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EIGHT QUEENS PROBLEM : FINALLY SOLVED
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ABSTRACT— In Eight queens problems, we are using a regular chess board (8X8). The challenge is to place the eight
queens on the board in such a manner that no queen is attacking another (for those who are not familiar with chess board
and its pieces, the queen is able to attack any square on the same row or column or even either of the diagonals). In this
paper, we introduce a solution for Eight queens problem developed and implemented in java language so that no two
queens can attack another one beside the designing also the interface has been implemented.
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I. INTRODUCTION

The 8 Queen puzzle appears quite simple i.e. place eight
queens on the board in a way that no two queens could
attack another. The twist, however, is that the researchers
want the algorithm to work on a 1,000 by 1,000 square
chess board. As the number of squares goes up, so does the
number of queens you need to place.

By current estimations placing 1,000 queens on a 1,000 by
1,000 square board could take thousands of years — due to
the sheer number of possibilities to consider.

Any algorithm which is capable of solve the puzzle quickly
would also be able to breach and crack the toughest of the
online security measures. It would be incredibly
powerful.[1]. In practice, nobody has ever come close to
writing a program that can solve the problem quickly,” said
Dr Nightingale. So what our research has shown a new
program solving Eight queens problems in a practical
manner.
Il. LITERATURE REVIEW

It is an example of a Millennium Prize Problem, of which
there are seven in total. These puzzles were announced at a
meeting in 2000 and are said to represent the most difficult
problems facing mathematics. The CMI said this was to
show people there were still many unanswered questions in
maths.

The Board of Directors of CMI designated a $7 million
prize fund for the solutions to the problems, with $1
million allocated to the solution of each problem. The first
of these was solved in 2003 by Grigori Perelman, a
Russian mathematician, but he declined the prize. The
University of St Andrews has now laid down a challenge
for anyone to solve this puzzle using a computer.
University of St Andrews professor lan Gent came up with
the idea after he was challenged by a Facebook friend to
solve the chess puzzle himself. He and his colleagues Dr
Peter Nightingale and Dr Christopher Jefferson attempted
to write a computer program themselves.

Their solutions use ‘backtracking’ — an algorithm used in
programming where every possible option is considered
and then ‘backed away’ from until the correct solution is
found - and their ideas are outlined in a paper, published in
the Journal of Artificial Intelligence Research[3].
However, as soon as the chessboard became large enough
— 1,000 by 1,000 squares — the algorithm couldn't cope.
These problems are so difficult for computer programs
because there are too many options to consider, and it can
take many years.

“If you could write a computer program that could solve
the problem really fast, you could adapt it to solve many of
the most important problems that affect us all daily,” said

Professsor Gent. “This includes trivial challenges like
working out the largest group of your Facebook friends
who don’t know each other, or very important ones like
cracking the codes that keep all our online transactions
safe.”[3]
"In practice, nobody has ever come close to writing a
program that can solve the problem quickly,” said Dr
Nightingale. “So what our research has shown is that — for
all practical purposes — it can’t be done.”[ 3]

