212 0.846 2.566 -0.845 4.333 
140 10.548 8.280 13.129 6.239 0.851 2.577 -0.850 4.354 
141 10.560 8.300 13.130 6.260 0.850 2.590 -0.850 4.370 
142 10.567 8.309 13.126 6.267 0.856 2.590 -0.856 4.376 
143 10.585 8.337 13.122 6.296 0.861 2.604 -0.861 4.400 
144 10.603 8.365 13.117 6.324 0.867 2.619 -0.866 4.424 
145 10.620 8.392 13.113 6.353 0.872 2.634 -0.872 4.448 
146 10.636 8.419 13.107 6.382 0.878 2.650 -0.878 4.472 
147 10.652 8.446 13.102 6.410 0.883 2.666 -0.884 4.496 
148 10.667 8.471 13.096 6.437 0.890 2.682 -0.888 4.520 
149 10.681 8.495 13.091 6.464 0.895 2.697 -0.894 4.543 
150 10.695 8.518 13.087 6.489 0.899 2.711 -0.900 4.565 
151 10.709 8.540 13.082 6.513 0.904 2.726 -0.904 4.586 
152 10.721 8.561 13.078 6.537 0.909 2.739 -0.909 4.606 
153 10.733 8.582 13.073 6.559 0.914 2.752 -0.914 4.625 
154 10.745 8.601 13.070 6.580 0.918 2.764 -0.918 4.643 
155 10.756 8.619 13.066 6.599 0.922 2.776 -0.922 4.661 
156 10.767 8.637 13.062 6.618 0.926 2.787 -0.926 4.677 
157 10.777 8.654 13.059 6.637 0.929 2.797 -0.929 4.692 
158 10.787 8.670 13.056 6.654 0.933 2.807 -0.933 4.707 
159 10.796 8.685 13.053 6.670 0.936 2.816 -0.936 4.721 
160 10.805 8.699 13.050 6.685 0.939 2.825 -0.939 4.734 
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8 	9 	10 	11 
Label 

12 	13 	14 	15 
Design 

161 10.813 8.712 13.047 6.699 0.942 2.833 -0.942 4.747 
162 10.822 8.726 13.045 6.713 0.945 2.841 -0.945 4.758 
163 10.829 8.738 13.042 6.727 0.947 2.848 -0.947 4.770 
164 10.837 8.750 13.040 6.740 0.950 2.856 -0.950 4.781 
165 10.844 8.761 1 	13.038 6.751 0.952 2.862 -0.952 4.790 
166 10.852 8.773 13.037 6.763 0.954 2.869 -0.955 4.801 
167 10.857 8.782 13.035 6.773 0.956 2.874 -0.957 4.809 
168 10.864 8.792 13.033 6.784 0.959 2.881 -0.958 4.818 
169 10.870 8.801 13.032 6.793 0.960 2.886 -0.960 4.826 
170 10.875 8.810 13.030 6.802 0.962 2.891 -0.962 4.834 
171 10.881 8.819 13.029 6.811 0.964 2.896 -0.964 4.842 
172 10.887 8.828 13.027 6.821 0.965 2.901 -0.967 4.849 
173 10.891 8.835 13.025 6.829 0.967 2.906 -0.967 4.856 
174 10.896 8.842 13.025 6.836 0.968 2.909 -0.969 4.862 
175 10.899 8.848 13.023 6.843 0.971 2.914 -0.969 4.868 
176 10.905 8.856 13.022 6.851 0.972 2.918 -0.971 4.875 
177 10.909 8.861 13.021 6.857 0.973 2.921 -0.972 4.880 
178 10.911 8.867 13.019 6.863 0.975 2.926 -0.972 4.886 
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Design # SNRs 5.00% 40.00% 50.00% 60.00% 70.00% 100.00% 
63 7.4 1.36 1.23 1.1 0.99 0.65 0 
64 7.6 1.35 1.22 1.1 0.99 0.65 0 
65 7.8 1.24 1.11 1 0.9 0.59 0 
66 8 1.17 1.06 0.95 0.85 0.56 0 
67 8.2 1.14 1.02 0.92 0.83 0.54 0 
68 8.4 1.12 1.01 0.91 1 	0.82 0.59 0 
69 8.6 1.23 1.1 0.99 0.8 0.53 0 
70 8.8 1.17 0.65 0.58 0.53 0.47 0 
71 9 1.17 0.64 0.57 0.52 0.47 0 
72 9 1.17 0.64 0.57 0.52 0.47 0 
73 9.2 1.17 0.63 0.56 0.51 0.46 0 
74 9.4 1.16 0.61 0.55 0.49 0.45 0 
75 9.6 1.16 0.6 0.54 1 	0.48 0.44 0 
76 9.8 1.15 0.59 0.53 1 	0.48 0.43 0 
77 10 1.14 0.58 0.52 1 	0.47 0.42 0 
78 102 1.18 0.79 0.71 0.64 0.57 0 
79 10.4 1.1 0.91 0.82 0.73 0.54 0 
80 10.6 1.08 0.97 0.87 0.79 0.57 0 
81 10.8 1.04 0.93 0.84 0.68 0.5 0 
82 11 1 0.9 0.81 0.73 0.53 0 
83 11.2 1.07 0.96 0.87 0.7 0.51 0 
84 11.4 1.03 0.92 0.83 0.75 0.55 0 
85 11.6 1.09 0.98 0.86 0.71 0.52 0 
86 11.8 1.03 0.92 0.83 0.75 0.49 0 
87 12 0.97 0.87 0.78 0.7 0.51 0 
88 12.2 1.01 0.9 0.81 0.73 0.48 0 
89 12.25 0.99 0.89 0.8 0.72 0.52 0 
90 12.4 0.94 0.84 0.76 0.68 0.5 0 
91 12.6 0.97 0.88 0.79 0.71 0.47 0 
92 12.8 0.93 0.83 0.75 0.67 0.49 0 
93 13 0.89 0.8 0.72 0.65 0.47 0 
94 13.2 0.86 0.77 0.7 0.63 0.46 0 
95 13.4 0.93 0.83 0.75 0.68 0.44 0 
96 13.6 0.9 0.81 0.73 0.66 0.43 0 
97 13.8 0.88 0.79 0.71 0.64 0.42 0 
98 14 0.87 0.78 0.69 0.62 0.45 0 
99 14.2 0.77 0.69 0.62 0.56 0.45 0 
100 14.4 0.83 0.75 0.63 0.57 0.41 0 
101 14.6 1 	0.73 0.66 0.59 0.53 0.39 1 	0 
102 14.8 1 	0.72 1 	0.65 0.55 0.5 0.4 1 	0 
103 1 	15 1 	0.71 1 	0.64 0.52 0.47 0.38 1 	0 
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Design # SNRs 5.00% 40.00% 50.00% 60.00% 70.00% 100.00% 
104 15.2 0.7 0.63 0.49 0.44 0.36 0 
105 15.4 0.68 0.61 0.47 0.43 0.34 0 
106 15.42 0.68 0.61 0.47 0.42 0.38 0 
107 15.6 0.67 0.6 0.47 0.42 0.34 0 
108 15.8 0.72 0.65 0.46 0.41 0.33 0 
109 16 0.63 0.57 0.45 0.41 0.33 0 
110 16.2 0.61 0.55 0.44 0.4 0.32 0 
111 16.4 0.6 0.54 0.43 0.39 0.32 0 
112 16.6 0.58 0.53 0.42 0.38 0.31 0 
113 16.8 0.57 0.52 0.41 0.37 0.3 0 
114 17 0.56 0.5 0.4 0.36 0.26 0 
115 17.2 0.49 0.44 0.38 0.35 0.28 0 
116 17.4 0.53 0.47 0.37 0.33 0.27 0 
117 17.6 0.51 0.46 0.35 0.31 0.25 0 
118 17.8 0.48 0.43 0.32 0.29 0.23 0 
119 18 0.46 0.41 0.34 0.3 0.25 0 
120 18.2 0.43 0.39 0.35 0.31 0.23 0 
121 18.4 0.4 0.36 0.33 0.29 0.21 0 
122 18.6 0.42 0.38 0.34 0.31 0.2 0 
123 18.72 0.39 0.35 0.31 0.28 0.21 0 
124 18.8 0.39 0.35 0.32 0.29 0.21 0 
125 19 0.37 0.33 0.3 0.27 0.2 0 
126 19.2 0.39 0.35 0.3 0.27 0.2 0 
127 19.4 0.37 0.33 0.28 0.25 0.18 0 
128 19.6 0.34 0.31 0.26 0.24 0.19 0 
129 19.8 0.36 0.32 0.25 0.23 0.18 0 
130 20 0.33 0.3 0.27 1 	0.24 0.18 0 
131 20.2 0.34 0.31 0.28 0.23 0.16 0 
132 20.4 0.32 0.29 0.26 0.23 0.17 0 
133 20.6 0.3 0.27 0.24 0.22 0.16 0 
134 20.8 0.27 0.25 0.22 0.2 0.15 0 
135 21 0.28 0.25 0.23 0.21 0.14 0 
136 21.2 0.26 0.24 0.21 0.19 0.14 0 
137 21.4 0.26 0.23 0.21 1 	0.19 0.14 0 
138 21.6 0.25 0.22 0.2 0.18 0.12 0 
139 21.8 0.24 0.21 0.19 0.17 0.13 0 
140 22 0.23 0.21 0.19 0.17 0.11 0 
141 22.13 0.2 0.18 0.16 0.15 0.11 0 
142 22.2 0.2 0.18 0.16 0.14 0.11 0 
143 22.4 0.19 0.17 0.15 0.14 0.1 0 
144 22.6 0.18 0.17 0.15 0.13 0.1 0 
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U.S. Patent 	Sep. 11, 2012 	Sheet 103 of 167 	US 8,265,175 B2 

Design # SNRs 5.00% 40.00% 50.00% 60.00% 70.00% 100.00% 
145 22.8 0.18 0.16 0.14 0.13 0.09 0 
146 23 0.17 0.15 0.14 0.12 0.09 0 
147 23.2 0.16 0.14 0.13 0.12 0.08 0 
148 23.4 0.15 0.14 0.12 0.11 0.08 0 
149 23.6 0.13 0.12 0.11 0.1 0.07 0 
150 1 	23.8 0.14 0.13 0.11 1 	0.1 0.07 0 
151 24 0.12 0.11 0.1 0.09 0.06 0 
152 24.2 0.12 0.1 0.09 0.08 0.06 0 
153 24.4 0.11 0.1 0.09 0.08 0.06 0 
154 24.6 0.11 0.09 0.09 0.08 0.06 0 
155 24.8 0.1 0.09 0.08 0.07 0.05 0 
156 25 0.1 0.09 0.08 0.07 0.05 0 
157 25.2 0.09 0.08 0.07 0.07 0.05 0 
158 25.4 0.09 0.08 0.07 0.06 0.05 0 
159 25.6 0.08 0.08 0.07 0.06 0.04 0 
160 25.8 0.08 0.07 0.06 0.06 0.04 0 
161 26 0.08 0.07 0.06 0.06 0.04 0 
162 26.2 0.07 0.07 0.06 0.05 0.04 0 
163 26.4 0.07 0.06 0.06 0.05 0.04 0 
164 26.6 0.07 0.06 0.05 0.05 0.04 0 
165 26.8 0.06 0.06 0.05 0.05 0.03 0 
166 27 0.06 0.05 0.05 0.04 0.03 0 
167 27.2 0.05 0.05 0.04 0.04 0.03 0 
168 27.4 0.06 0.05 0.05 0.04 0.03 0 
169 27.6 0.05 0.05 0.04 0.04 0.03 0 
170 27.8 0.05 0.04 0.04 0.03 0.02 0 
171 28 0.05 0.04 0.04 0.04 0.03 0 
172 28.2 0.05 0.04 0.04 0.03 0.02 0 
173 28.4 0.04 0.04 0.03 0.03 0.02 0 
174 28.6 0.04 0.04 0.03 0.03 0.02 0 
175 28.8 0.04 0.03 0.03 0.03 0.02 0 
176 29 0.03 0.03 0.03 0.03 0.02 0 
177 29.2 0.03 0.03 1 	0.03 1 	0.02 0.02 0 
178 29.4 0.03 0.03 1 	0.03 1 	0.02 0.02 0 
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U.S. Patent 	Sep. 11, 2012 	Sheet 104 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

1 -5.000 0.1982 0.1980 0.0002 0.0804 
2 -4.800 0.2063 0.2061 0.0002 0.0894 
3 -4.600 0.2147 0.2145 0.0002 0.0992 
4 -4.400 0.2234 0.2232 0.0002 0.1099 
5 -4.200 0.2324 0.2322 0.0003 0.1217 
6 -4.000 0.2417 0.2414 0.0003 0.1346 
7 -3.800 0.2514 0.2510 0.0004 0.1488 
8 -3.600 0.2613 0.2609 0.0004 0.1642 
9 -3.400 0.2715 0.2711 0.0005 0.1809 

10 -3.200 0.2821 0.2816 0.0006 0.1992 
11 -3.000 0.2931 0.2924 0.0006 0.2190 
12 -2.800 0.3043 0.3036 0.0007 0.2405 
13 -2.600 0.3159 0.3151 0.0008 0.2637 
14 -2.400 0.3279 0.3269 0.0009 0.2888 
15 -2.200 0.3402 0.3391 0.0011 0.3159 
16 -2.000 0.3529 0.3516 0.0012 0.3451 
17 -1.800 0.3659 0.3645 0.0014 0.3764 
18 -1.600 0.3793 0.3777 0.0015 0.4100 
19 -1.400 0.3931 0.3913 0.0017 0.4460 
20 -1.200 0.4072 0.4052 0.0020 0.4845 
21 -1.000 0.4217 0.4195 0.0022 0.5255 
22 -0.800 0.4366 0.4341 0.0025 0.5692 
23 -0.600 0.4519 0.4491 0.0028 0.6155 
24 -0.400 0.4675 0.4644 0.0031 0.6647 
25 -0.200 0.4836 0.4801 0.0034 0.7167 
26 0.000 0.5000 0.4962 0.0038 0.7716 
27 0.200 0.5168 0.5125 0.0043 0.8294 
28 0.400 0.5340 0.5292 0.0047 0.8902 
29 0.600 0.5515 0.5463 0.0052 0.9540 
30 0.800 0.5695 0.5637 0.0058 1.0207 
31 1.000 0.5878 0.5814 0.0063 1.0903 
32 1.200 0.6065 0.5995 0.0070 1.1629 
33 1.400 0.6255 0.6179 0.0077 1.2383 
34 1.600 0.6450 0.6366 0.0084 1.3165 
35 1.800 0.6648 0.6556 0.0092 1.3973 
36 2.000 0.6850 0.6750 0.0100 1.4807 
37 2.200 0.7055 0.6946 0.0109 1.5665 
38 2.400 0.7264 0.7146 0.0118 1.6545 
39 2.600 0.7476 0.7348 0.0128 1.7448 
40 2.800 0.7692 0.7553 0.0139 1.8370 
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U.S. Patent 	Sep. 11, 2012 	Sheet 105 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

41 3.000 0.7912 0.7762 0.0150 1.9309 
42 3.200 1 	0.8134 0.7973 0.0162 2.0265 
43 3.400 1 	0.8360 0.8186 0.0174 2.1237 
44 3.600 0.8589 0.8403 0.0187 2.2223 
45 3.800 0.8822 0.8622 0.0200 2.3216 
46 4.000 0.9057 0.8843 0.0214 2.4217 
47 4.200 0.9296 0.9067 0.0229 2.5225 
48 4.400 0.9538 0.9294 0.0244 2.6237 
49 4.600 0.9782 0.9523 0.0260 2.7253 
50 4.776 1.0000 0.9726 0.0274 2.8172 
51 4.800 1.0030 0.9754 0.0276 2.8268 
52 5.000 1.0280 0.9988 0.0292 2.9281 
53 5.200 1.0533 1.0223 0.0310 3.0290 
54 5.400 1.0789 1.0461 0.0327 3.1291 
55 5.600 1.1047 1.0702 0.0345 3.2281 
56 5.800 1.1308 1.0944 0.0364 3.3258 
57 6.000 1.1571 1.1188 0.0383 3.4217 
58 6.200 1.1836 1.1434 0.0402 3.5157 
59 6.400 1.2104 1.1682 0.0422 3.6083 
60 6.600 1.2374 1.1932 0.0441 3.6994 
61 6.800 1.2646 1.2184 0.0462 3.7888 
62 7.000 1.2920 1.2438 0.0482 3.8764 
63 7.200 1.3197 1.2694 0.0503 3.9615 
64 7.400 1.3475 1.2951 0.0524 4.0439 
65 7.600 1.3755 1.3210 0.0545 4.1236 
66 7.800 1.4037 1.3471 0.0566 4.2007 
67 8.000 1.4320 1.3733 0.0587 4.2754 
68 8.200 1.4605 1.3997 0.0609 4.3475 
69 8.400 1.4892 1.4262 0.0630 4.4169 
70 8.475 1.5000 1.4362 0.0638 4.4423 
71 8.600 1.5180 1.4529 0.0651 4.4836 
72 8.800 1.5470 1.4797 0.0673 4.5478 
73 9.000 1.5762 1.5067 0.0695 4.6094 
74 9.200 1.6054 1.5338 0.0716 4.6679 
75 9.400 1.6348 1.5611 0.0737 4.7231 
76 9.600 1.6643 1.5885 0.0758 4.7749 
77 9.800 1.6940 1.6160 0.0779 4.8235 
78 10.000 1.7237 1.6437 0.0800 4.8693 
79 10.200 1.7536 1.6715 0.0821 4.9121 
80 10.400 1.7835 1.6994 0.0842 4.9523 
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U.S. Patent 	Sep. 11, 2012 	Sheet 106 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

81 10.600 1.8136 1.7274 0.0862 4.9903 
82 10.800 1.8437 1.7555 0.0882 5.0256 
83 11.000 1.8740 1.7838 0.0902 5.0582 
84 11.200 1.9043 1.8121 0.0922 5.0883 
85 11.400 1.9348 1.8406 0.0942 5.1158 
86 11.600 1.9653 1.8692 0.0961 5.1407 
87 11.800 1.9959 1.8979 0.0980 5.1630 
88 11.827 2.0000 1.9018 0.0982 5.1635 
89 12.000 2.0265 1.9267 0.0998 5.1824 
90 12.200 2.0572 1.9555 0.1017 5.1988 
91 12.400 2.0880 1.9845 0.1034 5.2121 
92 12.600 2.1188 2.0136 0.1052 5.2225 
93 12.800 2.1496 2.0428 0.1069 5.2307 
94 13.000 2.1805 2.0720 0.1085 5.2365 
95 13.200 2.2115 2.1014 0.1101 5.2400 
96 13.400 2.2425 2.1308 0.1117 5.2417 
97 13.600 2.2736 2.1603 0.1132 5.2416 
98 13.800 2.3047 2.1899 0.1147 5.2398 
99 14.000 2.3358 2.2196 0.1162 5.2362 

100 14.200 2.3670 2.2494 0.1177 5.2310 
101 14.400 2.3983 2.2792 0.1191 5.2241 
102 14.600 2.4296 2.3091 0.1204 5.2155 
103 14.800 2.4609 2.3391 0.1218 5.2052 
104 15.000 2.4922 2.3692 0.1230 5.1934 
105 15.050 2.5000 2.3766 0.1234 5.1923 
106 15.200 2.5236 2.3993 0.1243 5.1802 
107 15.400 2.5550 2.4295 0.1255 5.1654 
108 15.600 2.5864 2.4598 0.1267 5.1492 
109 15.800 2.6179 2.4901 0.1278 5.1316 
110 16.000 2.6493 2.5205 0.1289 5.1124 
111 16.200 2.6808 2.5509 0.1299 5.0918 
112 16.400 2.7123 2.5814 0.1309 5.0696 
113 16.600 2.7438 2.6120 0.1318 5.0459 
114 16.800 2.7753 2.6426 0.1327 5.0207 
115 17.000 2.8068 2.6733 0.1335 4.9940 
116 17.200 2.8383 2.7041 0.1343 4.9658 
117 17.400 2.8698 2.7348 0.1350 4.9361 
118 17.600 2.9013 2.7657 0.1357 4.9051 
119 17.800 2.9329 2.7966 0.1363 4.8727 
120 18.000 2.9643 2.8275 0.1368 4.8389 
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U.S. Patent 	Sep. 11, 2012 	Sheet 107 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

121 18.200 2.9958 2.8585 0.1373 4.8038 
122 18.226 3.0000 2.8626 0.1374 4.7998 
123 18.400 3.0273 2.8896 0.1378 4.7674 
124 18.600 3.0588 2.9206 0.1381 4.7297 
125 18.800 3.0902 2.9518 0.1385 4.6907 
126 19.000 3.1217 2.9830 0.1387 4.6505 
127 19.200 3.1531 3.0142 0.1389 4.6090 
128 19.400 3.1845 3.0454 0.1391 4.5663 
129 19.600 3.2159 3.0767 0.1391 4.5223 
130 19.800 3.2472 3.1081 0.1392 4.4772 
131 20.000 3.2786 3.1395 0.1391 4.4307 
132 20.200 3.3099 3.1709 0.1390 4.3831 
133 20.400 3.3411 3.2023 0.1388 4.3342 
134 20.600 3.3723 3.2338 0.1385 4.2841 
135 20.800 3.4035 3.2653 0.1382 4.2328 
136 21.000 3.4347 3.2969 0.1378 4.1802 
137 21.200 3.4658 3.3285 0.1373 4.1265 
138 21.400 3.4969 3.3601 0.1368 4.0714 
139 21.420 3.5000 3.3633 0.1367 4.0645 
140 21.600 3.5279 3.3917 0.1362 4.0151 
141 21.800 3.5589 3.4234 0.1355 3.9576 
142 22.000 3.5898 3.4551 0.1347 3.8988 
143 22.200 3.6207 3.4869 0.1338 3.8386 
144 22.400 3.6515 3.5186 0.1329 3.7772 
145 22.600 3.6823 3.5504 0.1319 3.7144 
146 22.800 3.7130 3.5823 0.1308 3.6503 
147 23.000 3.7437 3.6141 0.1296 3.5848 
148 23.200 3.7742 3.6460 0.1283 3.5179 
149 23.400 3.8047 3.6779 0.1269 3.4495 
150 23.600 3.8351 3.7098 0.1254 3.3797 
151 23.800 3.8655 3.7417 0.1238 3.3084 
152 24.000 3.8958 3.7737 0.1221 3.2356 
153 24.200 3.9259 3.8056 0.1203 3.1611 
154 24.400 3.9560 3.8376 0.1184 3.0851 
155 24.600 3.9860 3.8696 0.1164 3.0074 
156 24.694 4.0000 3.8846 0.1154 2.9707 
157 24.800 4.0159 3.9016 0.1142 2.9280 
158 25.000 4.0457 3.9337 0.1120 2.8470 
159 25.200 4.0753 3.9657 0.1096 2.7642 
160 25.400 4.1049 3.9978 0.1071 2.6798 

Table 64 

FIG. 88 



U.S. Patent 	Sep. 11, 2012 	Sheet 108 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

161 25.600 4.1343 4.0298 0.1045 2.5936 
162 25.800 4.1636 4.0618 0.1018 2.5059 
163 26.000 4.1928 4.0938 0.0989 2.4166 
164 26.200 4.2218 4.1258 0.0960 2.3259 
165 26.400 4.2507 4.1578 0.0929 2.2339 
166 26.600 4.2793 4.1896 0.0897 2.1408 
167 26.800 4.3079 4.2214 0.0864 2.0470 
168 27.000 4.3362 4.2531 0.0830 1.9525 
169 27.200 4.3643 4.2847 0.0796 1.8579 
170 27.400 4.3922 4.3161 0.0761 1.7634 
171 27.600 4.4199 4.3473 0.0726 1.6694 
172 27.800 4.4473 4.3782 0.0690 1.5763 
173 28.000 4.4744 4.4089 0.0655 1.4846 
174 28.192 4.5000 4.4380 0.0620 1.3970 
175 28.200 4.5011 4.4392 0.0619 1.3945 
176 28.400 4.5276 4.4692 0.0584 1.3065 
177 28.600 4.5536 4.4987 0.0549 1.2209 
178 28.800 4.5793 4.5277 0.0515 1.1379 
179 29.000 4.6044 4.5562 0.0482 1.0577 
180 29.200 4.6290 4.5841 0.0450 0.9806 
181 29.400 4.6531 4.6113 0.0418 0.9067 
182 29.600 4.6765 4.6378 0.0388 0.8361 
183 29.800 4.6993 4.6635 0.0359 0.7687 
184 30.000 4.7214 4.6884 0.0330 0.7048 
185 30.200 4.7427 4.7124 0.0304 0.6442 
186 30.400 4.7632 4.7354 0.0278 0.5870 
187 30.600 4.7829 4.7575 0.0254 0.5332 
188 30.800 4.8017 4.7786 0.0231 0.4826 
189 31.000 4.8196 4.7987 0.0209 0.4352 
190 31.200 4.8366 4.8177 0.0188 0.3910 
191 31.400 4.8526 4.8356 0.0169 0.3500 
192 31.600 4.8676 4.8525 0.0151 0.3119 
193 31.800 4.8817 4.8682 0.0135 0.2768 
194 32.000 4.8948 4.8828 0.0119 0.2445 
195 32.200 4.9069 4.8964 0.0105 0.2149 
196 32.400 4.9181 4.9088 0.0092 0.1880 
197 32.600 4.9283 4.9203 0.0080 0.1636 
198 32.800 4.9376 4.9307 0.0070 0.1415 
199 33.000 4.9461 4.9401 0.0060 0.1217 
200 33.200 4.9537 4.9485 0.0051 0.1041 
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U.S. Patent 	Sep. 11, 2012 	Sheet 109 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

201 33.400 4.9605 4.9561 0.0044 0.0884 
202 33.600 4.9665 4.9628 0.0037 0.0746 
203 33.800 4.9718 4.9687 0.0031 0.0625 
204 34.000 4.9765 4.9739 0.0026 0.0520 
205 34.200 4.9805 4.9784 0.0021 0.0429 
206 34.400 4.9840 4.9823 0.0017 0.0351 
207 34.600 4.9870 4.9856 0.0014 0.0285 
208 34.800 4.9895 4.9884 0.0011 0.0229 
209 35.000 4.9916 4.9907 0.0009 0.0183 
210 35.200 4.9934 4.9927 0.0007 0.0144 
211 35.400 4.9948 4.9943 0.0006 0.0112 
212 1 	35.600 4.9960 4.9956 0.0004 0.0087 
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U.S. Patent 	Sep. 11, 2012 	Sheet 110 of 167 	US 8,265,175 B2 

Label 
0 	1 2 3 4 5 6 7 

Design 

1 -45.343 -24.394 -22.729 -22.548 -19.985 -18.269 -17.663 -14.325 
2 -45.283 -24.883 -23.866 -21.906 -18.916 -18.279 -17.226 -15.598 
3 45.204 -23.374 -22.109 -19.418 -20.610 -22.694 -19.681 -19.323 
4 45.358 -20.100 -20.409 -20.348 -20.339 -20.192 -20.138 -20.147 
5 45.157 -29.835 -16.217 -16.186 -16.191 -16.174 -16.180 -16.171 
6 45.052 -27.227 -26.705 -14.338 -14.246 -14.277 -14.357 -14.108 
7 45.255 -18.839 -23.089 -23.230 -19.868 -21.696 -21.424 -13.250 
8 -24.362 45.114 -22.442 -22.568 -19.567 -15.644 3.330 -1.541 
9 -45.303 -21.093 -20.986 -19.939 -20.641 -20.205 -20.253 -19.419 

10 -45.073 -21.391 -21.412 -21.316 -21.414 -21.401 -21.433 -21.295 
11 -45.215 -21.016 -21.354 -21.801 -21.401 -21.841 -20.198 -16.773 
12 -45.219 -19.542 -19.569 -20.712 -21.194 -20.510 -20.220 -21.190 
13 -17.864 45.095 -24.540 -22.942 -23.784 -18.452 -13.887 -17.940 
14 -45.158 -20.872 -20.650 -20.889 -20.103 -20.425 -20.291 -20.430 
15 -45.118 -20.368 -20.347 -20.452 -20.577 -20.637 -20.511 -20.575 
16 45.172 -20.834 -19.751 -20.049 -20.844 -19.309 -20.258 -21.056 
17 45.108 -20.531 -20.445 -20.446 -20.492 -20.508 -20.508 -20.518 
18 45.094 -22.132 -22.129 -21.433 -21.433 -21.450 -16.562 -16.560 
19 45.032 -20.649 -20.648 -20.648 -20.650 -20.558 -20.552 -20.553 
20 45.043 -20.498 -20.551 -20.740 -20.638 -20.664 -20.223 -20.505 
21 -44.984 -20.591 -20.757 -20.602 -20.753 -20.530 -20.561 -20.568 
22 -44.957 -20.684 -20.684 -20.657 -20.646 -20.650 -20.652 -20.652 
23 -44.931 -20.682 -20.682 -20.682 -20.682 -20.682 -20.682 -20.672 
24 -44.914 -20.681 -20.681 -20.681 -20.681 -20.681 -20.681 -20.681 
25 -44.884 -20.700 -20.710 -20.704 -20.706 -20.699 -20.706 -20.712 
26 44.850 -20.750 -20.740 -20.740 -20.740 -20.740 -20.740 -20.740 
27 44.829 -20.756 -20.756 -20.756 -20.756 -20.756 -20.756 -20.756 
28 44.817 -20.760 -20.760 -20.760 -20.762 -20.762 -20.762 -20.752 
29 44.805 -20.765 -20.764 -20.764 -20.764 -20.762 -20.761 -20.764 
30 44.786 -20.777 -20.781 -20.775 -20.772 -20.794 -20.766 -20.790 
31 44.736 -21.134 -21.019 -21.139 -21.139 -21.111 -21.114 -21.123 
32 44.702 -21.199 -21.183 -21.183 -21.183 -21.183 -21.183 -21.183 
33 44.668 -21.250 -21.250 -21.247 -21.249 -21.253 -21.255 -21.248 
34 -44.635 -21.306 -21.306 -21.306 -21.306 -21.306 -21.301 -21.300 
35 -44.604 -21.353 -21.353 -21.353 -21.353 -21.351 -21.351 -21.351 
36 -44.573 -21.391 -21.391 -21.391 -21.391 -21.395 -21.395 -21.395 
37 -44.543 -21.431 -21.430 -21.430 -21.430 -21.430 -21.428 -21.428 
38 44.486 -21.617 -21.657 -21.541 -21.590 -21.608 -21.546 -21.516 
39 44.404 -21.764 -21.767 -21.777 -21.785 -21.778 -21.774 -21.770 
40 44.380 -21.767 -21.794 -21.780 -21.780 -21.788 -21.789 -21.789 
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Sheet 111 of 167 	US 8,265,175 B2 

Label  
8 	9 	10 	11 	12 	13 	14 	15 

Design 

1 -13.635 -11.934 -8.649 -6.824 -5.114 -4.635 -3.002 -1.841 
2 -12.831 -10.336 -9.442 -8.114 -5.012 -3.798 -3.272 -2.251 
3 4.779 -3.027 -3.096 -2.272 -0.919 -1.470 -2.114 -0.429 
4 -20.325 -7.492 -2.105 -1.838 -1.625 -1.116 -1.116 -1.127 
5 -16.199 -16.203 -13.514 -11.005 -8.551 -7.350 -4.689 -3.100 
6 -14.280 -14.036 -14.051 -14.399 -12.854 -1.255 -0.433 1.263 
7 -11.272 -14.648 -4.877 -6.864 -0.261 -3.154 -4.705 -2.791 
8 2.680 -0.839 -22.596 1 	-17.342 -9.498 -9.135 1 	-3.810 -5.056 
9 -19.872 -5.248 -1.888 -1.112 -1.283 -1.245 -1.367 -0.633 

