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Priority-first Search in Superpuzz

Toshio SHINTANTI'

ABSTRACT

Superpuzz is a solitaire game with one deck of cards and was adopted as a problem
on GPCC in 1991. Superpuzz has a characteristic that Aces can move more freely
than other cards in the game. So you cannot find a solution by adding a new node
simply to the game tree because the same node will appear in the tree many times. I
use a data structure called ‘Patricia’ so that there is no duplication of nodes in the
game tree. I have made clear that it is possible to search the game tree entirely up to
the case of the half size (6 columns) on a typical computer for personal use. In this
paper, I found that the number of nodes searched in a priority-first search is less than
those in the simple depth-first search in average case. The priority adopted here is
decided from the nature of the game that the nearer is a node to the state of success,
the more Aces are on the right-most column. It is expected that the number of nodes
which will be searched until the first solution is found will be about 108 in case of the
full-size Superpuzz.
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(9, H8) <~ (C9, €8) <~ (H7, D9) <- (H6, C9) <- (DY, CT7) <~
(€9, C6) <~ (S8, €9) <~ (C9, H7) <~ (H5, DY) <- (D9, C5) <-
(S9, C4) <-(S7, D9) <-(S6, S9) <— (D8, S9) <~ (89, C3) <~
(S5, 89) <~ (D7, S9) <~ (89, C2) <-(S4, S9) <~ (D6, S9) <~
(D5, H9) <— (H9, H4) <~ (D4, H9) <- (H9, H3) <~ (D3, H9) <~
(H9, C8) <~ (D4, H9) <~ (C4, H9) <~ (S9, S8) <~ (D9, H6) <~
(H2, D9) <- (D2, D9) <~ (D9, HA) <— (D9, CA) <~ (83, S9) <~
(D9, S7) <-(S2, D9) <~ (D9, H8) <-(SA, C9) <~ (C9, H7) <~
(C9, CA) <~ (C9, CT7) <~ (H9, C6) <~ (C3, D9) <~ (DY, D8) <~
(S9, D5) <~ (D3, C9) <~ (D7, S9) <- (H8, S9) <~ (S9, S6) <-
(DA, H9) <- (H9, C5) <- (H9, D4) <- (H9, S3) <~ (S5, H9) <~
(H4, S9)

No. 1, 56 moves, 9103 states searched.
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(€9, H8) <—(C9, C8) <-(H7, D9) <- (H6, C9) <- (DY, CT7) <~
(€9, C6) <~ (S8, €9) <-(C9, HT) <~ (H5, D9) <- (DY, C5) <~
(S9, C4) <-(S7, D9) <~ (S6, S9) <~ (D8, S9) <-(S9, C3) <~
(S5, S9) <~ (D7, S9) <~ (S9, C2) <- (54, S9) <~ (D6, S9) <~
(D5, H9) <~ (H9, H4) <- (D4, H9) <~ (H9, H3) <~ (D3, H9) <~
(H9, C8) <- (D4, H9) <-(C4, H9) <-(S9, S8) <~ (D9, H6) <-
(H2, D9) <- (D2, D9) <— (DY, HA) <- (D9, CA) <—(S3, S9) <~
(D9, S7) <-(S2, P9) <- (D9, H8) <- (SA, €9) <~ (C9, HT) <~
(€9, CA) <= (C9, CT) <~ (H9, C6) <~ (C3, DY) <~ (DY, D8) <~
(S9, D5) <- (D3, €9) <- (D7, S9) <~ (H8, S9) <~ (89, S6) <—
(DA, H9) <- (H9, C5) <- (H9, D4) <~ (H9, S3) <~ (S5, H9) <~
(H4, S9)
No. 1, 56 moves, 9103 states searched.

