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Abstract: In cloud manufacturing (CMfg) model, both manufacturing tasks and manufacturing services are in a dynamic environment,
therefore the dynamic adaptability of the manufacturing service composition needs to be solved urgently. To address this problem, a
theoretical model for manufacturing task and manufacturing service dynamic matching network (DMN) is constructed based on the
matching relationships between manufacturing tasks and manufacturing services. Based on this model, a three-phase manufacturing
service composition self-adaptive approach (TPMSCSAA) is proposed in this paper. Firstly, by using the load and dynamic QoS evaluated
by the load queue model as the optimization goals, the optimal manufacturing service composition is transformed into the shortest path
search in the manufacturing service network, and thus dynamic scheduling of manufacturing service composition is realized. Secondly, the
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changes of manufacturing tasks and manufacturing services are obtained to refresh the manufacturing task network and manufacturing
service network in real time. Thirdly, the dynamic scheduling algorithm is triggered to complete the reconstruction of the dynamic
matching edges. Finally, the experimental simulation of elevator design service composition is carried out to validate and verify the
proposed approach.
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Fig.3 Self-Adaptive approach of manufacturing service composition
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A 3 A 551 190 ) B, A e o — A B3 2 AN TG AT 451 9 1 BE 8, S IR A 1 38 5% 0 5% 1) BE T, HL AN T 3 AT
251 DR 1) ST S 57 1) R A 2% TR TR vk IR 1 L TR A R b i R A AT IEAEPAT M E RS T
ZJ5 (3 VAT ~38 5AT), JT 46 Ab B AN [F) 2R R 1) 1138 4 95 A48 B 1 2, Ak S 38 A1 55 R0 169 00 A4 358 I 25719 0 T 7 25 T
PATAESS Ty 200, O T AR PHATIRES T W Rr AT IRES T I IO IR G575 0 S (M AR 8 Ly o 1575 0, R il
AE 25 I e 38 IS RO B I AT I (S 6 AT~36 16 47). L4k, Ab BEHIIE AT 55 IR I Bk, 25 75 EE M B 1R G AT 55 T
b F AT IR (T=T0), 000 T 98 (R IR 451 A0 S5 1 6288 L ok 1, 655 5705 R0 T B N RFRAAT IR 15 0, 1 e 1 ol i
55 0 5 Th I B A S R AE 45715 s FHRRAT 1L (B8 17 AT~28 23 47). 48 )i AL B 3E AT 55 (A8 o, 5 75 T2 LU il A1
45 Tj b T AT RS (T=T0), W0 e I B S5 A7 6 AT 55 SR IR 18 50RO I AT 45 24 48 19 AR AT 25 I N T4 5%
W 8%, R PR A T A5 AT R A, T 18 IR 25715 0 Si B B30 L ik 1, 705 ) 4 ) B st o o3 A 5% AR e R 1B T
J5 W IIE AR 55 24 VR BT B (AT 25 AL BRCER 24 AT ~565 32 A7) 5% J5 49 B8 J5 1A 385 4 25 7 D90 11 52 5% 1 1) il 36 IR 55
RS 33 1T).

BiE L s AESS T R EET

B NG AT 55 1 W GE R B ARG AT S5 RS 1) B Ttau, AT 55 BOR 0, 28 AT S5 T,

i L BT S G AT 551 M GE R RE I A, BT S IR GG AT 55 RS 1) B Tgarust, SE BT T 1100 52 5 WD 1) 161032 0 9%
TR AR L.

1. FORKk=1toudo

2. IF Totaws[ki]=2

3. i<k

4, ENDIF

5. ENDFOR

6. IF manufacturing task Tje Taqq THEN
7. A;=addTnode(A,T;)
8. IF i<j THEN

9. Tstatus[j1¢-3

10. ELSE

11. Tstatus[i]¢-0

12. Totaus[i]<1

13. Li«Li-1

14. ENDIF

15. Tstatus1 ¢ Tstatus

16. ELSE IF manufacturing task Tje Tgeiere THEN
17 A,=deleteTnode(A,T;)

18. IF i=j

19. Li=L;-1
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20. ENDIF

21. Tstatus1¢—Tstatus

22. ELSE IF manufacturing task Tje Toqiy THEN
23. IF i=j

24. tempA=deleteTnode(A,T;)
25. Li=L;-1

26. A,=addTnode(tempA,T;)
217. Tstatusli]<1

28. ELSE

29. A;=deleteTnode(A,T;)

30. ENDIF

3L Tstatus1¢— T status

32. END IF

33. Return Ay, Tatust, Li

T 3 e 55 A8 B AR 1 53 R B IR 45 NN (Saaa) » IR 55 238 (Staiture) ~ MR 5535 4K (Sevorve) il 385 ik 55 10 245 B
BRI VL 2 28BN AT 45 1) b B 5 =X, i e b BB IR S5 Sy IO N 2 1 IR 45 19X 4 o 19 0 R RS2 1) IR 95 75 25
MG R IL (BB LAT~5 44T). ek A BRI S5 R Syt R AU ST Sy 4k Tl APIR A, th T — ANl e 45 wT Lk £
AN AT 55 W o R AT 55 (R I 48 52 , i DA S 70 008 Al 55 194 285 v T I AH 2 1) Bl 45 05 s RV RS2, 8K i o HG i ox
WL FR) T3 AT 55 B AT 5 4R CT B SO A AT IR 2 15 T, TR M Bk e 5539 R AR (B85 5 AT~ 58 18 47). AR )
A B R 45 A (B T A0 T AT RS 1 IR 45 AN i A Ak ), 36 R 32 5% SR 2 1 ARG AT QoS 8 4k (AN (47 IR 4 2k ' 3

Ji P T3 IR 55 D99 28 R0 52 56 Wi (1) o1l AT 55 R3S (3 23 47).

