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Abstract

An aperiodic binary orientable sequence is a finite sequence of ze-
ros and ones for which, for some integer n, all the subsequences of n
consecutive symbols, read either forwards or backwards, are distinct.
Analogously, a periodic binary orientable sequence is an infinite pe-
riodic sequence of zeros and ones for which, for some integer n, all
the subsequences of n consecutive symbols, read either forwards or
backwards, are distinct within a single period of the sequence. Such
sequences have potential application in position-location applications.
For applications, the longer the sequence (or the greater the period in
the periodic case) the greater its utility, but yet while constructions
are known for such sequences, and upper bounds on their length (or
period) exist, the precise maximum length (or period) was previously
unknown for anything other than small values of n. In this note the
results of LLM-conducted searches for the longest possible aperiodic
and periodic binary orientable sequences for n < 16 are reported. In
each case an example of a sequence of the maximum length is also pro-
vided, and the maximum possible length is now determined for every
n < 16 for both the periodic and aperiodic cases.

1 Introduction

An aperiodic binary orientable sequence is a finite sequence of zeros and
ones for which, for some integer n (the span), all the subsequences of n
consecutive symbols, read in either direction, are distinct. Analogously, a
periodic binary orientable sequence is an infinite periodic sequence of zeros
and ones for which, for some integer n (the span), all the subsequences of n
consecutive symbols, read either forwards or backwards, are distinct within
a single period of the sequence.

Such sequences were introduced in the early 1990s [IJ, 2, 3] in the context
of position-location applications. Suppose such a sequence is encoded in
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some way in a surface, and suppose that a device capable of reading n
consecutive symbols of the encoding wishes to learn where it is and in which
direction it is traversing the sequence. Then, because no n-tuple repeats in
either direction, reading n consecutive symbols can be used to work out the
location in the sequence and the direction in which it is being traversed.

The searches described in this note were performed with the aid of the
Claude LLM[Y

2 Definitions

We first give a formal definition of the sequences forming the focus of this
note. Note that from here on we do not explicitly say that we are only
dealing with the binary case.

Definition 2.1. Supposen > 2. A finite sequence of length ¢, (ag, a1, ...,ar_1),
where a; € {0,1} for every i, is said to be an aperiodic orientable se-
quence of span n if all the 2(¢{ — n + 1) n-tuples (a;, @jt1,-..,ai1n—1 and
(Qitn—1,0itn—2,---,a;) (0 <i < —mn) are distinct.

Example 2.1. A trivial example for n = 2 is (01). For n = 3, a simple
example is (0011).

A periodic binary orientable sequence can be defined as follows.

Definition 2.2. Suppose n > 2. An infinite periodic sequence (a;) (i > 0)
of period p, where a; € {0,1} for every i, is said to be a periodic ori-
entable sequence of span n if all the 2p n-tuples (a;,ait+1,...,aitn—1 and
(Qitn—1,0i4n—2,---,a;) (0 <i<p—1) are distinct.

3 Previous results

3.1 The 1993 table

The 1993 Burns and Mitchell paper [2, Table 3] tabulates the results of
searches for aperiodic orientable sequences, and is reproduced below. Tablel]]
lists the lengths of the longest known aperiodic orientable sequence for 4 <
n < 16. For n in the range 4 < n < 7 the length given is the length of
the longest such sequence, since for these values an exhaustive search was
completed.

"https://claude.ai
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Table 1: Existence of aperiodic orientable sequences

Span (n) Sequence length (¢)

4 8

) 14
6 26
7 48
8 108
9 210
10 440
11 872
12 1860
13 3710
14 7400
15 15467
16 31766

3.2 A recursive construction

A 2022 paper [5] describes a simple recursive approach for generating aperi-
odic orientable sequences. This approach can be used to generate sequences
with lengths given in Table

It should be clear by comparing with Table |1| that this method generates
maximal length sequences for n < 7, but not for larger n.

3.3 Constructions for periodic sequences

Most of the prior work in this general area has focussed on the periodic case,
and the two cases are closely related as the following remark shows.

Remark 3.1. Any p + n — 1 consecutive symbols of a periodic orientable
sequence form an aperiodic orientable sequence. That is, any method of
construction for a periodic orientable sequence automatically yields aperi-
odic sequences.

A number of recent papers have considered construction methods, and pe-
riod bounds, for periodic sequences, including [4} [5]. Tablelists the periods
of the orientable sequences constructed by Gabrié¢ and Sawada [4], together
with the length of the aperiodic orientable sequence which can be derived

from it.

For further information on orientable sequences and their generation see
Sawada’s excellent web page: https://debruijnsequence.org/db/orientable
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Table 2: A family of aperiodic orientable sequences

Span (n) Sequence length (¢)
2 2

4

8

14

26

48

92

178

10 350
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2r 222 4 (2272 —1)/3+2r — 1
2r +1 22r=1 4 (227=1 —2)/3 + 2r

4 Searches

4.1 Aperiodic sequences

Claude used two methods of search: exhaustive search (for n < 7) and
integer programming (8 < n < 16), as follows.

e FEzxhaustive search. This employed a depth-first extension, one bit at
a time, pruning only when the windows used so far plus the number
of unused non-palindromic reversal pairs cannot reach the best length
found. Complementation symmetry was used (first bit 0); nothing else
was pruned, so every sequence of maximal length is enumerated.

e Integer programming. In this approach windows (n-tuples) were treated
as edges w :  (wg,w1,...,wp—2) — (wi,ws,...,w,—1) of the de
Bruijn digraph with vertices all (n — 1)-tuples, and where an ape-
riodic orientable sequence is a trail that includes no palindromic edges
and involves at most one edge from each pair {w,w’}, where the su-
perscripted R denotes the reverse n-tuple. The integer programming
setup involves binary variables xy, one per non-palindromic n-tuple
w, with 2w +z4,r < 1; for every vertex u, the out-degree minus the in-
degree equals oy — 1y with binary oy, 7y and > oy < 1land > 7y < 1.
The integer programming goal is to maximise » | @y . This omits the
requirement that the chosen edges be connected, so its optimum value
is an upper bound on ¢ —n + 1 (as is also any bound proved by the
solver). When the optimal edge set is connected it is an Eulerian trail,



Table 3: The Gabri¢-Sawada sequences

Span (n) Period (p) Aperiodic sequence length (¢ =p+n —1)

) 6 10

6 16 21

7 36 42

8 92 99

9 174 182
10 416 425
11 844 854
12 1844 1855
13 3700 3712
14 7694 7707
15 15394 15408
16 31483 31498
17 63135 63151
18 128639 128656
19 257272 257290
20 519160 519179

i.e. an aperiodic orientable sequence attaining the bound, which proves
maximality?} The problem was solved using the HiGHS solverf’] seeded
with a heuristic solution. For n = 14 the solver could not close the
final gap of one edge directly, and so the problem was split into cases.
Since the complement and the reverse of an aperiodic orientable se-
quence are also aperiodic orientable sequences, it can be assumed that
the start vertex a and end vertex b of the trail satisfy wy(a) < wt(b)
and wp(a)+wt(b) < 13, where wy, denotes Hamming weight. Separate
integer programs, each requiring at least 7752 edges, were then solved
for the case of a closed trail, for each value of wy(a) € {1,2,...,6},
and for a = 0" combined with each value of wy(b) € {0,1,...,13}.
All 21 were shown to be infeasible, establishing that 7764 is the max-
imum length. As a check, the same model was used to reproduce the
exhaustive search values for 4 < n < 7. As a further check, the same
searches were carried out using the SCIP solverf]] with the same re-

2In all the cases examined the optimum of the relaxed integer program was attained
by a single trail, so the maximum length of an aperiodic orientable sequence of span n
equals n — 1 plus the largest number of edges in a near-balanced (with one start and one
end vertex) subgraph of the de Bruijn graph that uses at most one edge of each reversal
pair.

3https://highs.dev/
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sults, except that for n = 14 SCIP confirmed 20 of the 21 cases; the
remaining case (a = 0'3, b = 1!3) could not be completed in the time
available.