(4 &K 5 DEENER THRELI-HA)

(D9, H8) <- (D9, C8) <- (H7, H9) <- (H6, D9) <~ (H9, C7) <-
(D9, C6) <- (S8, D9) <- (H5, H9) <~ (H9, C5) <~ (S7, H9) <~
(€9, C4) <-(S6, C9) <- (D8, C9) <~ (C9, C3) <~ (S5, C9) <~
(D7, €C9) <-(C9, C2) <~ (54, C9) <- (D6, C9) <-(C9, S8) <~
(S3, €9) <~ (D5, €9) <-(C9, H4) <~ (D4, C9) <-(C9, H3) <~
(D3, €9) <~ (C9, H2) <- (D2, C9) <~ (C9, HA) <~ (C9, CA) <~
(SA, €9) <— (DA, C9) <~ (C9, CA) <~ (C9, SA) <- (DA, C9) <~
(€9, SA) <—(C9, DA) <~ (C9, ST7) <~ (82, C9) <~ (C9, D2) <-
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(D9, H7) <-(SA, D9) <— (D9, DA) <- (D2, C9) <- (DA, D9) <~
(D4, S9) <~ (H9, H6) <- (H2, H9) <- (H9, C8) < (D3, H9) <-
(€9, D2) <= (D9, DA) <~ (D9, C7) <~ (D2, D9) <~ (D9, H8) <~
(C4, S9) <-(C3, D9) <- (D9, D8) <—(S9, C6) <~ (DA, S9) <~
(S9, H7) <~ (CA, S9) <-(S9, C5) <-(S9, D4) <~ (D7, S9) <-
(H8, S9) <-(S9, S6) <- (H4, S9) <- (H9, D3) <—(H9, S3) <~
(S5, H9) <~ (C9, D2) <- (D3, C9)
No. 1, 73 moves, 3680 states searched.
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(D9, H8) <-(H7, €9) <- (D9, C8) <-(C9, CT) <- (H6, DI) <~
(H5, C9) <— (D9, C6) <—(C9, C5) <- (S8, D9) <-(S7, C9) <-
(H9, C4) <-(S6, H9) <- (D8, H9) <- (H9, C3) <~ (S5, H9) <~
(D7, H9) <= (H9, C2) <—(H9, S8) <-(S4, S9) <~ (S3, H9) <~
(D6, S9) <~ (D5, H9) <- (H9, H4) <~ (D4, H9) <- (H9, H3) <~
(D3, H9) <~ (H9, H2) <-(S2, H9) <~ (D2, H9) <~ (H9, HA) <~
(SA, H9) <~ (H9, CA) <-(SA, H9) <- (DA, H9) <-(H9, CA) <~
(H9, SA) <~ (DA, H9) <-(SA, H9) <- (H9, DA) <~ (H9, ST7) <~
(S2, H9) <- (D2, H9) <- (D9, H7) <~ (SA, D9) <~ (DA, D9) <~
(H9, D2) <~ (D9, DA) <- (H9, C8) <- (D4, H9) <-(C4, H9) <~
(D9, C7) <~ (H9, C6) <— (D2, D9) <— (DA, H9) <~ (C9, H6) <-
(D9, H8) <- (H9, H7) <~ (CA, H9) <- (H2, C9) <~ (C9, C8) <~
(€9, D2) <~ (D3, C9) <-(H9, C5) <—(H9, D4) <- (H9, S3) <~
(S9, S8) <~ (S4, 89) <~ (€3, D9) <~ (DY, D8) <~ (D7, S9) <~
(H8, S9) <~ (S9, S6) <~ (S5, H9) <~ (H4, S9)
No.1l, 74 moves, 313083 states searched.
