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Abstract

Investigate a Shop Allocation MIQP, modelling weighted flows to minimise flow-distance between

popular shops. Modelling the MIQP, then solving using MATLAB and custom functions.

1 Introduction

There are four shops and each shop is to be placed at a empty letting point in a new shopping centre.

The distance between the available letting locations is shown in table 1. The store manager wishes to

assign each shop to a letting position such that the customer inconvenience is minimised with respect to

how far they have to walk to get between the stores they visit, the number of shoppers travelling from

shop to shop is in table 2. function.KY3 Specification 2019

2 Analysis

2.1 Details of the Problem

1 2 3 4
1 * 80 150 170
2 80 * 130 100
3 150 130 * 120
4 150 100 120 *

Table 1: Distance Between Locations

1 2 3 4
1 * 5 2 7
2 5 * 3 8
3 2 3 * 3
4 7 8 3 *

Table 2: Customer Flow Between Shops
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2.2 Formulation

This shop allocation problem is MIQP (Mixed Integer Quadratic Problem), and as such standard integer

solving methods do not apply here.

Variable Description
L Set of Locations
S Set of Shops

Fs1,s2 Customer Flow between shop s1 and s2
Dl1,l2 Distance between location l1 and l2
xl,s 1, if shop s is assigned to location l. 0, if not
fs1,s2 Flow-Distance value for s1 and s2

Table 3: Shop Allocation Notation

minimise
f

fs1,s2 + fs1,s3 + fs1,s4 + fs2,s3 + fs2,s4 + fs3,s4

subject to fsi,sj = Fsi,sj ∗Dl1,l2x1,1x2,2 + Dl1,l3x1,1x2,3 + Dl1,l4x1,1x2,4+

Dl2,l1x1,2x2,1 + Dl2,l3x1,2x2,3 + Dl2,l4x1,2x2,4 + Dl3,l1x1,3x2,1+

Dl3,l2x1,3x2,2 + Dl3,l4x1,3x2,4 + Dl4,l1x1,4x2,1 + Dl4,l2x1,4x2,2 + Dl4,l3x1,4x2,3

xs,l = 0, 1, s ∈ S, l ∈ L.

(1)

Ensure Shop Singularity

x1,1 + x1,2 + x1,3 + x1,4 = 1,

x2,1 + x2,2 + x2,3 + x2,4 = 1,

x3,1 + x3,2 + x3,3 + x3,4 = 1,

x4,1 + x4,2 + x4,3 + x4,4 = 1,

xs,l = 0, 1, s ∈ S, l ∈ L.

(2)

Ensure Location Singularity

x1,1 + x2,1 + x3,1 + x4,1 = 1,

x1,2 + x2,2 + x3,2 + x4,2 = 1,

x1,3 + x2,3 + x3,3 + x4,3 = 1,

x1,4 + x2,4 + x3,4 + x4,4 = 1,

xs,l = 0, 1, s ∈ S, l ∈ L.

(3)

This model was then created in MATLAB r2018a Matlab 2019
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3 Results

The code to make this section run is in Appendix A.

Running the model gives:

Total flow-distance: 2000

Allocation plan:

1 2 3 4
1 * 1 * *
2 1 * * *
3 * * * 1
4 * * 1 *

Table 4: Optimal Allocation

There are a total of 24 feasible solutions, as is the number of permutations of {0, 1}16. 4 of these hold

the value of 2000, below are the other 3 possible optimal solutions.

1 2 3 4
1 * 1 * *
2 1 * * *
3 * * 1 *
4 * * * 1
1 1 * * *
2 * 1 * *
3 * * * 1
4 * * 1 *
1 1 * * *
2 * 1 * *
3 * * 1 *
4 * * * 1

Table 5: Other Optimal Allocations

The 4 possible solutions to provide a flow-distance cost of 2000:

Shop 1 → Location 2 Shop 2 → Location 1 Shop 3 → Location 4 Shop 4 → Location 3
Shop 1 → Location 2 Shop 2 → Location 1 Shop 3 → Location 3 Shop 4 → Location 4
Shop 1 → Location 1 Shop 2 → Location 2 Shop 3 → Location 4 Shop 4 → Location 3
Shop 1 → Location 1 Shop 2 → Location 2 Shop 3 → Location 3 Shop 4 → Location 4

It can be seen that the optimal solutions are shop combinations with 2 locations (1 ∈ {1, 2}, 2 ∈ {1, 2}, 3 ∈

{3, 4}, 4 ∈ {3, 4})

4 Conclusion

The shopping centre owners should use one of the above allocations in their centre. They should assess

the details not modelled here, such as size of location or needs or shop, and best apply those details to
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use one of the solutions provided.
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A Matlab Code

1 % KY3 Shop A l l o ca t i on

2 % Kieran Molloy

3

4 c l c

5 c l e a r

6

7 % Number o f Shops to be model led

8 numberOfShops = 4 ;