The results of the computer searches performed by Claude are summarised
in Table[d The following observations can be made regarding the entries in
the table.

e The searches confirm the correctness of the claim made in [I} 2] that
the values in Table [I] are indeed the lengths of the longest possible
sequences for n < 7.

e The searches also revealed the number of distinct maximal length se-
quences for 4 < n < 7, namely 2 (n = 4), 2 (n = 5), 22 (n = 6),
and 3294 (n = 7), where the complement and reverse of a sequence
are regarded as distinct. If two sequences that are equal after com-
plementation or reversal are deemed equivalent, then the number of
equivalence classes is 1 (n =4),1 (n=15),6 (n=6), and 829 (n=7)

e The Table [1] value is maximal for n = 8 (108) and n =9 (210).

e For every n from 10 to 16 a longer sequence exists than the one in
Table[I] In every case the new lengths are largest possible.

e The status field indicates that the length listed has been found to
be longest possible (mazimal), and how this was established, i.e. via
exhaustive search or integer programming (as outlined above).

e Every sequence listed in Section [5.1| was checked again to verify that
it satisfies the orientable property.

4.2 Periodic sequences

The integer programming approach of Section [4.1] works equally well for
periodic orientable sequences. A periodic orientable sequence of span n and
period p corresponds to a closed walk of p edges in the de Bruijn digraph
which involves no palindromic edge and includes at most one edge of each
pair {w,wf'}. The integer programming model is therefore the same as
before except that every vertex is balanced, i.e. oy = 7y = 0 for every u,
and the goal is again to maximise ) zy. As in the aperiodic case, this omits
the requirement that the chosen edges be connected, so its optimum value is
an upper bound on the period; whenever the optimal edge set is connected
it is an Eulerian circuit, i.e. a periodic orientable sequence attaining the
bound. In every case examined the optimum was achieved by a connected
edge set.



Table 4: Search results

n £ in Table max. length found status

4 8 8 maximal (exhaustive and ILP)
5 14 14 maximal (exhaustive and ILP)
6 26 26 maximal (exhaustive and ILP)
7 48 48 maximal (exhaustive and ILP)
8 108 108 maximal (ILP)

9 210 210 maximal (ILP)
10 440 444  maximal (ILP)

11 872 882 maximal (ILP)
12 1860 1878 maximal (ILP)

13 3710 3752 maximal (ILP)
14 7400 7764 maximal (ILP)
15 15467 15534 maximal (ILP)

16 31766 31810 maximal (ILP)

The results are summarised in Table [5], which also repeats the periods of the
Gabrié¢-Sawada sequences from Table [3|and the maximum aperiodic lengths
from Table[dl The following observations can be made.

e The maximum period of a periodic orientable sequence is now known
for every n with 5 < n < 16. For n = 4 the model shows that no
periodic orientable sequence exists.

e The Gabri¢-Sawada construction achieves the maximum period for
5 <n <8, but not for 9 < n < 16. Nevertheless it comes close: for
n = 16 its period is about 99.1% of the maximum.

e The longest aperiodic orientable sequences are strictly longer than
those derived from periodic sequences of maximal period: for every n
with 5 < n < 16, the maximum aperiodic length exceeds p+n — 1
(where p is the maximum period) by between 4 and 19.

o All the values were established using the HiGHS solver. As a check, the
computations were repeated using the SCIP solver, which confirmed
the maximum period for 5 < n < 15; for n = 16 SCIP found a sequence
of period 31776 and proved an upper bound of 31777 within the time
available.

e Every sequence listed in Section was checked again to verify that
it is a periodic orientable sequence with the stated period.



Table 5: Maximum periods of periodic orientable sequences (GS: Gabrié-
Sawada period; max. ¢£: maximum aperiodic length from Table

n GSp max.p p+n—1 max. ¢ optimality proved by
5 6 6 10 14 HiGHS, SCIP
6 16 16 21 26 HiGHS, SCIP
7 36 36 42 48 HiGHS, SCIP
8 92 92 99 108 HiGHS, SCIP
9 174 194 202 210 HiGHS, SCIP
10 416 426 435 444 HiGHS, SCIP
11 844 860 870 882 HiGHS, SCIP
12 1844 1856 1867 1878 HiGHS, SCIP
13 3700 3728 3740 3752 HiGHS, SCIP
14 7694 7738 7751 7764 HiGHS, SCIP
15 15394 15504 15518 15534 HiGHS, SCIP

16 31483 31776 31791 31810 HiGHS

5 Examples

For compactness, each sequence is given in hexadecimal, read left to right,
where each hex digit stands for four consecutive bits (most significant bit
first). The final digit is padded with zero bits on the right. The sequences
are also given in binary for small values of n.

5.1 Aperiodic sequences

An example of an aperiodic binary orientable sequence is given below for
every n satisfying 4 < n < 16 of length equal to the value in Table

n =4, ¢ = 8 (unique if complementing and reversing are taken into
account). Binary: 00010111
Hex: 17

n = 5, { = 14 (unique if complementing and reversing are taken
into account). Binary: 00001101001111
Hex: opac

n =06, { =26. Binary: 00000100110111000101011111
Hex: o4pcs7e



n =717, {=48. Binary: 000000100110000101011001110100011110110100111111
Hex: 026159D1ED3F

n =238, £ =108. Binary: 1111111011100001010011000100000110111010101000111
10100111000110101111100100101011011001000101110011010000000
Hex: FEE14C41BAA3D38D7C95B22E680

n =9, £ =210. 00CE32BCBB6647B0SBE6BIEO4AFD22E1269B8B10A77A1AASASC3FC

n = 10, £ = 444. 0057BB6AEE7F7835BF2B9A096E4A5B1C27B3D7452C9C5F32D7051F62C3
BEB31563287C94E9223A19CBB08D3C4DC7 A6CO42A6A20C818955FF

n =11, £ = 882. 002F5CB7F20BBFOEDF44B291EA7BB3FDOAC943AB754DCASB1FODF2813
36F4E36D27A5AF3EBOAB598B511B8BC2E05B2FDYA7EAOD35DC8A63BD91CF1D201CCAD8461E5C
E4CAF347D8CED10A3C1968667B5C41C574C92F82C87CCO8986F18AAC52C486093A36752EC042
TODO9581EFFC

n =12, { = 1878. 0017956F52CF5C7FDEESBE2DEACT 13F62FC6F71C8DDF83A7DIFABBED
DAFF41591FODFSEFOAB1ESF7712EF494BCOSBEAA9919BD158B5SDIABDOAETF70F5491E725C6DE
3EB3BE6A737053E7B270A6EDAD35D518DCIF5027C67833B203E617C272FED6673A279B2EDATE
5A2E9D2A8A77996D58704C5C334E2A12B80C665235E234C36D12CAFE20D72A5381A5D44DSAF2
177683D82E496E30858463476050DD1C23AB58D80B50C1B4A3C3164AC01058398A0914832B67
5D03BYE9EFA687F2500E3CA6AB904451DOED9506225443664232E64D616C913BAFDF043C90EB
6202AB48688E7D2064428B38D26134DFFC

n = 13, £ = 3752. FFF3ECF1F561BFA7TECCB7CBBD3BDBF96EBF6C3D7D2DEC7331E2AFCT4
AE631D1F479F929DD81F8C80F3A29DODES5723A16E3C179784B3FA9FF6815E3943DBAB4154D4
B6A3F7C6E2A13FDCFE2DE31384F7BB863E7A9B79E689BBE6BISIEEGED 129BEB7E 1 AF36E9BDFA
4F1A7C3B5A599ECSEFA9533CB97540F99DBESB2D7794A1896AA8DDE5C5E2CCO73141FFA33752
766B7ASET719F8926DA76900BF517AE97987DC8BF38EFCDC24EBE17C8A666D374A659D950761
D4EOF432FC1A5CE64FBCEOB6F8874E79381EC175192C30796A7AE177306E7A227A674C956713
6AFT033EB323E49985669ED53C8D49176A63925EA9872FBAS77DASSEDBO75BBA47947BB7 12BD
64E93570169C42D643FD68DBIODD01269518DB3793789FAC5C83868788B5043E3832D2906CA3
0CD851D5435B3AD63356E7579236873930D8D0A2D272C89304CAEBO2C15C6CF9053F0A90B2BO
4237EE8E421B5D181A3BC3FBC1214D366869D44C47F990CES565808F5B700D5780430F207871
AE221A80638B430297FB208EEBOF4D251C281341989A8A58C2511A62D97A07484D8A56CTA454
EC4C233C22C764A1562B1FD0980289194FA8456BDIC3A20FB1974207120451A4462C991092D8
12B54584882E081735883103280C148D1A097C009CD0O00

n = 14, { = 7764. 0006BBD3EOD5977559BD37EBEA97FF3B5FDBY6F7D8DABEFFO9EDI75F
EE17377FD679D5DFD3DSFEOEOE73A3733FE856FD3B393D7TF3743F97CA7T568F4397AF8F762B75