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(H8, C9) <-(C9, S8) <-(C8, €9) <- (H7, C9) <~ (H6, S9) <~
(€9, S7) <-(S9, S8) <- (€9, D8) <~ (S9, D7) <~ (D8, S9) <-
(C7, S9) <~ (S9, S5) <-(S9, D6) <- (D7, S9) <~ (C6, S9) <-
(89, S4) <-(S9, D5) <- (D6, S9) <-(C5, S9) <~ (S9, S3) <~



(S9, D4) <~ (S8, S9) <—(H5, S9) <~ (S9, $5) <- (H6, S9) <-
(S9, C4) < (89, S2) <—(S9, D3) <~ (S7, S9) <- (H4, S9) <~
(S9, S4) <- (H5, S9) <~ (S9, €3) <~ (C2, HI) <~ (S9, D5) <-
(H9, D4) <- (H9, €8) <- (H8, H9) <~ (89, C7) <- (H9, C6) <~
(C4, HI) <- (H9, D2) <—(SA, $9) <~ (S6, S9) <- (H3, S9) <~
(S9, S3) <-(H4, S9) <—(S9, D5) <~ (S9, H7) <~ (S9, DA) <~
(S5, S9) <~ (S4, H9) <-(S9, H6) <- (S8, DI) <~ (H9, H5) <-
(H2, H9) <- (D8, C9) <- (16, C9) <- (D9, D7) <~ (HA, H9) <~
(CA, S9)

No. 1, 61 moves, 138222 states searched.
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(H8, €9) <—(C9, S8) <-(C8, C9) <—(H7, C9) <- (H6, S9) <~
(€9, S7) <~ (59, S6) <~ (C9, D8) <~ (S9, D7) <~ (D8, S9) <~
(C7, S9) <~ (S9, S5) <~ (89, D6) <~ (D7, S9) <~ (C6, S9) <~
(S9, S4) <= (89, D5) <- (D6, S9) <~ (C5, S9) <- (59, S3) <~
(S9, D4) <- (S8, S9) <— (H5, S9) <~ (S9, S5) <~ (H6, S9) <-
(S9, C4) <-(S9, S2) <~ (589, D3) <~ (S7, S9) <- (H4, S9) <~
(S9, S4) <-(H5, S9) <~ (89, €3) <~ (C2, HY) <-(S9, D5) <-
(H9, D4) <- (H9, C8) <~ (H8, H9) <~ (S9, C7) <- (H9, C6) <—
(C4, H9) <~ (H9, D2) <~ (SA, S9) <~ (S6, S9) <- (113, S9) <-
(S9, $3) <-(H4, S9) <~ (S9, D5) <~ (S9, H7) <~ (S9, DA) <-
(S5, S9) <—(S4, H9) <~ (S9, H6) <~ (D8, C9) <- (S8, D9) <~
(D9, D7) <—(H9, H5) <- (H6, C9) <— (H2, H9) <~ (HA, H9) <~
(CA, S9)

No. 1, 61 moves, 138621 states searched.
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(H8, $9) <-(S9, $8) <-(C8, S9) <~ (H7, S9) <~ (H6, C9) <-
(S9, S7) <-(S9, D8) <-(C9, S6) <—(C9, D7) <- (D8, S9) <~
(€7, S9) <~ (89, S5) <~ (59, D6) <~ (D7, S9) <~ (C6, S9) <~
(S9, S4) <~ (S9, D5) <- (D6, $9) <-(C5, S9) <- (89, S3) <—
(S9, D4) <- (S8, S9) <- (H5, S9) <—(S9, S5) <- (H6, S9) <-
(89, C4) <~ (S9, S2) <~ (89, D3) <~ (S7, S9) <- (H4, S9) <~
(S9, S4) <~ (H5, S9) <—(S9, €3) <- (89, D5) <- (C2, HY) <~
(H9, D4) <- (H9, C8) <-(S9, C7) <~ (H8, H9) <- (H9, C6) <-
(C4, H9) <~ (H9, D2) <~ (S6, H9) <- (H3, H9) <~ (H9, S3) <~
(H4, H9) <~ (H9, D5) <~ (H9, HT) <~ (H6, C9) <—(CA, C9) <-
(€9, SA) <—(C9, DA) <- (HA, C9) <~ (C9, SA) <-(C9, DA) <-
(C9, HA) <~ (DA, C9) <~ (C9, HA) <~ (S8, D9) <~ (SA, C9) <~
(€9, DA) <—(HA, €9) <- (DA, C9) <-(C9, HA) <- (D9, D7) <~
(SA, C9) <— (DA, C9) <-(C9, SA) <— (DA, C9) <-(HA, C9) <-
(€9, SA) <—(C9, DA) <— (HA, C9) <— (DA, C9) <-(C9, HA) <~
(S5, €9) <-(SA, S9) <-(S9, DA) <- (HA, S9) <— (DA, H9) <~
(H9, HA) <~ (H9, S6) <-(S4, H9) <~ (H9, H5) <- (H2, H9) <~
(HA, H9)
No. 1, 86 moves, 551635 states searched.
