PHONG HUYNH
Fi nal Project

© KNIGHT'STOUR

The purpose of this project is to explore all the possible
nmoves that the Knight (chess piece) can nove in an nxn
board. This is also known as the Knight's Tour. A
Knight's tour is a sequence of noves by a kni ght chess

pi ece, which may only make noves that sinultaneously shift
one square al ong one axis and two along the other formng
an L shape, such that each square of the board is visited
exactly once. This is also a way in which we explore the
Ham | t oni an pat h.

The following is an illustration of how the graphs should
| ook.
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> restart;

> wth(networks): with(linalg):
War ni ng, the nanmes charpoly and rank have been redefined

Warni ng, the protected names norm and trace have been redefined and
unpr ot ect ed

The Initial Purpose of the Knight's Tour



In this section, | amhoping to acconplish the initial
stage of devel oping a chessboard and hopefuly get sone of

t he kni ght noving procedures to work. Mst inportantly get
Mapl e to produce all the possible noves that a kni ght can
nove.

> newm G :
Wth the new graph G | want to create a board with an nxn
vertices using the follow ng procedure called "board". The

pur pose of this procedure is to give the general nxn board
of vertices.

By assigning an initial size value | don't have to keep on
changing the values within ny procedures later in the
program | can just change the Size value here and then
reproduci ng a new set of board and possi bl e noves.

WARNING: DO NOT assign a big nunber for "Size > 5", unless

you have the time to sit and wait.......... for areally
real I111T1T1IT1ITly long tinme.
> Si ze: =5;
Size := 5
> pboard := proc(n): for i froml to n

do for j fromlto n
do addvertex([[i,]]],0O:

od;
od;
end proc:
Warning, i~ is inplicitly declared |local to procedure " bhoard’
Warning, j  is inplicitly declared |local to procedure "board

> board(Si ze);

By assigning a Size to this procedure we can have al the vertices stored in the graph G
with a Size-by-Size table.

[5 9]
> vertices(Q;
{{1, 2], [2, 1], [4, 5], [5 1], [4, 3], [4, 4], [3, 5], [4 1], [4
2], [3, 3], [3, 4],

[3, 1], [3, 2], [2, 3], [2, 4], [2, 5], [1, 4], [1, 5], [2, 2],
[5. 5], [5, 4], [5, 2],

(5. 3], [1, 3], [1, 1]}

The following procedure is to figure out the possible moves that a knight can move



within an nxn board by assigning avertex [i,j] to the procedure. Since the knight is
moving inan [i+1,j+2], [i+1,j-2], [i-1,j+2], [i-1,j-2], [i+2,j+1], [1+2,j-1], [i-2,j+1], or [i-
2,j-1] position, the procedure can be written as follow.

> possi bl enoves = proc(v,n):

>  w =[seq(0,i=1..8)];
w1l = v + [2,1];

> w2 :=v+[1,72]

> w3 :=v +[-21];

> wW4] :=v +[1,-2]

> w3 t=v +[-1,-2]

> W6l :=v +[-2-1]

> W7 :=v+[-12]

> w8 :=v +[2-1]

> for i froml to 8 do

if ((0O<wWi][1]) and (WMi][1] < n+l) and (0 < wWi][2])
and (Wi][2] < n+l))
then connect ({v},{WMi]}, O
end if;
end do;
end proc:
Warning, "w is inplicitly declared |local to procedure " possibl enoves’

Warning, i" is inplicitly declared |local to procedure "possi bl emoves’

Notice that the result will not display al the vertices that connected to theinitial vertex.
Instead it displays the edge that is being connected to theinitial vertex.

> possi bl enoves([ 2, 3], 4);
ed

The resulting vertices of theinitial vertex can be obtain by using the neighbors method.
This method will display all the vertices that are connecting to the initial vertex.
Unfortunately, this does not tell me anything. | don't want Maple to give me just afew
vertices that connected to theinitial vertex.

nei ghbors([ 2, 3], §;
{{4, 41, [4 2], [3 1], [1, 1]}

"' m hoping that edges(G would tell ne sonething about all
the edges that are being connected.

