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Abstract: Based on the variation of instantaneous availability of new equipment in its early stage of application, we

study the instantaneous availability model for a system with repairable assembly parts at discrete-time instances, and pro-

pose the concept of availability amplitude to characterize the instantaneous availability variation of this system. On this

basis, the optimal model of the availability amplitude for the system is built. The particle-swarm method is applied to

minimize the availability variation of this system under the assumption of discrete Weibull distribution which is abundant

in equipment engineering. Finally, two examples are given to illustrate the effectiveness of the proposed model.
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2 [24](Instantaneous

availability model)
, X ,

, Y ,

,

λ(k) μ(k), k = 0, 1, 2, · · · . X Y

, :{
Z(k) = 0, k ,

Z(k) = 1, k ,

k = 0, 1, 2, · · · .

P0(k, j) k 0

j , P1(k, j) k

1 j ,

j = 0, 1, · · · , k − 1 :⎧⎪⎪⎪⎨
⎪⎪⎪⎩

P0(k, j) = Pr{Z(k) = · · · = Z(k − j) = 0,

Z(k − j − 1) = 1},
P1(k, j) = Pr{Z(k) = · · · = Z(k − j) = 1,

Z(k − j − 1) = 0}.
j = k :{
P0(k, k) = Pr{Z(k) = · · · = Z(0) = 0},
P1(k, k) = Pr{Z(k) = · · · = Z(0) = 1}.

{
P0(k + 1, j + 1) = P0(k, j)(1 − λ(j)),
P1(k + 1, j + 1) = P1(k, j)(1 − μ(j)).

(1)

⎧⎪⎪⎨
⎪⎪⎩

P0(k + 1, 0) =
k∑

j=0

P1(k, j)μ(j),

P1(k + 1, 0) =
k∑

j=0

P0(k, j)λ(j).
(2)

,

P0(0, 0) = 1, P1(0, 0) = 0. (3)

A(k) =
k∑

j=0

P0(k, j). (4)

3 (Minimal avail-

ability undulation model)
2 ,

EX =
+∞∑
k=0

{kλ(k)
k−1∏
j=0

[1 − λ(j)]},

EY =
+∞∑
k=0

{kμ(k)
k−1∏
j=0

[1 − μ(j)]}.

A0 ,

A0 =
EX

EX + EY
=

+∞∑
k=0

{kλ(k)
k−1∏
j=0

[1 − λ(j)]}
+∞∑
k=0

k{λ(k)
k−1∏
j=0

[1 − λ(j)] + μ(k)
k−1∏
j=0

[1 − μ(j)]}
.

1 ( )

:

M = M(λ(·), μ(·)) = A0 − min
k

{A(k)} � 0. (5)

A0 , A(k)
, (1)∼(4).

1
, .

, .

,

. 1:

1 0.98 Weibull ,

Weibull ; 2:

3 0.99998

Weibull . 1 , 1

, 0, 2
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, 0.25. ,
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1

Fig. 1 Instantaneous availability of two systems with the

same inherent availability

,

,

:

min
(λ(·),μ(·))∈Ω

J = M(λ(·), μ(·)),
s.t. A0 = A1

0 A0 � A1
0. (6)

: Ω , A1
0 ,

M(λ(·), μ(·)) (5). ,

A0 = A1
0 ,

.

Weibull

. X

α1 ∈ (0, 1), β1 > 0
Weibull , Y α2 ∈

(0, 1), β2 > 0 Weibull ,

λ(k) = 1 − α1 ∧ [(k + 1) ∧ β1 − k ∧ β1],

μ(k) = 1 − α2 ∧ [(k + 1) ∧ β2 − k ∧ β2],

k = 0, 1, 2, · · · .

Weibull [47],

M = M(α1, α2, β1, β2) =

A0(α1, α2, β1, β2)−min
k

{A(k; α1, α2, β1, β2)}�0,

EX =
+∞∑
k=1

α1 ∧ (k ∧ β1),

EY =
+∞∑
k=1

α2 ∧ (k ∧ β2).

A0 =

+∞∑
k=1

α1 ∧ (k ∧ β1)

+∞∑
k=1

α1 ∧ (k ∧ β1) +
+∞∑
k=1

α2 ∧ (k ∧ β2)
.

:

1 EX α1 , β1

; EY α2 , β2

.

2 A0 α1 , β1

, α2 , β2

.

Weibull ,

(6) :

min
(α1,α2β1,β2)∈Ω1

J = M(α1, α2, β1, β2), (7)

s.t. A0(α1, α2, β1, β2) = A1
0, (8)

Ω1 = {(α1, α2, β1, β2)|0 < α1, α2 < 1;

β1, β2 > 0} ∩ Ω2,

Ω2 .

, (7)(8) ,

Θ = {(α1, β1, β2)|∃ x ∈ Ω1, s.t.A0(x) = A1
0}

,

ϕ : (0, 1) × Θ → R
+,

α2 = ϕ(α1, β1, β2), A0(α1, α2, β1, β2) = A1
0.