Bk 2. i R 55 9 4 TR

i N )3 I 25 D0 5% 5 A B B T3 IR 5 RS 1) e Sitarus, 2 52 M (1 1 365 AT 45 HH num, 2R BE IR S5 ;.

it <SR 1R 0 TR 45 199 2 S5 R AE R By, SET 5 8 IR 45 RS 1) B Setarust, ST 5 1K) 52 52 WA il 34T 45 42K
& CTstaws:

1. IF manufacturing service SjeSyqq THEN

2. Bi=addSnode(B,S;)

3. Sstatus[i]1=0

4. Sstatus1¢—Sstatus

5. ELSE IF manufacturing service Sje Staiiyre THEN
6. B,=deleteSnode(B,S;)

7. IF Sstawsli]=1

8. FOR k=1 to num do

9. szgetG(CT,[k])

10. FOR u=1to u, do
11. IF Tstaws[U]=2

12. Tstatus[U]<1
13. ENDIF

14. ENDFOR

15. CTstatus[K] ¢ Tstatus[U]
16. ENDFOR
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17. ENDIF

18.  Sstatus1¢—Sstatus

19. ELSE IF manufacturing service SjeSeyoe THEN

20.  tempB=deleteSnode(B,original S;)

21.  B;=addSnode(tempB,evolved S;)

22. ENDIF

23. Return By, Setatust, CTstatus
42 HIEREHMSIAE

i3 IR 45 s R A EZAS A DI B T BN Z)AS QoS 58 sl AN UL T 122 (1 44 4 28 — A 4l
AR X 7 VL LA AT B B 38
421 AR

KR HIAL G2 (1 )10 55 206 T3 12 (S SCRR 2 Jh w25 R JE U0 ), IVAR s fh o 75 S 4 22 1) 36 4 45t A, Tk T A1 25 0
FEHIE WL QoS 3K IM i Tk 45 41 4 SR M AR 5 AR 41 & SRS — 25 2D AT AR MEIE B 3 2 2 8 (RIS 4T 3 45 TR
o A SCER T — Tl i 3 A 55 B S T g i o 3 e 5% 30 25 A RE AN [ A 00 11 A A 5 T v, LA e o 0 e 4%
TR 5 B G P PAT IR Qi ] 4(a) F1 & 4(b) s

P 4(a) Ay il MR 45 A5 U BE O VR AR YEAT 25 17 91 (T > T Ta) i 5 24 I e A 19 IR 25 2175 )5 26(S1—> 83— S7), 28
JE B E A G Tr % BB PAT 0 I ZIR IR SS Soto 21 FIRSS Sauts INZITA FHIRSS Se, EL BB G —ME
55 (To) AT 50 BE B 4(b) 4 i3 I 45 B 25 1 B T ik UL A SR B R AR M i SR BE sh a8 40 e IR 55, & — oy 2 IR S5
ARy N ZIARYEAT 55 17 51 (0 38— AN 55 (To), P IR 55 Susto IS ZUAR 5 4 17 38 4T R 558 98 FI 0 5 Ik 55 Sasts S %)
W H R 55 Se.

T AT: 55 W0 2%

AR SS P 2%

T AT 55 M 2%

3 1 55 P 2%

(b) il i 55 3 A5 1

Fig.4 Difference between static scheduling and dynamic scheduling of manufacturing service
B4 il e 55 i A 2 5 3 A T 2 I IX )
422 BIENE
Tl 5 K 7 e A SR T AR — B I 4 N 3RE QoS e ML I Ik 45 B 55 41 4, 5 SO0 I3 1 11 3 e 55

© PEBEERKCEIFR  htps/www. jos. org. cn



3364 Journal of Software 234k \Vol.29, No.11, November 2018

A R L S R AR AR B S B U0 3 A 55 1 R B RE 0 A AT BRI K R RE T A3 R 55 X 8% 1 1)
BRE )t AT PR B A7 8 A T DL S 3 R 55 9 2% A R D, B v o % T A R P 3 A R i B UER T
AR EZ W AHE MRS —.

O S B S 1 R R e 5% 1 SRR D AR TR R T A SR R B S A A A T3 IR A5 S LR T PN BA
A1, BT 55 AT BA A RIAT: 55 5545 BA 1, 4 161 5 TS
FE5 HAASI(Qu) | =
A y ¥
v 2 1 g
1 I S R R L3
\ 1| &
\ S
A
\\ X

Fig.5 Load queue model
5 AEB\AIR

AT 55 AT BAF 7 138 AR 45 17 RUIE7E AT AL ER I AT 55, it R Qe, K 56 8E 5 H (R AT 77 =X BT 45 4 31
S0 A B AT 25 25 1 BA A R R AL F SR BT I &AL 45,0828 Qu A AT % AT BA A Ak T2 PRR 25 1) AT 45 5455
FAZ R AT 25 A BERE N PAT IRZS . SL B 15 0, 52 21118 B2 35 18 B 25 11 16 BRI AT 55 AT BA B FAT: 8- 25 435 BA B 1)
KB HR A IR, FE B 20 9C  Cape A1 Capy, W Liya=Capet+Capy,. BRI, %o - 55— Ik 21 1y sl it ik 45 4 &%, 1 iy i
R 1) A AR R —E .
4.2.3 zh# QoS VAN

il e 25 10 34 T & LA QoS AE i BB IR, th Tl Ik 25 11 QoS Fa ¥ 2 14, 49 tn g B[] . pRAS . AT 5
kS5, LB R 22 R OK, 2 T BAA R B A ) A BEVEAS QoS 1Y kAR 7 RS QoS {H AT IH—fh Ab 2T,
B QoS MM 51 7 ikt A R (L) B A K (2).
. QT?X -0 (S;) )