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(€9, H8) <—(C8, C9) <—(C9, HT) <-(S9, H6) <-(C9, D8) <~
(89, D7) <~ (D8, $9) <-(C7, S9) <- (S5, S9) <~ (S9, H5) <~
(S9, D6) <~ (D7, S9) <~ (C6, S9) <-(S4, S9) <-(S9, H4) <~
(S9, D5) <~ (D6, S9) <—(C5, S9) <~ (S3, S9) <-(S9, H3) <~
(S9, D4) <~ (S8, S9) <~ (H5, S9) <-(S9, S5) <- (H6, S9) <
(89, C4) <-(S2, S9) <-(S9, H2) <~ (S9, D3) <~ (S7, 59) <~
(H4, S9) <-(S9, S4) <-(H5, S9) <- (89, C3) <-(C2, H9) <-
(89, D5) <— (H9, D4) <— (H9, C8) <- (89, C7) <—(SA, S9) <-
(S9, DA) <~ (HA, S9) <-(CA, S9) <- (DA, S9) <- (S9, HA) <~
(DA, S9) <~ (HA, S9) <~ (H8, H9) <- (H9, C6) <-(C4, HI) <-
(H9, D2) <-(S9, DA) <—(CA, S9) <- (HA, S9) <— (DA, S9) <~
(89, HA) <—(H2, H9) <- (HA, S9) <- (S9, CA) <- (DA, S9) <-
(S9, HA) <~ (S9, DA) <~ (HA, S9) <- (H9, H2) <-(S9, HA) <-
(S6, H9) <- (H3, H9) <- (H9, S3) <- (H4, H9) <- (H9, D5) <~
(H9, H7) <~ (S5, S9) <-(S9, H6) <-(CA, S9) <—(S9, DA) <~
(HA, S9) <~ (DA, H9) <- (H9, HA) <- (H9, S6) <- (S4, H9) <~
(H9, H5) < (H2, H9) <~ (HA, H9) <~ (D8, C9) <~ (H6, C9) <~
(S8, b9) <~ (D9, D7)
No. 1, 87 moves, 2917 states searched.
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Fig.8 Example No.2 for initial state and
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(S8, H9) <~ (H9, H8) <- (D8, H9) <- (D9, S7) <~ (H9, S6) <-
(C8, H9) <— (D9, HT) <~ (S9, H6) <~ (HI, H5) <- (D7, D9) <~
(D6, S9) <— (D5, H9) <- (D9, S5) <-(S9, S4) <- (H9, S3) <~
(H9, D8) <~ (C7, D9) <- (D9, H4) <- (D4, D9) <~ (D3, HI) <~
(D9, $2) <~ (D9, D7) <~ (D2, D9) <-(C6, S9) <—(S9, H3) <~
(D9, H2) <~ (C5, S9) <~ (C4, D9) <-(S7, S9) <~ (S6, D9) <~
(H9, SA) <- (DA, H9) <- (H9, HA) <-(C3, H9) <— (S5, H9) <~
(H9, H8) <~ (H6, C9) <~ (H5, H9) <-(S4, C9) <-(S3, H9) <
(€9, DB) <- (H6, C9) <-(C2, C9) <—(C9, D8) <~ (C9, C8) <~
(H9, C7) <~ (S7, H9) <- (H9, H4) <~ (52, H9) <~ (D9, C5) <-
(S6, D9) <- (D9, C4) <- (H9, DA) <~ (H2, H9) <~ (HA, S9) <~
(S9, S4) <-(S3, D9) <~ (S9, D5) <— (CA, S9) <-(S9, D3)



No. 1, 60 moves, 3793 states searched.
