Cycle Structures

Introduction

A cycle structure is basically a means of representing a series of disjoint N-cycles of cube pieces. Given a
number of pieces that can move within their orbit, there are many possible cases of decomposing a permutation
into disjoint cycles. This is better shown on an exemple. If we take 15 center pieces, a possible cycle structure
would be:

1 4-cycle + 1 6-cycle + 2 5-cycles
a more straightforward structure would be:

3 5-cycles
Permutation Parity

N-cycles are particular permutations of cube pieces where N pieces are permuted in a single cycle. Among them
are even parity permutations, for which an odd number of pieces are permuted and odd parity permutations
where an even number of pieces are permuted. Disjoint cycles can be combined where the parity of the
composed permutation is obtained simply by applying the following rules:

- even + even = even
- even + odd = odd

- odd + even = odd

- odd + odd = even

- even x even = even
- even xodd = even
- odd x even = even
- odd x odd = odd

Pieces can only move within their respective orbits on a cube, so that a given orbit contains:

- 8 corner pieces, of 3 stickers each, or
- 12 midge pieces, of 2 stickers each, or
- 24 edge pieces, of 2 stickers each, or
- 24 center pieces, of 1 sticker each, or
- 6 true center pieces, of 1 sticker each

Orientation Parity

Corners, midges and true centers do also present orientation parity. This means that both permutation and
orientation parities must be even for their orbits to be of even parity:

- sum of corner twists = 0 (modulo 3)
- sum of midge flips = 0 (modulo 2)
- sum of true center orientations = 0° or 180° (modulo 360°)

Midges can be flipped whereas edges can only be swapped ie. there can’t be any orientation parity with edges,
only permutation parity.

Let’s consider for example the case of a twisted corner 5-cycle, where 5 corner pieces are permuted and 1 out of
the 5 permuted corner and 1 unpermuted corner are twisted. The permutation parity is even because there is an
odd number of permuted pieces but the orientation parity may be odd or even, depending on the sum of the 6
twists. If the sum is equal to 0 (modulo 3), then both permutation and orientation parities are even and thus the
orbit of corner pieces is also of even parity.

The same reasoning can also be applied to flipped midges N-cycles.
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Permutation of True Centers

Due to mechanical restrictions, true centers do not behave exactly as other centers do. But the same
permutation laws apply to them with the added feature of orientation parity. Main restrictions are listed below:

1- Only 4-spot and 6-spot true center permutations are legal

2- Opposed centers will always stay opposed through any legal move

3- For a solved cube, the sum of the orientations of all centers will always be equal either to 0° or 180°
modulo 360°

Cycle structures of true center permutations, shown in the table below, are either of even or of odd parity. Odd
parity permutations imply that other pieces are messed up, eg. edges, so they aren’t really usable for displaying
letters on cube centers only. In the 6-spot even parity case, there are two 3-cycles of true centers. Again this is
not a suitable case because only opposed centers are to be swapped, ie only 2-cycles can be used. The only
remaining case is thus the 4-spot two 2-cycles case. This means that only O or 2 letters using true centers can be
displayed on the cube.

True Centers — Cycle Structures

N-spot Cycle Structure Note Permutation Parity
4-spot 2-cycle + 2-cycle 2-cycles: 2 opposed centers even
4-spot 2-cycle + 2-cycle + 2-cycle - odd
6-spot 3-cycle + 3-cycle 3-cycles: 3 adjacent centers even
6-spot 2-cycle + 2-cycle + 2-cycle - odd
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Tables of Cycle Structures

Cycle structures are given in tables below. For centers/edges, it can be seen that there are exactly 792 even
parity cases and 781 odd parity cases.

If we consider the even parity cycle structure at index 287, we can see that it is composed of:
3 4-cycles + 1 6-cycle + 2 3-cycles, which is obviously of even parity, because:

odd + odd + even = even.
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Corners

Cycle Decomposition Table — Untwisted & Twisted Corner Cycles — Even Parity Permutations

Untwisted Corner Cycles Twisted Corner Cycles
ix Cycles Corners  Stickers Order Cycles Corners  Stickers Order
1 7c 7 21 7 7c + 1t 8 24 21
2 5c 5 15 5 5c + 1t 6 18 15
3 3c 3 9 3 3c + 1t 4 12 9
4 3c + 5¢ 8 24 15 - - - -
5 23c 6 18 3 23c+ 1t 7 21 9
6 24c 8 24 4 - - - -
7 2c + 6¢C 8 24 6 - - - -
8 2c +4c 6 18 4 2c +4c + 1t 7 21 18
9 22c 4 12 2 22c+ 1t 5 15 6
10 22c+3c 7 21 6 22c+ 3c + 1t 8 24 18
11 4 2c 8 24 2 - - - -
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Cycle Decomposition Table — Even Parity Permutations — Up To 8 Permuted Corners

Odd Parity Cycles Even Parity Cycles
iX 2c 4c 6¢c 8c 3c 5c 7c
1 1
2 1
3 1
4 1 1
5 2
6 2
7 1 1
8 1 1
9 2
10 2 1
11 4
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Cycle Decomposition Table — Odd Parity Permutations — Up To 8 Permuted Corners