A99E2CE7F6B5CBC79EB46CFC6BDF8CAF78DB24BABOCC5611FD90A7EFES75DDC58FB326FB4C2D
DF7CFDB19CD98FA38FF57505DF9ADOF73E3A7496FC3D9299DFC3438EFD8B352DAF15ED1AEAAC
A7AC1BEBB7DCBB23AA9BE66DF526BA53C64D273DCESD4943552D5B7C5CB3DEE9F8318BFCD232
FBAF57CF6AECD911B41997A3378BF779825042F2E916EAODAB1DES8D73F5676DEEG698EB7D2E8
C97AAE6DB503FA9AF45CC7BOCBCFE4EFC10FA1BFE271BFBC46B50C5C07D6CB76D8BC6A2920AD
3EB95F22EBIODD2DES590F7478C3248AF23DA1533631DACOB55FOETES4D4FB79BESD4E49AB8FS
ECA64C2ADAC73B07BCA3ES12DC47TE4CF89A918A9E1D12BC4B587A6B8BDCAFF68BF32DBC70556
BF2DA3A590969BC9A83C8DEOB558D8820E7A9EOE266BC38984EF5C760539A8FDODCADECFOE4F
BD2B70FF92D493F60097F1F16EOE66AD69A6EB8852F8AB14D684AE70ACCE6B3AF35414DB499D3
71B8A667B38C860597C14B45998E3981EDC0C4531BD50A19ES68AD9836765715DE44D3FF51AC
2EB774469DDF2E7A3FCA4B32C963CDC17CES8OEFAC8ACB656D08DD6715ABDDD9451EES28BCO58
C4F9CAA8D8626DDEC52E4B8D962EDAEE4A441EBAD2FC49F455FD137BDOCDCF112FA13035BD23
B34F01869AC17B6117D45D8FOA819AC83E16783EC463D5C3932116DCTEA1FOE1BE435C1A148F
BF555209FD05A493AE01B726238D32364F9616A23EA02D1384E2EA8CB544F28379DC67A58C08
EE1BB989143B67A09B922589DC19DA7AASAEB30A694D152ED295DB12E68396C70D9A1094BC42
4F7D012B60E407A4AA7CC648C15E17E11CFB5543AFC055117838B4EAT14AC1396BE9CA62D87D
E18DDAA686D6ES81AA4EOSEAS543720A101BA4D95128F260A0776F5BC29542759B4BOEB40F38F2
163A8C3B274415142E99CB2B3EB13412EF8E480CFA4F0965C481957812C2091103E6889FA6CF
20EFO009E90D94817146394670D4C3849BB0499888A2E30B85B3846AF322C81D502DFOAO0EC49
0D1F86418044ED047C018E022C370892A62057330952CE002E8B1508AE4E22D6D82C405308CF
E2813141615D84DA29D8D1268E723233406A01C121F20454781D215C118447476E98C2468D0C
3E30402932E54A60F1DD4CB43CC59661E200B038832E19D6C5131A0417287021D4B84CE255C8
E5813A71D0B27225477CODA41E10DE890A3842B129C306442E452C18B04521DD092C072A0D30
02A4C06C8081BOA34AFD247154C82210CE420D8F928C0510F403450741FFF

n = 15, £ = 15534. FFFDFBA59DDA3A75830FA6BC85166E9D18F43F8F6FBFOF33DFF3AB2
F57478FD9DA29A65C15F75B14C53A67FF6ABAE7DD9B7F2B2D8FAFDBE2FDS4ECO9FB7 78E42FOF
8BBB6BABFSBDFESE7FAFFDITFF92778CF7757EE6BDF3F7783B5FA9FA973F6B67BC37C3727AFC
8DFDCA87E2BODEA7BF36F4079DBFE955B1DACC4AE75FOFCCEB2CAF1F5781DCBF12EDSF3FFOF16
49E416FDEAQ769F23A61BDBCEAT 1F69A39907A8B62775AFF6DB2893F095FCDED1A3BD3B7BD36
CEF03740B2BD6B616FA1EFB29517C777A21CDDCB7FOEF98A52DEE60D067FBE3F009D266B92E2
BDAA7B1F08F2470F756F9A6ABE7C3AF7067B643B8ADC5F66B47FEAGEBESCF58ACCCEFAF65BBE
8B2EAD7DEE5D4726DD99EQAOEFE377EQE27FB4674D3F727 2F49BEAE6SEDDASSF05581F7B5A92
E9BCCB68727E984CFB3C8FECOFE72075CDEC685B6BA7FSEOEBACDB72BED7DA7B8F2CF600A6AD
97230EF66E2D09F64776126EDOA37EA34CE17BCFB75E276E9BO35DETABSFF37FBB9332EFB517
6F06B3D1D1BDD72D7CBDOF7EB3EA66F527F76C1F86DCD16B73EB34B7395E16E523A2DF2D6BOF
3760F19952B57F96CD83B3263FEC7BF82F722AF3797D0A07F335971F30343BCD45913FA1DBEB
8395AE6A774D44279F98EBFCEBFBD82FBF25E7F 140BEAC67CBBA94AESAAF287B637E64AFBEASDS
AA3FDC6F46DFBOD43EE7 19DD44FCECD49A83DEBCF95DF 1A95CD3BE4589AFBOB8A73EC65F2744
67F60E6DDA995A8DE79B69EAE10FDB54ABAFD2F361BB704F8F5F3329FC33B1557187A5749EECO
7B5E976BB6D2F74E2E86978DIFCB1DIF94A46F 183A54F5A8A9FSE693B9BAB1321EE04TF83167
FC48CA58DAC65764ED96B22F4304F46BB307D2CBF43631F6669F4A79AEECSDCBIA158A0224EA
9D7AC9F0696A26316A7D823E303CAE1DDD21ESDA47A2B9655DC6BAIB7CIEC231CBCEESBOFF28
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FD721FF595C897FA8A4D9E28973B69B3B283C5689D0EOFA315E74FBA3659A1E3ADEOS0D7E1CB
97C5644371FAA67COF136C73E9F115B701A3719BFA848D9D548FBC8ES59D859F21E1B2B74774
3EA55D48D73CFA27B2689BC5C7B38D188A7BA151B60AE6374AC39FAD1B4A375C27065E8CBCAC
6E7BE9OA919E7098F34AF48E6C06797932943B1E18593DA64D554A839F1A6F83A0F4EAEDDC11
TFC86FFOA4FODFFAOEB4CC3CA6D7C4ESBACA305A97DBOAAES8O79145EDO967E36226E7719426E
9231B8A835EDBOC7F279985F10D746A6949A0BF78060AD3C1F1357E6ABS0EB38ABB1D4671C2E
A1E896DED4F2E324E37223DF293D5B99CFC147393C6B500ECB2D484C4BE6D21B662EC49CF73C
B7AEFC6703F714BF3DA0O6F5B0138917E16B11F62DC36AF9578A968F3A3F3FD39E4BODA196975
43CF2AAD31C7F5B79017F6F549E1703876C4B45E78945817AA097592EF1336E2847E424E06D3
A135C6ACO2F02E9EF7E18A3EE258E2F512CB2750BD92487CDD12AE2E421ECACC3600758C678F
4CA381999175E8BID6E483F6062A28EBCD10A72C5FC22AA6A863CA82E4A41E612F614D8SE97D6
21EB9815706A49D3D22DEC86CCC6CD39CF1C4EB4478D2E5867A0C954277110B674BA30097ECS
2562497336B94D6F80C2B2B4890972BA2805F09A962CD4225799283BOC3A6ESAGEF6C08A668F
A889613B4C4D9BF7089158E5069042FF0327334265FD770AA3CA35BCDCCACIC866F044CEELAF
0D323826D301CF6692E01F58073568E46B0OD1C4ADFA297701371D23435BAAB1ED2640C6D07CE
830C6A06C590C5E3B6F14DEF16FOCB39C3C871B04B7E2C66CES519A46292BE99B2931A76A51F
24B71CEOF02A6FCA1739862134F6E3143C10CE8646C38F81365F7004A9D023BCB4842D5C82BC
688A9A32BOBCE6FB4B87AAD02B8983D007ADDS8BE4016BC65CE2698C1BC49B461AE2CE1D125A5
39941582EFE9214354A161D5B4E3A17E61CC2C2D429A1C34A12AD674066D111AAES0CFA1297A
O0A5E464BF0716DD093170A2B0982476E62623B41B22A4B18228D261F22128D150E7545AA6E27
ODE49154B262B62003403396ADES521DAA237D382EBB561046EEF8276725AA169AD712571CO7E
A03A386558B4FC9851E90752DAF38F18E8846C84E620F86AF62190ADE21247CF0613DCA2E085
T7AD2538A4470AF921D207B184A8CB1AA31A07D1EB30242C5CDC3CO09AC7060806E210521ACA
93B25406FB902F240E5A0384B1227A865392B6C968633575AA8EA65A2056D70CD8AEC14530CC
64F058FD03A73411C023C222905E2C1C318E21D57BB504627D7505B53A9035185D97848B4644
A9607510192533C4611D74C93635E8473C3D840D3E163A09A119B9406250C4816180391021F6
DO20E678419C46E061CA7A1658570B41C7AB3CO889ES504CAACD62C4660AA63E9388BCB116532
A38EFBD2508742285204F17808C0B883810869E4D85134906AE23D4A07198B0A5C9887158832
C1B9C0B45199C61016CB0162A70A6453808582CDAA01331261255906E1916D8C83340CBBOESO
198441A25025AC1090E58272B0105A5B2A906224A567C5B06522A053E821C8207ES5E20986120
E4C91663E54C441768045D3103222EF7180059E6460CC9203E5156659854106D4C14A2185049
AD9339B50DD685D220914116116EA00409289C647E31340524BO0A5AE8430288E94D48A59908
0482C42AFE028705081418E1C947890D05190234B20556193708032A15EAD2B6449A7101300D
B5814C0C04B259480ACE45CC90000