10 4.409 -4.056 -3.087 -3.109 -3.056 -2.997 -2.974 -2.994 
11 -15.579 -10.382 -7.645 -2.175 -1.624 -0.887 -1.247 -1.441 
12 -19.896 -8.370 -2.717 -2.138 -0.283 -0.277 -0.303 -1.010 
13 -15.407 -15.505 -3.399 -2.573 -3.270 -3.907 2.693 0.560 
14 -20.141 -4.751 1 	-2.071 -1.303 -0.418 1 	-0.959 -1.139 -0.930 
15 -20.770 -2.574 -0.053 -1.009 -1.099 -0.986 -1.226 -0.812 
16 -20.343 -12.201 0.377 1.140 -0.046 1.530 0.760 0.683 
17 -20.495 -7.614 -1.738 -1.162 -0.583 -0.540 -0.526 -0.545 
18 -16.560 -16.560 -0.513 0.198 0.226 0.659 1.095 1.087 
19 -20.552 -1.210 -0.755 -0.754 -0.754 -0.756 -0.756 -0.756 
20 -20.469 -8.598 1 	1.013 1.057 0.913 1 	0.724 0.947 0.744 
21 -20.712 -1.009 -0.885 -1.016 -0.934 -0.885 -0.996 -0.906 
22 -20.652 -0.569 -0.569 -0.569 -0.569 -0.569 -0.569 -0.532 
23 -20.673 -0.459 -0.460 -0.459 -0.459 -0.459 -0.459 -0.459 
24 -20.681 -5.138 0.198 0.198 0.198 0.198 0.198 0.198 
25 -20.742 -4.073 0.302 0.292 0.297 0.291 0.302 0.293 
26 -20.730 -0.420 -0.380 -0.360 -0.320 -0.300 -0.280 -0.230 
27 -20.756 -0.082 1 	0.006 0.006 0.006 1 	0.006 0.006 0.006 
28 -20.752 -0.007 -0.007 -0.007 -0.010 0.001 -0.010 0.000 
29 -20.754 -0.001 -0.002 -0.001 -0.002 -0.003 -0.004 -0.002 
30 -20.715 0.011 0.013 0.011 0.014 0.012 0.011 0.010 
31 1 	-18.293 0.011 -0.004 0.004 -0.005 0.008 -0.020 -0.001 
32 -17.778 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004 0.003 
33 -17.315 -0.003 0.000 -0.004 0.001 0.000 -0.002 0.003 
34 -16.932 -0.005 -0.005 0.001 0.001 0.001 0.001 0.001 
35 -16.587 -0.013 -0.010 -0.008 -0.009 0.004 0.004 0.004 
36 -16.301 -0.017 -0.011 -0.011 0.004 0.004 0.004 0.004 
37 -16.041 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004 
38 -13.874 -3.119 -3.130 -2.370 0.046 0.224 0.372 -0.010 
39 -4.540 -4.609 -4.579 1 	-4.575 1 	-4.642 -4.538 1 	-4.465 -4.463 
40 -4.516 -4.521 -4.550 1 	-4.546 1 	-4.540 -4.557 1 	-4.537 -4.536 
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Label 
16 	17 	18 	19 	20 	21 	22 	23 

Design 

1 0.559 0.878 1.628 7.378 8.322 13.022 13.872 13.904 
2 -1.704 3.042 3.725 7.812 9.088 9.252 9.824 13.966 
3 -3.795 -5.863 -7.934 -6.868 18.715 18.996 20.161 15.141 
4 -1.369 -0.980 -0.902 -0.750 -0.105 11.883 15.567 15.460 
5 6.651 7.690 12.424 12.446 12.429 12.433 12.427 12.454 
6 1.620 3.323 3.412 4.223 6.954 8.333 13.210 16.400 
7 0.423 -0.188 1.768 1.979 5.146 12.533 19.507 17.546 
8 -5.326 -5.776 -6.925 8.076 -0.329 7.836 21.080 19.904 
9 -1.159 -2.404 -1.143 -1.834 18.015 -1.591 16.255 16.368 

10 -3.042 -3.091 -3.066 -2.633 4.068 9.019 19.530 19.493 
11 1.066 1.431 1.863 2.221 3.093 5.760 8.956 15.215 
12 -0.833 -1.102 1.022 0.334 1.654 5.346 8.910 19.145 
13 -1.453 -0.557 -1.031 4.251 -1.363 19.205 23.735 17.787 
14 -0.890 -0.800 -0.582 0.426 0.057 2.811 14.025 15.501 
15 -0.834 -0.404 -0.640 -0.676 -0.608 0.390 12.322 20.810 

16 1.356 1.543 0.606 0.849 0.368 0.937 0.269 20.383 
17 -0.104 -0.019 0.225 0.802 2.289 3.473 5.851 20.505 
18 1.097 1.095 1.102 1.095 1.095 1.095 1.090 19.720 
19 -0.756 -0.755 -0.494 -0.414 -0.413 -0.174 9.614 20.386 
20 0.904 0.792 0.627 0.791 0.617 -0.641 -0.520 20.637 
21 -1.020 -0.917 -0.884 -1.015 5.030 5.165 20.457 20.734 
22 -0.569 -0.532 -0.545 -0.557 -0.542 -0.072 7.122 20.594 
23 -0.459 -0.459 -0.460 -0.459 -0.459 -0.459 6.213 20.636 
24 0.238 0.249 0.653 0.668 0.668 0.668 0.668 20.696 
25 0.303 0.298 0.313 0.318 0.321 0.324 0.351 20.731 
26 -0.160 -0.070 -0.030 -0.030 -0.010 0.010 2.590 20.730 
27 0.006 0.006 0.006 0.006 0.006 0.006 0.006 20.734 

28 -0.008 0.005 0.010 0.006 0.006 0.011 0.009 20.762 
29 -0.003 -0.003 -0.003 -0.003 -0.003 0.014 0.016 20.734 
30 0.009 0.006 0.008 0.014 0.012 0.010 0.016 18.707 
31 -0.001 0.017 1 	-0.021 0.023 -0.011 21.115 1 	21.080 -0.032 
32 0.003 0.003 0.003 0.003 0.003 0.003 0.003 17.791 
33 -0.001 0.000 0.001 0.000 0.001 0.001 0.003 17.320 
34 0.001 0.001 0.001 0.001 0.001 0.001 0.002 16.920 
35 0.004 0.004 0.004 0.004 0.004 0.004 0.004 16.590 
36 0.004 0.003 0.003 0.003 0.003 0.003 0.003 16.298 
37 -0.004 -0.004 -0.004 -0.004 0.015 0.015 0.015 16.041 
38 -0.001 -0.158 -0.092 0.249 2.273 2.631 3.034 13.943 
39 4.450 4.538 4.602 4.675 4.557 4.555 4.550 4.485 

40 4.533 4.547 4.538 4.524 4.524 4.538 4.568 4.532 
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0 	1 	2 	3 
Label 

4 	5 	6 	7 
Design 

41 -44.331 -22.050 -22.075 -22.065 -22.069 -22.039 -22.053 -20.292 
42 -44.215 -22.590 -22.587 -22.587 -22.587 -22.587 -22.586 -15.296 
43 -44.114 -22.822 -22.823 -22.822 -22.822 -22.821 -22.821 -7.777 
44 -44.082 -22.838 -22.838 -22.838 -22.838 -22.838 -22.838 -6.530 
45 -44.052 -22.851 -22.851 -22.851 -22.851 -22.849 -22.847 -6.521 
46 -43.976 -23.394 -23.394 -23.392 -23.391 -23.391 -19.819 -6.612 
47 -43.890 -23.657 -23.657 -23.657 -23.657 -23.655 -17.939 -6.749 
48 -43.769 -23.993 -23.993 -23.992 -23.992 -23.992 -12.510 -8.124 
49 -43.747 -23.932 -23.932 -23.932 -23.932 -23.932 -15.409 -7.000 
50 -43.690 -24.010 -24.010 -24.010 -24.010 -24.010 -14.480 -7.110 
51 -43.685 -24.022 -24.021 -24.021 -24.021 -24.021 -14.359 -7.122 
52 -43.628 -24.091 -24.091 -24.091 -24.091 -24.091 -13.389 -7.240 
53 -43.575 -24.146 -24.148 -24.147 -24.146 -24.147 -12.479 -7.354 
54 -43.526 -24.191 -24.191 -24.191 -24.191 -24.191 -11.630 -7.457 
55 -43.480 -24.223 -24.225 -24.227 -24.223 -24.227 -7.537 -7.562 
56 -43.435 -24.253 -24.251 -24.252 -24.253 -24.252 -8.209 -8.208 
57 -43.393 -24.270 -24.269 -24.269 -24.269 -24.269 -8.182 -8.170 
58 -43.323 -24.795 -24.795 -24.795 -24.795 -21.912 -8.434 -8.432 
59 -43.224 -25.171 -25.171 -25.170 -25.170 -19.536 -9.211 -9.200 
60 -43.143 -25.366 -25.366 -25.366 -25.366 -17.669 -10.066 -10.066 
61 -43.058 -25.545 -25.545 -25.545 -25.545 -11.874 -11.891 -11.892 
62 -43.009 -25.568 -25.568 -25.568 -25.569 -11.884 -11.875 -11.875 
63 -42.959 -25.586 -25.586 -25.586 -25.586 -11.885 -11.885 -11.885 
64 -42.907 -25.604 -25.604 -25.604 -25.604 -11.890 -11.889 -11.890 
65 -42.832 -26.175 -26.175 -26.175 -23.810 -11.947 -11.947 -11.947 
66 -42.761 -26.407 -26.407 -26.407 -23.008 -12.221 -12.221 -12.221 
67 -42.685 -26.623 -26.623 -26.623 -22.127 -12.457 -12.457 -12.457 
68 -42.617 -26.762 -26.762 -26.762 -21.528 -12.600 -12.600 -12.600 
69 -42.547 -26.909 -26.909 -26.909 -20.691 -12.903 -12.905 -12.910 
70 -42.530 -26.930 -26.930 -26.930 -20.620 -12.920 -12.920 -12.920 
71 -42.477 -27.050 -27.050 -27.050 -19.462 -13.823 -13.823 -13.822 
72 -42.415 -27.121 -27.121 -27.121 -18.901 -14.000 -14.000 -13.989 
73 -42.351 -27.211 -27.212 -27.211 -15.640 -15.640 -15.640 -15.640 
74 -42.293 -27.236 -27.236 -27.236 -15.640 -15.639 -15.639 -15.639 
75 -42.232 -27.259 -27.259 -27.259 -15.648 -15.648 -15.648 -15.648 
76 -42.169 -27.280 -27.279 -27.279 -15.663 -15.663 -15.663 -15.663 
77 -42.094 -27.964 -27.964 -25.850 -15.745 -15.745 -15.745 -15.745 
78 -42.024 -28.222 -28.222 -25.276 -15.825 -15.826 -15.826 -15.825 
79 -41.959 -28.366 -28.366 -24.979 -15.860 -15.858 -15.860 -15.860 
80 -41.887 -28.620 -28.620 -24.173 -16.615 -16.615 -16.616 -16.615 
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Label 
8 9 10 11 12 	13 14 15 

Design 

41 -3.639 -3.628 -3.647 -3.629 -3.641 -3.634 -3.627 -3.653 
42 -4.609 -4.609 -4.609 -4.609 -4.609 -4.609 -4.609 -4.609 
43 -6.370 -6.373 -6.369 -6.369 -6.369 -6.370 -6.368 -6.370 
44 -6.527 -6.527 -6.527 -6.527 -6.527 -6.527 -6.524 -6.524 
45 -6.521 -6.521 -6.521 -6.521 -6.521 -6.521 -6.521 -6.521 

46 -6.612 -6.612 -6.612 -6.612 -6.612 -6.610 -6.610 -6.610 
47 -6.749 -6.749 -6.749 -6.748 -6.748 -6.747 -6.746 -6.744 
48 -8.124 -8.124 -8.124 -8.124 -8.121 -8.121 -8.121 6.031 
49 -7.000 -7.000 -7.000 -7.000 -7.000 -7.000 -7.000 -6.998 
50 -7.110 -7.110 -7.110 -7.110 -7.100 -7.100 -7.100 -7.100 
51 -7.122 -7.122 -7.122 -7.122 -7.122 -7.122 -7.116 -7.114 
52 -7.240 -7.239 -7.239 -7.239 -7.239 -7.234 -7.234 -7.233 
53 -7.312 -7.406 -7.344 -7.380 -7.341 -7.346 -7.335 -7.327 
54 -7.457 -7.457 -7.457 -7.457 -7.457 -7.457 -7.450 -7.451 
55 -7.675 -7.559 -7.013 -7.420 -10.845 -7.658 -7.783 -7.752 
56 -8.209 -8.208 -8.209 -8.209 -8.206 -8.172 -8.158 -4.855 
57 -8.166 -8.166 -8.166 -8.166 -8.166 -8.166 -8.166 -5.244 

58 -8.432 -8.432 -8.432 -8.432 -8.432 -8.432 -8.432 0.000 
59 -9.200 -9.200 -9.200 -9.200 -9.200 -9.200 0.506 0.519 
60 -10.066 -10.066 -10.063 -10.057 -10.057 -0.011 -0.010 0.005 
61 -11.893 -11.892 -11.892 -11.892 -0.308 -0.308 -0.308 -0.310 
62 -11.874 -11.874 -11.874 -11.870 -2.509 0.345 0.345 0.345 
63 -11.884 -11.885 -11.885 -11.885 -0.377 -0.376 -0.376 -0.371 
64 -11.890 -11.890 -11.890 -11.890 -0.365 -0.365 -0.365 -0.365 
65 -11.947 -11.947 -11.947 -11.946 -0.003 0.000 0.000 0.000 
66 -12.221 -12.221 -12.221 -10.474 -0.012 -0.012 -0.012 -0.012 
67 -12.456 -12.456 -12.456 -9.335 0.000 0.000 0.000 0.000 
68 -12.600 -12.600 -12.600 -8.667 -0.002 -0.001 -0.001 0.000 
69 -12.901 -12.897 -12.902 -3.081 -3.046 -3.034 -3.074 -3.000 

70 -12.910 -12.910 -12.910 -3.110 -3.080 -3.020 -3.000 -2.950 
71 -13.822 -13.823 -5.103 -5.055 -5.055 -5.054 -5.054 2.768 
72 -13.987 -13.987 -4.360 -4.360 -4.360 -4.360 -4.360 -4.360 
73 -15.640 -9.495 -4.617 -4.616 -4.616 -4.617 -4.616 -4.614 
74 -15.640 -9.565 -4.609 -4.609 -4.609 -4.609 -4.609 -4.608 
75 -15.648 -9.562 -4.613 -4.613 -4.613 -4.613 -4.613 -4.613 

76 -15.663 -9.504 -4.627 -4.626 -4.626 -4.626 -4.626 -4.626 
77 -15.745 -8.854 -4.726 -4.724 -4.724 -4.724 -4.724 -4.724 
78 -15.825 -6.846 -5.638 -5.642 -5.644 -5.641 -5.659 0.068 
79 -15.859 -5.840 -5.840 -5.840 -5.840 -5.840 -5.839 -0.179 
80 -12.278 -6.699 -6.692 -6.691 -6.694 -6.690 0.001 0.002 
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Label 

Design 
16 17 	18 19 20 21 	22 23 

41 -3.686 -3.668 6.587 6.464 6.471 6.465 6.464 6.507 
42 -4.609 6.228 6.228 6.229 6.229 6.229 6.246 6.269 
43 5.753 5.801 6.614 6.773 6.758 6.762 6.762 6.750 
44 6.524 6.524 6.524 6.524 6.528 6.528 6.528 6.528 
45 6.519 6.519 6.519 6.519 6.523 6.523 6.523 6.523 
46 6.611 6.611 6.611 6.611 6.611 6.611 6.611 6.611 
47 6.741 6.746 6.746 6.749 6.749 6.749 6.749 6.749 
48 6.031 6.031 6.031 6.032 6.032 6.032 6.033 6.035 
49 7.000 7.000 7.000 7.000 7.000 7.000 7.000 7.000 
50 7.100 7.100 7.100 7.100 7.110 7.110 7.110 7.110 
51 7.120 7.120 7.120 7.121 7.121 7.121 7.121 7.121 
52 7.237 7.237 7.237 7.237 7.237 7.238 7.238 7.238 
53 7.399 7.365 7.267 7.327 7.392 7.354 7.264 7.414 
54 7.444 7.457 7.457 7.457 7.457 7.457 7.457 7.457 
55 7.469 7.260 7.080 8.013 10.246 9.165 7.233 8.013 
56 1 	4.856 8.207 8.190 8.190 8.202 8.210 8.186 8.196 
57 5.244 8.168 8.168 8.168 8.168 8.168 8.168 8.168 
58 0.000 8.432 8.432 8.432 8.432 8.432 8.432 8.432 
59 0.524 0.524 3.854 9.711 9.711 9.711 9.711 9.711 
60 0.005 0.005 0.005 10.061 10.061 10.061 10.064 10.064 
61 -0.310 -0.311 -0.310 2.201 11.885 11.885 11.886 11.885 
62 0.345 0.345 0.345 0.384 11.884 11.884 11.885 11.885 
63 -0.353 -0.353 -0.354 2.624 11.874 11.874 11.874 11.874 
64 -0.365 -0.365 -0.340 2.595 11.879 11.879 11.879 11.879 
65 0.000 0.000 0.000 0.002 11.947 11.947 11.947 11.947 
66 -0.012 -0.012 -0.012 -0.012 11.972 11.973 11.975 11.975 
67 -0.001 0.000 0.000 0.002 9.338 12.455 12.456 12.456 
68 -0.001 -0.001 0.002 0.004 8.664 12.601 12.601 12.601 
69 2.963 3.151 3.052 3.030 3.041 12.913 12.904 12.896 
70 2.900 2.900 3.040 3.090 3.240 12.910 12.910 12.910 
71 2.768 2.768 2.769 2.767 2.768 9.507 13.611 13.611 
72 4.357 4.357 4.362 4.362 4.362 4.362 13.979 13.996 
73 4.613 4.617 4.617 4.617 4.616 4.617 9.495 15.639 
74 4.607 4.609 4.610 4.608 4.608 4.609 9.565 15.639 
75 4.613 4.613 4.613 4.613 4.613 4.614 9.562 15.647 
76 4.626 4.626 4.626 4.626 4.626 4.626 9.504 15.663 
77 4.723 4.724 4.724 4.724 4.725 4.725 8.854 1 	15.745 
78 0.039 4.532 5.978 6.085 6.071 6.159 6.139 15.825 
79 0.179 5.839 5.840 5.839 5.840 5.841 5.841 15.859 
80 0.002 -0.004 6.686 6.685 6.689 6.695 6.709 12.278 
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Label 
24 

Design 
25 26 27 28 	29 30 31 

41 15.111 22.519 22.506 22.519 22.521 22.511 22.503 44.275 
42 12.543 22.685 22.685 22.686 22.686 22.688 22.688 44.193 
43 6.754 22.824 22.822 22.823 22.823 22.824 22.823 44.113 
44 6.535 22.837 22.838 22.838 22.838 22.838 22.838 44.082 
45 6.523 22.848 22.849 22.849 22.851 22.851 22.851 44.051 

46 6.611 19.820 23.392 23.392 23.392 23.392 23.392 43.976 
47 6.749 17.938 23.656 23.656 23.656 23.657 23.657 43.890 
48 6.044 19.120 23.583 23.583 23.583 23.583 23.583 43.859 
49 7.000 15.409 23.932 23.932 23.932 23.932 23.932 43.747 
50 7.120 14.480 24.010 24.010 24.010 24.010 24.010 43.690 
51 7.121 14.359 24.022 24.021 24.021 24.021 24.021 43.685 
52 7.238 13.389 24.091 24.091 24.091 24.091 24.091 43.628 
53 12.477 7.364 24.146 24.146 24.147 24.147 24.148 43.575 
54 7.457 11.630 24.191 24.191 24.191 24.191 24.191 43.526 
55 7.057 7.253 24.230 24.230 24.227 24.226 24.227 43.479 
56 8.190 8.214 24.253 24.252 24.252 24.252 24.252 43.435 
57 8.168 8.168 24.269 24.269 24.269 24.270 24.270 43.393 

58 8.432 8.433 21.911 24.795 24.795 24.795 24.795 43.323 
59 9.711 9.711 19.089 25.210 25.210 25.210 25.210 43.219 
60 10.064 10.064 17.669 25.366 25.366 25.366 25.366 43.143 
61 11.883 11.882 11.878 25.546 25.546 25.546 25.546 43.058 
62 11.885 11.885 11.885 25.567 25.567 25.566 25.566 43.010 
63 11.874 11.874 11.874 25.588 25.588 25.588 25.588 42.959 
64 11.879 11.879 11.879 25.606 25.606 25.606 25.606 42.907 
65 11.947 11.947 11.947 23.810 26.175 26.175 26.175 42.832 
66 11.975 11.975 11.977 23.203 26.366 26.366 26.366 42.764 
67 12.456 12.456 12.456 22.128 26.622 26.622 26.622 42.685 
68 12.600 12.601 12.600 21.527 26.762 26.762 26.762 42.617 
69 12.895 12.899 12.910 20.692 26.909 26.910 26.909 42.547 

70 12.920 12.920 12.920 20.620 26.930 26.930 26.930 42.530 
71 13.612 13.613 13.612 19.786 27.028 27.028 27.028 42.479 
72 13.996 13.996 13.996 18.901 27.121 27.121 27.121 42.415 
73 15.640 15.640 15.640 15.640 27.211 27.211 27.212 42.351 
74 15.639 15.641 15.639 15.640 27.236 27.236 27.236 42.293 
75 15.647 15.648 15.648 15.648 27.259 27.259 27.259 42.232 

76 15.663 15.663 15.663 15.663 27.279 27.279 27.279 42.169 
77 15.745 15.745 15.745 15.745 25.850 27.964 27.964 42.094 
78 15.825 15.824 15.825 15.825 25.278 28.221 28.221 42.024 
79 15.859 15.859 15.859 15.860 24.979 28.366 28.366 41.959 
80 16.616 16.615 16.615 16.615 24.173 28.620 28.620 41.887 
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U.S. Patent 	Sep. 11, 2012 	Sheet 119 of 167 	US 8,265,175 B2 

Label  
8 	9 	10 	11 	12 	13 	14 	15 

Design 

81 -10.064 -4.016 -7.749 -7.790 -7.745 -7.783 0.710 0.600 
82 -8.314 -8.314 -8.314 -8.314 -8.314 -2.668 0.000 0.000 
83 -8.424 -8.424 -8.425 -8.424 -8.425 -2.035 -0.010 -0.010 
84 -9.139 -9.131 -9.148 -9.133 -5.714 -1.273 -1.253 -1.255 
85 -10.708 -10.711 -10.709 -7.012 -2.943 -2.947 -2.946 -2.946 
86 -10.979 -11.029 -11.133 -2.350 -3.921 -3.938 -4.265 -4.066 
87 -11.077 -11.070 -11.079 -4.614 -3.298 -3.771 -3.624 -3.316 
88 -11.080 -11.070 -11.070 -4.470 -3.850 -3.740 -3.630 -2.900 
89 -11.087 -11.083 -11.081 -4.419 4.105 -3.440 -3.137 -3.531 
90 -11.105 -11.095 -11.095 -3.757 -3.409 -3.572 -3.471 -4.449 
91 -11.115 -11.118 -11.122 -3.938 -3.922 -3.779 -3.779 -3.260 
92 -12.114 -12.134 -7.676 -5.315 -5.314 -5.318 -0.787 -0.790 
93 -13.127 -13.129 -5.948 -5.949 -5.948 -5.948 -0.345 -0.320 
94 -13.052 -11.799 -5.914 -5.916 -5.916 -5.916 -1.319 0.426 
95 -13.248 -11.225 -5.983 -5.983 -5.982 -5.983 -0.233 -0.148 
96 -13.446 -10.590 -6.363 -6.363 -6.363 -5.062 -0.001 -0.001 
97 -13.580 -6.575 -10.100 -6.574 -4.630 -6.577 0.002 0.000 
98 -13.731 -8.188 -8.183 -8.185 -5.489 -2.226 -2.219 -2.231 
99 -12.752 -8.255 -8.253 -8.253 -5.304 -2.266 -2.266 -2.266 

100 -12.010 -8.425 -8.425 -8.425 -4.723 -2.483 -2.393 -2.393 
101 -10.050 -10.047 -10.050 -5.349 -5.160 -5.018 -1.627 -0.546 
102 -10.084 -10.073 -10.052 -4.892 -5.291 -5.290 -1.843 -0.211 
103 -10.075 -10.081 -10.079 -5.181 -5.085 -5.214 -1.847 -0.022 
104 -10.625 -10.633 -9.069 -5.233 -5.235 -5.234 -1.098 -1.100 
105 -10.670 -10.640 -9.040 -5.270 -5.230 -5.180 -1.690 -0.020 
106 -10.976 -10.978 -8.219 -6.210 -5.838 -3.678 -1.657 -1.383 
107 -12.532 -10.313 -7.356 -7.377 -5.724 -2.519 -2.613 -1.587 
108 -12.703 -9.852 -7.796 -7.617 -4.400 -4.277 -2.310 -0.288 
109 -11.046 -10.598 -8.374 -6.228 -5.911 -2.886 -2.891 -0.761 
110 -11.630 -9.544 -9.075 -6.528 4.747 -4.441 -1.922 2.042 
111 -11.639 -9.258 -9.417 -6.176 -5.514 -3.923 -1.628 -1.313 
112 -11.636 -9.367 -9.337 -5.875 -5.869 -3.813 -1.898 -1.040 
113 -11.521 -9.916 1 	-8.843 -5.892 -5.967 1 	-3.727 -1.210 -1.836 
114 -11.349 -10.251 -8.607 -5.991 -5.990 -3.645 -1.592 -1.552 
115 -10.977 -10.743 -8.400 -6.068 -6.061 -3.492 -1.877 -1.380 
116 -10.870 -10.866 -8.385 -6.096 -6.093 -2.911 -2.905 -0.561 
117 -10.896 -10.898 -8.337 -6.306 -5.924 -2.887 -2.924 -0.568 
118 -10.944 -10.946 -8.124 -6.860 -5.436 -3.346 -2.594 -0.489 
119 -10.991 1 	-10.989 1 	-7.699 -7.441 -5.086 1 	-3.647 -2.493 -0.229 
120 -11.297 1 	-10.718 1 	-7.592 -7.592 -5.023 1 	-3.732 -2.449 -0.229 
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U.S. Patent 	Sep. 11, 2012 	Sheet 120 of 167 	US 8,265,175 B2 

Label 
16 	17 18 19 20 21 22 23 

Design 

81 0.645 0.697 0.666 8.351 8.351 8.355 8.360 8.348 
82 0.000 0.001 2.667 8.314 8.314 8.314 8.314 8.313 
83 -0.009 -0.010 2.080 8.423 8.423 8.423 8.423 8.422 
84 -1.110 2.734 2.911 4.726 9.212 9.223 9.217 9.219 
85 2.943 2.949 2.944 2.948 7.012 10.711 10.708 10.709 
86 3.314 3.315 3.187 3.641 5.117 11.020 11.009 11.046 
87 4.672 3.541 3.560 3.537 3.314 11.074 11.083 11.073 
88 2.870 3.480 3.890 4.110 4.250 11.070 11.070 11.080 
89 3.414 3.445 3.365 3.791 4.620 11.084 11.081 11.085 
90 3.381 3.458 3.883 4.403 3.534 11.099 11.096 11.098 
91 3.241 3.862 3.858 3.858 3.859 11.118 11.118 11.119 
92 -0.794 2.871 5.049 5.048 5.062 8.046 12.065 12.058 
93 -0.342 1.023 5.944 5.943 5.943 5.941 11.537 13.123 
94 0.432 0.426 5.927 5.927 5.928 5.928 11.755 13.064 
95 -0.134 0.518 5.981 5.982 5.982 5.982 11.228 13.247 
96 0.001 0.001 5.059 6.361 6.366 6.366 10.589 13.446 
97 -0.002 0.000 4.630 6.569 6.570 6.586 10.100 13.580 
98 2.256 2.211 2.210 5.488 8.196 8.184 8.177 13.741 
99 2.266 2.266 2.266 5.305 8.254 8.254 8.254 12.753 

100 2.412 2.423 2.433 4.725 8.424 8.424 8.427 12.010 
101 0.292 1.989 4.607 5.235 5.585 10.018 10.058 10.061 
102 0.199 1.862 4.857 5.294 5.316 10.059 10.067 10.082 
103 0.027 1.840 5.158 5.161 5.163 10.081 10.077 10.076 
104 0.507 1.769 5.187 5.185 5.194 9.676 9.674 11.026 
105 0.020 1.690 5.210 5.230 5.240 9.040 10.650 10.660 
106 1.491 1.542 3.681 6.008 6.031 8.239 11.040 10.907 
107 1.618 2.523 2.564 5.792 7.592 7.091 10.313 12.546 
108 0.281 2.326 4.252 4.414 7.640 7.776 9.850 12.681 
109 1.329 1.578 3.802 5.883 5.951 10.149 11.333 8.689 
110 -0.655 0.583 4.770 4.332 6.606 9.687 8.910 11.611 
111 1.225 1.746 3.838 5.773 5.960 9.394 9.297 11.633 
112 1.917 1.027 3.804 5.827 5.920 9.356 9.346 11.637 
113 1.236 1.801 3.741 5.929 5.922 8.854 9.904 11.524 
114 1.564 1.580 3.645 6.016 5.964 8.608 10.249 11.350 
115 1.608 1.607 3.559 5.819 6.299 8.379 10.867 10.860 
116 0.588 2.629 3.173 6.054 6.117 8.394 10.870 10.863 
117 0.566 2.894 2.920 5.893 6.340 8.330 10.898 10.898 
118 0.521 2.446 3.520 5.319 6.968 8.070 10.908 10.993 
119 0.235 2.468 3.679 5.067 7.472 7.673 10.990 10.989 
120 0.226 2.460 3.717 5.033 7.568 7.612 10.729 11.285 
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U.S. Patent 	Sep. 11, 2012 	Sheet 122 of 167 	US 8,265,175 B2 

0 	1 	2 	3 
Label 

4 	5 	6 	7 
Design 

121 -39.542 -32.120 -26.971 -23.419 -20.406 -18.051 -15.604 -13.944 
122 -39.530 -32.120 -26.980 -23.420 -20.410 -18.050 -15.620 -13.930 
123 -39.467 -32.136 -27.007 -23.423 -20.446 -18.027 -15.684 -13.860 
124 -39.390 -32.151 -27.044 -23.431 -20.479 -18.015 -15.738 -13.811 
125 -39.312 -32.165 -27.080 -23.442 -20.509 -18.011 -15.782 -13.773 
126 -39.233 -32.177 -27.115 -23.457 -20.535 -18.015 -15.810 -13.761 
127 -39.152 -32.188 -27.151 -23.475 -20.558 -18.026 -15.831 -13.764 
128 -39.070 -32.198 -27.186 -23.496 -20.579 -18.041 -15.846 -13.776 
129 -38.986 -32.206 -27.221 -23.519 -20.600 -18.059 -15.859 -13.792 
130 -38.901 -32.212 -27.256 -23.544 -20.620 -18.079 -15.871 -13.810 
131 -38.814 -32.217 -27.292 -23.572 -20.641 -18.100 -15.884 -13.828 
132 -38.725 -32.219 -27.326 -23.602 -20.662 -18.122 -15.897 -13.847 
133 -38.635 -32.220 -27.361 -23.633 -20.684 -18.145 -15.912 -13.865 
134 -38.544 -32.219 -27.396 -23.666 -20.706 -18.168 -15.928 -13.883 
135 -38.451 -32.216 -27.430 -23.700 -20.731 -18.192 -15.945 -13.900 
136 -38.357 -32.212 -27.464 -23.736 -20.756 -18.216 -15.964 -13.918 
137 -38.261 -32.205 -27.497 -23.773 -20.783 -18.241 -15.984 -13.936 
138 -38.164 -32.196 -27.529 -23.812 -20.812 -18.266 -16.005 -13.955 
139 -38.150 -32.190 -27.530 -23.820 -20.820 -18.270 -16.010 -13.960 
140 -38.065 -32.185 -27.561 -23.851 -20.843 -18.292 -16.028 -13.974 
141 -37.965 -32.172 -27.592 -23.892 -20.876 -18.319 -16.051 -13.993 
142 -37.863 -32.157 -27.621 -23.933 -20.910 -18.348 -16.076 -14.014 
143 -37.760 -32.140 -27.650 -23.975 -20.946 -18.377 -16.102 -14.036 
144 -37.656 -32.120 -27.677 -24.017 -20.984 -18.408 -16.129 -14.058 
145 -37.550 -32.099 -27.702 -24.060 -21.024 -18.441 -16.157 -14.082 
146 -37.443 -32.075 -27.727 -24.104 -21.066 -18.475 -16.186 -14.107 
147 -37.334 -32.049 -27.749 -24.147 -21.110 -18.511 -16.217 -14.133 
148 -37.224 -32.021 -27.770 -24.190 -21.155 -18.549 -16.249 -14.161 
149 -37.112 -31.990 -27.789 -24.233 -21.201 -18.589 -16.283 1 	-14.190 
150 -37.000 -31.957 -27.806 -24.276 -21.249 -18.631 -16.318 -14.220 
151 -36.886 -31.923 -27.822 -24.318 -21.298 -18.676 -16.356 -14.252 
152 -36.770 -31.885 -27.835 -24.359 -21.348 -18.722 -16.395 -14.286 
153 -36.654 -31.846 -27.846 -24.399 -21.399 -18.771 -16.437 -14.321 
154 -36.536 -31.805 -27.855 -24.438 -21.450 -18.821 -16.481 -14.359 
155 -36.417 -31.761 -27.862 -24.476 -21.502 -18.873 -16.527 -14.398 
156 -36.360 -31.740 -27.860 -24.490 -21.530 -18.900 -16.550 -14.420 
157 -36.296 -31.715 -27.867 -24.513 -21.554 -18.927 -16.576 -14.440 
158 -36.175 -31.667 -27.869 -24.548 -21.605 -18.983 -16.627 -14.484 
159 -36.052 -31.617 -27.869 -24.581 -21.657 -19.039 -16.681 -14.531 
160 -35.928 -31.565 -27.867 -24.613 -21.708 -19.097 -16.737 -14.581 
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Label 