> edges(Q;

{e3, e4, e2, el}
>

Finally, the follow ng procedure chessTable will generate a



chess table for the possibl enoves procedure that contains
all the possible nmoves (in vertices) with the given Size
val ue.

> chessTable:= proc(n): for i froml to n
do for | froml to n
do possi bl enmoves([i,j],n)
od;
od;
end proc:

Warning, i~ is inplicitly declared local to procedure "chessTabl e

Warning, j T is inplicitly declared |local to procedure "“chessTabl e’

By calling Size in chessTable, | amable to generate al
the vertices on the chess board. YES!'!!!! This is what |
want Maple to display. Hopefuly this will give ne all the
vertices that | needed to work with.

> chessTabl e(Si ze) ;
ends( G ;

{{[3, 3], [5 4]}, {[5 1], [3 2]}, {[4 5], [3 3]}, {[3 2], [1,
3]}, {[4 1], [3, 3]},

{[4, 3], [2, 2]}, {[3 3], [5 2]}, {[3 5], [1, 4]}, {[1, 4],
[2, 2]}, {[4 2], [3, 4]},

{{1, 2], 3, 31}, {[3 4], [5 51}, {[3 2], [2, 4]}, {[2 3],
[1, 5]}, {[4, 3], [3, 5]},

{[3, 4], [5 31}, {[4 5], [2 4]}, {[3 3], [1, 4]}, {[3 4],
[1, 51}, {[1, 2], [2, 4]},

{[3, 5], [5 4]}, {[4 3], [2 4]}, {[2 1], [4 2]}, {[1 2],
(3, 11}, {[4 1], [5, 3]},

{l2, 1], [3, 31}, {[3 3], [2, 5]}, {[4 2], [5 4]}, {[2 3],
(1, 11}, {[3, 1]. [2, 3]},

{[5 11, [4, 31}, {[4 4], [2 3]}, {[4 4], [2 5]}, {[4 3],
[5. 5]}, {[3, 4], [1, 3]},

{3, 2], [1, 11}, {[4 2], [2, 3]}, {[3 4], [2, 2]}, {[3 1],
[5. 2]}, {[2, 5], [1, 3]},

{[4, 11, [2, 2]}, {[4 3], [3 11}, {[4 4], [5 2]}, {[3 2],
[5. 31}, {[4 5], [5 3]},

{[4, 4], [3 2]}, {[3 5], [2 3]}, {[2 1], [1, 3]}}

Here is the result when use the drawm{( G nethod. Notice



this is not the result that | want Maple to display.
Unfortunately, Maple is unable to produce a grid table that
I want it to.

> draw( G ;

02] |5e5) [P

AHH'  You woul d think that | would be giving up by now.
Wait until you see the next section.
>

Knight's Tour

Wth the help of Sonja WIlis's project on Ham |tonian
Pat hs and Cayl ey Di graphs of Al gebraic Goup. |'m hoping
that it would help ne in finding the tour for Maple to
graph. The followi ng codes are taken from Sonja WIlis's
proj ect .

> continuepath := proc(G aph, path)

| ocal daugh

daugh: =sort ([ op(departures(pat h[ 1], Graph) m nus
{op(path)})]);

i f daugh = []



t hen RETURN ([ path, fal se]);
el se RETURN ([[daugh[1],op(path)],true]);
fi;
end:
> backtrack := proc( G aph, origpath)
| ocal bad, daugh, position, path ;
path := origpath;
do
bad: =path [1];
pat h: =path [2..nops(path)];
if path =]
then RETURN ([ path, false]);
fi:
#print (path);
daugh: =sort ([ op(departures(pat h[ 1], Gaph) m nus
{op(path)})]);
nmenber (bad, daugh, ' position');
#print ( da-po-ba’, daugh, position, bad);
i f position < nops(daugh)
t hen RETURN ([[daugh[position + 1], op(path)],true]);
fi:
#print ( bac-path’, path);
od;
end:
> Ham | toni anPath : = proc(G aph,start)
| ocal path, result;
path := [start];
do
do
result := continuepath (G aph, path);
path := result[1];
# print (path);
if result[2] = fal se
t hen break;
fi:
od ;

