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Abstract: This paper, introduces a new problem in the field of combinatorial problems as 
Consumers Adjacency Problem (CAP). Assume a set of resources with specific utility values. Also 
assume a set of consumers that are common in the resources. Each of packing of the consumers is 
one of the solution space points. In a given packing, if whole consumers of a given resource are 
continuous adjacent, the utility value of the resource adds to the objective function. It is desired to 
determine the suitable pack the consumers in order to have the maximum sum of utility value of 
resources. To the one-dimensional problem, in this paper, a formulation based on the mathematical 
programming is provided and a heuristic solving method is introduced. Also, as a useful 
application, project risk ranking by CAP is discussed. 
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7 Risk Management Process (RMP) 
8 Risk measures 
9 Facility layout problem 
10 Strip 
11 Knapsack problem 
12 Traveling Sale-man Problem (TSP) 
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13 Cell formation problem 
14 Probability-impact risk rating matrix 
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 Ordinal scores 
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 Precedence Diagramming Method (PDM) 
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18 Pareto ranking technique 
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 %� �# 5=n  

�7=m :`� �� )��# (��# ��2 &�*
�P %Ia�] @#.  

 Y�
)^ ( �)D_ (�
 HX7 &� ���CAP   JaF
 ��
@ �� bT��

��+c+,��JU H
@ �d7 @# � ���
 ���7 ��*4 &� �2�.  

 �#@# &� %Y�
 I�U �d7 @#m � !"�
 n���
 ���� e*P Y�
 %�

JB#�U �#�#�)222(5.0 21 −−−×+× + nnmn�f�#�U � �����	
  

)242(5.0 21 −−−×+× + nnmn � �����	
 )4(5.0 2 nnm ++×× 

�
 �+6'
�2� .  

  

                                                 
20 NP-hard 
21 CPU-time 

 

(���) (�) (�) 

(�) (�) (	) 
  

 ���� .���	� 
�� ���� ��� ���)� �� �� ���� ( ���� �)� �� ( �� �� �!""# $�%� &��!�'CAP � �!* +, n=8  
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�� 	��� ������	�� 	
�� 	������	� ������� � ����� ���	
�� ����� ��������	� ������� � ����� ���	
�� ����� ����
  

  

  

  

    

    

 

 

     

     

                         

                         

                                                                               

                                                                               

  

  ���  

 
  

  

  

  

  

  

  

  

  

���6 .�!""# $�%� ��!*1 2,�34� ���� � ����9:� ��!*1 2,�34� ����	� 5!� �� ��)6(  �1)78( 

  

�#�+, &� �*/7�� �#�Q� &� b#���2 Y�
 ���7 I�U :�#9P# %�

����� ���
 ��Q� �n �#�Q� �#�++6� �+g� 0K+� ��#� �<'F� 

��#� �/G �
�P ��#*�� Y�
 I�U �� !��
 . &�F
 -� Yf
 �#��

�5=m� 10=n JB#�U �#�#� ?�h � �����	
 ^i �+6'
 

�*� ��#*G .2 ��JK ��i � ^ �#�Q� :�#9P# H#9+
 j+��� &� 

�����	
 ���
 �#�Q� :�#9P# �g# �� Y�
 ���+6'
 �#�Q� � �

�������# ��2 ��#� HX7 �.  

  

�.  �� ���� �	
���� ��	����CAP  ���� ��  

�+�� �#�B �d7 �
 #� J�k ���Q� #�'�# %I'��*<�# l+]*� �#��:  
  

�!""# $�%� +, 
��� ;��� :�
 &� �Q��
 �7@� n@�# [*�

����� ���
jC�
 ��3'�# C7= @#  ���
 H= �7@� n@�# #� ���

� #� H= � ��+
7 �����jπ�
 :��7 I+��.jπ &/�#� @# )Dh (

�
 &"�	
���$ .&� 0�# ���=��jG�  �Q��
 &�*��
 @# �F��"

 ����� ���
 &�j�
 ��3'�# C7= @# �# ���. 
  