(7)(8) :

min
(α1,β1,β2)

J = M(α1, ϕ(α1, β1, β2), β1, β2),

s.t. (α1, β1, β2) ∈ Θ. (9)

2 (9) (α1, β1, β2),

(α1, α2, β1), (α2, β1, β2) (α1, α2, β2)

, 4 .

,

Ω1 = {(α1, α2, β1, β2) | α11 � α1 � α12,

α21 � α2 � α22, β11 � β1 � β12,

β21 � β2 � β22}.
:

0 < α11 � α12 < 1, 0 < β11 � β12,

0 < α21 � α22 < 1, 0 < β21 � β22.
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A0(α11, α22, β12, β21) � A0(α1, α2, β1, β2),

A0(α1, α2, β1, β2) � A0(α12, α21, β11, β22).

.

3 (9)

A1
0 ∈ (A0(α11, α22, β12, β21),

A0(α12, α21, β11, β22)).

4 (Algorithm design)
, n

, i

Xi = (x1, x2, · · · , xn) Vi = (v1, v2, · · · , vn).

PBi,

GB , i

.⎧⎪⎨
⎪⎩

V k+1
i = ω ∗ V k

i + c1 ∗ rand(·) ∗ (PBk
i − Xk

i )+
c2 ∗ rand(·) ∗ (GBk − Xk

i ),
Xk+1

i = Xk
i + V k+1

i .

(10)

: V k
i i k , Xk

i

i k , ω ,

c1 c2 . ,

ω , c1

, c2

, rand(·) 0 1 .

, 2 .

2

Fig. 2 Algorithm flow chart

Step 1 N ,

;

Step 2 3

4 ;

Step 3 ,

;

Step 4 ;

Step 5
PBi , ,

;

Step 6
GB , ,

;

Step 7 (10)

;

Step 8 , ;

Step 2.

, , (α1,

α2, β1, β2) /∈ Ω1, 2,

2 :

1) α2 > α22 A0(α1, α22, β1, β2) > A1
0,

(α1, α2, β1, β2) ∈
{(γ1, α22, γ2, γ3)|ϕ(γ1, γ2, γ3) = α22}.

2) α2 < α21 A0(α1, α21, β1, β2) < A1
0,

(α1, α2, β1, β2) ∈
{(γ1, α21, γ2, γ3)|ϕ(γ1, γ2, γ3) = α22}.

5 (Optimization de-

sign and simulation analysis)
(9)

, : PC Celeron(R) 1.80 GHz CPU,

0.99 GB RAM, Windows XP, MATLAB

7.3; 40, c1 = c2 =
1.4962[24], ω = 0.7298; :

50; A1
0 = 0.8.

1

Ω1 = { (α1, α2, β1, β2) | α11 � α1 � α12,

α21 � α2 � α22, β11 � β1 � β12,

β21 � β2 � β22},
:

α11 = 0.99, α21 = 0.99, α12 = α22 = 0.9998,
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β11 = 2, β12 = 4, β21 = 0.95, β22 = 4.

A0(α11, α21, β12, β21) = 0.0004,

A0(α12, α22, β11, β22) = 0.9495,

3, (9) .

α∗
1 = 0.997719603, β∗

1 = 2.004841597,

α∗
2 = 0.996551024, β∗

2 = 3.670644045.

M∗ = 0.014162902.

,

, 3

.

α′
1 = 0.99979, β′

1 = 3.00000,

α′
2 = 0.99465, β′

2 = 3.96950.

, . ,

,

.

3

Fig. 3 Comparison of instantaneous availability between the

approximate design and a feasible design

, :

,

.

4 ,

. 5, 10 50

1 .

: β∗
1 2( ) .

, 2 :

1) β1 = 1 Weibull

, ,

β1 , ?

2) ,

β∗
1 1( ),

?

,

, ,

; ,

(9) . , 2 .

4

Fig. 4 Evolution of solutions in PSO

1 5, 10 50

Table 1 Approximate optimal solution and optimal

value with iteration number 5, 10, 20

5 10 50

α∗
1 0.998652088 0.997843974 0.997719603

β∗
1 2.075520350 2.055555026 2.004841597

α∗
2 0.996810612 0.990471043 0.996551024

β∗
2 3.357937644 3.096806527 3.670644045

0.017068604 0.016555854 0.014162902

2

Ω1 = { (α1, α2, β1, β2) | α11 � α1 � α12,

α2 = 0.995, β11 � β1 � β12, β2 = 3},

α11 = 0.95, α12 = 0.9998, β11 = 0.9, β12 = 3.

5 .

,

11 0,

:
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α∗
1 = 0.962865216, β∗

1 = 1.047416511.

, β1 = 1,

A1
0 = 0.8,

α1 = 0.956276700000134,

0.007380235983252,

0, 1

. 1 , :

,

.

5 2

Fig. 5 Evolution of solutions in PSO of example 2

6 (Conclusions)
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. Weibull ,

.
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.

, .

,

:
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