if nops(result[1l]) = nops(vertices(G aph))
t hen RETURN (path);
fi;

resul t: =backtrack (G aph, path);
if result[2]=fal se
then print (°NO PATH TRY ANOTHER VERTEX ); break
el se path :=result[1];
fi;
od;



end:

It is time for nme to check out what this Ham | toni anPath
procedures would give ne. By calling ny original graph G
and assigning an initial vertex, this is what

Ham | t oni anPat h gi ves ne.

> tour := Ham ltonianPath(G|[1, 1]);
>

tour := [[5, 5], [3, 4], [1, 5], [2, 3], [3, 1], [5, 2], [4, 4], [2,
51, [1, 3], [2, 1],

(4. 2], [5, 4], [3, 3], [1, 2], [2, 4], [4, 5], [5 3], [4 1],
(2, 2], [1, 4], [3, 5],

(4, 3], [5, 1], [3, 2], [1, 1]]

It turns out that Ham |tonianPath procedure does give nme a
path that connects all the vertices on ny chess board. It

wor ks, but now, how am | going to transfer all these points
(vertices) into a grid table that | have al ways want ed?

Si nce Mapl e cannot produce a grid table, |'m hoping that
matrix will give nme sone kind of output that would be
simlar to the grid table. Then again, it seens as though
matrix is the only thing that is close to a grid table.
Wrth a try!

>m:= matrix(Size, Si ze, 0);
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| amcrossing nmy finger and hoping that the foll ow ng codes
wi |l produce the right matrix that display the path that
the Knight's tour gives.

> n = nops(tour):
for i from1l to n
do nftour[n-i+1][1],tour[n-i+1][2]] :=
s
od:
> matrix(m;
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YEA HEW !ttt This is exactly what | wanted since
t he beginning of the project. This is really exciting!

The following results are displayed by generating a 5 by 5
table. Notice that every tine Maple generates, the results
are different. The reason for this is that the

Ham | t oni anPath is generating in a randomformand it is
depending on the points that Maple pick to generate the
graph. The chronol ogi cal nunber from1l to Size-by-Size
represent the order in which the knight is noving.

1 10 5 18 3 1 18 5 12 3q 1 4 11 16 250
4 19 2 11 63 H8 13 2 17 65 H2 17 2 5 10F
9 22 13 4 175 H9 22 7 4 115 H3 20 7 24 154
0 15 24 7 125 H4 9 24 21 164 H8 13 22 9 6¢
3 8 21 16 25F 3 20 15 10 25F 1 8 19 14 23H
1 14 19 8 25q
6 9 2 13 187
5 20 7 24 34
0 5 22 17 12-
1 16 11 4 23H
>

Final Thoughts

WELL, The project turns out to be aswhat | wanted it to be but the task did not reach its
conclusion as easy as | thought. When | first started the project, | did not know what to
do and how to begin the task. Knight's tour seemsto have asimpletask, as| begin to
explore the tour and with the helps of Stefan Erickson, | find out that the simple task
become aredlly big task. The biggest challenge for me isto write a procedure that
teaches Maple to move the initial vertex to itsfinal destination and then print out the
resultsin agridded board. Asyou have read the step by step that | have written during
the mission in accomplishing the Knight's tour, it have taken me thislong to have
mission accomplished! | am ahappy man!! Thank you for following my task.
Speci al thanks to Professor J. Wavrik and Stefan Erickson
for helping me with this mssion. And thanks Sonja WIlis
for her Ham | toni anPath codes.
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