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A novel discrete state transition algorithm for staff assignment problem

DONG Tian-xue, YANG Chun-hua, ZHOU Xiao-jun†, GUI Wei-hua

(School of Information Science and Engineering, Central South University, Changsha Hunan 410083, China)

Abstract: The staff assignment problem is a kind of integer programming problem in operations research. In order to

find the optimal staff assignment scheme with minimal total cost, this paper proposes a novel discrete state transition algo-

rithm and puts forward the concept of second transition on the basis of first transition, which is helpful to expand the range

of candidate solutions and improve the diversity of the candidates. To overcome the shortcomings of slow convergence of

the algorithm at a later stage, stagnation backtracking strategy is proposed; that is to say, when the algorithm is stagnated

into local minima, the backtracking operation is performed, and the current optimal solution is randomly selected from

previously stagnant solutions. Finally, the experiments are verified and compared with the simulated annealing algorithm

to prove the validity of these two strategies. Simulation results have showed the effectiveness of the improved method .

Meanwhile, the method can improve the success rate and stability for this problem.

Key words: assignment problem; discrete state transition algorithm; second transition; stagnation backtracking; integer

programming
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fkl( ).
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minQ(x) =
n∑

i=1

n∑
j=1

n∑
k=1

n∑
l=1

tijfklxikxjl +

n∑
i=1

n∑
k=1

cikxik, (1)

s.t.

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

n∑
i=1

xik = 1, ∀k = 1, 2, · · · , n,
n∑

k=1

xik = 1, ∀k = 1, 2, · · · , n,

xik ∈ {0, 1}, ∀i, k.
1.

1

Table 1 Variable meaning in staff assignment

problem model

: i k ,

xik xik = 0 i

k ; xik = 1 i

k ;

n , ;

cik i k ;

tij i j ;

fkl k l .

, 1 .

3, 3, A, B, C

1, 2, 3,

1, 2, 3. A( 1) ,

( 1) ( 2) ( 3), A

3 C11, C12 C13,

.

1

Fig. 1 Cost relationship between the staff and the city

, :

,

. (1),

x11 = 0, x12 = 1, x13 = 0

x21 = 0, x22 = 0, x23 = 1

x31 = 1, x32 = 0, x33 = 0

→

⎡
⎢⎣0 1 0

0 0 1

1 0 0

⎤
⎥⎦ .

(2)

(2) , 1 2, A

; 2 3, B

; 3 1, C .

,

2 .

2

Fig. 2 Time and call charge between staffs

, A

B f23 ∗ t12, B

A f32 ∗ t21, . ,

t,

f (3) :

t =

⎡
⎢⎣

0 t12 t13

t21 0 t23

t31 t32 0

⎤
⎥⎦ , f =

⎡
⎢⎣

0 f12 f13

f21 0 f23

f31 f32 0

⎤
⎥⎦ .

(3)

(1)–(3)

Q = t12f23x12x23 + t13f23x12x33 +

t23f31x23x31 + t21f32x23x12 +

t31f12x31x12 + t32f13x31x23 +

C12 + C23 + C31. (4)

n = 3

, ,

.

: 2

, ,

;

3 ,

; 4

; 5 .
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2 (Related research work)
2.1 (Research status)

, ,

(5) , ,

(6) :

minQ(x) =
n∑

i=1

n∑
k=1

cikxik, (5)

s.t.

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

n∑
i=1

xik = 1, ∀k = 1, 2, · · · , n,
n∑

k=1

xik = 1, ∀k = 1, 2, · · · , n,

xik ∈ {0, 1}, ∀i, k,

minQ(x) =
n∑

i=1

n∑
j=1

n∑
k=1

n∑
l=1

tijfklxikxjl, (6)

s.t.

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

n∑
i=1

xik = 1, ∀k = 1, 2, · · · , n,
n∑

k=1

xik = 1, ∀k = 1, 2, · · · , n,

xik ∈ {0, 1}, ∀i, k.
, NP–

hard , ,
[1],

,

.

, ,

, .

,

[2] —–

.

, ,

,

.

, D. P. Bertsekas [3]

,

, ,

,

.

