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Abstract—The present paper focuses on solution to 16-Queens
problem highlights the process of placing the 16-affine functions
of 3-variable Boolean function as Queen. The -classification
procedure reported in [1] describes a method to find a solution
for the 16-Queens Problem. A complete method has been devised
for finding some possible solutions of 16-Queen problems using
iterative method instead of backtracking.

I. INTRODUCTION

Computer science problems are grouped into various
classes on the basis of time and space taken to find all possible
solutions. All the decision problems having polynomial time
algorithm are placed in the P class. Some of the problems
solved in non-deterministic computer or verified in polynomial
time are placed in NP class. The theoretical computers are
non-deterministic in nature, which are used to verify the
solution of a problem in polynomial time. This type of com-
puter does not exist [2] but this type of theoretical computer
consist of infinite amount of asset to generate many processes
depending upon the number of possible solution [2][3]. In
order to accept the problems in /N P, several heuristic methods
are used [3][4].

Introduced by Gauss [5] (by taking N = 8) the N-Queens
problem is about putting N-queens on an N X N chessboard in
a way such that each row and each column of the chessboard
have exactly one queen and each diagonal of the chessboard
have at most one queen. In this arrangement no two queens
are mutually attacking. A 16-Queens problem is a specific
problem of the N-Queens problem where N = 16, i.e, 16
Queens need to placed in the 16 x 16 chessboard and the con-
straints of the N-Queens problem needs to be followed taking
N = 16. Several mechanisms have already been proposed to
solve the N-Queens problem like brute-force, backtracking,
Ant Colony Optimization (ACO), Genetic Algorithm, Case
Based Approach etc [6]. Generally, N-Queens problems are
treated as intractable problem i.e. when the values of N is
considered very large at that time the problems are not solved
in polynomial time. This type of problems are placed in
NP class. Only 92 solutions out of 4,426, 165, 368 possible
arrangements are exact in case of eight queen problem [2].
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The ant colony optimization (ACO) is a meta-heuristic
that is propelled by savvy practices of ants. ACO is a multi
agent framework; a subterranean insect conduct portrays the
conduct of an operator in the framework. The main insect
calculation was produced in [7]. Ants in nature alter their
environment by continually saving a concoction substance
called pheromone. The pheromone is utilized as a circuitous
correspondence among ants and aides them to find briefest way
from their home to sustenance place. On the off chance that
there are various ways to a nourishment place, ants pick one
with high grouping of pheromone. An efficient algorithm has
been proposed for N queen problem by the authors [2], which
works efficiently for eight queen problem as the proposed
model is very simple and the search space is very small in
a given chess board.

Genetic algorithm is based on the three biological prin-
cipals of selection, crossover and mutation for solving of
searching and optimization problems. Some of the potential
solutions are taken into consideration into the next level
based on the fitness function defined for a problem being
optimized. Then selection operator is applied to find certain
individuals that survive into next generation. After selection
process individuals are combined using crossover operation.
A mutation operator is applied to change few individuals.

Multiple references having the same concept of genetic
algorithm are there while having been implemented in different
ways. In [8], it uses some form of parallelism to achieve greater
speed of genetic algorithm, using a global parallel genetic
algorithm which is one of the variants to genetic algorithm.
The authors in [8] improved the efficiency of GA by using
local search algorithm like minimal conflict algorithm.

Authors in [9] solved N-queen problem on General purpose
computing on graphics processing units (GPGPU) architec-
ture using OpenC'L which extensively analyze the N-Queen
problem with respect to local [10], global memory parameters
and atomicity and synchronization issues in OpenCL and
its effects on performance. An efficient algorithm using local
search and various heuristic searching techniques have been
discussed in [11]. Various applications of N queen problems in
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real life has been discussed in [12], such as image processing,
dead lock prevention, parallel processing etc.

The paper is organized in a precise methodical manner
in the following sections. In Section II, the literature of
Boolean functions of different variables relevant to our work
is reviewed. In Section III, the method for solving 16-queen
problem is organized. Section IV deals with concluding re-
marks accenting the main factors of the integral analysis.

II.  RELEVANT REVIEW

An n-variable Boolean function f is a mapping from the
set of all possible n-bit strings {0,1}" into {0,1}. For n-
variable there are 22" number of different n-variable Boolean
functions. Each Boolean function can be represented with the
help of truth table output as a binary string having length
2™. The decimal equivalent of the binary string starting from
bottom to top(least significant bit) in the truth table is called
the rule number of that function [1][13]. The complement of
fis denoted as f .

A Boolean function with algebraic expression, where the
degree is at most one is called an affine Boolean function. The
general form for n-variable affine function is:

faffine(zlvx% L3y, xn) = knxn S2) kn—lxn—l DD
koxo @ k1x1 ® ko, where the co-efficients are either zero or
one.

If the constant term ky of an affine function is zero
then the function is called a linear Boolean function. Thus,
affine Boolean functions are either linear Boolean function or
their complements. The number of different n-variable affine
Boolean functions is 2"*! out of which 2" are linear. As an
example, the 16 affine Boolean functions in 3-variables are 0,
60, 90, 102, 150, 170, 204, 240, 15, 51, 85, 105, 153, 165,
195, and 255 out of which, first eight are linear and remaining
Boolean functions are their corresponding complements[1].
Here each affine functions are considered as queens.