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(H6, D9) <~ (D9, C8) <-(D5, C9) <~ (D4, H9) <- (D3, D9) <-
(C9, H5) <- (H9, H4) <- (D9, H3) <~ (C9, CT)<- (S8, C9) <~
(H5, C9) <- (H9, C6) <-(C9, C5) <~ (S7, HI) <-(S6, C9) <~
(H4, H9) <- (H9, C4) <- (S5, HI) <~ (C5, HI) <— (D2, HI) <~
(H9, H2) <- (H3, C9) <-(C9, C3) <~ (S4, C9) <-(S3, D9) <~
(C4, C9) <-(DA, C9) <—(C9, HA) <- (H2, H9) <- (H9, S2) <~
(SA, C9) <— (HA, C9) <~(C9, SA) <- (HA, C9) <- (H9, H2) <-
(C9, HA) <~ (S2, H9) <~ (H9, H2) <- (HA, C9) <- (H9, C2) <~
(C9, CA) <—(SA, C9) <~ (C9, HA) <-(H2, H9) <-(C9, SA) <~
(HA, C9) <-(H9, H2) <~ (S2, H9) <-(C9, SA) <-(C9, HA) <~
(SA, C9) <=(C9, HA) <-(H2, H9) <- (HA, C9) <-(H9, C2) <~
(H9, H2) <~ (H9, S2) <-(C3, D9) <-(C9, SA) <-(HA, C9) <~
(SA, C9) <—(S2, H9) <~ (C9, CA) <~ (C9, SA) <-(C9, HA) <~
(SA, €9) <-(C9, HA) <~ (H2, H9) <- (HA, C9) <-(C2, H9) <~
(H9, H2) <= (C9, HA) <~ (H9, S2) <~ (C9, SA) <- (HA, C9) <~
(C9, SA) <—(C9, HA) <-(CA, C9) <-(C9, HA) <- (H2, H9) <~
(HA, C9) <-(C9, CA) <-(SA, C9) <-(C9, HA) <-(C9, SA) <~
(HA, C9) <-(CA, C9) <~ (H9, C2) <~ (C9, SA) <-(C9, HA) <-
(D9, S3) <—(CA, C9) <-(C9, HA) <-(C9, CA) <- (HA, C9) <~
(H9, H2) <-(C9, HA) <~ (SA, C9) <-(C9, HA) <~ (C9, CA) <~
(€9, SA) <~ (S2, H9) <- (HA, C9) <-(C9, SA) <-(C9, HA) <-
(CA, C9) <~ (C9, HA) <- (C9, CA) <~ (SA, C9) <~ (C9, HA) <~
(C9Y, SA) <~ (HA, C9) <-(C9, CA) <- (C9, HA) <- (SA, C9) <~
(H9, S2) <~ (C9, SA) <-(C2, H9) <- (HA, C9) <— (SA, C9) <~
(H9, S2) <-(C9, HA) <- (CA, C9) <- (C9, SA) <— (H2, H9) <~
(S2, H9) <—(SA, C9) <—(H9, C2) <-(C9, HA) <-(C9, SA) <~
(S2, H9) <- (HA, C9) <-(C9, CA) <~ (SA, C9) <-(C2, H9) <~
(H9, S2) <~ (H2, H9) <-(C9, HA) <-(CA, C9) <-(C9, SA) <-
(CA, C9) <-(S2, H9) <—(SA, C9) <~ (C9, HA) <- (H9, S2) <~
(C9, CA) <—(SA, €9) <-(C2, H9) <— (HA, C9) <-(C9, SA) <~
(S2, H9) <~ (HA, C9) <-(CA, C9) <~ (SA, C9) <~ (H9, H2) <~
(S2, H9) <-(C9, SA) <~ (H9, C2) <-(C9, HA) <-(SA, C9) <~
(H9, S2) <~ (C9, SA) <-(CA, C9) <-(SA, C9) <-(C9, HA) <~
(C9, CA) <-(SA, C9) <-(H2, H9) <~ (HA, C9) <-(C9, SA) <~
(HA, C9) <= (H9, H2) <~ (C9, HA) <—(C2, H9) <~ (CA, C9) <~