U(Sji) :kz_; Qmax _Qmin k (1)
r S.)— min
U(sji)=§qg(mi')TQm’;J~wk @

b wi ol QoS YA I B AOA EE, s T 0 25 S Ak B i iF R JEE Qe R ki e 45 4L 1 Cj v QoS i k 4
Ji P d KA QY Rl g5 AL Cy vl QoS B k 4k J VE e /M QP Fm T A IR 45 AL 1 Th QoS 5 k 4
B KAH; QP R AT M55 +E 1 QoS 85 k 4k i Mk 1) 5 /IMI O (Syi) Fe /s I R 55 S ' QoS 5B K 4 Ji kA8 4y Ty
185 5 SC R AR Sk A 2 (2) AT VA
i3 IR 5% 1) IR 45 i B Ak AN R IS 220, B T A3 IR 45 P Ak I R S5 AN ), 36 QoS 25 R AR 3 49 4 I

A1 B0 10 3 I 45 A L AT B v AT 45 0, MTTD 3 B0 K PO AT 45 IR IOA T T P29 24 SR 47 8 BA AU B R X QoS AT
BYAS VR A, LA U QOS 8- SN INF 0 A A A%, Lo, e A AR 52 97 MR 25 00, 70 R 45 VP e T o e A2
(0 ) 7 P 1], 55 55 5 B ) R0 55 B 1500 B30, 25 470 2 0 889 0, 5 A4 B ) 8 A, A Ao i B i) 28 K, LA T 28 €
WA= (3).

At = At + At

At, =(y+1)-At, +t,

x=L,%C, (Yoms)

y=[(Ly ~1)/Cl, Ly =1 ()
S At TR 25 0 I T A 7% 34 45 00 5 6 ), B ph 034 98 O B0AT P R 5, o 9 B0 A, R
54 45 6 4 10t 3 SR A 25 BAT A o T, AT 58 1 B I ) L AT 5 HE BA BA B 47 %5/ 4

(©)
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EH AT 60, 3 3ok 7 2 A B R T DAk A [ 7 Z80PR 2 T P o 9 s (1] 3E T s B 3 R 2% 2 & QoS VAl
4.2.4 )3 M SS Bh A T E OB 5

i e &5 0 B0 B A AU B AR 35— I P I B, = 1 & w20 - 324t QoS et i il it ik
KRS A N & T & EL A B AR 2 P BT W A H R R A S R A B, SIS i
850 R AR BSR4 3 R 4 B T LA AR TR, g {5 T R B A AR 158 1 i o 36 AT 45 R T U
I 45 4 I B0 g NGRS IR 454 T 25 BRI 55 AN B0 . R b, 728 7 ) e IR 45 2 28 1R 3 B A 5 2 A 780 4 8 =X(4):
Object Min[Wl-iZn:U(Sji)+W2-izn:L(Sji)]-xji

=i i=1i-1

N n
Subjectto »°>"q,(S;)-x; <Cons,, 1<k<r 4)

j=1i=1

n
lexji =1x; ={0.1}

Ferprr R e g5 1 QoS TR MEAN Kk R B K 4 J ;U (Sji) 4 7 3 IRk 55 Sy A9 280 B B (Ph 1 AR STk ) 2 3
M QoS $5kx, HRH A K (2)#EAT v 57, Hort QoS MU REAT B MU A AL); L(Syi) & 7= il i I 55 S;i ¥ 24 T 57 28¢; Cons,
R ke R PER LA X A PR EAR T X=1 RO % S B ;=0 R IG5 S AW Wy Al
W, B, H Wi+Wo=1.

RS B 20 D 4 0 e 420 e SR ST SRR LS BRI AT SR gt T 1k A JR BB 1) R 45 AL T LR ALl
NI R 55 190 246 v 48 5 — S AR B /N TR IR 95 2 e A2 3K B PR AR B 8 B D 2 =X (4) v 75 EARAL ¥ B b v . B
ATMBBEAE 38 JI 55 W0 5 v A AN TR IR 2579 R A e AT . B RAT 25 B g, 24— ME S5 AT 58 N, B
B RN M S5 TR A G AR ST, R B M S5 AT S AR I R K B A SR SE I L S 3, A A s B
LU

o L, AT ST T P 55 AT IR (Ttars) B E I3 AT 55 2 T=(Ton, Trnets oo To) o He P, Ty 0 i 404 T

M AT 45 Toea~To A ARBAT BIEALS5, FARE T 1P S (0BG IR 45 4L 1 C°=(Cn,Crpan, .., Co) (5 1
1T 3 24T);

o JLURIRHEAT B AR MR 55 Ak 1 b AN e g% Sy 9 B30 Ly, JF AR 49 47 38 A S0 2 0 36 i 45 1) QoS AT

A VAN, FEHT IR 25 -G AN HEBE MatrixC(38 3 17~%8 10 4T);
o RJEHE T R R R AR BV AN 3 R 4% 1 % v i H il A G AT 45 A9 R Consy BIAR B B/ O IR 55 4
SC=(S;i,Sjs1i- - Smi) (5 11 AT~ 13 47);

o A RHIEALSS Ty HHIEIRSS S shAYE (3 14 17).

HiE 3. GRS ML

fiin NI A 25 AT RS Totarus, TG AT 55 29T Consy_m, IR 25 415 A0 4 MatrixC.

ity R R R 45 S5
1. T=getExetask(Tsatus)

2. CS=getComunity(T)

3. FORj=mtondo

4 len=getLength(C;)

5. FOR i=1to len do

6 Lji=getLoad(S;)

7 QoS;ji=updateQoS(L;;)

8 END FOR

9. END FOR

10. MatrixC=updateMatrix(L;;, Q0S;i)
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11. MinPath=minPath(MatrixC,Cons,_,)
12. SC«MinPath

