%536 % 4 9 W o ML M TR Vol.36  No.9

20254 9 H CHINA MECHANICAL ENGINEERING pp-2097-2107
T R-GRA (25 1 3 U 7 IR 45 437 41 BF 5

FTRIFARXFIHEEFR, )R ,400067
WEASHAEHEEX THRRS ZAFNIRTAEEGFNHFLRR AT FNEEL
ARSI EF MR E T — A TR K EEBRESH(R-GRA) 8 = 51 2 W FUR 4 £ 63047 5 %,
R GEEBEFRERSERGAETRD BFEN AR KRB AR THELRRES . %
GAEZTOLSATHRIFOERNEDRRS A FNIRIRAR A AMACEE TR E ARG, #
JE BB 4 ARG AL A2 P IR A5 B A A S R R, M T A T R-GRA 89 = 4 i ¥ B IR 4
ERFMARE . FBLRA LR FNBARERE . E SRR S L ARAK KN £ R &K ARk

K 2 il 1 5 PR IR S5 A VRO FE b s AL s RELER - K €2 S K 3 43 By
RESZES . TP391

DOT:10.3969/].issn.1004-132X.2025.09.022 TR (B RRS)HRI2%8 (0SID):

Research on Evaluations of Cloud Manufacturing Collaborative Service
Entities Based on R-GRA

YANG Tao JIANG Fang’

School of Business Administration, Chongqing Technology and Business University, Chongqing, 400067

Abstract: To address issues such as incomplete selection of evaluation indicators and unreasonable
processing of evaluation information in the traditional cloud manufacturing paradigm during the evaluation
of collaborative service entitiess a novel evaluation method for cloud manufacturing collaborative service en-
tities was proposed based on R-GRA. Firstly, by comprehensively considering the production capacity »
economic strength, organizational capability, risk response ability, and sustainable development capability
of cloud manufacturing service entities, a systematic evaluation index system with multiple sub-indices was
established, and the entropy weight method was used to determine the indicator weights. Secondly, taking
into account the fuzziness and uncertainty of evaluation information in the collaborative service entity evalua-
tion processes, an evaluation model for cloud manufacturing collaborative service entities was constructed
based on R-GRA. By integrating the weights of the aforementioned evaluation indicators, the rough num-
ber interval difference coefficient for each collaborative service entity was calculated to yield the optimal
evaluation results. Finally, the proposed model was validated for the scientific validity, reasonableness,
and effectiveness through a case study of cloud manufacturing in electronic medical devices.

Key words: cloud manufacturing; collaborative service entity; evaluation index; entropy weight
method ; rough number-grey relational analysis(R-GRA)

—Jr i T S — A AT S A
Weor i 2 A F W ok R R BT

|

0 3l

DAy Fift R B JI0 A 2% P ) 2 1] AU i B R RLAE
Fy IR IR) 151 365 2 PR S A 4 A 10 2% Al st 455X
RN ET B3 al LR T mHlE e . =
] 15 2 A 8 I 255 b [5] i 3 A1) S AL RE B8 6 2 A
2 ) 3 B IR AT R R AR B AR
F P S A M 450 X a3 Pl R SR A B
[l i 55 A I 2 il i F 5 4R 00 AR 55 10 G B

%5 HHA . 2024- 05 - 19

ES&TBR:HEBHRR IS 71701027)  FHIKTH H R BL 35
4 (CSTB2024NSCQ-MSX0913) 5 T JK T 7 K 2 4F 58 2 Bk 6]
B H(CYS240543)

5 1 55 AT 35 RE 0 A B IR A 22 S L R R
AE T L B 25 D JC B2 558 e 69 P ) AR 55 =4 A5 B
2B 2 1 1 P ) AR R R Y Bk A . S — T
2 5 7 i i W TR A2 7 0 45 B 95 B ACRH L ) 24 LR
ORI AT A — J7 AR A PR AT 55 I A AR AR AL Y
T RE R R P D7 A6 A R R R 3 5
Wi S A 5 G TR o DAL ey A0 R 32 45 3 [
I 55 F2 A AU A 390 95 JR0AS XIS 458 2K O i e A 7
AR X B i 3 A Ml A A% G 1 3 1) Al 55 Y A i
R R AAEEGE X,

