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Abstract: Manufacturing service process is a manufacturing service chain based on business process, which
have four basic structures: sequence, selection, loop and parallelism. Since the loop can be transformed
into sequential structure, the selection structure and parallel structure are real branch structures. Branch
structures often have service capability difference, with the results that the selection branch will delay time

due to improper probability allocation, while the parallel branch will be in a waiting state, which will
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inevitably affect the overall execution efficiency of business process. A time-improved manufacturing service
flow optimization method with QoS assurance was proposed in this paper. Firstly, the attribute calculation
method of the basic structure of business process was constructed, and then by analyzing the influence
relationship between the time of several branch structures and other attribute factors., the layering and
blocking linear programming model of branch structure time optimization based on QoS constraint was
established, and the hierarchical and block optimization algorithm was designed. An example of the process
to be optimized was selected in the experiment, and the execution time of the optimized business process
was reduced by 5.4%, which showed that the model and its optimization algorithm are effective and
reasonable. This study has positive significance for the application of cloud manufacturing.

Keywords: QoS; branch structure; differentiation; optimization; linear programming; layered and divided

into blocks; algorithm
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Fig. 1 Example of manufacturing service process with branches
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Fig. 2 Example of simplization of business process
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Table 1 Attribute calculation formula for control structure of manufacturing service process
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Fig. 3 Diagram of executing path of manufacturing service process with general structure
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Fig. 5 Flow diagram and its reduced graph of manufacturing service process
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Table 2 Attributes data of all nodes of reduced graph of manufacturing service process
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by 0.90 3.0 0.30

b, 0.85 4.0 0.50

b 0.94 2.0 0.25

b; 0.96 3.0 0.35

b 0.95 2.5 0.30

by 0.97 2.8 0.35

b 0.95 4.5 0.60

by 0.97 5.0 0.70

5 () 2 Tl BEAS B & 5 (h) B gE kg e fb i A i . LA A AR ol
MinT =(xy st + (1 —ax0)t1y) +max(xy » o, (1 — 21 )ts) +max(xy o 5 ,(1 —x,)t5), (10)
s.t.

(g egn+U—x20q) + () e qu+ 0 —x,)qn) +(xs * gy + (1 —23)q32) == 3G request » 1D
(xgecnuT+U—x0)c) +(xyoco+ A —x 1))+ (xyecy (1 —22)03) < Crequest » (12)

x;, =>0,i=0,1,2
[x,faval] =linprog(c,A A Vi sVw) (13)

[ BN [B] DR B 73 S5 5% X P IR AT 4 A 9 45 A 20 S0 A

max(xy ¢ty (1 —a1)t9) =1 —x )ty smax(x, o t5,(1 —x,)t3) =1 — x5 )t5,
T B bR ek B AL i A
MinT =(xy sty + A —xt12) + A —x 0t + T —22) * L5 foas
SRIE R LR AT R AL N T AR AL
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MinT’ = (ty, —t1)xg —tox | — L35 » (14)
s.t.
(12 —qi)xo + (a2 —qo)xy + (g3 — q21) T2 < 3Qrequess T q1z2 T @22 T qazs (15)
(cyy —ci)xo+ (ear —co)ay + (31 —C32) Ty < Crequest — C12 — C22 — Caz (16)
xy =0, an
xy Sto/(ty + 1), (18)
Ty Sty/ (s +15), (19)

KT =Tttty

TE BT S mE X2 52 5 R . AN B B T 2B K parrelle || parrelle [1 S [A] i i B, 5 BL, #846 h
parrelle [ ZEAUKLIH ; 55 A, % JEH] 53 300 AT 55 it 43 B 2 B6F 18] 6 2% R 14 20 43 Id » 389405 J7 ) 2 00 2 19, IR UL A6 O
1553 S B RAE I #F b e R I () FE 28 K0 73 3. B iR S AR A W] R ] Matlab 42V #03 R 85 [« . faval | =
linproc(e A b sA oy sbog v s v )R, KRS AT EHENMWMED N c=[0.05—-0.65 —0.7], A=
[—0.025 0.01 0.02;—0.5 —0.3 —0.5],b=[7;7],A., =[], bey=0L]svi,=0[0;0;0],v,, =[1;0.52;0.5385],
FHorbr o BT P IR 55 68 7 R A A% 5 SR 24K, 23 R G request ~ Crequest o A T B0 1 OUR 28 I3 45 1L, X B A1
T2 2H B R AT S50 G B R T (87 4k A 52 Wi 25 2R 19 TE B 1 L Bk 2538 — 2 R T Ak 3 i 3 S R (ED » T2 0B
N &0 L EER AL B 20 hxy s, AIAGAGIT ] SR 3 /R .
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Table 3 Time optimization results under different demands

€ request q request Zo X X2 Sl L min

15.8 0.900 0.000 0 0.52 0.538 5 —0.714 9 1.135 1
14.8 0.920 0.000 0 0.52 0.538 5 —0.714 9 1.135 1
13.8 0.900 0.149 5 0.52 0.538 5 —0.707 4 1.142 6
13.8 0.930 1.000 0 0.52 0.490 0 —0.631 0 1.219 0
13.8 0.935 1.000 0 0.00 0.000 0 0.050 0 1.900 0
13.6 0.920 0.549 5 0.52 0.538 5 —0.687 4 1.162 6
13.4 0.920 0.949 5 0.52 0.538 5 —0.667 4 1.182 6
13.4 0.930 1.000 0 0.52 0.490 0 —0.631 0 1.219 0
13.4 0.900 0.949 5 0.52 0.538 5 —0.667 4 1.182 6
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