Minimal elements for the base b
representations of the primes which
are > Db

Introduction

A string x is a subsequence of another string vy, if x can be obtained from y by deleting zero
or more of the characters in y. For example, 514 is a substring of 352148. The empty string A
is a subsequence of every string. There are 2" substrings of a string with length n, e.g. the
substrings of 123456 are (totally 2% = 64 substrings)

A4 1,2,3,4,5,6, 12, 13, 14, 15, 16, 23, 24, 25, 26, 34, 35, 36, 45, 46, 56, 123, 124, 125,
126, 134, 135, 136, 145, 146, 156, 234, 235, 236, 245, 246, 256, 345, 346, 356, 456, 1234,
1235, 1236, 1245, 1246, 1256, 1345, 1346, 1356, 1456, 2345, 2346, 2356, 2456, 3456,
12345, 12346, 12356, 12456, 13456, 23456, 123456

(in this article, we only consider the substrings with length 22, e.g. for the string 123456, we
have these substrings: 12, 13, 14, 15, 16, 23, 24, 25, 26, 34, 35, 36, 45, 46, 56, 123, 124,
125, 126, 134, 135, 136, 145, 146, 156, 234, 235, 236, 245, 246, 256, 345, 346, 356, 456,
1234, 1235, 1236, 1245, 1246, 1256, 1345, 1346, 1356, 1456, 2345, 2346, 2356, 2456,
3456, 12345, 12346, 12356, 12456, 13456, 23456, 123456, totally 57 substrings, and for a
string with length n, there are 2"-n-1 substrings)

Two strings x and y are comparable if either x is a substring of y, or y is a substring of x. A
surprising result from formal language theory is that every set of pairwise incomparable
strings is finite. This means that from any set of strings we can find its minimal elements. A
string x in a set of strings S is a minimal string if whenever y (an element of S) is a substring
of X, we have y = x.

The set of all minimal strings of S is denoted M(S), the set M(S) must be finite! Even if S is
an infinite set, such as the set of prime strings with length 22 in decimal.

Equivalently, a string x in a set of strings S is a minimal string if and only if any proper
substring of x (substring of x which is unequal to x) is not in S.

Although the set M(S) of minimal strings is necessarily finite, determining it explicitly for a
given S can be a difficult computational problem. We use some numbertheoretic heuristics to
compute M(Ly), where Ly, is the language of base-b representations of the prime numbers
which are > b, for2 < b < 16.

This is a list for Ly for bases 2 < b < 36, using A-Z to represent digit values 10 to 35.



Lb

11, 101, 111, 1011, 1101, 10001, 10011, 10111, 11101, 11111, 100101,
101001, 101011, 101111, 110101, 111011, 111101, 1000011, 1000111
1001001, 1001111, 1010011, 1011001, 1100001, 1100101, 1100111,
1101011, 1101101, 1110001, 1111111, 10000011, 10001001, 10001011
10010101, 10010111, 10011101, 10100011, 10100111, 10101101, 10110011,
10110101, 10111111, 11000001, 11000101, 11000111, 11010011, 11011111,
11100011, 11100101, 11101001, 11101111, 11110001, 11111011,
100000001, 100000111, 100001101, 100001111, 100010101, 100011001,
100011011, 100100101, 100110011, 100110111, 100111001, 100111101,
101001011, 101010001, 101011011, 101011101, 101100001, 101100111,
101101111, 101110101, 101111011, 101111111, 110000101, 110001101,
110010001, 110011001, 110100011, 110100101, 110101111, 110110001,
110110111, 110111011, 111000001, 111001001, 111001101, 111001111,
111010011, 111011111, 111100111, 111101011, 111110011, 111110111,
111111101, 1000001001, 1000001011, 1000011101, 1000100011, ...

12, 21, 102, 111, 122, 201, 212, 1002, 1011, 1101, 1112, 1121, 1202, 1222,
2012, 2021, 2111, 2122, 2201, 2221, 10002, 10022, 10121, 10202, 10211,
10222, 11001, 11012, 11201, 11212, 12002, 12011, 12112, 12121, 12211,
20001, 20012, 20102, 20122, 20201, 21002, 21011, 21022, 21101, 21211,
22021, 22102, 22111, 22122, 22212, 22221, 100022, 100112, 100202,
100222, 101001, 101021, 101102, 101111, 101212, 102101, 102112, 102121,
102202, 110021, 110111, 110212, 110221, 111002, 111022, 111121, 111211,
112001, 112012, 112102, 112201, 112212, 120011, 120112, 120121, 120222
121001, 121021, 121102, 121122, 121221, 122002, 122011, 122022, 122202,
200001, 200012, 200111, 200122, 200212, 201022, 201101, 202001, 202021
202122, ...

11, 13, 23, 31, 101, 103, 113, 131, 133, 211, 221, 223, 233, 311, 323, 331
1003, 1013, 1021, 1033, 1103, 1121, 1201, 1211, 1213, 1223, 1231, 1301,
1333, 2003, 2021, 2023, 2111, 2113, 2131, 2203, 2213, 2231, 2303, 2311
2333, 3001, 3011, 3013, 3103, 3133, 3203, 3211, 3221, 3233, 3301, 3323,
10001, 10013, 10031, 10033, 10111, 10121, 10123, 10211, 10303, 10313,
10321, 10331, 11023, 11101, 11123, 11131, 11201, 11213, 11233, 11311,
11323, 11333, 12011, 12031, 12101, 12121, 12203, 12211, 12233, 12301,
12313, 12323, 13001, 13021, 13031, 13033, 13103, 13133, 13213, 13223,
13303, 13313, 13331, 20021, 20023, 20131, 20203, 20231, ..

12, 21, 23, 32, 34, 43, 104, 111, 122, 131, 133, 142, 203, 214, 221, 232, 241,
243, 304, 313, 324, 342, 401, 403, 412, 414, 423, 1002, 1011, 1022, 1024,
1044, 1101, 1112, 1123, 1132, 1143, 1204, 1211, 1231, 1233, 1242, 1244,
1321, 1343, 1402, 1404, 1413, 1424, 1431, 2001, 2012, 2023, 2034, 2041,
2102, 2111, 2113, 2133, 2212, 2221, 2223, 2232, 2311, 2322, 2342, 2344,
2403, 2414, 2432, 2443, 3004, 3013, 3024, 3042, 3101, 3114, 3134, 3141,
3211, 3213, 3224, 3233, 3244, 3312, 3321, 3323, 3332, 3404, 3422, 3431
3444, 4003, 4014, 4041, 4043, 4131, 4142, 4212, 4223, ...

11, 15, 21, 25, 31, 35, 45, 51, 101, 105, 111, 115, 125, 135, 141, 151, 155,
201, 211, 215, 225, 241, 245, 251, 255, 301, 305, 331, 335, 345, 351, 405,
411, 421, 431, 435, 445, 455, 501, 515, 521, 525, 531, 551, 1011, 1015, 1021
1025, 1035, 1041, 1055, 1105, 1115, 1125, 1131, 1141, 1145, 1151, 1205,




1231, 1235, 1241, 1245, 1311, 1321, 1335, 1341, 1345, 1355, 1411, 1421
1431, 1435, 1445, 1501, 1505, 1521, 1535, 1541, 1555, 2001, 2011, 2015,
2025, 2041, 2045, 2051, 2055, 2115, 2131, 2135, 2151, 2155, 2205, 2225
2231, 2301, 2311, 2325, 2335, ...

14, 16, 23, 25, 32, 41, 43, 52, 56, 61, 65, 104, 113, 115, 124, 131, 133, 142,
146, 155, 166, 203, 205, 212, 214, 221, 241, 245, 254, 256, 302, 304, 313,
322, 326, 335, 344, 346, 362, 364, 401, 403, 421, 436, 443, 445, 452, 461
463, 506, 515, 524, 533, 535, 544, 551, 553, 566, 616, 623, 625, 632, 652,
661, 1004, 1006, 1013, 1022, 1033, 1042, 1051, 1055, 1064, 1105, 1112,
1123, 1136, 1141, 1154, 1156, 1165, 1202, 1211, 1222, 1226, 1231, 1235,
1253, 1264, 1301, 1312, 1316, 1325, 1343, 1345, 1402, 1411, 1424, 1433,
1442, ...

13, 15, 21, 23, 27, 35, 37, 45, 51, 53, 57, 65, 73, 75, 103, 107, 111, 117, 123,
131, 141, 145, 147, 153, 155, 161, 177, 203, 211, 213, 225, 227, 235, 243,
247, 255, 263, 265, 277, 301, 305, 307, 323, 337, 343, 345, 351, 357, 361
373, 401, 407, 415, 417, 425, 431, 433, 445, 463, 467, 471, 475, 513, 521
533, 535, 541, 547, 557, 565, 573, 577, 605, 615, 621, 631, 643, 645, 657,
661, 667, 673, 701, 711, 715, 717, 723, 737, 747, 753, 763, 767, 775, 1011
1013, 1035, 1043, 1055, 1063, 1071, ..

12, 14, 18, 21, 25, 32, 34, 41, 45, 47, 52, 58, 65, 67, 74, 78, 81, 87, 102, 108,
117, 122, 124, 128, 131, 135, 151, 155, 162, 164, 175, 177, 184, 201, 205,
212, 218, 221, 232, 234, 238, 241, 254, 267, 272, 274, 278, 285, 287, 308,
315, 322, 328, 331, 337, 342, 344, 355, 371, 375, 377, 382, 407, 414, 425,
427, 432, 438, 447, 454, 461, 465, 472, 481, 485, 504, 515, 517, 528, 531
537, 542, 548, 557, 562, 564, 568, 582, 601, 605, 614, 618, 625, 638, 641,
661, 667, 678, 685, 702, ...

10

11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67, 71, 73, 79, 83, 89, 97,
101, 108, 107, 109, 113, 127, 131, 137, 139, 149, 151, 157, 163, 167, 173,
179, 181, 191, 193, 197, 199, 211, 223, 227, 229, 233, 239, 241, 251, 257,
263, 269, 271, 277, 281, 283, 293, 307, 311, 313, 317, 331, 337, 347, 349,
353, 359, 367, 373, 379, 383, 389, 397, 401, 409, 419, 421, 431, 433, 439,
443, 449, 457, 461, 463, 467, 479, 487, 491, 499, 503, 509, 521, 523, 541
547, 557, 563, 569, ...

11

12, 16, 18, 21, 27, 29, 34, 38, 3A, 43, 49, 54, 56, 61, 65, 67, 72, 76, 81, 89, 92
94, 98, 9A, A3, 106, 10A, 115, 117, 126, 128, 133, 139, 142, 148, 153, 155
164, 166, 16A, 171, 182, 193, 197, 199, 1A2, 1A8, 1AA, 209, 214, 21A, 225
227, 232, 236, 238, 247, 25A, 263, 265, 269, 281, 287, 296, 298, 2A1, 2A7,
304, 30A, 315, 319, 324, 331, 335, 342, 351, 353, 362, 364, 36A, 373, 379
386, 38A, 391, 395, 3A6, 403, 407, 414, 418, 423, 434, 436, 452, 458, 467
472, 478, 47A, ...

12

11, 15, 17, 1B, 25, 27, 31, 35, 37, 3B, 45, 4B, 51, 57, 5B, 61, 67, 6B, 75, 81
85, 87, 8B, 91, 95, A7, AB, B5, B7, 105, 107, 111, 117, 11B, 125, 12B, 131,
13B, 141, 145, 147, 157, 167, 16B, 171, 175, 17B, 181, 18B, 195, 19B, 1A5,
1A7, 1B1, 1B5, 1B7, 205, 217, 21B, 221, 225, 237, 241, 24B, 251, 255, 25B,
267, 271, 277, 27B, 285, 291, 295, 2A1, 2AB, 2B1, 2BB, 301, 307, 30B, 315
321, 325, 327, 32B, 33B, 347, 34B, 357, 35B, 365, 375, 377, 391, 397, 3A5,
3AB, 3B5, 3B7, ...

13

14, 16, 1A, 23, 25, 2B, 32, 34, 38, 41, 47, 49, 52, 56, 58, 61, 65, 6B, 76, 7A,




7C, 83, 85, 89, 9A, Al, A7, A9, B6, B8, C1, C7, CB, 104, 10A, 10C, 119, 11B,
122, 124, 133, 142, 146, 148, 14C, 155, 157, 164, 16A, 173, 179, 17B, 184,
188, 18A, 197, 1A8, 1AC, 1B1, 1B5, 1C6, 1CC, 209, 20B, 212, 218, 223, 229,
232, 236, 23C, 247, 24B, 256, 263, 265, 272, 274, 27A, 281, 287, 292, 296,
298, 29C, 2AB, 2B6, 2BA, 2C5, 2C9, 302, 311, 313, 328, 331, 33B, 344, 34A,
34C, 355, ...

14

13, 15, 19, 21, 23, 29, 2D, 31, 35, 3B, 43, 45, 4B, 51, 53, 59, 5D, 65, 6D, 73,
75,79, 7B, 81, 91, 95, 9B, 9D, A9, AB, B3, B9, BD, C5, CB, CD, D9, DB, 101,
103, 111, 11D, 123, 125, 129, 131, 133, 13D, 145, 14B, 153, 155, 15B, 161,
163, 16D, 17D, 183, 185, 189, 199, 1A1, 1AB, 1AD, 1B3, 1B9, 1C3, 1C9, 1D1,
1D5, 1DB, 205, 209, 213, 21D, 221, 22B, 22D, 235, 239, 241, 249, 24D, 251,
255, 263, 26B, 271, 279, 27D, 285, 293, 295, 2A9, 2B1, 2BB, 2C3, 2C9, 2CB,
2D3, ...

15

12, 14, 18, 1E, 21, 27, 2B, 2D, 32, 38, 3E, 41, 47, 4B, 4D, 54, 58, 5E, 67, 6B,
6D, 72, 74, 78, 87, 8B, 92, 94, OE, A1, A7, AD, B2, B8, BE, C1, CB, CD, D2,
D4, E1, ED, 102, 104, 108, 10E, 111, 11B, 122, 128, 12E, 131, 137, 13B, 13D,
148, 157, 15B, 15D, 162, 171, 177, 182, 184, 188, 18E, 197, 19D, 1A4, 1A8,
1AE, 1B7, 1BB, 1C4, 1CE, 1D1, 1DB, 1DD, 1E4, 1ES8, 1EE, 207, 20B, 20D,
212, 21E, 227, 22B, 234, 238, 23E, 24B, 24D, 261, 267, 272, 278, 27E, 281,
287, ...

16

11, 13, 17, 1D, 1F, 25, 29, 2B, 2F, 35, 3B, 3D, 43, 47, 49, 4F, 53, 59, 61, 65,
67, 6B, 6D, 71, 7F, 83, 89, 8B, 95, 97, 9D, A3, A7, AD, B3, B5, BF, C1, C5, C7,
D3, DF, E3, E5, E9, EF, F1, FB, 101, 107, 10D, 10F, 115, 119, 11B, 125, 133,
137, 139, 13D, 14B, 151, 15B, 15D, 161, 167, 16F, 175, 17B, 17F, 185, 18D,
191, 199, 1A3, 1A5, 1AF, 1B1, 1B7, 1BB, 1C1, 1C9, 1CD, 1CF, 1D3, 1DF,
1E7, 1EB, 1F3, 1F7, 1FD, 209, 20B, 21D, 223, 22D, 233, 239, 23B, 241, ...

17

12, 16, 1C, 1E, 23, 27, 29, 2D, 32, 38, 3A, 3G, 43, 45, 4B, 4F, 54, 5C, 5G, 61,
65, 67, 6B, 78, 7C, 81, 83, 8D, 8F, 94, 9A, 9E, A3, A9, AB, B4, B6, BA, BC, C7,
D2, D6, D8, DC, E1, E3, ED, F2, F8, FE, FG, G5, G9, GB, 104, 111, 115, 117,
11B, 128, 12E, 137, 139, 13D, 142, 14A, 14G, 155, 159, 15F, 166, 16A, 171,
17B, 17D, 186, 188, 18E, 191, 197, 19F, 1A2, 1A4, 1A8, 1B3, 1BB, 1BF, 1C6,
1CA, 1CG, 1DB, 1DD, 1EE, 1F3, 1FD, 1G2, 1G8, 1GA, 1GG, 209, ...

18

11, 15, 1B, 1D, 21, 25, 27, 2B, 2H, 35, 37, 3D, 3H, 41, 47, 4B, 4H, 57, 5B, 5D,
5H, 61, 65, 71, 75, 7B, 7D, 85, 87, 8D, 91, 95, 9B, 9H, Al, AB, AD, AH, B1,
BD, C7, CB, CD, CH, D5, D7, DH, E5, EB, EH, F1, F7, FB, FD, G5, H1, H5,
H7, HB, 107, 10D, 115, 117, 11B, 11H, 127, 12D, 131, 135, 13B, 141, 145,
14D, 155, 157, 15H, 161, 167, 16B, 16H, 177, 17B, 17D, 17H, 18B, 191, 195,
19D, 19H, 1A5, 1AH, 1B1, 1C1, 1C7, 1CH, 1D5, 1DB, 1DD, 1E1, 1EB, ...

19

14, 1A, 1C, 11, 23, 25, 29, 2F, 32, 34, 3A, 3E, 3G, 43, 47, 4D, 52, 56, 58, 5C,
SE, 51, 6D, 6H, 74, 76, 7G, 71, 85, 8B, 8F, 92, 98, 9A, Al, A3, A7, A9, B2, BE,
Bl, C1, C5, CB, CD, D4, DA, DG, E3, E5, EB, EF, EH, F8, G3, G7, G9, GD, H8,
HE, 15, 17, 1B, IH, 106, 10C, 10I, 113, 119, 11H, 122, 12A, 131, 133, 13D, 13F,
142, 146, 14C, 151, 155, 157, 15B, 164, 16C, 16G, 175, 179, 17F, 188, 18A,
199, 19F, 1A6, 1AC, 1Al, 1B1, 1B7, 1BH, 1C4, ...

20

13, 19, 1B, 1H, 21, 23, 27, 2D, 2J, 31, 37, 3B, 3D, 3J, 43, 49, 4H, 51, 53, 57,
59, 5D, 67, 6B, 6H, 6J, 79, 7B, 7H, 83, 87, 8D, 8J, 91, 9B, 9D, 9H, 9J, AB, B3,
B7, B9, BD, BJ, C1, CB, CH, D3, D9, DB, DH, E1, ES, ED, F7, FB, FD, FH, GB,
GH, H7, H9, HD, HJ, I7, 1D, 13, 33, J9, JH, 101, 109, 10J, 111, 11B, 11D, 11],




123, 129, 12H, 131, 133, 137, 13J, 147, 14B, 14J, 153, 159, 161, 163, 171,
177,17H, 183, 189, 18B, 18H, 197, 19D, ...

21

12, 18, 1A, 1G, 1K, 21, 25, 2B, 2H, 2J, 34, 38, 3A, 3G, 3K, 45, 4D, 4H, 47, 52,
54, 58, 61, 65, 6B, 6D, 72, 74, 7A, 7G, 7K, 85, 8B, 8D, 92, 94, 98, 9A, Al, AD,
AH, AJ, B2, B8, BA, BK, C5, CB, CH, CJ, D4, D8, DA, DK, ED, EH, EJ, F2, FG,
G1, GB, GD, GH, H2, HA, HG, I1, 15, IB, 13, J2, JA, JK, K1, KB, KD, KJ, 102,
108, 10G, 10K, 111, 115, 11H, 124, 128, 12G, 12K, 135, 13H, 13J, 14G, 151,
15B, 15H, 162, 164, 16A, 16K, 175, ...

22

11,17, 19, 1F, 13, 1L, 23, 29, 2F, 2H, 31, 35, 37, 3D, 3H, 41, 49, 4D, 4F, 4],
4L, 53, 5H, 5L, 65, 67, 6H, 6J, 73, 79, 7D, 7J, 83, 85, 8F, 8H, 8L, 91, 9D, A3,
A7, A9, AD, AJ, AL, B9, BF, BL, C5, C7, CD, CH, CJ, D7, DL, E3, E5, E9, F1,
F7, FH, FJ, G1, G7, GF, GL, H5, H9, HF, 11, 15, ID, J1, J3, JD, JF, JL, K3, K9,
KH, KL, L1, L5, LH, 103, 107, 10F, 10J, 113, 11F, 11H, 12D, 12J, 137, 13D,
13J, 13L, 145, 14F, 14L, ...

23

16, 18, 1E, 11, 1K, 21, 27, 2D, 2F, 2L, 32, 34, 3A, 3E, 3K, 45, 49, 4B, 4F, 4H,
4L, 5C, 5G, 5M, 61, 6B, 6D, 6J, 72, 76, 7C, 71, 7K, 87, 89, 8D, 8F, 94, 9G, 9K,
9M, A3, A9, AB, AL, B4, BA, BG, BI, C1, C5, C7, CH, D8, DC, DE, DI, E9, EF,
F2, F4, F8, FE, FM, G5, GB, GF, GL, H6, HA, HI, I5, 17, IH, 13, J2, J6, JC, JK,
K1, K3, K7, KJ, L4, L8, LG, LK, M3, MF, MH, 10C, 101, 115, 11B, 11H, 11J,
122, 12C, 121, 131, ...

