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Abstract Towards how to improve the efficiency and successful probability of task-workflows in service

oriented military information system, a parallel optimization method of service resource allocation was

proposed. Firstly, a service resource allocation framework is offered. By analyzing the relationship of

service executing number, task executing time, task successful probability and service executing cost, a

target programming mathematical model for parallel optimization of service resources was established.

Then, an ameliorated particle swarm optimization (called DPSO) algorithm was proposed to resolve the

mathematical model. By introducing random disturbance, searching boundary optimization and survival

of the fittest for the particles, DPSO extended searching scope to obtain the optimal solution with a higher

probability. Experimental results show that parallel optimization method of service resource allocation

and the DPSO algorithm are effective methods to improve the efficiency and successful probability of

task-workflows.
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(* 1 +,�� ����
�#���-, �
�#��.�		)*�+�,--����:�
��;��+. )>? [2] (����3��,
Æ�-�������+�,-, �������@A
WS-BPEL  :�4 , �������$.
����./,0, /
�

�����1��, '��
����. 2�5,-6/0� �7����, B
��CD-%3
�&1��1��E, 
����
F'. >? [3–4] (
�01�84, G�
� QoS �*2;��;$5, -6�3�
�(�'��

�HI2-. >? [5] (
����84, �
�)����J��� :4 , �-�
������;.
7>�
Æ�� 
�*K9�,,, �L,,>? [6–7] -6���
���.:2-, �
�01		
�������3�
�8�;� QoS�4 :49,:�
������, �
�95�HI�0�

� :.:�-��������+, 25,-�-���;,,6�;�4 , �7M 
��+N��
<<8�=�����O. >? [8–9] ��957=�,-, ����
�#��������+�95
>5, 4��6:,�4�
����P;<, 5=,-78��>?�����������;��+,
2:
��:;<�*�
��:@A�, ?/4;�;<�P, Q8D-:,�;�4.

G��9��, 7>�-6���
�*K@1��:P�,-, �:�-�����������;
��+. ;CB<�
�*K@1���C�, ��
�#���:P��� :�D9; 
>@R�?
��=EE
��:�:59�����������A+)��1�, �&������
�#�=EE

�*K�:P��5��S, �� 4 �F->2-��� :4�.

2 .345/67890

�
�*K9�����C�,,, Aron[10] �?-6�*K@G�AH�����
�*K :�
��9�, >? [11] � Aron �?�
Æ�/-6�3� QoS '��
�*K9��� (QG-SRMS), 5
���
�*K :@=, M
�TI*K@G VRC  :
��9�, 7>JB� QG-SRMS ��1
Æ
�/, -6�)* 2 +,�
�*K@1��C�, 
�
�A4�����)E:

1) �TI�
�*K9�@G (service resource manage container, C@ SRMC) DK
�01		�
������3�
�, �1BE��
�*K5A.

2) :�
�A4�B�, SRMC DK
�A4�=4��:�:�
�59, �1C.+�
��L,
��
���:�:, '����������+=4.

3) : SRMC �������., SRMC CF�1*K.

TI
�*K9�@G�*�*��
�*K�U:�C., -�
��:�:���+. :�M 
SRMC �TI;, :����. SRMC ��1*K�ÆCF(�GD����=��O.

��9
�A4�����E 2 FD9�, )0D.
��:�:�59, �'���������
�+�7>=
Æ�1=��.

��G ���@R, 7>�* 2 �������H6)E.V:

2: 1 �����: W = (T, E, Q) A,����3		���HW���. 
�, T = {t1, t2, · · · , tn}
A,���������, /A��
�����4. E = T×T ���)�1����, )/< ti, tq >⊆ E,
XA,�� ti ��� tq �M-, ?Æ���� ti ���=EEI*��:�� tq. Q = {Q1, Q2, · · · , Qk}
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A,�;������1�� ��#�-6� QoS ZF, 1=KP��ZF��+ZF.