)Dh   (         { | }          i j j i
i

Y i R G Wπ
∈Υ

= ∈ = ∑ 
  

�!""# $�%� �� <����� 
��� ;��� : �7@� n@�# [*��


����� ���
 �� �� &� �Q��
jC�  kC �
 ��3'�# C7= @# ��� �

 #� H= � ��+
7 ����� ���
 �� H= ����
 �7@� n@�# #�

�jkjk ππ =�
 :��7 I+��. jkπ &/�#� o"p )DL ( &"�	


�
�*2  . 
  

)DL   ({ | & }    i j i k jk i
i Y

Y i R G R G Wπ
∈

= ∈ ∈ =∑  

n@�# &� 0�# &A*� J�B����� ���
 &� q*��
 �7@� ��    #� �

�
�# @# H#*�&7<� �7@� n@jπn@�# &
#�# �� �  &7$�� �7@� ��

jkπ &7$ &� �7@� n@�# � jklπ�7@� n@�# � � 1−n &7$ 

 �� 0K+� ��� �#*'�# C7= &�, �� #� ��K'�# I'��*<�# � �#� &Q�*�

]U I'��*<�# ���
 &7$�� � -� �7@� �� n@�# @# bP�4 %�

�������3'�# � ��# ��2.  
  

��:��= : @# �F��"� I+�*$ � ��#� :��7 &2��� � #� �'G�

����� ���
 ��; ��2 �+"f� j+��� .Yf
 �#��][ 1543 CCCC -� 

�
 �'G��2� . ���
 ����
 &� ��# 0�# �+"f� @# �*d�


������ ��#*`7 ��++6� � ��*� �'G� o�/
 %&�F
 ��C7 JU �� 

��� .�a9A JU -� �7#*� �
 �'G� �� !B#� �����*2 Z�P  .

� #� �'G� ���� �� ����� ���
 &�*��
Ω       :��7 

�
I+�� .�
 ���� �� �#�#� ��#*�� &�*��
 0�#�2� . 0+�c��

 ���
 J� &�*��
������ #� �'G� �� �*A*
 ��E :��7 

�
I+��.  
 

>:,��?�� �@���:  

Dr s�#�� o�/
 )Dh ( �)DL( ����� ���
 �� �7@� n@�# �#�1
 %

���
 �� �� 0+� ����
 �7@� �� n@�# 0+�c�� � #� �����

�+��7 &"�	
 .�+�� �#�B 0�] ��{}=E.                        

_r &/�#� o"p )Di( #� �7@� n@�# 0��'X+� � ����� ���
 �� %

#� C7= � �+�� 0++Q�pC� qC  �+
�� . &/�#� o�/
 %&
#�# ��)D^(  

 #� C7= � �+�� J+KX� #� ��2 0++Q� ����� ���
 �� J
2 �'G�

 o�/
)D� (�&�*��
 �Ω�+�� �#�B % . &/�#� o�/
)D5 (

&�*��
E�+��7 �<�C� #� .  
  

)Di(      max{ }          , 1, 2,3,...,pq jk j k nπ π= ∀ =  

  

)D^                                                     ([] [ ]p qC C→  

  

)tu                     (                                },{ qp CC=Ω  

)D5                            (                      },{ qp CCEE +=  

hr s�#�� o�/
 )D? ( �)_D (����� ���
l
Cˆ�O�# � &� #�Ω 

��
 n@�# 0��'X+� �#�#��+��7 ����2 %��# �� . o�/
 YU

 &/�#�)__ (&�*��
��Ω� E�+�� �<�C� #� . o�/
 H*��#

 &/�#�)_h(%l
Cˆ��Q� &p*��
 ����� ���
 ��� �� #�lC �� 

�+�� �#�B �'G�.  