13. S;;«-SC[1]

14. Return S;;

5 RES5SH

AR AR IR 55 R T 7 A A R 0 AN B B IR 5 A A K R A A T 8
UEAS ST 3 IR 55 A1 A B I N 735 A RPE, ASRGE 2L T A 1) FEURE 2 3~ 6 D4 FE 0l H B, 11 & rh il 28 1 1 1)
FLBR A BTN B R LB BE TR 55, B TSI S5« A BT R S5 R R IR 55 v SR 5% 1 B T R AR K S i
VAL RRAZ 70 W7 I 55 T2 BERT - F AR AF (K05 0 20 A R sl g 2 o0 e IR 55 2 B — e sk pr e R i 5
HOr) ) AR AR B AR R, B vk N RO L 2 R U TR B IR 5%, S8 BT AR 5 AT LR
Bl 7 RGN R G BEE IR 55 4L G 000 0 M 55 4145 G MR SVE HEAT IR B 6 O — > Se R I ke AR
FIRGBANNL SR I T 16 MBATES (1) R51T5 S ikit;(2) RIIHLEh AR ,(3) R GI LM A AL,
(4) REIHUHARAZ; (5) b G B ) 23 BT;(6) M 5156 15 4 22 4 B A bU S A% (7)1 51 e 28 i B i 2 A
(8) T IR A A H5T,(9) MRS A A vE 5T (10) MG IAN 224 2 A AR KU T, (1) B 5] A 2 44 0 DR 8 AT A
#;(12) R He M (18) R R AA W (14) B EE R EOH S (15) BRI S ) vH 5 (16) g1
PERA%.

LIEMIX 16 ANV SS, T 2 AR (K5 16 AR 254k [T o i 5 3 0 e vk I 5%, AN IR 5 AL L 5 2 A
L REAH [A] BRAHEME. QoS AN[A) i Be v e 5 i 4, ¥ oA 5% 2 o LE VS50 5% BEVH AR 55 4 7 2830 H 20 BT IR 55
BEAESS 7 s S AN S5 B 6 S N 0 S 2 B P Tk 5 440, mT LA P SCHiR [29] 4 77 7 e fb S 161 7
P BT G5 A8 5040, T v LUR RRAE S5 3~4E55 5 & JF, A4 QoS fishr AT BRI 55, Rk kW 2%
SCHR[29],3Z HUAN PR IR ABAT— SR A2, B 3 S (R Fe S5 A B Uk 7 (6, LT AN 2 S8 i SE 3 R0CR.

Fig.6 Design task workflow of elevator’s towing system

6 I EM RG] RGBS T

Fig.7 Task sequential structure
K7 AR50 4
51 REINERE

L IREL 4 — & ThinkPad SL400 CPU/4G/32 {i/Win7. JT 4T 1i E S ¥ 34K Fl Matlab2014a 5¢ sk fif, A4 5z
BSHNE 1.

i BLE I AR 2 B8 3 bt e AT B BV 1 AR U A o 3 IR 45 3 A4 R JBE SRR AT I 4% 41 & AR T R
A REAT E B 2 (TPMSCSAA); 5% 2 Fc il it 1 45 A U 8 SEVR AT I 25 4145 (AN O — Mok SR FH SCiR[6] 42
k20 L4 JR I A $32) A o 2B I SR B FE 11 (global-replanning); 59 3 S SCHR[12] F) 3 AR 2 6 502 0047 1
G520 4 1T IOR 5 BOEN L B 8 3G, O T AR I A L RVE 3R AT B UL B (LADSSM-replanning). i 5 55 5 5
1s B — KK, LT 50s, 52 50 H i 25 2 AT 100 IR I3 (E.
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Table 1 Main experimental parameters
F1 TESIRZSH

SIS E Z
I A 55 7 3 BB A (1) 10~100req/s
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(1) G A S5 HAT BEZh # (Ronesr)

38 A 25 R AAT RC B 4 2 4 Tk A2 i 213 P QOS24 BRI EAHT 5 B ) 1 3 A 55 i oy 1 EEA), 42 23 X (B) T 4
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Fig.8 Excution success rate of manufacturing task
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Fig.9 Load balancing of manufacturing service community

9 i g AL A s B i

HE 9 mI %N, TPMSCSAA BNt 57 481 J& f e 4k g 07 & 4%, 2 Ik LADSSM-Replanning %7 ,Global-
Replanning 4% 72 ZEAK 778 T (4 9(a) M1 &l 9(b)), TPMSCSAA £ F1 LADSSM-Replanning SiE7EE 1T — B
NP ) I, 7 38 350 1687 2 36 (R R A KT S R PR A 00 I 1 o B VR A8 5k 6 28 L 4% 38 1 BB g AR A SR 136, TPMSCSAA
SR T LADSSM-Replanning 532, Kk 1 4 %o 83 i 45 199 2% 0 19 573 EA U R0 45 /9 30 &5 QoS [ b AT T4t
A, 1 J5 AU o 3T R ) QoS HEAT MR 45 10 3l 24535 I, IRT U 67 28 11 A0 A0 A5k AT N 5 22 B 5 67 4 ) 484
0 2 A A (R 9(e) AN 9(d)) A vas S (8 9(e) A IE 9(F)), TPMSCSAA STiEA 34 i oy Bt HL A7 5 34 1 155 A %
GREAE T AR B R AR REAE 1 B U R AR S B S A R 3 R I A B LR R e 40 Bk QoS R AR 15

i) 28 97 248 K ZEARAIE QoS ¥ A2 23K [ BT 32, TPMSCSAA 5925 1 16 5 YR 0 1A IR 25 3k i 41 35 % QoS 1 5.

(3) 4R T B B4k BE 1(GALQ)

4 J& B BB BARAR Fit 3 22 703 o) 1 i Al 55 1) 4 v 45 I 25 4 A5 6 28k BA A7 F O AR R B AR SR 4 ) 7 Bk BA

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn




FRA F AT A EAR & F SRS BiE 7k 3369

BSIKCRE G AMIEN 45 MTHCRE Noongued SCPIAERFUEAT 5. 2 BB DA 1 K TV 8 25 A5 B
T L 1T 5 00 0 B 4T 44 5 1O T/, 1755 BT AR BEREL 200 S B B K
RER: 4 S TYHEAT H 5 (Lo mum 675 13 B 0, Qu 7 1155 545 B 51 K1)
Go, (0= 2,Q,(i1) )
i=1
SRR 25 R F T A L W 51 2 TR A 605 24 2 4 T AR Y SR
TS 0T 45 0K BB B 0025, 0 2 0 45 LR, 22, LR 4 3 ()7 151
o L L) =l
N gongest (1) = éa(l’t)' where a(i,t) = {0, LGy <1

