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Abstract—We present an efficient solution to the N-Queens
puzzle using the heuristic algorithm proposed in the paper. The
N-Queens problem become intractable for large values of N and
this placed in NP (No deterministic Polynomial) class problem
because of their high complexity (eg: O(N!) , O(2N )) they cannot
solved in a realistic time frame using deterministic technique,
very efficient AI (Artificial Intelligence) search algorithm solving
strategies, even classic Local Search algorithm developed so far
cannot find a solution for large size N-Queens problem in a
reasonable time, in this paper we present a new optimization
that combine the Local Search algorithm and our proposed
heuristic algorithm which is based on a specific generated NQueens Starting states. This efficient optimization is capable of
finding a solution for extremely large size Queens number in
O(N), we give the execution statistics for this hybrid algorithm
with number of Queens up to 19,000,000 in less than one second.
Index Terms—Artificial Intelligence(AI), Hybrid Search,
Heuristic Algorithm, The N Queens problem

I. I NTRODUCTION
The classical N-Queens Problem, first proposed by German
chess enthusiast Max Bezzel in 1848 for the standard 8 × 8
board, and both solved and generalized to larger boards by
Franz Nauck in 1850 [1]. The problem is to place n queens
on an N × N chessboard, so that no two queens can capture
each other. That is, no two queens are in the same row,
column, or diagonal [2]. Note that the problem is solvable
in constant time since there is a solution for all n > 3 [4].
A simple solution to the N-queens problem, with the use of a
sequential search algorithm, consists in Generate all possible
placement combinations of queens on the board and choosing
a configuration that satisfies the given constraints.
In this paper we give a new probabilistic optimization to
the classic local Search algorithm, that based on specific NQueens starting states generated by the proposed heuristic
algorithm. This optimization is capable of providing a solution
for extremely large size of number Queens, by using a heuristic
algorithm with a time complexity of O(N). Our results show
that the program find solution in O(N) with a reasonable iteration number, using a control parameter P which is a positive
random integer (P∈ [1..N ]), these parameter are determined
by statistical tests (See T ableI, II). In our proposed approach,
instead of giving random starting states as initial solution for
the Local Search algorithm we propose a specific configuration
of the initial N-Queens starting states. We will confirm in the
experimental section that this combination provides excellent
performance.

II. R ELATED WORK
In recent years, the heuristic search algorithms have received considerable research attention in the AI field. The N
Queens problem have been implemented by many researchers.
However, they found that the N Queen problem can be
successfully solved using heuristic algorithm and the quality of
the solutions generated depend on the quality of the heuristic
algorithm [5], [6].
Several authors have proposed the use of different search
strategy techniques to solve the n-queen problem. These
methods include Tabu search algorithm and genetic algorithm
[9], Global Parallel Genetic Algorithm (GPGA) [10]. GPGA
requires the master process which distributes tasks among the
slaves to be executed in parallel. This algorithm based on three
basic biological principles: selection, crossover, and mutation.
Also, reference [11] presents a probabilistic algorithm; a
gradient-based heuristic is successfully applied to the n-queens
problem for large values of n. The main idea is to Generate a
random permutation of queens and swapping a pair of queens
to minimize the number of collisions. In [3]. introduced a
distributed solution for n-queens problem using dP systems,
where the components are P systems with active membranes.
Another study [7] [8] that aims at solving the N Queen
problem, and variations of it, using atoms with cavity-mediated
long-range interactions.
Recently, this problem has been solved with N up to about
26 in which has 2.23 x 1016 solutions, in 271 days [12]. In this
paper we show how a new heuristic algorithm can be used to
solve the N Queen problem, and has an optimal running time
complexity.
III. S OLVING THE N-Q UEENS PROBLEM
A. Method
let
1) N is the number of Queens.
2) queens[1..N ] its N Queens Array, the structure we use
to represent the chess board.
3) columni −→ queens[i].
4) rowi −→ i.
5) All solutions to the N-Queens problem has exactly one
Queen in each row. As a result, we can represent our
solution using an Array queens[1..N ], where queens[]
array indicate if column j in row i contain a queen or
not, queens[i] = j means queen at i-th row is placed at
j-th column. Let’s have an example (See F ig. 1).
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Algorithm 1: Generat-Init-nQueens
Input: P its random Integer ∈ [1..N ] used to generate
N-Queens starting states.
Output: queens[0..N − 1] is the initial starting states
with the minimum number of conflicts.
1 column ← P;
2 row ← 0;
3 save ← column+1;
4 if Mod(column, 2) = 0 then
5
while row < N do
6
if column + 2 < N then
7
queens[row] = column + 2;
column = column + 2;
8
else
9
if save = 2 then
10
column = save; save = save + 1;

Fig. 1: Solution of the N-Queens problem with N = 4.
B. The global algorithm
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else
column = 1; save = 2;

The global algorithm consists of two parts:
1) Generate the initial N-Queens starting states: The first
part is our heuristic algorithm proposed to solve the N-Queens
problem. For 8-Queens problem, there are 4, 426, 165, 368
possible arrangements of queens on board out of which
only 92 are correct solutions [13]. The aim is to minimize the number of attacked queens in the initial NQueens starting states. The proposed Heuristic algorithm
Generat-Init-nQueens()1 (See Algorithm: 1), generate the initial N-Queens starting states with improved parameter P. The
running time of our heuristic algorithm is O(N), that places
all N Queens in order, from the upper row to the lower row
on an N × N chess board simulated in Array queens[1..N ].
Our optimization consists in building a starting states in
such a way that may solve or reduce the number of collisions
among the queens in polynomial time. The main idea behind
this optimization is to put queens on the board row by row
using the P value to locate the j-th column of the first row,
starting at the top (See Algorithm: 1):
• The first queen can be placed in queens[i] = 1 knowing
that i =P and i <=N.
• The second queen will be placed in queens[i’] = 2
knowing that i’=i+2 and i’<=N.
• The last queen configuration is queens[i”] =N knowing
that i”=i’+2 and i”<=N.
• If i >N than i get a new value depend on P as shown
in Algorithm: 1.
If no collisions among Queens in the generated N-Queens
starting states, no action is taken, that is, a solution is found
in polynomial time; otherwise, selecting the N-Queens starting
states that generated by heuristic algorithm as initial solution
for local search algorithm to find a solution, in practice, the
running time is approximately O(N). However, if the heuristic
algorithm does not find a solution its guarantee that the
generated N-Queens starting states has a reduced number of
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queens[row] = column;
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1 The