Il. WHAT IS EIGHT QUEENS PROBLEM?
The Eight Queens Problem can be defined as follows:
Place 8 queens on an (8 by 8) chess board such that none
of the queens attacks any other. A configuration of 8
queens on the board is shown in figure 1, but this does not
represent a solution as the queen in the first column is on
the same diagonal as the queen in the last column.
Searching for a Solution
This problem can be solved by searching for a solution.
The initial state is given by the empty chess board. Placing
a queen on the board represents an action in the search
problem. A goal state is a configuration where none of the
queens attacks any of the others. Note that every goal state
is reached after exactly 8 actions.
This formulation as a search problem can be improved
when we realize that, in any solution, there must be exactly
one queen in each of the columns. Thus, the possible
actions can be restricted to placing a queen in the next
column that does not yet contain a queen. This reduces the
branching factor from (initially) 64 to 8.
Furthermore, we need only consider those rows in the next
column that are not already attacked by a queen that was
previously on the board. This is because the placing of
further queens on the board can never remove the mutual
attack and turn the configuration into a solution.
PROBLEM INVENTOR
The puzzle was originally proposed in 1848 by the chess
player Max Bezzel, and over the years, many
mathematicians, including Gauss, have worked on this
puzzle and its generalized n-queens problem [4].
SOLUTION INVENTOR o +B =y. (1)
The first solution for 8 queens were provided by Franz
Nauck in 1850. Nauck also extended the puzzle to n-
queens problem (on an n n board-a chessboard of arbitrary
size)[ ]. In 1874, S. Glnther proposed a method of finding
solutions by using determinants, and J.W.L. Glaisher
refined this approach.Edsger Dijkstra used this problem in
1972 to illustrate the power of what he called structured
programming. He published a highly detailed description
of the development of a depth-first backtracking algorithm

[5].
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IV. FORMULATION
States: any arrangement of 0 to 8 queens on the board.
Initial state: O queens on the board.
Successor function: add a queen in any square.
Goal test: 8 queens on the board, none attacked.

Figure 1: A configuration of 8 queens on chess board.
Different size boards

It's very easy to expand (and contract) this puzzle to other
sized chess boards.

below is a table of the number of solutions for different
sized n x n boards.For each size board I've shown the
number of total solutions, and also the number of distinct
types of solutions (unique before rotations and reflections).

Trivially, there is only one solution for a 1 x 1 board, and
it's not hard to see that there are no possible solutions for a
2 X 2 or 3 x 3 sized board. It's interesting that, whilst there
are 10 solutions to a 5 x 5 board, the number of solutions
drops to just 4 solutions on a 6 x 6 board.There is
(currently) no known formula for determining the number
possible solutions for an n x n board, and an internet search
reveals that the highest calculated board size to-date is 26 x
26 [ 3].
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26 x 26 | 22,317,699,616,364,000 | 2,789,712,466,510,280
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EIGHT QUEEN PROBLEM ALGORITHM

EIGHT QUEEN PROBLEM:
ALGORITHM

putQueen(row)
tor every position col on the same row
if position col is available
place the next queen in position col
if (row<8)
putQueen(row+1);
A
else success;

remove the queen from position col

V. BACKTRACKING CONCEPT

Each recursive call attempts to place a queen in a specific
column. For a given call, the state of the board from
previous placements is known (i.e. where are the other
queens?) Current step backtracking: If a placement within
the column does not lead to a solution, the queen is
removed and moved "down™ the column Previous step
backtracking: When all rows in a column have been tried,
the call terminates and backtracks to the previous call (in
the previous column) [7].

THEPUTOUEEN
RECURSIVE METHOD

void putQueen(int row)

{

for (int col=0;col<squares;col++)

if (column[col]==available &&
leftDiagonal ‘row+col ]==available &&
rightDiagonal [ row-col ]== available)
{
positionInRow[ row ] =col;
column[ col]=!available;
leftDiagonal [row+col]=lavailable;

rightDiagonal row-col]=lavailable;
if (row< squares-1)
putQueen(row+1);
else
print(" solution found”);
column[ col]=available;
leftDiagonal ‘row+col]=available;
rightDiagonal row-col]= available;

Figure 2: number of solutions for different sized n x )

n boards
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VI. BACKTRACKING ALGORITHM g
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Figure 3: Screenshots from the program

CONCLUSION

With the above, mentioned algorithm and interface for the
program the Eight Queen Problem has been solved with a
regular size chess board implemented by java program so
that no two queens could attack each other. The 8 Queen
puzzle appears quite simple as that the researchers want the
algorithm to work on a 1,000 by 1,000 square chess board.
The possible actions can be restricted to placing a queen in
the next column that does not yet contain a queen. This
reduces the branching factor from (initially) 64 to 8. Using
the same we solved the Wight queen problem with 8X8
chess board.
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