,

. ,

,

[4].

,

. ,

Gilmore[5], Land[6] Lawler[7]

, [8]

.

,

, .

, ,

, [9]

,

.

Bazaraa Sherali 1980 ,

,

Benders ,

, ,

, ,

.

Padberg Rinaldi[10] 1991

, ,

,

,

.

[11] [12] [13]

. ,

, 1 , 2

. [14]

, ,

.

,
[15]

.

,

.

2.2 (Constraint handling strategy)
1 ,

C = (cik), M = (xik),

C , M

, :

M = (xik) =
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⎢⎢⎢⎢⎢⎢⎣

x11 x12 x13 · · · x1n

x21 x22 x23 · · · x2n

x31 x32 x33 · · · x3n

...
...

...
...

xn1 xn2 xn3 · · · xnn

⎤
⎥⎥⎥⎥⎥⎥⎦
. (7)

,

, M

xik 1, ;

.

[16]

, {1, 2, · · · , n}.

,

. (1) , n = 5, 5,

xik (8)

M (xik i i , k k

).

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

M =

⎡
⎢⎢⎢⎢⎢⎢⎣

1 0 0 0 0

0 0 0 1 0

0 0 1 0 0

0 1 0 0 0

0 0 0 0 1

⎤
⎥⎥⎥⎥⎥⎥⎦
↔

⎛
⎜⎜⎜⎜⎜⎜⎝

x11 = 1

x24 = 1

x33 = 1

x42 = 1

x55 = 1

⎞
⎟⎟⎟⎟⎟⎟⎠

↔

⎛
⎜⎜⎜⎜⎜⎜⎝

1 1

2 4

3 3

4 2

5 5

⎞
⎟⎟⎟⎟⎟⎟⎠

↔

⎡
⎢⎢⎢⎢⎢⎢⎣

1

4

3

2

5

⎤
⎥⎥⎥⎥⎥⎥⎦
,

M =

⎡
⎢⎢⎢⎢⎢⎢⎣

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

1 0 0 0 0

⎤
⎥⎥⎥⎥⎥⎥⎦
↔

⎛
⎜⎜⎜⎜⎜⎜⎝

x12 = 1

x23 = 1

x34 = 1

x45 = 1

x51 = 1

⎞
⎟⎟⎟⎟⎟⎟⎠

↔

⎛
⎜⎜⎜⎜⎜⎜⎝

1 2

2 3

3 4

4 5

5 1

⎞
⎟⎟⎟⎟⎟⎟⎠

↔

⎡
⎢⎢⎢⎢⎢⎢⎣

2

3

4

5

1

⎤
⎥⎥⎥⎥⎥⎥⎦
,

M =

⎡
⎢⎢⎢⎢⎢⎢⎣

0 0 1 0 0

1 0 0 0 0

0 1 0 0 0

0 0 0 0 1

0 0 0 1 0

⎤
⎥⎥⎥⎥⎥⎥⎦
↔

⎛
⎜⎜⎜⎜⎜⎜⎝

x13 = 1

x21 = 1

x32 = 1

x45 = 1

x54 = 1

⎞
⎟⎟⎟⎟⎟⎟⎠

↔

⎛
⎜⎜⎜⎜⎜⎜⎝

1 3

2 1

3 2

4 5

5 4

⎞
⎟⎟⎟⎟⎟⎟⎠

↔

⎡
⎢⎢⎢⎢⎢⎢⎣

3

1

2

5

4

⎤
⎥⎥⎥⎥⎥⎥⎦
.

(8)

(7) ,

M ,

. ,

[1 2 3 · · · n]T .

3
(Principles and computational procedures of

discrete state transition algorithm)
[17–22]

,

,

, .

,

:{
xk+1 = Akxk ⊕Bkuk,

yk+1 = f(xk+1),
(9)

: xk ∈ Z
n ,

; Ak, Bk ∈ R
n×n ,

; ⊕ ,

; uk ∈ Z
n ;

f(x) .

3.1 (State transformation operators)

, 3

( [16]).

