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�R�Y�H�U�O�D�S�S�L�Q�J���I�U�R�P���W�K�H���6�H�U�Y�L�Q�J���&�H�O�O�����D�Q�G���W�K�H���1�H�L�J�K�E�R�X�U���&�H�O�O���L�Q���W�H�U�P�V��
�R�I�������R�I���W�L�P�H��

� �)�L�Q�D�O�O�\���� �W�K�H���5�H�V�W�U�L�F�W�L�R�Q�� �0�D�W�U�L�[���F�D�Q�� �E�H�� �E�X�L�O�G���� �7�K�H�� �V�L�]�H�� �R�I�� �W�K�H��
�U�H�V�W�U�L�F�W�L�R�Q���P�D�W�U�L�[���L�V�����>�6�H�F�W�R�U���[���6�H�F�W�R�U�@��



CENTRE FOR WIRELESS 
NETWORK DESIGN

�'�)�3���'�)�3���'�)�3���'�)�3���¦�¦�¦�¦ �5�H�V�W�U�L�F�W�L�R�Q���0�D�W�U�L�[�����,�,�,���5�H�V�W�U�L�F�W�L�R�Q���0�D�W�U�L�[�����,�,�,���5�H�V�W�U�L�F�W�L�R�Q���0�D�W�U�L�[�����,�,�,���5�H�V�W�U�L�F�W�L�R�Q���0�D�W�U�L�[�����,�,�,��

12 Sectors Scenario 

�(�[�D�P�S�O�H���R�I����

�&�D�S�D�F�L�W�\���(�V�W�L�P�D�W�L�R�Q

�5�H�V�W�U�L�F�W�L�R�Q���0�D�W�U�L�[��



CENTRE FOR WIRELESS 
NETWORK DESIGN

�'�)�3���'�)�3���'�)�3���'�)�3���¦�¦�¦�¦ �)�U�H�T�X�H�Q�F�\���$�V�V�L�J�Q�P�H�Q�W���3�U�R�E�O�H�P�)�U�H�T�X�H�Q�F�\���$�V�V�L�J�Q�P�H�Q�W���3�U�R�E�O�H�P�)�U�H�T�X�H�Q�F�\���$�V�V�L�J�Q�P�H�Q�W���3�U�R�E�O�H�P�)�U�H�T�X�H�Q�F�\���$�V�V�L�J�Q�P�H�Q�W���3�U�R�E�O�H�P

The problem is to:

min
Wij

Di ×D j

yi, j ,k
kÎ NF

�
j Î N

�
i Î N

�

subject to:

xi,k
k=0

NF

� = Di " i,k

yi, j ,k ³ xi,k + x j,k - 1 and yi, j ,k ³ 0 " i, j,k

xi,k Î { 0,1} " i,k

N   number of sectors,  { 1,... n i,...N}

NF  number of subchannels,  { 1,... f k,,...NF}

D i   requested subchannels by the i - sector

W i,j  interference restriction between the i - sector and the j- sector

y i,j ,k  
1,  the i - th and j - th sector are using the k - frequency

0,  otherwise

�  
�  
�  
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�'�)�3���'�)�3���'�)�3���'�)�3���¦�¦�¦�¦ �6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V
� �0�H�W�D���K�H�X�U�L�V�W�L�F�V

16

Solution Space, S

Solution, s
Neighbour, 
s’

f(s)

Movement

f(s’)

best neighbour = min f(s’)

1 2
6 7

8 1

1 2 3 4

5 6 7 8

3 4

1 2
5 6 7

8 5

1 2 3 4

5 6 7 8

3 4

NEIGHBOUR DEFINITION

Neighbourhood, N

8 is a forbiden value

N>8 are forbiden values
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�'�)�3���'�)�3���'�)�3���'�)�3���¦�¦�¦�¦ �6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,��
� �6�L�P�X�O�D�W�H�G���$�Q�Q�H�D�O�L�Q�J

s := s0; e := f(s) // Random Solution
sb := s; eb := e // Best Solution
T := high value // Temperature
k := 0 // Iterations
while T > Tmin and e > emax // While T > Tthreshold or not good enough:

sn := neighbour(s) // Random neighbour
en := f(sn) // Compute its energy
if en < eb then // Is this a new best?

sb := sn; eb := en // Yes, save it.
elseif P(e, en, temp) > rnd() then    // Should we move to it?