Odd Parity Cycles Even Parity Cycles
iX 2c 4c 6¢c 8c 3c 5c 7c
1 1
2 1
3 1
4 1 1
5 1 1
6 1 1
7 1 2
8 2 1
9 3
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Edges
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Cycle Decomposition Table — Unflipped & Flipped Midge Cycles — Even Parity Permutations
Unflipped Midge Cycles

Cycles
11c
9c
7c
5c
5¢c+7c
2 5¢c
3c
3c +9c
3c+7c
3c + 5¢c
2 3c
2 3c+ 5c
3 3c
4 3c
2 6¢C
4c + 8¢
4c + 6¢C
2 4c
24c+ 3c
2c + 10c
2c + 8¢
2c + 6¢
2c +6¢ + 3c
2c +4c
2c +4c + 5¢c
2c +4c + 3c
2c+4c+23c
22c
22c+7c
2 2c+5c
22c+ 3c
22c+ 3c+5c
22c+23c
22c+24c
32c + 6¢c
32c+4c
4 2¢c
4 2c + 3c
6 2c
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Flipped Midge Cycles

Cycles Midges Stickers Order
11c + 1f 12 24 22
9c + 1f 10 20 18
7c + 1f 8 16 14
5c + 1f 6 12 10
2 5c + 1f 11 22 10
3c + 1f 4 8 6
3c+ 7c+ 1f 11 22 42
3c + 5¢c + 1f 9 18 30
23c+1f 7 14 6
23c+5c+ 1f 12 24 30
33c+ 1f 10 20 6
4c + 6¢C + 1f 11 22 24
24c+1f 9 18 8
24c+ 3c + 1If 12 24 24
2c + 8c + 1If 11 22 16
2c + 6¢ + 1f 9 18 12
2c + 6¢ + 3c + 1f 12 24 12
2c +4c + 1f 7 14 8
2c +4c + 5¢ + 1f 12 24 40
2c +4c + 3c + 1f 10 20 24
22c+1f 5 10 4
22c+ 7c+1f 12 24 28
22c+5c+ 1f 10 20 20
22c+ 3c+ 1f 8 16 12
22c+23c+1f 11 22 12
32c+4c+1f 11 22 8
4 2c + 1f 9 18 4
4 2c + 3c + 1f 12 24 12
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Cycle Decomposition Table — Even Parity Permutations — Up To 12 Permuted Midges
Odd Parity Cycles Even Parity Cycles
2c 4c 6¢c 8c 10c 12¢ 3c 5¢c 7c 9c 11c
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Cycle Decomposition Table — Even Parity Permutations — Up To 12 Permuted Midges
Odd Parity Cycles Even Parity Cycles
2c 4c 6¢c 8c 10c 12¢ 3c 5¢c 7c 9c 11c
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Cycle Decomposition Table — Odd Parity Permutations — Up To 12 Permuted Midges
Odd Parity Cycles Even Parity Cycles
2c 4c 6¢c 8c 10c 12¢ 3c 5¢c 7c 9c 11c
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Centers/Edges — Even Parity Permutations

Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
iXx 2c 4c 6¢c 8c 10c 12c 14c 16¢c 18c 20c 22c 24c| 3¢ 5¢ 7c 9c 11c 13c 15¢c 17¢c 19¢c 21c 23c
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
iXx 2c 4c 6¢c 8c 10c 12c 14c 16¢c 18c 20c 22c 24c| 3c 5¢ 7c 9c 11c 13c 15¢ 17c 19¢c 21c 23c
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles

iXx 2c 4c 6¢c 8c 10c 12c 14c 16¢c 18c 20c 22c 24c| 3c 5¢ 7c 9c 11c 13c 15¢ 17c 19¢c 21c 23c
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
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Odd Parity Cycles
ix 2c 4c 6¢c 8c 10c 12c 14c 16¢ 18c 20c 22c 24c
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Even Parity Cycles
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles

iXx 2c 4c 6¢c 8c 10c 12c 14c 16¢c 18c 20c 22c 24c| 3c 5¢ 7c 9c 11c 13c 15¢ 17c 19¢c 21c 23c
386 3 1
387 4
388 5
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

WWMNN-_IAA A A
—_
AWN AWINDN A A
N = N = a
—_ —_

DA PR WWWWNNDNDNDNNN_2A2AAA A A A A A
RN
RN N

P N T N YIS N N NPT W, N N e, e e N T VI VNI N U UL N . N N, N N e e N I VR Ny N NP N N . N, N, N I I I N N e N N N e e e . e N Y. . §

_—e e A S D A 2 2 2 D D 2 e 2 2 D 2 D 2 e D 2 e e e e

Cycle Structures 18/40 http://www.mementoslangues.fr/ Algorithm Finder



http://www.mementoslangues.fr/�

Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table E — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles

iXx 2c 4c 6¢c 8c 10c 12c 14c 16¢c 18c 20c 22c 24c| 3c 5¢ 7c 9c 11c 13c 15¢ 17c 19¢c 21c 23c
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Even Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Centers/Edges — Odd Parity Permutations

Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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Cycle Decomposition Table — Odd Parity Permutations — Up To 24 Permuted Centers/Edges
Odd Parity Cycles Even Parity Cycles
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