n = 16, £ = 31810. FFFE256EF4E2783F628BESFFBEF53FEF5D01BDFSEFSEAFF7CFDE55C
F11475CA4F77B530775DBFB27F7F84FFA7BDSESF508AF6FCD28A3FDDD15C4797DD4E2FFCEFSD
B752C7CFFFAFD5F7DDC57DD22BEBSBABFBF 3FBDBED 14EB733C7ED2FSFFEC8A9993F6CDD5D4AD
E62D76B877BOB3DEB7ABOEFFAEF4AFB525D5527F43A74BE9FDBEBE1FEB5340BS8BCFFB79789AA
9D7A9CFF07C9D05578B665777AE6DAETFAEEA4ABD6052BBDES91B67FBCFE2B7 126B7DFSBFB68
5F32EEEDEC44B9077DBBF7BBOFBAF6DFAF7B6C2C4EB62BD1DF54BFC6F4B67DDEDED7536FF759
C5D7F3CB7FA4D239FB55C7 AFBC11D5396F9BB547ESEB2DCCSFCDF4AB3DSCIETD1BFF28CDI74F8
DDF5DD3BFAE1F92FCDABDFADF813BF9591BF91EF0160D640BEFED73387BE173E3F2FEC6BCTF7
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C7C47232DFBEB74DBOCF1C773B3F7A4B2CCABFE91FBB3D75C4A735FEC29D5C18FF871BFCEOBF
C138C5DFFD5BFFC968DCE632FFEGEBF77DOAFD2EFC15FF31CFBCDCA72283EFD4CFODBESEFA9AE
CCFDC55E80FF46DB3D4BB2E3EEFOFBE69116BDD5ECE376DB56EEC6FOE337B67799C877E36AD6
8DA9DEDCDF86E48FCA6C0568E5C6DE40EE66DE3BSSE25EAAS3E7BBBOBDF6D67ADC6C62C3CBD1
TES5DE23FEB19F7375357F1D7B338A3DBEOF7BO0F36FAB6EOCO7B755CAFCE7 16F5F562B3ECF68
61ED5A734B754C166E39B76BD45EBCFD3E879CAGA4EF51F907B6EFODCO7DF17DCE2302BBF856
ED1AFD8FA7CEAF10E57D56D7FE35CC55A9FBE46F55F0CF7EC802ED8F163F3B59D9D86ABAFCTF
33A76F1BEAO9D4FC2FD57461F370FEDS8CE7BESA13B760F76CAOES88EC282FB714E73AE1B3CEB
C6E9D4D386F5AABECDAE2AA14275F6132F0786FEE9C7CA793535BB1339BCE3F0D5349F65F45A
B33EB3C6CEE70888EBCB76EB7D3AEA33C8FFODOEAFCB7855FB83EBB6A386BES4EOEBF468889F
3997F5F4C5B2FDACAFCE89706C5BE4C4C4F970F176F597CFOB71D3FC59925BCEDAFAS129BDEF
A2B5E17B4EFBCB605BACD3FF84409CD41COBE44EADEC154B3B8A587D95FE613D57087F5E1B7B
AC76D3C5FB3C1DAEE3ESF7FEASBEED6FF2DACB86BOSAEB30ES589CC704BD3B5FCB5BE3CIOFF15
368739BB2C5ED8B3D3E1D7CD8C8F6D558E76AF3EE07EB67951DADBBAE45876DF48D5CE4EEOE3
4337F5C60B4BCEE129367E725B7CC3B4FBECESEAO7FDDA6C27ECCA1ACEAD7C6B746BB64AF2EE
T7T9F973D83B3AD0OB866762F5B2B4B6ESBEOBAC4ADDDF24EDB4D4E669EED17BBFASABCOEBD3F68F
38D944E9F744DC68DE7AD670EAD3370BD4C4B74A3E7A7201F7B8D5SE4DDBCD745A3FAC2E348AB
BF453708ED2EC5775A619F939B17754AE7TE8C675418C7CC1A6FBA1FF41A94DDFOC1CECSFE48E
4BC7B5B3B5381D2B70F659FDD81ESDB7357C4B6CC7772D72ESF832C37E92A6B3FESE14F5F994
59DA3BD379B45CED27B70B7F53E9336C20FE7666753A307FEE7TBAE93ES76A2DCAF3CD638FB02
A2D8EF95BF9C747FE463766F4F5B6F3F16EA3A997EB4F4F3B43F975F27ES6AEF8AEOEES20D25
A57057347BOFA73A3D7B18E372F9AF7C6266F1575AFC94BE430EC86DC217F50D3F910F494B5B
463F84AFE42EF22F5716D3B4EA93ACA67BC7D7A5924BBDCOBBB4ASFAESA9EDA663EDD329DDOD
15784F1D6F0750EB26FB627BF2435EE687B1E469EC4BB575D92F654C95D7A175D6COF4COC43F
6EDA27FB9544E2E6BCECTEOE9ES7 1E34EF 1E7B93F9B028F1EACIOD73524D9194F498F7D8C24C8
3E7993D0C74687969347932BC546FB317A556C4AA7TF1B14F3DAFOECO3F2ADESA126FCF14FBDO
DACCB9CC2FB29D4630D8F4EOCCBEC487E6F473E78456F452E7928BB34E9B5A2DES3A78D62FAE
BODA94A76A01BFE3935FDCCAD96D5C77ED857712D74DCFOD959B6F8B5531BAB61241FAAA83BD
18ADO7FCE156C91BA0543BE201B379737C6840FEF2BE72EDO8B260F284D7AEC76064EF90A49C
A29248FBC92A29EC324F5E01D583980537F1A6DB88993E32752E50336E939137B9D381372E91
EE7C2AB3F87ACA39D60C958D757D2447DA4C3E3D10A3EA617A4F5367BB165EC25F4388567B8A
366DOAEAA13D946F741CFC32F80CA71CESB634F998E9912C39D450B7C39F41D6D2E6D3E2F7F4
1770A73074563A474AB7259E63E3B7A67949A0D1C7BAAD632846F1CAC1B3A93EAA240CE66527
64EDO7B98D143B587C16518F5A07E7C9074D8D6DSSFSDCOA341E7FAGEES751657B48ATEOABB6
1871E27B4CA87E90B83B1E1FB925FD13B1827BD31FE6856CD78A1EE396637E63357A61366E64
DEO04CFF2A22EE6B8E851D979C5650BB4E32C8FB251E9B63912B51A07BFOB245F874057E18D93
C2BA12569BD63D53ED7894BBA1637B2EF81EDO6FEOE4FBC4286AAB9BC263F65BDF33D551B2CA
8BF8CEO56DA52E4EC55C9EF3A853247A139F13EB4B8BBDSE69EGAESED6A9DB34DA745E2F1A26
B66257D1333DB2D791DCB8AS096B5DE12F3793E6B44E7790EA42AE37C536AC33CEGDOS5FE20E
69CF6F403B7E84DAC1F98A5ED0293E2B132CBF890D367359BBC63ABASEF54D88D18675FE4C3A
C559E8CB506D4556A26A335F5C58559910CE1431AE35A6B5A8219B4C812FES2F3363AEFBSF37
497C46B43EB117996E3C35C816CES548A22777ES945794A3C12DFC523E475AC59B3E3A8ESACD
59133EC3A32B43A1E31AA5B4373AACE9A8B154CESCOB7AA16AEECES889A338F4C498D397FA8AC
EFC8E383434CB959C04F1545AE125D2D39292B0D1F356FB01D1DD2CC866AAEE64578E035D227