                                                 
22 Partial solution 
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                                                                          ������	 
����� � 
���� 
�� ���� ����� ����� �
��� ��� ���� ���������	 
����� � 
���� 
�� ���� ����� ����� �
��� ��� ���� ���  

 
)D? (         ˆ 1 2 ˆmax{ , ,....., }       p p nppp p Eπ π π π= ∀ ∉  
  

)_E    (         ˆ 1 2 ˆmax{ , ,....., }     q q nqqq q Eπ π π π= ∀ ∉  
  

)_D  ( Else  , pl =pql ˆˆ ==   Then  qqPP ˆˆ ππ >  If  

       Else   , ql = ,qpl ˆˆ ==   Then  qqPP ˆˆ ππ <  If 

          Else   , pl = ,pql ˆˆ ==   Then  qP ππ <  If 

ˆ ˆ,    l p q l q= = =  
  

)__              (     ˆ
ˆ{ }&  { } { } 

l
E E C l l= + Ω = Ω− +  

  

)_h(                                        ][][
l̂ll CCC …… →  

Lr���
 ��� J
2 %�'G� &� ���*4�� ����� ��# �

)CE =( M#*A ��
= ���� �'G� � ��+�� H�, &� I'��*<�# %

�
 &�F
 ��B &� ��*4 0�# �+> �� v�2�h����$@�  . �CA ��

 ��FB �� %I'��*<�# JU#�
 H�2 02��)M ( &�F
 -� %Ia�] @#

��# ��2 JU %&7*�7.  
  

�. ���� ���	
 � ���� � �����  

 ������ � 	
���� ��
���� ���� ����� ����� �� �� !���

 �� Y�
)^ ( �)D_ ( Y��A �� �*+'�, ��*+w
� �	�D ��2 ����= 

��# . ���2 &�F
 0'
 %&7*�7 �#��)D) (!��
 Z�Q� �BP ( 0'
 �

 ���2 &�F
)i) (!��
 Z�Q� ��U ( :`� ��)W (@# ��
= Ia�] 

��#.Yf
 ��� �� &� 0�# l+]*�  !��
 0+� �]�Q� &� ���

 ��#�� &�+C� JU M#*A � ��K'�# I'��*<�# JU M#*A ��#�7 �*A�

�
�*2 .�����	
 0+� Z�Q� &� �/�#�2 �� %�2� &'2#� �*A� �

Yf
 o�/
 0����� �� %��K'�# I'��*<�# s�*� ��2 JU ��

� �f�#�U s�#�2 _i %�4�P @#�
 ��� @# �<�+C� ����� . @#

�
 JaF
 0��'$�9� %JU ���� y	� 9+;7 �+F� �7
@ �� ��7#*�

 Y�
 �	� 0K+� �7*2 JU ��K'�# I'��*<�# s�*�)^ ( �)D_ ( �

����� ���
 �#�Q� :�#9P# %JU H
@ ��*p &�����#9P  :�#9P# �#

�
���.  

 
����� 

��� ����� (	� 
�����  �	��CAP ���� �� ���� �� 

���� ��������! ��" : ���� &"�� &�F
 -� �� �+�� Z�P

 ��2 ����2 H$�"G s�*� -F�� z�, �#�Q� %�{��, �� -F��

�7# . �#�� �g*
 &7�+, &� &� �7# ��#� |+`X� -F�� H#�<N+N	�

-F�� ���� &"��&��9� �g# %-F�� Y�'U# @# ����"� � -F�� �#

�-F�� �7
@ �g#  .  

H@� �#�� 0+�c�� C7= 0+� }+1
 %J+N	� �	� �4�� ���E � i 

���9$�� #��7# .�
 �2@�# � �+���� �#�#� ���# &� ��"G �� @# �2�

)0.21 ==SW ( ��# �� &���� I� �
�� �)0.12 ==SW( %

-F�� �g# � Y�'U# ~*�G�� ����2 �� ��2 ��#*G�d7 %��2

��# .n@�# j+��� &� %�*��
 &7�+, &� &� Y�# ��"G �7@� ��_,E %

L,E � D,E�
 �"F7 #� ��� . [*B� �72 &� ��# �1'Q
 ��

 �� -F��D %_ � L �7@� n@�# %&2*G 0�# &� �# v��# s�*'
 

_,i�
 #� ��� . -F�� [*B� �72 �� �d7 &� 0+�c��h v���� 

*G 0�# &� �� �7@� n@�# 9+7 &2L�
 �"F7 #� ��� . ~*�G �� �#

-F�� ��� [*B� �72��#�7 ��d7 � .-F�� �# &��9� �g# �# ��

_ %L � i IC
 ��� #� ) �7@� n@�# �D,5 (&��9� �g# ��#      

-F�� ��D � h�+��# I� #�  �N"B &2*G @# ��)�7@� n@�# �D,i (

�
 �T�#��� .  