s := sn; e := en // Yes, change state.
k := k + 1 // Increase iterations

T *= annealing factor              // Update temperature 
return sb // Return the best solution found.
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�'�)�3���'�)�3���'�)�3���'�)�3���¦�¦�¦�¦ �6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�,��
� �7�D�E�X���6�H�D�U�F�K

s := s0; e := f(s) // Random Solution

sb := s; eb := e // Best Solution

T := 0 ; k := 0 // Tabu List & Iterations

while k < kmax and e > emax // While time remains and not good enough:

k := k + 1 // Increase iterations

for (neighbourhood(s))

sn := neighbour(s) ; en := f(sn) // Neighbour & Compute its energy

[sbn, ebn] := select_best_neighbourh

if ebn < eb then // Is this a new best?

sb := sn; eb := en // Yes, save it.

elseif ebn < e then  // Is the best neighbour better that the 
current?

s := sbn; e := ebn // Yes, we move to it

else // Otherwise

s :=random(s); e := f(s) // No, we select a random neighbour

Update tabu list // Update tabu list 

return sb // Return the best solution found.
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�'�)�3���'�)�3���'�)�3���'�)�3���¦�¦�¦�¦ �6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�,�,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�,�,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�,�,���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�,�,��
� �*�U�H�H�G�\���$�O�J�R�U�L�W�K�P�V

�2�S�H�U�D�W�L�R�Q��� ���,�Q�V�H�U�W�L�R�Q�����:�H���V�W�D�U�W���Z�L�W�K���H�P�S�W�\���D�V�V�L�J�Q�P�H�Q�W�V�����$�W���H�D�F�K���L�W�H�U�D�W�L�R�Q����
�Z�H���I�L�U�V�W���F�R�P�S�X�W�H���W�K�H���I�U�H�T�X�H�Q�F�\���Z�K�L�F�K���L�Q�F�U�H�D�V�H�V���W�K�H���F�R�V�W���I�X�Q�F�W�L�R�Q �W�K�H���O�H�D�V�W��
�I�R�U���D�O�O���V�H�F�W�R�U�V��

�7�K�H�Q��
� �5�D�Q�G�R�P���,�Q�V�H�U�W�L�R�Q�����5�,�������6�H�O�H�F�W���D���U�D�Q�G�R�P���V�H�F�W�R�U

� �0�L�Q�L�P�X�P���,�Q�V�H�U�W�L�R�Q�����0�L�Q�,�������6�H�O�H�F�W���W�K�H���V�H�F�W�R�U���L�Q�F�U�H�D�V�L�Q�J���W�K�H���F�R�V�W��
�I�X�Q�F�W�L�R�Q���W�K�H���O�H�D�V�W��

� �0�D�[�L�P�X�P���,�Q�V�H�U�W�L�R�Q�����0�D�[�,�������6�H�O�H�F�W���W�K�H���V�H�F�W�R�U���L�Q�F�U�H�D�V�L�Q�J���W�K�H���F�R�V�W��
�I�X�Q�F�W�L�R�Q���W�K�H���P�R�V�W��
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�'�)�3���'�)�3���'�)�3���'�)�3���¦�¦�¦�¦ �6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�9���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�9���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�9���6�R�O�Y�L�Q�J���$�O�J�R�U�L�W�K�P�V�����,�9��
� �5�H�Y�H�U�V�H���*�U�H�H�G�\���$�O�J�R�U�L�W�K�P�V

�2�S�H�U�D�W�L�R�Q��� ���5�H�P�R�Y�H�����:�H���V�W�D�U�W���Z�L�W�K���I�X�O�O���D�V�V�L�J�Q�P�H�Q�W�V�����$�W���H�D�F�K���L�W�H�U�D�W�L�R�Q�����Z�H��
�I�L�U�V�W���F�R�P�S�X�W�H���W�K�H���I�U�H�T�X�H�Q�F�\���Z�K�L�F�K���G�H�F�U�H�D�V�H�V���W�K�H���F�R�V�W���I�X�Q�F�W�L�R�Q���W�K�H���P�R�V�W���I�R�U��
�D�O�O���V�H�F�W�R�U�V��

�7�K�H�Q��
� �5�D�Q�G�R�P���,�Q�V�H�U�W�L�R�Q�����5�5�������6�H�O�H�F�W���D���U�D�Q�G�R�P���V�H�F�W�R�U

� �0�L�Q�L�P�X�P���,�Q�V�H�U�W�L�R�Q�����0�D�[�5�������6�H�O�H�F�W���W�K�H���V�H�F�W�R�U���G�H�F�U�H�D�V�L�Q�J���W�K�H���F�R�V�W��
�I�X�Q�F�W�L�R�Q���W�K�H���P�R�V�W��

� �0�D�[�L�P�X�P���,�Q�V�H�U�W�L�R�Q�����0�L�Q�5�������6�H�O�H�F�W���W�K�H���V�H�F�W�R�U���G�H�F�U�H�D�V�L�Q�J���W�K�H���F�R�V�W��
�I�X�Q�F�W�L�R�Q���W�K�H���O�H�D�V�W��



CENTRE FOR WIRELESS 
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�2�X�W�O�L�Q�H�2�X�W�O�L�Q�H�2�X�W�O�L�Q�H�2�X�W�O�L�Q�H
� �,�Q�W�U�R�G�X�F�W�L�R�Q���	���0�R�W�L�Y�D�W�L�R�Q

� �2�)�'�0�$

� �2�)�'�0�$���)�U�D�P�H

� �)�U�H�T�X�H�Q�F�\���5�H�X�V�H���6�F�K�H�P�H�V

� �'�\�Q�D�P�L�F���)�U�H�T�X�H�Q�F�\���3�O�D�Q�Q�L�Q�J

� �0�R�G�H�O

� �,�Q�S�X�W�V�����'�H�P�D�Q�G���9�H�F�W�R�U���	���5�H�V�W�U�L�F�W�L�R�Q���0�D�W�U�L�[

� �2�S�W�L�P�L�]�D�W�L�R�Q���3�U�R�E�O�H�P�����0�L�[�H�G���,�Q�W�H�J�H�U���3�U�R�J�U�D�P

� �6�R�O�Y�L�Q�J���'�)�3�����6�L�P�X�O�D�W�H�G���$�Q�Q�H�D�O�L�Q�J�����7�D�E�X �6�H�D�U�F�K���	���*�U�H�H�G�\���$�O�J�R�U�L�W�K�P�V

� �5�H�V�X�O�W�V

� �&�R�Q�F�O�X�V�L�R�Q�V
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�5�H�V�X�O�W�V���5�H�V�X�O�W�V���5�H�V�X�O�W�V���5�H�V�X�O�W�V���������� �6�F�H�Q�D�U�L�R�6�F�H�Q�D�U�L�R�6�F�H�Q�D�U�L�R�6�F�H�Q�D�U�L�R

�2�Y�H�U�O�D�S�S�L�Q�J���6�H�F�W�R�U�V

�+�H�D�Y�\���,�Q�W�H�U�I�H�U�H�Q�F�H

���'�/���F�D�V�H��
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�5�H�V�X�O�W�V���5�H�V�X�O�W�V���5�H�V�X�O�W�V���5�H�V�X�O�W�V���¦�¦�¦�¦ �6�$���9�V���7�6�6�$���9�V���7�6�6�$���9�V���7�6�6�$���9�V���7�6
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�5�H�V�X�O�W�V���5�H�V�X�O�W�V���5�H�V�X�O�W�V���5�H�V�X�O�W�V���¦�¦�¦�¦ �+�H�X�U�L�V�W�L�F�V���9�V���*�U�H�H�G�\���$�O�J�R�U�L�W�K�P���+�H�X�U�L�V�W�L�F�V���9�V���*�U�H�H�G�\���$�O�J�R�U�L�W�K�P���+�H�X�U�L�V�W�L�F�V���9�V���*�U�H�H�G�\���$�O�J�R�U�L�W�K�P���+�H�X�U�L�V�W�L�F�V���9�V���*�U�H�H�G�\���$�O�J�R�U�L�W�K�P��
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�5�H�V�X�O�W�V���5�H�V�X�O�W�V���5�H�V�X�O�W�V���5�H�V�X�O�W�V���¦�¦�¦�¦ �6�L�P�X�O�D�W�L�R�Q���6�L�P�X�O�D�W�L�R�Q���6�L�P�X�O�D�W�L�R�Q���6�L�P�X�O�D�W�L�R�Q��

�����R�I���V�X�F�F�H�V�V���X�V�H�U�V���D�Q�G���W�K�U�R�X�J�K�S�X�W
�L�Q�F�U�H�D�V�H�V���Z�K�H�Q���L�Q�W�H�U�I�H�U�H�Q�F�H��

�G�H�F�U�H�D�V�H�V����

�����R�I���E�O�R�F�N�H�G���X�V�H�U�V���R�Q���W�K�H���R�W�K�H�U���K�D�Q�G��
�G�H�F�U�H�D�V�H�V��



CENTRE FOR WIRELESS 
NETWORK DESIGN

�2�X�W�O�L�Q�H�2�X�W�O�L�Q�H�2�X�W�O�L�Q�H�2�X�W�O�L�Q�H
� �,�Q�W�U�R�G�X�F�W�L�R�Q���	���0�R�W�L�Y�D�W�L�R�Q

� �2�)�'�0�$

� �2�)�'�0�$���)�U�D�P�H

� �)�U�H�T�X�H�Q�F�\���5�H�X�V�H���6�F�K�H�P�H�V

� �'�\�Q�D�P�L�F���)�U�H�T�X�H�Q�F�\���3�O�D�Q�Q�L�Q�J

� �0�R�G�H�O

� �,�Q�S�X�W�V�����'�H�P�D�Q�G���9�H�F�W�R�U���	���5�H�V�W�U�L�F�W�L�R�Q���0�D�W�U�L�[

� �2�S�W�L�P�L�]�D�W�L�R�Q���3�U�R�E�O�H�P�����0�L�[�H�G���,�Q�W�H�J�H�U���3�U�R�J�U�D�P

� �6�R�O�Y�L�Q�J���'�)�3�����6�L�P�X�O�D�W�H�G���$�Q�Q�H�D�O�L�Q�J�����7�D�E�X �6�H�D�U�F�K���	���*�U�H�H�G�\���$�O�J�R�U�L�W�K�P�V

� �5�H�V�X�O�W�V

� �&�R�Q�F�O�X�V�L�R�Q�V
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�&�R�Q�F�O�X�V�L�R�Q�V�&�R�Q�F�O�X�V�L�R�Q�V�&�R�Q�F�O�X�V�L�R�Q�V�&�R�Q�F�O�X�V�L�R�Q�V
� �7�K�L�V�� �Z�R�U�N�� �K�D�V�� �L�Q�W�U�R�G�X�F�H�G�� �D���Q�R�Y�H�O�� �D�S�S�U�R�D�F�K���W�R�� �W�K�H�� �I�U�H�T�X�H�Q�F�\��

�D�V�V�L�J�Q�P�H�Q�W���S�U�R�E�O�H�P���W�D�L�O�R�U�H�G���W�R���2�)�'�0�$���Q�H�W�Z�R�U�N�V��

� �'�)�3���S�U�R�S�R�V�H�G���D���Q�H�Z���P�R�G�H�O���I�R�U���F�D�S�D�F�L�W�\���D�Q�G���L�Q�W�H�U���F�H�O�O���L�Q�W�H�U�I�H�U�H�Q�F�H��
�H�V�W�L�P�D�W�L�R�Q���L�Q���2�)�'�0�$���Q�H�W�Z�R�U�N�V��

� �$�G�D�S�W�H�G���6�$���� �7�6�� �D�Q�G���J�U�H�H�G�\�� �D�O�J�R�U�L�W�K�P�V���K�D�Y�H�� �E�H�H�Q�� �X�V�H�G�� �W�R�� �V�R�O�Y�H��
�W�K�H���R�S�W�L�P�L�]�D�W�L�R�Q���S�U�R�E�O�H�P��

� �*�U�H�H�G�\���D�O�J�R�U�L�W�K�P���K�D�Y�H���E�H�H�Q���G�H�P�R�Q�V�W�U�D�W�H�G���Y�H�U�\���X�V�H�I�X�O���V�L�Q�F�H���W�K�H�\��
�U�X�Q���Y�H�U�\���I�D�V�W�D�Q�G���W�K�H�\���S�U�R�G�X�F�H���V�O�L�J�K�W�O�\���Z�R�U�V�H���V�R�O�X�W�L�R�Q�V���W�K�D�Q���P�H�W�D��
�K�H�X�U�L�V�W�L�F�V�����E�\���D�U�R�X�Q�G����������

� �'�)�3�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\���U�H�G�X�F�H�V�� �L�Q�W�H�U���F�H�O�O�� �L�Q�W�H�U�I�H�U�H�Q�F�H�����E�\�� �D�U�R�X�Q�G�� ����������
�D�Q�G���L�Q�F�U�H�D�V�H�V���V�\�V�W�H�P���F�D�S�D�F�L�W�\�����E�\���D�U�R�X�Q�G����������
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