
Chapter 5: From Puzzles to Permutations
























































































































RepresentingPositionsmovesbyPermutations

Assume the puzzlepieces and their home positions have
been labeled by numbers in En where n is the
number of moving pieces

Ex Write down the permutation corresponding to each
position

a 5 4 I z z piece moved to box

b 7 4 6 I 3 2 5

C 6 9 10 13
12 4 5
378 I 14

11 15 2

Ex Draw the puzzle position corresponding to the
permutation

i 53 2 4 8




























































































































Ex write down the permutation corresponding to the
move sequence

x
A 5 3 I 4 2 5 3 2 4 l

piece in box moved to bok

Bb 4 I 3 6 2 5 6 5 4 3 2 I

c The move sequence corresponding to x is applied to
the puzzle shown left Determine the resulting
position of the pieces

X I 45

4 5 I 3 2


























































































































Activity

Try the following fill outthetablebelow

For each arrangementofthetiles of the Swap puzzle
write down the corresponding positron permutation x

x

Solve the puzzleusing legal moves swaps
write down thepermutationscorresponding to the moves

P i P2 a o P K

Observations Is there a relationship between x and pipa pic

X Bi BZ o o PK XP I z Bk

Conclusionfobservation


























































































































Activity 2 Now try the following

Randomly place the tiles on the swap board write
down the permutation corresponding to the position a

Using legal moves rearrange the tiles into another
configuration8 Write down the permutations
corresponding to moves

Bi B Z ooo P K

Observation What is the relationship between x Bi Bz Bu and J

R B1 Bz o o Bic XP Pz Bic J

ConclusiinfObservation e




























































































































Consequences of Theorem
if E then the product of Moves results
in the permutation corresponding to puzzleposition
if 8 E then x pipit o o pi
Therefore solving x is equivalent to factoring x
into puzzle moves

Proof




























































































































Permutations as a product of 2 cycles

Eoc Write the permutation x I 74 5 263
as a product of 2 cycles

Consider the corresponding arrangementof the swap
puzzle then solve it

Ex Write the 3 cycle l 23 as a product of 2 cycles


























































































































Permutation as a product of 3 cycles

Ex Express the permutation x I 4 3 25 as a product of
3 cycles

Consider the corresponding configuration of swap and
solve the puzzleusing 3 cycles


























































































































15 Puzzle

Consider the following sequence of moves

I 2 3 4 I 2 3 4 I 2 3 4T Tz15 9 8 14 15 9 8 14 15 9 8
14 6 5 12 6 5 12 G 5 12
11 7 10 13 11 7 10 13 11 7 10 13

Puzzle moves position

At home Explore the representations with your own 15 puzzle
by doing the following

randomly arrange pieces on the board write
out the permutation x

perform a sequence of moves write downthepermutations
I Tz Tk

writedown permutation for final arrangement p
Verify xt.cz tie p and write the move
sequences as a single permutation

O Titzoootk


























































































































Ex Express in cycle form the permutation describing the
move sequence

G l x l 2 3

3 8 7 5 4
2 5 4 7 6 8

Ex The move sequencecorresponding to 2 is applied to the
puzzle shown on the left Determine the resultingposition of the pieces

A I 4 3 26 5

4 6 2
a

3 I 5
8 7


























































































































Oval Track Puzzle

Ex Express the puzzleposition as a permutation in cyclefarm

1920 3 5 2 I 6 4
18 7
17 8
1615 14 13 12 11 to 9

Permutations for the basic moves

R I 2 3 4 56 7 8 9 1011 12 13 14 15 16 17 18 19 20

T I 4 23





































































































Rubik's Cube

2 2 2 Cube Labelling all facets

Permutations for cube moves

3 3 3 Cube Labelling of facets

Permutations for Cobe moves