1)

xk+1 = Aswap
k xk, (10)

Aswap
k ∈ R

n×n ,

0–1 . xk

. :⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

1

5

3

4

2

6

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠
=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

1 0 0 0 0 0

0 0 0 0 1 0

0 0 1 0 0 0

0 0 0 1 0 0

0 1 0 0 0 0

0 0 0 0 0 1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

×

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

1

2

3

4

5

6

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

, (11)
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, 2 5 .

2)

xk+1 = Ashift
k xk, (12)

Ashift
k ∈ R

n×n ,

0–1 . xk

. :⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1

2

4

5

3

6

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1 0 0 0 0 0

0 1 0 0 0 0

0 0 0 1 0 0

0 0 0 0 1 0

0 0 1 0 0 0

0 0 0 0 0 1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

×

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1

2

3

4

5

6

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

.

(13)

, 3 5 .

3)

xk+1 = Asym
k xk, (14)

Asym
k ∈ R

n×n ,

0–1 . xk

.

: ⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1

5

4

3

2

6

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1 0 0 0 0 0

0 0 0 0 1 0

0 0 0 1 0 0

0 0 1 0 0 0

0 1 0 0 0 0

0 0 0 0 0 1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

×

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1

2

3

4

5

6

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

(15)

, 2, 3, 4, 5 ,

.

,

, 3 ,

, 3

.

, ,

[22–23]. ,

, MATLAB :

function y = swap matrix(n)

y = eye(n);

R = randperm(n);

T = R(1 : 2);

S = fliplr(T );

y(T, :) = y(S, :).

,

, ,

.

MATLAB
[24].

3.2 (First transition)
3

, [22].

{1 3 2 5 4} →

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

{3 1 2 5 4}
{2 3 1 5 4}
{5 3 2 1 4}
{4 3 2 5 1}
{1 2 3 5 4}
{1 5 2 3 4}
{1 4 2 5 3}
{1 3 5 2 4}
{1 3 4 5 2}
{1 3 2 4 5}

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

.

(16)

{1, 3, 2, 5, 4} ,

,

(16) .

(16) ,

, C2
5 . n

,

, C2
n .

3.3 (Second transition)
,

.

,

,

, ,

.

, .

{1, 3, 2, 5, 4} ,

,

(17) :
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{1, 3, 2, 5, 4} →

{3, 1, 2, 5, 4} ⇒
(
{1, 3, 2, 5, 4} {2, 1, 3, 5, 4} {5, 1, 2, 3, 4} {4, 1, 2, 5, 3} {3, 2, 1, 5, 4}
{3, 5, 2, 1, 4} {3, 4, 2, 5, 1} {3, 1, 5, 2, 4} {3, 1, 4, 5, 2} {3, 1, 2, 4, 5}

)
,

{2, 3, 1, 5, 4} ⇒
(
{3, 2, 1, 5, 4} {1, 3, 2, 5, 4} {5, 3, 1, 2, 4} {4, 3, 1, 5, 2} {2, 1, 3, 5, 4}
{2, 5, 1, 3, 4} {2, 4, 1, 5, 3} {2, 3, 5, 1, 4} {2, 3, 1, 5, 4} {2, 3, 1, 4, 5}

)
,

{5, 3, 2, 1, 4} ⇒
(
{3, 5, 2, 1, 4} {2, 3, 5, 1, 4} {1, 3, 2, 5, 4} {4, 3, 2, 1, 5} {5, 2, 3, 1, 4}
{5, 1, 2, 3, 4} {5, 4, 2, 1, 3} {5, 3, 1, 2, 4} {5, 3, 4, 1, 2} {5, 3, 2, 4, 1}

)
,

{4, 3, 2, 5, 1} ⇒
(
{3, 4, 2, 5, 1} {2, 3, 4, 5, 1} {5, 3, 2, 4, 1} {1, 3, 2, 5, 4} {4, 2, 3, 5, 1}
{4, 5, 2, 3, 1} {4, 1, 2, 5, 3} {4, 3, 5, 2, 1} {4, 3, 1, 5, 2} {4, 3, 2, 1, 5}