IR A Ah 235 5 T = il g A R iRk 95 1K

+ 2097 -



hE LM T AR 28 36 B 2 9 ) 2025 4F 9 H

P 17 A BF 9 S AL S AN A I

D VEM H8 br R R 07 10 . R A #5031 B
] AR |5 AR R A S VR e S R ST T
AT RS R TN CNE R TR ) YN e 11:0 B
Al IR SE ) A R B X ESG AR T AL
H T A ERAE R A R . T8 T 20 S5 A A
BB RE 1 H AR O S5 008 AR A0 A B [ 6 £
PR AT 35 5 5 W6 MR AR ST, B 2 R A R
Az i JE3) L R T TR AR LB T 5 R 55 i
1 G VEAK PPN 8 b M4 R s HU S8Rt 4k i 55
PEAE T Yo T T A B IR 45 0 Bl L 7R s LT
SEVE A VR R S R g5 ) SR R A 0 T AN A
R, ik SOk B K B R A BT 5% AE AN 4R
T A 35 4 A O T A T R R AR Sk AR
5 BRI 2 TF A8 T AT HRESE R R AR A RURS: Ry X
fE 77 %5 07 1 A PR AT AR FE AR AL

VMM I . IS PR
i B 55 AR L 4R TR T B S AR 2 R A M ik
Xt AT 22 5 Ak 7= AR 7R AT 55 0 A ol R AT PR A
TAVAKKOLI-MOGHADDAM 2% R &
o o P S HE 28 5 BB T R 82 R R bR S Bh Pk
G b A B 2 o A R R R IR R X 4
AR — g BB A ol O BT 14 A A K A L 1)
R RS R TR TS R 2
SR VEAN 5 LT W A 2 MR 55 HE AR T SR A
S R R AR RS2 R AT IR R A VAN ik
ST BRSO £ R AE AT K &R s ZHENG
SRV T SR T T R A 19 2 ) 3 QoS i ik A
LIS S ) U R S e B & e oY N Ve
BRI 5% B RSN 8 AR AEAE TE A O 0 LA
S THT 2 R P A 2 %ot A 45 26 AR 1 0 S L S 4
PN AER U

1 =#ERERESEEIFNHETE RN
#y 3

ol e B T g3 Ot ) B R A R L
AR IR] R 55 15 5K ol 2 s 6 VIR 55 4R 10T K
M2 55 5 5K IO7 R . MR 55 % SR J7 16 B S A 7 5K
i 55 42 A 75 J0) 5 1 £ 42 I A 3 e g5 . iR A5
PRJE AR AEF 5 T WL T 3 5 SR O 4 AR 5
i IR 55 B Al s P T i 55 25 4 D i L ) Ji 9 DA
FIRE 1 OIME 58 WA 7 AR 55 B9 b e i . SF B AR
i AT 55 5 5RO B 55 3 B8t J7 #E AT IE AR L A0 2 DT TE JEE
s IS BRSSP R SE . 7R 5 308 T i
% 5 K7 W55 S0 KO- 6 07 LR 2 5 i i B

+ 2098 -

U5 R 55 09 KA PRAL CIC I VLS S T e
i o 0B G HE ER T . & s IR g5 i R
VN

VR
v l ——
e — i — — o T — T 1 n1
: %E@y} Fﬁwwml : : ‘aﬁ%ﬁﬁtfl ‘r?“’ﬁ“" |
- ‘ T
1Bal I " B Ve :
| | | wres | IK‘$; || sk | \Mﬁ?%l
=PI = T
| | = | TR " :
E’ﬁ# l%' = lig, | &lﬁ%{iﬂg—' lieg! »g%éw lmrJ |
1|35 ] 19/} |}
il et "3n gt WD et [ ]|
(BT . = | Topmas! | | WLk | | s l
= B N L
[ | gk
| _®| | | Foemsen ! \ WDD | | !
lmp | Aeieg | lLHﬁE | W%i%l ‘
| | . —;"::-’—’u | o0 37 b
|:§ﬁH | Ea | |L$g§5 | ﬂhE]l ‘ !
R A %_;m_ﬁ., | TR | \ |
L=l b LSRR e | b |

