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1. Motivation
The Yau Method is one of the most widely adopted methods for solving the 4x4 Rubik's Cube.

A hallmark of the method is its 3-2-3 edge-pairing strategy, in which three edge pairs are solved first,
followed by two middle edge pairs, leaving only the last three edge pairs to complete.

Although numerous tutorials explain the procedures and algorithms, relatively little attention has been given
to why this strategy works so effectively.

During a recent study of the last three edge pairs, an unexpected structural pattern emerged.
Rather than appearing random, the remaining four free wings exhibited an underlying cyclic relationship.

This notebook documents that observation.

2. Observation
After completing
o the first three edge pairs, and
e the middle two edge pairs,
one aligned edge pair remains intact.

The remaining four free wings determine how the last three edge pairs will be completed. Initially these
four wings appear to be randomly arranged. However, after a simple slice movement, an unexpected hidden
structure becomes visible. This observation motivated the following experiment.
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3. Experiment 4 — Revealing the Hidden Four-Wing Cycle

Experiment 4 — Revealing the Hidden Four-Wing Cycle
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Figure 2.1. Revealing the hidden four-wing cycle.
Observed sequence is illustrated in Figure 2.1.
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!
Perfect Four-Wing Cycle
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Observation

Initially, the remaining four free wings appear to have no obvious relationship. This hidden cyclic
relationship is not immediately visible in the original configuration.

After shifting Slice 2 by one position, however, they almost form a complete cyclic ordering. Only the
orientations of the two rightmost wings remain incorrect.

After flipping these two wings, the four wings become a perfect cycle. The remaining edge pairs can then
be completed naturally using the standard Yau procedure. No parity algorithm is involved.

4. Hypothesis
Hypothesis

The effectiveness of the Yau 3-2-3 pairing strategy may arise from the fact that, after the first nine edge
pairs have been completed, the remaining four free wings exhibit a highly constrained cyclic structure.

A simple slice movement appears to reveal this hidden cyclic structure rather than create it.

5. Discussion

This observation provides an engineering interpretation of the Yau Method. The slice movement should not
be viewed merely as another solving algorithm. Instead, it appears to expose an underlying organization of
the remaining four free wings. Once this cyclic relationship becomes visible, only two wing flips are
required before the final edge pairs can be completed naturally.

From this viewpoint, the remaining four free wings are not randomly arranged. Instead, they appear to
follow a highly constrained cyclic relationship that becomes visible after a simple slice shift.

Although this observation is based on a limited number of experiments, it offers a possible structural
explanation for why the final stage of the Yau 3-2-3 pairing strategy is considerably simpler than it first
appears.

6. Open Questions
Several interesting questions remain for future investigation.
e Does every Yau 3-2-3 pairing case reveal a similar hidden four-wing cycle?
e Can the required slice movement always be predicted?
e How many different four-wing cycle structures exist?
e Can these cycles be characterized mathematically using permutation-group theory?

¢ Can this structural interpretation lead to simpler or more intuitive solving strategies?
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7. Lessons Learned
e The last three edge pairs are more structured than they initially appear.
e Slice movements appear to reveal an existing structure rather than create one.
¢ A hidden four-wing cycle may underlie the final stage of the Yau 3-2-3 pairing strategy.

e Understanding the cube's structure may be more valuable than memorizing additional algorithms.

Engineering Perspective

The effectiveness of the Yau 3-2-3 pairing strategy may arise not only from its algorithms, but also from
the hidden structure of the remaining four free wings. Once this cyclic relationship is recognized, the final
stage of edge pairing becomes considerably easier to understand.
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