)
,

{1, 2, 3, 5, 4} ⇒
(
{3, 4, 2, 5, 1} {2, 3, 4, 5, 1} {5, 3, 2, 4, 1} {1, 3, 2, 5, 4} {4, 2, 3, 5, 1}
{4, 5, 2, 3, 1} {4, 1, 2, 5, 3} {4, 3, 5, 2, 1} {4, 3, 1, 5, 2} {4, 3, 2, 1, 5}

)
,

{1, 5, 2, 3, 4} ⇒
(
{2, 1, 3, 5, 4} {3, 2, 1, 5, 4} {5, 2, 3, 1, 4} {4, 2, 3, 5, 1} {1, 3, 2, 5, 4}
{1, 5, 3, 2, 4} {1, 4, 3, 5, 2} {1, 2, 5, 3, 4} {1, 2, 4, 5, 3} {1, 2, 3, 4, 5}

)
,

{1, 4, 2, 5, 3} ⇒
(
{4, 1, 2, 5, 3} {2, 4, 1, 5, 3} {5, 4, 2, 1, 3} {3, 4, 2, 5, 1} {1, 2, 4, 5, 3}
{1, 5, 2, 4, 3} {1, 3, 2, 5, 4} {1, 4, 5, 2, 3} {1, 4, 3, 5, 2} {1, 4, 2, 3, 5}

)
,

{1, 3, 5, 2, 4} ⇒
(
{3, 1, 5, 2, 4} {5, 3, 1, 2, 4} {2, 3, 5, 1, 4} {4, 3, 5, 2, 1} {1, 5, 3, 2, 4}
{1, 2, 5, 3, 4} {1, 4, 5, 2, 3} {1, 3, 2, 5, 4} {1, 3, 4, 2, 5} {1, 3, 5, 4, 2}

)
,

{1, 3, 4, 5, 2} ⇒
(
{3, 1, 4, 5, 2} {4, 3, 1, 5, 2} {5, 3, 4, 1, 2} {2, 3, 4, 5, 1} {1, 4, 3, 5, 2}
{1, 5, 4, 3, 2} {1, 2, 4, 5, 3} {1, 3, 5, 4, 2} {1, 3, 2, 5, 4} {1, 3, 4, 2, 5}

)
,

{1, 3, 2, 4, 5} ⇒
(
{3, 1, 2, 4, 5} {2, 3, 1, 4, 5} {4, 3, 2, 1, 5} {5, 3, 2, 4, 1} {1, 2, 3, 4, 5}
{1, 4, 2, 3, 5} {1, 5, 2, 4, 3} {1, 3, 4, 2, 5} {1, 3, 5, 4, 2} {1, 3, 2, 5, 4}

)
.

(17)

(16) (17) ,

. (17) (16) , C2
5 ∗

C2
5 . N

,

,

C2
n ∗ C2

n . ,

.

,

,

. , n,

, C2
n ,

, C2
n ∗ C2

n ,

SE ,

,

SE, ,

,

, ,

. , ,

SE

,

,

,

5 .

3.4 (Stagnation backtracking strate-

gy)
,

. ,

3 ,

; , ,

. ,

, : 1,

,

; 2, ,

.

, ,

. :

,

, ,

,

. , flag.

, .

m*flag(m ∈Integer),

. ,
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, ,

.

, : 1

; 2 .

3 , n = 3

, m = 3. , {1,3,2} {2,3,1} {3,

2,1} {3,1,2} flag, 4

, .

3*flag,

, ,

{1, 3, 2}, {2, 3, 1} {3, 2, 1}
, .

3

Fig. 3 Illustration of stagnation solution

3.5 (Computation

steps of discrete state transition algorithm)

3 , 2.2

,

. :

1) : [1 2 3 · · ·
n]T . [1 2 3 · · · n]T

;

2) :

; 3 ,

.

3) : ,

,

.

2 , M

, ,

M .

, .

:

.