Design 
8 9 10 11 12 13 14 15 

121 -11.514 -10.528 -7.664 -7.612 -4.476 -4.476 -1.815 -1.123 
122 -11.550 -10.490 -7.830 -7.450 -4.490 -4.480 -1.730 -1.220 
123 -11.692 -10.348 -8.097 -7.207 -4.776 -4.237 -1.668 -1.313 
124 -11.793 -10.248 -8.253 -7.066 -4.948 -4.085 -1.837 -1.141 
125 -11.881 -10.145 -8.428 -6.865 -5.234 -3.784 -2.185 -0.797 
126 -11.924 -10.105 -8.499 -6.786 -5.342 -3.663 -2.325 -0.650 
127 -11.945 -10.098 -8.526 -6.766 -5.376 -3.631 -2.364 -0.611 
128 -11.955 -10.110 -8.527 -6.781 -5.367 -3.652 -2.346 -0.634 
129 -11.960 -10.127 -8.523 -6.804 -5.351 -3.681 -2.320 -0.665 
130 -11.964 -10.147 -8.517 -6.828 -5.335 -3.709 -2.295 -0.694 
131 -11.970 -10.165 -8.515 -6.848 -5.324 -3.731 -2.277 -0.716 
132 -11.977 -10.182 -8.515 -6.865 -5.318 -3.748 -2.265 -0.731 
133 -11.985 -10.198 -8.518 -6.879 -5.316 -3.760 -2.259 -0.741 
134 -11.996 -10.212 -8.524 -6.890 -5.317 -3.768 -2.257 -0.746 
135 -12.008 -10.225 -8.531 -6.900 -5.321 -3.775 -2.257 -0.750 
136 -12.021 -10.238 -8.540 -6.909 -5.326 -3.780 -2.258 -0.752 
137 -12.036 -10.251 1 	-8.550 -6.917 -5.332 1 	-3.785 -2.261 -0.753 
138 -12.051 -10.264 -8.561 -6.926 -5.339 -3.790 -2.263 -0.754 
139 -12.050 -10.270 -8.560 -6.930 -5.340 -3.790 -2.260 -0.750 
140 -12.067 -10.278 -8.572 -6.935 -5.346 -3.795 -2.266 -0.754 
141 -12.085 -10.292 -8.584 -6.944 -5.353 -3.799 -2.270 -0.755 
142 -12.103 -10.307 -8.597 -6.954 -5.361 -3.805 -2.273 -0.756 
143 -12.121 -10.322 -8.610 -6.964 -5.369 -3.810 -2.276 -0.757 
144 -12.141 -10.338 -8.623 -6.975 -5.377 -3.816 -2.280 -0.758 
145 -12.161 -10.355 -8.637 -6.986 -5.386 -3.822 -2.284 -0.760 
146 -12.182 -10.373 -8.652 -6.998 -5.395 -3.829 -2.287 -0.761 
147 -12.205 -10.392 -8.668 -7.011 -5.404 -3.835 -2.291 -0.762 
148 -12.228 -10.411 -8.684 -7.024 -5.414 -3.842 -2.296 -0.764 
149 -12.252 -10.432 -8.701 -7.037 -5.425 -3.850 -2.300 -0.765 
150 -12.278 -10.454 -8.719 -7.052 -5.436 -3.858 -2.305 -0.767 
151 -12.305 -10.477 -8.738 -7.067 -5.447 -3.866 -2.310 -0.768 
152 -12.334 -10.501 -8.757 -7.083 -5.460 -3.874 -2.315 -0.770 
153 -12.364 -10.526 -8.778 -7.099 -5.472 -3.883 -2.320 -0.772 
154 -12.396 -10.553 -8.800 -7.117 -5.486 -3.893 -2.326 -0.774 
155 -12.429 -10.581 -8.823 -7.136 -5.500 -3.903 -2.332 -0.776 
156 -12.450 -10.590 -8.830 -7.140 -5.510 -3.910 -2.330 -0.780 
157 -12.465 -10.611 -8.848 -7.155 -5.515 -3.914 -2.338 -0.778 
158 -12.503 -10.642 -8.874 -7.176 -5.531 -3.925 -2.345 -0.780 
159 -12.542 -10.676 -8.902 -7.199 -5.548 -3.937 -2.352 -0.782 
160 -12.585 -10.711 -8.931 -7.222 -5.567 -3.950 -2.360 -0.785 
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Label 
16 17 18 19 20 	21 22 23 

Design 

121 1.123 1.815 4.476 4.476 7.632 7.643 10.529 11.513 
122 1.210 1.740 4.470 4.490 7.490 7.790 10.500 11.540 
123 1.486 1.475 4.503 4.505 7.296 8.017 10.382 11.668 
124 1.115 1.879 4.030 5.005 7.029 8.282 10.233 11.802 
125 0.797 2.183 3.787 5.231 6.868 8.426 10.146 11.880 
126 0.650 2.325 3.663 5.342 6.786 8.500 10.105 11.924 
127 0.611 2.364 3.631 5.376 6.766 8.526 10.098 11.945 
128 0.634 2.346 3.652 5.367 6.781 8.528 10.110 11.955 
129 0.665 2.320 3.681 5.351 6.804 8.523 10.127 11.960 
130 0.694 2.295 3.709 5.335 6.828 8.517 10.147 11.964 
131 0.716 2.277 3.731 5.324 6.848 8.515 10.165 11.970 
132 0.731 2.265 3.748 5.318 6.865 8.515 10.182 11.977 
133 0.741 2.259 3.760 5.316 6.879 8.518 10.198 11.985 
134 0.746 2.257 3.768 5.317 6.890 8.524 10.212 11.996 
135 0.750 2.257 3.775 5.321 6.900 8.531 10.225 12.008 
136 0.752 2.258 3.780 5.326 6.909 8.540 10.238 12.021 
137 0.753 2.261 3.785 5.332 6.917 8.550 10.251 12.036 
138 0.754 2.263 3.790 5.339 6.926 8.561 10.264 12.051 
139 0.750 2.260 3.790 5.340 6.930 8.560 10.270 12.050 
140 0.754 2.266 3.795 5.346 6.935 8.572 10.278 12.067 
141 0.755 2.270 3.799 5.353 6.944 8.584 10.292 12.085 
142 0.756 2.273 3.805 5.361 6.954 8.597 10.307 12.103 
143 0.757 2.276 3.810 5.369 6.964 8.610 10.322 12.121 
144 0.758 2.280 3.816 5.377 6.975 8.623 10.338 12.141 
145 0.760 2.284 3.822 5.386 6.986 8.637 10.355 12.161 
146 0.761 2.287 3.829 5.395 6.998 8.652 10.373 12.182 
147 0.762 2.291 3.835 5.404 7.011 8.668 10.392 12.205 
148 0.764 2.296 3.842 5.414 7.024 8.684 10.411 12.228 
149 0.765 2.300 3.850 5.425 7.037 8.701 10.432 12.252 
150 0.767 2.305 3.858 5.436 7.052 8.719 10.454 12.278 
151 0.768 2.310 3.866 5.447 7.067 8.738 10.477 12.305 
152 0.770 2.315 3.874 5.460 7.083 8.757 10.501 12.334 
153 0.772 2.320 3.883 5.472 7.099 8.778 10.526 12.364 
154 0.774 2.326 3.893 5.486 7.117 8.800 10.553 12.396 
155 0.776 2.332 3.903 5.500 7.136 8.823 10.581 12.429 
156 0.780 2.330 3.910 5.510 7.140 8.830 10.590 12.450 
157 0.778 2.338 3.914 5.515 7.155 8.848 10.611 12.465 
158 0.780 2.345 3.925 5.531 7.176 8.874 10.642 12.503 
159 0.782 2.352 3.937 5.548 7.199 8.902 10.676 12.542 
160 0.785 2.360 3.950 5.567 7.222 8.931 10.711 12.585 
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Label 
24 	25 	26 	27 	28 	29 	30 	31 

Design 

121 13.944 15.604 18.051 20.406 23.419 26.971 32.120 39.542 
122 13.930 15.620 18.050 20.410 23.420 26.980 32.120 39.530 
123 13.870 15.679 18.028 20.445 23.423 27.007 32.136 39.467 
124 13.807 15.740 18.014 20.479 23.431 27.044 32.151 39.390 
125 13.774 15.782 18.011 20.509 23.442 27.079 32.165 39.312 
126 13.761 15.810 18.015 20.535 23.457 27.115 32.177 39.233 
127 13.764 15.831 18.026 20.558 23.475 27.151 32.188 39.152 
128 13.776 15.846 18.041 20.580 23.496 27.186 32.198 39.070 
129 13.792 15.859 18.059 20.600 23.519 27.221 32.206 38.986 
130 13.810 15.871 18.079 20.620 23.544 27.256 32.212 38.901 
131 13.828 15.884 18.100 20.641 23.572 27.292 32.217 38.814 
132 13.847 15.897 18.122 20.662 23.602 27.326 32.219 38.725 
133 13.865 15.912 18.145 20.684 23.633 27.361 32.220 38.635 
134 13.883 15.928 18.168 20.706 23.666 27.396 32.219 38.544 
135 13.900 15.945 18.192 20.731 23.700 27.430 32.216 38.451 
136 13.918 15.964 18.216 20.756 23.736 27.464 32.212 38.357 
137 13.936 15.984 18.241 20.783 23.773 27.497 32.205 38.261 
138 13.955 16.005 18.266 20.812 23.812 27.529 32.196 38.164 
139 13.960 16.010 18.270 20.820 23.820 27.530 32.190 38.150 
140 13.974 16.028 18.292 20.843 23.851 27.561 32.185 38.065 
141 13.993 16.051 18.319 20.876 23.892 27.592 32.172 37.965 
142 14.014 16.076 18.348 20.910 23.933 27.621 32.157 37.863 
143 14.036 16.102 18.377 20.946 23.975 27.650 32.140 37.760 
144 14.058 16.129 18.408 20.984 24.017 27.677 32.120 37.656 
145 14.082 16.157 18.441 21.024 24.060 27.702 32.099 37.550 
146 14.107 16.186 18.475 21.066 24.104 27.727 32.075 37.443 
147 14.133 16.217 18.511 21.110 24.147 27.749 32.049 37.334 
148 14.161 16.249 18.549 21.155 24.190 27.770 32.021 37.224 
149 14.190 16.283 18.589 21.201 24.233 27.789 31.990 37.112 
150 14.220 16.318 18.631 21.249 24.276 27.806 31.957 37.000 
151 14.252 16.356 18.676 21.298 24.318 27.822 31.923 36.886 
152 14.286 16.395 18.722 21.348 24.359 27.835 31.885 36.770 
153 14.321 16.437 18.771 21.399 24.399 27.846 31.846 36.654 
154 14.359 16.481 18.821 21.450 24.438 27.855 31.805 36.536 
155 14.398 16.527 18.873 21.502 24.476 27.862 31.761 36.416 
156 14.420 16.550 18.900 21.530 24.490 27.860 31.740 36.360 
157 14.440 16.576 18.927 21.554 24.513 27.867 31.715 36.296 
158 14.484 16.627 18.983 21.605 24.548 27.869 31.667 36.175 
159 14.531 16.681 19.039 21.657 24.581 27.869 31.617 36.052 
160 14.581 16.737 19.097 21.708 24.613 27.867 31.565 35.928 

Table 82 

FIG. 106 



U.S. Patent 	Sep. 11, 2012 	Sheet 126 of 167 	US 8,265,175 B2 

Label 

Design 
0 1 2 3 	4 5 6 7 

161 -35.803 -31.511 -27.863 -24.643 -21.758 -19.156 -16.795 -14.633 
162 -35.678 -31.455 -27.856 -24.671 -21.808 -19.215 -16.854 -14.688 
163 -35.551 -31.397 -27.847 -24.697 -21.856 -19.275 -16.916 -14.745 
164 -35.424 -31.337 -27.836 -24.721 -21.903 -19.335 -16.979 -14.805 
165 -35.296 -31.275 -27.823 -24.743 -21.949 -19.394 -17.043 -14.867 
166 -35.167 -31.212 -27.808 -24.763 -21.994 -19.453 -17.108 -14.932 
167 -35.038 -31.147 -27.790 -24.781 -22.037 -19.512 -17.174 -14.998 
168 -34.909 -31.081 -27.771 -24.797 -22.078 -19.569 -17.240 -15.065 
169 -34.779 -31.014 -27.750 -24.811 -22.117 -19.626 -17.306 -15.134 
170 -34.650 -30.946 -27.728 -24.823 -22.155 -19.681 -17.372 -15.203 
171 -34.522 -30.877 -27.704 -24.833 -22.191 -19.735 -17.436 -15.273 
172 -34.394 -30.808 -27.679 -24.842 -22.226 -19.788 -17.501 -15.342 
173 -34.268 -30.739 -27.653 -24.850 -22.259 -19.839 -17.563 -15.411 
174 -34.150 -30.670 -27.630 -24.860 -22.290 -19.890 -17.620 -15.480 
175 -34.144 -30.671 -27.627 -24.856 -22.290 -19.888 -17.625 -15.479 
176 -34.022 -30.603 -27.601 -24.862 -22.320 -19.936 -17.685 -15.546 
177 -33.902 -30.537 -27.574 -24.866 -22.348 -19.982 -17.743 -15.611 
178 -33.785 -30.472 -27.548 -24.870 -22.375 -20.026 -17.799 -15.673 
179 -33.672 -30.409 -27.522 -24.874 -22.401 -20.069 -17.853 -15.734 
180 -33.562 -30.347 -27.497 -24.877 -22.426 -20.110 -17.905 -15.793 
181 -33.455 -30.288 -27.474 -24.880 -22.450 -20.149 -17.954 -15.849 
182 -33.353 -30.231 -27.450 -24.883 -22.473 -20.187 -18.002 -15.903 
183 -33.254 -30.176 -27.428 -24.886 -22.495 -20.223 -18.048 -15.954 
184 -33.160 -30.124 -27.407 -24.889 -22.516 -20.257 -18.091 -16.003 
185 -33.068 -30.073 -27.387 -24.892 -22.536 -20.290 -18.133 -16.050 
186 -32.981 -30.026 -27.368 -24.895 -22.556 -20.321 -18.172 -16.094 
187 -32.898 -29.980 -27.350 -24.898 -22.574 -20.351 -18.210 -16.136 
188 -32.817 -29.936 -27.333 -24.901 -22.592 -20.380 -18.246 -16.176 
189 -32.740 -29.894 -27.317 -24.904 -22.609 -20.407 -18.280 -16.214 
190 -32.666 -29.854 -27.301 -24.906 -22.626 -20.434 -18.313 -16.250 
191 -32.595 -29.816 -27.287 -24.910 -22.642 -20.459 -18.344 -16.285 
192 -32.527 -29.780 -27.273 -24.913 -22.657 -20.483 -18.374 -16.318 
193 -32.464 -29.746 -27.260 -24.915 -22.671 -20.505 -18.401 -16.348 
194 -32.400 -29.712 -27.248 -24.918 -22.686 -20.528 -18.429 -16.379 
195 -32.342 -29.681 -27.236 -24.921 -22.699 -20.548 -18.454 -16.406 
196 -32.285 -29.652 -27.225 -24.924 -22.712 -20.568 -18.478 -16.433 
197 -32.230 -29.623 -27.215 -24.927 -22.724 -20.587 -18.502 -16.459 
198 -32.178 -29.595 -27.204 -24.929 -22.736 -20.605 -18.524 -16.483 
199 -32.127 -29.568 -27.194 -24.932 -22.747 -20.623 -18.546 -16.507 
200 -32.075 -29.542 -27.185 -24.935 -22.759 -20.640 -18.567 -16.530 
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U.S. Patent 	Sep. 11, 2012 	Sheet 127 of 167 	US 8,265,175 B2 

Label 
8 9 	10 11 12 13 14 15 

Design 

161 -12.630 -10.749 -8.963 -7.247 -5.586 -3.963 -2.368 -0.788 
162 -12.678 -10.790 -8.996 -7.274 -5.606 -3.978 -2.376 -0.790 
163 -12.728 -10.833 -9.032 -7.303 -5.628 -3.993 -2.386 -0.794 
164 -12.782 -10.879 -9.070 -7.334 -5.652 -4.010 -2.396 -0.797 
165 -12.838 -10.927 -9.111 -7.367 -5.677 -4.028 -2.406 -0.800 

166 -12.897 -10.979 -9.154 -7.402 -5.704 -4.047 -2.418 -0.804 
167 -12.959 -11.034 -9.201 -7.440 -5.734 -4.068 -2.430 -0.808 
168 -13.023 -11.091 -9.250 -7.480 -5.765 -4.090 -2.443 -0.813 
169 -13.089 -11.151 -9.302 -7.523 -5.798 -4.114 -2.458 -0.817 

170 -13.157 -11.214 -9.356 -7.568 -5.834 -4.140 -2.473 -0.823 
171 -13.226 -11.278 1 	-9.413 -7.616 -5.871 -4.167 -2.489 -0.828 
172 -13.295 -11.344 -9.472 -7.666 -5.911 -4.195 -2.507 -0.834 
173 -13.365 -11.410 -9.532 -7.717 -5.952 -4.225 -2.525 -0.840 
174 -13.430 -11.470 -9.590 -7.770 -5.990 -4.250 -2.540 -0.850 
175 -13.435 -11.477 -9.593 -7.769 -5.994 -4.256 -2.543 -0.846 
176 -13.503 -11.544 -9.654 -7.822 -6.037 -4.287 -2.562 -0.852 
177 -13.570 -11.609 1 	-9.714 -7.875 -6.080 -4.319 -2.582 -0.859 

178 -13.636 -11.673 -9.774 -7.927 -6.122 -4.350 -2.601 -0.865 
179 -13.699 -11.735 -9.832 -7.978 -6.164 -4.381 -2.620 -0.872 
180 -13.760 -11.796 -9.888 -8.027 -6.204 -4.411 -2.638 -0.878 
181 -13.819 -11.853 -9.942 -8.075 -6.243 -4.440 -2.656 -0.884 
182 -13.875 -11.909 -9.993 -8.120 -6.281 -4.468 -2.673 -0.890 
183 -13.929 -11.961 -10.043 -8.164 -6.317 -4.495 -2.690 -0.895 
184 -13.980 -12.011 -10.089 -8.205 -6.351 -4.520 -2.705 -0.901 
185 -14.028 -12.059 -10.134 -8.244 -6.383 -4.544 -2.720 -0.906 

186 -14.074 -12.104 -10.176 -8.281 -6.413 -4.566 -2.734 -0.910 
187 -14.118 -12.147 -10.216 -8.316 -6.442 -4.588 -2.747 -0.915 
188 -14.160 -12.188 -10.253 -8.349 -6.469 -4.608 -2.760 -0.919 
189 -14.199 -12.226 -10.289 -8.381 -6.495 -4.627 -2.771 -0.923 

190 -14.237 -12.263 -10.323 -8.411 -6.520 -4.645 -2.783 -0.927 
191 -14.272 -12.298 -10.355 -8.439 -6.543 -4.662 -2.793 -0.930 
192 -14.306 -12.331 -10.386 -8.465 -6.565 -4.679 -2.803 -0.934 
193 -14.337 -12.361 -10.414 -8.490 -6.585 -4.694 -2.812 -0.937 
194 -14.369 -12.392 -10.442 -8.515 -6.605 -4.709 -2.821 -0.940 
195 -14.397 -12.419 -10.467 -8.537 -6.623 -4.722 -2.830 -0.943 

196 -14.424 -12.446 -10.492 -8.558 -6.640 -4.735 -2.837 -0.945 
197 -14.451 -12.472 -10.516 -8.579 -6.658 -4.747 -2.845 -0.948 
198 -14.476 -12.496 -10.538 -8.598 -6.673 -4.759 -2.852 -0.950 
199 -14.500 -12.519 -10.560 -8.618 -6.689 -4.771 -2.860 -0.953 
200 -14.524 -12.542 -10.581 -8.636 -6.704 -4.782 -2.866 -0.955 
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U.S. Patent 	Sep. 11, 2012 	Sheet 128 of 167 	US 8,265,175 B2 

Label 
16 17 18 19 20 21 22 23 

Design 

161 0.788 2.368 3.963 5.586 7.247 8.963 10.749 12.630 
162 0.790 2.376 3.978 5.606 7.274 8.996 10.790 12.678 
163 0.794 2.386 3.993 5.628 7.303 9.032 10.833 12.728 
164 0.797 2.396 4.010 5.652 7.334 9.070 10.879 12.782 
165 0.800 2.406 4.028 5.677 7.367 9.111 10.927 12.838 
166 0.804 2.418 4.047 5.704 7.402 9.154 10.979 12.897 
167 0.808 2.430 4.068 5.734 7.440 9.201 11.034 12.959 
168 0.813 2.443 4.090 5.765 7.480 9.250 11.091 13.023 
169 0.817 2.458 4.114 5.798 7.523 9.302 11.151 13.089 
170 0.823 2.473 4.140 5.834 7.568 9.356 11.214 13.157 
171 0.828 2.489 4.167 5.871 7.616 9.413 11.278 13.226 
172 0.834 2.506 4.195 5.911 7.666 9.472 11.344 13.295 
173 0.840 2.525 4.225 5.952 7.717 9.532 11.410 13.365 
174 0.850 2.540 4.250 5.990 7.770 9.590 11.470 13.430 
175 0.846 2.543 4.256 5.994 7.769 9.593 11.477 13.435 
176 0.853 2.562 4.287 6.037 7.822 9.654 11.544 13.503 
177 0.859 2.582 4.319 6.080 7.875 9.714 11.609 13.570 
178 0.865 2.601 4.350 6.122 7.927 9.774 11.673 13.636 
179 0.872 2.620 4.381 6.164 7.978 9.832 11.735 13.699 
180 0.878 2.638 4.411 6.204 8.027 9.888 11.796 13.760 
181 0.884 2.656 4.440 6.244 8.075 9.942 11.853 13.819 
182 0.890 2.673 4.468 6.281 8.120 9.993 11.909 13.875 
183 0.896 2.690 4.495 6.317 8.164 10.043 11.961 13.929 
184 0.901 2.705 4.520 6.351 8.205 10.089 12.011 13.980 
185 0.906 2.720 4.544 6.383 8.244 10.134 12.059 14.028 
186 0.910 2.734 4.566 6.413 8.281 10.176 12.105 14.074 
187 0.915 2.747 4.588 6.442 8.316 10.216 12.147 14.118 
188 0.919 2.760 4.608 6.469 8.349 10.253 12.188 14.160 
189 0.923 2.771 4.627 6.495 8.381 10.289 12.226 14.199 
190 0.927 2.783 4.645 6.520 8.411 10.323 12.263 14.237 
191 0.930 2.793 4.662 6.543 8.439 10.355 12.298 14.272 
192 0.934 2.803 4.679 6.565 8.466 10.386 12.331 14.306 
193 0.937 2.812 4.694 6.585 8.490 10.414 12.361 14.337 
194 0.940 2.821 4.709 6.605 8.515 10.442 12.392 14.369 
195 0.943 2.830 4.722 6.623 8.537 10.467 12.419 14.397 
196 0.945 2.837 4.735 6.640 8.558 10.492 12.446 14.424 
197 0.948 2.845 4.747 6.658 8.579 10.516 12.472 14.451 
198 0.950 2.852 4.759 6.673 8.598 10.538 12.496 14.476 
199 0.953 2.860 4.771 6.689 8.618 10.560 12.519 14.500 
200 0.955 2.866 4.782 6.704 8.636 10.580 12.542 14.524 
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U.S. Patent 	Sep. 11, 2012 	Sheet 130 of 167 	US 8,265,175 B2 

Label 

Design 
0 1 2 3 4 5 6 7 

201 -32.030 -29.518 -27.177 -24.937 -22.770 -20.656 -18.586 -16.551 
202 -31.991 -29.497 -27.169 -24.939 -22.778 -20.670 -18.603 -16.570 

203 -31.943 -29.472 -27.160 -24.941 -22.788 -20.686 -18.623 -16.592 
204 -31.897 -29.450 -27.153 -24.944 -22.799 -20.701 -18.641 -16.611 
205 -31.863 -29.431 -27.146 -24.946 -22.808 -20.714 -18.656 -16.627 

206 -31.831 -29.416 -27.141 -24.948 -22.814 -20.724 -18.668 -16.641 
207 -31.803 -29.401 -27.135 -24.950 -22.821 -20.734 -18.681 -16.654 
208 -31.800 -29.402 -27.142 -24.960 -22.834 -20.749 -18.697 -16.670 
209 -31.732 -29.365 -27.122 -24.953 -22.836 -20.757 -18.709 -16.686 
210 -31.670 1 -29.332 -27.107 1 	-24.951 1 	-22.843 -20.771 1 	-18.727 1 	-16.706 
211 -31.644 -29.307 -27.086 -24.937 -22.838 -20.774 -18.735 -16.718 
212 -31.640 -29.319 -27.107 -24.959 -22.856 -20.788 -18.746 -16.727 

Table 87 

FIG. 111 



U.S. Patent 	Sep. 11, 2012 	Sheet 131 of 167 	US 8,265,175 B2 

8 	9 	10 	11 
Label 

12 	13 	14 	15 
Design 

201 -14.545 -12.563 -10.599 -8.652 -6.717 -4.791 -2.872 -0.957 
202 -14.564 -12.581 -10.617 -8.667 -6.730 -4.801 -2.878 -0.959 
203 -14.587 -12.603 -10.637 -8.684 -6.743 -4.811 -2.884 -0.961 
204 -14.606 -12.622 -10.655 -8.701 -6.757 -4.821 -2.891 -0.963 
205 -14.622 -12.637 -10.668 -8.712 -6.766 -4.827 -2.894 -0.964 
206 -14.637 -12.652 -10.681 -8.723 -6.775 -4.834 -2.899 -0.966 
207 -14.650 -12.664 -10.692 -8.733 -6.784 -4.841 -2.902 -0.967 
208 -14.664 -12.676 -10.701 -8.737 -6.783 -4.835 -2.893 -0.954 
209 -14.683 -12.696 -10.722 -8.759 -6.804 -4.856 -2.912 -0.970 
210 -14.704 1 	-12.716 1 	-10.741 1 	-8.776 1 	-6.819 1 	-4.868 1 	-2.922 1 	-0.978 
211 -14.717 -12.731 -10.757 -8.793 -6.836 -4.884 -2.936 -0.990 
212 -14.724 -12.735 -10.758 -8.790 -6.830 -4.875 -2.923 -0.974 
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U.S. Patent 	Sep. 11, 2012 	Sheet 132 of 167 	US 8,265,175 B2 

Label 
16 17 18 19 20 21 	22 	23 

Design 

201 0.957 2.872 4.791 6.717 8.652 10.599 12.563 14.545 
202 0.959 2.878 4.801 6.730 8.667 10.617 12.581 14.564 
203 0.961 2.884 4.811 6.743 8.684 10.637 12.603 14.587 
204 0.963 2.891 4.821 6.757 8.701 10.655 12.622 14.606 
205 0.964 2.894 4.827 6.766 8.712 10.668 12.637 14.622 
206 0.966 2.899 4.834 6.775 8.723 10.681 12.652 14.637 
207 0.967 2.902 4.841 6.784 8.733 10.692 12.664 14.650 
208 0.984 2.922 4.862 6.807 8.758 10.718 12.689 14.674 
209 0.970 2.912 4.856 6.804 8.759 10.722 12.696 14.683 
210 0.966 2.910 4.857 6.808 8.765 10.729 1 	12.704 1 	14.692 
211 0.956 2.904 4.855 6.809 8.769 10.735 1 	12.712 1 	14.701 
212 0.974 2.923 4.875 6.830 8.790 10.758 1 	12.735 1 	14.724 
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U.S. Patent 	Sep. 11, 2012 	Sheet 133 of 167 	US 8,265,175 B2 

Label 
24 	25 	26 	27 	28 	29 	30 	31 

Design 

201 16.551 18.586 20.656 22.770 24.937 27.177 29.518 32.030 
202 16.570 18.603 20.670 22.778 24.939 27.169 29.497 31.991 
203 16.592 18.623 20.686 22.788 24.941 27.160 29.472 31.943 
204 16.611 18.641 20.701 22.799 24.945 27.153 29.450 31.897 
205 16.627 18.656 20.714 22.808 24.946 27.146 29.431 31.863 
206 16.641 18.668 20.724 22.814 24.948 27.141 29.416 31.831 
207 16.654 18.681 20.734 22.821 24.950 27.135 29.401 31.803 
208 16.676 18.699 20.746 22.825 24.943 27.113 29.357 31.723 
209 16.686 18.709 20.757 22.836 24.953 27.122 29.365 31.732 
210 16.697 18.720 20.768 22.845 24.959 27.124 29.362 31.726 
211 16.706 18.729 20.775 22.850 24.962 27.127 29.366 31.729 
212 16.727 18.746 20.788 22.856 24.959 27.107 29.318 31.639 
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U.S. Patent 	Sep. 11, 2012 	Sheet 134 of 167 	US 8,265,175 B2 

Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
1 -5 0.87 0.74 0.63 0.53 0.41 0 
2 4.8 1.02 0.78 0.67 0.57 0.43 0 
3 4.6 0.86 0.73 0.62 0.53 0.45 0 
4 -4.4 0.76 0.65 0.55 0.47 0.4 0 
5 4.2 1.03 0.88 0.75 0.63 0.54 0 
6 -4 1 0.85 0.72 0.61 0.52 0 
7 -3.8 1.18 0.9 0.77 0.65 0.55 0 
8 -3.6 1.14 0.97 0.83 0.7 0.6 0 
9 -3.4 1.19 1.01 0.86 0.73 0.62 0 
10 -3.2 1.41 1.2 1.02 0.87 0.66 0 
11 -3 1.33 1.13 0.96 0.81 0.62 0 
12 -2.8 1.49 1.14 0.97 0.82 0.63 0 
13 -2.6 1.43 1.22 1.03 0.88 0.75 0 
14 -2.4 1.74 1.48 1.26 1.07 0.91 0 
15 -2.2 1.44 1.23 1.04 0.89 0.75 0 
16 -2 1.45 1.23 1.05 0.89 0.76 0 
17 -1.8 1.81 1.54 1.31 1.11 0.85 0 
18 -1.6 1.87 1.59 1.35 1.15 0.88 0 
19 -1.4 1.82 1.55 1.32 1.12 0.95 0 
20 -1.2 2.01 1.7 1.45 1.23 1.05 0 
21 -1 2.01 1.71 1.45 1.23 0.94 0 
22 -0.8 2.03 1.73 1.47 1.25 1.06 0 
23 -0.6 2.04 1.73 1.47 1.25 1.06 0 
24 -0.4 2.27 1.93 1.64 1.39 1.18 0 
25 -0.2 2.26 1.93 1.64 1.39 1.06 0 
26 0 2.27 1.93 1.64 1.39 1.18 0 
27 0 2.27 1.93 1.64 1.39 1.18 0 
28 0.2 2.29 1.95 1.66 1.41 1.2 0 
29 0.4 2.83 2.4 2.04 1.74 1.48 0 
30 0.6 2.55 2.16 1.84 1.56 1.33 0 
31 0.8 2.54 2.16 1.84 1.56 1.19 0 
32 1 3.26 2.77 2.35 2 1.53 0 
33 1.2 3.29 2.79 2.37 2.02 1.72 0 
34 1.4 3.3 2.B 2.38 2.02 1.55 0 
35 1.6 2.97 2.53 2.15 1.83 1.55 0 
36 1.8 3.31 2.82 2.39 2.03 1.73 0 
37 2 3.69 3.13 2.66 2.26 1.73 0 
38 2.2 3.69 2.83 2.4 2.04 1.74 0 
39 2.4 3.84 3.26 2.77 2.36 1.8 0 
40 2.6 3.89 3.31 2.81 2.39 1.83 0 
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U.S. Patent 	Sep. 11, 2012 	Sheet 135 of 167 	US 8,265,175 B2 

Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
41 2.8 3.51 2.98 2.53 2.15 1.65 0 
42 3 3.49 2.97 2.52 2.15 1.64 0 
43 3.2 3.86 3.28 2.79 2.37 1.63 0 
44 3.4 3.48 2.96 2.51 2.14 1.63 0 
45 3.6 3.48 2.96 2.51 2.14 1.63 0 
46 1 	3.8 3.48 2.96 2.51 1 	2.14 1.64 0 
47 4 3.63 3.08 2.62 2.23 1.7 0 
48 4.2 3.67 3.12 2.65 2.25 1.72 0 
49 4.4 3.5 2.98 2.53 2.15 1.65 0 
50 4.6 3.45 2.94 2.5 2.12 1.62 0 
51 4.78 3.72 3.16 2.68 2.28 1.75 0 
52 4.8 3.64 3.1 2.63 2.24 1.71 0 
53 1 	5 3.42 2.9 2.47 1 	2.1 1.6 0 
54 5.2 2.82 2.4 2.04 1.73 1.47 0 
55 5.4 2.27 1.93 1.64 1.4 1.19 0 
56 5.6 1.77 1.5 1.28 1.08 0.92 0 
57 5.8 2.71 2.31 1.96 1.67 1.42 0 
58 6 2.43 2.07 1.76 1.49 1.27 0 
59 6.2 3.53 3 2.55 2.17 1.66 0 
60 6.4 3.58 3.04 2.58 2.2 1.68 0 
61 6.6 3.8 3.23 2.74 2.33 1.78 0 
62 6.8 3.87 3.29 2.8 2.38 1.64 0 
63 7 3.49 2.97 2.52 2.14 1.82 0 
64 7.2 3.5 2.97 2.53 2.15 1.83 0 
65 7.4 3.15 2.68 2.28 1.94 1.65 0 
66 7.6 3.69 3.14 2.67 2.27 1.73 0 
67 7.8 3.33 2.83 2.41 2.04 1.74 0 
68 8 3.75 3.19 2.71 2.3 1.75 0 
69 8.2 3.77 3.2 2.72 2.32 1.59 0 
70 8.4 3.55 3.02 2.57 2.18 1.85 0 
71 8.48 3.56 3.02 2.57 2.18 1.86 0 
72 8.6 3.54 3.01 2.56 2.17 1.65 0 
73 8.8 3.54 3.01 2.56 2.17 1.66 0 
74 1 	9 3.72 3.16 2.68 2.28 1.75 0 
75 9.2 3.35 2.85 2.42 2.06 1.75 0 
76 9.4 3.36 2.85 2.43 2.06 1.75 0 
77 9.6 3.36 2.85 2.43 2.06 1.75 0 
78 9.8 3.55 3.01 2.56 2.18 1.67 0 
79 10 1 	3.56 1 	3.03 2.57 2.19 1 	1.67 1 	0 
80 10.2 1 	3.57 1 	3.04 2.58 2.19 1 	1.68 1 	0 
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Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
81 10.4 2.77 2.35 2 1.7 1.44 0 
82 10.6 2.83 2.41 2.05 1.74 1.48 0 
83 10.8 2.87 2.44 2.07 1.76 1.5 0 
84 11 2.76 2.35 1.99 1.7 1.44 0 
85 11.2 2.17 1.84 1.57 1.33 1.13 0 
86 11.4 2.35 2 1.7 1.44 1.23 0 
87 11.6 2.22 1.89 1.6 1.36 1.16 0 
88 11.8 2.34 1.99 1.69 1.43 1.22 0 
89 11.83 2.33 1.98 1.69 1.43 1.22 0 
90 12 2.34 1.99 1.69 1.44 1.22 0 
91 12.2 2.34 1.99 1.69 1.44 1.22 0 
92 12.4 2.43 2.06 1.75 1.49 1.27 0 
93 12.6 2.25 1.92 1.63 1.38 1.18 0 
94 12.8 2.26 1.92 1.63 1.39 1.18 0 
95 13 2.26 1.92 1.63 1.39 1.18 0 
96 13.2 1.96 1.67 1.42 1.21 1.03 0 
97 13.4 1.81 1.54 1.31 1.11 0.94 0 
98 13.6 1.83 1.55 1.32 1.12 0.95 0 
99 13.8 1.64 1.39 1.18 1 0.85 0 
100 14 1.39 1.18 1.01 0.86 0.73 0 
101 14.2 1.42 1.21 1.03 0.87 0.74 0 
102 14.4 1.44 1.23 1.04 0.89 0.75 0 
103 14.6 1.44 1.22 1.04 0.88 0.75 0 
104 14.8 1.45 1.23 1.04 0.89 0.75 0 
105 15 1.31 1.12 0.95 0.81 0.69 0 
106 15.05 1.29 1.09 0.93 0.79 0.67 0 
107 15.2 0.93 0.79 0.67 0.57 0.48 0 
108 15.4 0.98 0.83 1 	0.71 0.6 0.51 0 
109 15.6 0.79 0.67 0.57 0.48 0.41 0 
110 15.8 0.84 0.72 0.61 0.52 0.44 0 
111 16 0.84 0.71 0.61 0.52 0.44 0 
112 16.2 0.85 0.72 0.61 0.52 0.44 0 
113 16.4 0.85 0.72 0.61 0.52 0.44 0 
114 16.6 0.85 0.72 0.61 0.52 0.44 D 
115 16.8 0.85 0.72 1 	0.61 0.52 0.44 0 
116 17 0.85 0.72 0.62 0.52 0.45 0 
117 17.2 0.85 0.72 0.62 0.52 0.44 0 
118 17.4 0.74 0.63 0.54 0.45 0.39 D 
119 17.6 1 	0.75 0.64 0.54 0.46 1 	0.39 1 	0 
120 17.8 1 	0.79 0.67 0.57 0.49 1 	0.41 1 D 
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U.S. Patent 	Sep. 11, 2012 	Sheet 137 of 167 	US 8,265,175 B2 

Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
121 18 0.7 0.6 0.51 0.43 0.37 0 
122 18.2 0.74 0.63 0.54 0.46 0.39 0 
123 18.23 0.67 0.57 0.49 0.41 0.35 0 
124 18.4 0.69 0.59 0.5 0.43 0.36 0 
125 18.6 0.72 0.61 0.52 0.44 0.37 0 
126 18.8 0.75 0.64 0.54 1 	0.46 0.39 0 
127 19 0.79 0.67 0.57 0.48 0.41 0 
128 19.2 0.82 0.7 0.6 0.51 0.43 0 
129 19.4 0.86 0.73 0.62 0.53 0.45 0 
130 19.6 0.89 0.76 0.65 0.55 0.47 0 
131 19.8 0.93 0.79 0.67 0.57 0.48 0 
132 20 0.96 0.82 0.7 0.59 0.5 0 
133 20.2 1 0.85 0.72 1 	0.61 0.52 0 
134 20.4 1.03 0.88 0.75 0.63 0.54 0 
135 20.6 1.07 0.91 0.77 0.65 0.56 0 
136 20.8 0.99 0.84 0.71 0.61 0.52 0 
137 21 1.14 0.97 0.82 0.7 0.52 0 
138 21.2 1.07 0.91 0.77 0.65 0.56 0 
139 21.4 1 0.85 0.72 0.61 0.52 0 
140 21.42 1 0.85 0.73 1 	0.62 0.52 0 
141 21.6 1.04 0.88 0.75 0.64 0.49 0 
142 21.8 0.97 0.83 0.7 0.6 0.51 0 
143 22 1.01 0.86 0.73 0.62 0.47 0 
144 22.2 0.94 0.8 0.68 0.58 0.44 0 
145 22.4 0.87 0.74 0.63 0.54 0.41 0 
146 1 	22.6 0.9 0.77 0.65 0.55 0.42 0 
147 22.8 0.84 0.71 0.61 1 	0.52 0.44 0 
148 23 0.78 0.66 0.56 0.48 0.41 0 
149 23.2 0.8 0.68 0.58 0.49 0.38 0 
150 23.4 0.74 0.63 0.54 0.46 0.35 0 
151 23.6 0.76 0.65 0.55 0.47 0.36 0 
152 23.8 0.7 0.6 0.51 0.43 0.37 0 
153 24 0.65 0.55 0.47 0.4 0.34 0 
154 24.2 0.66 0.56 0.48 1 	0.41 0.31 0 
155 24.4 0.61 0.52 0.44 0.38 0.29 0 
156 24.6 0.56 0.48 0.41 0.35 0.26 0 
157 24.69 0.57 1 	0.48 0.41 0.35 0.3 1 	0 
158 24.8 0.58 0.49 0.42 0.36 0.27 0 
159 1 	25 0.54 1 	0.45 0.39 0.33 0.28 1 	0 
160 1 	25.2 0.49 1 	0.42 0.36 0.3 0.26 1 	0 
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U.S. Patent 	Sep. 11, 2012 	Sheet 138 of 167 	US 8,265,175 B2 

Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
161 25.4 0.51 0.43 0.37 0.31 0.26 0 
162 25.6 0.47 0.4 0.34 0.29 0.24 0 
163 25.8 0.48 0.41 0.35 0.29 0.22 0 
164 26 0.44 0.37 0.32 0.27 0.23 0 
165 26.2 0.41 0.34 0.29 0.25 0.21 0 
166 26.4 0.41 0.35 0.3 0.25 0.21 0 
167 26.6 0.4 0.34 0.29 0.24 0.19 0 
168 26.8 0.35 0.3 0.25 0.21 0.18 0 
169 27 0.34 0.29 0.24 0.21 0.18 0 
170 27.2 0.32 0.28 0.23 0.2 0.17 0 
171 27.4 0.31 0.27 0.23 0.19 0.16 0 
172 27.6 0.27 0.23 0.2 0.17 0.14 0 
173 27.8 0.26 0.22 0.19 0.16 0.14 0 
174 28 0.25 0.21 0.18 0.15 0.13 0 
175 28.19 0.24 0.2 0.17 0.15 0.13 0 
176 28.2 0.24 0.2 0.17 0.15 0.13 0 
177 28.4 0.23 0.2 0.17 0.14 0.12 0 
178 28.6 0.22 0.19 0.16 0.14 0.12 0 
179 28.8 0.21 0.18 0.15 0.13 0.11 0 
180 29 0.2 0.17 0.15 0.12 0.1 0 
181 29.2 0.17 0.15 0.13 0.11 0.09 0 
182 29.4 0.17 0.14 0.12 0.1 0.09 0 
183 29.6 0.16 0.14 0.12 0.1 0.08 0 
184 29.8 0.15 0.13 0.11 0.09 0.08 0 
185 30 0.15 0.12 0.11 0.09 0.08 0 
186 30.2 0.14 0.12 0.1 0.09 0.07 0 
187 30.4 0.13 0.11 0.1 0.08 0.07 0 
188 30.6 0.13 0.11 0.09 0.08 0.07 0 
189 30.8 0.12 0.1 0.09 0.07 0.06 0 
190 31 0.12 0.1 0.08 0.07 0.05 0 
191 31.2 0.1 0.08 0.07 0.06 0.05 0 
192 31.4 0.1 0.08 0.07 0.06 0.05 0 
193 31.6 0.09 0.08 0.07 1 	0.06 0.05 0 
194 31.8 0.09 0.07 0.06 0.05 0.05 0 
195 32 0.08 0.07 0.06 0.05 0.04 0 
196 32.2 0.08 0.07 0.06 0.05 0.04 0 
197 32.4 0.08 0.07 0.06 0.05 0.04 0 
198 1 	32.6 0.07 0.06 0.05 0.04 0.04 0 
199 1 	32.8 0.07 0.06 0.05 0.04 0.04 0 
200 1 	33 0.07 0.06 1 	0.05 1 	0.04 0.03 0 
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U.S. Patent 	Sep. 11, 2012 	Sheet 139 of 167 	US 8,265,175 B2 

Design # SNRs 5.00% 15.00% 30.00% 45.00% 60.00% 100.00% 
201 33.2 0.06 0.05 0.05 0.04 0.03 0 
202 33.4 0.06 0.05 0.04 0.04 0.03 0 
203 33.6 0.06 0.05 0.04 0.04 0.03 0 
204 33.8 0.06 0.05 0.04 0.03 0.03 0 
205 34 0.05 0.04 0.04 0.03 0.03 0 
206 34.2 0.05 0.04 0.04 0.03 0.03 0 
207 34.4 0.05 0.04 0.04 0.03 0.03 0 
208 34.6 0.05 0.04 0.03 0.03 0.02 0 
209 34.8 0.05 0.04 0.03 0.03 0.02 0 
210 35 0.04 0.04 0.03 0.03 0.02 0 
211 1 	35.2 1 	0.04 1 	0.04 1 	0.03 1 	0.03 0.02 0 
212 35.4 0.04 0.03 0.03 0.02 0.02 0 
213 35.6 0.04 0.03 0.03 0.02 0.02 0 
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U.S. Patent 	Sep. 11, 2012 	Sheet 140 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

1 -5.0000 0.1977 0.1571 0.0407 25.9021 
2 -4.8000 0.2058 0.1637 0.0420 25.6676 
3 -4.6000 0.2141 0.1707 0.0434 25.4273 
4 -4.4000 0.2227 0.1779 0.0448 25.1813 
5 -4.2000 0.2316 0.1854 0.0462 24.9291 
6 -4.0000 0.2407 0.1931 0.0476 24.6715 
7 -3.8000 0.2502 0.2011 0.0491 24.4072 
8 -3.6000 0.2600 0.2094 0.0505 24.1364 
9 -3.4000 0.2700 0.2180 0.0520 23.8588 
10 -3.2000 0.2804 0.2269 0.0535 23.5744 
11 -3.0000 0.2910 0.2361 0.0550 23.2828 
12 -2.8000 0.3020 0.2456 0.0564 22.9836 
13 -2.6000 0.3133 0.2554 0.0579 22.6764 
14 -2.4000 0.3248 0.2655 0.0594 22.3611 
15 -2.2000 0.3367 0.2759 0.0608 22.0374 
16 -2.0000 0.3489 0.2867 0.0622 21.7045 
17 -1.8000 0.3613 0.2977 0.0636 21.3620 
18 -1.6000 0.3741 0.3092 0.0650 21.0097 
19 -1.4000 0.3872 0.3209 0.0663 20.6467 
20 -1.2000 0.4005 0.3330 0.0675 20.2727 
21 -1.0000 0.4141 0.3454 0.0687 19.8868 
22 -0.8000 0.4280 0.3582 0.0698 19.4885 
23 -0.6000 0.4421 0.3713 0.0708 19.0766 
24 -0.4000 0.4565 0.3847 0.0718 18.6515 
25 -0.2000 0.4711 0.3985 0.0726 18.2112 
26 0.0000 0.4859 0.4127 0.0733 17.7556 
27 0.1871 0.5 0.4262 0.0738 17.3143 
28 0.2000 0.5010 0.4272 0.0738 17.2830 
29 0.4000 0.5162 0.4420 0.0742 16.7935 
30 0.6000 0.5316 0.4571 0.0744 16.2853 
31 0.8000 0.5471 0.4726 0.0745 15.7577 
32 1.0000 0.5628 0.4885 0.0743 15.2096 
33 1.2000 0.5786 0.5047 0.0739 14.6402 
34 1.4000 0.5944 0.5212 0.0732 14.0480 
35 1.6000 0.6104 0.5380 0.0724 13.4584 
36 1.8000 0.6270 0.5552 0.0718 12.9362 
37 2.0000 0.6442 0.5727 0.0715 12.4812 
38 2.2000 0.6619 0.5905 0.0714 12.0896 
39 2.4000 0.6802 0.6087 0.0716 11.7577 
40 2.6000 0.6991 0.6271 0.0720 11.4812 

Table 97 

FIG. 121 



U.S. Patent 	Sep. 11, 2012 	Sheet 141 of 167 	US 8,265,175 B2 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

41 2.8000 0.7186 0.6459 0.0727 11.2561 
42 3.0000 0.7386 0.6650 0.0737 11.0780 
43 3.2000 0.7593 0.6844 0.0749 10.9425 
44 3.4000 0.7804 0.7041 0.0764 10.8448 
45 3.6000 0.8021 0.7241 0.0781 10.7804 
46 3.8000 0.8243 0.7443 0.0800 10.7445 
47 4.0000 0.8470 0.7649 0.0821 10.7322 
48 4.2000 0.8702 0.7858 0.0844 10.7388 
49 4.4000 0.8938 0.8070 0.0868 10.7590 
50 4.6000 0.9178 0.8284 0.0894 10.7882 
51 4.8000 0.9421 0.8501 0.0920 10.8216 
52 5.0000 0.9668 0.8721 0.0947 10.8545 
53 5.2000 0.9917 0.8944 0.0973 10.8828 
54 5.2657 1.0000 0.9018 0.0982 10.8905 
55 5.4000 1.0169 0.9170 0.1000 10.9024 
56 5.6000 1.0423 0.9398 0.1025 10.9096 
57 5.8000 1.0678 0.9628 0.1050 10.9012 
58 6.0000 1.0934 0.9862 0.1072 10.8741 
59 6.2000 1.1191 1.0098 0.1093 10.8262 
60 6.4000 1.1448 1.0336 0.1112 10.7558 
61 6.6000 1.1704 1.0577 0.1128 10.6614 
62 6.8000 1.1960 1.0820 0.1141 10.5429 
63 7.0000 1.2210 1.1065 0.1145 10.3491 
64 7.2000 1.2477 1.1312 0.1164 10.2925 
65 7.4000 1.2747 1.1562 0.1185 10.2474 
66 7.6000 1.3026 1.1814 0.1212 10.2619 
67 7.8000 1.3306 1.2067 0.1239 10.2665 
68 8.0000 1.3587 1.2323 0.1264 10.2601 
69 8.2000 1.3869 1.2580 0.1288 10.2420 
70 8.4000 1.4150 1.2839 0.1311 10.2121 
71 8.6000 1.4432 1.3100 0.1332 10.1702 
72 8.8000 1.4714 1.3362 0.1352 10.1178 
73 8.9903 1.4984 1.3613 0.1371 10.0694 
74 9.0000 1.4999 1.3626 0.1373 10.0734 
75 9.2000 1.5300 1.3892 0.1409 10.1412 
76 9.4000 1.5600 1.4159 0.1442 10.1840 
77 9.6000 1.5899 1.4427 0.1472 10.2025 
78 9.8000 1.6195 1.4697 0.1499 10.1975 
79 10.0000 1.6491 1.4968 0.1523 10.1750 
80 10.2000 1.6796 1.5240 0.1555 10.2052 
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U.S. Patent 	Sep. 11, 2012 	Sheet 142 of 167 	US 8,265,175 B2 

Design 

SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

81 10.4000 1.7104 1.5514 0.1590 10.2461 
82 10.6000 1.7413 1.5790 0.1623 10.2771 
83 10.8000 1.7721 1.6067 0.1654 10.2967 
84 11.0000 1.8037 1.6345 0.1692 10.3523 
85 11.2000 1.8362 1.6625 0.1737 10.4487 
86 11.4000 1.8686 1.6906 0.1779 10.5249 
87 11.6000 1.9009 1.7189 0.1819 10.5824 
88 11.8000 1.9330 1.7474 0.1856 10.6235 
89 12.0000 1.9652 1.7760 0.1892 10.6515 
90 12.2000 1.9974 1.8048 0.1926 10.6705 
91 12.2081 1.9987 1.8060 0.1927 10.6711 
92 12.4000 2.0297 1.8338 0.1959 10.6843 
93 12.6000 2.0621 1.8629 0.1993 10.6962 
94 12.8000 2.0947 1.8921 0.2026 10.7072 
95 13.0000 2.1275 1.9215 0.2059 10.7170 
96 13.2000 2.1604 1.9511 0.2093 10.7247 
97 13.4000 2.1934 1.9808 0.2125 10.7283 
98 13.6000 2.2264 2.0107 0.2157 10.7258 
99 13.8000 2.2594 2.0407 0.2187 10.7156 
100 14.0000 2.2924 2.0709 0.2215 10.6966 
101 14.2000 2.3253 2.1011 0.2242 10.6682 
102 14.4000 2.3581 2.1315 0.2266 10.6302 
103 14.6000 2.3908 2.1620 0.2288 10.5831 
104 14.8000 2.4234 2.1926 0.2308 10.5273 
105 15.0000 2.4559 2.2233 0.2326 10.4639 
106 15.2000 2.4884 2.2541 0.2343 10.3941 
107 15.2711 2.4999 2.2651 0.2348 10.3676 
108 15.4000 2.5207 2.2850 0.2357 10.3170 
109 15.6000 2.5530 2.3160 0.2370 10.2322 
110 15.8000 2.5851 2.3471 0.2380 10.1392 
111 16.0000 2.6171 2.3783 0.2387 10.0379 
112 16.2000 2.6489 2.4097 0.2392 9.9288 
113 16.4000 2.6806 2.4411 0.2395 9.8122 
114 16.6000 2.7122 2.4727 0.2396 9.6892 
115 16.8000 2.7438 2.5043 0.2394 9.5605 
116 17.0000 2.7756 2.5362 0.2394 9.4386 
117 17.2000 2.8075 2.5682 0.2393 9.3185 
118 17.4000 2.8392 2.6003 0.2389 9.1891 
119 17.6000 2.8709 2.6326 0.2383 9.0518 
120 17.8000 2.9025 2.6651 0.2374 8.9078 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

121 18.0000 2.9341 2.6977 0.2364 8.7621 
122 18.2000 2.9657 2.7306 0.2351 8.6105 
123 18.4000 2.9973 2.7637 0.2336 8.4532 
124 18.4172 3.0000 2.7665 0.2335 8.4394 
125 18.6000 3.0288 2.7969 0.2319 8.2922 
126 18.8000 3.0605 2.8304 0.2301 8.1301 
127 19.0000 3.0923 2.8640 0.2282 7.9695 
128 19.2000 3.1243 2.8979 0.2264 7.8128 
129 19.4000 3.1566 2.9320 0.2246 7.6606 
130 19.6000 3.1891 2.9662 0.2228 7.5114 
131 19.8000 3.2216 3.0007 0.2209 7.3626 
132 20.0000 3.2543 3.0353 0.2189 7.2125 
133 20.2000 3.2870 3.0701 0.2169 7.0633 
134 20.4000 3.3197 3.1051 0.2146 6.9116 
135 20.6000 3.3523 3.1402 0.2121 6.7543 
136 20.8000 3.3847 3.1754 0.2093 6.5913 
137 21.0000 3.4170 3.2108 0.2062 6.4231 
138 21.2000 3.4491 3.2462 0.2029 6.2502 
139 21.4000 3.4811 3.2817 0.1993 6.0734 
140 21.5191 3.5000 3.3029 0.1971 5.9667 
141 21.6000 3.5128 3.3173 0.1955 5.8936 
142 21.8000 3.5445 3.3530 0.1915 5.7115 
143 22.0000 3.5760 3.3887 0.1873 5.5275 
144 22.2000 3.6073 3.4244 0.1829 5.3421 
145 22.4000 3.6385 3.4601 0.1784 5.1557 
146 22.6000 3.6695 3.4958 0.1737 4.9688 
147 22.8000 3.7003 3.5314 0.1689 4.7819 
148 23.0000 3.7310 3.5670 0.1639 4.5957 
149 23.2000 3.7615 3.6026 0.1589 4.4107 
150 23.4000 3.7919 3.6381 0.1538 4.2274 
151 23.6000 3.8221 3.6734 0.1486 4.0462 
152 23.8000 3.8522 3.7087 0.1434 3.8675 
153 24.0000 3.8821 3.7439 0.1382 3.6919 
154 24.2000 3.9119 3.7789 0.1330 3.5202 
155 24.4000 3.9417 3.8138 0.1279 3.3529 
156 24.6000 3.9714 3.8485 0.1228 3.1909 
157 24.7934 4.0000 3.8820 0.1180 3.0401 
158 24.8000 4.0010 3.8831 0.1179 3.0351 
159 25.0000 4.0306 3.9175 0.1131 2.8869 
160 25.2000 4.0603 3.9517 0.1086 2.7487 
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SNR Opt. 
Cap 

Std. 
Cap 

Gain 
[bits] 

Gain % 

Design 

161 25.4000 4.0904 3.9858 0.1046 2.6251 
162 25.6000 4.1208 4.0196 0.1012 2.5185 
163 25.8000 4.1514 4.0532 0.0982 2.4225 
164 26.0000 4.1820 4.0867 0.0953 2.3319 
165 26.2000 4.2124 4.1199 0.0925 2.2443 
166 26.4000 4.2426 4.1529 0.0896 2.1580 
167 26.6000 4.2725 4.1857 0.0867 2.0723 
168 26.8000 4.3021 4.2183 0.0838 1.9866 
169 27.0000 4.3315 4.2507 0.0808 1.9006 
170 27.2000 4.3605 4.2828 0.0777 1.8141 
171 27.4000 4.3892 4.3146 0.0745 1.7273 
172 27.6000 4.4175 4.3462 0.0713 1.6404 
173 27.8000 4.4454 4.3774 0.0680 1.5535 
174 28.0000 4.4730 4.4083 0.0647 1.4670 
175 28.1991 4.5000 4.4387 0.0613 1.3817 
176 28.2000 4.5001 4.4388 0.0613 1.3813 
177 28.4000 4.5268 4.4689 0.0580 1.2968 
178 28.6000 4.5531 4.4985 0.0546 1.2139 
179 28.8000 4.5789 4.5276 0.0513 1.1330 
180 29.0000 4.6042 4.5561 0.0480 1.0544 
181 29.2000 4.6289 4.5840 0.0449 0.9784 
182 29.4000 4.6530 4.6112 0.0417 0.9053 
183 29.6000 4.6765 4.6377 0.0387 0.8352 
184 29.8000 4.6993 4.6635 0.0358 0.7682 
185 30.0000 4.7214 4.6883 0.0330 0.7045 
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U.S. Patent 	Sep. 11, 2012 	Sheet 145 of 167 	US 8,265,175 B2 

Label 
0 1 2 3 4 5 6 	7 

Design 

1 -18.468 -18.468 -18.468 -18.468 -18.466 -18.466 -18.468 -18.468 
2 -18.487 -18.487 -18.464 -18.464 -18.463 -18.463 -18.464 -18.463 
3 -18.502 -18.466 -18.466 -18.466 -18.466 -18.466 -18.466 -18.466 
4 -18.502 -18.480 -18.480 -18.480 -18.460 -18.460 -18.463 -18.460 
5 -18.513 -18.513 1 	-18.513 -18.513 -18.443 -18.464 1 	-18.513 -18.468 
6 -18.472 -18.466 -18.466 -18.466 -18.466 -18.466 -18.466 -18.466 
7 -18.510 -18.483 -18.483 -18.483 -18.466 -18.466 -18.483 -18.474 
8 -18.478 -18.478 -18.472 -18.472 -18.472 -18.472 -18.472 -18.472 
9 -18.494 -18.466 -18.464 -18.465 -18.464 -18.464 -18.464 -18.464 
10 -18.477 -18.477 -18.475 -18.475 -18.474 -18.474 -18.475 -18.475 
11 -18.489 -18.478 -18.478 -18.478 -18.475 -18.475 -18.478 -18.478 
12 -18.509 -18.479 -18.465 -18.465 -18.465 -18.465 -18.465 -18.465 
13 -18.540 -18.529 -18.451 -18.527 -18.451 -18.451 -18.451 -18.451 
14 -18.529 -18.514 -18.459 -18.459 -18.459 -18.459 -18.459 -18.459 
15 -18.506 -18.505 -18.494 -18.505 -18.444 -18.480 -18.494 -18.480 
16 -18.529 -18.504 -18.461 -18.461 -18.459 -18.461 -18.461 -18.461 
17 -18.471 -18.470 -18.470 -18.470 -18.470 -18.470 -18.470 -18.470 
18 -18.506 -18.505 -18.468 -18.468 -18.465 -18.468 -18.468 -18.468 
19 -18.476 -18.476 -18.476 -18.476 -18.476 -18.476 -18.476 -18.476 
20 -18.482 -18.482 -18.482 -18.482 -18.454 -18.482 -18.482 -18.482 
21 -18.474 -18.466 -18.466 -18.466 -18.466 -18.466 -18.466 -18.466 
22 -18.478 -18.474 -18.474 -18.474 -18.464 -18.474 -18.474 -18.474 
23 -18.524 -18.524 -18.524 -18.524 -18.524 -18.524 -18.524 -18.524 
24 -18.483 -18.479 -18.479 -18.479 -18.461 -18.466 -18.479 -18.479 
25 -18.496 -18.496 -18.496 -18.496 -18.496 -18.496 -18.496 -18.496 
26 -18.467 -18.467 -18.467 -18.467 -18.467 -18.467 -18.467 -18.467 
27 -18.474 -18.471 -18.471 -18.471 -18.471 -18.471 -18.471 -18.471 
28 -18.538 -18.537 -18.537 -18.537 -18.446 -18.446 -18.446 -18.446 
29 -18.499 -18.499 -18.467 -18.467 -18.466 -18.466 -18.466 -18.466 
30 -18.495 -18.495 -18.495 -18.495 -18.453 -18.459 -18.486 -18.460 
31 -18.494 -18.494 -18.485 -18.485 -18.485 -18.485 -18.485 -18.485 
32 -18.528 -18.528 -18.528 -18.528 -18.528 -18.528 -18.528 -18.528 
33 -18.488 -18.488 -18.488 -18.488 -18.488 -18.488 -18.488 -18.488 
34 -18.536 -18.535 -18.464 -18.464 -18.464 -18.464 -18.464 -18.464 
35 -20.584 -20.584 -20.584 -20.584 -20.584 -20.584 -20.584 -20.584 
36 -21.574 -21.574 -21.574 -21.574 -21.573 -21.573 -21.574 -21.573 
37 -22.222 -22.222 -22.222 -22.222 -22.220 -22.222 -22.222 -22.222 
38 -22.705 -22.705 -22.704 -22.705 -22.703 -22.703 -22.703 -22.703 
39 -23.088 -23.087 -23.087 -23.087 -23.087 -23.087 -23.087 -23.087 
40 -23.404 -23.404 -23.404 -23.404 -23.402 -23.404 -23.404 -23.404 
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U.S. Patent 	Sep. 11, 2012 	Sheet 146 of 167 	US 8,265,175 B2 

Label 
8 9 10 	11 12 13 14 15 

Design 

1 -18.462 -18.463 -18.466 -18.463 -18.466 -18.466 -18.466 -18.466 
2 -18.462 -18.462 -18.463 -18.463 -18.463 -18.463 -18.463 -18.463 
3 -18.445 -18.455 -18.466 -18.462 -18.466 -18.466 -18.466 -18.466 
4 j 	-18.459 -18.459 -18.459 -18.459 -18.460 -18.459 -18.459 -18.459 
5 1 	-18.436 -18.438 -18.438 -18.438 -18.442 -18.442 -18.442 -18.442 
6 -18.460 -18.466 -18.466 -18.466 -18.466 -18.466 -18.466 -18.466 
7 -18.449 -18.450 -18.450 -18.450 -18.466 -18.450 -18.450 -18.450 
8 -18.391 -18.447 -18.472 -18.472 -18.472 -18.472 -18.472 -18.472 
9 -18.464 -18.464 -18.464 -18.464 -18.464 -18.464 -18.464 -18.464 
10 -18.444 -18.459 -18.459 -18.459 -18.459 -18.459 -18.459 -18.459 
11 -18.424 -18.431 -18.456 -18.450 -18.472 -18.469 -18.458 -18.468 
12 -18.428 -18.463 -18.463 -18.463 -18.465 -18.465 -18.465 -18.465 
13 -18.451 -18.451 -18.451 -18.451 -18.451 -18.451 -18.451 -18.451 
14 -18.453 -18.459 -18.459 -18.459 -18.459 -18.459 -18.459 -18.459 
15 -18.444 -18.444 -18.444 -18.444 -18.444 -18.444 -18.444 -18.444 
16 -18.458 -18.458 -18.458 -18.458 -18.459 -18.459 -18.458 -18.458 
17 -18.415 -18.463 -18.470 -18.469 -18.470 -18.470 -18.470 -18.470 
18 -18.456 -18.456 -18.456 -18.456 -18.456 -18.456 -18.456 -18.456 
19 -18.455 -18.455 -18.457 -18.457 -18.457 -18.457 -18.457 -18.457 
20 -18.454 -18.454 -18.454 -18.454 -18.454 -18.454 -18.454 -18.454 
21 -18.465 -18.465 -18.465 -18.465 -18.465 -18.465 -18.465 -18.465 
22 -18.459 -18.459 -18.459 -18.459 -18.459 -18.459 -18.459 -18.459 
23 -18.391 -18.391 -18.391 -18.391 -18.456 -18.456 -18.394 -18.394 
24 -18.452 -18.457 -18.457 -18.457 -18.457 -18.457 -18.457 -18.457 
25 -18.399 -18.418 -18.420 -18.420 -18.495 -18.495 -18.422 -18.426 
26 -18.465 -18.465 -18.465 -18.465 -18.467 -18.465 -18.465 -18.465 
27 -18.459 -18.459 -18.459 -18.459 -18.465 -18.463 -18.462 -18.462 
28 -18.408 -18.445 -18.445 -18.445 -18.445 -18.445 -18.445 -18.445 
29 -18.456 -18.456 -18.457 -18.456 -18.461 -18.461 -18.458 -18.459 
30 -18.453 -18.453 -18.453 -18.453 -18.453 -18.453 -18.453 -18.453 
31 -18.440 -18.440 -18.440 -18.440 -18.484 -18.440 -18.440 -18.440 
32 -18.389 -18.389 -18.390 -18.390 -18.419 -18.419 -18.419 -18.419 
33 -18.428 -18.429 -18.430 -18.429 -18.486 -18.455 -18.449 -18.449 
34 -18.450 -18.450 -18.450 -18.450 -18.452 -18.450 -18.450 -18.450 
35 -16.071 -16.073 -16.073 -16.073 -16.073 -16.073 -16.073 -16.073 
36 -14.716 -14.716 -14.716 -14.716 -14.722 -14.722 -14.717 -14.717 
37 -13.720 -13.720 -13.720 -13.720 -13.720 -13.720 -13.720 -13.720 
38 -12.905 -12.905 -12.905 -12.905 -12.905 -12.905 -12.905 -12.905 
39 -12.206 -12.206 -12.206 -12.206 -12.206 -12.206 -12.206 -12.206 
40 -11.589 -11.589 -11.589 -11.589 -11.589 -11.589 -11.589 11.589 
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U.S. Patent 	Sep. 11, 2012 	Sheet 147 of 167 	US 8,265,175 B2 