24

15, 17, 1D, 1H, 13, 1N, 25, 2B, 2D, 2J, 2N, 31, 37, 3B, 3H, 41, 45, 47, 4B, 4D,
4H, 57, 5B, 5H, 5J, 65, 67, 6D, 6J, 6N, 75, 7B, 7D, 7N, 81, 85, 87, 8J, 97, 9B,

9D, 9H, 9N, A1, AB, AH, AN, B5, B7, BD, BH, BJ, C5, CJ, CN, D1, D5, DJ, E1,
EB, ED, EH, EN, F7, FD, FJ, FN, G5, GD, GH, H1, HB, HD, HN, 11, 17, 1B, IH,

J1, J5, J7, JB, N, K7, KB, KJ, KN, L5, LH, LJ, MD, MJ, N5, NB, NH, NJ, 101,

10B, 10H, 10N, ...

25

14, 16, 1C, 1G, 11, 1M, 23, 29, 2B, 2H, 2L, 2N, 34, 38, 3E, 3M, 41, 43, 47, 49,
4D, 52, 56, 5C, 5E, 50, 61, 67, 6D, 6H, 6N, 74, 76, 7G, 71, 7TM, 70, 8B, 8N, 92,
94, 98, 9E, 9G, Al, A7, AD, AJ, AL, B2, B6, B8, BI, C7, CB, CD, CH, D6, DC,
DM, DO, E3, E9, EH, EN, F4, F8, FE, FM, G1, G9, GJ, GL, H6, H8, HE, HI,
HO, 17, 1B, ID, IH, J4, JC, JG, JO, K3, K9, KL, KN, LG, LM, M7, MD, MJ, ML,
N2, NC, NI, NO, ...

26

13, 15, 1B, 1F, 1H, 1L, 21, 27, 29, 2F, 2J, 2L, 31, 35, 3B, 3J, 3N, 3P, 43, 45,
49, 4N, 51, 57, 59, 53, 5L, 61, 67, 6B, 6H, 6N, 6P, 79, 7B, 7F, 7H, 83, 8F, 8J,
8L, 8P, 95, 97, 9H, 9N, A3, A9, AB, AH, AL, AN, B7, BL, BP, C1, C5, CJ, CP,
D9, DB, DF, DL, E3, E9, EF, EJ, EP, F7, FB, FJ, G3, G5, GF, GH, GN, H1, H7,
HF, HJ, HL, HP, 1B, 1J, IN, J5, J9, JF, K1, K3, KL, L1, LB, LH, LN, LP, M5, MF,
ML, N1, ...

27

12, 14, 1A, 1E, 1G, 1K, 10Q, 25, 27, 2D, 2H, 2J, 2P, 32, 38, 3G, 3K, 3M, 3Q, 41,
45, 43, 4N, 52, 54, 5E, 5G, 5M, 61, 65, 6B, 6H, 6J, 72, 74, 78, 7A, 7M, 87, 8B,
8D, 8H, 8N, 8P, 98, 9E, 9K, 9Q, A1, A7, AB, AD, AN, BA, BE, BG, BK, C7, CD,
CN, CP, D2, D8, DG, DM, E1, E5, EB, EJ, EN, F4, FE, FG, FQ, G1, G7, GB,
GH, GP, H2, H4, H8, HK, 11, I5, ID, IH, IN, J8, JA, K1, K7, KH, KN, L2, L4, LA,
LK, LQ, M5, ...

28

11, 13, 19, 1D, 1F, 13, 1P, 23, 25, 2B, 2F, 2H, 2N, 2R, 35, 3D, 3H, 3J, 3N, 3P,
41, 4F, 47, 4P, 4R, 59, 5B, 5H, 5N, 5R, 65, 6B, 6D, 6N, 6P, 71, 73, 7F, 7R, 83,
85, 89, 8F, 8H, 8R, 95, 9B, 9H, 9J, 9P, Al, A3, AD, AR, B3, B5, B9, BN, C1,




CB, CD, CH, CN, D3, D9, DF, DJ, DP, E5, E9, EH, ER, F1, FB, FD, FJ, FN,
G1, G9, GD, GF, GJ, H3, HB, HF, HN, HR, I5, IH, 13, J9, JF, JP, K3, K9, KB,
KH, KR, L5, LB, ...

29

12,18, 1C, 1E, 11, 10, 21, 23, 29, 2D, 2F, 2L, 2P, 32, 3A, 3E, 3G, 3K, 3M, 3Q,
4B, 4F, 4L, 4N, 54, 56, 5C, 51, 5M, 5S, 65, 67, 6H, 6J, 6N, 6P, 78, 7K, 70, 7Q,
81, 87, 89, 8J, 8P, 92, 98, 9A, 9G, 9K, 9M, A3, AH, AL, AN, AR, BC, BI, BS,
C1, C5,CB, CJ, CP, D2, D6, DC, DK, DO, E3, ED, EF, EP, ER, F4, F8, FE,
FM, FQ, FS, G3, GF, GN, GR, H6, HA, HG, HS, 11, 13, IP, J6, JC, JI, JK, JQ,
K7, KD, KJ, KL, ...

30

11,17, 1B, 1D, 1H, 1IN, 1T, 21, 27, 2B, 2D, 2J, 2N, 2T, 37, 3B, 3D, 3H, 3J, 3N,
47, 4B, 4H, 49, 4T, 51, 57, 5D, 5H, 5N, 5T, 61, 6B, 6D, 6H, 6J, 71, 7D, 7H, 7J,
7N, 7T, 81, 8B, 8H, 8N, 8T, 91, 97, 9B, 9D, 9N, A7, AB, AD, AH, B1, B7, BH,
BJ, BN, BT, C7, CD, CJ, CN, CT, D7, DB, DJ, DT, E1, EB, ED, EJ, EN, ET, F7,
FB, FD, FH, FT, G7, GB, GJ, GN, GT, HB, HD, I1, 17, IH, IN, IT, J1, J7, JH, JN,
JT, K1, ...

31

16, 1A, 1C, 1G, 1M, 1S, 1U, 25, 29, 2B, 2H, 2L, 2R, 34, 38, 3A, 3E, 3G, 3K, 43,
47, 4D, 4F, 4P, 4R, 52, 58, 5C, 5l, 50, 5Q, 65, 67, 6B, 6D, 6P, 76, 7A, 7C, 7G,
7M™, 70, 83, 89, 8F, 8L, 8N, 8T, 92, 94, 9E, 9S, Al, A3, A7, AL, AR, B6, BS,
BC, Bl, BQ, C1, C7, CB, CH, CP, CT, D6, DG, DI, DS, DU, ES5, E9, EF, EN,
ER, ET, F2, FE, FM, FQ, G3, G7, GD, GP, GR, HE, HK, HU, 15, IB, ID, 13, IT,
J4, JA, JC, JI, ...

32

15, 19, 1B, 1F, 1L, 1R, 1T, 23, 27, 29, 2F, 2J, 2P, 31, 35, 37, 3B, 3D, 3H, 3V,
43, 49, 4B, 4L, 4N, 4T, 53, 57, 5D, 53, 5L, 5V, 61, 65, 67, 6J, 6V, 73, 75, 79,
7F, 7TH, 7R, 81, 87, 8D, 8F, 8L, 8P, 8R, 95, 9J, 9N, 9P, 9T, AB, AH, AR, AT,
B1, B7, BF, BL, BR, BV, C5, CD, CH, CP, D3, D5, DF, DH, DN, DR, E1, E9,
ED, EF, EJ, EV, F7, FB, FJ, FN, FT, G9, GB, GT, H3, HD, HJ, HP, HR, I1, IB,
IH, IN, IP, IV, ...

33

14, 18, 1A, 1E, 1K, 1Q, 1S, 21, 25, 27, 2D, 2H, 2N, 2V, 32, 34, 38, 3A, 3E, 3S,
3W, 45, 47, 4H, 47, 4P, 4V, 52, 58, 5E, 5G, 5Q, 5S, 5W, 61, 6D, 6P, 6T, 6V,
72,78, 7TA, 7K, 7Q, 7W, 85, 87, 8D, 8H, 8J, 8T, 9A, 9E, 9G, 9K, A1, A7, AH,
AJ, AN, AT, B4, BA, BG, BK, BQ, C1, C5, CD, CN, CP, D2, D4, DA, DE, DK,
DS, DW, E1, E5, EH, EP, ET, F4, F8, FE, FQ, FS, GD, GJ, GT, H2, H8, HA,
HG, HQ, HW, 15,17, ID, ...

34

13,17, 19, 1D, 13, 1P, 1R, 1X, 23, 25, 2B, 2F, 2L, 2T, 2X, 31, 35, 37, 3B, 3P,
3T, 41, 43, 4D, 4F, 4L, 4R, 4V, 53, 59, 5B, 5L, 5N, 5R, 5T, 67, 6J, 6N, 6P, 6T,
71,73,7D, 73, 7P, 7V, 7X, 85, 89, 8B, 8L, 91, 95, 97, 9B, 9P, 9V, A7, A9, AD,
AJ, AR, AX, B5, B9, BF, BN, BR, C1, CB, CD, CN, CP, CV, D1, D7, DF, DJ,
DL, DP, ES, EB, EF, EN, ER, EX, FB, FD, FV, G3, GD, GJ, GP, GR, GX, H9,
HF, HL, HN, HT, ...

35

12, 16, 18, 1C, 11, 10, 1Q, 1W, 21, 23, 29, 2D, 2J, 2R, 2V, 2X, 32, 34, 38, 3M,
3Q, 3W, 3Y, 49, 4B, 4H, 4N, 4R, 4X, 54, 56, 5G, 5I, 5M, 50, 61, 6D, 6H, 6J,
6N, 6T, 6V, 76, 7C, 71, 70, 7Q, 7W, 81, 83, 8D, 8R, 8V, 8X, 92, 9G, 9M, 9W,
9Y, A3, A9, AH, AN, AT, AX, B4, BC, BG, BO, BY, C1, CB, CD, CJ, CN, CT,
D2, D6, D8, DC, DO, DW, E1, E9, ED, EJ, EV, EX, FG, FM, FW, G3, G9, GB,
GH, GR, GX, H4, H6, HC, ...

36

11, 15, 17, 1B, 1H, 1IN, 1P, 1V, 1Z, 21, 27, 2B, 2H, 2P, 2T, 2V, 2Z, 31, 35, 3],
3N, 3T, 3V, 45, 47, 4D, 43, 4N, 4T, 4Z, 51, 5B, 5D, 5H, 53, 5V, 67, 6B, 6D, 6H,




6N, 6P, 6Z, 75, 7B, 7TH, 73, 7P, 7T, 7V, 85, 8], 8N, 8P, 8T, 97, 9D, 9N, 9P, 9T,
9Z, A7, AD, AJ, AN, AT, B1, B5, BD, BN, BP, BZ, C1, C7, CB, CH, CP, CT,
CV, CZ, DB, DJ, DN, DV, DZ, E5, EH, EJ, F1, F7, FH, FN, FT, FV, G1, GB,
GH, GN, GP, GV, ...

The primes in M(Ly) are called minimal prime base b in this article, although in fact this
name should be used for Ly is the language of base-b representations of the prime numbers,
where primes > b is not required, this problem an extension of the original minimal prime
problem to include the generalized Sierpinski conjecture base b and the generalized Riesel
conjecture base b, for all k-values < b. For example, 857 is a quasi-minimal prime in decimal
because there is no prime > 10 among the shorter subsequences of the digits: 8, 5, 7, 85,
87, 57. The subsequence does not have to consist of consecutive digits, so 149 is not a
guasi-minimal prime in decimal (because 19 is prime and 19 > 10). But it does have to be in
the same order; so, for example, 991 is still a quasi-minimal prime in decimal even though a
subset of the digits can form the shorter prime 19 > 10 by changing the order.

A summary of the results of our algorithm is presented in the table in the next section; |
completely solved all bases up to 16 except for bases 14, 16, and the odd bases >6 (the
proofs are at the end of this article), for bases 14, 16, and the odd bases >6, | only found all
minimal primes up to certain limit (about 2%?) and some larger minimal primes (such as 361
in base 7). | left as a challenge to readers the task of solving (finding all minimal primes and
proving that these are all such primes) bases 7, 9, 11, 13, 14, 15, 16, and bases 17 through
36 (this will be a hard problem, e.g. base 23 has a minimal prime 9E8%%¢73 and base 30 has a
minimal prime QT342%),

Problems about the digits of prime numbers have a long history, and many of them are still
unsolved. For example, are there infinitely many primes, all of whose base-10 digits are 17?
Currently, there are only five such “repunits” known, corresponding to (10° — 1)/9 for p € {2,
19, 23, 317, 1031}. It seems likely that four more are given by p € {49081, 86453, 109297,
270343, 5794777, 8177207}, but this has not yet been rigorously proven. This problem also
exists for other bases, e.g. for base 12, there are only nine proven such numbers,
corresponding to (12° - 1)/11 for p € {2, 3, 5, 19, 97, 109, 317, 353, 701}. It seems likely that
five more are given by p € {9739, 14951, 37573, 46889, 769543}, but this has not yet been
rigorously proven. However, for some bases there exists no such primes, these bases are 9,
25, 32, 49, 64, 81, 121, 125, 144, ..., this is because the numbers with all digits 1 in these
bases can be factored algebraically.

Table

In the “max(x, XELp)” column, xy"z means xyyy...yyyz with n y’s (the n-value is written in
decimal), not y to the nth power.

b IM(Ly)| max(x, XeM(Ly)) max(|x|, Algebraic form of
XEM(Lp)) | max(x, XxeM(Lp))

2 1 11 2 3




3 3 111 3 13

4 5 221 3 41

5 22 10%13 96 5%+8

6 11 40041 5 5209

7|27 3161 17 7 -5
2

8 75 42207 221 4.8 221417
7

o= | 2148 3015811 1161 3.91160+10

10 |77 50227 31 5.10%0+27

11+ | 2903 557101 or 57" with n>50000 1013 60711 10117
10

12 106 40%77 42 41241491

13+ | 22452 80%%°17111 or 95" with n>50000 [ 32021 | 8-13%90+183

14 | 2506 4D196% 19699 | 5.1419%-1

154 | 21155 715597 157 15 157 459
2

164 | 21962 DB322% 32235 | 206-16 3223+ 1
15

** | have not proved these bases, these are the largest elements in M(L,) known to me, and
they are just the lower bounds.

Lists

The sets of bases 14, 16, and the odd bases >6 are possibly not complete, only tested to the
test limit in the discussion of these bases and found the smallest (probable) prime in some
unsolved families of these bases, but there may be more unsolved families not found by me.

There are two unsolved families found by me and tested to length 50000 with no (probable)

prime found, they are 57" in base 11 and 95" in base 13.

base 2

11




base 3

12,21, 111
base 4

11, 13, 23, 31, 221
base 5

12, 21, 23, 32, 34, 43, 104, 111, 131, 133, 313, 401, 414, 3101, 10103, 14444, 30301,
33001, 33331, 44441, 300031
1000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000013

base 6
11, 15, 21, 25, 31, 35, 45, 51, 4401, 4441, 40041
base 7 (not proved, only checked to the prime 5100000001)

14, 16, 23, 25, 32, 41, 43, 52, 56, 61, 65, 113, 115, 131, 133, 155, 212, 221, 304, 313, 335,
344, 346, 364, 445, 515, 533, 535, 544, 551, 553, 1022, 1051, 1112, 1202, 1211, 1222,
2111, 3031, 3055, 3334, 3503, 3505, 3545, 4504, 4555, 5011, 5455, 5545, 5554, 6034,
6634, 11111, 11201, 30011, 30101, 31001, 31111, 33001, 33311, 35555, 40054, 100121,
150001, 300053, 351101, 531101, 1100021, 33333301, 5100000001, ...,
33333333333333331, ...

base 8

13, 15, 21, 23, 27, 35, 37, 45, 51, 53, 57, 65, 73, 75, 107, 111, 117, 141, 147, 161, 177, 225,
255, 301, 343, 361, 401, 407, 417, 431, 433, 463, 467, 471, 631, 643, 661, 667, 701, 711
717, 747, 767, 3331, 3411, 4043, 4443, 4611, 5205, 6007, 6101, 6441, 6477, 6707, 6777
7461, 7641, 47777, 60171, 60411, 60741, 444641, 500025, 505525, 3344441, 4444477
5500525, 5550525, 55555025, 444444441, 744444441, 77774444441, 7777777777771
555555555555525,
4444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444
NN N W VW W WV ' W W W W W W WV W W V' 7 W 7 7 W
47

base 9 (not proved, only checked to the prime 8333333335)

12, 14, 18, 21, 25, 32, 34, 41, 45, 47, 52, 58, 65, 67, 74, 78, 81, 87, 117, 131, 135, 151, 155,
175, 177, 238, 272, 308, 315, 331, 337, 355, 371, 375, 377, 438, 504, 515, 517, 531, 537,



557, 564, 601, 638, 661, 702, 711, 722, 735, 737, 751, 755, 757, 771, 805, 838, 1011, 1015
1101, 1701, 2027, 2207, 3017, 3057, 3101, 3501, 3561, 3611, 3688, 3868, 5035, 5051
5071, 5101, 5501, 5554, 5705, 5707, 7017, 7075, 7105, 7301, 8535, 8544, 8555, 8854,
20777, 22227, 22777, 30161, 33388, 50161, 50611, 53335, 55111, 55535, 55551, 57061
57775, 70631, 71007, 77207, 100037, 100071, 100761, 105007, 270707, 301111, 305111
333035, 333385, 333835, 338885, 350007, 500075, 530005, 555611, 631111, 720707,
2770007, 3030335, 7776662, 30300005, 30333335, 38333335, 51116111, 70000361
300030005, 300033305, 351111111, 1300000007, 5161111111, 8333333335, ...,
300000000035, ..., 311111111161, ..., 544444444444, ..., 2000000000007, ...,
5700000000001, ..., 100000000000507, ..., 5111111111111161, ...,
8888888888888888888335, ..., 30000000000000000000051, ...,
1000000000000000000000000057, ...,56111111111111111111111111111111111111, ...,
7666666666666666666666666666666666666666666666666666666666666666666666666
6666666666666666666666666666666666666666666666666666666666666666666666666
6666666666666666666666666666666666666666666666666666666666666666666666666
6666666666666666666666666666666666666666666666666666666666666666666666666
666666666666666666666666666666666666662, ...,
20077777y
COTTTT TNl I’
(Ol IIiIIIIIiiiiiiiiiiiiiiiii?
TNl II7INI7I7ANAAAAVA0NVA7I777777777
COTTT Tl IIIiiiiiiiiiiiiiii’?
COTTTTT Il IvIiIIIIIiiiiiiiiiiiiiiii’’?
COTTTT TN IIiiiiiiiiiiiiiiii’?
(Tl IIIIIiIIIIIiIiiiiiiiiiiiiii’?
Tl III I IIiiiiiiiiiiiiiiii’?
Addaddddaiaasisaaaaaairoms
3000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000011, ...



base 10

11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67, 71, 73, 79, 83, 89, 97, 227, 251
257,277, 281, 349, 409, 449, 499, 521, 557, 577, 587, 727, 757, 787, 821, 827, 857, 877
881, 887, 991, 2087, 2221, 5051, 5081, 5501, 5581, 5801, 5851, 6469, 6949, 8501, 9001
9049, 9221, 9551, 9649, 9851, 9949, 20021, 20201, 50207, 60649, 80051, 666649, 946669
5200007, 22000001, 60000049, 66000049, 66600049, 80555551, 555555555551,
5000000000000000000000000000027

base 11 (not proved, only checked to the prime 1500000001)

12, 16, 18, 21, 27, 29, 34, 38, 3A, 43, 49, 54, 56, 61, 65, 67, 72, 76, 81, 89, 92, 94, 98, 9A,
A3, 10A, 115, 117, 133, 139, 153, 155, 171, 193, 197, 199, 1AA, 225, 232, 236, 25A, 263
315, 319, 331, 335, 351, 353, 362, 373, 379, 391, 395, 407, 414, 452, 458, 478, 47A, 485,
4A5, 4A7, 502, 508, 511, 513, 533, 535, 539, 551, 571, 579, 588, 595, 623, 632, 70A, 711,
715, 731, 733, 737, 755, 759, 775, 791, 797, 7TAA, 803, 847, 858, 85A, 874, 885, 887, 913,
919, 931, 937, 957, 959, 975, 995, AO07, A1A, A25, A45, A74, ATA, A85, AAL, AA7, 1101,
11A9, 1305, 1451, 1457, 15A7, 175A, 17A5, 17A9, 2023, 2045, 2052, 2083, 20A5, 2333,
2A05, 2A52, 3013, 3026, 3059, 3097, 3206, 3222, 3233, 3307, 3332, 3505, 4025, 4151
4157, 4175, 4405, 4445, 4487, 450A, 4575, 5017, 5031, 5059, 5075, 5097, 5099, 5105,
515A, 517A, 520A, 5301, 5583, 5705, 577A, 5853, 5873, 5909, 5A17, 5A57, SAT77, S5A8A,
6683, 66A9, 7019, 7073, 7079, 7088, 7093, 7095, 7309, 7451, 7501, 7507, 7578, 757A,
75A7, 7787, 7804, 7844, 7848, 7853, 7877, 78A4, TA04, 7TA57, TAT9, 7TA95, 8078, 8245,
8333, 8355, 8366, 8375, 8425, 8553, 8663, 8708, 8777, 878A, 8A05, 9053, 9101, 9107,
9305, 9505, 9703, A052, A119, A151, A175, A515, A517, A575, A577, ASA8, A719, A779
A911, AAA9, 10011, 10075, 10091, 10109, 10411, 10444, 10705, 10709, 10774, 10901,
11104, 11131, 11144, 11191, 1141A, 114A1, 13757, 1411A, 14477, 144A4, 14A04, 14A11,
17045, 17704, 1774A, 17777, 177A4, 17A47, 1A091, 1A109, 1A114, 1A404, 1A411, 1A709,
20005, 20555, 22203, 25228, 25282, 25552, 25822, 28522, 30037, 30701, 30707, 31113,
33777, 35009, 35757, 39997, 40045, 4041A, 40441, 4045A, 404A1, 4111A, 411A1, 42005,
44401, 44474, 444A1, 44555, 44577, 445AA, 44744, 44A01, 47471, 47477, 47701, 5057A,
50903, 5228A, 52A22, 52A55, 52A82, 55007, 550A9, 55205, 55522, 55557, 55593, 55805,
57007, 57573, 57773, 57807, 5822A, 58307, 58505, 58A22, 59773, 59917, 59973, 59977
59999, 5A015, 5A2A2, 5AA99, 60836, 60863, 68636, 6A609, 6A669, 6A696, 6A906, 6A966
70048, 70103, 70471, 70583, 70714, 71474, 717A4, 71A09, 74084, 74444, 74448, 74477
T44A8, TATAT, TATT4, TA88A, TAAA48, 75773, 77144, 77401, 77447, 77799, 77A09, 78008,
78783, 7884A, 78888, 788A8, 79939, 79993, 79999, 7A051, 7A444, 7TA471, 80005, 80252,
80405, 80522, 80757, 80AAS5, 83002, 84045, 85307, 86883, 88863, 8A788, 90073, 90707,
90901, 95003, 97779, 97939, 99111, 99177, 99973, A0111, A0669, A0966, A0999, AOAD9,
Al1404, A4177, A4401, A4717, A5228, AS2AA, A5558, AS80A, A5822, AS8AA, AS5A59
A5AA2, A6096, A6966, A6999, A7051, A7778, A7808, A9055, A9091, A9699, A9969,
AAS52A, AAS8A, 100019, 100079, 101113, 101119, 101911, 107003, 140004, 144011,
144404, 1A0019, 1A0141, 1A5001, 1A7005, 1A9001, 222223, 222823, 300107, 300202,
300323, 303203, 307577, 310007, 332003, 370777, 400555, 401A11, 404001, 404111
405AAA, 41A011, 440A41, 441011, 451777, 455555, 470051, 470444, 474404, 4A0401,
4A4041, 500015, 500053, 500077, 500507, 505577, 522A2A, 525223, 528A2A, 531707
550777, 553707, 5555A9, 555A99, 557707, 55A559, 5807A7, 580A0A, 580A55, 58A0AA,