(SA, C9) <~ (C9, HA) <~ (H2, H9) <-(SA, C9) <- (HA, C9) <~
(H9, H2) <- (H9, S2) <~ (C9, SA) <- (HA, C9) <-(SA, C9) <~
(C9, HA) <~ (H2, H9) <~ (HA, C9) <- (H9, S2) <- (119, H2) <~
(C9, HA) <- (H9, C2) <~ (C9, CA) <-(SA, C9) <- (HA, C9) <~
(H2, H9) <- (C9, SA) <- (HA, C9) <- (H9, H2) <-(S2, H9) <~
(SA, €9) <—(C9, HA) <—(SA, C9) <~ (HA, C9) <~ (H9, H2) <~
(C9, HA) <-(H9, S2) <-(H2, H9) <~ (HA, C9) <~ (H9, C2) <~
(C9, CA) <~ (C9, SA) <-(HA, C9) <-(H9, H2) <~ (C9, SA) <~
(C9, HA) <- (H2, H9) <-(S2, H9) <- (SA, C9) <-(C9, HA) <~
(C9, SA) <— (HA, C9) <- (H9, H2) <~ (C9, HA) <-(S2, H9) <~
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(H2, H9) <- (HA, C9) <-(C2, H9) <~ (CA, C9) <-(C9, SA) <~
(C9, HA) <~ (H9, H2) <~ (SA, C9) <~ (C9, HA) <~ (H2, H9) <~
(H9, S2) <~ (C9, SA) <-(HA, C9) <—(C9, SA) <-(C9, HA) <~
(H2, H9) <~ (HA, C9) <~ (C9, H2) <~ (S9, HA) <- (D8, D9) <~
(D7, H9) <- (H9, H8) <~ (H5, H9) <~ (S3, H9) <~ (S2, C9) <~
(SA, S9) <= (D9, C5) <- (D9, H4) <- (D9, S2) <~(C4, D9) <~
(H9, C3) <~ (€9, C2) <-(S9, CA) <~ (59, SA) <-(C3, S9) <~
(C9, D8) <-(C9, C8) <~ (C9, S8) <~ (D2, C9) <~ (C9, CT) <~
(€9, S7) <= (89, S6) <~ (H6, C9) <-(C2, C9) <-(CA, S9) <~
(D9, C4) <~ (S3, D9) <~ (C9, S5) <-(S9, S4) <~ (S6, S9) <~
(S9, SA) <~ (C9, D4) <~ (59, D3) <- (S8, C9) <~ (S5, H9)
No. 1, 280 moves, 614385 states searched
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(C9, H6) <-(C8, C9) <-(C9, H5) <~ (C7, C9) <—(C9, H4) <~
(D4, S9) <-(C6, S9) <~ (S8, S9) <~ (S7, D9) <~ (S6, S9) <~
(S5, D9) <~ (S4, S9) <~ (83, D9) <—(S9, C4) <— (D9, C3) <~
(D9, D3) <~ (H3, D9) <~ (D9, D8) <~ (C4, S9) <—(S2, S9) <-
(S9, €2) <-(S9, D2) <~ (D3, D9) <-(C3, DI) <~ (SA, D9) <~
(H2, S9) <- (D9, HA) <~ (D9, DA) <- (CA, D9) <— (D9, DA) <~
(D9, CA) <~ (HA, D9) <- (D2, S9) <- (D9, DA) <~ (S9, H2) <~
(D9, HA) <- (DA, D9) <- (D9, HA) <- (D9, CA) <~ (D9, DA) <~
(D2, S9) <~ (HA, D9) <- (D9, DA) <- (D9, HA) <—(CA, D9) <~
(D9, HA) <~ (D9, CA) <— (DA, D9) <- (D9, HA) <- (D9, DA) <~
(HA, D9) <- (D9, CA) <~ (D9, HA) <- (DA, D9) <-(S9, D2) <~
(D9, DA) <-(C2, S9) <- (HA, D9) <~ (DA, D9) <~ (S9, D2) <~