12



EO3D4F391DB947E3D9F2A07AD87F4A6DAA2A74874C75A56DF8AOES83D70B8SAE4B969BAD59694
FOF8A331ED28D3A81603F90535A0BDSBOEODAS616ECAB68AO3ECSB7A45A9D621E2B9829F2D57
A923CF21A5D78437E5258F70CB39FCA03195CE9743B80C57FO053B0905FBF01365A3272429B26
5237395278CACADDOGEE9302E6CF170AA7919A9EB25D15652DC8E704F0946EC2F85347319635
9486C179B13802C79DE909ESC4AES62B852FDE3A2E81BA91D983EES132AADD7900A4B9A4AFO76
6353B2B869E8B34CFECEOF5865D73EBFO9BEB238AF06A1724CF66039C837D190C7E983606B88
6F302D3B351EEE18AC3939702AFA12ACE776E33DD2A9BF560281E70CAC7084F989DE19BB845F
F6895284BA9807188F191B4E12DC172AF9A3A69EOADF0243B4666D5686C4DB47C1A53A21A16E
05314C7D51895185AFB4D35F17513ED916E894A2D452A04CO0EA78F093BB4161C20BB2864DD1C
6C13149D345DEO6B18A1C654BEE1F46010FC4ES592AD80D4CC54C45D704DB0269B91B8BE833D4
655A5555A4340D5AACDFB51933F1D00D2D8B8236EE3B1D125939E8AAA7C4584C15393664186F
B98789986EF66B965886D3417099E2772CF830B9A0E45D3CC007D5C9265D5A97E452803F40C7
7957566CA4C624B8E28B41DC6F2460252CDF2CEB3F548F033FAA2037642BCE7DAAOADS8DE241E
AB1B4C7A952EB77040BCBES83AC2B5CIC6BEE456152F211B419A62AB90E14C368E20AEDC12BC
3A829CAE390AD5A047374223DA843670DB5378D4BC3CF401B1B7224E68CA5D41AFC589698DAF
819798DC4DF3A4DA50B4A8F10D508C3D5F299A91A676E87371643C17E609DI9C88FOASFAG6CA95
511FB0662E65C049E919E1DD5CCAODC56B31C950EOF8063E847F7194818B78BA567865323A94
85BDC4C3D35928543786A7841B2F5A4EBEA12D9A11D1C143CCD152B1795D144F506614B2F2AB
BOF7AOFCB162D8A56B63812A78A244F4CD85D1DB152985030AF78DA48E823E1607CAC53A1C3B
07219070F40FA026A581DB21D8D9ADEF14CC258DCD354F01C37692E182E9CASC62A2BB223429
F9A990B63007CCI6ACT838A93736452675DA60A0A55262E8821F5288AD3CADAD837A91107E14
4C58D8929A6046B089371044909C2F3A00399885CC781700904FB1051D102196D20785B60E19
OE47A87DB06135ABF1AA39B3049B1610931213107D40966A99468EE1CA7TFA0515496D44AE54D
188DFBA02270C09FA8F41C7C10131D9E488AB052963443E30F248D7A4836C50DA0393095921C
F5C916C9B82922A393D62929831CD58D060D564B1987F06F9489B415EC9C2059CC5099D2A251
81B7847EA4E6480225BOEES50A3493E1B0A4E090831E941ECD13C4B175A9350DD608ES2BDD9247
65B2042695A309D812699A09E820CB881BC883B0C538C21AEEE01BA4303804582215191C26A0
BC19E0736A40BAB190A912F9D80CE918EE413382A4A1FE405192416A910BOD9A490F870C6410
3011EC8C5C5AC2CB26C1F4AE9A42CE13E1389B1F038EDS562E437467D2F1601E42D6E404881CF
8148904548323080E0C4B311488338915C07C4C94A9DCC4453C607F111B020344A1CBAC882F8
B2D51307138F00A83D1421326B128B030C4E8A8865141379530C18890BDCBC0094226C339335
C00D547C6A068D5B80B9109D314560916216A1C962611B318373035492D0F46C4092D64FC668
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1C82EA4046E1BSFFE6E4F22A18BC41845B002DFA888432505D0AA417381A917869A230D009622
A08256232EC835A5893819A893E8808779C1C114D584AAC44370ACCDF04A0212C2F19F0852E1
40554D42AD10914824C2CC349E084792129EEA20DE30AC209C9E04564D0BC242C518803DC044
6272105210824A394205658021A48465821688EF1694081E901E87CA2E26892571A0A8480DBB
32694CE22E06C825C5204142CAA0654146E0009D0ODFO8CES8464B0222FB413288E0874844314
4382DAF6AA045150B0011DD840ECO1DFDE1754806422A8046825A2643E9050041AB1085D31A0
48D010032D04608BD08201EC56C8F29A1CA001BC18D2FC4C0610B228D501D71C390341142B49
4400A210351D080CO8E61C4800AE33B298C9AA51C2BE40AOF1F20D09A085069C441542017483
141806A00CD107803858C3201104D265AD0055D3A044C6664A90E041816468B8460000

5.2 Periodic sequences

For each n with 5 < n < 16, one period of a periodic orientable sequence of
maximum period is given below, using the same hexadecimal convention as

in Section (.11

n =25, p=>6. DBinary: oo1101
Hex: 34

n =6, p=16. Binary: 0001011001010111
Hex: 1657

n =7, p=36. Binary: 000011101000110010110011110110101001
Hex: 0E8CB3DA9

n =238, p=92. Binary: 00000101001001111010110011100011011010101000111110
111010001001100010000111011001010111001011
Hex: 0527ACE36A8FBA2621D95CB

n =29, p=194. 024D3A263BD423D9761E56956651AE17EEDF219C5BOE9182C

n = 10, p = 426. 0195DB57B14B78BF2FBB3937CEESAAE6368C8EC1354E99FD470D9I6B30
BCD38F293DC2B1D07C8B284BADC87AE0C49605882A4435F114

n =11, p = 860. 00C3F4783473AF2FFO5EC5BDCF487DA9BES4FC55DF9BCDOEDIBSBF609C
6EF23674D46AA63BE61772BC75B19CBA94093B4FAS8B49981D18416207C9581722F0AE1ETF789
8A45386E652F8D3AB3822C92E285B614D321AECD6A0CBD6443896193C62423B203DBA599ES44
66D2AD
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n = 12, p = 1856. 0056C5FEAE75DBCBSE6DAAFDF63EF3498DD2C986BA735BB857BBOFSE
5FSEFE33B3F75A447FD66D7D3FA894CF58E2E7B3AAA230F623823DESFC8FIE945ABDOE3CB51B
8DBEAE32BE29C613EBSAECC29A6EDA74D729631575ED70CFBI37CB327BA3208B12F9DEOE4226
B16CBFB051595887F399B252A7E8560C66A4FS0CBBBES3381B4AES806B412AB3E505C97B29E62
92E6451A70917486F706CF165A3B9A2F8590F 127876C8D85C42ED3313956B68609D80B72F0A0
26E05E57224B78D09950D5034C407507454938A10CA21A40F523B53BAB241E71307DA27AASC2
0D1810547A22052154D8D5BF0587