Best:

f Best ← fitness(Best, funfcn):

k ← 0: k

flag ← 0

Repeat:

[Best, f Best, flag] → swap(funfcn, Best,

f Best, SE, flag)

[Best, f Best, flag] → shift(funfcn, Best,

f Best, SE, flag)

[Best, f Best, flag] → symmetry(funfcn, Best,

f Best, SE, flag)

[Best, f Best, flag] → update(funfcn, hisBest,

Best, f Best,

SE, flag)

k → k + 1

Matrix X ←

,

,

, , ,

, ,

SE = 20 . ,

,

Best,

, ,

.

4 (Experimental results and

discussion)

, T , F , C

.

4.1 1(Test 1)

, 5 10

,

. 2 5 10

tij , T ; fkl ,

F cik , C.

3 , tij cik

1∼100 , fkl 0∼1 .
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2 2

Table 2 Two simulation examples of staff assignment problem

T = [0, 91, 47, 13, 46; 38, 0, 13, 1, 5; 44, 88, 0, 39, 70; 11, 58, 89, 0, 79; 36, 28, 86, 17, 0];

F = [0, 0.8416, 0.0448, 0.4068, 0.4039; 0.7794, 0, 0.3054, 0.9248, 0.5331; 0.2204, 0.7745,

k1 5 0, 0.9617, 0.6658; 0.9215, 0.3221, 0.2478, 0, 0.9853; 0.5734, 0.9833, 0.2685, 0.3772, 0] ; 573.830

C = [90, 7, 93, 51, 17; 21, 9, 2, 51, 17; 21, 9, 2, 49, 41; 25, 2, 26, 79, 71; 4, 41, 26, 30, 70;

98, 97, 55, 60, 21];

T = [0, 41, 10, 64, 47, 48, 20, 64, 77; 48, 0, 27, 96, 85, 43, 16, 29, 95, 36; 70, 72, 0, 25, 35,

47, 35, 10, 22, 67; 70, 97, 29, 0, 78, 77, 61, 58, 71, 42; 64, 54, 45, 30, 0, 33, 20, 69, 24, 84;

4, 33, 53, 68, 2, 0, 74, 55, 13, 83; 8, 11, 46, 70, 61, 48, 0, 43, 61, 26; 33, 61, 88, 8, 39, 5,

92, 0, 46, 62; 54, 78, 52, 26, 92, 18, 28, 65, 0, 59; 66, 43, 94, 23, 1, 72, 77, 68, 67, 0];

F = [0, 0.45, 0.11, 0.43, 0.85, 0.42, 0.78, 0.23, 0.55, 0.93; 0.79, 0, 0.96, 0.91, 0.62, 0.05, 0.39,

0.35, 0.30, 0.78; 0.31, 0.23, 0, 0.18, 0.35, 0.90, 0.24, 0.82, 0.74, 0.49; 0.53, 0.91, 0.77, 0,

0.51, 0.94, 0.40, 0.02, 0.19, 0.44; 0.17, 0.15, 0.82, 0.15, 0, 0.49, 0.10, 0.04, 0.69, 0.45; 0.60,
k2 10

0.83, 0.87, 0.14, 0.12, 0.08, 0, 0.13, 0.17, 0.18, 0.31; 0.26, 0.54, 0.08, 0.87, 0.24, 0.34, 0,
2047.06

0.65, 0.37, 0.51; 0.65, 1.00, 0.40, 0.58, 0.90, 0.96, 0, 0.63, 0.51; 0.69, 0.08, 0.26, 0.55, 0.18,

0.37, 0.58, 0.65, 0, 0.82; 0.75, 0.44, 0.80, 0.14, 0.24, 0.11, 0.06, 0.45, 0.08, 0];

C = [5, 97, 83, 3, 6, 67, 88, 20, 62, 82; 8, 65, 81, 98, 74, 54, 67, 43, 27, 27; 53, 80, 7, 18, 28,

70, 20, 49, 83, 60; 11, 46, 41, 12, 43, 67, 38, 13, 98, 3; 82, 44, 53, 38, 55, 19, 47, 59, 73, 43;

82, 83, 42, 21, 65, 26, 94, 14, 98, 23, 35, 32; 73, 9, 66, 49, 42, 100, 16, 39, 59, 17; 16, 14, 63,

35, 98, 18, 86, 59, 12, 19; 66, 18, 30, 95, 31, 4, 91, 43; 52, 40, 44, 92, 70, 57, 38, 30, 88, 10].