& 10 b AR I ZI (B m=20,n=50;1=30,60,90req/s) | [ 4= J= f1 28, H B\ A 514 B A1) 8 Bl 4515 s B H

®)

&0 10
55 % TPMSCSAA=I0) & TPMSCSAA(A=0}
A~ TPMSCSAA{N=B0) ¥ —e- Globat-Replanning{h=30) g R |
S04 —4— TPMSCSAAIN=G0) 5] —v— LADSSM-Replannng(A=30) v .
454
2
5 0] - (_. . { " - T L
E a5 1 \ | [\ o M oo o a8 sas sw
= € { 1 1 B ! 3
= ¥4 % [ ) P TR TR ! in 8 "l
= 254 s | ¥ w 1
5. e ‘.“" ¥ LS 4 -‘ 4 = 4 . . L]
= 5] 1 i ST | P I £
& o] 3 RA . -.,"*“.: W 2 et yy ¥ oy !x!*
o - . - - I\ AEFA! ATATAW|
5] F ot % oad e s ‘:_ - 1] *prvy seyr o o0 00 ﬂyi'_wmmitv'ﬂ'
- * Y . - IRRYRAY [\ )
0+ f‘ﬁ‘:‘o‘tfo"“f ‘v':‘ ‘T .c.? 0'.?0‘0'9 o:’o.oT 0 ,
0 5 10 15 2 25 30 35 40 45 5O 0O & 10 15 20 25 30 35 40 45 S0
i i {s) i [i){s)
@) (b)
1600 45
- Global-Replanning] d=30) +- TPMSCSAAN=60)
W00 = Global-Replanning|A=60) 40+ -~ Global-Replanning(h=60)
4 Global-Raplanning| A=90) £ - LADSSM-Replanning(A=60)
1200 4 P LT T 3#4 .
= o ton,
b} i u - 30 e at®
2 004 g ; ._. L
£ i A
= o i #9 P o L
o 09 ¥ e £ . w e
= P ~ R o 1 A,
= 4 L - 1 I\ \
! ol -~ w154 .
p=] £ & Y .
- = F ™ v\, T
-~ - / v | ] Ly
# o 8 et BHTAL" LR
] - 5 ! LT L o
e - oW
L T T T T T T T T T T a [ T T T T T T T T T T
1] § 10 18 20 26 M 35 40 45 85 [} 5 Al 1 20 28 W 3B 4 45 50
Bl (s) i E){s)
(© (d)
BOG
-~ LADSSM-Replanning]h=30) + TPMSCSAA(A=D0)
o —T— LADSSM-Replanning{h=60) 504 - Global-Replanning(h =80}
4= LADSSM-Replarningh *50) ¥ LADSSM-Replanning(A=10)
600 - .
= 50 4 )
g crpren? AT gy & puy o .
= 500+ Sat ;; o F LR WY
- I x40 - - L] T
= o = W ' » A
5 400 = \
- ‘!"“ L '.'.'-' L] .
- ¥ — /
- . " b ¥ e e E o e 8 g P ™ ¥
= ¥ . i ) & s Py ix 2o b N\
¥
3 10
100 4 L.:,.-’-
W 5

O 5 0 15 20 25 30 35 40 45 80 @ & 10 15 20 28 30 3B 40 45 50
it4 il{s) W filgs)

(e) ()
Fig.10 Global optimization capability of load queue at different task arrival rate

10 AFAAESS 2R RN 42 )5 R BA S AL BE T

i/ 10(a). K 10(c). & 10(e)nI %1, TPMSCSAA Hy2:%F 4 Ja HEBA BA &1 B AR Ak i oz 8 v T H AR WA LV,
5 1 I ) PR gl A 7 28 A A 5 R R s 1R A B A8 13 AT 45 B K (A=90) I 154, TPMSCSAA 5
VRIS BEAS A7 2 HE BA A K RS Al - 578 35 | N, 1 Global-Replanning %91 LADSSM-Replanning [ 52218

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



3370 Journal of Software 334k \Vol.29, No.11, November 2018

43 92h 1150 F1 550 Ze A7 v Wi AR S e AT IR 45 P9 45 1R R ARAT: 25 S AR B /I T BRAIR T $ 33 QoS (i
I TR0 ) () 53 1 38 v 77 IR 55 0 488 TR BRAT R R A AT 45 IO BAT e T . R, B 8] 10(b). &l 10(d). &l 10(F)mT 4,
TPMSCSAA V5 BE65 1 R08E G e 45 717 557 A9 2 30 b 5t S 3k BA S I 4K, 9 S A B QoS i 45 (1) ek J5 1 £
TR 25 0 2% 7 85— IR 0 A0 8 90 80 g R A R £ i

(4) i MR 45 41-6F 44 QoS MU (AUqes)

P34 QoS A4 FH A& FE X T AT BUAT R 4 13 AT 55 7 6f I 09 1 IR 45 44 191 QoS 4% FH 19 - 35948, 3 22 X (9)
HAT V5

_stu (SC);

AUy = N

)

FLrr N 275 0 A2 3 B3t QoS 249 2R I I3t AT: 5% Kl ; U (AR 3 IR 55 21 5 1Y) QoS AU, HoAf #2 4 X (10) v 54

U(se) =y ARy
5QSC™ - QSC;

Jerb a(SC) K7 ik 55 20 &5 45 k 4 JE AR, QSCY™ Ao B A7 AT e Z B il 3k Ak 55 28 45+ QoS % k 4k M de K
1, QSC™ o T4 AT HL h 1 1 1 R 55 414 o1 QOS 585 k 4o P £y S /I 1. 1 - A SCE I 2 40 W 9 s, i 24 5
(10) T 545 B AU IR 25 415 QoS fE /), AR QoS DLAL R M . K 1, AU gos ARSI B F A2 4 b A BIL T i3k e
55 45 HAEAT QoS MR AE 1. I 11 2 3 Pl B AL A R 38 AT 45 B ik A R {9145 QoS A H.