n =13, p = 3728. 003B9B7E6FFIFSDAFF72F99DF528AD14C5668EFDA64D5DSFFD3F5CFE
A345E7E9BF1CEF79378B1BEEDOFF6EA2CESES06F08313759DBOA777A9A7BB2CF7TF2C5AF25BD8
4ACEA7DD3EAC667B3A6BDAEFCI9BDD1E7C6ASBA46ABIC8346FABBSSBEF6F91983FA4E631C5F8A
E39305EA27E716ESB8A18BDFACCTE6587DA227B525ABD95B3ECD6FESA9CF7253F0F7 1B7A1976
62EBD3D48ABF423EF076B4AF9AC16CBAD64AEF107EF9DD7211B66ES7E12CD879DASEBC33F863C
54B8303F13CE1E3ECOEC55872D1FE68724877C1667380A5FB122D0DDD07579825F5A86B643C1
A887D41C4E965EE09AE694EB6F3CDDBY03E629F 12DB87 1E6ADF4CD533369E649FESODD10ACSE
€332367A5708CB53820722E7 AFB205E433B2943D31B9D26E3E1D697C62893CAC247ACT5882D5
53DSE6GE17C04362E4F1A13E15E3A42EDB572E819C2710D2D8C212750BC657586D1928480CD3A
0994FOBAASSE018585CC47972AF5B14B4D98556551CA206CA3D24DBBS6FE225E8960CA874E33
CO2E3024D3035F 17828B8B86522693229239940F 130C450B2DA804CT 6F03860AB8956C1 164EC
1CD4CB8815D290980254DBA2E05A408446920F202C854603D54AD50A68C4A3850488648C8825
0589CB02A4FA35A105628160118D35218689B1ED

n = 14, p = 7738. 001A46F3B5EADS88CS8CED3BED777CDAFA7ADBFBAFEC7F02F797713BBD
EBBOSFF071FEACFFB2FBE4C4BFDESFEGEB3CEB75121F7FD6F63BBB5B2DD2FE3EF698E7CDEFF2
3D8CDYCFF47737D6417DB7730EC7BF3DE224D2AEF88D19F957BFA74DSDCBDC641FDCFOD1FF2C
9BF05527705B78F8A9EOF92BFFIE311CB6B5DA177E3B152DBAE7 74162DDEA7 OF6B4ADB679377
4AA7T79944BDA3ES816E578D5BD68522A13EDEEAF 177B2BAFCE69EIB76A4DCE3722EEATF8ICF75
8FB667CADF3FA26F83571EB30DESBEABAFBD2BEECE9DBC1659BC653EE6AA52E5417 AE6DCDSST
4FE28027B3E3A2AE99FC9141E344F3ESDDBECA3B58D03833DA5272F365C73B23183BFC2FDAF7
159B55CBB6176399236FC8ADEAF9EBDS8B5C3F7F295857F42B13C258DF323ADAB5E1F682993D5
1AFE437EBSC36355AC4A87CCO7E95216D22E08DD5584D5A6749FA057D7ESFBEE9B962127BECS
3F721C77EDC75840C2168BF17D21A73ABF778E36E24E3595CFD525E4A3EC3D3ECC4975DC374C
01D79129ED913AD4EBE72ACA667A3DCE797 AACOFFA68BABDBA3587F3B941B7A39EA408D73358
3155A349C8457BB1B6E4A1DIB2678AF03BC333874656657 CA95ESD33749A35242BBD1250F6487
71E696E1E5C9B62E53CC78B4998ES76D533975A7597B38FAF1660D9A2A4CB2AE23CE1AB3494E
C35F232873A182E96CE12B451E1853E1C8D826F536804C3F383A597474E3C2EA61389BOE34BE
C1A6B6CA15376927D3865F99DEB18A170AA3D173EF08F0342756A3F36124ED5DABO5A729B843
71652CCCSE16F14EA51CA2B84C575819538C1519CD7TEL1471C8A5218FA660BOCA4146D1C9DAT0
B57D0D6899A0931FASD96326BA31COCTAB411984827C6CCIDIEOS7E25D3E443E33544D675433
7320649116FD187D5E6ASC6C583967ECA591F517C5C55BA0674712D34E840A9426E8A6BD2708
OF4B54139B88313A44907A0FA5381071630141968870C6D75C519A78983DEC2D83C2134DE6SC
0A2F4C53061A83ABB700BE163B458ADA325F34091CE49B532E7A51A516038889C9A1D725B1ES
110DACO4ESSFED214431292604BC4A30B38ASAD20D7988A2AA6364B280B9A25765ACI4DI0F56
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2898CFAAO6CAA23BE8SSACO39A87985EC0609132A203217442F1E419382555FC27A1CAC9254D4
8E92D7C05AD4319701E7A036A11D07308E33881F70A110432230C940F7484F2B1D4382908378
02C814F506A68460128A1B0047ED5542C4D45B607408BCAAF10574A085588807C4214E698868
83E1B4FA12349E04E024B0B0OA5A1961D5407761500DDO9AEODCF8916CCOFCICC105C903B02269
016089676264C282B411495C0ACB640412E18015CC6A31015B83D74

n =15, p = 15504. 000CF9D866B7DFFADF84C94DEED4ACE78925EF679FDBEIF6EEA6BEFD
FED6CE3DFD6AAA6AFB2AD6E64FS8A530FBSDB57E3BAFCAE7379CE07F7 1EA2EDDASCD79DEC2EAT
4ACF8177B5A0DDBDC3FBAES35875DDCO7A776677F87CBAFBF5SF3F553FBESF6F3CBE61C7DAGDB
4AD3C475ESEBFA6ATEESD81FB38BD746FD6DC74BBD3E47D874B1BD7DB3B68CABA975CT262BBC
FA55FBB2D8CAD7B7C57F6449F6A40FCFE372DC53B63DEB7AE11577CB6F9AECEE3591F2BF6A1B
BD463FD86D3D3A90BFC54FC1B2FD71A516A3F386E38A0317FDBA46BFD11BDFF374DFEASF8ATF
2FE597B27FFB86DFES76F1173A9EC59EBDFC75BB15F76E63664774E12E652F6E5937778FFCAS
766FD3DBSDISEFBSCIED2ABSOCEF 1497093AA7197FBADB743D04AF13CA7579CBEB63AAF73663
SEEB2F3A53C721F32615831B038F4AF9D654B3C7CDE16FFE774A90EFAGF52D1EFB335FABS790
F68B3821BA33EC99BD1ES8B2CEBFC876EBDC55BFASBS3EFC983FDAD39BBCABCDFCOE3 13FEAOET
4CFC675D5AEE9362FB46EBA17DF33CE41F8BC8BFODES7C94A025475CF7126DA17BF75250FF1C
67FE9DA6A1FA95716468FDODAEAB395C7 9F 2D6DIOF 7 7433FAEB220F9F 7B6EAFC4AE9B20EESOEF
2583DBDAB3DB52FF8673A0E36DE1E07D764756CB17706BF33B353BE734E9AD7DC8A2FA9C4A229
A95CDF41895AD2CC27758DC5BDE152F576B24F66C56D89F7034F7385FDD216CDC41EBE3DOAFD
1F7A64D1AF1665E37FE12C916FD947F5941F7636AC2F5BAEBES65EA4D7 198A3EA65F2736C6A5
8AE31BCDCF6BIDBF456AF8DA1DAF9A4ES1ASBECS79DC38AC27BF429CFD8CC2D5B4572B7AT216
B1EDSC49ES4FDA437E2875B35A30DE3070E7 16D343AA36F8355F0B376C44DBF31076A3B281EF
C6B9995D788319F10A6CF2758634D23B723C8ADES27 3E354BOFE643105FC65BDIA7 C66EOBF3A
3978A24E1199FEF3841B986 AF606BD23E0BB30F7COABBYABCB3F94795EBAEFABOBY1D83C2F96
39FE9238FOE5B31687F563A4FF3D845F2182AF 1A63569BE348CF7D534BE3B451CF40EEC4A7ESC
1F5146C2DACSEF2EFA25CBAA19DA7B55CB06F9E44D3CD627 AADO27CE27 1BEO17896EB928C2F3
6EF04C8CC1EAA2C5B148A5DA7TFC68EF88A3115C12FEOEFC415EADF522D1D17BB866685A7ETAE
F136BC09D9ID3B32DDFCDAACBBBO1F4ESDB015BAC1636465A84DDA203CDASA4FACFABF711A9BC
C32E3E4478BE983B09CDOAFEOB773A4CF77DB8399D192FD03394A58235C087F 16BF056B3F7B9
23FCD518263EESFFB312435D32C4EE2ED0C330164A40BD527EBC81AA16F5453ECAES19E686ES
795AA087AE72696253E93C5D5F48C5E83D965AC85D8F3AAA54F4A3807EICO7A9890E021DDA3C
D44B6EE316EA26E53112CD744E9E4CACEASOE7D1DBOAAT99566B2D29DE6CTE1C2C1CB33E49DA
E910D6318767D02DBD4236B5888AD2A32CA66D4542BAC54DCD2E9ASEIAOCBEC30F3365A3574B
D14E19081B9120E563CBCCE6C92DES8867 1DEEAE7 1187C73C16639DABBOF625A742C7 OF74COD
BDSF8B938A649CCDA89FA6777E78TEES54FODIA536994FD1A1ESD1C6A1079629EF87ACID3178
CA93B143653D6EIFE05594A8838B0F4DD543EE7DA091ECCO8DIDEA334D89BCBAC3A31A36A0BE
125D95C998F7054D19DOEIBI361 AD9544E62AB324281D15692B64AADDO0ACE362D5286A796F 1
D109E9885E9B47CF49A6BDIDSC2562E378B89F943197438E72D5408BC3B6CD18A8BCF7BES724
AFE4590EA1849AABA043554731D88786BEA1CA8072220DBAA472D17C129D16C26D999EDO39BO
917A8851D0A32856D72E30CODFD88275EB37C83855BOFACT2E511A77313C18B053E02792B8A4
346932D052FC601EE41950D38FCBC1D3991708419B791C29717061421F67E9143360BCBS763B
C227BA2534476B02B4296CO93CEOCF215468C8DD2D5CC82ES58727AC2D2F094BA29374416A72
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5D47282B8876009AB133C552E070D8F1EC96E7E60962032310DB28B34CF5AE251595B075609E
C1478ECE1F4864B58579818E660BAD33891BODFB0480E834DC2B52A0B229E0665DB278431F46
6512057863C4CB801A664944FABC29A159A01BF898DD41B4183E425A9B73CF02CFCO0AETF470
9D40E25C484CCC652152669255B8C14ADCAASSE4AD1C4D2B8611C61640A59715E4A145CDA271
30D8322C46439AE502E224CE18ACC63D68720AC988161C40F1A062217461142445B6A9F344B0
DDO9E21A4BEC299F54226610B9E5098C531D05161A948F050BOCACOF4954CA00CA0894201E2DC
850367E181F18E4915F973E1A8338504DC688A0E0485C1498F31E14530A424C9CB1ADE076949
268AC604DA4EOF874302A46D20A874047D082C5041AD59613045811580E322A77410301E092D
119C017347204BD8A835246A355309A9A0544A9CEC9C0CO9B4023A7D40423066AE4600EF40690
A511313875988F4847BCD308D09261E2042C03AF95322806189AA41A0EB4898411CD20641095
41E8EB01074826990B3BEC0B454908918547AB44D9B7017480DE029E89A8F09086868912F268
4770BC010C04C52D7C48AB109B00118E1104A201ACC81D920C0D0143417B65CC1A2EA004B407
E171C1E61208018375A00931A190223837B202DC34C068F3D4A35028COEA6052440E525946FA
C83624C036B3B422D722027493C00B120148C937E58608125320102832564B21382D084E892C
67A37009C9052019A21F9