3 .36?@?78A39BC

�* 2 �E i �����:�L, Q SRMCi �E i ��� ti ���TI
�*K9�@G, ti +��

�
�*K:5� Li A,, Wti � ti ��L��, WSti,j � ti ���E j ��:�:�
� (j ⊆ [1, mi],
mi � ti ����:�:�
�59). K� ti +��
�K5A��
��L���M��, Q WSti,j �
:���A+� fti,j, �:��
(R;� µti,j�,N� σti,j ��1@O. X:�L���DG��, ti �

����+*)EA,:

Pti(mi) = 1−
mi∏
j=1

(1− fti,j) (1)

ti �����@O>5*�A,� Nti = min(tsti,1, tsti,2, · · · , tsti,mi) (tsti,j �E j �
��:���
@O) �@O>5. M tsti,j 
(�1@O, +� Nti �@O>5*A,�:

Fti(t, mi) = 1−
mi∏
j=i

(1− Fti,j(t)) (2)


� Fti,j(t) = 1√
2πσti,j

∫ t

0 e
− (t−µti,j)2

2σ2
ti,j dt � ti ���E j �
����@O>5.

��� Wti PH� ti �:���A+*A,�:

PWti(wti , mi) = Pti(mi) · Fti(wti , mi) (3)

��G IS, 7>�:�#
��� :@R, 
���QJ7X)A 1 +,. �@R�Q Wti @R

� 8s�9s�10s�11s�12s,X� (3) �4;�
�������:��A+��:�:�
� ((5K��

!HI) 59)��1�)* 3 +,.

< 1 �1= >D?E
S[ KT*T$L\

+5@7LMUA (8s–10s) U]�U

+5^7LM'V (3s–5s) U]�U

+5"NV (0.88–0.98) U]�U

+5K% 100

(* 3 �O/�*�-6, �:�:�
�59 (mi) _+, �������A+_�. :
�*K�F
�, ��`P
��:�L��*�-��������A+. * 3 <AS, :�:�:
�59 mi > 11
�, �:��L�� (wti) E���:���A+�7�: (QW 1), �:�:
�59�`P ���
L���`P�����A+#$��, 9&��� mi  wti �;_�_R. X�, 78
��:�:59
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�`P*�-��������A+�SM���L��, 2�
��:59�`P�H��<8=���
O, )/�:�:�
�59N+, ::��
O��������5=
�-6A4�, T*���D-
:,N����4. 9&, �?���-U�:�:�
��, ��'�����+�����M-EY
�P��:�:
��59. 7>K�M 
���:�:�<8�=��O�.V 2 H6�WX>5A
,.

2: 2 WX>5: Ci(mi) = e(
mi
Li

)2
A,E i ���� mi �
��:�:���<8�=��O (7

>@�
��:/V, � Ci A,). * 4 �: Li = 100 � Ci �@O=E, 5>5
($5@O, 
K�:
�:
�59�`P, WX>5�`��4LWP�, L��.�4�Ya� SRMCi �
�*K9���
�, ?G�?����:�:�
�59_+ Ci �;_�, SRMCi �*K9���_P, �7SP��4
_8_�. WX>5�32,�*�DK3�=E : �F�P�.

4 .3OMPNQ9.345/6ORP

4.1 STUV
E 2 XG�?���@R��������A+��:�:�
�59������L��)��1

�, E,Q�
�#��=E. K������ n ����=��, Q −→m =< m1, m2, · · · , mn >, mi � ti +

����:�:�
�59. X��HI��� −→m Y*�:,�;����������+�4, b*
�/
��:�/V�c.

������, �;�
�#�� QoS �4RR3�+		�d. ?������������, G�
���:��:		@R�����������A+�-6=4. 7>�G�Z>e�'.fZ,0�L
 :IS, 
������)* 5 (*�� “And” A,�1�) +,, @� 4 �		:

1) ZSTg95�U;�U�[\ (� T1 A,);

2) 32Tg95[�PH (� T2 A,);

3) ZS\,95[�PH�h,�=fZ�*K (� T3 A,) ��5PH������� (� T4
A,);

4) '.h,*KfZ,0 (� T5 A,).

�'��"����!��, ������.�		)*��������� ��A+-6=4, K
�7L�3������+=4M* 5 � Wj  Pj H6. � �9+		�95P����A, �:	
	ZF6])�*���i�1�, ����:�M[�		�L, �� T1 �����c 10 \���A
+� 98%, �� T1 �� T2 #������c 15 \, ��A+� 96%, � ��ZF�A, )/
�� T1 ���V]�X]H�� T2 ���T^P^j, ME 3 X�@R*%, ���^4�#$�:�
:�
�59��:/V, 9&�=�����5��S��� :4�.