oFo

(10)

+— TPMSCSAA

pes4 —*— Global-Replanning
= —»— LADSEM-Replanning
-.t;) LR
8 T
2 =i _
5 055 -
40 A
& 0 /"f
= D45 &

.40 T T ¥ T T

a 20 40 B an 100

Bl (4 TR 3k ¥ (regls)
Fig.11 Average QoS utility of manufacturing service composition
K11 i iR 55 41512 QoS AU

Ph P 11 AT 40, BE 2 AT 4% - 34 154 3 R (¥ 384 i, Global-Replaning 55 F1 LADSSM-Replanning 532 1 7+
TR PR AEA>40 22 )5 Z I H A [R] 14 A2 A 34 1) 32 IR 25 20 45 1) S 24 QoS 77 AR DKl J8E 1) 3¢ 31517 TPMSCSAA 5
TR TR AT T A, HlE R 25 45 10138 QoS FFEENE BE IS (A>70) 1B Mk T 1 R AE £ 3R R (A>90) B
TPMSCSAA FE L3 e T~ H A PR 075 i DRI T 7009 A2 s 3 s QO'S 24 3, R IE 4 Jd il 325 A 45 IR AT 1 Ty 6 1)
Hi 2 T, TPMSCSAA Bk 8 T ek 1 1) il i IR 55

6 LHIERARKMIE

ASCUAS IR 2 BRI A0, DE ST T 2 13 28 48 38 A 45 45 136G A 95 1R 3 2548 B M2 T Bh A DL 1 19 25 PELiE
BT LT 4R T — P = B ) 3 A 55 41 & B8 N )5 VA (TPMSCSAA). 1% 5 i fE i 1 i 4 280 BA 1) A58 11 )
QoS AT A VAL, LA A BI2S QoS LAk HAR, K fae DL il 3 1 55 4 1 I U4 A DAy i 3k ik 55 I 46 v o it A2
(K39 2R, S T3 A 55 110 3 2 e 2. T I R S I S B 1 1 36 1 55 4% S R0 A1 3 e 5573 B 80 24 B T3 A 55 1 4%
I3 R 55 190 226 AR I i 50 24 T R S0k S DL I 25 4L 5 140 1 9 0 0 G e 0 P o e o e 5% 41 45 PO S 31, 7
ARG HAT BT R 3 55 Ak S B L 42 ) S BB BT AR 6 ) A0 ikl 3 1 55 41 5 ~F 35 QoS ZHIEW] T
TPMSCSAA XS Bl A P05 B AT R UF ¥ 138 N BE ) AELAF— SR 1K /2, TPMSCSAA AU ] LIS I 15 HLBh BE TR 55 2
SRR A 3 B 5, AR T DA T LR Jon T A Al o P A e U, R R R S5 AT BA S A R O 1 R

© TEBREEEEIEDT  htp/ www. jos. org. cn



FTIRA F A THALRRNLY S RSEL HERF % 3371

AT A A F R 25 B TR A LR TS B4R ) B i3 b 45 S R o s 0 1900 745 50 B Jin 4 %5 TPMSCSAA 7] LUK 3 5y
AW A5 B RIS

FK M TAERE R LU R LA THER AR (L) BT A E)A QoS Ak AL LU & e 1. i i) F AR, N — 2B 45-4F
FEH A QoS Febr, inrlFEME . I BE S S 2 MM 2C R A TH B3I QoS BEA (1 3d FH 5 (2) #E— b1 70 R 45 9 4%
G RE M (T AR A BSR4 AL R Sk 13 N YRR T AR AL

References:

[1] Xu X. From cloud computing to cloud manufacturing. Robotics & Computer Integrated Manufacturing, 2012,28(1):75-86. [doi: 10.
1016/j.rcim.2011.07.002]

[2] LiBH, Zhang L, Wang SH, Tao F, Cao JW, Jiang XD, Song X, Chai XD. Cloud manufacturing: A new service-oriented networked
manufacturing model. Computer Integrated Manufacturing Systems, 2010,16(1):1-7,16 (in Chinese with English abstract). [doi: 10.
13196/j.cims.2010.01.3.1ibh.004]

[3] Tao F, Zhang L, Guo H, Luo YL, Ren L. Typical characteristics of cloud manufacturing and several key issues of cloud service
composition. Computer Integrated Manufacturing Systems, 2011,17(3):477—486 (in Chinese with English abstract). [doi: 10.13196/
j.cims.2011.03.31.taof.007]

[4] Zhang L, Guo H, Tao F, Luo Y, Si N. Flexible management of resource service composition in cloud manufacturing. In: Proc. of
the Industrial Engineering and Engineering Management. 2010. 2278-2282. [doi: 10.1109/IEEM.2010.5674175]

[5] Lu Y, Xu X. A semantic Web-based framework for service composition in a cloud manufacturing environment. Journal of
Manufacturing Systems, 2017,42:69-81. [doi: 10.1016/j.jmsy.2016.11.004]

[6] Chafle G, Dasgupta K, Kumar A, Mittal S, Srivastava B. Adaptation in Web service composition and execution. In: Proc. of the
IEEE Int’l Conf. on Web Services (ICWS 2006). Piscataway: IEEE, 2006. 549-557. [doi: 10.1109/ICWS.2006.22]

[71 Zeng L, Benatallah B, Ngu AH, Dumas M, Kalagnanam JR, Chang H. QoS-Aware middleware for Web services composition. IEEE
Trans. on Software Engineering, 2004,30(5):311-327. [doi: 10.1109/TSE.2004.11]

[8] DaiY, Yang L, Zhang B. QoS-Driven self-healing Web service composition based on performance prediction. Journal of Computer
Science and Technology, 2009,24(2):250-261. [doi: 10.1007/s11390-009-9221-8]