In [1][13], the procedure of classification of Boolean func-
tions of n-variable is obtained in such a coherent way that
each class is of equal cardinality and contains only a single
affine Boolean function. Two methods have been discussed.
The first one is a recursive method used to classify 1-variable
to n-variable using Cartesian and concatenation method [1].
The second method is based on changing of some predefined
bit positions with respect to a affine Boolean function in that
class [1]. Here, affine function are uniformly distributed in all
the classes has been reported in [1]

III. PROPOSED METHOD FOR SOLVING 16-QUEEN
PROBLEM USING CLASSIFICATION OF BOOLEAN
FUNCTIONS

The 16-Queens problem is the problem of placing of 16
queens on a chessboard that no two queens attack mutually.
Thus, a solution mandates that no two queens are in the same
row, column or diagonal. This problem cant be solved in
polynomial time as the problem becomes intractable for large
values of n and thus it is placed in NV P class type of problem as
was discussed in the introduction. Generally time complexity
of this types of problems is exponential. In 3-variable Boolean
function there are numbers of Boolean function. As per the
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classification, 3-variable Boolean functions have 16 numbers of
classes and each class have 16 numbers of Boolean functions
along with an affine Boolean function in each [1]. After sorting
the Boolean functions in increasing order of the 16 classes we
arranged in a chessboard as shown in Figure 1. From the Figl,
it has been observed that any two affine Boolean functions
(indicated by red cell) are not in same row.

1 2 3 |4 |5 [6 |7 [8 [9 [1o |11 J12 [13 [14 [15 [16
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Fig. 1. Shows all 3-variable Boolean functions are within a 16 x 16 Chess
Board with Affine Boolean function as Red colored

In this section, a method is proposed to evaluate different
solutions with switch over of class positions within the 16 x 16
of chess board. The following steps are used for generating
solutions of 16 queen problem.

Classes | 1 2 |3 |4 5 [] T g £l win 12 |13 1M |15 |18
1 2 4 |8 3 10 )12 114 [33 (334 (35 |38 |40 |42 |44 |48
2 193 197 1199 1201 | 203 | 205 | 207 | 235 | 227 | 220 | 231 | 233 ) 235 | 237 | 239
] 81 |83 %7 |89 |91 |93 (95 [ni3[nis|an7 |19 a1 923 [128 [139
4 144 | 146 | 148 152 [ 154 [ 156 [ 158 [ 176 [ 178 [ 180 | 182 | 184 | 186 | 1. 190
H 145 | 147 | 149 | 151 155 | 157 | 159 | 177 | 179 | 181 | 183 | 185 | 187 | 189 | 191
& 80 2 |84 186 |88 7] 4 214l ns] ] 120] 132 | 1M [ 128
? 192 [ 194 [ 196 | 198 | 200 | 202 206 | 24 (26| 22|20 202] 234 [ 235 | 238
L] 1 5 7 ? 11 13 13 5 | ¥ 39 |4 |43 |45 |47
LI T U TR T T N 343 | 344 | 346 | 248 | 250 | 357 | 354
] 2029 131 13 - F I FEE] 45 53 (88 57 [ 5% [e1 |68
29 | 131 | 133 | 135 | 137 | 139 | 141 | 143 | 161 | 163 167 | 165 | 171 [ 173 | 175 |
M (65 (68 |7 |7 |76 |7 9% |78 | 10 1 106 | 108 | 110 |
5 |67 |69 |71 |73 |75 |77 |79 |97 |99 |01 103 107 | 109 | 111
128 | 130 [ 132 [ 134 [ 138 | 138 | 140 | 142 | 180 | 162 | 164 | 168 | 1688 172 | 174
16 |18 [20 |22 [24 |26 |28 |30 [48 [50 [52 |54 |56 |58 62
6 | 300 | 311 | 313 |31 317 [ 319 | 331 | 333 | 341 | 243 | 345 | 247 | 249 | 351 | 253

Fig. 2. Shows all 3-variable Boolean functions are within a 16 X 16
Chess Board with Affine Boolean function as Red colored and the classes
are renamed as per the position of affine function within that class

Step 1
Step 11

Sort the Class 1,2, 3,...,16 in ascending order.
Arrange all the classes of 3-variable Boolean func-
tions in a 16 x 16 Chess board. All classes are
assigned to a Class number according to the position
of affine function in that class as shown in Fig 2
The resultant rows of 16 x 16 chess board is as
follows:
a) Row; = Classk, wherei =1,3,...,15 and
k=9,10,...,16
b) Row; = Classk, where i = 2,4,...,16 and
k=1,2,....8

Here, the Fig 3 with yellow colored Affine functions is a
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solution. similarly other solutions are shown in Fig 4 with blue
colored Affine functions, in and Fig 5 with different solution.

10 {11 J12 |13 14 |15 [16
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Fig. 3. Shows all 3-variable Boolean functions are within a 16 x 16 Chess
Board with Affine Boolean function as yellow colored with one solution.

15 |16

Fig. 4. Shows all 3-variable Boolean functions are within a 16 X 16 Chess
Board with Affine Boolean function as Blue colored with one solution.

IV. CONCLUSION

In this work a solution to 16-Queens Problem has been
discussed, In the process of placing the 16-affine functions of
3-variable Boolean function as Queen. The classification pro-
cedure describes a method to find a solution for the 16-Queens
Problem. A method has been devised for finding some possible
solutions of 16-Queen problems using iterative method instead
of backtracking. In future endeavor, this classification strategy
can be followed in an indepth study in this paradigm for
generating all possible solution to 16-queens problem using
iterative instead of backtracking.
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