Label 
16 	17 	18 	19 	20 	21 	22 	23 

Design 

1 18.471 18.471 18.466 18.466 18.466 18.466 18.466 18.466 
2 18.479 18.469 18.469 18.469 18.468 18.468 18.469 18.468 
3 18.502 18.502 18.497 18.502 18.481 18.497 18.497 18.497 
4 18.502 18.502 18.483 18.483 18.483 18.483 18.483 18.483 
5 18.481 18.481 18.481 18.481 18.481 18.481 18.481 18.481 
6 18.471 18.471 18.471 18.471 18.471 18.471 18.471 18.471 
7 18.509 18.468 18.468 18.468 18.468 18.468 18.468 18.468 
8 18.478 18.467 18.467 18.467 18.466 18.466 18.467 18.466 
9 18.496 18.496 18.496 18.496 18.496 18.496 18.496 18.496 
10 18.541 18.542 18.478 18.479 18.452 18.452 18.452 18.452 
11 18.489 18.468 18.467 18.467 18.465 18.465 18.467 18.465 
12 18.509 18.484 18.484 18.484 18.466 18.466 18.466 18.466 
13 18.540 18.499 18.469 18.469 18.469 18.469 18.469 18.469 
14 18.528 18.528 18.528 18.528 18.476 18.476 18.528 18.476 
15 18.505 18.464 18.464 18.464 18.464 18.464 18.464 18.464 
16 18.528 18.471 18.466 18.469 18.460 18.462 18.465 18.462 
17 18.543 18.544 18.456 18.456 18.455 18.455 18.455 18.455 
18 18.505 18.505 18.505 18.505 18.440 18.505 18.505 18.505 
19 18.541 18.542 18.471 18.471 18.453 18.453 18.453 18.453 
20 18.474 18.474 18.474 18.474 18.468 18.468 18.474 18.468 
21 18.477 18.477 18.467 18.474 18.466 18.466 18.467 18.466 
22 18.478 18.478 18.478 18.478 18.478 18.478 18.478 18.478 
23 18.524 18.491 18.491 18.491 18.491 18.491 18.491 18.491 
24 18.484 18.484 18.484 18.484 18.484 18.484 18.484 18.484 
25 18.483 18.483 18.474 18.474 18.474 18.474 18.474 18.474 
26 18.468 18.468 18.468 18.468 18.468 18.468 18.468 18.468 
27 18.470 18.468 18.468 18.468 18.468 18.468 18.468 18.468 
28 18.519 18.481 18.481 18.481 18.481 18.481 18.481 18.481 
29 18.500 18.474 18.474 18.474 18.474 18.474 18.474 18.474 
30 18.495 18.495 18.495 18.495 18.495 18.495 18.495 18.495 
31 18.483 18.481 18.481 18.481 18.481 18.481 18.481 18.481 
32 18.528 18.520 18.499 18.499 18.473 18.477 18.499 18.499 
33 18.488 18.485 18.485 18.485 18.485 18.485 18.485 18.485 
34 18.534 18.488 18.488 18.488 18.487 18.487 18.487 18.487 
35 20.584 20.583 20.583 20.583 20.583 20.583 20.583 20.583 
36 21.574 21.572 21.571 21.571 21.571 21.571 21.571 21.571 
37 22.218 22.218 22.218 22.218 22.208 22.209 22.218 22.217 
38 22.705 22.705 22.705 22.705 22.702 22.702 22.705 22.704 
39 23.088 23.088 23.088 23.088 23.088 23.088 23.088 23.088 
40 23.404 23.404 23.404 23.404 23.401 23.401 23.401 23.401 
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U.S. Patent 	Sep. 11, 2012 	Sheet 148 of 167 	US 8,265,175 B2 

Label 
24 25 26 27 28 29 30 31 

Design 

1 18.465 18.465 18.465 18.465 18.466 18.466 18.466 18.466 
2 18.452 18.463 18.463 18.463 18.468 18.464 18.463 18.463 
3 18.434 18.434 18.436 18.435 18.437 18.437 18.437 18.437 
4 18.410 18.410 18.445 18.410 18.483 18.483 18.445 18.472 
5 18.309 18.456 18.460 18.460 18.481 18.481 18.481 18.481 
6 18.438 18.445 18.466 18.453 18.471 18.471 18.471 18.471 
7 18.433 18.451 18.462 18.462 18.468 18.468 18.463 18.466 
8 18.464 18.464 18.464 18.464 18.465 18.465 18.464 18.464 
9 18.408 18.408 18.420 18.420 18.496 18.497 18.420 18.420 
10 18.452 18.452 18.452 18.452 18.452 18.452 18.452 18.452 
11 18.461 18.464 18.464 18.464 18.465 18.464 18.464 18.464 
12 18.453 18.453 18.455 18.453 18.455 18.455 18.455 18.455 
13 18.448 18.448 18.448 18.448 18.469 18.448 18.448 18.448 
14 18.404 18.417 18.418 18.418 18.476 18.419 18.418 18.418 
15 18.457 18.462 18.464 18.462 18.464 18.464 18.464 18.464 
16 18.458 18.460 18.460 18.460 18.460 18.460 18.460 18.460 
17 18.455 18.455 18.455 18.455 18.455 18.455 18.455 18.455 
18 18.421 18.432 18.437 18.437 18.439 18.439 18.439 18.439 
19 18.452 18.452 18.452 18.452 18.453 18.453 18.452 18.452 
20 18.455 18.455 18.455 18.455 18.467 18.467 18.466 18.467 
21 18.459 18.460 18.461 18.460 18.466 18.466 18.462 18.465 
22 18.426 18.432 18.432 18.432 18.478 18.478 18.478 18.478 
23 18.428 18.428 18.428 18.428 18.490 18.440 18.428 18.428 
24 18.415 18.418 18.429 18.419 18.484 18.483 18.472 18.473 
25 18.456 18.456 18.456 18.456 18.456 18.456 18.456 18.456 
26 18.465 18.465 18.465 18.465 18.465 18.465 18.465 18.465 
27 18.464 18.464 18.464 18.464 18.464 18.464 18.464 18.464 
28 18.437 18.437 18.453 18.437 18.453 18.453 18.453 18.453 
29 18.453 18.453 18.453 18.453 18.473 18.453 18.453 18.453 
30 18.427 18.438 18.438 18.438 18.445 18.438 18.438 18.438 
31 18.451 18.451 18.451 18.451 18.455 18.451 18.451 18.451 
32 18.428 18.428 18.429 18.428 18.451 18.437 18.429 18.434 
33 18.447 18.447 18.447 18.447 18.448 18.448 18.447 18.447 
34 18.439 18.439 18.439 18.439 18.440 18.439 18.439 18.439 
35 16.071 16.071 16.072 16.071 16.085 16.072 16.072 16.072 
36 14.720 14.720 14.720 14.720 14.720 14.720 14.720 14.720 
37 13.722 13.722 13.728 13.728 13.731 13.728 13.728 13.728 
38 12.905 12.905 12.905 12.905 12.905 12.905 12.905 12.905 
39 12.205 12.205 12.205 12.205 12.205 12.205 12.205 12.205 
40 11.590 11.590 11.590 11.590 11.590 11.590 11.590 11.590 
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U.S. Patent 	Sep. 11, 2012 	Sheet 149 of 167 	US 8,265,175 B2 

Label 
0 1 2 3 	4 5 6 7 

Design 

41 -23.669 -23.669 -23.669 -23.669 -23.662 -23.662 -23.665 -23.665 
42 -23.892 -23.892 -23.892 -23.892 -23.891 -23.891 -23.892 -23.891 
43 -24.086 -24.086 -24.086 -24.086 -24.085 -24.085 -24.086 -24.085 
44 -24.254 -24.254 -24.253 -24.254 -24.245 -24.250 -24.253 -24.253 
45 -24.397 -24.397 -24.397 -24.397 -24.395 -24.395 -24.397 -24.397 
46 -24.525 -24.524 -24.524 -24.524 -24.524 -24.524 -24.524 -24.524 
47 -24.635 -24.635 -24.635 -24.635 -24.633 -24.634 -24.635 -24.635 
48 -24.738 -24.738 -24.730 -24.738 -24.727 -24.729 -24.730 -24.730 
49 -24.821 -24.821 -24.816 -24.816 -24.816 -24.816 -24.816 -24.816 
50 -24.897 -24.897 -24.892 -24.897 -24.890 -24.891 -24.892 -24.892 
51 -24.963 -24.960 -24.960 -24.960 -24.955 -24.960 -24.960 -24.960 
52 -25.024 -25.023 -25.015 -25.015 -25.015 -25.015 -25.015 -25.015 
53 -25.074 -25.074 -25.074 -25.074 -25.038 -25.041 -25.061 -25.061 
54 -25.083 -25.082 -25.082 -25.082 -25.078 -25.078 -25.078 -25.078 
55 -25.109 -25.109 -25.108 -25.108 -25.108 -25.108 -25.108 -25.108 
56 -25.148 -25.147 -25.143 -25.144 -25.143 -25.143 -25.143 -25.143 
57 -25.176 -25.174 -25.174 -25.174 -25.173 -25.173 -25.173 -25.173 
58 -25.202 -25.202 -25.202 -25.202 -25.189 -25.192 -25.197 -25.195 
59 -25.220 -25.220 -25.215 -25.215 -25.214 -25.214 -25.215 -25.214 
60 -25.238 -25.236 -25.236 -25.236 -25.226 -25.226 -25.235 -25.228 
61 -25.243 -25.243 -25.243 -25.243 -25.222 -25.222 -25.233 -25.230 
62 -25.243 -25.243 -25.243 -25.243 -25.243 -25.243 -25.243 -25.243 
63 -24.792 -24.792 1 	-24.792 -24.792 -24.792 1 -24.792 -24.792 -24.792 
64 -24.737 -24.737 -24.737 -24.737 -24.737 -24.737 -24.737 -24.737 
65 -38.698 -26.007 -23.569 -23.569 -21.371 -21.371 -21.371 -21.371 
66 -39.014 -25.904 -23.497 -23.497 -21.322 -21.322 -21.322 -21.322 
67 -39.276 -25.788 -23.433 -23.433 -21.281 -21.281 -21.281 -21.281 
68 -39.422 -25.843 -23.419 -23.419 -21.222 -21.222 -21.222 -21.222 
69 -39.538 -25.889 -23.430 -23.430 -21.156 -21.156 -21.156 -21.156 
70 -39.608 -26.034 1 -23.434 -23.434 -21.077 1 	-21.077 -21.077 -21.077 
71 -39.643 -26.177 -23.477 -23.477 -20.995 -20.995 -20.995 -20.995 
72 -39.643 -26.413 -23.533 -23.533 -20.878 -20.878 -20.878 -20.878 
73 -31.746 -31.746 -31.746 -31.746 -14.945 -14.945 -14.945 -14.945 
74 -31.751 -31.751 -31.734 -31.746 -14.948 -14.948 -14.952 -14.949 
75 -31.689 -31.689 -31.688 -31.688 -15.023 -15.023 -15.024 -15.024 
76 -31.638 -31.638 -31.622 -31.622 -15.108 -15.108 -15.110 -15.110 
77 -31.574 -31.574 1 	-31.564 -31.570 -15.198 1 	-15.198 -15.201 -15.200 
78 -31.554 -31.547 -31.456 -31.456 -15.296 -15.297 -15.310 -15.310 
79 1 -38.428 -31.170 -28.865 1 -28.865 -14.205 -14.668 1 	-15.742 -15.742 
80 1 	-38.361 -30.759 -28.491 1 -28.491 -14.105 -14.576 1 	-15.661 -15.661 
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16 	17 	18 
	

19 	20 	21 
	

22 	23 
Design 

41 23.671 23.671 23.668 23.671 23.657 23.663 23.667 23.666 
42 23.892 23.892 23.892 23.892 23.891 23.891 23.891 23.891 
43 24.086 24.086 24.084 24.086 24.080 24.080 24.080 24.080 
44 24.254 24.254 24.254 24.254 24.249 24.249 24.249 24.249 
45 24.397 24.397 24.397 24.397 24.397 24.397 24.397 24.397 
46 24.526 24.526 24.526 24.526 24.516 24.517 24.526 24.523 
47 24.635 24.635 24.635 24.635 24.635 24.635 24.635 24.635 
48 24.735 24.735 24.731 24.735 24.731 24.731 24.731 24.731 
49 24.821 24.821 24.821 24.821 24.818 24.819 24.820 24.820 
50 24.896 24.895 24.895 24.895 24.891 24.891 24.894 24.891 
51 24.963 24.961 24.961 24.961 24.948 24.951 24.960 24.957 
52 25.021 25.020 25.013 25.013 25.012 25.012 25.012 25.012 
53 25.074 25.074 25.062 25.062 25.061 25.061 25.061 25.061 
54 25.081 25.081 25.081 25.081 25.079 25.079 25.079 25.079 
55 25.109 25.109 25.106 25.106 25.106 25.106 25.106 25.106 
56 25.148 25.148 25.143 25.148 25.138 25.138 25.142 25.140 
57 25.176 25.176 25.176 25.176 25.167 25.167 25.173 25.170 
58 25.203 25.203 25.203 25.203 25.185 25.185 25.203 25.194 
59 25.219 25.219 25.219 25.219 25.204 25.209 25.214 25.214 
60 25.230 25.230 25.226 25.230 25.225 25.225 25.225 25.225 
61 25.240 25.240 25.240 25.240 25.240 25.240 25.240 25.240 
62 25.243 25.243 25.243 25.243 25.228 25.237 25.243 25.243 
63 38.522 26.837 24.259 24.259 21.835 21.835 21.835 21.835 
64 39.430 26.613 24.103 24.103 21.747 21.747 21.747 21.747 
65 38.697 25.964 23.561 23.561 21.380 21.380 21.380 21.380 
66 39.013 25.893 23.500 23.500 21.319 21.319 21.319 21.319 
67 39.272 25.861 23.457 23.457 21.263 21.263 21.263 21.263 
68 39.422 25.861 23.430 23.430 21.215 21.215 21.215 21.215 
69 39.550 25.899 23.429 23.429 21.154 21.154 21.154 21.154 
70 39.625 26.010 23.440 23.440 21.079 21.079 21.079 21.079 
71 39.618 26.207 23.493 23.493 20.983 20.983 20.983 20.983 
72 39.638 26.474 1 	23.540 23.540 20.865 1 	20.865 20.865 20.865 
73 11.518 11.518 11.518 11.518 0.398 0.398 0.398 0.398 
74 11.522 11.522 11.522 11.522 0.402 0.402 0.403 0.403 
75 11.574 11.574 11.574 11.574 0.462 0.462 0.462 0.462 
76 11.619 11.619 11.619 11.619 0.528 0.528 0.528 0.528 
77 11.658 11.658 11.658 11.658 0.595 0.595 0.595 0.595 
78 11.692 11.692 1 	11.692 11.692 0.665 1 	0.665 0.665 0.665 
79 11.652 11.652 11.652 11.652 0.746 1 	0.760 0.845 0.845 
80 11.303 11.303 11.303 11.303 0.716 1 	0.717 0.717 0.717 

Table 108 

FIG. 132 



U.S. Patent 	Sep. 11, 2012 	Sheet 152 of 167 	US 8,265,175 B2 

Label 
24 25 26 27 28 29 30 31 

Design 

41 11.041 11.041 11.041 11.041 11.041 11.041 11.041 11.041 
42 10.545 10.545 10.545 10.545 10.545 10.545 10.545 10.545 
43 10.098 10.099 10.099 10.099 10.099 10.099 10.099 10.099 
44 9.688 9.688 9.688 9.688 9.688 9.688 9.688 9.688 
45 9.316 9.316 9.316 9.316 9.316 9.316 9.316 9.316 
46 8.978 8.978 8.978 8.978 8.978 8.978 8.978 8.978 
47 8.666 8.667 8.667 8.667 8.667 8.667 8.667 8.667 
48 8.385 8.385 8.385 8.385 8.385 8.385 8.385 8.385 
49 8.125 8.125 1 	8.125 8.125 8.126 1 	8.126 8.125 8.125 
50 7.893 7.894 7.894 7.894 7.894 7.894 7.894 7.894 
51 7.685 7.686 7.686 7.686 7.688 7.687 7.686 7.686 
52 7.498 7.498 7.498 7.498 7.501 7.499 7.499 7.499 
53 7.332 7.335 7.337 7.337 7.337 7.337 7.337 7.337 
54 7.280 7.280 7.280 7.280 7.280 7.280 7.280 7.280 
55 7.183 7.184 7.184 7.184 7.186 7.186 7.185 7.185 
56 7.054 7.058 7.058 7.058 7.059 7.059 7.059 7.059 
57 6.950 6.950 6.952 6.952 6.952 6.952 6.952 6.952 
58 6.863 6.863 6.863 6.863 6.864 6.863 6.863 6.863 
59 6.791 6.791 6.791 6.791 6.810 6.799 6.798 6.798 
60 6.745 6.745 6.745 6.745 6.746 6.746 6.745 6.745 
61 6.709 6.709 6.710 6.710 6.711 6.711 6.711 6.711 
62 6.693 6.700 6.700 6.700 6.702 6.702 6.700 6.700 
63 5.660 5.923 6.256 6.256 6.886 6.886 6.886 6.886 
64 5.576 5.836 6.181 6.181 6.844 6.844 6.844 6.844 
65 5.939 6.170 6.431 6.431 6.876 6.876 6.876 6.876 
66 5.863 6.093 6.361 6.361 6.862 6.862 6.862 6.862 
67 5.794 6.017 6.297 6.297 6.856 6.856 6.856 6.856 
68 5.748 5.965 6.249 6.249 6.865 6.865 6.865 6.865 
69 5.706 5.911 6.201 6.201 6.880 6.880 6.880 6.880 
70 5.673 5.865 6.161 6.161 6.912 6.912 6.912 6.912 
71 5.638 5.814 6.118 6.118 6.962 6.962 6.962 6.962 
72 5.598 5.755 6.066 6.066 7.014 7.014 7.014 7.014 
73 14.945 14.945 14.945 14.945 -0.398 -0.398 -0.398 -0.398 
74 14.947 14.947 14.947 14.947 -0.397 -0.397 -0.397 -0.397 
75 15.017 15.019 15.031 15.029 -0.465 -0.465 -0.466 -0.466 
76 15.103 15.103 15.107 15.104 -0.528 -0.528 -0.529 -0.528 
77 15.199 15.199 15.203 15.201 -0.597 -0.597 -0.597 -0.597 
78 15.293 1 	15.293 1 	15.322 1 	15.314 1 	-0.667 1 	-0.667 1 	-0.668 1 	-0.667 
79 15.258 1 	15.258 1 	15.258 1 	15.258 1 	-0.593 1 	-0.593 1 	-0.593 1 	-0.593 
80 14.104 1 	14.575 1 	15.660 1 	15.660 1 	-0.716 1 	-0.717 1 	-0.717 -0.717 

Table 109 

FIG. 133 



U.S. Patent 	Sep. 11, 2012 	Sheet 153 of 167 	US 8,265,175 B2 

Label 
0 1 2 3 4 5 6 7 

Design 

81 -38.770 -30.565 -28.305 -28.305 -14.112 -14.591 -15.728 -15.728 
82 -39.045 -30.428 -28.150 -28.150 -14.151 -14.629 -15.813 -15.813 
83 -39.237 -30.332 -28.008 -28.008 -14.213 -14.681 -15.922 -15.922 
84 42.842 -27.881 42.842 -25.702 29.062 -24.594 31.203 -24.594 
85 42.655 -27.882 42.853 -25.687 29.031 -24.553 31.121 -24.553 
86 42.464 -27.897 42.842 -25.674 29.001 -24.507 31.047 -24.507 
87 42.259 -27.918 42.803 -25.658 28.972 -24.450 30.979 -24.450 
88 42.044 -27.950 42.732 -25.640 28.944 -24.384 30.918 -24.384 
89 41.810 -27.996 42.639 -25.619 28.920 -24.309 30.866 -24.309 
90 41.564 -28.049 42.521 -25.594 28.899 -24.226 30.820 -24.226 
91 41.554 -28.060 42.517 -25.592 28.899 -24.218 30.819 -24.218 
92 41.313 -28.130 42.382 -25.568 28.883 -24.131 30.781 -24.131 
93 41.061 -28.204 42.235 -25.546 28.871 -24.041 30.748 -24.041 
94 40.815 -28.281 42.094 -25.529 28.867 -23.954 30.725 -23.954 
95 40.588 -28.384 41.955 -25.523 28.866 -23.867 30.704 -23.867 
96 40.382 -28.507 41.826 -25.531 28.868 -23.781 30.688 -23.781 
97 40.205 -28.658 41.701 -25.556 28.869 -23.693 30.674 -23.693 
98 -40.054 -28.809 41.580 -25.607 28.865 -23.609 30.656 -23.609 
99 -39.931 -28.990 41.461 -25.677 28.857 -23.523 30.638 -23.523 
100 -39.837 -29.167 41.338 -25.777 28.842 -23.437 30.617 -23.437 
101 -39.769 -29.347 41.210 -25.909 28.820 -23.348 30.594 -23.348 
102 -39.729 -29.519 41.072 -26.092 28.790 -23.251 30.569 -23.251 
103 -39.717 -29.676 40.928 -26.350 28.749 -23.144 30.538 -23.144 
104 -39.740 -29.838 40.770 -26.653 28.695 -23.030 30.504 -23.030 
105 -39.801 -30.016 40.599 -27.009 28.627 -22.860 30.464 -22.947 
106 -39.861 -30.186 40.421 -27.323 28.552 -22.705 30.427 -22.896 
107 -39.873 -30.238 40.366 -27.420 28.529 -22.658 30.421 -22.880 
108 -39.892 -30.332 40.263 -27.572 28.484 -22.588 30.408 -22.856 
109 -39.907 -30.471 40.107 -27.763 28.409 -22.501 30.409 -22.830 
110 -39.901 -30.592 39.964 -27.911 28.334 -22.431 30.432 -22.810 
111 -39.885 -30.712 39.825 -28.026 28.255 -22.368 30.473 -22.799 
112 -39.845 -30.817 39.722 -28.095 28.173 -22.304 30.566 -22.787 
113 -39.795 -30.919 39.633 -28.136 28.094 -22.240 30.679 -22.778 
114 -39.727 -31.016 39.585 -28.134 28.013 -22.164 30.850 -22.763 
115 -39.632 -31.098 39.588 -28.106 27.930 -22.083 31.071 -22.749 
116 40.170 -32.458 -24.267 -26.000 -15.469 -15.469 -18.490 -17.922 
117 40.113 -32.438 -24.253 -26.017 -15.428 -15.428 -18.613 -18.023 
118 40.042 -32.414 -24.246 -26.045 -15.378 -15.378 -18.749 -18.141 
119 -39.959 -32.389 -24.245 -26.083 -15.323 -15.323 -18.892 -18.271 
120 -39.866 -32.361 -24.251 -26.129 -15.266 -15.266 -19.035 -18.407 

Table 110 

FIG. 134 



U.S. Patent 	Sep. 11, 2012 	Sheet 154 of 167 	US 8,265,175 B2 

Label 
8 9 10 11 12 13 14 15 

Design 

81 38.770 30.564 28.304 28.304 -11.260 -11.260 -11.260 -11.260 
82 39.045 30.428 28.150 28.150 -11.220 -11.220 -11.220 -11.220 
83 39.236 30.328 28.011 28.011 -11.174 -11.174 -11.174 -11.174 
84 -8.991 -12.436 -8.991 -12.638 -8.991 -13.018 -8.991 -13.018 
85 -8.995 -12.533 1 	-8.995 -12.741 -8.995 -13.146 1 	-8.995 -13.146 

86 -8.991 -12.638 -8.991 -12.852 -8.991 -13.286 -8.991 -13.286 
87 -8.970 -12.766 -8.970 -12.985 -8.970 -13.450 -8.970 -13.450 
88 -8.931 -12.915 -8.931 -13.140 -8.931 -13.637 -8.931 -13.637 
89 -8.879 -13.083 -8.879 -13.313 -8.879 -13.842 -8.879 -13.842 
90 -8.810 -13.271 -8.810 -13.505 -8.810 -14.064 -8.810 -14.064 
91 -8.807 -13.276 -8.807 -13.512 -8.807 -14.073 -8.807 -14.073 
92 -8.729 -13.463 -8.729 -13.703 -8.729 -14.290 -8.729 -14.290 
93 -8.644 -13.658 -8.644 -13.899 -8.644 -14.508 -8.644 -14.508 
94 -8.563 -13.841 1 	-8.563 -14.081 -8.563 -14.707 1 	-8.563 -14.707 
95 -8.488 -13.996 -8.488 -14.234 -8.488 -14.882 -8.488 -14.882 
96 -8.419 -14.121 -8.419 -14.357 -8.419 -15.032 -8.419 -15.032 
97 -8.355 -14.215 -8.355 -14.447 -8.355 -15.161 -8.355 -15.161 

98 -8.299 -14.289 -8.299 -14.513 -8.299 -15.273 -8.299 -15.273 
99 -8.244 -14.335 -8.244 -14.548 -8.244 -15.366 -8.244 -15.366 
100 -8.199 -14.363 -8.199 -14.561 -8.185 -15.447 -8.190 -15.447 
101 -8.165 -14.372 -8.165 -14.551 -8.123 -15.519 -8.124 -15.519 
102 -8.133 -14.360 1 	-8.132 -14.514 -8.059 -15.585 1 	-8.059 -15.585 
103 -8.103 -14.325 -8.101 -14.448 -7.991 -15.648 -7.991 -15.648 
104 -8.070 -14.265 -8.067 -14.358 -7.916 -15.702 -7.916 -15.702 
105 -8.033 -14.180 -8.031 -14.237 -7.833 -15.746 -7.833 -15.746 
106 -8.001 -14.102 -7.999 -14.128 -7.755 -15.782 -7.755 -15.782 
107 -7.994 -14.077 -7.990 -14.094 -7.730 -15.794 -7.730 -15.794 
108 -7.980 -14.038 -7.978 -14.041 -7.687 -15.814 -7.687 -15.814 
109 -7.965 -13.981 -7.963 -13.981 -7.628 -15.842 -7.628 -15.842 

110 -7.959 -13.935 1 	-7.957 -13.935 -7.578 -15.871 1 	-7.578 -15.871 
111 -7.958 -13.895 -7.957 -13.895 -7.531 -15.907 -7.531 -15.892 
112 -7.967 -13.861 -7.967 -13.861 -7.491 -15.947 -7.495 -15.905 
113 -7.981 -13.829 -7.981 -13.829 -7.455 -15.990 -7.459 -15.920 
114 -8.002 -13.795 -8.002 -13.795 -7.423 -16.030 -7.431 -15.932 
115 -8.027 -13.760 -8.027 -13.760 -7.397 -16.076 -7.403 -15.949 
116 40.170 32.459 24.267 26.000 -9.724 -9.724 -8.849 -8.881 
117 40.113 32.438 24.253 26.016 -9.774 -9.774 -8.798 -8.827 
118 40.041 32.414 1 	24.246 26.044 -9.829 -9.829 1 	-8.735 1 	-8.760 
119 39.958 32.388 24.245 26.081 -9.889 -9.889 -8.662 -8.682 
120 39.865 32.360 1 	24.250 26.128 -9.954 -9.954 -8.580 -8.596 

Table 111 

FIG. 135 



U.S. Patent 	Sep. 11, 2012 	Sheet 155 of 167 	US 8,265,175 B2 

Label 
16 17 18 19 	20 21 22 23 

Design 

81 11.260 11.260 11.260 11.260 0.782 0.782 0.782 0.782 
82 11.219 11.219 11.219 11.219 0.855 0.855 0.855 0.855 
83 11.176 11.176 11.176 11.176 0.939 0.939 0.939 0.939 
84 14.917 12.616 14.917 12.616 18.770 12.616 18.440 12.616 
85 15.029 12.559 15.029 12.559 18.943 12.559 18.598 12.559 

86 15.158 12.498 15.158 12.498 19.110 12.498 18.752 12.498 
87 15.323 12.421 15.323 12.421 19.290 12.421 18.924 12.421 
88 15.528 12.328 15.528 12.328 19.470 12.328 19.102 12.328 
89 15.765 12.227 15.765 12.227 19.641 12.227 19.272 12.227 
90 16.040 12.111 16.040 12.111 19.803 12.111 19.434 12.111 
91 16.050 12.107 16.050 12.107 19.810 12.107 19.440 12.107 
92 16.334 11.988 16.334 11.988 19.950 11.988 19.582 11.988 
93 16.630 11.865 16.630 11.865 20.081 11.865 19.714 11.865 
94 16.908 11.750 16.908 11.750 20.189 11.750 19.819 11.750 
95 17.152 11.664 17.152 11.657 20.285 11.630 19.911 11.630 
96 17.361 11.607 17.361 11.606 20.372 11.494 19.990 11.494 
97 17.532 11.562 17.532 11.562 20.447 11.378 20.055 11.385 

98 17.667 11.531 17.667 11.531 20.512 11.289 20.106 11.300 
99 17.779 11.505 17.779 11.505 20.569 11.210 20.149 11.229 
100 17.870 11.489 17.870 11.489 20.621 11.149 20.185 11.172 
101 17.942 11.482 17.942 11.482 20.671 11.099 20.215 11.126 
102 18.000 11.481 18.000 11.481 20.721 11.059 20.244 11.089 
103 18.041 11.488 18.041 11.488 20.769 11.027 20.268 11.061 
104 18.070 11.499 18.070 11.499 20.816 11.000 20.288 11.037 
105 18.084 11.513 18.084 11.513 20.863 10.978 20.303 11.017 
106 18.089 11.536 18.089 11.536 20.917 10.958 20.324 11.000 
107 18.091 11.544 18.091 11.544 20.940 10.950 20.331 10.993 
108 18.090 11.562 18.090 11.562 20.986 10.937 20.352 10.981 
109 18.081 11.593 18.081 11.593 21.073 10.915 20.385 10.961 

110 18.062 11.627 18.062 11.627 21.179 10.887 20.428 10.936 
111 18.031 11.666 18.031 11.666 21.300 10.854 20.480 10.904 
112 17.983 11.700 17.983 11.700 21.446 10.807 20.532 10.857 
113 17.921 11.735 17.921 11.735 21.603 10.747 20.598 10.796 
114 17.840 11.763 17.840 11.763 21.778 10.668 20.661 10.715 
115 17.747 11.779 17.747 11.779 21.949 10.577 20.706 10.623 

116 9.724 9.724 1 	8.849 8.880 2.894 1 	2.894 3.101 3.098 
117 9.774 9.774 8.798 8.827 2.866 2.866 3.128 3.126 
118 9.829 9.829 8.736 8.760 2.831 2.831 3.159 3.157 
119 9.889 9.889 8.662 8.683 2.787 2.787 3.194 3.192 
120 9.954 9.954 8.581 8.596 2.735 2.735 3.234 3.232 

Table 112 

FIG. 136 



U.S. Patent 	Sep. 11, 2012 	Sheet 156 of 167 	US 8,265,175 B2 

Label 
24 	25 	26 	27 	28 	29 	30 	31 

Design 

81 14.114 14.594 15.729 15.729 -0.783 -0.783 -0.783 -0.783 
82 14.152 14.629 15.814 15.814 -0.856 -0.856 -0.856 -0.856 
83 14.215 14.684 15.916 15.916 -0.939 -0.939 -0.939 -0.939 
84 0.734 2.397 0.734 2.397 0.504 2.397 0.515 2.397 
85 0.628 2.487 0.628 2.487 0.412 2.487 0.424 2.487 

