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Stochastic diffusion search algorithm for quadratic knapsack problem
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Abstract: To solve the quadratic knapsack problem, we propose a stochastic diffusion search algorithm which is a

novel algorithm based on swarm intelligence. This algorithm adopts one-to-one communication mechanism. The candidate

solutions are estimated by the partial function evaluation. Individuals are produced by quantum computation. 1--OPT and

XOR operations are employed to improve the search ability. Comparison of the experiment results with those obtained

from the particle swarm optimization and the ant colony optimization shows that the proposed algorithm is more effective.
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2 (Model of quadratic

knapsack problem)
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3 SDS (Simple stochastic diffusion

search algorithm)
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∀s∈S
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fi, fi : S → {0, 1}, (2)
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4 SDS (Stochastic

diffusion search algorithm for quadratic

knapsack problem)
SDS ,

(1) ,

g1 =
n∑

i=1

pixi, g2 =
n−1∑
i=1

n∑
j=i+1

pijxixj, (3)

max f(x) = g1 + g2 =
n∑

i=1

pixi +
n−1∑
i=1

n∑
j=i+1

pijxixj,

s.t.
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n∑
i=1

wixi − c � 0,

xi ∈ {0, 1} , i = 1, 2, · · · , n.
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4.1 (Individual construction)
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: n , [αi, βi]T i

(i = 1, 2, · · · , n). n

2n .
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|βi|2
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r < |βi|2, 1, 0.
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4.2 (Partial function)
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ti =
gi − gmin

i

gmax
i − gmin

i
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ti > u(u [0, 1] ), gi fi

1; gi fi 0. gmax
i gmin

i

gi . ti

(i = 1, 2).

4.3 (Winner and loser)
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gi fi 1,
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4.4 1--OPT (Operations of 1--OPT and

XOR)
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1--OPT ,
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v′
1 = v1xor(e− v2), v1 v′

1
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4.5 (Algorithm process)
SDS

:

Step 1 , ;

Step 2 :
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5 (Numerical experiments)
, .

MATLAB7. 1 ,

WindowsXP CPU Pentium 3.4 GHz

1 G . 3 ,

αi [0, 1] , βi =
√

1 − α2
i ;

20, 20 80.

SDS 1--OPT [22]

(PSO) [1](ACO)

,

SDS , .

20 ,
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1
max f(x) = 2x1 + 5x2 + 2x3 + 4x4+

8x1x2 + 6x1x3 + 10x1x4+
2x2x3 + 6x2x4 + 4x3x4,

s.t. 8x1 + 6x2 + 5x3 + 3x4 � 16,

xi ∈ {0, 1}, i = 1, 2, 3, 4.

2

max f(x) =

91x1 + 78x2 + 22x3 + 4x4 +

48x5 + 85x6 + 46x7 + 81x8 +

3x9 + 26x10 + 55x1x2 + 23x1x3 +

35x1x4 + 44x1x5 + 5x1x6 + 91x1x7 +

95x1x8 + 26x1x9 + 40x1x10 + 92x2x3 +

11x2x4 + 20x2x5 + 43x2x6 + 71x2x7 +

83x2x8 + 27x2x9 + 65x2x10 + 7x3x4 +

57x3x5 + 33x3x6 + 38x3x7 + 57x3x8 +
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63x3x9 + 82x3x10 + 100x4x5 + 87x4x6 +

91x4x7 + 83x4x8 + 44x4x9 + 48x4x10 +

69x5x6 + 57x5x7 + 79x5x8 + 89x5x9 +

21x5x10 + 9x6x7 + 40x6x8 + 22x6x9 +

26x6x10 + 50x7x8 + 6x7x9 + 7x7x10 +

71x8x9 + 52x8x10 + 17x9x10,

s.t. 34x1 + 33x2 + 12x3 + 3x4 + 43x5 + 26x6 +

10x7 + 2x8 + 48x9 + 39x10 � 145,

xi ∈ {0, 1}, i = 1, · · · , 10.

1 3

Table 1 Results of 3 algorithms

PSO ACO SDS

28 28 28

28 28 28

1 28 28 28

20/20 20/20 20/20

/s 3.8 32.6 1.4

1609 1609 1609

1578.7 1578.8 1586.1

2 1444 1524 1506

12/20 12/20 15/20

/s 32.9 153.4 6.9

1 , SDS

. 1

, PSO ACO

SDS , SDS

. 2 ,

ACO ,

, SDS ,

.

SDS, PSO ACO

, . SDS ,

,

;

, , . PSO

,

. ACO ,

, , ,

. PSO ACO

,

, .

,

. SDS

, ,

, . SDS

, , ,

,

.

6 (Conclusion)
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Bishop

stochastic diffusion search algorithm .
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