W i K
E1 =HERSREER

Fig.1 Cloud manufacturing service process diagram
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Tab.1 Collaborative service entity evaluation system under cloud manufacturing model
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Fig.2 Cloud manufacturing collaborative service

entities evaluation model
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Fig.3 Evaluation framework for collaborative service entities in R-GRA cloud manufacturing
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Tab.4 Weight information of evaluation indicators
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Tab.5 [Initial evaluation matrix G, for candidate

collaborative service entity X,

VRN S bR il
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7 5 5 3 3
R 5 5 7 7 3
7 7 3 3 5
T 5 7 5 3 3

4) MR 5 B AL 8 0 U 0 R =5 R 8 L O
A 2k R T R 55 2 A 1% 22 3 AR 0L 22 S RO I
mE 7 R,

5) A A5 40 1 B[] IR 55 35 1A 4 DX ) 22 53 AR 4
Dy B 5L IX 8] Vi (D) s 2865 Ak A 315 1
78 5% F RO P02 8 i 7 o 4% i i 3 [m) i 55 3= 44
(0 DX 0] 22 57 R Dy (XS LE AN & 4 fros o 6] 4
7 1A e P T I 55 B A A R A B DX T) DX B

- 2104 -

/N R B 25 PP AN 25 B RO L TP R (T ROR
R 1 5 DX T 55z /0N 1 T 24 A 35 I 1) IR 5% 24

6) AR 45 25 16 £ P 7] e 55 32 44 A9 KL 320 A IXC )
Vo (D) KANBEAT HEFFE GR/INVER G L HEFP 25 5
X< X, <X, <o <X, <X, <<X,., a7 b
R 204 — G Aa br @ VE SR AE R ik i IR IR 95 4K
X, 00X B Ry AT DL 45 41 55 1 AR 7 AT 55 B BT PR
H MRS T

TG LR 5% [ BT 5 AT 5 2~ T 1T
55 6 fige 35k P[] i 55 32 A 1) IXC 1) 25 5 2R 8K, I BE R
& AT 55 v X T 2 S5 22 B0/ 0N 08 T TR 57 i 228 o )
M %5 ERIAT B IF M S R ML IR, —4
JIR 55 = A mT DA FL L 3 BE 0 v N Rl 2 A AR
TAES . AEBEAELD TS T X 25 R
/NP IR S ER S5 700 6 50 8 7 BT 2
FEE P R R . AT S I~ T AT 55 6 K e
[] ik 95 5 14 DX T] 22 5 R B DX 45 R an il 5 R
Horp IR AR 7 & AT 55 PoMLIL 3 dc /N 19
TE R ) IR 55 244

8) K& ToHL i Fb X [i] i /)N B i U], DA 6 A4S F
AT 55 B4 0 8 I [] IR 55 2 4 v P 32 1 K 30 S IXC ]
INEY PRI IR 55 B4R . MRAE VAN 25 R A S S )
¥ B R 45 EAR N X X0 X il Xy, A ETRS
55 W R] s 04 R 45 R VEAN 45 SR A0 2 10 FTR .

i A IR D~ IR 8 W PE N R . 2 ] 1
BN Z AR BEIT A R AR # e T 2K E1EA
b I 88058 BT B [ AT 55 . 2400 0 B 4 R
M LA SCHE 3T R-GRA (19 2 i1 3 B [A] IR
55 FARPEO 5 A 2B i o B R A P
R 5

4 Hp

DS T oz il i B[R] AR 55 32 A 0F #4581
R RXEERHIEWRIR 55 BRI E R &
TRRE ) JALURE 1 XU IO %o RE ) AT R S Ji g
NERR AT 20 0 —%d8br 5 7240
AR R 0 B[R] I 55 AR IE AN 58 AR AR R L S A
AT 2l i B R AR 55 A D 3 B S PR OR