86 0.514 2.585 0.514 2.585 0.316 2.585 0.329 2.585 
87 0.375 2.700 0.375 2.700 0.203 2.700 0.215 2.700 
88 0.211 2.836 0.211 2.836 0.069 2.836 0.082 2.836 
89 0.029 2.988 0.029 2.988 -0.079 2.988 -0.067 2.988 
90 -0.178 3.161 -0.178 3.161 -0.250 3.161 -0.239 3.161 
91 -0.186 3.167 -0.186 3.167 -0.257 3.167 -0.246 3.167 
92 -0.395 3.346 -0.395 3.346 -0.435 3.346 -0.424 3.346 
93 -0.612 3.534 -0.612 3.534 -0.625 3.534 -0.614 3.534 
94 -0.808 3.712 -0.808 3.712 -0.808 3.712 -0.808 3.712 
95 -0.978 3.870 -0.978 3.870 -0.978 3.870 -0.978 3.870 
96 -1.124 4.007 -1.124 4.007 -1.124 4.007 -1.124 4.007 
97 -1.244 4.122 -1.244 4.122 -1.244 4.122 -1.244 4.122 

98 -1.336 4.218 -1.336 4.218 -1.336 4.218 -1.336 4.218 
99 -1.409 4.297 -1.409 4.297 -1.409 4.297 -1.409 4.297 
100 -1.464 4.365 -1.464 4.365 -1.464 4.365 -1.464 4.365 
101 -1.501 4.420 -1.501 4.420 -1.501 4.420 -1.501 4.420 
102 -1.524 4.465 -1.524 4.465 -1.524 4.465 -1.524 4.465 
103 -1.533 4.505 -1.533 4.505 -1.533 4.505 -1.533 4.505 
104 -1.530 4.540 -1.530 4.540 -1.530 4.540 -1.530 4.540 
105 -1.514 4.570 -1.514 4.571 -1.514 4.571 -1.514 4.571 
106 -1.495 4.593 -1.495 4.593 -1.495 4.609 -1.495 4.609 
107 -1.490 4.596 -1.490 4.596 -1.490 4.619 -1.490 4.618 
108 -1.480 4.604 -1.480 4.604 -1.480 4.639 -1.480 4.638 
109 -1.466 4.612 -1.466 4.612 -1.466 4.669 -1.466 4.666 

110 -1.456 4.614 -1.456 4.614 -1.456 4.693 -1.456 4.691 
111 -1.435 4.610 -1.436 4.610 -1.456 4.719 -1.456 4.716 
112 -1.421 4.592 -1.422 4.592 -1.468 4.737 -1.468 4.733 
113 -1.407 4.566 -1.408 4.566 -1.484 4.751 -1.484 4.748 
114 -1.401 4.525 -1.401 4.525 -1.511 4.757 -1.510 4.754 
115 -1.397 4.473 -1.397 4.473 -1.545 4.759 -1.545 4.753 

116 15.469 15.469 18.491 17.923 -2.894 -2.894 -3.101 -3.099 
117 15.428 15.428 18.613 18.023 -2.866 -2.866 -3.128 -3.126 
118 15.378 15.378 18.749 18.141 -2.831 -2.831 -3.159 -3.157 
119 15.324 15.324 18.891 18.272 -2.787 -2.787 -3.194 -3.192 
120 15.266 15.266 19.034 18.406 -2.735 -2.735 -3.233 -3.232 

Table 113 

FIG. 137 



U.S. Patent 	Sep. 11, 2012 	Sheet 157 of 167 	US 8,265,175 B2 

Label 
0 	1 2 3 4 5 6 7 

Design 

121 1 	-39.738 -32.309 -24.163 -26.205 39.739 32.310 -19.642 -19.232 
122 -39.649 -32.294 -24.211 -26.262 39.652 32.295 -19.652 -19.205 
123 -39.536 -32.264 -24.242 -26.313 39.558 32.276 -19.673 -19.189 
124 -39.535 -32.267 -24.247 -26.323 39.535 32.267 -19.676 -19.188 
125 -39.425 -32.234 -24.266 -26.372 39.425 32.235 -19.705 -19.182 
126 -39.280 -32.184 -24.279 1 -26.420 39.280 1 	32.185 -19.748 -19.190 
127 -39.115 -32.122 -24.285 -26.466 39.114 32.120 -19.802 -19.206 
128 -38.948 -32.053 -24.274 -26.504 38.949 32.054 -19.853 -19.220 
129 1 	-38.784 -31.991 -24.260 -26.553 38.784 31.991 -19.906 -19.230 
130 1 	-38.640 -31.943 -24.236 -26.616 38.640 31.943 -19.954 -19.226 
131 1 	-38.523 -31.917 -24.206 -26.700 38.522 31.915 -19.999 -19.205 
132 1 	-38.424 -31.907 -24.169 -26.796 38.425 31.908 -20.038 -19.169 
133 1 	-38.432 -32.010 38.436 -27.388 -17.451 -21.330 -17.003 -22.982 
134 -38.350 -32.013 38.356 -27.381 -17.487 -21.326 -16.995 -23.037 
135 -38.274 -32.018 38.274 -27.382 -17.524 -21.318 -16.982 -23.104 
136 -38.195 -32.021 38.202 -27.387 -17.562 -21.304 -16.961 -23.182 
137 -38.121 -32.028 38.125 -27.401 -17.603 -21.285 -16.930 -23.274 
138 -38.052 -32.040 38.050 -27.427 -17.643 -21.261 -16.888 -23.380 
139 -37.977 -32.047 37.977 -27.455 -17.685 -21.234 -16.841 -23.485 
140 -37.932 -32.052 37.936 -27.475 -17.710 -21.218 -16.811 -23.549 
141 -37.904 -32.056 37.909 -27.490 -17.726 -21.207 -16.788 -23.592 
142 -37.835 -32.069 37.833 -27.533 -17.771 -21.185 -16.735 -23.696 
143 -37.760 -32.075 37.765 -27.574 -17.819 -21.165 -16.683 -23.789 
144 -37.689 -32.084 37.687 -27.619 -17.873 -21.153 -16.633 -23.875 
145 -37.610 -32.087 37.614 -27.661 -17.935 -21.147 -16.586 -23.953 
146 -37.532 -32.090 37.534 -27.705 -18.009 -21.151 -16.540 -24.027 
147 -37.452 -32.088 37.452 -27.746 -18.093 -21.162 -16.497 -24.094 
148 -37.366 -32.082 37.368 -27.784 -18.187 -21.184 -16.457 -24.159 
149 -37.280 -32.074 37.279 -27.821 -18.284 -21.215 -16.423 -24.220 
150 -37.189 -32.062 37.189 -27.855 -18.380 -21.253 -16.398 -24.278 
151 -37.094 -32.045 37.094 -27.885 -18.474 -21.299 -16.383 -24.334 
152 -36.994 -32.023 36.996 -27.912 -18.564 -21.350 -16.383 -24.388 
153 -36.891 -31.997 36.891 -27.935 -18.649 -21.405 -16.394 -24.439 
154 -36.781 -31.964 36.781 -27.953 -18.731 -21.462 -16.421 -24.487 
155 -36.668 -31.927 36.666 -27.965 -18.808 -21.519 -16.460 -24.531 
156 -36.538 -31.876 1 	36.541 -27.969 -18.887 1 	-21.579 -16.517 -24.571 
157 -36.412 -31.824 36.413 -27.969 -18.956 -21.631 -16.575 -24.605 
158 -36.408 -31.822 36.408 -27.968 -18.959 -21.633 -16.577 -24.606 
159 -36.258 -31.750 36.259 -27.953 -19.032 -21.685 -16.653 -24.631 
160 -36.085 -31.658 36.082 -27.921 -19.106 -21.732 -16.740 -24.645 
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U.S. Patent 	Sep. 11, 2012 	Sheet 159 of 167 	US 8,265,175 B2 

Label 
16 17 18 19 20 21 22 23 

Design 

121 19.643 19.233 13.955 14.016 24.164 26.206 11.618 11.618 
122 19.652 19.205 14.052 14.129 24.210 26.261 11.560 11.560 
123 19.674 19.187 14.170 14.260 24.246 26.321 11.504 11.504 
124 19.676 19.189 14.182 14.275 24.247 26.323 11.502 11.502 
125 19.706 19.184 14.305 14.408 24.268 26.372 11.458 11.458 
126 19.750 19.190 14.454 14.564 24.281 26.422 11.426 11.426 
127 19.800 19.206 14.605 14.722 24.283 26.463 11.416 11.416 
128 19.854 19.222 14.744 14.868 24.276 26.504 11.421 11.421 
129 19.905 19.230 14.857 14.992 24.259 26.553 11.438 11.438 
130 19.955 19.227 14.941 15.089 24.237 26.615 11.455 11.455 
131 19.998 19.205 14.990 15.157 24.205 26.698 11.461 11.461 
132 20.038 19.170 15.015 15.206 24.170 26.797 11.460 11.460 
133 27.394 22.988 32.015 21.350 13.255 16.943 13.194 17.422 
134 27.387 23.044 32.018 21.341 13.270 16.949 13.193 17.467 
135 27.386 23.111 32.020 21.328 13.286 16.947 13.190 17.512 
136 27.393 23.191 32.027 21.311 13.300 16.932 13.180 17.556 
137 27.406 23.282 32.032 21.289 13.313 16.907 13.166 17.599 

138 27.426 23.382 32.038 21.262 13.322 16.870 13.144 17.640 
139 27.457 23.490 32.048 21.235 13.332 16.826 13.117 17.684 
140 27.479 23.555 32.055 21.219 13.337 16.796 13.098 17.709 
141 27.495 23.598 32.061 21.208 13.340 16.775 13.084 17.726 
142 27.533 23.697 32.067 21.184 13.350 16.725 13.050 17.770 
143 27.577 23.791 32.079 21.165 13.362 16.675 13.011 17.817 
144 27.619 23.876 32.084 21.152 13.378 16.627 12.971 17.872 
145 27.664 23.955 32.090 21.147 13.398 16.581 12.925 17.934 
146 27.704 24.026 32.090 21.149 13.422 16.537 12.876 18.006 
147 27.745 24.093 32.088 21.161 13.452 16.495 12.819 18.091 
148 27.784 24.158 32.083 21.182 13.488 16.455 12.756 18.184 
149 27.821 24.219 32.074 21.214 13.531 16.422 12.688 18.282 
150 27.855 24.278 32.062 21.253 13.582 16.397 12.620 18.379 
151 27.885 24.334 32.045 21.299 13.646 16.384 12.553 18.474 
152 27.912 24.388 32.024 21.350 13.723 16.382 12.491 18.563 
153 27.935 24.439 31.997 21.405 13.816 16.395 12.434 18.649 
154 27.953 24.488 31.965 21.463 13.920 16.422 12.389 18.732 
155 27.966 24.532 31.926 21.521 14.028 16.462 12.360 18.810 
156 27.971 24.572 31.879 21.578 14.139 16.515 12.356 18.886 
157 27.969 24.605 31.824 21.631 14.245 16.575 12.373 18.956 
158 27.968 24.606 31.822 21.633 14.248 1 	16.577 12.375 1 	18.959 
159 27.953 24.631 31.751 21.684 14.363 16.651 12.427 19.031 
160 27.919 24.643 31.656 21.730 14.488 16.739 12.520 19.105 
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Label 
24 25 	26 27 28 29 	30 31 

Design 

121 0.241 0.241 5.559 5.557 -0.243 -0.243 6.468 6.468 
122 0.299 0.299 5.486 5.482 -0.300 -0.300 6.535 6.535 
123 0.369 0.369 5.397 1 	5.395 -0.376 -0.376 6.618 6.618 
124 0.379 0.379 5.393 5.389 -0.380 -0.380 6.629 6.629 
125 0.462 0.462 5.306 5.303 -0.465 -0.465 6.728 6.728 
126 0.579 0.579 5.208 5.207 -0.581 -0.581 6.870 6.870 
127 0.724 0.724 5.115 5.113 -0.723 -0.723 7.046 7.046 
128 0.881 0.881 5.031 5.030 -0.883 -0.883 7.239 7.239 
129 1.033 1.033 4.967 4.966 -1.033 -1.034 7.422 7.422 
130 1.159 1.159 4.918 4.917 -1.160 -1.160 7.572 7.572 
131 1.255 1.255 4.881 4.880 -1.255 -1.255 7.681 7.681 
132 1.326 1.326 4.849 4.849 -1.328 -1.328 7.759 7.759 
133 0.172 2.924 0.172 2.924 9.485 6.389 9.485 6.389 
134 0.132 2.974 0.132 2.974 9.533 6.378 9.533 6.378 
135 0.102 3.014 0.102 3.014 9.568 6.370 9.569 6.370 
136 0.077 3.042 0.077 3.042 9.589 6.361 9.596 6.361 
137 0.059 3.064 0.059 3.064 9.602 6.353 9.615 6.353 
138 0.047 3.080 0.047 3.080 9.605 6.345 9.627 6.345 
139 0.035 3.089 0.035 3.089 9.603 6.335 9.634 6.335 
140 0.029 3.093 0.029 3.093 9.598 6.329 9.636 6.329 
141 0.026 3.094 0.026 3.094 9.593 6.324 9.637 6.323 
142 0.021 3.100 0.021 3.100 9.582 6.317 9.641 6.314 
143 0.015 3.101 0.015 3.101 9.566 6.309 9.642 6.301 
144 0.012 3.103 0.012 3.103 9.550 6.304 9.646 6.291 
145 0.008 3.101 0.008 3.102 9.528 6.298 9.650 6.278 
146 0.007 3.100 0.007 3.103 9.505 6.295 9.656 6.266 
147 0.005 3.095 0.004 3.102 9.474 6.291 9.662 6.250 
148 0.005 3.089 0.002 3.100 9.435 6.288 9.668 6.230 
149 0.006 3.081 -0.001 3.098 9.390 6.284 9.676 6.207 
150 0.007 3.069 -0.004 3.095 9.336 6.281 9.687 6.179 
151 0.010 3.055 -0.008 3.094 9.276 6.279 9.703 6.145 
152 0.015 3.038 -0.013 3.093 9.207 6.280 9.726 6.104 
153 0.022 3.014 -0.021 3.093 9.130 6.284 9.759 6.054 
154 0.033 2.984 -0.033 3.094 9.048 6.293 9.805 5.994 
155 0.048 2.945 -0.049 3.101 8.966 6.310 9.868 5.924 
156 0.072 2.899 -0.071 3.119 8.896 6.345 9.958 5.849 
157 0.106 2.841 -0.105 3.146 8.842 6.400 10.066 5.768 
158 0.107 2.839 -0.106 3.148 8.840 6.402 10.071 5.765 
159 0.163 2.767 -0.161 3.206 8.819 6.501 10.213 5.688 
160 0.257 2.680 -0.254 3.324 8.854 6.668 10.390 5.639 
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0 	1 	2 	3 
Label 

4 	5 	6 	7 
Design 

161 -35.860 -31.521 35.860 -27.852 -19.181 -21.766 -16.846 -24.633 
162 -35.666 -31.406 35.663 -27.799 -19.246 -21.799 -16.934 -24.628 
163 -35.507 -31.322 35.508 1 -27.769 -19.301 -21.835 1 	-17.000 -24.637 
164 -35.373 -31.256 35.373 -27.752 -19.353 -21.874 -17.056 -24.654 
165 -35.247 -31.195 35.249 -27.738 -19.403 -21.913 -17.108 -24.672 
166 -35.132 -31.143 35.131 -27.730 -19.453 -21.954 -17.158 -24.695 
167 -35.013 -31.087 35.014 -27.719 -19.503 -21.994 -17.210 -24.716 
168 -34.901 -31.036 34.902 -27.711 -19.552 -22.034 -17.260 -24.737 
169 -34.790 -30.985 34.787 -27.702 -19.603 -22.074 -17.313 -24.758 
170 -34.677 -30.930 34.676 -27.689 -19.652 -22.112 -17.366 -24.776 
171 -34.564 -30.875 34.560 -27.677 -19.703 -22.150 -17.421 -24.793 
172 -34.448 -30.817 34.449 -27.660 -19.751 -22.185 -17.476 -24.807 
173 -34.335 -30.759 34.335 -27.643 -19.800 -22.220 -17.531 -24.820 
174 -34.219 -30.700 34.221 -27.624 -19.848 -22.254 -17.587 -24.832 
175 -34.107 -30.641 -24.843 -27.605 34.107 30.641 -22.286 -19.895 
176 -34.106 -30.640 -24.843 -27.604 34.106 30.640 -22.287 -19.896 
177 -33.992 -30.579 -24.851 -27.583 33.993 30.580 -22.316 -19.941 
178 -33.880 -30.519 -24.858 -27.561 33.881 30.520 -22.346 -19.986 
179 -33.770 -30.459 -24.864 -27.538 33.770 30.459 -22.373 -20.029 
180 -33.661 -30.399 -24.870 -27.515 33.661 30.399 -22.400 -20.071 
181 -33.554 -30.341 -24.875 -27.493 33.554 30.341 -22.426 -20.111 
182 -33.452 -30.284 -24.878 -27.470 33.451 30.284 -22.449 -20.149 
183 -33.348 -30.227 -24.881 -27.447 33.350 30.228 -22.472 -20.187 
184 -33.253 -30.175 -24.886 -27.427 33.252 30.175 -22.495 -20.223 
185 -33.159 -30.123 -24.888 -27.406 33.159 30.123 -22.515 -20.257 
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Label 
8 9 10 11 12 	13 14 15 

Design 

161 -3.564 -5.671 -2.596 -6.941 -12.671 -10.618 -14.638 -8.985 
162 -3.775 -5.733 -2.552 -7.160 -12.793 -10.792 -14.757 -9.108 
163 -3.899 -5.774 -2.533 -7.290 -12.873 -10.904 -14.841 -9.183 
164 -3.977 -5.800 -2.521 -7.375 -12.931 -10.982 -14.907 -9.233 
165 -4.034 -5.822 -2.516 -7.440 -12.982 -11.045 -14.964 -9.274 
166 -4.073 -5.837 -2.510 -7.487 -13.025 -11.095 -15.016 -9.306 
167 -4.107 -5.856 -2.511 -7.531 -13.070 -11.143 -15.068 -9.339 
168 -4.133 -5.872 -2.511 -7.566 -13.112 -11.187 -15.118 -9.369 
169 -4.156 -5.888 1 	-2.512 -7.600 -13.157 1 	-11.229 -15.170 -9.401 
170 -4.177 -5.908 -2.518 -7.632 -13.203 -11.272 -15.222 -9.433 
171 -4.198 -5.929 -2.524 -7.666 -13.253 -11.318 -15.277 -9.470 
172 -4.220 -5.953 -2.533 -7.701 -13.305 -11.366 -15.333 -9.509 
173 -4.242 -5.979 -2.543 -7.737 -13.359 -11.416 -15.390 -9.551 
174 -4.265 -6.008 -2.555 -7.776 -13.416 -11.468 -15.449 -9.596 
175 -7.818 -9.641 -13.473 -11.523 -6.035 -4.291 -15.508 -17.643 
176 -7.819 -9.642 1 	-13.474 -11.524 -6.035 1 	-4.291 -15.509 -17.644 
177 -7.860 -9.691 -13.532 -11.579 -6.070 -4.315 -15.568 -17.698 
178 -7.903 -9.742 -13.592 -11.635 -6.104 -4.339 -15.626 -17.752 
179 -7.947 -9.794 -13.651 -11.692 -6.140 -4.365 -15.685 -17.805 
180 -7.992 -9.846 -13.711 -11.749 -6.177 -4.392 -15.743 -17.858 
181 -8.037 -9.897 -13.768 -11.804 -6.213 -4.418 -15.798 -17.908 
182 -8.081 -9.947 -13.823 -11.859 -6.249 -4.445 -15.852 -17.956 
183 -8.126 1 	-9.999 1 	-13.879 1 	-11.914 1 	-6.286 1 	-4.472 1 	-15.906 1 	-18.004 
184 -8.165 -10.044 -13.930 -11.963 -6.318 -4.496 -15.955 -18.049 
185 -8.206 -10.091 -13.980 -12.013 1 	-6.352 -4.521 -16.003 -18.091 
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Label 

Design 
16 	17 18 19 	20 21 22 23 

161 27.855 24.636 31.523 21.769 14.639 16.849 12.670 19.184 
162 27.798 24.627 31.405 21.799 14.757 16.934 12.794 19.246 
163 27.769 24.637 31.322 21.836 14.841 17.000 12.873 19.302 
164 27.751 24.654 31.255 21.874 14.906 17.056 12.931 19.353 
165 27.740 24.675 31.197 21.914 14.964 17.108 12.981 19.404 
166 27.729 24.694 31.142 21.953 15.016 17.157 13.025 19.452 
167 27.721 24.717 31.089 21.995 15.068 17.209 13.069 19.503 
168 27.711 24.737 31.037 22.034 15.118 17.260 13.112 19.553 
169 27.699 24.755 30.982 22.072 15.170 17.312 13.158 19.601 
170 27.689 24.775 30.930 22.111 15.221 17.365 13.203 19.652 
171 27.673 24.791 30.872 22.148 15.277 17.421 13.254 19.702 
172 27.660 24.808 30.818 22.186 15.333 17.476 13.305 19.752 
173 27.644 24.822 30.760 22.221 15.390 17.531 13.359 19.800 
174 27.625 24.833 30.701 22.254 15.449 17.587 13.415 19.848 
175 22.286 19.895 15.508 17.643 24.843 27.605 13.473 11.523 
176 22.286 19.895 15.508 17.643 24.843 27.604 13.473 11.523 
177 22.317 19.942 15.568 17.698 24.852 27.584 13.532 11.578 
178 22.346 19.986 15.627 17.753 24.859 27.562 13.592 11.635 
179 22.374 20.029 15.685 17.806 24.864 27.539 13.652 11.692 
180 22.400 20.071 15.742 17.858 24.869 27.515 13.710 11.749 
181 22.425 20.111 15.798 17.908 24.874 27.493 13.768 11.805 
182 22.450 20.150 15.852 17.957 24.879 27.471 13.824 11.859 
183 22.473 20.188 15.906 18.004 24.882 27.448 13.879 11.913 
184 22.495 20.223 15.955 18.048 24.885 27.427 13.930 11.964 
185 22.516 20.257 16.004 18.092 24.889 27.407 13.981 12.013 
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Label 

Design 
24 25 26 27 28 29 30 31 

161 0.424 2.591 -0.428 3.561 8.983 6.939 10.617 5.667 
162 0.573 2.552 -0.572 3.776 9.108 7.160 10.793 5.734 
163 0.655 2.532 -0.655 3.899 9.183 7.290 10.904 5.774 
164 0.707 2.522 1 	-0.706 3.977 9.233 1 	7.376 10.982 5.801 
165 0.740 2.513 -0.742 4.032 9.272 7.438 11.044 5.820 
166 0.767 2.511 -0.766 4.073 9.306 7.488 11.095 5.838 
167 0.784 2.509 -0.786 4.106 9.338 7.530 11.143 5.855 
168 0.799 2.510 -0.799 4.133 9.369 7.566 11.186 5.871 
169 0.812 2.516 -0.809 4.159 9.403 7.602 11.231 5.891 
170 0.820 2.519 1 	-0.819 4.178 9.434 1 	7.633 11.272 5.908 
171 0.829 2.527 -0.826 4.201 9.472 7.668 11.320 5.931 
172 0.833 2.533 -0.834 4.220 9.509 7.701 11.366 5.953 
173 0.839 2.542 -0.841 4.241 9.550 7.737 11.416 5.979 
174 0.845 2.554 -0.846 4.264 9.595 7.776 11.468 6.007 
175 0.855 2.563 6.035 4.291 -0.856 -2.563 7.818 9.641 
176 0.856 2.564 1 	6.036 4.292 -0.855 1 	-2.562 7.819 9.641 
177 0.859 2.577 6.069 4.314 -0.860 -2.578 7.859 9.691 
178 0.864 2.593 6.104 4.339 -0.865 -2.594 7.902 9.742 
179 0.869 2.610 6.140 4.365 -0.870 -2.610 7.947 9.794 
180 0.875 2.627 6.177 4.392 -0.874 -2.626 7.993 9.846 
181 0.880 2.643 6.213 4.419 -0.880 -2.642 8.037 9.898 
182 0.885 2.658 6.248 4.444 -0.886 -2.660 8.080 9.947 
183 0.890 2.675 6.285 4.471 -0.891 -2.676 8.125 9.998 
184 0.896 2.691 6.319 4.496 -0.896 -2.691 8.166 10.045 
185 0.900 2.705 6.352 4.520 -0.902 -2.707 8.206 10.091 
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Design # SNRs 5.00% 40.00% 50.00% 60.00% 70.00% 100.00% 
63 7 2.79 2.51 2.26 2.03 1.48 0 
64 7.2 2.88 2.59 2.33 2.1 1.38 0 
65 7.4 2.75 2.47 2.23 2 1.31 0 
66 7.6 2.74 2.47 2.22 2 1.31 0 
67 7.8 2.74 2.47 2.22 2 1.31 0 
68 1 	8 2.72 2.45 2.2 1 	1.98 1.3 0 
69 8.2 2.7 2.43 2.18 1.96 1.29 0 
70 8.4 2.66 2.39 2.15 1.94 1.27 0 
71 8.6 2.62 2.36 2.12 1.91 1.25 0 
72 8.8 2.56 2.3 2.07 1.87 1.22 0 
73 8.99 2.59 1.28 1.15 1.04 0.93 0 
74 9 2.59 1.28 1.15 1.04 0.93 0 
75 9.2 2.57 1.25 1.13 1 	1.02 0.91 0 
76 9.4 2.54 1.23 1.1 0.99 0.89 0 
77 9.6 2.51 1.2 1.08 0.97 0.87 0 
78 9.8 2.48 1.18 1.06 0.95 0.86 0 
79 10 2.39 2.15 1.93 1.74 1.14 0 
80 10.2 2.13 1.92 1.73 1.56 1.13 0 
81 10.4 2.31 2.08 1.87 1.69 1.11 0 
82 10.6 2.26 2.03 1.83 1.64 1.08 0 
83 10.8 2.2 1.98 1.78 1.6 1.17 0 
84 11 2.19 1.97 1.77 1.59 1.05 0 
85 11.2 2.15 1.93 1.74 1.56 1.03 0 
86 11.4 2.1 1.89 1.7 1.53 1.12 0 
87 11.6 2.05 1.84 1.66 1.49 1.09 0 
88 11.8 2.2 1.98 1.78 1.61 1.05 0 
89 12 2.13 1.91 1.72 1.55 1.02 0 
90 12.2 2.04 1.84 1.65 1.49 1.09 0 
91 12.21 2.04 1.83 1.65 1.49 1.08 0 
92 12.4 2.17 1.96 1.76 1.58 1.04 0 
93 12.6 2.12 1.91 1.72 1.39 1.02 0 
94 12.8 2.07 1.87 1.68 1.51 0.99 0 
95 13 2.02 1.82 1.64 1.47 0.97 0 
96 13.2 1.96 1.76 1.59 1.43 1.04 0 
97 13.4 1.89 1.7 1.53 1.38 1.01 0 
98 13.6 1.83 1.65 1.48 1.33 0.97 0 
99 13.8 1.76 1.58 1.42 1.28 0.93 0 
100 14 1.89 1.7 1.53 1.38 1 0 
101 14.2 1.85 1.66 1.6 1.35 0.88 0 
102 14.4 1.81 1.63 1 	1.47 1.32 0.96 0 
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Design # SNRs 5.00% 40.00% 50.00% 60.00% 70.00% 100.00% 
103 14.6 1.77 1.59 1.43 1.29 0.94 0 
104 14.8 1.72 1.55 1.39 1.25 0.91 0 
105 15 1.86 1.67 1.5 1.35 0.89 0 
106 15.2 1.81 1.63 1.47 1.32 0.87 0 
107 15.27 1.8 1.62 1.46 1.32 0.86 0 
108 15.4 1.79 1.61 1 	1.45 1.17 0.86 0 
109 15.6 1.58 1.43 1.28 1.15 0.84 0 
110 15.8 1.72 1.55 1.4 1.26 0.82 0 
111 16 1.54 1.38 1.25 1.12 0.82 0 
112 16.2 1.53 1.37 1.24 1.11 0.81 0 
113 16.4 1.51 1.36 1.22 1.1 0.8 0 
114 16.6 1.65 1.49 1.34 1.08 0.79 0 
115 16.8 1.62 1.46 1.31 1.18 0.77 0 
116 17 1.57 1.41 1.27 1.14 0.75 0 
117 17.2 1.55 1.39 1.25 1.02 0.74 0 
118 17.4 1.52 1.37 1.23 1 0.73 0 
119 17.6 1.34 1.21 1 	1.09 0.98 0.71 0 
120 17.8 1.46 1.31 1.18 1.06 0.7 0 
121 18 1.27 1.14 1.03 0.92 0.67 0 
122 18.2 1.36 1.22 1.1 0.99 0.65 0 
123 18.4 1.31 1.18 1.06 0.95 0.63 0 
124 18.42 1.3 1.17 1.05 0.95 0.62 0 
125 18.6 1.25 1.12 1.01 0.91 0.66 0 
126 18.8 1.3 1.17 1 	1.05 0.95 0.56 0 
127 19 1.2 1.08 0.97 0.88 0.57 0 
128 19.2 1.18 1.06 0.96 0.86 0.57 0 
129 19.4 1.1 0.99 0.89 0.81 0.59 0 
130 19.6 1.14 1.02 0.92 0.83 0.54 0 
131 19.8 1.15 1.04 0.93 0.84 0.55 0 
132 20 1.04 0.94 0.84 0.76 0.55 0 
133 20.2 1.03 0.93 1 	0.84 0.75 0.49 0 
134 20.4 1.05 0.94 0.85 0.69 0.5 0 
135 20.6 1.05 0.95 0.85 0.69 0.5 0 
136 20.8 0.95 0.86 0.77 1 	0.69 0.51 0 
137 21 0.95 0.86 0.77 0.7 0.46 0 
138 21.2 0.95 0.86 0.77 0.63 0.46 0 
139 21.4 0.95 0.86 0.77 0.62 0.45 0 
140 21.52 0.85 0.77 0.69 0.62 0.45 0 
141 21.6 0.85 0.77 0.69 0.62 0.45 0 
142 21.8 1 	0.85 0.76 0.68 0.62 0.45 1 	0 
143 1 	22 1 	0.78 0.71 0.64 1 	0.57 1 	0.42 1 0 

Table 123 
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Design # SNRs 5.00% 40.00% 50.00% 60.00% 70.00% 100.00% 
144 22.2 0.81 0.73 0.66 0.53 0.39 0 
145 22.4 0.75 0.68 0.61 0.55 0.36 0 
146 22.6 0.78 0.7 0.63 0.57 0.37 0 
147 22.8 0.72 0.65 0.59 0.53 0.35 0 
148 23 0.67 0.6 0.54 0.49 0.36 0 
149 23.2 0.69 0.62 0.56 1 	0.5 0.33 0 
150 23.4 0.64 0.57 0.52 0.47 0.34 0 
151 23.6 0.66 0.59 0.53 0.43 0.31 0 
152 23.8 0.61 0.55 0.49 0.44 0.29 0 
153 24 0.56 0.5 0.45 0.41 0.3 0 
154 24.2 0.57 0.52 0.46 0.42 0.27 0 
155 24.4 0.53 0.48 0.43 0.39 0.28 0 
156 24.6 0.54 0.49 0.44 1 	0.39 0.26 0 
157 24.79 0.5 0.45 0.4 0.36 0.27 0 
158 24.8 0.5 0.45 0.41 0.36 0.24 0 
159 25 0.46 0.42 0.38 0.34 0.25 0 
160 25.2 0.48 0.43 0.39 0.35 0.25 0 
161 25.4 0.44 0.4 0.36 0.32 0.23 0 
162 25.6 0.45 0.41 0.37 0.33 0.22 0 
163 25.8 0.42 0.38 0.34 0.3 0.22 0 
164 26 0.38 0.34 0.31 0.28 0.2 0 
165 26.2 0.38 0.34 0.31 0.28 0.2 0 
166 26.4 0.37 0.33 0.3 1 	0.27 0.2 0 
167 26.6 0.36 0.32 0.29 0.26 0.19 0 
168 26.8 0.35 0.32 028 0.26 0.19 0 
169 27 0.34 0.31 0.28 0.25 0.16 0 
170 27.2 0.3 0.27 0.24 0.22 0.16 0 
171 27.4 0.29 0.26 023 0.21 0.15 0 
172 27.6 0.28 0.25 0.23 0.2 0.15 0 
173 27.8 0.27 0.24 0.22 1 	0.2 0.14 0 
174 28 0.26 0.23 021 0.19 0.14 0 
175 28.2 0.25 0.23 0.2 0.18 0.13 0 
176 28.2 0.25 0.23 0.2 0.18 0.13 0 
177 28.4 0.24 0.22 0.2 0.18 0.13 0 
178 28.6 0.21 0.19 0.17 0.15 0.11 0 
179 28.8 0.22 0.2 0.18 0.16 0.12 0 
180 29 0.19 0.17 0.16 1 	0.14 0.1 0 
181 29.2 0.18 0.17 0.15 0.13 0.1 0 
182 29.4 0.2 0.18 0.16 0.13 0.09 0 
183 1 	29.6 0.17 0.15 0.14 0.12 1 	0.09 0 
184 29.8 0.16 0.15 0.13 0.12 0.09 0 
185 30 0.15 0.14 0.12 0.11 0.08 0 

Table 124 
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METHODS AND APPARATUSES FOR 
SIGNALING WITH GEOMETRIC 

CONSTELLATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention claims priority as a Continuation-In-
Part to U.S. patent application Ser. No. 12/156,989 entitled 
"Design Methodology and Method and Apparatus for Signal-
ing with Capacity Optimized Constellation", which claims 
priority to U.S. Provisional Application Ser. No. 60/933,319 
entitled "New Constellations for Communications Signaling: 
Design Methodology and Method and Apparatus for the New 
Signaling Scheme" to Barsoum et al., filed Jun. 5, 2007. The 
present application also claims priority to U.S. Provisional 
Application Ser. No. 61/141,662 filed Dec. 30, 2009 and U.S. 
Provisional Application Ser. No. 61/141,935 filed Dec. 31, 
2009, both of which are entitled "PAM-8, 16, 32 Constella-
tions Optimized for Joint and PD Capacity" and are to Bar-
soum et al. The disclosure of U.S. patent application Ser. No. 
12/156,989 and U.S. Provisional Application Nos. 60/933, 
319, 61/141,662 and 61/141,935 is expressly incorporated by 
reference herein in its entirety. 