9

10 % Number o f Locat ions to be model led

11 numberOfLocations = 4 ;

12

13 % Array o f Common Customers

14 % Customers o f 1&4 = 7000

15 C =[0 5 2 7 ;

16 5 0 3 8 ;

17 7 8 3 0 ] ;

18

19 % Get a l l combinat ions

20 N=numberOfShops∗numberOfLocations ;

21 % I t e r a t e a l l l o g i c a l va lue s

22 [ c {1 :N} ] = ndgrid ( l o g i c a l ( [ 0 1 ] ) ) ;

23 c = cat (N+1,c{N:−1:1}) ;

24 c = reshape ( c , [ ] ,N) ;

25

26 % Retr i eve l ength o f matrix

27 [ cM, cN ] = s i z e ( c ) ;

28

29 % Tracking Optimal Values

30 s o lu t i onVa lue s = [ ] ;

31 so lu t i onMatr ix = [ ] ;

32

33 f o r i =1:cM

34

35 % Convert 65536x16 to i nd i v i dua l 4x4 problems

36 s e l e c t i o n = c ( i , : ) ;

37 s e l e c t i o n = reshape ( s e l e c t i o n , [ 4 , 4 ] ) ;

38

39 % Check f o r f e a s i b i l i t y & add to s o l u t i o n s

40 i f c h e c kBa s i cF e a s i b i l i t y ( s e l e c t i o n ) == true

41 s o lu t i onVa lue s =[ so lu t i onVa lue s ; eva lua teLocat i ons (C, s e l e c t i o n ) ] ;

42 so lu t i onMatr ix=[ so lu t i onMatr ix ; s e l e c t i o n ] ;

43 end
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44 end

45

46 % Nice ly Format a Pr int

47 pre t tyPr in t ( ’ s e l e c t i o n ’ , so lu t ionVa lues , so lu t i onMatr ix )

48

49

50 f unc t i on s o l=ch e c kBa s i cF e a s i b i l i t y ( x )

51 % x = Dec i s i on Var iab le ( nxn Array )

52

53 % Const ra int s to ensure s i n g u l a r i t y

54 l o c a t i o n S i n g u l a r i t y = f a l s e ;

55 shopS ingu l a r i t y = f a l s e ;

56

57 % Locat ion S i n gu l a r i t y

58 i f x ( 1 , 1 ) + x (1 , 2 ) + x (1 , 3 ) + x (1 , 4 ) == 1

59 i f x ( 2 , 1 ) + x (2 , 2 ) + x (2 , 3 ) + x (2 , 4 ) == 1

60 i f x ( 3 , 1 ) + x (3 , 2 ) + x (3 , 3 ) + x (3 , 4 ) == 1

61 i f x ( 4 , 1 ) + x (4 , 2 ) + x (4 , 3 ) + x (4 , 4 ) == 1

62 l o c a t i o n S i n g u l a r i t y=true ;

63 end

64 end

65 end

66 end

67

68 % Shop S i n gu l a r i t y

69 i f x ( 1 , 1 ) + x (2 , 1 ) + x (3 , 1 ) + x (4 , 1 ) == 1

70 i f x ( 1 , 2 ) + x (2 , 2 ) + x (3 , 2 ) + x (4 , 2 ) == 1

71 i f x ( 1 , 3 ) + x (2 , 3 ) + x (3 , 3 ) + x (4 , 3 ) == 1

72 i f x ( 1 , 4 ) + x (2 , 4 ) + x (3 , 4 ) + x (4 , 4 ) == 1

73 shopS ingu l a r i t y=true ;

74 end

75 end

76 end

77 end

78 % Check f o r both | Return True or Fa l se

79 i f l o c a t i o n S i n g u l a r i t y == true && shopS ingu l a r i t y == true

80 s o l = true ;

81 e l s e

82 s o l = f a l s e ;

83 end

84

85 end

86

87 f unc t i on tota lF low=eva lua teLocat i ons (C, x )
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88 % C = Common Customers Matrix ( nxn Array )

89 % x = Dec i s i on Var iab le ( nxn Array )

90

91 % Calcu la te Shop x −> y Flow

92 f low12=evaluateFlow ( [ 1 , 2 ] ,C, x ) ;

93 f low13=evaluateFlow ( [ 1 , 3 ] ,C, x ) ;

94 f low14=evaluateFlow ( [ 1 , 4 ] ,C, x ) ;

95 f low23=evaluateFlow ( [ 2 , 3 ] ,C, x ) ;

96 f low24=evaluateFlow ( [ 2 , 4 ] ,C, x ) ;

97 f low34=evaluateFlow ( [ 3 , 4 ] ,C, x ) ;

98

99 tota lF low = flow12 + flow13 + flow14 + f low23 + f low24 + f low34 ;

100

101 end

102

103 f unc t i on f low=evaluateFlow (T,C, x )

104 % T = Flow Target [ 1 , 2 ]

105 % C = Common Customers Matrix ( nxn Array )