590007, 599907, 5A2228, 5A2822, 5A2AAA, 5A552A, 5AA22A, 5AAA22, 60A069, 683006,
6A0096, 6A0A96, 6A9099, 6A9909, 700778, 701074, 701777, 704408, 704417, 704457,
704484, 707041, 707441, 707708, 707744, 707784, 710777, 717044, 717077, 740008,
T4484A, 770441, 770744, 770748, 770771, 777017, 777071, 777448, 777484, 777701,
T7T78A8, 777A19, 777A48, 778883, 78A808, 790003, 7A1009, 7A4408, 7A7708, BOA555,
828283, 828883, 840555, 850505, 868306, 873005, 883202, 900701, 909739, 909979,
909991, 970771, 977701, 979909, 990739, 990777, 990793, 997099, 999709, 999901,
A00009, A00599, A01901, A05509, AOAO58, AOA955, A10114, A555A2, A55999, A59991,
ASA222, A5A22A, A60609, A66069, A66906, A69006, A79005, A87888, A90099, A90996,
A96006, A96666, A97177, A97771, AAOAS8, AASA22, AAA522, 1000501, 1011141,
1030007, 1070047, 111114A, 1111A14, 1111A41, 1144441, 14A4444, 1700005, 1700474,
1A44444, 2555505, 2845055, 3030023, 3100003, 3333397, 4000111, 4011111, 41A1111,
4411111, 444441A, 4444771, 4470004, 4505005, 4744417, 4774441, 4777404, 4777417,
4777747, 4A11111, 4A40001, 5000093, 50005A7, 5005777, 5050553, 5055503, 5070777,
5222222, 5222AAA, 52AAAA2, 52AAAAA, 5505053, 5552AAA, 5555599, 5555A58,
5558A0A, 5558A55, 5558AAA, 55A0009, 55AAA52, 580000A, 5822222, 58AAAAA,
S5A2222A, 5AA2222, 6000A69, 6000A96, 6A00069, 7000417, 7000741, 7000835, 7000857,
7007177, 7008305, 7014447, 7017444, 7074177, 7077477, 7077741, 7077747, 7100447,
7174404, 717444A, 7400404, 7700717, 7701077, 7701707, 7707778, 7774004, 7777104,
TTTT41A, 7777441, TTTTTAA, 7T7T7T7TAAT, 7779003, 777A008, 777A778, 777A808, 7TTA4TTT,
7900399, 8305007, 8500707, 8555707, 8883022, 8AA5222, 9000035, 9007999, 9009717,
9009777, 9009997, 9090997, 9099907, 9355555, 9790099, 9900991, 9900997, 9907909,
9909079, 9979009, 9990079, 9990091, 9990907, 9999771, 9999799, 9999979, A0O00696,
A000991, A001091, A006906, A010044, A040041, AOAAASS, A141111, A5222A2,
AG600A69, A906606, A909009, A990009, A997701, AAS5A52, AAAS552, AAAAAS2,
10004747, 10005007, 17000744, 22888823, 28888223, 30010111, 30555777, 31011111,
33000023, 40A00041, 45000055, 47040004, 50377777, 50555553, 5282AAA2, 55505003,
555A5A52, 555AAA2A, 55A5A552, 5SAAAAA2A, 60A99999, 70000057, 70070474,
70074704, 70174004, 70700078, 70700474, 70704704, 70710707, 70771007, 70777177,
71074004, 74470001, 77000177, 77070477, 77100077, 77470004, 77700404, 77710007,
77717707, 77748808, 7774A888, 77770078, 77770474, 77774704, 77777008, 77777404,
77777778, 80555055, 88828823, 88888326, 88888823, 8A522222, 90097909, 90700999,
90977777, 97000001, 97000717, 97770007, 99000001, 99000771, 99077001, 99090097,
99777707, 99900097, 99970717, 99999097, 99999707, AO0O00058, A0004041, AOOOS55A9,
AO000AS559, A1900001, A5555009, A5A55552, A9700001, A9909006, A9990006, A9990606,
A9999917, A9999966, 100000507, 100035077, 100050777, 100057707, 101111114,
15A000001, 170000447, 300577777, 40000A401, 447771777, 44A444441, 474000004,
477700004, 477777774, 505000003, 55555AA2A, 5555A5A2A, 700000147, 700017004,
700044004, 700077774, 700170004, 701000047, 701700004, 704000044, 704040004,
707070774, 707077704, 707770704, 707777004, 717000004, 717700007, 770000078,
770004704, 770070747, 770070774, 770700008, 770700084, 770707074, 777000044,
777000774, 777717007, 777770477, 777770747, 7777777A4, 77A700008, 888888302,
900000091, 900090799, 970009099, 990990007, 997000077, 999999997, AOOOOAASS,
A00990001, A05555559, A44444111, A44444777, A44477777, A66666669, A90000606,
A99999006, A99999099, 1000007447, 1005000007, 1500000001, ..., 3700000001, ...,
4000000005, ..., 600000A999, ..., A000144444, ..., A900000066, ..., 33333333337, ...,
44444444447, ..., AOOO0000001, ..., A0014444444, ..., 100000000057, ..., 40000000A0041,
..., A0O00000014444, ..., AO44444444441, ..., Al44444444411, ..., 40000000000401, ...,



A0000044444441, ..., AOOO00000444441, ..., 11111111111111111, ...,
14444444444441111, ..., 44444444444444111, ..., 70000000000000004, ...,
Al444444444444444, ..., A9999999999999996, ..., 888888888888888883, ...,
1444444444444444444, .., 777777777777 7777771, ..., 4000000000000000A041, ...,
45AAAAAAAAAAAAAAAAAAAA, ... Q77TT7TTTTTTTTTTT77777707, ...,
A999999999999999999999, ..., 10000000000000000000747, ...,
3S77TTTTIIT77777777777777, ..., 10000000000000000000000044, ...,
77700000000000000000000008, ..., A4444444444444444444444444], ...,
1500000000000000000000000007, ..., 40000000000000000000000000041, ...,
440000000000000000000000000001, ..., 999999999999999999999999999999991, ...,
1900000000000000000000000000000000001, ...,
(U777 77 7777777777777777777777704, ...,
AATTT77777777777777777777777777777777777777, ...,
444444444844844844844444444444444444444444444444], ...,
8055555555555555555555555555555555555555555555555555555555555, ...,
A477TTT7T777777777777777777777777777777777777777777777777777777777, ..,
Q7777 777777777777 7777 7777777777777777777777777777777777777777777, ...,
1000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000051, ...,
5555555555555555555555555555555555555555555555555555555555555555555555555
5555555555555555555555555555555555555555555555555555555555555555555555555
5555555555555552A, ...,

SO7777777 77777777777 77777777777777777777777777777777777777777777777777777
COTTTT TN IIiiiiiiiiiiiiiiii’?
T IIIIIIIIIIIIIIIIIIIIIiiiiiivieiiy,
Tl III I IIiiiiiiiiiiiiiiii’?
COTTT Tl IIiiiiiiiiiiiiiiii’?
(T vIvIvIiIiiiiiiiiiiioe’e’?
COTTTT TN IIiiiiiiiiiiiiiiii’?
(TNl IIIiIIIIIiiiiiiiiiiiiiiii’?
COTTTTT Il IIiIIIIIiiiiiiiiiiiiiiii’?
Tl Il IIII I IIIIIIAII777A77777077777777777777
COTTTT Tl IIIIvINININ1N0707077°777777
T I IIIIIIIIIiiiiiii’’i’?
COTTTTT I IIIIIIIIIIA7I7A7777777777777777777777
TTT7777777777777777777777777744, ...,

SST77777 7777777777 7777777777 777777777777777777777777777777777777777777777
COTTTTTT I vIIIvIIIIIIIIIiiii’iiii’’?
Tl Il Il IIIIIIIIIANI7I777077777777777777
Tl IIIiiIIiiiiiii’i’i’?
COTTTT TN vIIIIIIIiIiIiiiiiiiiiiii’’?
COTTTITI TN Il NA0N1(N1010000777
COTTTT7 Il IIIIIIIIIIIIA7A7A7A7A77707A777777777777
OOy
OOy
COTTTTT Tl vIIIII7A7777777777777777777777
OOy
COTTTT T IIIIIiiiiiiiiiiiiiiii’’?



TN NI700000000007777777
ddaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa e

base 12

11, 15, 17, 1B, 25, 27, 31, 35, 37, 3B, 45, 4B, 51, 57, 5B, 61, 67, 6B, 75, 81, 85, 87, 8B, 91,
95, A7, AB, B5, B7, 221, 241, 2A1, 2B1, 2BB, 401, 421, 447, 471, 497, 565, 655, 665, 701,
70B, 721, 747, 771, 77B, 797, 7TAl1, 7BB, 907, 90B, 9BB, A41, B21, B2B, 2001, 200B, 202B,
222B, 229B, 292B, 299B, 4441, 4707, 4777, 6A05, 6AA5, 729B, 7441, 7B41, 929B, 9777,
992B, 9947, 997B, 9997, AOAL, A201, A605, AGAS, AAG5, BOO1, BOB1, BBO1, BB41,
600A5, 7999B, 9999B, AAAA1L, BO4Al, BOB9B, BAAOL, BAAAL, BB0O9B, BBBB1, 44AAA1L,
A00065, BBBAA1, AAAOOO1, BOO099B, AAOOO001, BBBBBB99B,
B0O0O00000000000000000000000009B, 400000000000000000000000000000000000000077

base 13 (not proved, only checked to the prime 1010008001)

14, 16, 1A, 23, 25, 2B, 32, 34, 38, 41, 47, 49, 52, 56, 58, 61, 65, 6B, 76, 7A, 7C, 83, 85, 89,
9A, Al, A7, A9, B6, B8, C1, C7, CB, 10C, 119, 11B, 122, 133, 155, 157, 173, 179, 17B, 188,
197, 1B1, 1B5, 1CC, 209, 212, 218, 229, 272, 274, 281, 287, 292, 296, 298, 29C, 2C9, 311,
313, 331, 33B, 355, 371, 373, 379, 397, 3A6, 3AA, 3B3, 3B9, 3BB, 3CA, 43C, 445, 44B,
45A, 463, 4A3, 4A5, 4B2, 4B4, 4BA, 50C, 511, 515, 533, 54A, 551, 559, 571, 575, 57B, 595,
599, 5B3, 5B9, 5CC, 607, 629, 63A, 643, 674, 704, 715, 724, 728, 731, 737, 739, 742, 751,
75B, 773, 775, 779, 782, 784, 791, 793, 797, 7B1, 812, 818, 874, 878, 8AB, 8B4, 902, 919,
922, 926, 92C, 937, 93B, 946, 95B, 962, 968, 971, 977, 979, 982, 98C, 9B3, 9B5, A03, A3C,
A45, AdB, A54, AA3, AAB, B02, BOC, B11, B15, B17, B24, B33, B39, B42, B57, B59, B71,
B93, BO9B, BA4, BAA, BB1, BB9, BC2, BCC, C29, C43, C98, CA3, 1013, 1031, 1037, 105B,
1075, 10B7, 10BB, 1105, 1112, 1121, 1127, 113C, 1172, 1187, 1208, 1211, 1277, 12C8,
1307, 1309, 131C, 139C, 151C, 1721, 1727, 1787, 1901, 1909, 1912, 1918, 193C, 1981,
198B, 199C, 19B2, 19C3, 1B29, 1BB2, 1BBC, 1C28, 1C39, 2021, 2078, 2117, 2201, 2221,
2267, 2278, 2627, 2678, 2711, 2771, 2788, 3037, 3053, 306A, 3077, 3091, 309B, 30AC,
3305, 353C, 35AB, 35BA, 35BC, 3677, 3905, 390B, 39C5, 3A0C, 3AB5, 3B5C, 3C35, 3C59,
3C95, 403A, 40AB, 4333, 435B, 4403, 44C3, 4535, 4544, 454C, 45B5, 45BB, 4808, 4B35,
4B5B, 4C36, 5057, 5077, 509B, 50A4, 5107, 5305, 530B, 539C, 53AB, 53C9, 5444, 5455,
54C4, 5503, 5545, 55AB, 5774, 5794, 590B, 594B, 5974, 59B4, 5A4C, 5A53, 5AA4, 5ABS5,
5ABB, 5ACA, 5B4B, 5B5A, 5BAS5, 5CA4, 6227, 6278, 6667, 6698, 6733, 6872, 6928, 6944,
694C, 6973, 6986, 6997, 69C8, 6AC3, 6C92, 6C94, 7019, 7057, 70B5, 7103, 710B, 7118,
7127, 7129, 7172, 7178, 7192, 7211, 7217, 7219, 7271, 7303, 7408, 7433, 7444, 7505,
7507, 7574, 770B, 7774, 7778, 7787, 7871, 7877, 7888, 794B, 7994, 79B4, 7B43, 7B74,
7B94, 7BB2, 8027, 8072, 8081, 80BA, 8171, 8207, 821C, 848B, 8687, 8711, 8722, 87BB,
8867, 88B2, 88BA, 8B22, 8B2A, 8BAC, 9004, 9017, 9031, 9053, 9055, 9073, 9091, 90BB,
90C8, 9107, 9118, 913C, 9181, 91C3, 9284, 935C, 93C5, 9424, 9428, 9448, 9509, 959C,
96C4, 9703, 9743, 9745, 974B, 97B2, 9811, 981B, 987B, 98B1, 991C, 9967, 9998, 9B12,
9B74, 9B92, 9BBC, 9C55, 9C86, 9CC4, AOBA, A306, A436, A535, A5B5, A636, A6C3,
A80B, AB04, AB22, AB35, AB3B, AB4C, AB55, ABAC, ABB5, AC36, ACA5, B044, BO4A,
BOB7, B129, B1B2, B219, B222, B291, B299, B2CA, B35A, B3A5, B404, B44C, B45B,
B4B3, B501, B51C, B55A, B5A5, BSAB, B5C3, B707, B792, B794, BO05, B912, BOCS5,
BAS5SB, BAB3, BB03, BB45, BB72, BBA5, BBB2, BC44, BC53, BC95, BC99, C30A, C36A,



C395, C454, C535, C553, C593, C944, C953, C964, CCY4, 10015, 10051, 10099, 10118,
10291, 10712, 10772, 10811, 10877, 10921, 10B92, 11111, 11135, 11171, 111C8, 11531,
11C03, 13001, 13177, 13777, 13915, 13951, 13991, 159BB, 17018, 17102, 17111, 17117,
17171, 17177,17708, 17711, 17801, 18071, 18101, 18271, 18B27, 19003, 19153, 19315,
19351, 19591, 19913, 19951, 1C099, 20171, 20177, 20207, 20227, 20777, 21011, 21077,
2111C, 21707, 22207, 30017, 300B5, 301C9, 3033A, 303A3, 303C5, 30508, 305C9, 3095C,
30B05, 31007, 3159B, 31999, 31C09, 3330A, 33353, 33593, 33757, 33C5C, 33CC5, 35003,
3591B, 39353, 39539, 39935, 39995, 3ACCC, 3C5C3, 3CC53, 40043, 40306, 405C4,
408BC, 40BBB, 40C54, 43066, 4366A, 4443A, 45055, 45505, 45554, 4555C, 455BC,
455C3, 45C04, 488BC, 4B03B, 4B0B5, 4B55C, 4BB0B, 4C003, 4C054, 4C5C4, 50053,
500B1, 5035A, 504B5, 5053A, 50554, 505B4, 50A35, 50B07, 5S0BBA, 5139B, 519BB,
51BB7, 535AC, 53A5C, 53ACS5, 53BAC, 54004, 54035, 5403B, 545C3, 54B05, 54B5C,
54BBC, 54C53, 55357, 5535B, 553AC, 554BC, 55537, 55544, 5554C, 55577, 555A4,
555BB, 55A5C, 55B04, 55B55, 55B77, 55BB5, 55BC4, 55C54, 55C5A, 57403, 591BB,
59443, 59BB7, 5A044, 5AC04, 5AC35, 5B001, 5B007, 5BOAB, 5B0B4, 5B4C5, 5B544,
5B555, 5B5BB, 5B744, 5B777, 5BA0B, 5BB44, 5BB55, 5BBC4, 5BC54, 5C039, 5C35A,
5C53A, 60098, 60964, 60988, 60A63, 66094, 66377, 66692, 66694, 669C2, 669C4, 66A36,
67022, 67099, 67222, 67277, 67772, 68627, 69088, 690C4, 69808, 69994, 6A663, 7007B,
70181, 70222, 70277, 70772, 70808, 70BOB, 70B29, 71113, 71711, 71908, 71999, 7199B,
71BB7, 71BBB, 74035, 74305, 7430B, 74503, 75443, 75454, 75535, 77072, 77108, 77177,
77717, 77BBB, 78011, 79BBB, 7B007, 7B7B7, 7B7BB, 7BBB3, 7BBB7, 80117, 80221,
80771, 80777, 80807, 8084B, 80B7B, 80BBB, 81107, 8400B, 86267, 87107, 87277, 87727,
87B27, 88111, 88201, 88702, 88771, 8888B, 88B77, 88BBB, 8B1BC, 8B727, 90035, 90059,
90088, 90095, 9009B, 90101, 90103, 90305, 90488, 904CC, 90574, 90644, 9064C, 90806,
908B7, 9090B, 90994, 90B09, 90C35, 90C59, 90C64, 91111, 91135, 91315, 9180B, 92008,
92408, 92488, 93359, 93395, 944C2, 944CC, 94505, 9455C, 94804, 94888, 94C0C, 94C33,
94CA4C, 95045, 95504, 95573, 955C4, 95C54, 96044, 97BBB, 98066, 98408, 98444, 98804,
98848, 99001, 99005, 9900B, 99074, 990BC, 99113, 99175, 99278, 99335, 99454, 994C3,
99517, 99593, 9984B, 99881, 99904, 99917, 99935, 99955, 99973, 999BB, 999C2, 999C4,
99B99, 9B0O0B, 9B04B, 9B0B4, 9B1BB, 9BB04, 9C059, 9C244, 9C404, 9C44C, 9C488,
9C503, 9C5C9, 9C644, 9C664, 9CC88, 9CCC2, ADDOB4, AO5SBB, A08B2, AOBBC, AOBC4,
A3336, A3633, A443A, A4443, AS50BB, A55C5, ASAAC, A5BBA, A5C53, A5C55, AACCS,
ABO5B, ABOBB, AB40A, ABBBC, ABC4A, ACC5A, ACCC3, B0053, BO0O75, BO10B, B0455,
B0743, BO774, B0909, BOBB4, B2277, B2ZA2C, B3005, B351B, B37B5, B3A0B, B3ABC,
B3BOA, B400A, B4035, B403B, B4053, B4305, B4BC5, B4COA, B504B, B50BA, B5S30A,
B5454, B54BC, B54C5, B5544, B55B5, B5B44, B5B4C, B5BB5, B7403, B7535, B77BB,
B7955, B7B7B, B9207, B9504, B9999, BA055, BA305, BABC5, BAC35, BB054, BBO5SA,
BB207, BB3B5, BB4C3, BB504, BB544, BB54C, BB5B5, BB753, BB7B7, BBABC, BBBO04,
BBB4C, BBB55, BBBAC, BC035, BC455, C0353, C0359, CO3AC, C0904, C0959, COAS5A,
COCCS5, C3059, C335C, C5A0A, C5A44, C5AAC, C6692, C69C2, C904C, C9305, C9905,
C995C, C99C5, CI9C04, CIC59, CICC2, CAS0A, CASAC, CAAD5, CAASA, CC335, CCH44,
CC5AA, CC935, CC955, 100039, 100178, 100718, 100903, 101177, 101708, 101711,
101777, 102017, 102071, 103999, 107081, 107777, 108217, 109111, 109151, 110078,
110108, 110717, 111017, 111103, 1111C3, 111301, 111707, 113501, 115103, 117017,
117107, 117181, 117701, 120701, 13C999, 159103, 170717, 177002, 177707, 180002,
187001, 18C002, 19111C, 199903, 1B0007, 1BB077, 1BBB0O7, 1C0903, 1C8002, 1C9993,
200027, 207107, 217777, 219991, 220027, 222227, 270008, 271007, 277777, 290444,
300059, 300509, 303359, 303995, 309959, 30B50A, 3336AC, 333707, 33395C, 335707,