STATEMENT OF FEDERALLY SPONSORED 
RESEARCH 

This invention was made with Government support under 
contract NAS7-03001 awarded by NASA. The Government 
has certain rights in this invention. 

BACKGROUND 

The present invention generally relates to bandwidth and/ 
or power efficient digital transmission systems and more spe-
cifically to the use of unequally spaced constellations having 
increased capacity. 

The term "constellation" is used to describe the possible 
symbols that can be transmitted by a typical digital commu-
nication system. A receiver attempts to detect the symbols 
that were transmitted by mapping a received signal to the 
constellation. The minimum distance (d_,,) between constel-
lation points is indicative of the capacity of a constellation at 
high signal-to-noise ratios (SNRs). Therefore, constellations 
used in many communication systems are designed to maxi-
mize d_,,. Increasing the dimensionality of a constellation 
allows larger minimum distance for constant constellation 
energy per dimension. Therefore, a number of multi-dimen-
sional constellations with good minimum distance properties 
have been designed. 

Communication systems have a theoretical maximum 
capacity, which is known as the Shannon limit. Many com-
munication systems attempt to use codes to increase the 
capacity of a communication channel. Significant coding 
gains have been achieved using coding techniques such as 
turbo codes and LDPC codes. The coding gains achievable 
using any coding technique are limited by the constellation of 
the communication system. The Shannon limit can be thought 
of as being based upon a theoretical constellation known as a 
Gaussian distribution, which is an infinite constellation where 
symbols at the center of the constellation are transmitted 
more frequently than symbols at the edge of the constellation. 
Practical constellations are finite and transmit symbols with 
equal likelihoods, and therefore have capacities that are less 
than the Gaussian capacity. The capacity of a constellation is 

2 
thought to represent a limit on the gains that can be achieved 
using coding when using that constellation. 

Prior attempts have been made to develop unequally 
spaced constellations. For example, a system has been pro- 

s posed that uses unequally spaced constellations that are opti-
mized to minimize the error rate of an uncoded system. 
Another proposed system uses a constellation with equiprob-
able but unequally spaced symbols in an attempt to mimic a 
Gaussian distribution. 

10 	Other approaches increase the dimensionality of a constel- 
lation or select a new symbol to be transmitted taking into 
consideration previously transmitted symbols. However, 
these constellation were still designed based on a minimum 

15  distance criteria. 

SUMMARY OF THE INVENTION 

Systems and methods are described for constructing a 
20  modulation such that the constrained capacity between a 

transmitter and a receiver approaches the Gaussian channel 
capacity limit first described by Shannon [ref Shannon 1948]. 
Traditional communications systems employ modulations 
that leave a significant gap to Shannon Gaussian capacity. The 

25 modulations of the present invention reduce, and in some 
cases, nearly eliminate this gap. The invention does not 
require specially designed coding mechanisms that tend to 
transmit some points of a modulation more frequently than 
others but rather provides a method for locating points (in a 

30 one or multiple dimensional space) in order to maximize 
capacity between the input and output of a bit or symbol 
mapper and demapper respectively. Practical application of 
the method allows systems to transmit data at a given rate for 
less power or to transmit data at a higher rate for the same 

35 amount of power. 
One embodiment of the invention includes a transmitter 

configured to transmit signals to a receiver via a communica-
tion channel, where the transmitter, includes a coder config-
ured to receive user bits and output encoded bits at an 

40 expanded output encoded bit rate, a mapper configured to 
map encoded bits to symbols in a symbol constellation, a 
modulator configured to generate a signal for transmission 
via the communication channel using symbols generated by 
the mapper, where the receiver, includes a demodulator con- 

45 figured to demodulate the received signal via the communi-
cation channel, a demapper configured to estimate likeli-
hoods from the demodulated signal, and a decoder that is 
configured to estimate decoded bits from the likelihoods gen-
erated by the demapper. In addition, the symbol constellation 

50 is a PAM-8 symbol constellation having constellation points 
within at least one of the ranges specified in FIGS. 25-46. 

In a further embodiment, the code is a Turbo code. In 
another embodiment, the code is a LDPC code. 

In a still further embodiment, the constellation provides an 
55 increase in capacity at a predetermined SNR that is at least 5% 

of the gain in capacity achieved by a constellation optimized 
for joint capacity at the predetermined SNR. 

In still another embodiment, the constellation provides an 
increase in capacity at a predetermined SNR that is at least 

60 15% of the gain in capacity achieved by a constellation opti-
mized for joint capacity at the predetermined SNR. 

In a yet further embodiment, the constellation provides an 
increase in capacity at a predetermined SNR that is at least 
30% of the gain in capacity achieved by a constellation opti- 

65 mized for joint capacity at the predetermined SNR. 
In yet another embodiment, the constellation provides an 

increase in capacity at a predetermined SNR that is at least 
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45% of the gain in capacity achieved by a constellation opti-
mized for joint capacity at the predetermined SNR. 

A further embodiment again, the constellation provides an 
increase in capacity at a predetermined SNR that is at least 
60% of the gain in capacity achieved by a constellation opti-
mized for joint capacity at the predetermined SNR. 

In another embodiment again, the constellation provides an 
increase in capacity at a predetermined SNR that is at least 
100% of the gain in capacity achieved by a constellation 
optimized for joint capacity at the predetermined SNR. 

In a further additional embodiment, the constellation pro-
vides an increase incapacity at a predetermined SNR that is at 
least 5% of the gain in capacity achieved by a constellation 
optimized for PD capacity at the predetermined SNR. 

In another additional embodiment, the constellation pro-
vides an increase incapacity at a predetermined SNR that is at 
least 40% of the gain in capacity achieved by a constellation 
optimized for PD capacity at the predetermined SNR. 

In a still yet further embodiment, the constellation provides 
an increase in capacity at a predetermined SNR that is at least 
50% of the gain in capacity achieved by a constellation opti-
mized for PD capacity at the predetermined SNR. 

In still yet another embodiment, the constellation provides 
an increase in capacity at a predetermined SNR that is at least 
60% of the gain in capacity achieved by a constellation opti-
mized for PD capacity at the predetermined SNR. 

In a still further embodiment again, the constellation pro-
vides an increase incapacity at a predetermined SNR that is at 
least 70% of the gain in capacity achieved by a constellation 
optimized for PD capacity at the predetermined SNR. 

In still another embodiment again, the constellation pro-
vides an increase incapacity at a predetermined SNR that is at 
least 100% of the gain in capacity achieved by a constellation 
optimized for PD capacity at the predetermined SNR. 

A still further additional embodiment includes a transmit-
ter configured to transmit signals to a receiver via a commu-
nication channel, where the transmitter, includes a coder con-
figured to receive user bits and output encoded bits at an 
expanded output encoded bit rate, a mapper configured to 
map encoded bits to symbols in a symbol constellation, a 
modulator configured to generate a signal for transmission 
via the communication channel using symbols generated by 
the mapper, where the receiver, includes a demodulator con-
figured to demodulate the received signal via the communi-
cation channel, a demapper configured to estimate likeli-
hoods from the demodulated signal, and a decoder that is 
configured to estimate decoded bits from the likelihoods gen-
erated by the demapper. In addition, the symbol constellation 
is a PAM-16 symbol constellation having constellation points 
within at least one of the ranges specified in FIGS. 47-84. 

Still another additional embodiment includes a transmitter 
configured to transmit signals to a receiver via a communica-
tion channel, where the transmitter, includes a coder config-
ured to receive user bits and output encoded bits at an 
expanded output encoded bit rate, a mapper configured to 
map encoded bits to symbols in a symbol constellation, a 
modulator configured to generate a signal for transmission 
via the communication channel using symbols generated by 
the mapper, where the receiver, includes a demodulator con-
figured to demodulate the received signal via the communi-
cation channel, a demapper configured to estimate likeli-
hoods from the demodulated signal, and a decoder that is 
configured to estimate decoded bits from the likelihoods gen-
erated by the demapper. In addition, the symbol constellation 
is a PAM-32 symbol constellation having constellation points 
within at least one of the ranges specified in FIGS. 85-148. 

4 
Another further embodiment includes a transmitter config-

ured to transmit signals to a receiver via a communication 
channel, where the transmitter, includes a coder configured to 
receive user bits and output encoded bits at an expanded 

5  output encoded bit rate, a mapper configured to map encoded 
bits to symbols in a symbol constellation, a modulator con-
figured to generate a signal for transmission via the commu-
nication channel using symbols generated by the mapper, 
where the receiver, includes a demodulator configured to 

10 demodulate the received signal via the communication chan-
nel, a demapper configured to estimate likelihoods from the 
demodulated signal, and a decoder that is configured to esti-
mate decoded bits from the likelihoods generated by the 

15  demapper. In addition, the symbol constellation is a N-Di-
mensional symbol constellation, where the constellation 
points in at least one dimension are within at least one of the 
ranges specified in FIGS. 25-167. 

20 	BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a conceptual illustration of a communication 
system in accordance with an embodiment of the invention. 

FIG. 2 is a conceptual illustration of a transmitter in accor- 
25 dance with an embodiment of the invention. 

FIG. 3 is a conceptual illustration of a receiver in accor-
dance with an embodiment of the invention. 

FIG. 4a is a conceptual illustration of the joint capacity of 
a channel. 

30 	FIG. 4b is a conceptual illustration of the parallel decoding 
capacity of a channel. 

FIG. 5 is a flow chart showing a process for obtaining a 
constellation optimized for capacity for use in a communica- 

35  tion system having a fixed code rate and modulation scheme 
In accordance with an embodiment of the invention. 

FIG. 6a is a chart showing a comparison of Gaussian 
capacity and PD capacity for traditional PAM-2, 4, 8, 16, 32. 

FIG. 6b is a chart showing a comparison between Gaussian 

40 capacity and joint capacity for traditional PAM-2, 4, 8, 16, 32. 
FIG. 7 is a chart showing the SNR gap to Gaussian capacity 

for the PD capacity and joint capacity of traditional PAM-2, 4, 
8, 16, 32 constellations. 

FIG. 8a is a chart comparing the SNR gap to Gaussian 
45 capacity of the PD capacity for traditional and optimized 

PAM-2, 4, 8, 16, 32 constellations. 
FIG. 8b is a chart comparing the SNR gap to Gaussian 

capacity of the joint capacity for traditional and optimized 
PAM-2, 4, 8, 16, 32 constellations. 

50 FIG. 9 is a chart showing Frame Error Rate performance of 
traditional and PD capacity optimized PAM-32 constellations 
in simulations involving several different length LDPC 
codes. 

FIGS. 10a-10d are locus plots showing the location of 
55 constellation points of a PAM-4 constellation optimized for 

PD capacity and joint capacity versus user bit rate per dimen-
sion and versus SNR. 

FIGS. lla and llb are design tables of PD capacity and 
joint capacity optimized PAM-4 constellations in accordance 

60 with embodiments of the invention. 
FIGS. 12a-12d are locus plots showing the location of 

constellation points of a PAM-8 constellation optimized for 
PD capacity and joint capacity versus user bit rate per dimen-
sion and versus SNR. 

65 	FIGS. 13a and 13b are design tables of PD capacity and 
joint capacity optimized PAM-8 constellations in accordance 
with embodiments of the invention. 
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FIGS. 14a-14d are locus plots showing the location of 
constellation points of a PAM-16 constellation optimized for 
PD capacity and joint capacity versus user bit rate per dimen-
sion and versus SNR. 

FIGS. 15a and 15b are design tables of PD capacity and 5  
joint capacity optimized PAM-16 constellations in accor-
dance with embodiments of the invention. 

FIGS. 16a-16d are locus plots showing the location of 
constellation points of a PAM-32 constellation optimized for 
PD capacity and joint capacity versus user bit rate per dimen-
sion and versus SNR. 

FIGS. 17a and 17b are design tables of PD capacity and 
joint capacity optimized PAM-32 constellations in accor-
dance with embodiments of the invention. 15  

FIG. 18 is a chart showing the SNR gap to Gaussian capac-
ity for traditional and capacity optimized PSK constellations. 

FIG. 19 is a chart showing the location of constellation 
points of PD capacity optimized PSK-32 constellations. 

FIG. 20 is a series of PSK-32 constellations optimized for 20 

PD capacity at different SNRs in accordance with embodi-
ments of the invention. 

FIG. 21 illustrates a QAM-64 constructed from orthogonal 
Cartesian product of two PD optimized PAM-8 constellations 
in accordance with an embodiment of the invention. 25 

FIGS. 22a and 22b are locus plots showing the location of 
constellation points of a PAM-4 constellation optimized for 
PD capacity over a fading channel versus user bit rate per 
dimension and versus SNR. 

FIGS. 23a and 23b are locus plots showing the location of 30 

constellation points of a PAM-8 constellation optimized for 
PD capacity over a fading channel versus user bit rate per 
dimension and versus SNR. 

FIGS. 24a and 24b are locus plots showing the location of 
constellation points of a PAM-16 constellation optimized for 35 

PD capacity over a fading channel versus user bit rate per 
dimension and versus SNR. 

FIGS. 25 -28 are tables showing the performance of geo-
metric PAM-8 constellations optimized for Joint Capacity at 
specific SNRs in accordance with embodiments of the inven- 40 

tion. 
FIGS. 29 -32 are tables listing the constellation points cor-

responding to the geometric PAM-8 constellation designs 
optimized for Joint Capacity at specific SNRs listed in FIGS. 
25-28. 45 

FIGS. 33-36 are tables showing maximum ranges for the 
geometric PAM-8 constellation designs optimized for Joint 
Capacity at specific SNRs listed in FIGS. 25-28. 

FIGS. 37 -40 are tables showing the performance of geo-
metric PAM-8 constellations optimized for PD Capacity at 50 

specific SNRs in accordance with embodiments of the inven-
tion. 

FIGS. 41 -44 are tables listing the constellation points cor-
responding to the geometric PAM-8 constellation designs 
optimized for PD Capacity at specific SNRs listed in FIGS. 55 

37 -40. 
FIGS. 45-46 are tables showing maximum ranges for the 

geometric PAM-8 constellation designs optimized for PD 
Capacity at specific SNRs listed in FIGS. 37 -40. 

FIGS. 47-51 are tables showing the performance of geo- 60 

metric PAM-16 constellations optimized for Joint Capacity at 
specific SNRs in accordance with embodiments of the inven-
tion. 

FIGS. 52-61 are tables listing the constellation points cor-
responding to the geometric PAM-16 constellation designs 65 

optimized for Joint Capacity at specific SNRs listed in FIGS. 
47-51.  

6 
FIGS. 62-66 are tables showing maximum ranges for the 

geometric PAM-16 constellation designs optimized for Joint 
Capacity at specific SNRs listed in FIGS. 47-51. 

FIGS. 67-71 are tables showing the performance of geo-
metric PAM-16 constellations optimized for PD Capacity at 
specific SNRs in accordance with embodiments of the inven-
tion. 

FIGS. 72 -81 are tables listing the constellation points cor-
responding to the geometric PAM-16 constellation designs 
optimized for PD Capacity at specific SNRs listed in FIGS. 
67-71. 

FIGS. 82-84 are tables showing maximum ranges for the 
geometric PAM-16 constellation designs optimized for PD 
Capacity at specific SNRs listed in FIGS. 67-71. 

FIGS. 85-90 are tables showing the performance of geo-
metric PAM-32 constellations optimized for Joint Capacity at 
specific SNRs in accordance with embodiments of the inven-
tion. 

FIGS. 91-114 are tables listing the constellation points 
corresponding to the geometric PAM-32 constellation 
designs optimized for Joint Capacity at specific SNRs listed 
in FIGS. 85-90. 

FIGS. 115-120 aretables showing maximum ranges forthe 
geometric PAM-32 constellation designs optimized for Joint 
Capacity at specific SNRs listed in FIGS. 85-90. 

FIGS. 121-125 are tables showing the performance of geo-
metric PAM-32 constellations optimized for PD Capacity at 
specific SNRs in accordance with embodiments of the inven-
tion. 

FIGS. 126-145 are tables listing the constellation points 
corresponding to the geometric PAM-32 constellation 
designs optimized for PD Capacity at specific SNRs listed in 
FIGS. 121-125. 

FIGS. 146-148 are tables showing maximum ranges for the 
geometric PAM-32 constellation designs optimized for Joint 
Capacity at specific SNRs listed in FIGS. 121-125. 

DETAILED DESCRIPTION OF THE INVENTION 

Turning now to the detailed description of the invention, 
communication systems in accordance with embodiments of 
the invention are described that use signal constellations, 
which have unequally spaced (i.e. `geometrically' shaped) 
points. In many embodiments, the communication systems 
use specific geometric constellations that are capacity opti-
mized at a specific SNR. In addition, ranges within which the 
constellation points of a capacity optimized constellation can 
be perturbed and are still likely to achieve a given percentage 
of the optimal capacity increase compared to a constellation 
that maximizes d_,,, are also described. Capacity measures 
that are used in the selection of the location of constellation 
points include, but are not limited to, parallel decode (PD) 
capacity and joint capacity. 

In many embodiments, the communication systems utilize 
capacity approaching codes including, but not limited to, 
LDPC and Turbo codes. As is discussed further below, direct 
optimization of the constellation points of a communication 
system utilizing a capacity approaching channel code, can 
yield different constellations depending on the SNR for 
which they are optimized. Therefore, the same constellation 
is unlikely to achieve the same coding gains applied across all 
code rates; that is, the same constellation will not enable the 
best possible performance across all rates. In many instances, 
a constellation at one code rate can achieve gains that cannot 
be achieved at another code rate. Processes for selecting 
capacity optimized constellations to achieve increased cod-
ing gains based upon a specific coding rate in accordance with 
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embodiments of the invention are described below. Constel-
lations points for geometric PAM-8, PAM-16, and PAM-32 
constellations that are optimized for joint capacity or PD 
capacity at specific SNRs are also provided. Additional geo-
metric PAM-8, PAM-16, and PAM-32 constellations that are 
probabilistically likely to provide performance gains com-
pared to constellations that maximize d_,,,, which were iden-
tified by perturbing the constellation points of geometric 
PAM-8, PAM-16, and PAM-32 constellations optimized for 
joint capacity or PD capacity, are also described. The constel-
lations are described as being probabilistically likely to pro-
vide performance gains, because all possible constellations 
within the ranges have not been exhaustively searched. 
Within each disclosed range, a large number of constellations 
were selected at random, and it was verified that all the 
selected constellations provided a gain that exceeds the given 
percentage of the optimal capacity increase achieved by the 
optimized constellations relative to a constellation that maxi-
mizes dm ,„ (i.e. a PAM equally spaced constellation). In this 
way, ranges that are probabilistically likely to provide a per-
formance gain that is at least a predetermined percentage of 
the optimal increase in capacity can be identified and a spe-
cific geometric constellation can be compared against the 
ranges as a guide to the increase in capacity that is likely to be 
achieved. In a number of embodiments, the communication 
systems can adapt the location of points in a constellation in 
response to channel conditions, changes in code rate and/or to 
change the target user data rate. 
Communication Systems 

A communication system in accordance with an embodi-
ment of the invention is shown in FIG. 1. The communication 
system 10 includes a source 12 that provides user bits to a 
transmitter 14. The transmitter transmits symbols over a 
channel to a receiver 16 using a predetermined modulation 
scheme. The receiver uses knowledge of the modulation 
scheme, to decode the signal received from the transmitter. 
The decoded bits are provided to a sink device that is con-
nected to the receiver. 

A transmitter in accordance with an embodiment of the 
invention is shown in FIG. 2. The transmitter 14 includes a 
coder 20 that receives user bits from a source and encodes the 
bits in accordance with a predetermined coding scheme. In a 
number of embodiments, a capacity approaching code such as 
a turbo code or a LDPC code is used. In other embodiments, 
other coding schemes can be used to providing a coding gain 
within the communication system. A mapper 22 is connected 
to the coder. The mapper maps the bits output by the coder to 
a symbol within a geometrically distributed signal constella-
tion stored within the mapper. The mapper provides the sym-
bols to a modulator 24, which modulates the symbols for 
transmission via the channel. 

A receiver in accordance with an embodiment of the inven-
tion is illustrated in FIG. 3. The receiver 16 includes a 
demodulator 30 that demodulates a signal received via the 
channel to obtain symbol or bit likelihoods. The demapper 
uses knowledge of the geometrically shaped symbol constel-
lation used by the transmitter to determine these likelihoods. 
The demapper 32 provides the likelihoods to a decoder 34 that 
decodes the encoded bit stream to provide a sequence of 
received bits to a sink. 
Geometrically Shaped Constellations 

Transmitters and receivers in accordance with embodi-
ments of the invention utilize geometrically shaped symbol 
constellations. In several embodiments, a geometrically 
shaped symbol constellation is used that optimizes the capac-
ity of the constellation. In many embodiments, geometrically 
shaped symbol constellations, which include constellation 

8 
points within predetermined ranges of the constellation 
points of a capacity optimized constellation, and that provide 
improved capacity compared to constellations that maximize 
dm ,„ are used. Various geometrically shaped symbol constel- 

5  lations that can be used in accordance with embodiments of 
the invention, techniques for deriving geometrically shaped 
symbol constellations are described below. 
Selection of a Geometrically Shaped Constellations 

Selection of a geometrically shaped constellation for use in 

10 
a communication system in accordance with an embodiment 
of the invention can depend upon a variety of factors includ-
ing whether the code rate is fixed. In many embodiments, a 
geometrically shaped constellation is used to replace a con-
ventional constellation (i.e. a constellation maximized for 
dm ,„) in the mapper of transmitters and the demapper of 

15  receivers within a communication system. Upgrading a com-
munication system involves selection of a constellation and in 
many instances the upgrade can be achieved via a simple 
firmware upgrade. In other embodiments, a geometrically 
shaped constellation is selected in conjunction with a code 

20 rate to meet specific performance requirements, which can for 
example include such factors as a specified bit rate, a maxi-
mum transmit power. Processes for selecting a geometric 
constellation when upgrading existing communication sys-
tems and when designing new communication systems are 

25 discussed further below. 
Upgrading Existing Communication Systems 

A geometrically shaped constellation that provides a 
capacity, which is greater than the capacity of a constellation 
maximized for d_,,, can be used in place of a conventional 

30 
constellation in a communication system in accordance with 
embodiments of the invention. In many instances, the substi-
tution of the geometrically shaped constellation can be 
achieved by a firmware or software upgrade of the transmit-
ters and receivers within the communication system. Not all 

35  geometrically shaped constellations have greater capacity 
than that of a constellation maximized for d_,,,. One approach 
to selecting a geometrically shaped constellation having a 
greater capacity than that of a constellation maximized for 
dm ,„ is to optimize the shape of the constellation with respect 
to a measure of the capacity of the constellation for a given 

40 
SNR. Another approach is to select a constellation from a 
range that is probabilistically likely to yield a constellation 
having at least a predetermined percentage of the optimal 
capacity increase. Such an approach can prove useful in cir- 

45  cumstances, for example, where an optimized constellation is 
unable to be implemented. Capacity measures that can be 
used in the optimization process can include, but are not 
limited to, joint capacity or parallel decoding capacity. 
Joint Capacity and Parallel Decoding Capacity 

A constellation can be parameterized by the total number 
So 

of constellation points, M, andthe numberof real dimensions, 
Ndim . In systems where there are no belief propagation itera-
tions between the decoder and the constellation demapper, 
the constellation demapper can be thought of as part of the 

55 
channel. A diagram conceptually illustrating the portions of a 
communication system that can be considered part of the 
channel for the purpose of determining PD capacity is shown 
in FIG. 4a. The portions of the communication system that are 
considered part of the channel are indicated by the ghost line 
40. The capacity of the channel defined as such is the parallel 

60 
decoding (PD) capacity, given by: 

1-1 

CvD _ , I (X; ; Y) 
65 	 =0 
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where X,, is the ith bit of the 1-bits transmitted symbol, andY 
is the received symbol, and I(A;B) denotes the mutual infor-
mation between random variables A and B. 

Expressed another way, the PD capacity of a channel can be 
viewed in terms of the mutual information between the output 
bits of the encoder (such as an LDPC encoder) at the trans-
mitter and the likelihoods computed by the demapper at the 
receiver. The PD capacity is influenced by both the placement 
of points within the constellation and by the labeling assign-
ments. 

With belief propagation iterations between the demapper 
and the decoder, the demapper can no longer be viewed as part 
of the channel, and the joint capacity of the constellation 
becomes the tightest known bound on the system perfor-
mance. A diagram conceptually illustrating the portions of a 
communication system that are considered part of the channel 
for the purpose of determining the joint capacity of a constel-
lation is shown in FIG. 4b. 

The portions of the communication system that are consid-
ered part of the channel are indicated by the ghost line 42. The 
joint capacity of the channel is given by: 

Joint capacity is a description of the achievable capacity 
between the input of the mapper on the transmit side of the 
link and the output of the channel (including for example 
AWGN and Fading channels). Practical systems must often 
`demap' channel observations prior to decoding. In general, 
the step causes some loss of capacity. In fact it can be proven 
that Cc?CJOIr,,?CPD.  That is, CJO,, ,T upper bounds the 
capacity achievable by C D . The methods of the present 
invention are motivated by considering the fact that practical 
limits to a given communication system capacity are limited 
by C O,,, and C D . In several embodiments of the invention, 
geometrically shaped constellations are selected that maxi-
mize these measures. 
Selecting a Constellation Having an Optimal Capacity 

Geometrically shaped constellations in accordance with 
embodiments of the invention can be designed to optimize 
capacity measures including, but not limited to PD capacity 
or j oint capacity. A process for selecting the points, and poten-
tially the labeling, of a geometrically shaped constellation for 
use in a communication system having a fixed code rate in 
accordance with an embodiment of the invention is shown in 
FIG. 5. The process 50 commences with the selection (52) of 
an appropriate constellation size M and a desired capacity per 
dimension 'q. In the illustrated embodiment, the process 
involves a check (52) to ensure that the constellation size can 
support the desired capacity. In the event that the constellation 
size could support the desired capacity, then the process itera-
tively optimizes the M-ary constellation for the specified 
capacity. Optimizing a constellation for a specified capacity 
often involves an iterative process, because the optimal con-
stellation depends upon the SNR at which the communication 
system operates. The SNR for the optimal constellation to 
give a required capacity is not known a priori. Throughout the 
description of the present invention SNR is defined as the 
ratio of the average constellation energy per dimension to the 
average noise energy per dimension. In most cases the capac-
ity can be set to equal the target user bit rate per symbol per 
dimension. In some cases adding some implementation mar-
gin on top of the target user bit rate could result in a practical 
system that can provide the required user rate at a lower rate. 
The margin is code dependent. The following procedure 
could be used to determine the target capacity that includes 
some margin on top of the user rate. First, the code (e.g. LDPC 
or Turbo) can be simulated in conjunction with a conventional 

equally spaced constellation. Second, from the simulation 
results the actual SNR of operation at the required error rate 
can be found. Third, the capacity of the conventional constel-
lation at that SNR can be computed. Finally, a geometrically 

5 shaped constellation can be optimized for that capacity. 
In the illustrated embodiment, the iterative optimization 

loop involves selecting an initial estimate of the SNR at which 
the system is likely to operate (i.e. SNR,,). In several embodi-
ments the initial estimate is the SNR required using a con- 

io ventional constellation. In other embodiments, other tech-
niques can be used for selecting the initial SNR. An M-ary 
constellation is then obtained by optimizing (56) the constel-
lation to maximize a selected capacity measure at the initial 
SNR„ estimate. Various techniques for obtaining an opti- 

15 mized constellation for a given SNR estimate are discussed 
below. 

The SNR at which the optimized M-ary constellation pro-
vides the desired capacity per dimension rl  (SNR,,,) is deter-
mined (57). A determination (58) is made as to whether the 

20 SNR,,, and SNR,, have converged. In the illustrated embodi-
ment convergence is indicated by SNR,,, equaling SNR,,. In 
a number of embodiments, convergence can be determined 
based upon the difference between SNR,,, and SNR„ being 
less than a predetermined threshold. When SNR, and SNR,, 

25 have not converged, the process performs another iteration 
selecting SNR,,, as the new SNR„ (55). When SNR, and 
SNR„ have converged, the capacity measure of the constel-
lation has been optimized. As is explained in more detail 
below, capacity optimized constellations at low SNRs are 

30 geometrically shaped constellations that can achieve signifi-
cantly higher performance gains (measured as reduction in 
minimum required SNR) than constellations that maximize 
dm  

The process illustrated in FIG. 5 can maximize PD capacity 
35 or joint capacity of an M-ary constellation for a given SNR. 

Although the process illustrated in FIG. 5 shows selecting an 
M-ary constellation optimized for capacity, a similar process 
could be used that terminates upon generation of an M-ary 
constellation where the SNR gap to Gaussian capacity at a 

40 given capacity is a predetermined margin lower than the SNR 
gap of a conventional constellation, for example 0.5 db. Alter-
natively, other processes that identify M-ary constellations 
having capacity greater than the capacity of a conventional 
constellation can be used in accordance with embodiments of 

45 the invention. For example, the effect of perturbations on the 
constellation points of optimized constellations can be used 
to identify ranges in which predetermined performance 
improvements are probabilistically likely to be obtained. The 
ranges can then be used to select geometrically shaped con- 

50 stellations for use in a communication system. A geometri-
cally shaped constellation in accordance with embodiments 
of the invention can achieve greater capacity than the capacity 
of a constellation that maximizes d m in  without having the 
optimal capacity for the SNR range within which the com- 

55 munication system operates. 
We note that constellations designed to maximize joint 

capacity may also be particularly well suited to codes with 
symbols over GF(q), or with multi-stage decoding. Con-
versely constellations optimized for PD capacity could be 

6o better suited to the more common case of codes with symbols 
over GF(2) 
Optimizing the Capacity of an M-Ary Constellation at a 
Given SNR 

Processes for obtaining a capacity optimized constellation 
65 often involve determining the optimum location for the points 

of an M-ary constellation at a given SNR. An optimization 
process, such as the optimization process 56 shown in FIG. 5, 
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typically involves unconstrained or constrained non-linear 
optimization. Possible objective functions to be maximized 
are the Joint or PD capacity functions. These functions may 
be targeted to channels including but not limited to Additive 
White Gaussian Noise (AWGN) or Rayleigh fading channels. 
The optimization process gives the location of each constel-
lation point identified by its symbol labeling. In the case 
where the objective is joint capacity, point bit labelings are 
irrelevant meaning that changing the bit labelings doesn't 
change the joint capacity as long as the set of point locations 
remains unchanged. 

The optimization process typically finds the constellation 
that gives the largest PD capacity or joint capacity at a given 
SNR. The optimization process itself often involves an itera-
tive numerical process that among other things considers 
several constellations and selects the constellation that gives 
the highest capacity at a given SNR. In other embodiments, 
the constellation that requires the least SNR to give a required 
PD capacity or joint capacity can also be found. This requires 
running the optimization process iteratively as shown in FIG. 
5. 

Optimization constraints on the constellation point loca-
tions may include, but are not limited to, lower and upper 
bounds on point location, peak to average power of the result-
ing constellation, and zero mean in the resulting constella-
tion. It can be easily shown that a globally optimal constella-
tion will have zero mean (no DC component). Explicit 
inclusion of a zero mean constraint helps the optimization 
routine to converge more rapidly. Except for cases where 
exhaustive search of all combinations of point locations and 
labelings is possible it will not necessarily always be the case 
that solutions are provably globally optimal. In cases where 
exhaustive search is possible, the solution provided by the 
non-linear optimizer is in fact globally optimal. 