Generat-Init-nQueens() algorithm proposed by H.Djamel.
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row ← row + 1;

if queens[0] = queens[N − 1] then
queens[N − 1] = 0;
else
while row < N do
if column + 2 < N then
queens[row] = column + 2; column =
column + 2;
else
if save = 1 then
column = save; save = save + 1;
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else
column = 0; save = 1;
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queens[row] = column;
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row ← row + 1;;
return queens;

collisions. Finally, if the local search algorithm get stuck in a
local minimum [14] with the given N-Queens starting states, a
new value of P is generated and the heuristic algorithm starts
a new search.
Example 3.1: For the standard 8X8 board, if the input
parameter P equal 2 than the initial starting states will be
configured in board as shown in F ig. 2.
2) Local Search solving strategy: In the second part, we
choose to use the local search procedure [15]. The N-Queens
problem is easy for local search because solutions are densely
distributed. The local search algorithm based on replaces the
current solution by a neighboring solution of better quality.
The local search algorithm is used as an alternative solution
to solve any collisions among queens in the initial N-Queens

TABLE I: The estimated time(second) required to solve the N-queens problem with N up to 500, 000.
Number of Queens N
Time of the 1st run
Time of the 2nd run
Time of the 3rd run
Time of the 4th run
Time of the 5th run
Time of the 6th run
Time of the 7th run
Time of the 8th run
Time of the 9th run
Time of the 10th run
Ave Time to Find Solution

100
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001

1000
<0,001
0,01
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001

2000
0,02
0,02
0,01
0,02
0,02
0,01
0,02
0,02
0,02
0,02
0,02

10000
0,01
<0,001
<0,001
0,01
<0,001
<0,001
<0,001
<0,001
0,01
<0,001
<0,001

100000
0,01
0,02
0,01
0,01
0,01
0,01
0,02
0,01
0,01
0,01
0,01

500000
1,62
2,28
5,25
1,8
3,52
3,74
1,83
1,72
2,08
1,72
2,56

TABLE II: The estimated time(second) required to solve the N-queens problem with N up to 19, 000, 000.
Number of Queens N
Time of the 1st run
Time of the 2nd run
Time of the 3rd run
Time of the 4th run
Time of the 5th run
Time of the 6th run
Time of the 7th run
Time of the 8th run
Time of the 9th run
Time of the 10th run
Ave Time to Find Solution

7000000
0,41
0,4
0,41
0,39
0,39
0,41
0,41
0,41
0,4
0,43
0,41

10000000
0,35
0,37
0,37
0,38
0,34
0,39
0,36
0,38
0,36
0,35
0,37

Fig. 2: The initial N-Queens starting states with collisions for
the standard 8X8 board and P equal 2.
starting states that may occur generally on the diagonals.
IV. R ESULTS
As illustrated in F ig. 2, the number of collisions for the
8X8 board with P equal 2 is 6, so the number of collisions
which must be resolved in the second part equal 6.
Among the algorithm features we have studied, we observed
a large Number of NXN board generated in The proposed
heuristic algorithm (See Algorithm: 1) have initial collisions
equal 0. In other words, the heuristic algorithm success in
finding a valid solution without calling Local search algorithm.
Table I and Table II were obtained from 10 sample algorithm
runs. In the tables below, the computational complexity is
measured by using execution time. For probabilistic reasons,

12000000
0,4
0,4
0,42
0,41
0,43
0,4
0,4
0,4
0,41
0,39
0,41

15000000
0,57
0,49
0,5
0,49
0,51
0,5
0,49
0,55
0,53
0,49
0,51

17000000
0,82
0,75
0,79
0,84
0,78
0,76
0,82
0,81
0,8
0,79
0,80

19000000
0,94
1,12
0,99
0,93
0,94
0,99
0,96
0,99
1
0,93
0,98

execution time stabilizes independent of the increase in problem complexity.
This statistic highly depend on the parameter P which
initialed P = 1 for all tests.
From the tables, one can infer that the execution time
strongly depend on the parameter P . The algorithm is probabilistic. That is, if the algorithm could not find a solution
with the given value of P , a new value is generated and
the algorithm starts a new search. In addition, to confirm
that combining the Local Search algorithm with our proposed
heuristic algorithm produces a significant improvement, we
execute the local search algorithm starting from an initial
random population. The algorithm can find a solution for N
up to 500 in a reasonable time (7min). When N is too high the
local search algorithm becomes inefficient to find a solution
to the N-Queens problem in reasonable time.
V. C ONCLUSION
The proposed heuristic algorithm can solve the N-Queens
problem in a fraction of second with the appropriate value
of P . Also, for different values of N and specific value of
parameter P , those NXN boards can be successfully resolved
using our heuristic algorithm only, in O(N). As a part of future
work will make a Combinations of our heuristic algorithm and
others search algorithm solving strategies and will include
the proposed heuristic algorithm for solving the N-Queens
problem which systematically generates all possible solutions
for extremely large size N-Queens problems.
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