[9]1 Shang ZM, Cui LZ, Wang HY, Shi YL. Research on exception handling of composite services based on compensation business
process graph. Chinese Journal of Computers, 2008,31(8):1478-1490 (in Chinese with English abstract). [doi: 10.3321/j.issn:
0254-4164.2008.08.017]

[10] Zhang MW, Zhu ZL, Zhang B, Zhang YS. Composite service runtime adaptation approach based on EQ rules. Ruan Jian Xue Bao/
Journal of Software, 2015,26(4):849-866 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4750.htm [doi: 10.
13328/j. cnki.jos.004750]

[11] Lu C, Jiang W, Hu SL. Dynamic environment-oriented self-adaptation of service composition. Chinese Journal of Computers, 2016,
39(2):305-322 (in Chinese with English abstract). [doi: 10.11897/SP.J.1016.2016.00305]

[12] Zhu Y, Li W, Luo JZ. Multi-User oriented load-aware dynamic service selection model. Ruan Jian Xue Bao/Journal of Software,
2014,25(6):1196-1211 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4456.htm [doi: 10.13328/j.cnki.jos.
004456]

[13] ‘Yadekar Y, Shehab E, Mehnen J. Taxonomy and uncertainties of cloud manufacturing. Int’l Journal of Agile Systems &
Management, 2016,9(1):48-66. [doi: 10.1504/IJASM.2016.076577]

[14] Liu W, Liu B, Sun D, Li YM, Ma G. Study on multi-task oriented services composition and optimisation with the ‘Multi-
Composition for Each Task’ pattern in cloud manufacturing systems. Int’l Journal of Computer Integrated Manufacturing, 2013,
26(8):786-805. [doi: 10.1080/0951192X.2013.766939]

[15] Guo H, Tao F, Zhang L, Laili YJ, Liu D. Research on measurement method of resource service composition flexibility in service-
oriented manufacturing system. Int’l Journal of Computer Integrated Manufacturing, 2012,25(2):113-135. [doi: 10.1080/0951192X.
2011.596572]

© TEBREEEEIEDT  htp/ www. jos. org. cn



3372 Journal of Software 334k \Vol.29, No.11, November 2018

[16] Su KK, Xu WS, Li JY. Manufacturing resource allocation method based on bi-level programming in cloud manufacturing.
Computer Integrated Manufacturing Systems, 2015,21(7):1941-1952(in Chinese with English abstract). [doi: 10.13196/j.cims.
2015.07.029]

[17] Liu W, Liu B, Sun D. A conceptual framework for dynamic manufacturing resource service composition and optimization in
service-oriented networked manufacturing. In: Proc. of the IEEE Conf. on Decision and Control. 2011. 118-125. [doi: 10.1109/
CSC.2011.6138507]

[18] Liu B, Liu WN, Sun DH, Zheng LJ. A self-adaptive dynamic service composition and optimization framework for manufacturing
resources. China Mechanical Engineering, 2012,23(10):1187-1193 (in Chinese with English abstract). [doi: 10.3969/j.issn.1004-
132X.2012.10.013]

[19] Mourtzis D, Vlachou E, Xanthopoulos N, Givehchi M, Wang LH. Cloud-Based adaptive process planning considering availability
and capabilities of machine tools. Journal of Manufacturing Systems, 2016,39:1-8. [doi: 10.1016/j.jmsy.2016.01.003]

[20] Ma WL, Zhao YW, Wang WL. An adaptive adjustment method of composition exception for manufacturing cloud service. China
Mechanical Engineering, 2016,27(6):1-7 (in Chinese with English abstract). [doi: 10.3969/j.issn.1004-132X.2016.06.013]

[21] Tai LJ, Hu RF, Zhao H, Chen CW. Multi-Objective dynamic scheduling of manufacturing resource to cloud manufacturing services.
China Mechanical Engineering, 2013,24(12):1616-1622 (in Chinese with English abstract). [doi: 10.3969/j.issn.1004-132X.2013.
12.012]

[22] Li JS, Wang AM, Tang CT, Lu ZB. Distributed coordination scheduling technology based on dynamic manufacturing ability
service. Computer Integrated Manufacturing Systems, 2012,18(7):1563-1574 (in Chinese with English abstract). [doi: 10.13196/
j.cims.2012.07.222.1ijsh.025]

[23] Alrifai M, Risse T. Combining global optimization with local selection for efficient QoS-aware service composition. In: Proc. of
the Int’l Conf. on World Wide Web. New York: ACM Press, 2009. 881-890. http://www.jos.org.cn/html/2016/2/4847.htm [doi: 10.
1145/1526709.1526828]

[24] Tao F, Guo H, Zhang L, Cheng Y. Modelling of combinable relationship-based composition service network and the theoretical
proof of its scale-free characteristics. Enterprise Information Systems, 2012,6(4):373-404. [doi: 10.1080/17517575.2011.621981]

[25] Zhang XZ, Lv TY, Zhang B. Modeling complex collaboration network for service-oriented software based on execution behaviors.
Ruan Jian Xue Bao/Journal of Software, 2016,27(2):231-246 (in Chinese with English abstract). http://www.jos.org.cn/1000- 9825/
4847 .htm [doi: 10.13328/j.cnki.jos.004847]

[26] Kil H, Oh SC, Elmacioglu E, Nam W, Lee D. Graph theoretic topological analysis of Web service networks. World Wide Web,
2009,12(3):321-343. [doi: 10.1007/s11280-009-0064-6]

[27] Cheng Y, Tao F, Zhao D, Zhang L. Modeling of manufacturing service supply—Demand matching hypernetwork in service-
oriented manufacturing systems. Robotics and Computer-Integrated Manufacturing, 2017,45:59-72. [doi: 10.1016/j.rcim.2016.05.
007]

[28] Tao F, Cheng J, Cheng Y, Gu SH, Zheng TY, Yang H. SDMSim: A manufacturing service supply-demand matching simulator
under cloud environment. Robotics and Computer-integrated Manufacturing, 2017,45:34—46. [doi: 10.1016/j.rcim.2016.07.001]