3360A3, 350009, 36660A, 3666AC, 370007, 377B07, 39001C, 399503, 3BC005, 400366,
400555, 400B3B, 400B53, 400BB5, 400CC3, 4030B5, 40B053, 40B30B, 40B505, 43600A,
450004, 4A088B, 4B0503, 4B5C05, 4BBBB5, 4BC505, 500039, 500458, 50405B, 504B0B,
50555B, 5055B5, 505B0A, 509003, 50A50B, 50B045, 50B054, 539B01, 550054, 5500BA,
550408, 553BC5, 5553C5, 55550B, 5555C3, 555C04, 55B00A, 55BB0B, 570007, 5A500B,
5A555B, 5AC505, 5B055B, 5B0B5B, 5B5B5C, 5B5BC5, 5BB05B, 5BBBOB, 5BBB54,
5BBBB4, 5BBCOA, 5BC405, 5C5A5A, 5CA5A5, 600694, 6060A3, 609992, 637777, 6606A3,
6660A3, 667727, 667808, 668777, 669664, 670088, 679988, 696064, 69C064, 6A6333,
700727, 700811, 700909, 70098B, 700B92, 701117, 701171, 701717, 707027, 707111,
707171, 707201, 707801, 70788B, 7080BB, 708101, 70881B, 70887B, 70B227, 710012,
710177, 711002, 711017, 711071, 717707, 718001, 718111, 720077, 722002, 727777,
74BB3B, 74BB53, 770102, 770171, 770801, 777112, 777202, 777727, 777772, 778801,
77B772, 780008, 78087B, 781001, 788B07, 79088B, 794555, 7B000B, 7B0535, 7B0O77B,
7B2777, 7BABBB, 7BB4BB, 800021, 800717, 801077, 80BB07, 811117, 870077, 8777B7,
877B77, 880177, 88071B, 88077B, 8808BC, 887017, 88707B, 888227, 88877B, 8887B7,
888821, 888827, 888BB7, 8B001B, 8BOOBB, 8BBB77, 8BBBB7, 900097, 900BC9, 901115,
903935, 904033, 90440C, 908008, 908866, 909359, 909C05, 90B944, 90C95C, 90CC95,
91008B, 91115C, 911503, 920888, 930335, 933503, 935903, 940033, 94040C, 940808,
94CCCC, 950005, 950744, 95555C, 9555C5, 95C003, 95C005, 96400C, 96440C, 96664C,
966664, 966994, 969094, 969964, 97008B, 97080B, 975554, 97800B, 97880B, 980006,
980864, 980B07, 984884, 986006, 986606, 986644, 988006, 988088, 988664, 988817,
988886, 988B0B, 98B007, 990115, 990151, 990694, 990B44, 990C5C, 991501, 993059,
99408B, 994555, 995404, 995435, 996694, 9978BB, 998087, 999097, 999103, 99944C,
999503, 9995C3, 999754, 999901, 99990B, 999B09, 99B4C4, 99CO0C5, 99C539, 99CCO05,
9B9444, 9B9909, 9C0484, 9C0808, 9C2888, 9C400C, 9C4CCC, 9C6994, 9C90C5,
9C9C5C, 9CC008, 9CC5C3, 9CCA05, 9CCCO08, A0055B, AOOSAC, A0088B, A00OB2C,
AOOBBB, A0555C, AO5CAA, AOASAC, AOA5CA, AOACO5, AOAC5A, AOB50B, AOBBOB,
AOBBB4, AOC5AC, A3660A, A5050B, A555AC, A5B00B, AAOCO05, AAAOSC, AAAOCS,
AACO5C, AB4444, ABB0O0B, ACO50A, AC333A, B0O001B, BO0099, BO0O30B, BO04BS,
BOOA35, BOOB54, BO30BA, B05043, BO555B, BO5BOA, BO5B5B, BO7B53, B09074, BO9755,
B09975, B09995, BOABOB, BOB04B, BOB535, BOBB53, B4C055, B50003, BS003A, BS00A3,
B50504, B50B04, B53BCS5, B54BBB, B550BB, B555BC, B55C55, B5B004, B5BOBB,
B5B50B, B5B554, BSB55C, B5B5B4, B5SBBB4, BSBBBC, BSBCOA, B5C045, B5C054,
B70995, B70B3B, B74555, B74B55, B99921, B99945, BAC505, BB0555, BB077B, BBOBS5B,
BBOBB5, BB500A, BB53BC, BB53C5, BB5505, BB55BC, BB5BBA, BB5COA, BB7BB4,
BBBOOA, BBB74B, BBBB54, BBBBAB, BC5054, BC5504, C00094, C00694, CO09C4,
C00CO05, C03035, CO50AA, C05309, C05404, C0544C, CO5AC4, C0O5C39, C06092,
C06694, C09035, C094CC, C09992, C09994, CO9C4C, C09C95, COCCSA, C0CC92,
C33539, C35009, C4C555, C50309, C50AAA, C53009, C550A5, C555CA, C55A5A,
C55CAS5, C5AC55, C60094, C60694, C93335, C95405, C99094, CAO5CA, CAOACS,
CA555C, CAC5CA, CC05A4, CCOAA5, CCOCO05, CC3509, CC4555, CC5039, CC5554,
CC555A, CC6092, CCCOCS5, CCLC353, CCCY59, CCC9C2, 1000271, 1000802, 1000871,
1001771, 1001801, 1007078, 1008002, 1008107, 1008701, 1010117, 1027001, 1070771,
1077107, 1077701, 1080107, 1101077, 1110008, 1111078, 1115003, 1117777, 1170008,
1170101, 1700078, 1700777, 1800017, 1877017, 18B7772, 18BBBOB, 1999391, 1999931,
1BBBB3B, 2011001, 2107001, 2110001, 2700017, 2700707, 300000A, 3000019, 3000A33,
3003335, 3003395, 3009335, 300A05B, 3010009, 30A3333, 3335C09, 3339359, 3353777,
336A333, 3393959, 33AC333, 3537007, 3577777, 3636337, 3757777, 395C903, 3AC3333,



40003B5, 400B0B3, 400BBC3, 403B005, 405050B, 40B5555, 40BB555, 40CC555,
4436606, 4444306, 45C5555, 4BCS5555, 4C55555, 4CC5004, 4CCCOCS3, 5000018,
50003A5, 50005BA, 500B55B, 501000B, 5050048, 505B05B, 50B50B5, 50B550B,
50BB004, 5300009, 5400B0B, 54B000B, 5500BBB, 550B05B, 553000A, 5537777,
555054B, 55505BA, 5550B74, 5555054, 5555BAC, 5555C05, 555B005, 555C00A,
555CA55, 55AC005, 55AC555, 55B005B, 55CA0AS, 5A00004, SAA5CO5, 5B05SBOS,
5B50B05, 5B5C004, 5BBBBB5, 5BBBBCA, 5C00093, 5C003A5, 5CO0AOA, 5COA055,
5C505AA, 5C5555A, 6000692, 600A333, 606A333, 6363337, 6720002, 6906664, 7000112,
7000712, 7001201, 7001777, 7005553, 70088B7, 7009555, 7010771, 7070881, 7088107,
709800B, 70B9992, 7100021, 7100081, 7100087, 7101107, 7110101, 7120001, 7170077,
7200202, 7270007, 74BBB0S5, 7700027, 7700201, 7700221, 7700881, 7701017, 7701101,
7707101, 7707701, 7711001, 7770101, 7771201, 7777001, 7777021, 7777102, 77777B7,
777B207, 777B777, 7780001, 77881BB, 788001B, 798000B, 7B00955, 7B00995, 7B55553,
7B55555, 7B77722, 7BB777B, 7BBB40B, 800000B, 8000BB7, 8001B0B, 8010011,
8010101, 8020111, 80B100B, 81B000B, 8677777, 8770001, 8777071, 8801B07, 88040BC,
8822177, 8880007, 8882777, 8887772, 8888087, 8888801, 888B07B, 888B10B, 8BOB00B,
8B777B2, 8BBOO0OB, 9000008, 9000013, 9001151, 9086666, 9088864, 9094003, 9097808,
9099905, 90B99C9, 9151003, 9170008, 91BBBB7, 9244444, 9290111, 940C444, 9430003,
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0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000001, ...,

8000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
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0000000000000000000000000000000000000000000000000000000000000000000000000
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0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000



0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000



0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000



0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000



0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000111, ...



base 14 (not proved, only checked to the prime 108000000D)

13, 15, 19, 21, 23, 29, 2D, 31, 35, 3B, 43, 45, 4B, 51, 53, 59, 5D, 65, 6D, 73, 75, 79, 7B, 81,
91, 95, 9B, 9D, A9, AB, B3, B9, BD, C5, CB, CD, D9, DB, 101, 111, 11D, 161, 17D, 1A1,
1AD, 1D1, 205, 22B, 255, 26B, 285, 2BB, 30D, 33D, 349, 389, 3D3, 40D, 41D, 44D, 469,
471, 499, 4AD, 4C1, 4D1, 50B, 525, 52B, 55B, 585, 58B, 60B, 61B, 683, 689, 6A3, 701,
71D, 741, 771, 77D, 7DD, 803, 80B, 825, 82B, 833, 839, 84D, 86B, 88D, 893, 8AD, 8BB,
8D3, 983, 9A3, AOD, A1D, A25, Ad41, A4D, AAD, AC1, AC3, AD1, BO5, B41, B5B, B6B, B85,
BA1, BB1, C49, C61, C83, C89, CC1, D01, D03, D33, D4D, D61, D71, D7D, D83, DAL,
DAS5, DC3, DD1, 10BB, 10DD, 128B, 18DD, 1B71, 1B8B, 1C41, 1D8D, 2BAS5, 33A3, 347D,
3863, 3A7D, 40A1, 478D, 4809, 48C9, 48DD, 4C09, 4D8D, 56BB, 6049, 60C1, 6171, 61C1,
628B, 6409, 6461, 64A1, 6711, 6761, 67A1, 6A11, 6A71, 6B71, 6B8B, 708D, 748D, 7611,
780D, 7CA1, 8009, 8055, 807D, 8089, 80C9, 80DD, 837D, 8505, 88A3, 89C9, 8A05, 8A85,
8C63, 8C99, 8CCY9, 9489, 94C9, 9869, 9899, A063, A071, AOAL, AOA3, A303, A603, A611,
A633, A663, A83D, A883, ABA5, AAO1, ADS8D, B02B, B061, BO8B, B10B, BCO1, COAS,
C141, C171, C401, C441, CCA3, D005, D055, D08D, D18D, D1C1, D225, D80D, D885,
DC11, 1062B, 11BBB, 1668B, 1B00B, 1BBBB, 1D00D, 1DD0OD, 1DDDD, 2B225, 30083,
308A3, 33383, 338C3, 37A8D, 38883, 38AA3, 38DDD, 3A033, 3A8DD, 3AA83, 3AAAS,
3CAG63, 40061, 400C9, 40601, 40641, 44141, 444C9, 44601, 44661, 44849, 44A01, 44AA1,
46061, 46411, 48489, 5B555, 5BA55, 5BBB5, 60A01, 60AA1, 64401, 66411, 66601, 66649,
6666B, 666B1, 66949, 66B11, 6BC11, 766C1, 7A661, 7AAll, 80649, 80669, 80699, 80885,
80949, 80AA5, 84409, 84849, 84889, 85A55, 86099, 86449, 86609, 86999, 86C09, 8700D,
884C9, 88805, 88809, 88899, 88B55, 89069, 89099, 89449, 89609, 89889, 89999, 8A5A5,
8AAS55, BAAAS, 8B555, 8BAAS, BCAA3, 908C9, 90989, 94449, 98C09, 99089, 994009,
99949, A0085, AOA8S5, A7TAl1l, A7TA61, AB0OOS5, AA383, AA711, AA7AL, AA85S5, ADDDS,
B0O11B, BO7C1, BOC71, B11BB, B2225, B5555, B5AA5, B67C1, B76C1, B7C11, BB2B5,
BB88B, BBB55, C04A1, COAO01, COAA1, C3A03, DOADD, D3DDD, DA8DD, DD38D,
DDAG63, DDD25, DDD55, DDDAD, 10006B, 11088B, 116B2B, 166B2B, 20008B, 300A33,
30A363, 3CA003, 400041, 400489, 401441, 404001, 404089, 404411, 404441, 404CC9,
406611, 40CCC9, 440001, 440409, 444041, 444611, 444641, 460011, 460041, 466401,
4A0001, 4A6AA1, 5BAAAS, 600411, 604041, 640011, 660441, 6666C1, 666A61, 6A0061,
6A0601, 6A6061, 6AAAGL, 76A6A1, BOO0A5, 85B5A5, 869669, 884049, 8885A5, 888669,
8886C3, 888BA5, 888C69, 889849, 896669, 898049, 900049, 900649, 908449, 940009,
969649, 988849, 990649, A08555, A33333, A3A333, A3A363, AGAGAL, AGAAAL, A88855,
AAA085, AAA3A3, ADAAAS, ADDO085, BO001B, BOOOC1, BO0711, B2000B, B2AAAS,
B60071, B66011, B66071, B666C1, B66C11, BASAS55, BAASAS, BAAASS, CO0A11,
COO0A71, C3A333, CA0333, CA3AA3, CAAAOD3, CAAALL, CAAAAL, D1000D, D3DASD,
DDAAAS, 100008B, 100020B, 3000A03, 3000CA3, 308CCC3, 38CCCC3, 4000011,
4000449, 4040449, 4400089, 4440009, 4440011, 4440449, 4440889, 4444441, 4664441,
4666AA1, 46AAAAL, 4A66A61, 4ACCCCC9, 6000001, 6000141, 6000441, 6000A61,
60A6661, 6666441, 6666661, 66A0001, 66A0661, 6AA6661, 6AA6AAL, 6B60001, 6B66661,
8884449, 8888849, 88888C3, 888CCC3, 9008409, 9008849, 9088049, AO0O0001, A000383,
A006601, A600601, A660661, A7T66AALl, ATAAAAL, AAGAAGL, AAAGGAL, AAAAGGL,
AAAAAAL, ADD8555, BBB2AAS5, BBBB20B, CA00011, CAA3AS33, D144441, DADDDDD,
DDDDOD5, bDDD8DD, 1000002B, 1000800D, 1102000B, 16888888, 30000A63,
40008849, 40400009, 444446A1, 46144441, 46666611, 4AAG6A661, 60066141, 66614441,
666BBB2B, 6A600001, 80008005, 84444449, 866666C3, 90008889, 99999809, 999998C9,



A8DD5555, AA6A6661, AAAAAOO3, AD555505, C0000411, CA000033, DADDDAAS,
10000080D, 11888888B, 300A00003, 3DDDDDD8D, 400000409, 400088889, 4004444009,
440448889, 4AA666661, 600006661, 601444441, 606644441, 80000D805, 8D0O0000OD,
8DD555555, 8DDDDD00D, A00066661, A88888885, AAAAAABOS, AAAAAAASS,
C00000711, CAAA33363, CAAAAA363, DOOOOODAD, DD8555555, DDDDDDD3D,
100000004D, 108000000D, ..., 8C66666669, ..., D555555555, ..., 40888888889, ...,
866666666CH69, ..., 8666666666699, ..., 444444444440479, ..., 404444444444000, ...,
644444444444449, ..., 1000000000000000D, ..., 40444444444488889, ...,
9888888888888888C9, ..., 4000000000000000889, ..., 4044444444444444889, ...,
DO000000000000000AD, ..., 99999999999988888889, ..., 4000000000000000000000849,
..., 44448888888888888888888889, ..., 99998888888888888888888889, ...,
44444848484848484844444444444444489, ..., 4444444444888888888888888889, ...,
9999999988888888888888888889, ..., 888888888888888888888888888889, ...,
4444444444444444444444448888888889, ..., 40444444444444444444444444444444409,
..., 8555555555555555555555555555555555555, ...,
99999999999999999999999999999999999989, ...,
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAS,
oy BAAAAANNNANANANANNNNANANNNAN8080484848444444444444444444444444444009, ...,
1888888888888888888888888888888888888888888888888888888888888888888888888
88888888, ...,
4000000000000000000000000000000000000000000000000000000000000000000000000
0000000000049, ...,
8888888888888888888888888888888888888888888888888888888888888888888888888
8888888888888B, ...,
34DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD, ...
4DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD



DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD



DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
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988, 991, 9BD, 9C8, 9D1, A98, AAB, B1D, B31, B3B, B44, B51, B57, B7B, B7D, B97, B9B,
BB7, BC4, BD1, BD7, BDD, C07, C34, C52, C7E, C98, CC7, CE7, DOE, D1D, D31, D51,
D5B, D68, D77, D7B, D91, D97, DA8, DAE, DCE, DD1, EB4, EEB, 107B, 1091, 10B1, 1107,
110D, 1561, 1651, 1691, 1B01, 2052, 2502, 2522, 303B, 307D, 3097, 30BB, 30D1, 3107,
3361, 3701, 3907, 3B01, 3BOB, 3C97, 4434, 4498, 4834, 4898, 49A8, 4E34, 5037, 507D,
5091, 509B, 5107, 5161, 5202, 53C7, 5552, 570B, 590B, 590D, 59C7, 5A5B, 5C97, 5D0D,
5DAB, 6061, 6151, 6191, 6511, 6601, 6911, 707B, 7091, 7097, 70AE, 70BB, 70CE, 70DB,
7561, 760E, 7691, 76CE, 7907, 7961, 7AOE, 7A3B, 7AEE, 7B0B, 7BAB, 7COE, 7C77,
7CAE, 7DO0B, 7D61, 7DAB, 7E5B, 7EGE, 7TE7B, 7TEBB, 8098, 811D, 8191, 835D, 853D,
8881, 8908, 8951, 8968, 899D, 8D3D, 8D5D, 8D6E, 8DDD, 8E98, 9011, 9037, 9097, 90D7,
9301, 93C7, 95C7, 9611, 9631, 96A8, 9811, 9851, 989D, 990B, 990D, 998D, 99AB, 99C7,
99D8, 9A08, 9A9B, 9AAS8, 9ABB, 9B61, 9BC7, 9D0B, 9DAB, 9DC7, 9DD8, A052, A304,
A502, A55B, A9BB, AB04, AB64, BO9D, B107, B10B, B161, B1AB, B1C7, B30D, B3C7,
B50B, B664, B691, B6A4, B707, B761, BOOD, B961, BA5B, BABB, BBAB, BBB4, BC37,
BC77, C777, C937, C997, D011, DO3D, DO5D, D09B, DOB1, DOBD, D101, D10B, D30D,
D3AB, D507, D50D, D66E, D761, D7DE, D811, D85D, D86E, D89D, D8C8, D8ES8, D9AB,
D9D8, DA3B, DA9B, DABB, DB01, DB61, DBAB, DC88, DD07, DD0OB, DD7E, DD8D, DDE?7,
DEGE, E252, E33B, E522, E57B, E7AE, E7CE, E898, E997, E9AS8, E9BB, EA34, EBSB,
EE98, EEC7, 10017, 10BOD, 170AB, 17A0B, 19001, 19601, 1A09B, 1D0C7, 22E52, 2EA52,
30017, 3001D, 300B1, 301C7, 30334, 30631, 307AB, 3300B, 3333B, 36031, 36301, 37A0B,
37BBB, 39997, 3A30B, 3B0C7, 3D001, 3D601, 40034, 40968, 43334, 49668, 49998, 50022,
5009D, 501C7, 50222, 50507, 505C7, 50611, 50C57, 53007, 53997, 55537, 5555B, 5557B,
5599B, 56101, 56691, 56961, 5700D, 5755B, 59001, 59557, 59997, 5999D, 599DB,
59DDD, 5D99B, 5DD3D, 5DD9D, 60931, 63031, 65691, 66951, 69031, 69361, 69561,
70011, 70051, 7005B, 7006E, 7030D, 703AB, 70501, 70701, 707C7, 71601, 71951, 7300D,
7333B, 75001, 7555B, 75911, 76011, 76051, 766EE, 76EEE, 7700B, 77191, 77661, 7776E,
77771, 777BB, 77911, 77BBB, 79001, 7A05B, 7AG6E, 7AAGE, 7TAAAE, 7TACCE, 7C6EE,
7CCEE, 7CECE, 7CEEE, 7D3BB, 7TE7C7, TEECE, 80034, 80304, 80434, 809DD, 80A34,
84A34, 850DD, 85961, 86661, 88151, 88331, 88511, 88591, 88898, 890DD, 89998, 89D0D,
8D90D, 8E434, 90017, 90051, 900A8, 900DB, 901C7, 90C57, 90D8D, 91007, 91061,
9199B, 95997, 96068, 96561, 99397, 99537, 9999B, 999B7, 999D7, 999DB, 999DD,
99BBB, 99DBB, 99DD7, 99DDD, 9B007, 9B00B, 9BOAB, 9BB11, 9BBBB, 9D007, 9D08D,