, 5

573.8300, [2, 3, 4, 1, 5]; 10

2047.0600, [4, 8, 6,

3, 1, 9, 7, 2, 5, 10].

k1, k2 ,

20 , 3 ,

, 20

, ,

, 2.2

, ,

,

,

100%,

. , 20 ,

.

3

Table 3 Effect analysis of first transition and second transition

/ % / %

573.8300 610.5835 825.7800 100 75
5

573.8300 573.8300 573.8300 100 100

2047.0600 2209.7000 2144.3000 100 50
10

2047.0600 2080.4000 2101.3000 100 75

3 ,

, 5 10

. , 5

10 ,

,

.

3.5 ,

(18) :⎛
⎜⎜⎜⎜⎜⎜⎝

2

3

4

1

5

⎞
⎟⎟⎟⎟⎟⎟⎠
→

⎛
⎜⎜⎜⎜⎜⎜⎝

x12

x23

x34

x41

x55

⎞
⎟⎟⎟⎟⎟⎟⎠
→

⎡
⎢⎢⎢⎢⎢⎢⎣

0 1 0 0 0

0 1 0 0 0

0 0 0 1 0

1 0 0 0 0

0 0 0 0 1

⎤
⎥⎥⎥⎥⎥⎥⎦
. (18)
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3 20

, ,

. 3 ,

5 10 ,

. ,

,

.

, 4

20 . 4 ,

.

, .

4.2 2(Test 2)

, 5 10

, ,

,

20 . 4. 4

, 20

,

.

4

Table 4 Effect analysis of discrete transition algorithm with the stagnation backtracking strategy

/ % / %

573.8300 573.8300 573.8300 100 100
5

573.8300 573.8300 573.8300 100 100

2047.0600 2080.4000 2144.3000 100 75
10

2047.0600 2047.0600 2047.0600 100 100

4 10

Fig. 4 Comparison between first transition and second

transition in 10-dimension problem

4.3 3(Test 3)
, 10, 15, 20, 30, 40 50

,

,
[23] , [23]

2– ,

.

20 , 5 7 ,

,

.

5 ,

4 ,

,

. ,

,

. , CPLEX

10 ,

, .

, CPLEX 775.23 s,

11.74 s,

. CPLEX

, 15

( 225, 8

), 10 . ,

,

, 0,

, ,

.

5 30

Fig. 5 Effect comparison between discrete state transition

algorithm and simulated annealing in 30-dimension

problem



10 : 1387

6 40

Fig. 6 Effect comparison between discrete state transition

algorithm and simulated annealing in 40-dimension

problem

7 50

Fig. 7 Effect comparison between discrete state transition

algorithm and simulated annealing in 50-dimension

problem

5

Table 5 Effect analysis of discrete transition algorithm and simulated annealing

/ % / s

DSTA 2047.0600 2047.0600 2047.0600 100 11.74

10 SA 2066.1000 2071.7000 2081.3000 100 18.67

CPLEX 2047.0600 2047.0600 2047.0600 100 775.23

DSTA 2531.5000 2531.5000 2531.500 100 12.23

15 SA 2559.3000 2687.3000 2599.5000 100 19.88

CPLEX — — — — >28800

DSTA 1929.5000 1941.3000 1951.8000 100 13.34

20 SA 1946.4000 1947.8000 1956.2000 100 21.58

CPLEX — — — — —

DSTA 3354.8000 3365.7000 33978.7000 100 15.06

30 SA 3369.0000 3373.8000 3396.1000 100 26.82

CPLEX — — — — —

DSTA 4070.0000 4095.0000 4120.6000 100 17.47

40 SA 4076.4000 4096.8000 4130.6000 100 33.62

CPLEX — — — — —

DSTA 6509.2000 6551.3000 6576.3000 100 19.04

50 SA 6557.8000 6558.2000 6600.8000 100 41.89

CPLEX — — — — —

5 (Conclusions)
,

,

. 7

,

,

.

, ,
[25].
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