*�G �� Y�# ��"G-F�� �7
@ �g# ~ [*]*
 0�# �C�# &� C�� �

�
 3'�#-F�� �7
@ �g# &� ��� ��D � _ ��# I� &� -��97 ) �

 �7@� n@�#D,E .( �G# 9+7 ��� ��"G @# ��#�d7 0+�; &�X
      

�
���$ .-F�� %H*��#����� ���
 IKU �� %&7$ z�, �� � �

&2*G$�"G �#�d7 @# ��
= ���� ��!��
 IKU �� %H CAP 

�
��2�.  

  

 ���#$ .��� %��&'��) *+ ��"  

  

  

  

  

  

  

  

  

  

  

  

  

  

��� ����

U *CPU TIME 
(SEC .)UCPU TIME 

(SEC .)U / U *

1891 .6191 .6�	
�� ��	�100 .0%

2753153�	
�� ��	�100 .0%

38104 .51 .5104 .5�	
�� ��	�100 .0%

4141458109�	
�� ��	�75 .2%

5971468�	
�� ��	�95 .8%

6206812 .557 .5�	
�� ��	�84 .6%

77370 .931�	
�� ��	�83 .8%

816137 .58111�	
�� ��	�80 .7%

9949 .73 .542�	
�� ��	�84 .5%

10653153�	
�� ��	�100 .0%

   
  �

��
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  ���  

 
&2*G bP�4 0'P�$ �d7 �� � %j+��� 0�# &� @# %-� &A�� ��

&�*��
 %Y�# ��"G s�*� ��2 &a#�# �#�d7 &�*��
 ��

},,{ 4211 CCCB = %}{ 32 CB = %},,{ 5423 CCCB = %},{ 314 CCB = 

�},{ 215 CCB = 9+7 ��� ��"G s�*� ��2 &a#�# �#�d7 @# � 

&�*��
�� },,,{ 54316 CCCCB =� },,{ 4327 CCCB = 

�
 W#�`'�#�7��$ .  

n@�# 0+�c�� &�F
 !��
 �7@� ��)&2*G�( &/�#� -�� &� %

)i ( J
2101 =W %162 =W %5.143 =W %124 =W %

25 =W %5.176 =W� 117 =W�
 &"�	
 �7*2 . Yf
 �#��

101 =W  M�ON4U @#5.20.20.2 ××� &� ��# ��
= ����  �

�#��# %H=0.2%0.2� 5.2 %Y�# ��"G &� q*��
 H#@�# j+��� &� 

-F�� &2*G � -F�� Y�'U# &7�+, ��D %_ � L ��2 W#�`'�# 

��2� �
 Y�# ��"G �d7 @# .Y�
�  &�F
 0�# �@�5=n 

�7=m s�#�� o�/
 (A0) � (A14)�
 �2�.  
  

� ����� ( �� 	
 ����CAP �������
 ��� �� ���� �� 

�����
 : &7*�7 &�F
 ���# ��(A0) � (A14) �� ��2 &a#�# %

 :`�)��#(�
 JU Ia�] ���$ .�B ��� ���1
 %I'��*<�# Y�# 

���
 �2@�# ��*4 &� H$����5.411 =π,5.372 =π, 

5.563 =π,534 =π � 325 =π �
 �������= . H*��#

H�#� �#�B @# �, {}=E��B v o�/
 I'��*<�# ��Q� ��

 ���#�K�(B1)�  (B5) �*� ���#*G.  

Max 

1 2 3 4 5 6 710 16 14.5 12 2 17.5 11U P P P P P P P= × + × + × + × + × + × + ×                                                                   (A0) 
 

St. 