9D537, 9D9BB, 9D9DB, 9DD57, 9DDB7, 9DDDB, 9DDDD, AOA34, AOB5B, AOBBB, AOE34,
A2E52, A330B, A8434, A8834, ASE34, A909B, AAA34, AAE52, ABOBB, AB334, ABB34,
AEOQ34, AE834, AE99B, AEA52, AEES2, BOO11, BOO71, BOO77, BOOB1, BO611, BOAG4,
B500D, B599D, B6101, B7771, B7911, BAO64, BAAA4, BAB34, BB061, BB304, BB53D,
BB601, BBB91, BBB9D, BBBBD, BDAOB, BDBBB, D0088, DO0OD7, D0307, DO5C7, DO70D,
D0888, D0B0O7, DOBC7, DOCO08, DODC7, DODDS8, D1661, D59DD, D5D3D, D5DDD, D6611,
D700D, D8DOD, D900B, D9908, D999D, D9BBB, D9D9D, DODDB, DB007, DBOOD, DB1B1,
DB53D, DB59D, DB99D, DBBB1, DD0OD8, DD33B, DD3B7, DD3BB, DD57D, DD898,
DD9DD, DDB37, DDBDB, DDD08, DDD3D, DDD5D, DDD7D, DDD88, DDD9D, DDDB?7,
DDDCS8, DDDD7, DDE98, DE037, DE998, DEBO7, E0098, EOOC7, E0537, E0557, EO77B,
E0834, E0968, E3334, E37AB, E39C7, E4034, E5307, E55AB, E705B, E750B, E766E,
E76EE, E8304, E8434, E9608, E9C37, EAE52, EBBOB, EC557, EC597, EC957, 1000BD,
1009AB, 10A90B, 1900AB, 190661, 19099B, 190A0B, 1A900B, 222A52, 2AAA52, 31000D,
330331, 333334, 3733AB, 373ABB, 3BBB61, 430004, 490068, 490608, 5000DB, 500D0B,
505557, 505A0B, 50D00B, 50DDDB, 50DDDD, 522222, 5500AB, 5500C7, 550957, 550A0B,
555A9B, 559057, 560011, 590661, 633331, 666331, 666591, 666661, 705S0AB, 705A0B,
706101, 70A50B, 7300AB, 761661, 76666E, 777011, 777101, 77750B, 777A5B, 777CEE,
779051, 791501, 7E7797, TECCCE, 7TEEE97, 800D9D, 808834, 836631, 83D661, 843004,
856611, 884034, 884304, 888E34, 88A434, 88AE34, 8A4034, BAEE34, 8E8034, 8ESE34,
8EEE34, 9000BB, 9001AB, 900B07, 900D98, 903661, 905661, 906651, 9080DD, 9099A8,
909D9B, 90A668, 90DD9B, 90DDBB, 910001, 9100AB, 91A00B, 930007, 950001, 956661,
9909A8, 995907, 999068, 999507, 999907, 9BOB1B, 9BOBB1, 9BB01B, 9C5597, 9C5957,
9D09DD, 9D0D9D, 9D800D, 9DB307, 9DD0O9D, A00034, A0033B, A033B4, A2A252,
AAAA52, ABBBBB, B00004, B0O001B, BOO03D, BOOAO4, B0555B, B07191, BO7711,
BO7777, BOB911, BOBDBB, B77011, B777C7, BB0O001, BB0034, BBO35D, BBO55B,
BBOBDB, BB9101, BBBODB, BBB50D, BBBB01, BBDOBB, C55397, C55557, C55597,
D0003B, DO0057, DO007D, DO0OOB7, DOOOC8, DOO8DD, DOODAB, D0333B, D05537,
D099DD, DO9DDD, DODDBB, D555C7, D5C537, D88008, D88088, D8S8SEE, D909DD,
D9DODD, D9DDOD, DBOBBB, DBBB0OB, DBBBOD, DC0008, DC5537, DDDDD8, DDDEBB,
DDE99B, DE0808, DEOC57, DE300B, DE5537, DE8888, DEE088, DEE307, DEES888,
DEEE37, DEEE57, DEEECS, EO000B, E007BB, EO0A52, EO3BC7, EO7ABB, E09BO07,
EOA99B, EOC397, EOE76E, E50057, E55007, ES5597, E55937, E730AB, E73A0B, ESOE34,
E88834, EGE034, E90008, E95557, EA099B, EE4304, EE5057, EE5507, EES8E34, EE9307,
EEE434, 100001D, 1000A9B, 1000DC7, 22AA252, 3000BC7, 3033301, 3076661, 333B304,
33B3034, 3B33304, 3D66661, 50007AB, 5005957, 5500597, 5550057, 5559007, 5559597,
5595007, 5966661, 5DDDDDB, 6366631, 7010001, 7066651, 7100061, 733BBBB,
766A6AE, 77505AB, 7776501, 777775B, 777AACE, 777TECCE, 777TEEAE, 7TCCCCCE,
7E30AOB, 7TEEEEAE, 8300004, 8363331, 8693331, 880E834, 8833304, 8888034, 8888434,
888A034, 88A3334, 88E8834, 88EE034, 88EE304, 8AA3334, 8D0009D, SEE8834,
9000361, 9000668, 9003331, 9005557, 9006008, 9008D0D, 9083331, 9090968, 90BBBO1,
90D0908, 9500661, 9555597, 9555957, 9660008, 9900968, 9995597, 9996008, 9999557,
9999597, 9999908, 9A66668, A003B34, AO03BB4, AA22252, BOOB034, BOOB35D,
B033334, BOB6661, BOBB0O1B, B100001, B333304, B777777, B99999D, BA60004,
BAAO0334, BBB001B, BBB6611, BBBBB11, BBBD00B, BDOOOAB, DOO0O0DB, DO09098,
DOOCCCS8, b00D908, DO0D99D, D03000B, DOBBOBB, DOD9008, D0D9998, D1000C7,
D800008, D8DDEEE, D90080D, DBBBBBB, DD09998, DDD5557, DDDDBBB, DDDDDBD,
DDDESEE, DECC008, DECCCC8, DEEOCCS8, DEECO0CS8, E000397, EO003BB, E000434,
EO0076E, EO00937, EOO7ASB, E00909B, E0O090B7, E009307, EOOBO77, EOOE434,



EOOE797, EOOE937, E05999B, E09009B, EO900B7, EOE0937, EOE7E97, EOEAAS2,
EOEEA52, E555057, E5555C7, E7777C7, E7TTE797, ES8EE34, E999998, EA5999B,
EBOOOBB, EBOBBBB, EE00434, EEOE797, EEEO76E, EEE706E, EEE8834, EEEES57,
EEEE797, 30333331, 30B66661, 33000034, 33030004, 33B33004, 500575AB, 55000007,
5500075B, 55500907, 55555057, 55555907, 55559507, 60003301, 60033001, 60330001,
7000003D, 70106661, 70666611, 77000001, 77777708, 777777C7, 77777ACE, 7777TEAE,
777TE30AB, 777E3A0B, 7CCCC66E, 800005DD, 88AA0834, 90000008, 900008DD,
90099668, 90500557, 90555007, 90666668, 90909998, 90990998, 90996668, 9099999D,
90D00098, 90D90998, 95500057, 99099098, 99555057, 99900998, 99966608, 99966668,
99999668, 99999998, 9D009008, 9D090998, A0803334, A2222252, AAA52222, BOOOO5AB,
BO00OB55B, BOBBBB5B, B3330034, BBOBBB1B, BBAA3334, BBBOBB1B, BBBOBBS5B,
BBDB000B, DO00BBBB, D00100C7, D8888888, D900008D, D9000098, DBB0O0O0OBB,
DCOCCCC8, bCC0CCC8, bCCCC008, DD000908, DD09009D, DDDDDDAB, DDDDDEEE,
DDDEEESE, DDDEEEES, DEE80008, EO777E97, EOEOE397, EOE77797, EOEE0397,
E7777797, E9066668, EEOOE397, EE077797, EEOEO0397, EEE00797, EEEO7E97,
EEEOAAS52, EEES5397, EEES5557, EEEAAAS2, EEEEE834, EEEEEA52, 300003331,
300007661, 300330031, 333000004, 333300001, 333B00034, 3700000AB, 3B3300034,
500000057, 555555007, 555555557, ..., 5DDDDDDDD, ..., 600000331, ..., 900666608, ...,
909990098, ..., 966666008, ..., 999999997, ..., BBBBBBBSB, ..., 2222222252, ...,
3000000071, ..., 9000099998, ..., DDDDDDDDDE, ..., 9999999999D, ...,
DCCCCCCCCCCS, ..., 3333333333331, ..., 3BBBBBBBBBBBSB, ..., 77777777777777B, ...,
DEEEEEEEEEEEEEE, ..., DDDDDDDDDDDDDDDDB, ..., E9666666666666668, ...,
3330000000000000031, ..., 7BBBBBBBBBBBBBBBBBBBESB, ...,
BBBBBBBBBBBBBBBBBBBBBBL, ..., 633000000000000000000000000001, ...,
EBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBSB, ...,
9666666666666666666666666666666666666666666666666666666666666666666666666
6666666666666666666666666666666608, ...,
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEE397, ...,

COTTTTT Il IIiIIIIIiiiiiiiiiiiiiiii’?
COTTT Tl IIiiiiiiiiiiiiiiii’?
77777777797, ...

base 16 (not proved, only checked to the prime AAAAOAASF)

11, 13, 17, 1D, 1F, 25, 29, 2B, 2F, 35, 3B, 3D, 43, 47, 49, 4F, 53, 59, 61, 65, 67, 6B, 6D, 71,
7F, 83, 89, 8B, 95, 97, 9D, A3, A7, AD, B3, B5, BF, C1, C5, C7, D3, DF, E3, ES5, E9, EF, F1,
FB, 14B, 15B, 185, 199, 1A5, 1BB, 1C9, 1EB, 223, 22D, 233, 241, 277, 281, 287, 28D, 2A1,
2D7, 2DD, 2E7, 301, 337, 373, 377, 38F, 3A1, 3A9, 41B, 42D, 445, 455, 45D, 481, 4B1,
4BD, 4CD, 4D5, 4E1, 4EB, 50B, 515, 51B, 527, 551, 557, 55D, 577, 581, 58F, 5AB, 5CB,
5CF, 5D1, 5D5, 5DB, 5E7, 623, 709, 727, 737, 745, 74B, 755, 757, 773, 779, 78D, 7BB,
7C3, 7C9, 7CD, 7DB, 7EB, 7ED, 805, 80F, 815, 821, 827, 841, 851, 85D, 85F, 8A5, 8DD,
8E1, 8F5, 923, 98F, 99B, 9A9, 9EB, A21, A6F, A81, A85, A99, A9F, AA9, AAB, ACF, B1B,
B2D, B7B, B8D, B99, B9B, BB7, BB9, BCB, BDD, BE1, COB, CB9, CBB, CEB, D01, D21,
D2D, D55, D69, D79, D81, D85, D87, D8D, DAB, DB7, DBD, DC9, DCD, DD5, DDB, DE7,
E21, E27, E4B, E7D, E87, EB1, EB7, ED1, EDB, EED, F07, FOD, F4D, FD9, FFD, 1069,



1505, 1609, 1669, 16A9, 19AB, 1A69, 1AB9, 2027, 204D, 2063, 207D, 20C3, 20ED, 2221,
22E1, 2327, 244D, 26C3, 274D, 2E01, 2E0D, 2ECD, 3023, 3079, 3109, 3263, 3341, 36AF,
3941, 3991, 39AF, 3E41, 3E81, 3EE1, 3EE7, 3F79, 4021, 40DB, 4408B, 444B, 44A1, 44AB,
44DB, 4541, 45BB, 4A41, 4B0B, 4BBB, 4C4B, 4D41, 4DED, 5045, 50A1, 50ED, 540D,
5441, 555B, 556F, 5585, 560F, 56FF, 5705, 574D, 580D, 582D, 5855, 588D, 5A01, 5AA1,
5B01, 5B4B, 5B87, 5BB1, 5BEB, 5C4D, 5CDD, 5CED, 5DD7, 5DDD, 5E0D, 5E2D, 5EBB,
68FF, 6A69, 6AC9, 6C8F, 6CA9, 6CAF, 6F8F, 6FAF, 7033, 7063, 7075, 7087, 70A5, 70AB,
7303, 7393, 74DD, 754D, 7603, 7633, 7663, 7669, 7705, 772D, 775D, 77D5, 7807, 7877,
7885, 7939, 7969, 7993, 79AB, 7A05, 7A69, 7A9B, 7TAA5, 7B77, 7TBA9, 7D4D, 7D75, 7D77,
8077, 808D, 80D7, 80E7, 8587, 86CF, 8777, 8785, 8885, 88CF, 88ED, 88FD, 8C6F, 8C8F,
8E8D, 8EE7, 8F2D, 8F8D, 9031, 9041, 90AF, 90B9, 9221, 9319, 9401, 944B, 9881, 9931,
9941, 9991, 99AF, 9A0F, 9A1B, 9A4B, 9AFF, 9BA1, 9BB1, 9CAF, 9E81, 9EA1L, 9FAF,
A001, AO5B, AOC9, A105, A10B, A4CB, A55B, A6C9, A88F, A91B, A9B1, A9BB, AA15,
ABO1, ABOB, AB19, ABBB, AC09, AF09, B041, B04B, B069, BO7D, B087, BOB1, BOED,
B1A9, B201, B40B, B40D, B609, B70D, B7A9, B807, BOAL, BA41, BAAl, BB4B, BBB1,
BBDB, BBED, BD19, BD41, BDBB, BDEB, BEO7, BEE7, COD9, C203, C24D, C6A9, C88D,
C88F, C8CF, C8ED, C9AF, C9CB, CA09, CA4B, CA69, CAC9, CCOD, CC23, CC4D, CC9B,
CDO09, CDD9, CE4D, CEDD, CFA9, CFCD, D04B, D099, D405, D415, D44B, D4AS5, D4DD,
D50D, D70B, D74D, D77B, D7CB, D91B, D991, DAO5, DA09, DA15, DA51, DB91, DBEB,
DD7D, DDA1, DDED, DEOB, DE41, DE4D, DEA1, E02D, EO7B, EOD7, E1CB, E2CD, E401,
E801, EABB, EACB, EAEB, EBAB, EC4D, ECDD, EDO7, EDD7, EE7B, EE81, EEAB, EEEL],
FO8F, FOA9, F227, F2ED, F3AF, F485, F58D, F72D, F763, F769, F787, F7AS5, F7E7, F82D,
F86F, F877, F88D, F8D7, F8E7, F8FF, FCCD, FED7, FF85, FF8F, FFA9, 100AB, 10BA9,
1A0CB, 1BA09, 200E1, 2C603, 2CCO03, 30227, 303AF, 30AAF, 32003, 32207, 32CC3,
330AF, 33169, 33221, 33391, 33881, 33AFF, 38807, 38887, 3AFFF, 3F203, 3F887, 3FAFF,
400BB, 4084D, 40A4B, 42001, 44221, 44401, 444D1, 4480D, 4488D, 44CCB, 44D4D,
44E8D, 4804D, 4840D, 4A0CB, 4A54B, 4CACB, 4D0DD, 4D40D, 4D44D, 5004D, 50075,
502CD, 5044D, 50887, 50EE1, 5448D, 548ED, 55A45, 55F45, 5844D, 5A4A5, 5AE41,
5B0OCD, 5B44D, 5BBCD, 5D4ED, 5EOE1, 5EB4D, 5EC8D, 5ECCD, 5EE41, 5F06F, 5F7DD,
5F885, 5SF8CD, 5FC8D, 5FF75, 6088F, 60AFF, 630AF, 633AF, 660A9, 668CF, 669AF,
66A09, 66A0F, 66FA9, 6886F, 6A00F, 6A0FF, 6A8AF, 6AFFF, 7002D, 7024D, 70B0OD,
70B7D, 7200D, 73363, 73999, 7444D, 770B7, 777D7, 77B07, 77D7D, 77DD7, 79003,
79999, 7B0OOD, 7D05D, 7D7DD, 8007D, 800D1, 8074D, 82CCD, 82E4D, 8448D, 8484D,
8704D, 8724D, 87887, 88001, 8800D, 880CD, 88507, 88555, 8866F, 8872D, 8877D,
888D1, 888D7, 88AA1, 88C2D, 88D57, 88D75, 88D77, BAFAF, 8C2CD, 8C40D, 8C8CD,
8CCED, 8CE2D, 8CFED, 8E007, 8E20D, 8E24D, 8F6FF, 8FAAF, 900CB, 901AB, 90901,
909A1, 90AB1, 90AE1L, 90EE1, 910AB, 93331, 940AB, 963AF, 966AF, 99019, 99109,
99A01, 9AAEL1, 9B00B, 9BOAB, 9B441, 9BABB, 9BBBB, 9E441, AOOBB, A0405, A044B,
AO8AF, AOA51, AOB91, AOC4B, A1B09, A54A5, A5B41, A6609, A904B, A94A1, A9C4B,
A9EOQ1, A9E41, AAOAL, AA441, AA501, AABAF, AAEE1L, AAF45, AAF8F, ABBA1, ACCG69,
AEOBB, AEOEB, AEAE1, AEEOB, AEEA1, AEECB, AF045, AF4A5, AFA8F, BOOA1, BOOD7,
B044D, BO777, BOAOB, BOA91, BOBBD, BOBCD, BOC09, BODA9, BOEAB, B2207, B4001,
B6669, B7707, B7D07, B8081, B9021, BA091, BA109, BA4BB, BB001, BBOEB, BB8A1,
BBBEB, BBEOB, BBEBB, BC009, BCECD, BDOA9, BE44D, BEBOD, BEBBB, BEEBB,
C0263, C02C3, CO2ED, C040D, COCA9, COCCD, C2663, C2CED, C32C3, C3323, C400D,
C40ED, C44CB, C44ED, C480D, C484D, C4CAB, C60AF, C686F, C6A0F, C86FF, C8C2D,
CAAOF, CAFAF, CBCED, CCOAF, CC44B, CC82D, CC8FF, CCAF9, CCAFF, CCCFD,
CCFAF, CDO00D, CD4CB, CD4ED, CDDDD, CF2C3, CFC8F, CFE8D, D0045, DO7DD,



D09BB, DOD4D, DODD7, DOEBB, DOEEB, D1009, D1045, D10B9, D1BA9, D54BB, D5S4ED,
D5AE1, D5D07, D5EE1, D70DD, D7707, D7777, D77DD, D7DD7, D9441, DOAE1, D9BOB,
DA9A1, DA9EL, DAA41, DAAAL, DBBOB, DBBA1, DC4CB, DD227, DD44D, DDDD7,
EO0081, EOOE1, E010B, E088D, EOS8CD, EOBOD, EOBBD, E100B, E4ADOD, E777B, E77AB,
E7CCB, E844D, E848D, E884D, E88A1, EBOBB, EBB4D, EBBEB, EBEEB, EC8CD,
ECBCD, ECC8D, ED04D, EEO01, EEOEB, EE4A1l, EEEBB, F0085, FO9AF, FOC23, FOCAF,
F2663, F2C03, F3799, F3887, FAA05, FAAA5, F506F, F5845, F5885, FSC2D, F5ECD,
F5F45, F66A9, F688F, F6AFF, F7399, F777D, F8545, F8555, FBAAF, F8F87, FOAAF,
FAOF9, FA405, FA669, FAFF9, FC263, FCAOF, FCAFF, FCES8D, FCF23, FD777, FDDDD,
FDEDD, FEC2D, FECS8D, FF545, FF6AF, FF739, FF775, FFOAF, FFC23, 100055, 100555,
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Proof

Determining M(L) for arbitrary L is in general unsolvable, and can be difficult even when L is
relatively simple.

The following is a “semi-algorithm” that is guaranteed to produce M(L), but it is not so easy
to implement:

QM=0

(2) while (L # 9) do

(3) choose x, a shortest string in L
@) M=MuU{x}

(5) L =L - sup({x})



In practice, for arbitrary L, we cannot feasibly carry out step (5). Instead, we work with L’,
some regular overapproximation to L, until we can show L’ = @ (which implies L = @). In
practice, L’ is usually chosen to be a finite union of sets of the form LiL,*Ls, where each of
L1, Lo, Ls is finite. In the case we consider in this paper, we then have to determine whether
such a language contains a prime or not.

However, it is not even known if the following simpler decision problem is recursively
solvable:

Problem: Given strings X, y, z, and a base b, does there exist a prime humber whose base-b
expansion is of the form xy"z for some n = 0?

An algorithm to solve this problem, for example, would allow us to decide if there are any
additional Fermat primes (of the form 22""+1) other than the known ones (corresponding to n
=0,1, 2, 3,4). Toseethis, take b=2, x=1,y =0, and z = 0'®1. Since if 2"+1 is prime then
n must be a power of two, a prime of the form (xy*z), must be a new Fermat prime.

Therefore, in practice, we are forced to try to rule out prime representations based on
heuristics such as modular techniques and factorizations.

It will be necessary for our algorithm to determine if families of the form (xy*z), contain a
prime > b or not. We use two different heuristic strategies to show that such families contain
no primes > b.

In the first strategy, we mimic the well-known technique of “covering congruences”, by
finding some finite set S of primes p such that every number in a given family is divisible by
some element of S. In the second strategy, we attempt to find an algebraic factorization,
such as difference-of-squares factorization, difference-of-cubes factorization, and
Aurifeuillian factorization for numbers of the form x*+4y*.