The processes described above provide examples of the 
manner in which a geometrically shaped constellation having 
an increased capacity relative to a conventional capacity can 
be obtained for use in a communication system having a fixed 
code rate and modulation scheme. The actual gains achiev-
able using constellations that are optimized for capacity com-
pared to conventional constellations that maximize d m ,„ are 
considered below. 
Gains Achieved by Optimized Geometrically Spaced Con-
stellations 

The ultimate theoretical capacity achievable by any com-
munication method is thought to be the Gaussian capacity, C, 
which is defined as: 

1 
CG = 2 log2(1 +SNR) 

Where signal-to-noise (SNR) is theratio of expected signal 
power to expected noise power. The gap thatremains between 
the capacity of a constellation and C G  can be considered a 
measure of the quality of a given constellation design. 

The gap in capacity between a conventional modulation 
scheme in combination with a theoretically optimal coder can 
be observed with reference to FIGS. 6a and 6b. FIG. 6a 
includes a chart 60 showing a comparison between Gaussian 
capacity and the PD capacity of conventional PAM-2,4, 8,16, 
and 32 constellations that maximize d_,,. Gaps 62 exist 
between the plot of Gaussian capacity and the PD capacity of 
the various PAM constellations. FIG. 6b includes a chart 64 
showing a comparison between Gaussian capacity and the 
joint capacity of conventional PAM-2, 4, 8, 16, and 32 con- 

12 
stellations that maximize d_,,, Gaps 66 exist between the plot 
of Gaussian capacity and the joint capacity of the various 
PAM constellations. These gaps in capacity represent the 
extent to which conventional PAM constellations fall short of 

5  obtaining the ultimate theoretical capacity i.e. the Gaussian 
capacity. 

In order to gain a better view of the differences between the 
curves shown in FIGS. 6a and 6b at points close to the Gaus-
sian capacity, the SNR gap to Gaussian capacity for different 

10 values of capacity for each constellation are plotted in FIG. 7. 
It is interesting to note from the chart 70 in FIG. 7 that (unlike 
the joint capacity) at the same SNR, the PD capacity does not 
necessarily increase with the number of constellation points. 

15  As is discussed further below, this is not the case with PAM 
constellations optimized for PD capacity. 

FIGS. 8a and 8b summarize performance of constellations 
for PAM-4, 8, 16, and 32 optimized for PD capacity and j oint 
capacity (it should be noted that BPSK is the optimal PAM-2 

20 constellation at all code rates). The constellations are opti-
mized for PD capacity and joint capacity for different target 
user bits per dimension (i.e. code rates). The optimized con-
stellations are different depending on the target user bits per 
dimension, and also depending on whether they have been 

25 designed to maximize the PD capacity or the joint capacity. 
All the PD optimized PAM constellations are labeled using a 
gray labeling which is not always the binary reflective gray 
labeling. It should be noted that not all gray labels achieve the 
maximum possible PD capacity even given the freedom to 

30 place the constellation points anywhere on the real line. FIG. 
8a shows the SNR gap for each constellation optimized for 
PD capacity. FIG. 8b shows the SNR gap to Gaussian capac-
ity for each constellation optimized for joint capacity. Again, 
it should be emphasized that each `+' on the plot represents a 

35 different constellation. 
Referring to FIG. 8a, the coding gain achieved using a 

constellation optimized for PD capacity can be appreciated 
by comparing the SNR gap at a user bit rate per dimension of 
2.5 bits for PAM-32. A user bit rate per dimension of 2.5 bits 

40 for a system transmitting 5 bits per symbol constitutes a code 
rate of/2. At that code rate the constellation optimized for PD 
capacity provides an additional coding gain of approximately 
1.5 dB when compared to the conventional PAM-32 constel-
lation. 

45 	The SNR gains that can be achieved using constellations 
that are optimized for PD capacity can be verified through 
simulation. The results of a simulation conducted using a rate 
'/2 LDPC code in conjunction with a conventional PAM-32 
constellation and in conjunction with a PAM-32 constellation 

50 optimized for PD capacity are illustrated in FIG. 9. A chart 90 
includes plots of Frame Error Rate performance of the differ-
ent constellations with respect to SNR and using different 
length codes (i.e. k=4,096 and k=16,384). Irrespective of the 
code that is used, the constellation optimized for PD capacity 

55 achieves a gain of approximately 1.3 dB, which closely 
approaches the gain predicted from FIG. 8a. 
Capacity Optimized PAM Constellations 

Using the processes outlined above, locus plots of PAM 
constellations optimized for capacity can be generated that 

60 show the location of points within PAM constellations versus 
SNR. Locus plots of PAM-4, 8, 16, and 32 constellations 
optimized for PD capacity and joint capacity and correspond-
ing design tables at various typical user bit rates per dimen-
sion are illustrated in FIGS. 10a-17b. The locus plots and 

65 design tables show PAM-4, 8, 16, and 32 constellation point 
locations and labelings from low to high SNR corresponding 
to a range of low to high spectral efficiency. 
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In FIG. 10a, a locus plot 100 shows the location of the 
points of PAM-4 constellations optimized for joint capacity 
plotted against achieved capacity . A similar locus plot 105 
showing the location of the points of joint capacity optimized 
PAM-4 constellations plotted against SNR is included in FIG. 
10b. In FIG. 10c, the location of points for PAM-4 optimized 
for PD capacity is plotted against achievable capacity and in 
FIG. 1 O the location of points for PAM-4 for PD capacity is 
plotted against SNR. At low SNRs, the PD capacity optimized 
PAM-4 constellations have only 2 unique points, while the 
joint capacity optimized constellations have 3. As SNR is 
increased, each optimization eventually provides 4 unique 
points. This phenomenon is explicitly described in FIG. lla 
and FIG. llb where vertical slices of FIGS. 10ab and lOcd are 
captured in tables describing some PAM-4 constellations 
designs of interest. The SNR slices selected represent designs 
that achieve capacities={0.5, 0.75, 1.0, 1.25, 1.51 bits per 
symbol (bps). Given that PAM-4 can provide at most 
1092(4)=2  bps, these design points represent systems with 
information code rates R= {'/4 3/8 '/z 5/s 3/41 respectively. 

FIGS . 12ab and 12cd present locus plots of PD capacity 
and j oint capacity optimized PAM-8 constellation points ver-
sus achievable capacity and SNR . FIGS. 13a and 13b provide 
slices from these plots at SNRs corresponding to achievable 
capacities ,1={0.5 , 1.0, 1.5 , 2.0, 2.51 bps. Each of these slices 
correspond to systems with code rate R --q bps/1092  (8), result-
ing in R={'/6, 1/3, '/2, 2/3, 5/61. As an example of the relative 
performance of the constellations in these tables, consider 
FIG. 13b which shows a PD capacity optimized PAM-8 con-
stellation optimized for SNR=9.00 dB, or 1.5 bps. We next 
examine the plot provided in FIG. 8a and see that the gap of 
the optimized constellation to the ultimate, Gaussian , capac-
ity (CG) is approximately 0.5 dB. At the same spectral effi-
ciency, the gap of the traditional PAM-8 constellation is 
approximately 1.0 dB. The advantage of the optimized con-
stellation is 0.5 dB for the same rate (in this case R -1/2). This 
gain can be obtained by only changing the mapper and 
demapper in the communication system and leaving all other 
blocks the same. 

Similar information is presented in FIGS. 14a-14d, and 
15a-15b which provide loci plots and design tables for PAM-
16 PD capacity and joint capacity optimized constellations. 
Likewise FIGS. 16a-16d, 17a and 17b provide loci plots and 
design tables for PAM-32 PD capacity and joint capacity 
optimized constellations. 
Capacity Optimized PSK Constellations 

Traditional phase shift keyed (PSK) constellations are 
already quite optimal . This can be seen in the chart 180 
comparing the SNR gaps of tradition PSK with capacity 
optimized PSK constellations shown in FIG. 18 where the 
gap between PD capacity and Gaussian capacity is plotted for 
traditional PSK-4 , 8, 16, and 32 and for PD capacity opti-
mized PSK-4, 8, 16, and 32. 

The locus plot of PD optimized PSK-32 points across SNR 
is shown in FIG. 19 , which actually characterizes all PSKs 
with spectral efficiency rl: ~~ 5. This can be seen in FIG. 20. 
Note that at low SNR (0.4 dB) the optimal PSK-32 design is 
the same as traditional PSK-4 , at SNR=8.4 dB optimal PSK-
32 is the same as traditional PSK-8, at SNR =14.8 dB optimal 
PSK-32 is the same as traditional PSK-16, and finally at 
SNRs greater than 20.4 dB optimized PSK-32 is the same as 
traditional PSK-32 . There are SNRs between these discrete 
points (for instance SNR-2 and 15 dB) for which optimized 
PSK-32 provides superior PD capacity when compared to 
traditional PSK constellations. 

We note now that the locus of points for PD optimized 
PSK-32 in FIG. 19 in conjunction with the gap to Gaussian 

14 
capacity curve for optimized PSK-32 in FIG. 18 implies a 
potential design methodology. Specifically, the designer 
could achieve performance equivalent or better than that 
enabled by traditional PSK-4,8, and 16 by using only the 

5  optimized PSK-32 in conjunction with a single tuning param-
eter that controlled where the constellation points should be 
selected from on the locus of FIG . 19. Such an approach 
would couple a highly rate adaptive channel code that could 
vary its rate, for instance, rate 4/5 to achieve and overall (code 

to plus optimized PSK-32 modulation) spectral efficiency of 4 
bits per symbol, down to '/5 to achieve an overall spectral 
efficiency of 1 bit per symbol. Such an adaptive modulation 
and coding system could essentially perform on the optimal 

15  continuum represented by the rightmost contour of FIG. 18. 
Adaptive Rate Design 

In the previous example spectrally adaptive use of PSK-32 
was described. Techniques similar to this can be applied for 
other capacity optimized constellations across the link 

20 between a transmitter and receiver . For instance , in the case 
where a system implements quality of service it is possible to 
instruct a transmitter to increase or decrease spectral effi-
ciency on demand . In the context of the current invention a 
capacity optimized constellation designed precisely for the 

25 target spectral efficiency can be loaded into the transmit map-
per in conjunction with a code rate selection that meets the 
end user rate goal. When such a modulation /code rate change 
occurred a message could propagated to the receiver so that 
the receiver, in anticipation of the change, could select a 

3o demapper/decoder configuration in order to match the new 
transmit-side configuration. 

Conversely, the receiver could implement a quality of per-
formance based optimized constellation/code rate pair con-
trol mechanism. Such an approach would include some form 

35 of receiver quality measure. This could be the receiver's 
estimate of SNR or bit error rate. Take for example the case 
where bit error rate was above some acceptable threshold. In 
this case, via a backchannel, the receiver could request that 
the transmitter lower the spectral efficiency of the link by 

40 swapping to an alternate capacity optimized constellation/ 
code rate pair in the coder and mapper modules and then 
signaling the receiver to swap in the complementary pairing 
in the demapper/decoder modules. 
Geometrically Shaped QAM Constellations 

45 	Quadrature amplitude modulation (QAM) constellations 
can be constructed by orthogonalizing PAM constellations 
into QAM in phase and quadrature components . Constella-
tions constructed in this way can be attractive in many appli-
cations because they have low-complexity demappers. 

50 In FIG. 21 we provide an example of a Quadrature Ampli-
tude Modulation constellation constructed from a Pulse 
Amplitude Modulation constellation. The illustrated embodi-
ment was constructed using a PAM-8 constellation optimized 
for PD capacity at user bit rate per dimension of 1.5 bits 

55 (corresponds to an SNR of 9.0 dB) (see FIG. 13b). The label-
point pairs in this PAM-8 constellation are {(000, —1.72), 
(001 —0.81), (010, —1.72), (011, —0.62), (100, 0.62), (101 
0.02), (110, 0.81), (111, —0.02)1. Examination of FIG. 21 
shows thatthe QAM constellation construction is achievedby 

6o replicating a complete set of PAM-8 points in the quadrature 
dimension for each of the 8 PAM-8 points in the in-phase 
dimension . Labeling is achieved by assigning the PAM-8 
labels to the LSB range on the in-phase dimension and to the 
MSB range on the quadrature dimension . The resulting 8x8 

65 outer product forms a highly structured QAM-64 for which 
very low-complexity de-mappers can be constructed. Due to 
the orthogonality of the in-phase and quadrature components 
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the capacity characteristics of the resulting QAM-64 constel-
lation are identical to that of the PAM-8 constellation on a 
per-dimension basis. 
N-Dimensional Constellation Optimization 

Rather than designing constellations in 1-D (PAM for 
instance) and then extending to 2-D (QAM), it is possible to 
take direct advantage in the optimization step of the addi-
tional degree of freedom presented by an extra spatial dimen-
sion . In general it is possible to design N-dimensional con-
stellations and associated labelings. The complexity of the 
optimization step grows exponentially in the number of 
dimensions as does the complexity of the resulting receiver 
de-mapper . Such constructions constitute embodiments of 
the invention and simply require more `run-time' to produce. 
Capacity Optimized Constellations for Fading Channels 

Similar processes to those outlined above can be used to 
design capacity optimized constellations for fading channels 
in accordance with embodiments of the invention. The pro-
cesses are essentially the same with the exception that the 
manner in which capacity is calculated is modified to account 
for the fading channel. A fading channel can be described 
using the following equation: 

Y=a(t).X+N 

where X is the transmitted signal, N is an additive white 
Gaussian noise signal and a (t) is the fading distribution, 
which is a function of time. 

In the case of a fading channel , the instantaneous SNR at 
the receiver changes according to a fading distribution. The 
fading distribution is Rayleigh and has the property that the 
average SNR of the system remains the same as in the case of 
the AWGN channel, E[X 2]/E[N2]. Therefore, the capacity of 
the fading channel can be computed by taking the expectation 
of AWGN capacity, at a given average SNR, over the Ray-
leigh fading distribution of a that drives the distribution of the 
instantaneous SNR. 

Many fading channels follow a Rayleigh distribution. 
FIGS . 22a-24b are locus plots of PAM-4 , 8, and 16 constel-
lations that have been optimized for PD capacity on a Ray-
leigh fading channel. Locus plots versus user bit rate per 
dimension and versus SNR are provided . Similar processes 
can be used to obtain capacity optimized constellations that 
are optimized using other capacity measures, such as joint 
capacity, and/or using different modulation schemes. 
Geometric PAM-8, PAM-16, and PAM-32 Constellations 

As described above, geometric constellations can be 
obtained that are optimized for j oint or PD capacity at specific 
SNRs. In addition, ranges can be specified for the constella-
tion points of a geometric constellation that are probabilisti-
cally likely to result in geometric constellations that provide 
at least a predetermined performance improvement relative to 
a constellation that maximizes d_,,,. Turning now to FIGS. 
25-167 , geometric PAM-8, PAM-16, and PAM-32 constella-
tions optimized for joint and PD capacity over the Additive 
White Gaussian Noise (AWGN) channel at specific SNRs are 
listed. The performances of the optimal constellations are 
compared to the performances of traditional constellations 
that maximize d_,,,. Ranges for the constellation points are 
also defined at specific SNRs, where constellations having 
constellation points selected from within the ranges are 
probabilistically likely (with probability close to one) to 
result in at least a predetermined performance improvement 
at the specified SNR relative to a traditional constellation that 
maximizes d_ ,,. 

The geometric constellations disclosed in FIGS . 25-167 
are defined by points y(i) such that y(i)=k(x(i)+r(i))+c. Values 
for x (i) and bounds on r(i ) are provided in FIGS . 25-167 for 

PAM-8, PAM-16, and PAM-32 optimized for joint and PD 
capacity. For PAM-8 W~ i-7, PAM-16 0-i -_15, and for 
PAM-32 W~ i:31. To achieve optimal power efficiency, c 
should be set to zero. In addition to optimized constellations, 

5  FIGS . 25-167 specify ranges for the points of a geometric 
constellation , where selecting the points of a constellation 
from within the ranges is probabilistically likely to provide a 
geometric constellation having at least a predetermined per-
formance improvement relative to a constellation that maxi- 

10 mizes d_,,,. The ranges are expressed as a maximum value for 
the constellation range parameter, r(i), which specifies the 
amount by which the point x(i) in the constellation is per-
turbed relative to the location of the corresponding point in 

15  the optimal constellation . A communication system using a 
constellation formed from constellations points selected from 
within the ranges specified by the maximum value 
(i.e. —rm ~r(i) ~rm~ is probabilistically likely to achieve a 
predetermined performance improvement relative to a con- 

20  stellation that maximizes d_,,,. The predetermined perfor-
mance improvements associated with the ranges specified in 
FIGS. 25-167 are expressed in terms of a percentage of the 
increase in capacity achieved by the optimized constellation 
relative to a constellation that maximizes d_,,,. Constellations 

25 formed from constellation points selected from within the 
ranges are probabilistically likely to achieve an increase in 
capacity at least as great as the indicated percentage. 

With regard to the specific tables shown in FIGS. 25-167, 
each table is one of three different types of table. A first set of 

30 tables shows the performance of specific geometric constel-
lations optimized for joint capacity or PD capacity. These 
tables include 6 columns. The first column enumerates a 
design number. The second column provides the SNR at 
which the constellation was optimized for the design defined 
by the entry in the first column . The third column provides the 

35  capacity achieved by the optimized constellation (Opt. Cap) 
at the SNR given in the second column. The fourth column 
provides the capacity achieved (Std. Cap) by a traditional 
uniformly spaced constellation i.e. a PAM constellation that 
maximizes dm,„ (with the same number of points as the opti- 

40 mized constellation and where binary reflective gray labeling 
is assumed) at the SNR given in the second column. The fifth 
column shows the gain in bits per transmission provided by 
the optimized constellation over a constellation that maxi-
mizes d_,,,. The sixth column shows the percentage gain in 
capacity provided by the optimized constellation over the 

45 capacity provided by the traditional uniformly spaced con-
stellation. 

A second set of tables lists the constellation points of the 
designs indicated in the first set of tables. These tables contain 
9 columns. The fist column enumerates a design number. The 

50 remaining 8 columns describe a constellation point x(i) enu-
merated by label in the second row of the table. Labels are 
given in decimal number format. With PAM 8 as an example, 
a label of 011 is given as the decimal number 3. 

The third set of tables specifies maximum perturbation 
55 ranges for the capacity optimized constellations indicated in 

the first set of tables, where the maximum ranges correspond 
to a high probabilistic likelihood of at least a predetermined 
performance improvement relative to a constellation that 
maximizes d_,,,. These tables contain 8 columns. The first 

60  enumerates a design number (corresponding to a design from 
one of the aforementioned tables). The second column pro- 
vides the SNR for the design defined by the entry in the first 
column. The remaining 5 columns describe parameter r m_ 
which is the maximum amount any point in the designed 
constellation may be perturbed (in either the positive or nega- 

65  tive direction) and still retain, with probability close to unity, 
at least the gain noted by each column header of the joint or 
PD capacity as a percentage of the gain provided by the 
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corresponding optimized point design over a traditional con-
stellation that maximizes d m ,„ (all at the given SNR). Each 
table has a last column showing that if 100% of the gain 
afforded by the optimized constellation is desired, then 
parameter r(i) must be equal to zero (no deviation from 
designed points described in the point specification tables). 
Example of Performance Achieved by Constellation within 
Predetermined Ranges 

By way of example, a constellation can be selected using 
the ranges specified with respect to the constellation points of 
a geometric PAM-8 constellation optimized with respect to 
PD capacity at SNR=9 dB. The optimized constellation 
points are as follows: 
—7.8780 —3.7100 7.8780 —2.8590 2.8590 0.0990 3.7100 

—0.0990 
The PD capacity of the above constellation at 9 dB=1.4999 

bits. FIGS. 26-167 define a range around each constellation 
rm_ of 0.47 that is probabilistically likely to result in a con-
stellation that can be used by a communication system to 
achieve at least 5% of the gain of the optimized constellation 
(compared to an equally spaced constellation). 

An example of a PAM-8 constellation formed using con-
stellation points selected from within the specified ranges is 
as follows: 
—7.8462 —3.9552 7.7361 —3.2614 2.9395 0.5152 3.3867 

0.0829 
The distance between each of the constellation points and 

the constellation points of the optimized constellation are as 
follows: 
0.0318 —0.2452 —0.1419 —0.4024 0.0805 0.4162 —0.3233 

0.1819 
The magnitude of each of the distances is less than r m_ at 

9 dB (i.e. 0.47). The capacity of the selected constella-
tion=) .4884. The capacity of a constellation that maximizes 
d_ at 9 dB=1.435 bits. Therefore, the selected constellation 
achieves 82% of the gain made possible by the optimal con-
stellation (i.e. at least 5%). 
Labelling of Constellations Using Cyclically Rotated Binary 
Reflective Gray Labels 

In performing optimization with respect to PD capacity, a 
conjecture can be made that constraining the optimization 
process to the subsequently described class of labelings 
results in no or negligible loss in PD capacity (the maximum 
observed loss is 0.005 bits, but in many cases there is no loss 
at all). Use of this labeling constraint speeds the optimization 
process considerably. We note that joint capacity optimiza-
tion is invariant to choice of labeling. Specifically, joint 
capacity depends only on point locations whereas PD capac-
ity depends on point locations and respective labelings. 

18 
The class of cyclically rotated binary reflective gray labels 

can be used. The following example, using constellations 
with cardinality 8, describes the class of cyclically rotated 
binary reflective gray labels. Given for example the standard 

5  gray labeling scheme for PAM-8: 
000, 001, 011, 010, 110, 111, 101, 100 
Application of a cyclic rotation, one step left, yields: 
001, 011, 010, 110, 111, 101, 100,000 
Application of a cyclic rotation, two steps left, yields: 

10 011, 010, 110, 111, 101, 100,000, 001 
For a constellation with cardinality 8, cyclic rotations of 0 

to 7 steps can be applied. It should be noted that within this 
class of labelings, some labelings perform better than others. 
It should also be noted that different rotations may yield 

15  labelings that are equivalent (through trivial column swap-
ping and negation operations). In general, labelings can be 
expressed in different but equivalent forms through trivial 
operations such as column swapping andnegation operations. 
For example the binary reflective gray labels with one step 

20  rotation: 
001, 011, 010, 110, 111, 101, 100,000 
Can be shown to be equivalent to: 
000, 001, 011, 111, 101, 100, 110, 010 

The above equivalence canbe shown by the following steps 
25 of trivial operations: 

1) Negate the third column. This gives 
000, 010, 011, 111, 110, 100, 101, 001 
2) Swap the second and third columns. This gives 
000, 001, 011, 111, 101, 100, 110, 010 

30 The two labelings are considered equivalent because they 
yield the same PD Capacity as long as the constellation points 
locations are the same. 

In the constellation point specifications shown in FIGS. 
25-167, a labeling can be interchanged by any equivalent 

35 labeling without affecting the performance parameters. A 
labeling used in the specifications may not directly appear to 
be a cyclically rotated binary reflective gray labeling, but it 
can be shown to be equivalent to one or more cyclically 
rotated binary reflective gray labelings. 

40 Prior Art Geometric Constellations 
Geometric constellations have been specified in the prior 

art in attempts to achieve performance gains relative to con-
stellations that maximize d_,,,. Examples of such constella-
tions are disclosed in Sommer and Fettweis, "Signal Shaping 

45 by Non-Uniform QAM for AWGN Channerls and Applica-
tions Using Turbo Coding" ITG Conference Source and 
Channel Coding, p. 81-86, 2000. The specific constellations 
disclosed by Sommer and Fettweis for PAM-8, PAM-16, and 
PAM-32 are as follows: 

PAM- 8: 

-1.6630 -0.9617 -0.5298 -0.1705 0.1705 0.5298 0.9617 1.6630 

PAM-16: 

-1.9382 -1.3714 -1.0509 -0.8079 -0.6026 -0.4185 -0.2468 -0.0816 0.0816 

0.2468 0.4185 0.6026 0.8079 1.0509 1.3714 1.9382 

PAM-32: 

-2.1970 -1.7095 -1.4462 -1.2545 -1.0991 -0.9657 -0.8471 -0.7390 -0.6386 

-0.5441 -0.4540 -0.3673 -0.2832 -0.2010 -0.1201 -0.0400 0.0400 0.1201 

0.2010 0.2832 0.3673 0.4540 0.5441 0.6386 0.7390 0.8471 0.9657 

1.0991 1.2545 1.4462 1.7095 2.1970 
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Another class of geometric constellations is disclosed in 
Long et al., Approaching the AWGN Channel Capacity 
without Active Shaping" Proceedings of International Sym-
posium on Information Theory, p. 374, 1997. The specific 
PAM-8, PAM-16, and PAM-32 constellations disclosed by 
Long et al. are as follows: 

20 
lation optimized for PD capacity at 9 dB. A range of 0.47 can 
be applied to every component of each two dimensional con-
stellation point. For example, the two points (- 7.787, 8.078) 
and (0.201, 3.31) are within the ranges as they are spaced 

5 distances (-0.1, 0.2) and (0.3, —0.4) respectively from the 
optimized constellation points. In this way, the ranges can be 

PAM-8: 

-3 -1 -1 -1 1 1 1 3 

PAM-16: 

-4 -2 -2 -2 -2 0 0 0 0 0 0 2 2 2 2 4 

PAM-32: 

-5 -3 -3 -3 -3 -3 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

1 1 1 1 1 1 1 1 1 1 3 3 3 3 3 5 

The above prior art constellations are geometric and can 
provide performance improvements at some SNRs relative to 
constellations that maximize d m ," The performance of the 
constellations varies with SNR and at certain SNRs the con-
stellations are proximate to capacity optimized constella-
tions. Therefore, the ranges specified in FIGS. 25-167 are 
defined so that prior art constellations are excluded at the 
specific SNRs at which these constellations are proximate to 
a capacity optimized constellation. 

Constructing Multidimensional Constellations 

The tables shown in FIGS. 25-167 can be used to identify 
optimal N-dimensional constellations. The optimized multi-
dimensional constellation can be determined by finding the 
Cartesian power X" and the resulting labeling constructed by 
finding the corresponding Cartesian power of L". Ranges 
within which the multi-dimensional constellation points can 
be selected (i.e. perturbed), can then be defined with respect 
to each constellation point of the constructed multi-dimen-
sional constellation, using an n-dimensional perturbation 
vector, such that each component of the perturbation vector 
has a magnitude that is less than r m,, defined by the range 
tables. 

Example of a QAM Constellation 

The optimized constellation points for a PAM -8 constella-
tion optimized for PD capacity at SNR -9 dB are as follows: 

—7.8780 —3.7100 7.8780 —2.8590 2.8590 0.0990 3.7100 
—0.0990 

The labelings corresponding to the above PAM -8 constel-
lation points are: 

000 001 010 011 100 101 110 111 

Using this PAM -8 constellation, it is possible to construct 
a QAM-64 constellation. While PAM -8 maps 3 bits to one 
dimension, QAM-64 maps 6 bits to two dimensions. The first 
three bits will determine the location in the X-dimension and 
the second three bits will determine the location in the Y-di-
mension. The resulting QAM -64 constellation for example 
will map the bits 000 010 to the two dimensional constellation 
point (-7.878, 7.878), and 111 110 to the two dimensional 
constellation point (- 0.099, 3.71). The points corresponding 
to the remaining labels can be derived in a similar manner. 

The ranges shown in FIGS. 25-167 can be utilized to select 
QAM constellations in a similar manner to that outlined 
above with respect to the selection of a PAM -8 constellation 
based upon ranges specified with respect to aPAM -8 constel- 

20 

used to identify constellations that are probabilistically likely 
to result in a performance improvement relative to a constel-
lation that maximizes d_, 

The same procedure can apply to a constellation optimized 
25 for joint capacity. However, the choice of labeling does not 

affect joint capacity. The above procedure can similarly be 
applied to an N-dimensional constellation constructed from a 
PAM constellation. 

Although the present invention has been described in cer- 
30 tain specific embodiments, many additional modifications 

and variations would be apparent to those skilled in the art. It 
is therefore to be understood that the present invention may be 
practiced otherwise than specifically described, without 
departing from the scope and spirit of the present invention. 

35  Thus, embodiments of the present invention should be con- 
sidered in all respects as illustrative and not restrictive. 

What is claimed is: 
1. A digital, communication system, comprising: 

40 	a transmitter configured to transmit signals to a receiver via 
a communication channel; 

wherein the transmitter, comprises: 
• coder configured to receive user bits and output 

encoded bits at an expanded output encoded bit rate; 
45 	a mapper configured to map said encoded bits to sym- 

bols in a symbol, constellation; 
• modulator configured to generate a signal, for trans-

mission via the communication channel, using sym-
bols generated by the mapper; 

50 	wherein the receiver, comprises: 
• demodulator configured to demodulate the received 

signal, via the communication channel; 
• demapper configured to estimate likelihoods from the 

demodulated signal; 
55 	a decoder that is configured to estimate decoded bits 

from the likelihoods generated by the demapper; and 
wherein the points of the symbol, constellation have non-

uniform inter-point distances selected to achieve a gain 
in capacity for a predetermined signal, to noise ratio 

60 	(SNR) relative to a symbol, constellation having uni- 
form inter-point distances. 

2. The communication system of claim 1, wherein the code 
is a Turbo code. 

3. The communication system of claim 1, wherein the code 
65 is a LDPC code. 

4. The communication system of claim 1, wherein the 
constellation provides an increase in capacity at a predeter- 
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mined SNR that is at least 5% of the gain in capacity achieved 
by a constellation optimized for joint capacity at the prede-
termined SNR. 

5. The communication system of claim 1, wherein the 
constellation provides an increase in capacity at a predeter-
mined SNR that is at least 15% of the gain in capacity 
achieved by a constellation optimized for joint capacity at the 
predetermined SNR. 

6. The communication system of claim 1, wherein the 
constellation provides an increase in capacity at a predeter-
mined SNR that is at least 30% of the gain in capacity 
achieved by a constellation optimized for joint capacity at the 
predetermined SNR. 

7. The communication system of claim 1, wherein the 
constellation provides an increase in capacity at a predeter-
mined SNR that is at least 45% of the gain in capacity 
achieved by a constellation optimized for joint capacity at the 
predetermined SNR. 

8. The communication system of claim 1, wherein the 
constellation provides an increase in capacity at a predeter-
mined SNR that is at least 60% of the gain in capacity 
achieved by a constellation optimized for joint capacity at the 
predetermined SNR. 

9. The communication system of claim 1, wherein the 
constellation provides an increase in capacity at a predeter-
mined SNR that is at least 100% of the gain in capacity 
achieved by a constellation optimized for joint capacity at the 
predetermined SNR. 

10. The communication system of claim 1, wherein the 
constellation provides an increase in capacity at a predeter-
mined SNR that is at least 5% of the gain in capacity achieved 
by a constellation optimized for PD capacity at the predeter-
mined SNR. 

11. The communication system of claim 1, wherein the 
constellation provides an increase in capacity at a predeter-
mined SNR that is at least 40% of the gain in capacity 
achieved by a constellation optimized for PD capacity at the 
predetermined SNR. 

22 
12. The communication system of claim 1, wherein the 

constellation provides an increase in capacity at a predeter-
mined SNR that is at least 50% of the gain in capacity 
achieved by a constellation optimized for PD capacity at the 

5 predetermined SNR. 
13. The communication system of claim 1, wherein the 

constellation provides an increase in capacity at a predeter-
mined SNR that is at least 60% of the gain in capacity 
achieved by a constellation optimized for PD capacity at the 

io predetermined SNR. 
14. The communication system of claim 1, wherein the 

constellation provides an increase in capacity at a predeter-
mined SNR that is at least 70% of the gain in capacity 
achieved by a constellation optimized for PD capacity at the 

15 predetermined SNR. 
15. The communication system of claim 1, wherein the 

constellation provides an increase in capacity at a predeter-
mined SNR that is at least 100% of the gain in capacity 
achieved by a constellation optimized for PD capacity at the 

20 predetermined SNR. 
16. The communication system of claim 1, 
wherein the symbol, constellation is a PAM-16 symbol, 

constellation having constellation points within at least 
one of the ranges specified in FIGS. 47 -84. 

25 	17. The communication system of claim 1, 
wherein the symbol, constellation is a PAM-32 symbol, 

constellation having constellation points within at least 
one of the ranges specified in FIGS. 85-148. 

18. The communication system of claim 1, 
30 	wherein the symbol, constellation is a N-Dimensional, 

symbol, constellation, where the constellation points in 
at least one dimension are within at least one of the 
ranges specified in FIGS. 25 -167. 

19. The communication system of claim 1, wherein the 
35 symbol, constellation is a PAM-8 symbol, constellation hav-

ing constellation points within at least one of the ranges 
specified in FIGS. 25-46. 
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