106 % x = Dec i s i on Var iab le ( nxn Array )

107

108

109 % Array o f Dis tances between Locat ions

110 % Distance between 1 & 4 = 170

111 D=[0 80 150 170 ;

112 80 0 130 100 ;

113 150 130 0 120 ;

114 170 100 120 0 ] ;

115

116 % Size o f Customer Flow Between Locat ion T(1) and T(2)

117 f l owS i z e = C(T(1) ,T(2 ) ) ;

118

119 % Calcu la te Total Flow o f Shops

120 f l ow = f l owS i z e ∗(D(1 , 2 ) ∗x (1 , 1 ) ∗x (2 , 2 ) + D(1 ,3 ) ∗x (1 , 1 ) ∗x (2 , 3 ) + D(1 ,4 ) ∗x (1 , 1 ) ∗x (2 , 4 )

. . .

121 +D(2 ,1 ) ∗x (1 , 2 ) ∗x (2 , 1 ) + D(2 ,3 ) ∗x (1 , 2 ) ∗x (2 , 3 ) + D(2 ,4 ) ∗x (1 , 2 ) ∗x (2 , 4 )

. . .

122 +D(3 ,1 ) ∗x (1 , 3 ) ∗x (2 , 1 ) + D(3 ,2 ) ∗x (1 , 3 ) ∗x (2 , 2 ) + D(3 ,4 ) ∗x (1 , 3 ) ∗x (2 , 4 )

. . .

123 +D(4 ,1 ) ∗x (1 , 4 ) ∗x (2 , 1 ) + D(4 ,2 ) ∗x (1 , 4 ) ∗x (2 , 2 ) + D(4 ,3 ) ∗x (1 , 4 ) ∗x (2 , 3 ) )

;

124

125 end

126

127 f unc t i on pre t tyPr in t ( type , sV , sM)
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128 % type − max ,min , pathmin , pathmax

129 % sV − So lu t i on Values (1xn Array )

130 % sM − So lu t i on Matr ices ( nxnn Array )

131 f p r i n t f ( ’ \ nSo lu t i ons !\n ’ )

132 f p r i n t f ( ’==============\n ’ )

133 f p r i n t f ( ’ | ID Value | \n ’ )

134 switch type

135 case ’ l i s t ’

136 %Typesett ing

137 f o r i =1: s i z e (sV , 1 )

138 f p r i n t f ( ’ | %2i %4i | \n ’ , i , sV( i ) )

139 end

140 case ’ order− l i s t ’

141 [ sorted , indexes ] = so r t ( sV ( : , 1 ) ) ;

142 % Typesett ing

143 f o r i =1: s i z e ( sorted , 1 )

144 f p r i n t f ( ’ | %%2i %4i | \n ’ , indexes ( i ) , s o r t ed ( i ) )

145 end

146 case ’min ’

147 % Get minimum value & index

148 [ val , idx ]=min (sV) ;

149 % Calcu la te l o c a t i o n in matrix

150 mat = sM(4∗ idx +1:(4∗ idx ) +4 , : ) ;

151 % Typesett ing

152 c l c

153 p r i n t S i n g l e ( val , mat)

154 case ’ s e l e c t i o n ’

155 %Typesett ing

156 f o r i =1: s i z e (sV , 1 )

157 f p r i n t f ( ’ | %2i %4i | \n ’ , i , sV( i ) )

158 end

159

160 % Se l e c t i o n Logic

161 menuSel = input ( ’ P lease s e l e c t a s o l u t i o n Index : ’ ) ;

162 whi le menuSel > 0

163

164 % Calcu la te l o c a t i o n in matrix

165 mat = sM(4∗menuSel+1:(4∗menuSel ) +4 , : ) ;

166

167 p r i n t S i n g l e ( sV(menuSel ) ,mat)

168

169 menuSel = input ( ’ Input 0 f o r Stop | Input another s o l u t i o n index : ’ ) ;

170 end

171
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172 case ’ pathmin ’

173 % To be implemented l a t e r

174 case ’max ’

175 % To be implemented l a t e r

176 case ’ pathmax ’

177 % To be implemented l a t e r

178 end

179 end

180

181 f unc t i on p r i n t S i n g l e (v ,M)

182 % v − Object ive Value

183 % M − Dec i s i on Var iab l e s

184 f p r i n t f ( ’ \ nSo lu t i ons !\n ’ )

185 f p r i n t f ( ’ Value = %5i \n ’ , v )

186 f p r i n t f ( ’===============\n ’ )

187 f p r i n t f ( ’ | ID Value | \n ’ )

188 f p r i n t f ( ’===============\n ’ )

189 f o r i =1: s i z e (M, 2 )

190 f p r i n t f ( ’ | %2i %2i %2i %2i | \n ’ ,M( i , 1 ) ,M( i , 2 ) ,M( i , 3 ) ,M( i , 4 ) )

191 end

192 f p r i n t f ( ’===============\n ’ )

193 end
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