Examples of first strategy: (we can show that the corresponding numbers are > all elements
in S, if n makes corresponding numbers > b (i.e. n=1 for 51" in base 9 and 25" in base 11
and 8"F in base 16, n=0 for other examples), thus these factorizations are nontrivial)

* In base 10, all numbers of the form 46"9 are divisible by 7

* In base 4, all numbers of the form 20"1 are divisible by 3

* In base 15, all numbers of the form 96"8 are divisible by 11

* In base 9, all numbers of the form 51" are divisible by some element of {2,5}

* In base 11, all numbers of the form 25" are divisible by some element of {2,3}

* In base 8, all numbers of the form 64"7 are divisible by some element of {3,5,13}
* In base 14, all numbers of the form B0"1 are divisible by some element of {3,5}

* In base 16, all numbers of the form 8"F are divisible by some element of {3,7,13}

Example of second strategy: (we can show that both factors are > 1, if n makes
corresponding numbers > b (i.e. n=2 for 1" in base 9, n=0 for B"9B in base 12, n=1 for other
examples), thus these factorizations are nontrivial)



* In base 9, all numbers of the form 1" factored as (3"-1) * (3"+1) / 8

* In base 8, all numbers of the form 10"1 factored as (2"1+1) * (4™1-2""1+1)

* In base 9, all numbers of the form 38" factored as (2*3"-1) * (2*3"+1)

* In base 16, all numbers of the form 8F" factored as (3*4"-1) * (3*4"+1)

* In base 16, all numbers of the form 4"1 factored as (2*4™-7) * (2*4™*+7) | 15

* In base 16, all numbers of the from C"D factored as (2*4"1-2*2™1+1) * (2*4™1+2*2™1+1) /
5

* In base 14, numbers of the form 8D" are divisible by 5 if n is odd and factored as
(3*14"2-1) * (3*14™2+1) if n is even

* In base 12, numbers of the form B"9B are divisible by 13 if n is odd and factored as
(12m22-5) * (12224 5) if n is even

As previously mentioned, in practice to compute M(Ly) one works with an
underapproximation M of M(Ly) and an overapproximation L of L, — sup(M). One then refines
such approximations until L = @ from which it follows that M = M(Ly).

For the initial approximation, note that every minimal prime in base b with at least 4 digits is
of the form xY*z, where x € {x | x is base-b digit, x # 0}, z € {z | z is base-b digit, gcd(z,b) =
1}, and Y* (for this (x,z) pair) = {y | Xy, Xz, yz, xyz are all composites}. (Of course, if xz is
prime, then the Y* set for this (x,z) pair is @)

Making use of this, our algorithm sets M to be the set of base-b representations of the
minimal primes with at most 3 digits (which can be found simply by brute force) and L to be
Uy, (xY *z) as described above.

All remaining minimal primes are members of L, so to find them we explore the families in L.
During this process, each family will be decomposed into possibly multiple other families. For
example, a simple way of exploring the family xY*z where Y ={y1, . . ., yn} iS to decompose it
into the families xY*yi1z, . . ., XY*y,z. If the smallest member (say xyiz) of any such family
happens to be prime, it can be added to M and the family xY*y;z removed from
consideration. Furthermore, once M has been updated it may be possible to simplify some
families in L. In this case, xY*y;z (for j # i) can be simplified to x(Y-yi)*y;z since no minimal
prime contains Xxyiz as a proper subword.

At the conclusion of the algorithm described, L will consist of simple families (of the form
xy*z) which have not yet yielded a prime, but for which there is no obvious reason why there
can’t be a prime of such a form. In such a case, the only way to proceed is to test the
primality of larger and larger numbers of such form and hope a prime is eventually
discovered.

We call families of the form xy*z (where x, z € Z," and y € Zp) simple families. Our
algorithm then proceeds as follows:

1. Let

M := {minimal primes in base b of length < 3}
Li=Upserpy @Y *2)



where x # 0 and Y is the set of digits y such that xyz has no subword in M.
2. While L contains non-simple families:

(a) Explore each family of L, and update L.
(b) Examine each family of L:

i. Let w be the shortest string in the family. If w has a subword in M, then remove the family
from L. If w represents a prime, then add w to M and remove the family from L.

ii. If possible, simplify the family.

iii. Check if the family can be proven to contain no primes > base, and if so then remove the
family from L.

(c) As much as possible and update L; after each split examine the new families as in (b).

. . - b "+ . .
The numbers in simple families are of the form mfor some fixed integers a, b, ¢

where a=1, b=2 (b is the base), ¢#0, gcd(a,c)=1, gcd(b,c)=1. Except in the special case ¢ =
+1 and gcd(a+c,b-1) = 1, when n is large the known primality tests for such a number are
too inefficient to run. In this case one must resort to a probable primality test such as a
Miller—Rabin test or a Baillie—PSW test, unless a divisor of the number can be found. Since
we are testing many numbers in an exponential sequence, it is possible to use a sieving
process (such as srsieve software) to find divisors rather than using trial division.

Some families xy*z could not be ruled out as containing no primes > base, but no primes >
base could be found in the family, even after searching through numbers with over 50000
digits. Many xy*z families contain no small primes even though they do contain very large
primes, for example:

* In base 5, the smallest prime in the family 1{0}13 is 10%13

* In base 8, the smallest prime in the family {4}7 is 42297

* In base 9, the smallest prime in the family 3{0}11 is 301%811

* In base 9, the smallest prime in the family 2{7}07 is 275807

* In base 11, family 5{7} could not be ruled out as only containing compaosites and no primes
found in the family after searching to length 50000

* In base 13, the smallest prime in the family 8{0}111 is 8032017111 (this prime is only a
probable prime, i.e. not proven prime)

* In base 13, the smallest prime in the family 2B3{0}1 is 2B351971

* In base 13, the smallest prime in the family 39{0}1 is 39052661

* In base 13, family 9{5} could not be ruled out as only containing compaosites and no primes
found in the family after searching to length 50000

* In base 14, the smallest prime in the family 4{D} is 4D

* In base 16, the smallest prime in the family D{B} is DB322% (this prime is only a probable
prime, i.e. not proven prime)

For any given base b, we find all (x,z) digits-pair such that x # 0 and gcd(z,b) = 1, and find
the corresponding sets Y*, see below.



Bold for minimal primes in base b, i.e. elements of the set M(Ly)

base 2

The possible (first digit,last digit) for an element with >=3 digits in the minimal set of the strings for
primes with at least two digits are:

(1.1)
* Case (1,1):

** 11 is prime, and thus the only minimal prime in this family.
base 3

The possible (first digit,last digit) for an element with >=3 digits in the minimal set of the strings for
primes with at least two digits are:

(1,2), (1,2), (2,1), (2,2)
* Case (1,1):

** Since 12, 21, 111 are primes, we only need to consider the family 1{0}1 (since any digits 1, 2
between them will produce smaller primes)

*** All numbers of the form 1{0}1 are divisible by 2, thus cannot be prime.
* Case (1,2):

** 12 is prime, and thus the only minimal prime in this family.

* Case (2,1):

** 21 is prime, and thus the only minimal prime in this family.

* Case (2,2):

** Since 21, 12 are primes, we only need to consider the family 2{0,2}2 (since any digits 1 between
them will produce smaller primes)

*** All numbers of the form 2{0,2}2 are divisible by 2, thus cannot be prime.
base 4

The possible (first digit,last digit) for an element with >=3 digits in the minimal set of the strings for
primes with at least two digits are:

(1,1), (1,3), (2,1), (2,3), (3,1), (3,3)



* Case (1,1):
** 11 is prime, and thus the only minimal prime in this family.
* Case (1,3):
** 13 is prime, and thus the only minimal prime in this family.
* Case (2,1):

** Since 23, 11, 31, 221 are primes, we only need to consider the family 2{0}1 (since any digits 1, 2, 3
between them will produce smaller primes)

*** All numbers of the form 2{0}1 are divisible by 3, thus cannot be prime.
* Case (2,3):

** 23 is prime, and thus the only minimal prime in this family.

* Case (3,1):

** 31 is prime, and thus the only minimal prime in this family.

* Case (3,3):

** Since 31, 13, 23 are primes, we only need to consider the family 3{0,3}3 (since any digits 1, 2
between them will produce smaller primes)

*** All numbers of the form 3{0,3}3 are divisible by 3, thus cannot be prime.
base 5

The possible (first digit,last digit) for an element with >=3 digits in the minimal set of the strings for
primes with at least two digits are:

(1,1), (1,2), (1,3), (1,4), (2,1), (2,2), (2,3), (2,4), (3,2), (3,2), (3,3), (3,4), (4,1), (4,2), (4,3), (4,4)
* Case (1,1):

** Since 12, 21, 111, 131 are primes, we only need to consider the family 1{0,4}1 (since any digits 1,
2, 3 between them will produce smaller primes)

*** All numbers of the form 1{0,4}1 are divisible by 2, thus cannot be prime.
* Case (1,2):
** 12 is prime, and thus the only minimal prime in this family.

* Case (1,3):



** Since 12, 23, 43, 133 are primes, we only need to consider the family 1{0,1}3 (since any digits 2, 3,
4 between them will produce smaller primes)

*** Since 111 is prime, we only need to consider the families 1{0}3 and 1{0}1{0}3 (since any digit
combo 11 between (1,3) will produce smaller primes)

*+x All numbers of the form 1{0}3 are divisible by 2, thus cannot be prime.

**x* Eor the 1{0}1{0}3 family, since 10103 is prime, we only need to consider the families 1{0}13 and
11{0}3 (since any digit combo 010 between (1,3) will produce smaller primes)

**6+% The smallest prime of the form 1{0}13 is

100000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000013, which can be written as 109313 and equal the prime 5/95+8

*xxx All numbers of the form 11{0}3 are divisible by 3, thus cannot be prime.
* Case (1,4):

** Since 12, 34, 104 are primes, we only need to consider the families 1{1,4}4 (since any digits 0, 2, 3
between them will produce smaller primes)

*** Since 111, 414 are primes, we only need to consider the family 1{4}4 and 11{4}4 (since any digit
combo 11 or 41 between them will produce smaller primes)

**** The smallest prime of the form 1{4}4 is 14444.

**xx All numbers of the form 11{4}4 are divisible by 2, thus cannot be prime.
* Case (2,1):

** 21 is prime, and thus the only minimal prime in this family.

* Case (2,2):

** Since 21, 23, 12, 32 are primes, we only need to consider the family 2{0,2,4}2 (since any digits 1, 3
between them will produce smaller primes)

*** All numbers of the form 2{0,2,4}2 are divisible by 2, thus cannot be prime.
* Case (2,3):

** 23 is prime, and thus the only minimal prime in this family.

* Case (2,4):

** Since 21, 23, 34 are primes, we only need to consider the family 2{0,2,4}4 (since any digits 1, 3
between them will produce smaller primes)

*** All numbers of the form 2{0,2,4}4 are divisible by 2, thus cannot be prime.



* Case (3,1):

** Since 32, 34, 21 are primes, we only need to consider the family 3{0,1,3}1 (since any digits 2, 4
between them will produce smaller primes)

*** Since 313, 111, 131, 3101 are primes, we only need to consider the families 3{0,3}1 and 3{0,3}11
(since any digit combo 10, 11, 13 between (3,1) will produce smaller primes)

**** Eor the 3{0,3}1 family, we can separate this family to four families:
*rxxx For the 30{0,3}01 family, we have the prime 30301, and the remain case is the family 30{0}01.
reekkx All numbers of the form 30{0}01 are divisible by 2, thus cannot be prime.

*x0x Eor the 30{0,3}31 family, note that there must be an even number of 3's between (30,31), or the
result number will be divisible by 2 and cannot be prime.

*rxeek Since 33331 is prime, any digit combo 33 between (30,31) will produce smaller primes.

*rxeekk Thus, the only possible prime is the smallest prime in the family 30{0}31, and this prime is
300031.

*ex0x Eor the 33{0,3}01 family, note that there must be an even number of 3's between (33,01), or the
result number will be divisible by 2 and cannot be prime.

*eekkx Since 33331 is prime, any digit combo 33 between (33,01) will produce smaller primes.

*rxkek* Thus, the only possible prime is the smallest prime in the family 33{0}01, and this prime is
33001.

**xxx Eor the 33{0,3}31 family, we have the prime 33331, and the remain case is the family 33{0}31.
reekkx All numbers of the form 33{0}31 are divisible by 2, thus cannot be prime.

* Case (3,2):

** 32 is prime, and thus the only minimal prime in this family.

* Case (3,3):

** Since 32, 34, 23, 43, 313 are primes, we only need to consider the family 3{0,3}3 (since any digits
1, 2, 4 between them will produce smaller primes)

*** All numbers of the form 3{0,3}3 are divisible by 3, thus cannot be prime.
* Case (3,4):
** 34 is prime, and thus the only minimal prime in this family.

* Case (4,1):



** Since 43, 21, 401 are primes, we only need to consider the family 4{1,4}1 (since any digits 0, 2, 3
between them will produce smaller primes)

*** Since 414, 111 are primes, we only need to consider the family 4{4}1 and 4{4}11 (since any digit
combo 14 or 11 between them will produce smaller primes)

**** The smallest prime of the form 4{4}1 is 44441.
**+x All numbers of the form 4{4}11 are divisible by 2, thus cannot be prime.
* Case (4,2):

** Since 43, 12, 32 are primes, we only need to consider the family 4{0,2,4}2 (since any digits 1, 3
between them will produce smaller primes)

*** All numbers of the form 4{0,2,4}2 are divisible by 2, thus cannot be prime.
* Case (4,3):

** 43 is prime, and thus the only minimal prime in this family.

* Case (4,4):

** Since 43, 34, 414 are primes, we only need to consider the family 4{0,2,4}4 (since any digits 1, 3
between them will produce smaller primes)

*** All numbers of the form 4{0,2,4}4 are divisible by 2, thus cannot be prime.
base 6

The possible (first digit,last digit) for an element with >=3 digits in the minimal set of the strings for
primes with at least two digits are:

(1,2), (1,5), (2,2), (2,5), (3,1), (3,5), (4,1), (4,5), (5,1), (5,5)

* Case (1,1):

** 11 is prime, and thus the only minimal prime in this family.
* Case (1,5):

** 15 is prime, and thus the only minimal prime in this family.
* Case (2,1):

** 21 is prime, and thus the only minimal prime in this family.
* Case (2,5):

** 25 is prime, and thus the only minimal prime in this family.



* Case (3,1):
** 31 is prime, and thus the only minimal prime in this family.
* Case (3,5):
** 35 is prime, and thus the only minimal prime in this family.
* Case (4,1):

** Since 45, 11, 21, 31, 51 are primes, we only need to consider the family 4{0,4}1 (since any digits 1,
2, 3, 5 between them will produce smaller primes)

*** Since 4401 and 4441 are primes, we only need to consider the families 4{0}1 and 4{0}41 (since
any digits combo 40 and 44 between them will produce smaller primes)

**xx All numbers of the form 4{0}1 are divisible by 5, thus cannot be prime.
**+* The smallest prime of the form 4{0}41 is 40041

* Case (4,5):

** 45 is prime, and thus the only minimal prime in this family.

* Case (5,1):

** 51 is prime, and thus the only minimal prime in this family.

* Case (5,5):

** Since 51, 15, 25, 35, 45 are primes, we only need to consider the family 5{0,5}5 (since any digits 1,
2, 3, 4 between them will produce smaller primes)

*** All numbers of the form 5{0,5}5 are divisible by 5, thus cannot be prime.
base 8

The possible (first digit,last digit) for an element with >=3 digits in the minimal set of the strings for
primes with at least two digits are:

(1,1), (1,3), (1,5), (1,7), (2.), (2,3), (2,5), (2,7), (3,2), (3,3), (3,5), (3,7), (4,1), (4.3), (4.5), (4.7), (5,1),
(5.3), (5,5), (5,7), (6,1), (6,3), (6,5), (6,7), (7.1), (7.3), (7.5), (7,7)

* Case (1,1):

** Since 13, 15, 21, 51, 111, 141, 161 are primes, we only need to consider the family 1{0,7}1 (since
any digits 1, 2, 3, 4, 5, 6 between them will produce smaller primes)

*** Since 107, 177, 701 are primes, we only need to consider the number 171 and the family 1{0}1
(since any digits combo 07, 70, 77 between them will produce smaller primes)



*kx 171 is not prime.

***x All numbers of the form 1{0}1 factored as 10"n+1 = (2"n+1) * (4"n-2"n+1), thus cannot be prime.
* Case (1,3):

** 13 is prime, and thus the only minimal prime in this family.

* Case (1,5):

** 15 is prime, and thus the only minimal prime in this family.

* Case (1,7):

** Since 13, 15, 27, 37, 57, 107, 117, 147, 177 are primes, we only need to consider the family 1{6}7
(since any digits 0, 1, 2, 3, 4, 5, 7 between them will produce smaller primes)

*** The smallest prime of the form 1{6}7 is 16667 (not minimal prime, since 667 is prime)
* Case (2,1):

** 21 is prime, and thus the only minimal prime in this family.

* Case (2,3):

** 23 is prime, and thus the only minimal prime in this family.

* Case (2,5):

** Since 21, 23, 27, 15, 35, 45, 65, 75, 225, 255 are primes, we only need to consider the family 2{0}5
(since any digits 1, 2, 3, 4, 5, 6, 7 between them will produce smaller primes)

*** All numbers of the form 2{0}5 are divisible by 7, thus cannot be prime.
* Case (2,7):

** 27 is prime, and thus the only minimal prime in this family.

* Case (3,1):

** Since 35, 37, 21, 51, 301, 361 are primes, we only need to consider the family 3{1,3,4}1 (since any
digits 0, 2, 5, 6, 7 between them will produce smaller primes)

*** Since 13, 343, 111, 131, 141, 431, 3331, 3411 are primes, we only need to consider the families
3{3}11, 33{1,4}1, 3{3,4}4{4}1 (since any digits combo 11, 13, 14, 33, 41, 43 between them will
produce smaller primes)

**xx All numbers of the form 3{3}11 are divisible by 3, thus cannot be prime.

**xx Eor the 33{1,4}1 family, since 111 and 141 are primes, we only need to consider the families
33{4}1 and 33{4}11 (since any digits combo 11, 14 between them will produce smaller primes)



**++x The smallest prime of the form 33{4}1 is 3344441

*xxx All numbers of the form 33{4}11 are divisible by 301, thus cannot be prime.

**xx Eor the 3{3,4}4{4}1 family, since 3331 and 3344441 are primes, we only need to consider the
families 3{4}1, 3{4}31, 3{4}341, 3{4}3441, 3{4}34441 (since any digits combo 33 or 34444 between
(3,1) will produce smaller primes)

*xxx Al numbers of the form 3{4}1 are divisible by 31, thus cannot be prime.

*irk Since 4443 is prime, we only need to consider the numbers 3431, 34431, 34341, 344341,
343441, 3443441, 3434441, 34434441 (since any digit combo 444 between (3,3{4}1) will produce
smaller primes)

*rxxkk None of 3431, 34431, 34341, 344341, 343441, 3443441, 3434441, 34434441 are primes.