n =16, p = 31776. 0006EF2B25A52F68FB3E7B3D5F7FACO13F3CEE6946554677TE3FFBD5
E394FF9EED78424FDE959F278DB658F7726B29F2DBF7 19BFF15EEESFFBE37F1F3FDBEEB30D76
ECEF68B53731F77E90A16AF39ADDDSFDE2AACTFEA7T91F6F7AEAD7DF37BAEQECB13F679F7F716
7F7E2ESF2CBA793DFE2275565BF37FAAEFFF2AEEB2E7D3EC77CFE323BFOF7646ED73F9BC37 AF
D5B6EBEAEB7DFC3EB1B6BFF6A51D615AE99343F7DEF667CD15103DCD13DF74D1FAC55D76B6AF
D14AFBD978FBCFAB9852C9D77CBIE6BI889757B4F6EB87DFBS5DBFES83D9B27BBEE3AFFATIAA
DDFE635333D7A6EFESAESFODDOBOESD67DD26EEEAES1401FD3A9FEFE9BF38DCEAEDSFAEEADFD
96B917D8667938FF69D3B177ECDD6ACL 7FBA1BB36F8DA7769F7ESFA3FB793BEFA7SEFFB4775F
18BEFD7CFDB76E6C2FDADBAE1C5AC30A83DEEF0498127B9798F2B7D59A259D63CFD779A9A9D8
SAFF3BFAF38CE6COF6A4DEESAB7 AF1EDBEDS99637EF7508C2B17FET4ADC21BC2FF1BCO966BAF
17F14BSFBA99D6SBDES6D52FBDEE74C7BA9FFD7E4ABE3F3E73DFBB6CD7BCBF5D745E169COF6A
936FD73527D8270D9388B4F5A7581F3C8E39F5AD57E95279B3B8C5BE702ADBESF82AFB34BB1E
BY9BBD3B6C5B150DE9FFBIBA64F4ASEA1AE6DEECA75C1FABE230D9FADFA26B7FBS78E226D777
E6BE2F374AEBSAFE3BD3699BF182B60777B19EE7D99AAAEC6F5965836AF6784D95BDF2ADD1ED
999D14ESBOED95717D7248E6BB521FCE2A85E6B6F07C7B3A37DC1AE80FCAG6ESEF613FAECFAA
CDA9FDBSEDF9380DF1F16877D55D62F287FF3765B3ESF358CT7 CEATESEABCFOF59992B1ADFABS
72EFED9EFA13EEEDE37D266F28313C15EBDFAAS3E972B6EEBDB503F99A7CDBI9ADIBE1ESESES
EDDAD77E41A77D33ED89F31C7EDDF67356 AB6BEDE26BA9FOBA5S613DEC1FFA98BB94DBCFC38CD
7F3662F73C5AAC3DE3FCFO741A2F9E2629BB4D3A8D5A33A7 AAFA2E7 3F565ECD594BFFBOSCFED
71691FEASED91D93CF1FCA8755A7D644B9DAA1FAB39D7C2C64676F70A767C69DATIOFDTS9EEL
DEE4BE6AF2BBA633373F72EDBICC5D279537CD97737B74C2BD94507DAF55B247B30C7F7B6E3B
971AE92BEA9AFCO06770E47BEADFCEDSFA9D16E88B61803EC6D3FC2DECO167E2B6D3031C6B2F3
B56CEA077C935B1E9D36CFFA76F86A7EEL 2FAGE3DFC8CD3B2E6EASB1DESCS3FABADBBCABS9ER
COB9OF1742832E55FFF13E3CA2D9591D1B7952E4DBAD2E924C61EES6AAFTA137BSFSFC201FB5
B8F06D99795626D0FODB7C8EES1D7439D643E4EDFD229DC2EECF2BFBD1F90339E3ABFB4361F5
6381FOF2E539FD4A96984B5E9620FD92CF781DBB8413FD915496E47C28FF517F77A208126FAE
A39B63B8BD6CCABF34DFO7E756E2B9936DE939F88EETEGE2ES3B3B5393762BBEBDDA26EB278B
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26C78E875CAE7CC36E91DBO6E94732EF20FF4960B5E23E67B7A1F7672FF2E1EADE3876646CCA
FODA55E6486C0BA6F0947BADD4EEE3D6C273DBOSEFO8DFF57AES8B856F4CEC6CF86922FFBC3B
07AE37B697EDC17DD87F8B3A733AA15E9F 1CF30F4BEB4CES75CEE48B969AES5691BF59CB538E
DO023BE8A85256D9177D225445F8F50EEAAS9533FEEE21E7C817B59B392BDC4AE3FOBOE19B743
D7D30EB3BED1469A0F4F459CCBOF195D571C976A3A4BC2BF 1DBD53CFEE4BOBED2F7281F7D970
DF3D3C1AB8D9D29E2597873E5FD609BF6927E6A1F3A3D26D2BF7235F738E9F25C7B14F7E7AED
07954BD59349C3C96AC953F58AD2CB9122B077F0371D2DDF3AF730ES8F2A06F52F10447C66DAC
47F1C29BFEOB7389F86D6DD5A2B57145F0E5672363B221E9CFBD40D199C44649DEF895B2A552
23D143709DCA85D9C43BC2A58753C35CF741FA4FC733F7E857463407BO6BDOED1E3567AE428C
F3447EC5920B25174E57ESD532F9817A725B574D6AF978A90DF6609E765A4BBSEGFD38FB483B
B2BDB1B159EO0CF617BA385E2DBEO7AAC1A1EFB65F8576C6727ABBD2548AEE764A059DB5CD955
CDF29E75C6377E26CF6DA353CBDF604E09F54707B8ASD6EOFD1092F893E762AB63A43EC29C56
B1DB14D3DD5024B9AF36B97ACF685F59AA51B88CB60EA9T 192F5C4COFF50B4D8A4F10E59BB96
4C56547F2236ED26CE320F51C419F08FF9A5B8DD7AC42811B6921AA99C90F54C728FC14DC95A
F64ED1BCDF40F9742763E4D574BO9ABA8602DFOAAOA7TDC84D4B7F1075ESF1DC1F553F38544CF
D449B868B21DC497A36BF46EE354932BCF899943DBOE13955712DESE788DAD41FDODOEE2298B
4D1AF19C35B4A8B93FBO60BD7CA337AE1B1FD2COCO8FAS572B1EAAA8710D918D855D15894A1B6
50276EASAA3CF6AACO6ESA3DES881379C4BE4ACCTFC264886E9E2BB4C75B474D86EBBA2ADCBAY9
B19B186AFF27D7406F3D6F3167B347B2B9A1D8D1D0CB3B2025B76438EF178A7991CC176FB21B
9EC6B0533CF55087E6D433F934DD495768E28C7BOE7BO078B1E170936450BE0C34D947D47B5D
A18946B93C2CDC71E968DD634F4E16E02FEAA83B2C0B36E21578B0705D6EODF515BE280F3685
5AF3015328D572DA45F259B4EE660EE9C6094FDAS2DADEEOF46C468A2A4EB7A8B713BB60CED1
1AEE653669B570575AFEC512D6F9A42DDD2FCB7D8CO48E82FE7TE992EA30EE04305B361E85D54
T763CCEF998E84CA75FD41BFOC7A47C9423DE4AE9553DE77C75DC800713AE6092CC2EC665D1D7
DE3632FE64F237BF0682F64787FDO35F50D3A516999885DEE7464B1B227675D954EFF023CCB8
C4E41D47DF22DA6D0133EB846A0D40BES7DBOSE13F543CES74347E9FCF465D4018D7B8396239