K�������
��:�:/V�������
��:/V), � C(−→m) A9, X:

C(−→m) =
n∑

i=1

Ci(mi) =
n∑

i=1

e(
mi
Li

)2 (4)
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�K� Fti(t) ��M��=EE, 78*���32�d>5�
Y�:, 4; Z = Ft1(t) + Ft2(t) +
· · ·+ Ftn(t) �@O>5,  �4;�		7=�*:�, 26/'����P;, ��^_�P;. 9&, �
=�����5��SYa −→m�Wi�Pi ��95>5)��1�, 7>T
R��957=�� :4�,

5��S)E:

min C(−→m) = min
n∑

i=1

e(
mi
Li

)2 (5)

s.t. {
(PW1(w1, m1), PW2(w2, m2), · · · , PW1(wk, mk)) > (P1, P2, · · · , Pk)

< w1, w2, · · · , wk ><< W1, W2, · · · , Wk >
(6)

�* 5 H6������L, K�������
�*K5A��1
����)A 2 +,, X��

��::/V�c�95 (95>5�� (7)) ���ZF6])� (8) +,.

< 2 SJ1T[�1*;\<U]F�1^_
W5_` +5@7LMUA +5^7LM'V +5"N_V +5K%

T1 9s 4s (0.97–1) U]�U 50

T2 6s 3s (0.96–0.99) U]�U 100

T3 18s 8s (0.96–1) U]�U 50

T4 12s 6s (0.97–1) U]�U 10

T4 16s 4s (0.97–1) U]�U 20

min C(−→m) = min
5∑

i=1

e(
mi
Li

)2 (7)

s.t.⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

PW1(w1, m1) > 0.98
PW1(w1, m1) · PW2(w2, m2) > 0.96
min(PW3(w3, m3), PW4(w4, m4)) > 0.98
PW1(w1, m1) · PW2(w2, m2) ·min(PW3(w3, m3), PW4(w4, m4)) · PW5(w5, m5) > 0.92
w1 < 10, w1 + w2 < 15, max(w3, w4) < 20, w1 + w2 + max(w3, w4) + w5 < 50
0 < m1 ≤ 50, 0 < m2 ≤ 100, 0 < m3 ≤ 50, 0 < m4 ≤ 10, 0 < m5 ≤ 20
wi > 0, i = 1, 2, 3, 4, 5

(8)

4.2 V`abcdWXefgY
F->P� (particle swarm optimization, PSO)2- [12] � Kennedy Eberhart�?�J`
ÆO/

�a�, ���Ib>cX����dZ>e:��-6���� >�[���^
!YZ2-. PSO
�kla2-fm��� :�b����HI�c�, ��T>�����-��� D BYZg����
�F-, .�F-��.��4��g�U�, �<\[h\�`]] pbest i�h\�`]] lbest e
�, ��aH�� �. PSO 2-��^Q�� j	P��� (
��:�:59��5;), 7>G�
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+
Æ���, ����7F->2-���,-6���4 �F->2- (DPSO), 52-�F- :j
	dk, �F-U����n^F-o_`��P�F-b:el�F-Pamb�,-n�YZPH, -
�Z;�^�P��A+.

F->2-�7(�!�7[���̂ _cP���^cP��8$�F-E�Ff/�]]. PSO
2-5�A,)E:�YZg�� D B, :F-5� n. E i�F-]]A,�<� Xi = (xi1, xi2, · · · , xiD);
E i �F- “b:” h\���c�P]] (?5]]����P) � Pi = (pi1, pi2, · · · , piD), )/E g �F

-�+�F-��c�P]], X Pg �+� Pi(i = 1, 2, · · · , n) ���P; E i �F-�]]��+ (�4)
�<� Vi = (vi1, vi2, · · · , viD). .�F-�]]8)Ed� :�� (“b:”):

vid(t + 1) = w × vid(t) + c1 × r1 × [pid(t)− xid(t)] + c2 × r2 × [pgd(t)− xid(t)] (9)

xid(t + 1) = xid(t) + vid(t + 1), 1 ≤ d ≤ D (10)


� c1  c2 ��Æ9-, @P�15 (acceleration constant), r1  r2 � [0, 1] PH��Rp
!5. �
(9) qeMd_@#�, E�_@� “e; (inertia)” _@, Ya�F-�U� “Æe (habit)”, /AF-�B

\fCM�4�ef;Eg_@� “g% (cognition)”_@, Ya�F-�\[h\or�gs (memory),
/AF-�<\[h\�`]]hW�ef; Ed_@� “h� (social)” _@, Ya�F-�i:���%
i���>�h\or, /AF-�<>� i�h\�`]]hW�ef [13]. w ��X9-, w c�0�

 ��g� :�PHji, w cc0  :cPH�k. f/�l]]�4��elPHXSel;.
�7F->P�2-@tu^^_h;�vmnp o_W [14]. 7>��7F->2-�4 )E:
1) F-j	dk: F-�B4�������������, F-�Z�B4��]]/A
����

�j��:�:�
�59. )7>�L-�dk��)A 3 +,, 5F-� 5 B, .�B��@1H��
����:
��59, A 3 +H6�ZF-�dk� (50, 100, 50, 10, 20), A,����+��*�
�
)j��:�:�=E. X�, M 7>�F-�]]Æ�S�5;, 9&�d� (6) 32�]]��hq
��cpS��,�^N�>���F-�]].

