1. Permutations: products, inverses and orders:

Consider the following permutations in Sq ,, given in cycle form.

a=(1974)(25)(386),
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B=(1342), y=(153947).
Compute each of the following. Provide justification where appropriate.
[2] (@ af = Qg72NDN25)(86) (1342)
= (197#25)(386Y)
21 ®eao™ = (u2a)(25)(36 8)
[2] (¢ ord(a) = Lewmn (4,2,2) = Y2
[2] (@) ord(y) = 72
[2] (e) Write « in array form. V2 3 usT 6 7 0§ 9
9 58
[2]

| 23 4 ¢ #

)

(f) Express « as a product of 2-cycles.

o = C1gz72ND(25)(286)

(!

G F)(14)(25)(38)(36)
[2]

(g) Express « as a product of 3-cycles.

—

= Q372252 86)

(ax)Y (1) (25) (38¢)
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2. Permutations:

[2] (a) The diagram shows the configuration of the swap board before and after move sequence o was ap-
plied. Write the move sequence « in disjoint cycle form.

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
(67

5(8|1]|2|3|7|4|6|] — |7|4|2|8|3|6]|1]|5

x= (186)(2y 3 #)

[2] (b) Write down a solution to the 3-cycle swap puzzle with the initial configuration shown. Your answer
should list the 3-cycles in order that they need to be applied to solve the puzzle.

1 2 3 4 5 6 7 8

1 #[3]2|54]8]6 @=(24 69 7)) = (246)(2%%F)

Solohom, © (2%9) , (26 4)

(279) e w)
| #212\s\w\sle — tlelzlzls|u)l=z|8 —="1|2]3]|q4)5)e]|2]|s
~——— > e+
[2] (c) Consider the permutation « = (2 5 6 3). Give an example of a permutation 5 in S; that does not
commute with a. For full credit you must verify your example doesn’t commute with «.

(5:(\ )

xp= (12X(2563) = (15673 12)

pot = (256DUYY = (125 C 3) D;‘ 0,3 do not Commute_

[2] (d) Give examples of permutations « and (3 such that ord(«) = 2, ord(3) = 3 and ord(af) = 4.

x=(12) ; g=(134)

Xg= QD39 = (V23 4) = o)=Y .

[2] (e) How many elements of order 4 are in Ag? Justify your answer.

Cement of odvr Y 15 A, has foem (Z—CUcLo\(q—c(jo(n.)

Th , 3 ! e.2 = |lan
IO (D - om s e
, |

Choose #% Molee  Chome #%  Melee
Br Dopde Dk B, g
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3. Permutations: Proofs involving parity
[4] (a) Prove that the product of two even permutations is an even permutation.
It oL}@ eS,L a~  bohe  even, wan ko
X = 't\ - ’CM )
G= o ... O
whee Ty, 03 a L-qyhes | and M,k are even.
Then
Q=T ---Ty o --. o\
s o prdud of M4l (even vombes)  of Z-C-(l)c(eg i
Therhe |
R 5 even,
[4] (b) Show that it is impossible to find a move sequence that swaps exactly two edge cubies of the

Rubik’s cube, while leaving every other cubie in its home location (that is, with the exception of the

two cubies that were swapped, all other cubies are in their correct location).

This question is asking you to show that a move like the
one shown in the diagram on the right is impossible to

do.

(Draw a cube like the one below, use it to help explain your argument.)

qu each cobie ( 1o CW/\-U'S) (2 20(328)-

Y R besic wore on Robiks cobe s
k/ a cbuar’kr hoet of a L. As o
& [ permokhon of  coies s has Fle frm,
3
Q)4 (‘“I—Ca&)(q'cﬂcc"’)

(Gd?g ) ( c w*n.us)

whel, s ewven | WOY\'O even

pomukhass of cobies a  possile. .

edge swmp & oddl => net Solucblc .
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4. 15-puzzle:

(a) Show that the following arrangement of the 15-puzzle is unsolvable. To receive full credit your
argument must be clearly written, referencing any main results developed in this course.

I \ 17, 33 4‘,‘ pos\)'\a;x, < (‘5 nede a 3 2) (w0\)
5% ()lZ 7q 8“ ‘ennv\ H\ov\b
9 10 11 12
» + ewxfo\':) space © Wa lox (0 which s 3 wover hom Yo 6,
]3[3 141% 15(§ M[o s6 + & 1y au [_E Panb box |

<o not soluck@ .

(b) The following arrangement of the 15-puzzle is solvable. Write down a sequence of moves that solves
the puzzle.

Either write the moves using transpositions, or use the first letter of the words (wp, (d)own, (Deft,
(r)ight, to indicate the direction the next tile is to be moved.

You may use your tiles and game board to play around with the puzzle. To grade this question I will
simply follow your directions for solution, if it works you get full points, if it doesn’t work you loose
points. So make your steps for solution clear.

5|6 |7 8 (&rruQ>(d&er3(rdQQ w)
9 [12]10|11 : S %

1311415 get 10,002 cycle L0,U,12 (S,::l—c:rp

Together move