2) R T B TORLR - K (8 SR BE 23 A 14 IR
i 55 2 PR DO A5 Y fo P ) A 55 = AR D o o 7R
U M S T VA A SR L R T I R
4 HE B P8 L R 2 B ER BT R P ) e 55 AR 4R
BT TR A R AT B DT 5

VLA Z 2y I BB S L BRI e O™ b 2 il 3
DG B UE T AR SCRT 4R Y O 1k SRR A S B



T R-GRA W = il & U R iRk 55 ARt i —Ha ik 1557

x6 WHERGAEMEER

Tab.6 Comprehensive evaluation matrix by review experts

R R 55 = 1k A B C R S T
X, [4.49.6.28] [6.49,8.28] [4.55,5.47] [4.49,6.28] [4.20,6.06] [4.64,5.50]
X, [5.13.5.64] [4.54,7.74] [1.72,3.50] [3.66,5.40] [3.32,4.28] [3.93.6.06]
X, [6.30.7.70] [4.49.6.28] [2.84.5.50] [3.64.5.56] [3.93.6.06] [5.32.6.28]
X, [3.34.5.12] [4.30.5.64] [6.49,7.64] [2.96.4.52] [1.80.4.33] [2.44.4.36]
X, [2.54.5.74] [1.64.3.56] [5.34,7.12] [4.88.5.70] [1.32,2.28] [1.68,5.24]
X, [7.08.7.72] [7.72.8.68] [4.81.7.64] [1.08.1.44] [3.16.4.44] [4.36,7.18]

RT BENWRRSEGES RBIER

Tab.7 Candidate collaborative service entities difference coefficient matrix

3[R R 55 1k A B C R S T
X, [1.44,3.23] [0.40,2.19] [2.17,3.09] [0.00,1.79] [0.1.96] [1.68,2.54]
X, [2.08.2.59] [0.94,4.14] [4.14,5.92] [0.88,2.62] [1.78,2.74] [1.12,3.25]
X, [0.02.1.42] [2.40.4.19] [2.14,4.80] [0.72.2.64] [0.2.13] 0.90.1.86]
X, [2.60.5.38] [3.04.4.38] [0.1.15] [1.76.3.32] [1.73.4.26] [2.82.4.74]
X, [1.98.5.18] [5.12.7.04] [0.52,2.30] [0.58.1.40] [3.78.4.74] [1.94,5.50]
X, [0,0.64] [0.0.96] [0.2.83] [4.84.5.20] [1.62.2.90] [0,2.82]

*8 MAULERNERLRHY

Tab.8 Standardized coefficient of differentiation

. A B C R S T
Tk Dx, Via(Dy)
0.417 0.245 0.379 0.117 0.258 0.336
X, [0.13,0.37] [0.04,0.25] [0.25,0.35] [0,0.20] [0,0.22] [0.19,0.29] |[0.482,0.665] 0.183
X, [0.23.0.29] [0.10.0.47] [0.47.0.68] [0.10.0.30] [0.21.0.31] [0.12.0.37] |[0.314,0.591] 0.277
X, [0.0.16] [0.27.0.48] [0.24.,0.55] [0.08.0.30] [0.0.24] [0.10.0.21] |[0.206,0.522] 0.316
X [0.29.,0.61] [0.35.0.50] [0,0.13] [0.20,0.38] [0.19,0.49] [0.32,0.54] |[0.345,0.751] 0.406
X, [0.22,0.59] [0.58.0.81] [0.05,0.26] [0.06,0.16] [0.43,0.54] [0.22,0.63] [[0.233,0.427] 0.194
X [0.0.07] [0,0.11] [0,0.32] [0.55,0.59] [0.15.,0.33] [0,0.32] [0.306,0.437] 0.131
1or 9 MEARSFICREAERZHMEEAERE
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i 0.173 Tab.9 Collaborative service entities interval difference
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Fig.5 Comparison of the differential coefficient D, for

candidate collaborative service entities from subtask 1

to subtask 6

R10 FEZ1I-FESERNERS EEITFMNL

Tab.10 Analysis of the evaluation results of the
candidate collaborative service entities of subtask

1 to subtask 6
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