< 3 hi`j
W5ik t1 t2 t3 t4 t5

W5ikk 1 2 3 4 5

+5$7@7K% 50 100 50 10 20

ra�� 50 100 50 10 20

2) F-o_`�: d� (9) � Pid(t) − xid(t) � Pgd(t) − xgd(t) �YaF-U��4,<�1=9
q, *�-6F-�]]��c��B4�U��4c�, L78-���>np��4rw@t%�^_
�P, 9&, 7>JB>? [15] ����XP�15�jk`P�>+m;�,-, � Pid(t)− xid(t) = 0  
	 Pgd(t) − xgd(t) = 0 �B4��F-��4�o_`� (o_`�Y*lb9sm��h;�^h;
�Pt��, �����(�l�, b�'��>U��+m;) �4s2-�vnp��, G�7>��L
-, M ��4�7�cM, o_`��3�c-�Q dd � (−1, 0, 1)����
!;, : Pid(t) = xid �Q

Pid(t)− xid(t) = dd, : Pgd(t) = xid �Q Pgd(t)− xid(t) = dd.
3) F-b:elP�: M +		7=��ZF6]c+, F-�]]�4@t��elPH, 2

M elD7X, �6el�F-*�+Nb^elPH)�. 7>��_el�F-']�.�U:>5
(R), �nm
�o�+Nb-elPH)�.

4) F-Pamb: )/��.�_l>5PH�F-���el)�Xgu5F-�el)���P
�, ��5F- :tb, :���'��>PH�� SM, (:>�HS[��R�F-, U�la2-
���bc�, J���N�F-, P^�P��>�.

78�9���.dF�c����.�4�GD2-np��4, 2r`P�F-�YZg�, -�
�Z;�P��A+.

DPSO 2-����)E:
Step 1 �]F-��_lU:>5 (R). n�F-:> x = (x1, x2, · · · , xm) (m ��>7�), 32F

- xk �WX>5 min C(xk), T5;�]���h; Pk, �F-���h;#� Pbest ←− Pk, �^h;
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Gbest←− max Pbest;

Step 2 � � (9)–(10) 7>�o_`�ov32F-��4]];

Step 3 wpF-_l>5�o�� R, �c R�F-,4;
] elPH���P�, ^N Pbest

 Gbest. � � R �F- :tb, �(:>�HS[��R�F-, U��bc�, J���N�F
-;

Step 4 U:�.>5 (N), u�J4�R Step 5, oXR Step 2;

Step 5 v6�P�, 2-OF.

5 kldmnoe

5.1 DPSO p PSO gYfghi
F->n����2-;�QJ�.#$. �/n��>Y*�Rppq��YZg�, 7>�A 3 H

6�F-���@R��x�Z��B4� :04�X� 15 �F-��n��>. � E 4 XH6�4
�,-, Qd� (9) ��Æ9- c1 = c2 = 1.5��X9- w = 0.6, Q2-���_l>5 R = 3, U:>
5 N = 50, B 7L���7�ccQF-��4PH� [−2, +2], ������']c5�.�], ��
7>+9,-4;��P�)* 6 �� (a) +,, * 6 �� (b) �� �7F->2-4;��P�. DK
d� (4) *%, � DPSO 2-4;�95>5;� 6.988,� �7 PSO 2-4;�95>5;� 7.104,
x8 DPSO 2-4;�O/P �7 PSO 2-.
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0 6 jZqklm

7>�* 5 ���������ZF :y4, ��		���*���@R� 10% q`, @R��
DPSO 2-�7 PSO 2-4���P�)* 7 +,, *�-6 DPSO 2-����P �7 PSO 2

-, * 7 <ASY995>5�6�����, 2���4�������w8��95>5�4�O/Q
J#$, L�9��'��.�����+M-E, �������4��#$
��:�:�59.
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