* Case (3,3):

** Since 35, 37, 13, 23, 53, 73, 343 are primes, we only need to consider the family 3{0,3,6}3 (since
any digits 1, 2, 4, 5, 7 between them will produce smaller primes)

*** All numbers of the form 3{0,3,6}3 are divisible by 3, thus cannot be prime.
* Case (3,5):

** 35 is prime, and thus the only minimal prime in this family.

* Case (3,7):

** 37 is prime, and thus the only minimal prime in this family.

* Case (4,1):

** Since 45, 21, 51, 401, 431, 471 are primes, we only need to consider the family 4{1,4,6}1 (since
any digits 0, 2, 3, 5, 7 between them will produce smaller primes)

*** Since 111, 141, 161, 661, 4611 are primes, we only need to consider the families 4{4}11,
4{4,6}4{1,4,6}1, 4{4}6{4}1 (since any digits combo 11, 14, 16, 61, 66 between them will produce

smaller primes)

**** The smallest prime of the form 4{4}11 is 44444444444444411 (not minimal prime, since
444444441 is prime)

**+* For the 4{4,6}4{1,4,6}1 family, we can separate this family to 4{4,6}41, 4{4,6}411, 4{4,6}461

**xxx For the 4{4,6}41 family, since 661 and 6441 are primes, we only need to consider the families
4{4}41 and 4{4}641 (since any digits combo 64 or 66 between (4,41) will produce smaller primes)

**xexkk The smallest prime of the form 4{4}41 is 444444441

*xxek The smallest prime of the form 4{4}641 is 444641



*ixk For the 4{4,6}411 family, since 661 and 6441 are primes, we only need to consider the families
4{4}411 and 4{4}6411 (since any digits combo 64 or 66 between (4,411) will produce smaller primes)

ek The smallest prime of the form 4{4}411 is 444444441

wexxx The smallest prime of the form 4{4}6411 is 4444444444444446411 (not minimal prime, since
444444441 and 444641 are primes)

*+kxk Eor the 4{4,6}461 family, since 661 is prime, we only need to consider the family 4{4}461

*rirkk The smallest prime of the form 4{4}461 is 4444444461 (not minimal prime, since 444444441 is
prime)

***% For the 4{4}6{4}1 family, since 6441 is prime, we only need to consider the families 4{4}61 and
4{4}641 (since any digits combo 44 between (4{4}6,1) will produce smaller primes)

**x%% The smallest prime of the form 4{4}61 is 4444444461 (not minimal prime, since 444444441 is
prime)

¥+ The smallest prime of the form 4{4}641 is 444641
* Case (4,3):

** Since 45, 13, 23, 53, 73, 433, 463 are primes, we only need to consider the family 4{0,4}3 (since
any digits 1, 2, 3, 5, 6, 7 between them will produce smaller primes)

*** Since 4043 and 4443 are primes, we only need to consider the families 4{0}3 and 44{0}3 (since
any digits combo 04, 44 between them will produce smaller primes)

**xx All numbers of the form 4{0}3 are divisible by 7, thus cannot be prime.
***x All numbers of the form 44{0}3 are divisible by 3, thus cannot be prime.
* Case (4,5):

** 45 is prime, and thus the only minimal prime in this family.

* Case (4,7):

** Since 45, 27, 37, 57, 407, 417, 467 are primes, we only need to consider the family 4{4,7}7 (since
any digits 0, 1, 2, 3, 5, 6 between them will produce smaller primes)

*** Since 747 is prime, we only need to consider the families 4{4}7, 4{4}77, 4{7}7, 44{7}7 (since any
digits combo 74 between (4,7) will produce smaller primes)

**** The smallest prime of the form 4{4}7 is

Q44444484048 44044044044044044044044044044044044444444444444444444444404444444444444
4444444444444044404440440444044044044048404840440448444440444444444444444484444444444444
4444444444844044044404404404404404404404444444444444444444447, with 220 4's, which can be
written as 42207 and equal the prime (2/665+17)/7



**** The smallest prime of the form 4{4}77 is 4444477
**** The smallest prime of the form 4{7}7 is 47777

**** The smallest prime of the form 44{7}7 is
AA77TTT77777777777777777777777777777777777777777777777777777777777777777777777777
(177777777777 77777777777777777777777777777777777777777777777777777777777777777777
(177777777 77777777777777777777777777777777777777777777777777777777777777777777777
TITTTIT7II7777777777777777777777777777777777777777777777777777777777777777777777
TI7TTI77I7 7777 777777777777777777777777777777777777777777777777777777777777777777
TrT7TI77I77777777777777777777777777777777777777777777777777777777777777777777777
TT7TTIT7II7777777777777077777777777777777777777777777777777777777777777777777777
TT7077777777777777777777777777777777777777777777777777777777777777777777777777777
(170777777777 77777777777777777777777777777777777777777777777777777777777777777777
(17077777777 777777777777777777777777777777777777777777777777777777777777777777777
(T77777777777777777777777777777777777777777, with 851 7's, which can be written as 447ss1
and equal the prime 37*272553-1 (not minimal prime, since 47777 is prime)

* Case (5,1):
** 51 is prime, and thus the only minimal prime in this family.
* Case (5,3):
** 53 is prime, and thus the only minimal prime in this family.
* Case (5,5):

** Since 51, 53, 57, 15, 35, 45, 65, 75 are primes, we only need to consider the family 5{0,2,5}5 (since
any digits 1, 3, 4, 6, 7 between them will produce smaller primes)

*** Since 225, 255, 5205 are primes, we only need to consider the families 5{0,5}5 and 5{0,5}25
(since any digits combo 20, 22, 25 between them will produce smaller primes)

*x% All numbers of the form 5{0,5}5 are divisible by 5, thus cannot be prime.

**x* For the 5{0,5}25 family, since 500025 and 505525 are primes, we only need to consider the
number 500525 the families 5{5}25, 5{5}025, 5{5}0025, 5{5}0525, 5{5}00525, 5{5}05025 (since any
digits combo 000, 055 between (5,25) will produce smaller primes)

*rkkk 500525 is not prime.

**xxx The smallest prime of the form 5{5}25 is 555555555555525

**xxx The smallest prime of the form 5{5}025 is 55555025

**xxx The smallest prime of the form 5{5}0025 is
555555555555555555555555555555555555555555555555555555555555555555555555555555555
555555555555555555555555555555555555555555555555555555555555555555555555555555555

5555555555555555555550025 (not minimal prime, since 55555025 and 555555555555525 are
primes)



**xxx The smallest prime of the form 5{5}0525 is 5550525
**xxx The smallest prime of the form 5{5}00525 is 5500525

**xxx The smallest prime of the form 5{5}05025 is 5555555555555555555555505025 (not minimal
prime, since 5550525, 55555025, and 555555555555525 are primes)

* Case (5,7):
** 57 is prime, and thus the only minimal prime in this family.
* Case (6,1):

** Since 65, 21, 51, 631, 661 are primes, we only need to consider the family 6{0,1,4,7}1 (since any
digits 2, 3, 5, 6 between them will produce smaller primes)

*** Since 111, 141, 401, 471, 701, 711, 6101, 6441 are primes, we only need to consider the families
6{0}0{0,1,4,7}1, 6{0,4}1{7}1, 6{0,7}4{1}1, 6{0,1,7}7{4,7}1 (since any digits combo 11, 14, 40, 47, 70,
71, 10, 44 between them will produce smaller primes)

**+* Eor the 6{0}0{0,1,4,7}1 family, since 6007 is prime, we only need to consider the families
6{0}0{0,1,4}1 and 60{1,4,7}7{0,1,4,7}1 (since any digits combo 1007 between (6,1) will produce
smaller primes)

*x0% Eor the 6{0}0{0,1,4}1 family, since 111, 141, 401, 6101, 6441, 60411 are primes, we only need to
consider the families 6{0}1, 6{0}11, 6{0}41 (since any digits combo 10, 11, 14, 40, 41, 44 between
(6{0}0,1) will produce smaller primes)

*rxxeek All numbers of the form 6{0}1 are divisible by 7, thus cannot be prime.

rrxxeek All numbers of the form 6{0}11 are divisible by 3, thus cannot be prime.

rxxeek Al numbers of the form 6{0}41 are divisible by 3, thus cannot be prime.

*x0x Eor the 60{1,4,7}7{0,1,4,7}1 family, since 701, 711, 60741 are primes, we only need to consider
the family 60{1,4,7}7{7}1 (since any digits 0, 1, 4 between (60{1,4,7}7,1) will produce smaller primes)

*rrxex Since 471, 60171 is prime, we only need to consider the family 60{7}1 (since any digits 1, 4
between (60,7{7}1) will produce smaller primes)

*xxxek Al numbers of the form 60{7}1 are divisible by 7, thus cannot be prime.

***x Eor the 6{0,4}1{7}1 family, since 417, 471 are primes, we only need to consider the families
6{0}1{7}1 and 6{0,4}11

*xxxx For the 6{0}1{7}1 family, since 60171 is prime, and thus the only minimal prime in the family
6{0}1{7}1.

**xxx Eor the 6{0,4}11 family, since 401, 6441, 60411 are primes, we only need to consider the
number 6411 and the family 6{0}11

*xkkx%x 54171 is not prime.



*rxxek All numbers of the form 6{0}11 are divisible by 3, thus cannot be prime.

**xx Eor the 6{0,7}4{1}1 family, since 60411 is prime, we only need to consider the families 6{7}4{1}1
and 6{0,7}41

*xxx Eor the 6{7}4{1}1 family, since 111, 6777 are primes, we only need to consider the numbers 641,
6411, 6741, 67411, 67741, 677411

*rxeek None of 641, 6411, 6741, 67411, 67741, 677411 are primes.

**xxx For the 6{0,7}41 family, since 701, 6777, 60741 are primes, we only need to consider the
families 6{0}41 and the numbers 6741, 67741 (since any digits combo 07, 70, 777 between (6,41) will
produce smaller primes)

rexkkx All numbers of the form 6{0}41 are divisible by 3, thus cannot be prime.

rexkkx Neither of 6741, 67741 are primes.

*xxxx For the 6{0,1,7}7{4,7}1 family, since 747 is prime, we only need to consider the families
6{0,1,7}7{4}1, 6{0,1,7}7{7}1, 6{0,1,7}7{7H{4}1 (since any digits combo 47 between (6{0,1,7}7,1) will
produce smaller primes)

reekkx Eor the 6{0,1,7}7{4}1 family, since 6441 is prime, we only need to consider the families
6{0,1,7}71 and 6{0,1,7}741 (since any digits combo 44 between (6{0,1,7}7,1) will produce smaller
primes)

*eekkxx For the 6{0,1,7}71 family, since all numbers of the form 6{0,7}71 are divisible by 7 and cannot
be prime, and 111 is prime (thus, any digits combo 11 between (6,71) will produce smaller primes),

we only need to consider the family 6{0,7}1{0,7}71

*rxkkkkk Since 717 and 60171 are primes, we only need to consider the family 61{0,7}71 (since any
digit combo 0, 7 between (6,1{0,7}71) will produce smaller primes)

*repkkikkk Since 177 and 6101 are primes, we only need to consider the number 6171 (since any digit
combo 0, 7 between (61,71) will produce smaller primes)

ek 61771 is not prime.

*kkkk All numbers in the 6{0,1,7}7{7}1 or 6{0,1,7}7{7}{4}1 families are also in the 6{0,1,7}7{4}1 family,
thus these two families cannot have more minimal primes.

* Case (6,3):

** Since 65, 13, 23, 53, 73, 643 are primes, we only need to consider the family 6{0,3,6}3 (since any
digits 1, 2, 4, 5, 7 between them will produce smaller primes)

*** All numbers of the form 6{0,3,6}3 are divisible by 3, thus cannot be prime.
* Case (6,5):

** 65 is prime, and thus the only minimal prime in this family.



* Case (6,7):

** Since 65, 27, 37, 57, 667 are primes, we only need to consider the family 6{0,1,4,7}7 (since any
digits 2, 3, 5, 6 between them will produce smaller primes)

*** Since 107, 117, 147, 177, 407, 417, 717, 747, 6007, 6477, 6707, 6777 are primes, we only need
to consider the families 60{1,4,7}7, 6{0}17, 6{0,4}4{4}7, 6{0}77 (since any digits combo 00, 10, 11, 14,
17,40, 41, 47, 70, 71, 74, 77 between them will produce smaller primes)

*+x All numbers of the form 6{0}17 or 6{0}77 are divisible by 3, thus cannot be prime.

**x* Eor the 60{1,4,7}7 family, since 117, 147, 177, 417, 6477, 717, 747, 6777 are primes, we only
need to consider the numbers 6017, 6047, 6077 and the family 60{4}7 (since any digit combo 11, 14,
17,41, 47,71, 74, 77 between (60,7) will produce smaller primes)

**x+% None of 6017, 6047, 6077 are primes.

*+x All numbers of the form 60{4}7 are divisible by 21, thus cannot be prime.

**+* Eor the 6{0,4}4{4}7 family, since 6007 and 407 are primes, we only need to consider the families
6{4}7 and 60{4}7 (since any digit combo 00, 40 between (6,4{4}7) will produce smaller primes)

*exx All numbers of the form 6{4}7 are divisible by 3, 5, or 15, thus cannot be prime.
*eekx All numbers of the form 60{4}7 are divisible by 21, thus cannot be prime.
* Case (7,1):

** Since 73, 75, 21, 51, 701, 711 are primes, we only need to consider the family 7{4,6,7}1 (since any
digits 0, 1, 2, 3, 5 between them will produce smaller primes)

*** Since 747, 767, 471, 661, 7461, 7641 are primes, we only need to consider the families
7{4,7}4{4}1, 7{7}61, 7{7}7{4,6,7}1 (since any digits combo 46, 47, 64, 66, 67 between them will
produce smaller primes)

**xx For the 7{4,7}4{4}1 family, since 747, 471 are primes, we only need to consider the family
7{7H{4}1 (since any digits combo 47 between (7,4{4}1) will produce smaller primes)

***** The smallest prime of the form 7{7}1 is 7777777777771
*++x The smallest prime of the form 7{7}41 is

(77777777 777777777777777777777777777777777777777777777777777777777777777777777741
(not minimal prime, since 7777777777771 is prime)

**xxx The smallest prime of the form 7{7}441 is
T IITIITIITIATIATIITIATI0T7I7IA7I077777777777777777777777777777
777441 (not minimal prime, since 7777777777771 is prime)

**xxx The smallest prime of the form 7{7}4441 is
(77777777 777777777777777777777777777777777777777777777777777777777777777777777777
(77777777 777777777777777777777777777777777777777777777777777777777777777777777777




TITTT77777777 7777777777777 7777777777777777777777777777777777777777777774441 (not
minimal prime, since 7777777777771 is prime)

**xxx The smallest prime of the form 7{7}44441 is
(7777777777777 77777777777777777777777777777777777777777744441 (not minimal prime,
since 7777777777771 is prime)

*xxx All numbers of the form 7{7}444441 are divisible by 7, thus cannot be prime.

***+%* The smallest prime of the form 7{7}4444441 is 77774444441

*rxxeek Since this prime has just 4 7's, we only need to consider the families with <=3 7's
wxeeek The smallest prime of the form 7{4}1 is 744444441

rrxeek All numbers of the form 77{4}1 are divisible by 5, thus cannot be prime.

reekkxk The smallest prime of the form 777{4}1 is 777444444444441 (not minimal prime, since
444444441 and 744444441 are primes)

* Case (7,3):
** 73 is prime, and thus the only minimal prime in this family.
* Case (7,5):
** 75 is prime, and thus the only minimal prime in this family.
* Case (7,7):

** Since 73, 75, 27, 37, 57, 717, 747, 767 are primes, we only need to consider the family 7{0,7}7
(since any digits 1, 2, 3, 4, 5, 6 between them will produce smaller primes)

*** All numbers of the form 7{0,7}7 are divisible by 7, thus cannot be prime.

base 10

The possible (first digit,last digit) for an element with >=3 digits in the minimal set of the strings for
primes with at least two digits are:

(1,1), (1.3), (1,7), (1,9), (2,2), (2,3), (2,7), (2,9), (3,1), (3,3), (3,7), (3,9), (4.1), (4.3), (4.7), (4.9), (5.1),
(5.3). (5,7), (5,9), (6,1), (6,3), (6,7), (6,9), (7.1), (7,3), (7,7), (7.9), (8,1), (8,3), (8,7), (8,9), (9,1), (9.3),
(9,7), (9,9)

* Case (1,1):

** 11 is prime, and thus the only minimal prime in this family.

* Case (1,3):

** 13 is prime, and thus the only minimal prime in this family.



* Case (1,7):
** 17 is prime, and thus the only minimal prime in this family.
* Case (1,9):
** 19 is prime, and thus the only minimal prime in this family.
* Case (2,1):

** Since 23, 29, 11, 31, 41, 61, 71, 251, 281 are primes, we only need to consider the family 2{0,2}1
(since any digits 1, 3, 4, 5, 6, 7, 8, 9 between them will produce smaller primes)

*** Since 2221 and 20201 are primes, we only need to consider the families 2{0}1, 2{0}21, 22{0}1
(since any digits combo 22 or 020 between them will produce smaller primes)

**xx All numbers of the form 2{0}1 are divisible by 3, thus cannot be prime.
**** The smallest prime of the form 2{0}21 is 20021

**** The smallest prime of the form 22{0}1 is 22000001

* Case (2,3):

** 23 is prime, and thus the only minimal prime in this family.

* Case (2,7):

** Since 23, 29, 17, 37, 47, 67, 97 227, 257, 277 are primes, we only need to consider the family
2{0,8}7 (since any digits 1, 2, 3, 4, 5, 6, 7, 9 between them will produce smaller primes)

*** Since 887 and 2087 are primes, we only need to consider the families 2{0}7 and 28{0}7 (since any
digit combo 08 or 88 between them will produce smaller primes)

***x All numbers of the form 2{0}7 are divisible by 3, thus cannot be prime.
***x All numbers of the form 28{0}7 are divisible by 7, thus cannot be prime.
* Case (2,9):

** 29 is prime, and thus the only minimal prime in this family.

* Case (3,1):

** 31 is prime, and thus the only minimal prime in this family.

* Case (3,3):



** Since 31, 37, 13, 23, 43, 53, 73, 83 are primes, we only need to consider the family 3{0,3,6,9}3
(since any digits 1, 2, 4, 5, 7, 8 between them will produce smaller primes)

*** All numbers of the form 3{0,3,6,9}3 are divisible by 3, thus cannot be prime.
* Case (3,7):

** 37 is prime, and thus the only minimal prime in this family.

* Case (3,9):

** Since 31, 37, 19, 29, 59, 79, 89, 349 are primes, we only need to consider the family 3{0,3,6,9}9
(since any digits 1, 2, 4, 5, 7, 8 between them will produce smaller primes)

*** All numbers of the form 3{0,3,6,9}9 are divisible by 3, thus cannot be prime.
* Case (4,1):

** 41 is prime, and thus the only minimal prime in this family.

* Case (4,3):

** 43 is prime, and thus the only minimal prime in this family.

* Case (4,7):

** 47 is prime, and thus the only minimal prime in this family.

* Case (4,9):

** Since 41, 43, 47, 19, 29, 59, 79, 89, 409, 449, 499 are primes, we only need to consider the family
4{6}9 (since any digits 0, 1, 2, 3, 4, 5, 7, 8, 9 between them will produce smaller primes)

*** All numbers of the form 4{6}9 are divisible by 7, thus cannot be prime.
* Case (5,1):

** Since 53, 59, 11, 31, 41, 61, 71, 521 are primes, we only need to consider the family 5{0,5,8}1
(since any digits 1, 2, 3, 4, 6, 7, 9 between them will produce smaller primes)

*** Since 881 is prime, we only need to consider the families 5{0,5}1 and 5{0,5}8{0,5}1 (since any digit
combo 88 between them will produce smaller primes)

**** For the 5{0,5}1 family, since 5051 and 5501 are primes, we only need to consider the families
5{0}1 and 5{5}1 (since any digit combo 05 or 50 between them will produce smaller primes)

*xxxx All numbers of the form 5{0}1 are divisible by 3, thus cannot be prime.
**xxx The smallest prime of the form 5{5}1 is 555555555551

***x Eor the 5{0,5}8{0,5}1 family, since 5081, 5581, 5801, 5851 are primes, we only need to consider
the number 581



*+krk 581 is not prime.

* Case (5,3):

** 53 is prime, and thus the only minimal prime in this family.
* Case (5,7):

** Since 53, 59, 17, 37, 47, 67, 97, 557, 577, 587 are primes, we only need to consider the family
5{0,2}7 (since any digits 1, 3, 4, 5, 6, 7, 8, 9 between them will produce smaller primes)

*** Since 227 and 50207 are primes, we only need to consider the families 5{0}7, 5{0}27, 52{0}7
(since any digits combo 22 or 020 between them will produce smaller primes)

*% All numbers of the form 5{0}7 are divisible by 3, thus cannot be prime.

**** The smallest prime of the form 5{0}27 is 5000000000000000000000000000027
**+* The smallest prime of the form 52{0}7 is 5200007

* Case (5,9):

** 59 is prime, and thus the only minimal prime in this family.

* Case (6,1):

** 61 is prime, and thus the only minimal prime in this family.

* Case (6,3):

** Since 61, 67, 13, 23, 43, 53, 73, 83 are primes, we only need to consider the family 6{0,3,6,9}3
(since any digits 1, 2, 4, 5, 7, 8 between them will produce smaller primes)

*** All numbers of the form 6{0,3,6,9}3 are divisible by 3, thus cannot be prime.
* Case (6,7):

** 67 is prime, and thus the only minimal prime in this family.

* Case (6,9):

** Since 61, 67, 19, 29, 59, 79, 89 are primes, we only need to consider the family 6{0,3,4,6,9}9 (since
any digits 1, 2, 5, 7, 8 between them will produce smaller primes)

*** Since 449 is prime, we only need to consider the families 6{0,3,6,9}9 and 6{0,3,6,9}4{0,3,6,9}9
(since any digit combo 44 between them will produce smaller primes)

***x All numbers of the form 6{0,3,6,9}9 are divisible by 3, thus cannot be prime.

**** Eor the 6{0,3,6,9}4{0,3,6,9}9 family, since 409, 43, 6469, 499 are primes, we only need to
consider the family 6{0,3,6,9}49



*rxxx Since 349, 6949 are primes, we only need to consider the family 6{0,6}49

*xxkk Since 60649 is prime, we only need to consider the family 6{6}{0}49 (since any digits combo 06
between {6,49} will produce smaller primes)

*kkkkk The smallest prime of the form 6{6}49 is 666649

*rreekkk Since this prime has just 4 6's, we only need to consider the families with <=3 6's
weeeeerkk The smallest prime of the form 6{0}49 is 60000049

Frkkkkekk The smallest prime of the form 66{0}49 is 66000049

*rreekkkk The smallest prime of the form 666{0}49 is 66600049

* Case (7,1):

** 71 is prime, and thus the only minimal prime in this family.

* Case (7,3):

** 73 is prime, and thus the only minimal prime in this family.

* Case (7,7):

** Since 71, 73, 79, 17, 37, 47, 67,97, 727, 757, 787 are primes, we only need to consider the family
7{0,7}7 (since any digits 1, 2, 3, 4, 5, 6, 8, 9 between them will produce smaller primes)

*** All numbers of the form 7{0,7}7 are divisible by 7, thus cannot be prime.
* Case (7,9):

** 79 is prime, and thus the only minimal prime in this family.

* Case (8,1):

** Since 83, 89, 11, 31, 41, 61, 71, 821, 881 are primes, we only need to consider the family 8{0,5}1
(since any digits 1, 2, 3, 4, 6, 7, 8, 9 between them will produce smaller primes)

*** Since 8501 is prime, we only need to consider the family 8{0}5}1 (since any digits combo 50
between them will produce smaller primes)

**** Since 80051 is prime, we only need to consider the families 8{0}1, 8{5}1, 80{5}1 (since any digits
combo 005 between them will produce smaller primes)

*xxxx All numbers of the form 8{0}1 are divisible by 3, thus cannot be prime.

