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Appendix:

GO={FR,B,L,U,D}:18
G1={F2,R2,B2,L2,U,D}:10
G2={F2,R2,B2,L2}:4
G3=G0-G1={F,F,R,R’,B,B’,L,L'}:8

G4=G1-G2={U,D}:6

G3+G1l= GO Gl G1 = G4+G2

Phase one: Search 7 steps of GO for xp0 in Table p0[95039]. And get the move in mO[].
Phase two: Search 10 steps of G1 with the last step G2 for xp1 in Table p1[{295325].

And get the move in m1[]. Adjust by two G4 steps to match the U & D positions.



Table 1. The number of elements obtained by the steps in (a) Phase One, and (b) Phase Two

S(steps) E(elements) in Phase One

0

1

10

11

12

1
5
55
647
7803
95039
1138856 (0.05%)
13209134 (0.6%)
138155502 (6.2%)
959761462 (43%)
2158890200 (97%)
2217092644 (99.999978%)
2217093120 (100%)
= (377)*(2711)*(121/81/41)
= 2187*2048*495 = 2217093120

= Total elements in GO

S(steps)  E(elements) in Phase Two

0

1

10

11

12

13

14

15

16

17

1
5
39
253
1570
9357
54830
295325 (0.02%)
1519971 (0.12%)
7573048 (0.62%)
34992638 (3.0%)
141552026 (12%)
433575844 (35%)
861474530 (70%)
1169329308 (96%)
1218528172 (99.9386%)
1219276224 (99.999953%)
1219276800 (100%) = Total elements in G1'
=(8!81/16*4!)/2 = 2438553600/2 = 1219276800

: (1/2 for even permutation only)

G3=G0-G1={F, F',R, R’,B, B',L, L'}: For the first step to setup the table pO[].

G2={F2,R2,B2,L2}: For the Last step to setup the table p1[] and in the search to match the table p1[].

G1 =(F2,R2,B2,L2,U,D): Total elementsin G1 =1219276800*16 (too big)

The Two-Phase Algorithm:

GO * G1 :2217093120 * 1219276800*16

Modified Two-Phase Algorithm: GO * G1': 2217093120 * 1219276800