[29] Ren L, Cui J, Wei Y, Laili YJ, Zhang L. Research on the impact of service provider cooperative relationship on cloud
manufacturing platform. Int’l Journal of Advanced Manufacturing Technology, 2016,86(5):2279-2290. [doi: 10.1007/s00170-016-
8345-6]

[30] Lin C, Chen Y, Huang JW, Xiang XD. A survey on models and solutions of multi-objective optimization for QoS in services
computing. Chinese Journal of Computers, 2015,38(10):1907-1923 (in Chinese with English abstract). [doi: 10.11897/SP.J.1016.
2015.01907]

[31] Zhao L, Lai YC, Park K, Ye N. Onset of traffic congestion in complex networks. Physical Review E Statistical Nonlinear & Soft
Matter Physics, 2005,71(2):N0.026125. [doi: 10.1103/PhysRevE.71.026125]

[32] Zhang L, Luo YL, Tao F, Li BH, Ren L, Zhang XS, Guo H, Cheng Y, Hu A, Liu YK. Cloud manufacturing: A new manufacturing
paradigm. Enterprise Information Systems, 2014,8(2):167-187. [doi: 10.1080/17517575.2012.683812]

[33] Tao F. Modeling and dynamic characteristics of manufacturing resource service composition network based on BA model. Journal
of Mechanical Engineering, 2014,50(24):136 (in Chinese with English abstract).

© TEBREEEEIEDT  htp/ www. jos. org. cn



FHRA AT A RE R LB LIRS0 HIER R 3373

M3 HR 32525 Sk
[2] A% ok, T e, B Y I, 2 P AR I, SR B TR 2 3 — T 1 JIR 45 () ) i Ak i T A L T S HL A R 3E R 4,2010,
16(1):1-7,16. [doi: 10.13196/j.cims.2010.01.3.1ibh.004]
[31 M %, 5K 3%, ¥4, Bk 5 AT A 2 T R AE B 2 R 25 A 6 % it 1) fBURIE 5 U B MBI BT 3 R 48,2011,17(3):477-486. [doi: 10.
13196/j.cims.2011.03.31.taof.007]
[91 8B AE 7 I, E W, KRR TRl 55 A B P ) AL TR 45 e o AL B 5 VAT S v LB A% 9, 2008,31(8):1478-1490. [doi:
10.3321/j.issn:0254-4164. 2008.08.017]
[10] 5K I T A& W, 7Kk, R AL — R AT EQ MU B 2H 5 IR 55 1847 I 1938 )3 J7 V& 4R A1 % 4%, 2015,26(4):849-866.  http://www.jos.
org.cn/1000-9825/4750.htm [doi: 10.13328/j.cnki.jos.004750]
[11] B =, 20, 0% s AR T 1 3 4 B8 10 &2 4 i 45 B 38 N J7 50 5T HL 4% 3R ,2016,39(2):305-322. [doi: 10.11897/SP.J.1016.2016.
00305]
[12] K55, 240, 2 S i 1) 2 H I 588 g 3 A IR 55 16 A0 AL R 27 10, 2014,25(6):1196-1211.  http://www.jos.org.cn/
1000-9825/4456.htm [doi: 10.13328/j.cnki.jos.004456]
[16] RS, R SO, 2 8 55 23 S PR G T B T 002 BRI 0 R A TG 5 vk o SOPTLAR i i R 4,2015,21(7):1941-1952. [doi:
10.13196/j.cims.2015.07.029]
[18] a7 VA AR, [ 38 1 )3 YR B A k55 41 S LA HE L. b [ AL To7¢,2012,23(10):1187-1193. [doi: 10.3969/j.
issn.1004-132X.2012.10.013]
[20] Shoc e B, 07 R G 2 IR 55 4145 S O N A Ty vk b [ LA 7R ,2016,27(6):1-7. [doi: 10.3969/j.issn.1004-132X.
2016.06.013]
[21] ABWE T, B I X ks o 7 A T o) 2 s IR 45 PO )3 8 U 22 HL B sh A DL A6 R B2 b [E LR T7%,2013,24(12):1616-1622. [doi: 10.
3969/j.issn.1004-132X.2013.12.012]
[22] Z=50A, £ I R G0, 07 i 5 0k T30 25 W8 U5 AR ) IR 45 100 43 A =X B () U B e R T S BL AR R I R 4,2012,18(7):
1563-1574. [doi: 10.13196/j.cims.2012.07.222.ijsh.025]
[25] KT, BRI, 5K TR 45 A8 FLAT A IR 52 2% IR 55 00 [ 90 49 AL 2 7 2 9, 2016,27(2):231-246.  http://www.jos.org.cn/1000-
9825/4847.htm [doi: 10.13328/j.cnki.jos.004847]
[30] k=), Bk, 3 55k, ) A AR R 45 1 30 b IR 45 it 10 22 1 A B Ak 4SS 28 55 SRARFF 9. 3 S ML 22 1%, 2015,38(10):1907-1923. [doi: 10.
11897/SP.J.1016.2015.01907]
[33] K& &.JET BA BB ()45 5 R MR 55 A1 A5 0 48 A 5 ) g 2 R PR 9 WUBE TR 2% 41, 2014,50(24):136.

2

FRA(1989—), U W vr il A 1 A,
FEWFFAICA = i, HE I AE Bk, 5

% TS (1977 —), 9, ¥ & @l #4% CCF &
45 b, 2 BT AIEC = oF HL IR S5
BT

HRERR(1992—), 55, 1l 1 2E, = L0 TTAK
Az i, AR S

=6 (1974 =), 5 o T, 1 e A i,
CCF k2% by, T LW 5T A 1 Rl i,
HLE L.

B W (1965 —), U, 19 4, #4047, 1 A S,
CCF 24 by, LB R AN =5, =
i3 B Rl B R4

© HFBIERAIEIFIDN  hipsswww. jos. org. en