**xxx The smallest prime of the form 8{5}1 is 8555555555555555555551 (not minimal prime, since
555555555551 is prime)

*x% The smallest prime of the form 80{5}1 is 80555551



* Case (8,3):
** 83 is prime, and thus the only minimal prime in this family.
* Case (8,7):

** Since 83, 89, 17, 37, 47, 67, 97, 827, 857, 877, 887 are primes, we only need to consider the family
8{0}7 (since any digits 1, 2, 3, 4, 5, 6, 7, 8, 9 between them will produce smaller primes)

*** All numbers of the form 8{0}7 are divisible by 3, thus cannot be prime.
* Case (8,9):

** 89 is prime, and thus the only minimal prime in this family.

* Case (9,1):

** Since 97, 11, 31, 41, 61, 71, 991 are primes, we only need to consider the family 9{0,2,5,8}1 (since
any digits 1, 3, 4, 6, 7, 9 between them will produce smaller primes)

*** Since 251, 281, 521, 821, 881, 9001, 9221, 9551, 9851 are primes, we only need to consider the
families 9{2,5,8}0{2,5,8}1, 9{0}2{0}1, 9{0}5{0,8}1, 9{0,5}8{0}1 (since any digits combo 00, 22, 25, 28,
52, 55, 82, 85, 88 between them will produce smaller primes)

**** For the 9{2,5,8}0{2,5,8}1 family, since any digits combo 22, 25, 28, 52, 55, 82, 85, 88 between
(9,1) will produce smaller primes, we only need to consider the numbers 901, 9021, 9051, 9081,

9201, 9501, 9801, 90581, 95081, 95801

**xxx 95801 is the only prime among 901, 9021, 9051, 9081, 9201, 9501, 9801, 90581, 95081, 95801,
but it is not minimal prime since 5801 is prime.

**x* Eor the 9{0}2{0}1 family, since 9001 is prime, we only need to consider the numbers 921, 9201,
9021

*x% None of 921, 9201, 9021 are primes.

**xx For the 9{0}5{0,8}1 family, since 9001 and 881 are primes, we only need to consider the numbers
951, 9051, 9501, 9581, 90581, 95081, 95801

**xxx 95801 is the only prime among 951, 9051, 9501, 9581, 90581, 95081, 95801, but it is not
minimal prime since 5801 is prime.

**xx Eor the 9{0,5}8{0}1 family, since 9001 and 5581 are primes, we only need to consider the
numbers 981, 9081, 9581, 9801, 90581, 95081, 95801

**xxx 95801 is the only prime among 981, 9081, 9581, 9801, 90581, 95081, 95801, but it is not
minimal prime since 5801 is prime.

* Case (9,3):



** Since 97, 13, 23, 43, 53, 73, 83 are primes, we only need to consider the family 9{0,3,6,9}3 (since
any digits 1, 2, 4, 5, 7, 8 between them will produce smaller primes)

*** All numbers of the form 9{0,3,6,9}3 are divisible by 3, thus cannot be prime.
* Case (9,7):

** 97 is prime, and thus the only minimal prime in this family.

* Case (9,9):

** Since 97, 19, 29, 59, 79, 89 are primes, we only need to consider the family 9{0,3,4,6,9}9 (since
any digits 1, 2, 5, 7, 8 between them will produce smaller primes)

*** Since 449 is prime, we only need to consider the families 9{0,3,6,9}9 and 9{0,3,6,9}4{0,3,6,9}9
(since any digit combo 44 between them will produce smaller primes)

*x% All numbers of the form 9{0,3,6,9}9 are divisible by 3, thus cannot be prime.

**+* Eor the 9{0,3,6,9}4{0,3,6,9}9 family, since 9049, 349, 9649, 9949 are primes, we only need to
consider the family 94{0,3,6,9}9

*rxxx Since 409, 43, 499 are primes, we only need to consider the family 94{6}9 (since any digits 0, 3,
9 between (94,9) will produce smaller primes)

*exkkx The smallest prime of the form 94{6}9 is 946669

base 12

The possible (first digit,last digit) for an element with >=3 digits in the minimal set of the strings for
primes with at least two digits are:

(1.1, (1,5), (1,7, (1,B), (2,1), (2,5), (2,7), (2,B), (3,1), (3,5), (3,7), (3.B), (4,1), (4,5), (4,7), (4.B), (5,1),
(5.5). (5.7), (5,B), (6.1), (6.,5), (6,7). (6,B), (7.1), (7.5), (7.7), (7.B), (8,1), (8,5), (8,7). (8,B), (9.1), (9.5),
(9,7), (9,B), (A1), (A5), (A7), (AB), (B,1), (B,5), (B,7), (B,B)

* Case (1,1):

** 11 is prime, and thus the only minimal prime in this family.

* Case (1,5):

** 15 is prime, and thus the only minimal prime in this family.

* Case (1,7):

** 17 is prime, and thus the only minimal prime in this family.

* Case (1,B):

** 1B is prime, and thus the only minimal prime in this family.



* Case (2,1):

** Since 25, 27, 11, 31, 51, 61, 81, 91, 221, 241, 2A1, 2B1 are primes, we only need to consider the
family 2{0}1 (since any digits 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B between them will produce smaller primes)

*** The smallest prime of the form 2{0}1 is 2001

* Case (2,5):

** 25 is prime, and thus the only minimal prime in this family.
* Case (2,7):

** 27 is prime, and thus the only minimal prime in this family.
* Case (2,B):

** Since 25, 27, 1B, 3B, 4B, 5B, 6B, 8B, AB, 2BB are primes, we only need to consider the family
2{0,2,91B (since any digits 1, 3, 4, 5, 6, 7, 8, A, B between them will produce smaller primes)

*** Since 90B, 200B, 202B, 222B, 229B, 292B, 299B are primes, we only need to consider the
numbers 20B, 22B, 29B, 209B, 220B (since any digits combo 00, 02, 22, 29, 90, 92, 99 between them
will produce smaller primes)

**** None of 20B, 22B, 29B, 209B, 220B are primes.

* Case (3,1):

** 31 is prime, and thus the only minimal prime in this family.

* Case (3,5):

** 35 is prime, and thus the only minimal prime in this family.

* Case (3,7):

** 37 is prime, and thus the only minimal prime in this family.

* Case (3,B):

** 3B is prime, and thus the only minimal prime in this family.

* Case (4,1):

** Since 45, 4B, 11, 31, 51, 61, 81, 91, 401, 421, 471 are primes, we only need to consider the family
4{4,A}1 (since any digit 0, 1, 2, 3, 5, 6, 7, 8, 9, B between them will produce smaller primes)

*** Since A41 and 4441 are primes, we only need to consider the families 4{A}1 and 44{A}1 (since
any digit combo 44, A4 between them will produce smaller primes)

**xx All numbers of the form 4{A}1 are divisible by 5, thus cannot be prime.



**** The smallest prime of the form 44{A}1 is 44AAA1l

* Case (4,5):

** 45 is prime, and thus the only minimal prime in this family.
* Case (4,7):

** Since 45, 4B, 17, 27, 37, 57, 67, 87, A7, B7, 447, 497 are primes, we only need to consider the
family 4{0,7}7 (since any digit 1, 2, 3, 4, 5, 6, 8, 9, A, B between them will produce smaller primes)

*** Since 4707 and 4777 are primes, we only need to consider the families 4{0}7 and 4{0}77 (since
any digit combo 70, 77 between them will produce smaller primes)

*x% All numbers of the form 4{0}7 are divisible by B, thus cannot be prime.

**** The smallest prime of the form 4{0}77 is 400000000000000000000000000000000000000077
* Case (4,B):

** 4B is prime, and thus the only minimal prime in this family.

* Case (5,1):

** 51 is prime, and thus the only minimal prime in this family.

* Case (5,5):

** Since 51, 57, 5B, 15, 25, 35, 45, 75, 85, 95, B5, 565 are primes, we only need to consider the
family 5{0,5,A}5 (since any digits 1, 2, 3, 4, 6, 7, 8, 9, B between them will produce smaller primes)

*** All numbers of the form 5{0,5,A}5 are divisible by 5, thus cannot be prime.
* Case (5,7):

** 57 is prime, and thus the only minimal prime in this family.

* Case (5,B):

** 5B is prime, and thus the only minimal prime in this family.

* Case (6,1):

** 61 is prime, and thus the only minimal prime in this family.

* Case (6,5):

** Since 61, 67, 6B, 15, 25, 35, 45, 75, 85, 95, B5, 655, 665 are primes, we only need to consider the
family 6{0,A}5 (since any digits 1, 2, 3, 4, 5, 6, 7, 8, 9, B between them will produce smaller primes)

*** Since 6A05 and 6AA5 are primes, we only need to consider the families 6{0}5 and 6{0}A5 (since
any digit combo A0, AA between them will produce smaller primes)



****x All numbers of the form 6{0}5 are divisible by B, thus cannot be prime.
**** The smallest prime of the form 6{0}A5 is 600A5

* Case (6,7):

** 67 is prime, and thus the only minimal prime in this family.

* Case (6,B):

** 6B is prime, and thus the only minimal prime in this family.

* Case (7,1):

** Since 75, 11, 31, 51, 61, 81, 91, 701, 721, 771, 7A1l are primes, we only need to consider the
family 7{4,B}1 (since any digits 0, 1, 2, 3, 5, 6, 7, 8, 9, A between them will produce smaller primes)

*** Since 7BB, 7441 and 7B41 are primes, we only need to consider the numbers 741, 7B1, 74B1
**+* None of 741, 7B1, 74B1 are primes.

* Case (7,5):

** 75 is prime, and thus the only minimal prime in this family.

* Case (7,7):

** Since 75, 17, 27, 37, 57, 67, 87, A7, B7, 747, 797 are primes, we only need to consider the family
7{0,7}7 (since any digits 1, 2, 3, 4, 5, 6, 8, 9, A, B between them will produce smaller primes)

*** All numbers of the form 7{0,7}7 are divisible by 7, thus cannot be prime.
* Case (7,B):

** Since 75, 1B, 3B, 4B, 5B, 6B, 8B, AB, 70B, 77B, 7BB are primes, we only need to consider the
family 7{2,9}B (since any digits 0, 1, 3, 4, 5, 6, 7, 8, A, B between them will produce smaller primes)

*** Since 222B, 729B is prime, we only need to consider the families 7{9}B, 7{9}2B, 7{9}22B (since
any digits combo 222, 29 between them will produce smaller primes)

**** The smallest prime of the form 7{9}B is 7999B

**** The smallest prime of the form 7{9}2B is 79992B (not minimal prime, since 992B and 7999B are
primes)

**** The smallest prime of the form 7{9}22B is 79922B (not minimal prime, since 992B is prime)
* Case (8,1):

** 81 is prime, and thus the only minimal prime in this family.



* Case (8,5):
** 85 is prime, and thus the only minimal prime in this family.
* Case (8,7):
** 87 is prime, and thus the only minimal prime in this family.
* Case (8,B):
** 8B is prime, and thus the only minimal prime in this family.
* Case (9,1):
** 91 is prime, and thus the only minimal prime in this family.
* Case (9,5):
** 95 is prime, and thus the only minimal prime in this family.
* Case (9,7):

** Since 91, 95, 17, 27, 37, 57, 67, 87, A7, B7, 907 are primes, we only need to consider the family
9{4,7,9}7 (since any digit 0, 1, 2, 3, 5, 6, 8, A, B between them will produce smaller primes)

*** Since 447, 497, 747, 797, 9777, 9947, 9997 are primes, we only need to consider the numbers
947, 977,997, 9477, 9977 (since any digits combo 44, 49, 74, 77, 79, 94, 99 between them will
produce smaller primes)

**** None of 947, 977, 997, 9477, 9977 are primes.

* Case (9,B):

** Since 91, 95, 1B, 3B, 4B, 5B, 6B, 8B, AB, 90B, 9BB are primes, we only need to consider the
family 9{2,7,9}B (since any digit 0, 1, 3, 4, 5, 6, 8, A, B between them will produce smaller primes)

*** Since 27, 77B, 929B, 992B, 997B are primes, we only need to consider the families 9{2,7}2{2}B,
97{2,91B, 9{7,9}9{9}B (since any digits combo 27, 29, 77, 92, 97 between them will produce smaller
primes)

**xx Eor the 9{2,7}2{2}B family, since 27 and 77B are primes, we only need to consider the families
9{2}2{2}B and 97{2}2{2}B (since any digits combo 27, 77 between (9,2{2}B) will produce smaller
primes)

**xxx The smallest prime of the form 9{2}2{2}B is 9222B (not minimal prime, since 222B is prime)

**xxx The smallest prime of the form 97{2}2{2}B is 9722222222222B (not minimal prime, since 222B is
prime)

**xx Eor the 97{2,9}B family, since 729B and 929B are primes, we only need to consider the family
97{9K2}B (since any digits combo 29 between (97,B) will produce smaller primes)



*irk Since 222B is prime, we only need to consider the families 97{9}B, 97{9}2B, 97{9}22B (since any
digit combo 222 between (97,B) will produce smaller primes)

*xxek Al numbers of the form 97{9}B are divisible by 11, thus cannot be prime.

*xxkk The smallest prime of the form 97{9}2B is 979999992B (not minimal prime, since 9999B is
prime)

*xxek Al numbers of the form 97{9}22B are divisible by 11, thus cannot be prime.

**xx Eor the 9{7,9}9{9}B family, since 77B and 9999B are primes, we only need to consider the
numbers 99B, 999B, 979B, 9799B, 9979B

*x+% None of 99B, 999B, 979B, 9799B, 9979B are primes.
* Case (A1):

** Since A7, AB, 11, 31, 51, 61, 81, 91, A41 are primes, we only need to consider the family A{0,2,A}1
(since any digits 1, 3, 4, 5, 6, 7, 8, 9, B between them will produce smaller primes)

*** Since 221, 2A1, AOA1, A201 are primes, we only need to consider the families A{A}{0}1 and
A{A}H0}21 (since any digits combo 0A, 20, 22, 2A between them will produce smaller primes)

**** For the A{AHO}1 family:

*xxx% All numbers of the form A{0}1 are divisible by B, thus cannot be prime.

**&+% The smallest prime of the form AA{0}1 is AAO0O0001

*+++x The smallest prime of the form AAA{0}1 is AAA0001

**xxx The smallest prime of the form AAAA{0}1 is AAAAL

wexkx Since this prime has no 0's, we do not need to consider the families {A}1, {A}01, {A}001, etc.
**** All numbers of the form A{A}0}21 are divisible by 5, thus cannot be prime.

* Case (A,5):

** Since A7, AB, 15, 25, 35, 45, 75, 85, 95, B5 are primes, we only need to consider the family
A{0,5,6,A}5 (since any digits 1, 2, 3, 4, 7, 8, 9, B between them will produce smaller primes)

*** Since 565, 655, 665, A605, A6AS5, AA65 are primes, we only need to consider the families
A{0,5,A}5 and A{0}65 (since any digits combo 56, 60, 65, 66, 6A, A6 between them will produce
smaller primes)

**xx All numbers of the form A{0,5,A}5 are divisible by 5, thus cannot be prime.

**** The smallest prime of the form A{0}65 is A00065

* Case (A7):



** A7 is prime, and thus the only minimal prime in this family.
* Case (A,B):
** AB is prime, and thus the only minimal prime in this family.
* Case (B,1):

** Since B5, B7, 11, 31, 51, 61, 81, 91, B21 are primes, we only need to consider the family
B{0,4,A,B}1 (since any digits 1, 2, 3, 5, 6, 7, 8, 9 between them will produce smaller primes)

*** Since 4B, AB, 401, A41, BO01, BOB1, BB01, BB41 are primes, we only need to consider the
families B{A}0{4,A}1, B{0,4}4{4,A}1, B{0,4,A,B}A{0,A}1, B{B}B{A,B}1 (since any digits combo 00, 0B,
40, 4B, A4, AB, B0, B4 between them will produce smaller primes)

**% For the B{A}0{4,A}1 family, since A41 is prime, we only need consider the families BO{4}{A}1 and
B{A}O{A}1

*ixk Eor the BO{4H{A}1 family, since BO4A1 is prime, we only need to consider the families BO{4}1 and
BO{A}1

*irkk The smallest prime of the form B0{4}1 is BO4441 (not minimal prime, since 4441 is prime)
*exkkx The smallest prime of the form BO{A}1 is BOAAAAAL (not minimal prime, since AAAAL is prime)

*x0x Eor the B{A}JO{A}1 family, since AOAL is prime, we only need to consider the families B{A}01 and
BO{A}1

*rxxek The smallest prime of the form B{A}01 is BAAO1
*ekkk The smallest prime of the form BO{A}1 is BOAAAAAL (not minimal prime, since AAAAL is prime)

**** Eor the B{0,4}4{4,A}1 family, since 4441 is prime, we only need to consider the families
B{0}4{4,A}1 and B{0,4}4{A}1

*ex0x Eor the B{0}4{4,A}1 family, since BOO1 is prime, we only need to consider the families B4{4,A}1
and B04{4,A}1

ik For the B4{4,A}1 family, since A41 is prime, we only need to consider the family B4{4}{A}1

*rxxekx Since 4441 and BAAAL are primes, we only need to consider the numbers B41, B441, B4A1,
B44A1, B4AA1l, B44AAL

kit None of B41, B441, B4A1, B44A1, B4AAL, B44AAL are primes.

wexex For the BO4{4,A}1 family, since BO4A1 is prime, we only need to consider the family BO4{4}1
*rxeekk The smallest prime of the form B04{4}1 is B04441 (not minimal prime, since 4441 is prime)
*xxx Eor the B{0,4}4{A}1 family, since 401, 4441, BOO1 are primes, we only need to consider the

families B4{A}1, BO4{A}1, B44{A}1, BO44{A}1 (since any digits combo 00, 40, 44 between (B,4{A}1)
will produce smaller primes)



*+ixkk The smallest prime of the form B4{A}1 is BAAAA1 (not minimal prime, since BAAA1L is prime)
*kkk The smallest prime of the form BO4{A}1 is BO4A1

*xxek The smallest prime of the form B44{A}1 is B44AAAAAAAL (not minimal prime, since BAAAL is
prime)

*+ixkk The smallest prime of the form B044{A}1 is BO44A1 (not minimal prime, since BO4A1 is prime)
**** For the B{0,4,A,B}A{0,A}1 family, since all numbers in this family with 0 between (B,1) are in the
B{A}0{4,A}1 family, and all numbers in this family with 4 between (B,1) are in the B{0,4}4{4,A}1 family,
we only need to consider the family B{A,B}A{A}1

*k% Since BAAAL is prime, we only need to consider the families B{A,B}Al and B{A,B}AAl

rexkkx Eor the B{A,B}A1 family, since AB and BAAAL are primes, we only need to consider the
families B{B}A1 and B{B}AAl

Frekkkk All numbers of the form B{B}A1 are divisible by B, thus cannot be prime.
wexxxek The smallest prime of the form B{B}AA1l is BBBAAL

rexkkx Eor the B{A,B}AAL family, since BAAAL is prime, we only need to consider the families
B{B}AAl

rexkkkx The smallest prime of the form B{B}AAL is BBBAA1

**+* Eor the B{B}B{A,B}1 family, since AB and BAAA1 are primes, we only need to consider the
families B{B}B1, B{B}BAL1, B{B}BAA1 (since any digits combo AB or AAA between (B{B}B,1) will
produce smaller primes)

*+++x The smallest prime of the form B{B}B1 is BBBB1

ek All numbers of the form B{B}BAL1 are divisible by B, thus cannot be prime.

**xxx The smallest prime of the form B{B}BAAl is BBBAA1

* Case (B,5):

** B5 is prime, and thus the only minimal prime in this family.

* Case (B,7):

** B7 is prime, and thus the only minimal prime in this family.

* Case (B,B):

** Since B5, B7, 1B, 3B, 4B, 5B, 6B, 8B, AB, B2B are primes, we only need to consider the family
B{0,9,B}B (since any digits 1, 2, 3, 4, 5, 6, 7, 8, A between them will produce smaller primes)

*** Since 90B and 9BB are primes, we only need to consider the families B{0,B}{9}B



***% Since 9999B is prime, we only need to consider the families B{0,B}B, B{0,B}9B, B{0,B}99B,
B{0,B}999B

*xxx All numbers of the form B{0,B}B are divisible by B, thus cannot be prime.
*xxx Eor the B{0,B}9B family:

*rxxeek Since BOB9B and BB09B are primes, we only need to consider the families B{0}9B and B{B}9B
(since any digits combo 0B, BO between (B,9B) will produce smaller primes)

*rRkkR% The smallest prime of the form B{0}9B is BO000000000000000000000000009B

reekkxk All numbers of the from B{B}9B is either divisible by 11 (if totally number of B's is even) or
factored as 107(2*n)-21 = (10"n-5) * (10”n+5) (if totally number of B's is odd number 2*n-1), thus
cannot be prime.

**xx* For the B{0,B}99B family:

*rxxeek Since BOB9B and BB0O9B are primes, we only need to consider the families B{0}99B and
B{B}99B (since any digits combo 0B, BO between (B,99B) will produce smaller primes)

xeekkk The smallest prime of the form B{0}99B is BO0099B
*rRRkk* The smallest prime of the form B{B}99B is BEBBBB99B
**:x% For the B{0,B}999B family:

*rxxkk Since BOB9B and BB0O9B are primes, we only need to consider the families B{0}999B and
B{B}999B (since any digits combo 0B, BO between (B,999B) will produce smaller primes)

*rxxekk The smallest prime of the form B{0}999B is
B0000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000



000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000999B (not minimal
prime, since BO0O099B and BOO0O0000000000000000000000009B are primes)

*xxekx The smallest prime of the form B{B}999B is
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB999B (not minimal prime, since
BBBBBB99B is prime)
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