CEF19A54C6E52F3622F5481B2A2D1CAF18ED406DEDS0C7325B39F4238CBCOCA9DAD185F23166
91AE3D0977AD1FDD7934535B990EB4983E710198D39E974483F2638047DD59D1335C698C79D5
7B1051E62760BA46C3435F3437E83E43A75D6DB70AB3FC1E4C28D63E3B183B163905F535C431
7295E683B9CBB3591995670895A8CD1B4D67F130749AE069E727701256073BBEAOASCA467D44
7T0F63961BFBCC32E240B4696D09EB2901F5F6845DC37460B1AACAEC40597DBOEQ0737A348E2FD
C03D283C38339097832B93B351659005CD398824E36FF4D7D89896CA5A98C0439E48D69246D2
D67C561523D58B1403E9C119179D2754E64487C6CDC1E8886761AC857C906A9BD8BCO9EDA1D4
B3C8861E45D65086DF84476BE44CA2476091FD6ES84A9C6A5832D44B86351189603BCF2EOEDAB
5BC32DF2C717252DB6099B44AFF45B67604702F1A08C7E2D9372AD61796C867DESACODB805B4
606AC48E4AA647A645AF82C5F4A4B974A661CE28342A1FC5F9D0758CD01A9A72FB29E9276C2C
5BCBD234F(C285548446AEC990711E3CDC28C49D439515D98CEA4D222E3E62B8890AE7AC73504
DD244693DA6F4B8B8OE7A1E610BF129BCCADDCF51B60425071BF2CF826C1CES4FA97051B5637
6061892D1778F24E8319E5A87839ACC5BB0C7544F4D9306EEA097FCE66C263D1868D909599E1
D598C2E826B4C51B0834B426869AB6A2F63C16AD4BFA33F61F15157F072342DB0974C0ACCIOCD
35320BOC8BOD48D1F2A8BCCE61A454F9F4A253DAC23E8C8830B9739468191878A670B11554D5
C99CE130BC11D5C81CCD16841985B530FC49555A1FOCE365F0C9C944D585C10CA86470DC98D6
871A19E83CEOE3EB65D7F8745DB8CA3BE2E3A8A3D81C5E4AFCA194E4753835D685C472DEOBSE2
C3FA19CO0DB554AE2C8FAF2940C611791A90455EEB0112D38E631621A2B9184EA42B7682EE91
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6A9860981D9C3F83365B9AD4F415CA4E0C5956D155F8AB94253BEO95F09C78A3B9109F2B40AA
8A66BOA4CF944EF5600CD34A626F900DC13552977E0757A032FDEOC7901B1C70D5BB30AAC40C
DCBF22BD501C72278E722E2ACCOFC6D1634B818596DC8B4A13CC154E2719840565DA00A5D6C6
840FA80A23CB4B9C1431BC404FE52C76274B24A237CC64DE499DES3B429B0A1C159385146643
58996F78C08BES081E3ES8E948BB142CF19216B6BB0106ED9DODAA367042A682AE186F2C22DF
8A21F41945E9A269FC33171B816F5877AO0E6411C8CB8148F031163046CA4A8DF11505D45C601
AF0505AD2A8FA1D0154A10228B83487962BF6837909354E0744BC8722A5628F8912C7F010BD4
FC67EO5AE38209A569A8AA351A2717C0C1C62389B9055A011A0062698908DC33443B2A0ES34B
CBBB98D1960A932936245E3C22E110BC9148E12AD32405DF01D879A67A41B3C4915190F74B66
031F64D7A985A4E91816C6072475AA8072889ECE41311BC1098DASDES10B0B6219A9F6ECT 126
6906594AD68A14CBB29A86D28AF1422660A5651C7C3BBBCC853020AAE0329A382C009760A4EE
95047C097BDC6134E29D6A68BA3473A04B945688982D0D4C03869F10B52AEAE10309822EA56D
658C662A526B176D107033C70252CD42CAEOE119434A5398493E02B8CF0452C02BC3405E0274
6A84B75E18359D58CB41D188CF5043E0D8652A41A05C0996028214415A1873496C70CFDOE432
8011D162CE3DC1124D47AC8164193E452A017C6894581E48634AF00412E00563A996D7929A1C
3E5A06E822C4C3C0OB0A022D059CAC107806118C8ADC86835C282BOES856D3C0A8F109D3F30640
D51424EC44594407841F480D091E8243B7804DB94631C54F584B282550D114A6E29104EB37F4
24A84C02ED29C4258929F19665463932A496297A14BF1AFFSE9AA46566C5D7A2FD34CCOA3B68
393109B803C61604881D4914525A9242A393A668649A17B0478512030268C815D85700D10AC8
894875134498A0A5BCE88CC1A9484919C5D584416A3C07FC85534D82CCC2842D8454C451864B
9062B79190B153ABC1E222733204B5009CEA2289909160C488AD90491378D6C140DA439804B2
10D74213C5295DE03587EA4C4CE8298D2062AC6220693440AD512858FCCB70FD180538648C99
E0490E05166C07C610F2186748422BA9131DD481460C29A072E4803ADS0C8A6D60FBDOOF298F
D70148113E18B094C18EC205D9271664229EA20DA09F149848E0DD5FB2B1183F09293F8201A8
C5EA329964BF9224150211A65CCFA0A2794993BC45D001231E2744030546148DD374504F5469
561B52D04B0864D4965AD62D770015148598301C2E4C04D44E841201D08A0C3B5800F9948928
7942E54A02D656C4D51110A8095A3B4E7373934036493842C8D2810769139710874A1D321913
419AD108FD6A21C61C9C8A39014D506C6A1470C41AD70612BD218A61C128736B4E02D209E031
490509B6254D6040B1D030438ACC47B44925058904A4A380F5AC99B207E820C43FD8C57D2500
80E9C4AAF4C23D48C60D984FA6A4502A402E286A8022B3BB090B981B16A1004A21901CD08D83
73875064970B0801EF843856053261B8B0187DC320A514FD022105CB3D30731482E1C302A885
3EOEOOD8210AF22504109074D09C92BCB38B601F04402632927A9EC49A78D2C8800CB16088A1
8481DAA93004F401C8404852199241CFF280C401A72043DA086A1389A49BCOA1EA6932230823
59A0808893941138118AA6081C0466E20BD12AE71A4A7091B9AA890D30D45
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