(D9, HA) <—(CA, D9) <~ (D9, DA) <- (H2, S9) <~ (D2, S9) <~
(DA, D9) <-(S9, C2) <~ (D9, HA) <~ (D9, DA) <- (D2, S9) <-
(HA, D9) <= (D9, CA) <~ (DA, D9) <~ (C2, S9) <~ (S9, D2) <~
(H2, S9) <~ (D9, HA) <-(CA, D9) <~ (D9, DA) <- (CA, D9) <-
(D2, S9) <- (DA, D9) <~ (D9, HA) <-(S9, D2) <~ (D9, CA) <~
(DA, D9) <-(C2, S9) <~ (HA, D9) <~ (D9, DA) <- (D2, S9) <-
(HA, D9) <—(CA, D9) < (DA, D9) <~ (89, H2) <~ (D2, S9) <~
(D9, DA) <-(S9, C2) <~ (D9, HA) <— (DA, D9) <- (S9, D2) <~
(D9, DA) <= (CA, D9) <— (DA, D9) <- (D9, HA) <- (D9, CA) <-
(DA, D9) <-(H2, S9) <~ (HA, D9) <- (D9, DA) <- (HA, D9) <~
(S9, H2) <~ (D9, HA) <~ (C2, S9) <-(CA, D9) <~ (DA, D9) <-
(D9, HA) <- (H2, S9) <- (DA, D9) <- (HA, D9) <~ (89, H2) <~
(S9, D2) <~ (D9, DA) <~ (HA, D9) <~ (DA, D9) <~ (D9, HA) <~
(H2, S9) <-(HA, D9) <-(S9, D2) <~ (S9, H2) <~ (D9, HA) <-
(S9, C2) <~ (D9, CA) <- (DA, D9) <- (HA, D9) <- (H2, S9) <~
(D9, DA) <-(HA, D9) <-(S9, H2) <- (D2, S9) <~ (DA, D9) <~
(D9, HA) <- (DA, D9) <- (HA, D9) <-(S9, H2) <- (D9, HA) <-
(S9, D2) <-(H2, S9) <-(HA, D9) <~ (89, C2) <- (D9, CA) <-
(D9, DA) <- (HA, D9) <-(S9, H2) <~ (D9, DA) <~ (D9, HA) <~
(H2, S9) <~ (D2, S9) <~ (DA, D9) <~ (D9, HA) <- (D9, DA) <-
(HA, D9) <~ (S9, H2) <~ (D9, HA) <~ (D2, S9) <~ (H2, S9) <-



(HA, D9) <~ (C2, S9) <- (CA, D9) <- (D9, DA) <- (D9, HA) <-
(S9, H2) <- (DA, D9) <~ (D9, HA) <- (H2, S9) <~ (S9, D2) <~
(D9, DA) <-(HA, D9) <— (D9, DA) <~ (D9, HA) <- (H2, S9) <~
(HA, D9) <—(S9, H3) <- (D9, H2) <~ (C5, S9) <-(S7, S9) <~
(S9, HA) <~ (H6, H9) <- (C4, D9) <~ (S6, D9) <~ (C3, S9) <~
(S5, S9) <-(S4, H9) <~ (H9, C8) <- (S8, H9) <- (H9, H3) <~
(H9, D7) <— (D2, H9) <~ (€9, C6) <-(S9, H8) <~ (H5, S9) <-
(S3, S9) <—(S9, C7) <- (87, S9) <-(S9, H4) <-(S2, S9) <~
(DA, S9) <~ (H9, C2) <~ (S9, CA) <~ (H9, D8) <-(C8, H9) <~
(H9, D6) <— (H6, H9) <-(C2, H9) <—(CA, S9) <~ (C9, D4) <~
(S9, S4) <-(S9, D5) <-(CA, S9) <~ (S8, €9) <~ (D9, C5) <~
(S6, D9) <- (D9, C4) <-(S3, D9) <-(S9, D3)
No. 1, 224 moves, 21834 states searched.
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Fig.9 Example No.2 for initial state and
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