1 12 14 24 3 24 25 452                2x xψ ψ ψ ψ ψ ψ+ + + = + + + =                                                                (A1) 
 

4 13 5 12 7 23 24 341    1            2x x xψ ψ ψ ψ ψ+ = + = + + + =                                                                (A2) 
 

6 13 14 15 34 35 45 3x ψ ψ ψ ψ ψ ψ+ + + + + + =                                                                                           (A3) 
 

1 1 3 3 4 43 (1 )        3 (1 )       2 (1 )x P x P x P≤ × − ≤ × − ≤ × −                                                                   (A4) 
 

5 5 6 6 7 72 (1 )       4 (1 )      3 (1 )x P x P x P≤ × − ≤ × − ≤ × −                                                                   (A5) 
 

1 2 3 4 5 2T T T T T+ + + + =                                                                                                                    (A6) 
 

1 12 13 14 15 2 12 23 24 252        2T Tψ ψ ψ ψ ψ ψ ψ ψ+ + + + = + + + + =                                                        (A7) 
 

3 13 23 34 35 4 14 24 34 452       2T Tψ ψ ψ ψ ψ ψ ψ ψ+ + + + = + + + + =                                                        (A8) 
 

5 15 25 35 45 2T ψ ψ ψ ψ+ + + + =                                                                                                             (A9) 
 

12 13 23 12 14 24 12 15 252     2     2ψ ψ ψ ψ ψ ψ ψ ψ ψ+ + ≤ + + ≤ + + ≤                                                      (A10) 
 

13 34 34 13 15 35 14 15 452     2     2ψ ψ ψ ψ ψ ψ ψ ψ ψ+ + ≤ + + ≤ + + ≤                                                      (A11) 
 

23 24 34 23 25 35 24 25 452     2     2ψ ψ ψ ψ ψ ψ ψ ψ ψ+ + ≤ + + ≤ + + ≤                                                     (A12) 
 

34 35 45 2ψ ψ ψ+ + ≤                                                                                                                           (A13) 
 

{ } { } { }0     0,1     0,1     0,1i i j jkx P T ψ∀ ≥ ∀ ∈ ∀ ∈ ∀ ∈                                                                   (A14) 
 

 � ���� � ��� 	
��� ���� ���
 �� �� ������ �� �������

 ��
 !"#���� $���� 	
��� ��%
 � ��#&� '()� *��%�� $���� �#+�

!� ,�-���� '()� !.�/� �� �� '�� 	
�0 ���%� ���#� �� ��1�


 (
�(
16 14.5 12 17.5 60U = + + + =��
 ����2 .  

 45
 �� ��1 �6��� �7�&� 8��9 :�;7 <� ��1 �9�� =��> (�?@0

)B7� (D&.� �� ��� �.� �6��E <� 8��9 �
 ����� F�0(0 �
 ��

G H I J � K�?0� !� $��
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24max{12,29.5,27.5,17.5,11,35.5,14.5,28.5,17.5,32} 35.5 π= =           2 4 4 2{2,4}  { , }  [] [ ]E C C C C= Ω = ®      (B1) 

  

45max{12,11,14.5,27.5,28.5,32} 32    {2,4,5}Eπ= = =                  2 5 4 2 5 4 2{ , }[ ] [ ]C C C C C C CΩ = →          (B2) 

 

12 23 15 35 15 2 1 5 4 2 1 5 4 2max{ , , , } max{12,11,17.5,17.5} 17.5 ... {1,2,4,5}    { , }[ ] [ ]E C C C C C C C C Cπ π π π π= = = = Ω= →    (B3) 
 

13 23 13max{ , } max{27.5,11} 27.5 ... {1,2,3,4,5}Eπ π π= = = = 2 3 1 5 4 2 3 1 5 4 2{ , }     [ ] [ ]C C C C C C C C C C CΩ = →    (B4) 
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},,{ 4211 CCCB = },,,,{ 876532 CCCCCB = }{ 13 CB = },,,{ 87424 CCCCB = },,{ 6535 CCCB =  

},,,{ 74216 CCCCB = },{ 837 CCB = },{ 658 CCB = },,,,,,{ 87543219 CCCCCCCB = },{ 4110 CCB =
},,,{ 387211 CCCCB = },,{ 65312 CCCB = }{ 613 CB =   
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},{ 616 CCB = },{ 927 CCB = },{ 538 CCB = },{ 749 CCB = },,,{ 542110 CCCCB =

},,,{ 432511 CCCCB = }{ 312 CB = }{ 513 CB = }{ 714 CB =  
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