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Table 1 Information of decoration service modules and module components
D i 0 &
i () ( ) (x107")
I 1 4 20 0.228
1 I, 2 5 60 0.277
I 3 7 90 0.351
Iy, 4 2 12 0.148
2 I 5 3 6 0.133
I 6 5 50 0.295
} Iy, 7 4 46 0.252
Iy 8 5 60 0.261
! Iy 9 8 120 0.360
I, 10 2 25 0.274
5 Is, 11 1 12 0.120
Is; 12 1 5 0.055
I, 13 4 88 0.246
6 I 14 5 74 0.271
Ig; 15 8 160 0.351
I, 16 2 10 0.059
7 I 17 3 32 0.228
I 18 3 68 0.279
Iy 19 5 92 0.197
Iy 20 6 192 0.288
" Ig 21 8 457 0.334
Iy, 22 9 330 0.305
Iy, 23 2 10 0.091
Iy 24 3 32 0.218
’ Ios 25 4 95 0.385
Iy, 26 0 0 0
Lo 27 1 34 0.255
Lz 28 1 22 0.217
10 I3 29 2 9 0.091
Lo 30 2 13 0.147
Iy 31 2 6 0.023
11 I 32 2 8 0.070
I3 33 0 0 0
Iy 34 22 70 0.284
12 Iy 35 17 96 0.337
Iy 36 18 82 0.304
I3 37 5 94 0.323
13 I3 38 2 12 0.113
I3 39 3 63 0.252
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Table 3 Time-varying number of available electricians for decoration service
1 2 3 4 5 6 7 8 9 10 11 12
/d | 0~6 | 7~13 | 14~20 | 21~27 | 28 ~34 | 35~41 | 42~48 | 49~55 | 56 ~62 | 63 ~69 | 70 ~76 | 77 ~83
, 1 2 2 0 0 2 5 1 1 0 1 2
4 . 4.2 NSGAAI
13 436 928 0.9. 0.1. 300
1180 s 1 000 107 s(3 ).
803 s Pareto Pareto
Pn =334 3 (b)
Matlabh2016 Pareto 3 (a) 3
CPU2.7GHz 8GB Windows 10. (b)
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Fig. 3 Initial solution set and the exact Pareto set obtained by NSGA-I
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Fig. 6 Clustering result of Pareto set
( )
5 3
4 4 5
4 K-means
Table 4 Example of decoration service configuration combination after K-means clustering
( ) () |(x107h)
1 Iy Ly Iy Ly Iy I Iz Iy Ly Ly Ly Lim Ly Ly Lisy Lig 1538 68 0.273
K-means 2 Iy, Ly Ly 1y Isy I Ly Iy los Loy iy Loy Ly L Lisi L 1343 64 0.259
3 Iy, Ly Iy 1y Iy Ig Iy Iy Ly Lz Ly Iy Liss Ly Lisy Lie 1204 62 0.237
4 Iy Iy Iy Iy Iy Iy I, Iy 1oz L Iy Loy Ly Ly Liss Lig 760 52 0.207
5 Iy Ly Ly Ly Iy Iy Iy Iy 1oy L Iy Loy Ly Ly Liss L 557 48 0.174
1 I Iy Iy Iy Ly Iy Ioy Lz Ly Iy L Ly Liss L 492 53 0.151
oI Iy Iy I LI, Iy Ioy Ly Ly Lip Ly Ly Liss L 596 46 0.181
3 s Iy Iy I Iz Iy Loy Loy Ly Liw Ly Ly Lisi L 1599 69 0.280
1) Pn
Pareto 334
Pn ;
2) Cu=16.7 Pn Pn =
336. Cy=16.7 Pareto
C,<l16
T,,<70 d Pn=334) :
3) Cu 1180 1 215 Pn
196 240
Ch" =480 e =1 809
Cu Pareto ; Cu
Pn 7  Pareto 1005 1 145 Pn 184
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Fig. 7 Influence of decoration budget on the number of Pareto set
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Table 5 Effect of adjusting the number of electricians on the solution set of the original problem
1 2 3 4 5 6 7 8 9 10 11 12
/d 0~6 7~13 | 14 ~20 | 21 ~27 | 28 ~34 | 35 ~41 |42 ~48 | 49 ~55 |56 ~62 | 63 ~69 | 70 ~76 | 77 ~83
1 2 2 0 0 2 5 1 1 0 1 2
- - -1 -1 - - - - - - - - +2 +2 - - - - - -
N 2) 3 1
Pareto . Pareto
6
Pareto
1) 2 1
Pareto 3) 8 9
2 Pareto
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Table 6 Change of Pareto set after adjustment of electricians
Pareto ( )
Objl / obj2/ Obj3 /
« ) () [(x107)
334 925.413 56.422 0.213 N/A
2
0 0 0 0
-1
3
» 303 862.528 55.323 0.207 100% Pn 303
8 372 971.548 56.688 0.216 99.4% pn 32 2
+2 4
9 Pn 331 3
s 339 933.566 56.525 0.214 99.1% 4
5.2 distance GD) . ( coverage) . ( error ratio
NSGAAI ER) 12) Pareto GD.
(inverted generational distance IGD) .
( hyper volume HV) | ( hyper volume
difference HVD)
NSGAAI 300 1 000
N ( =20)
2o :1) Pareto 7 ; ( =
( Spacing) . ( generational 50) 8
7 Pareto
Table 7 Results of numerical experimental when exact Pareto set is known
Pareto Pareto (5 )
Pareto /
Spacing ) Coverage ER
Spacing :
69 1.79¢ +10 54 4.66 50.6 157.0 4.65 0.05 1 0.74%
75 1.0le+11 152 4.78 125.6 179.2 5.55 0.09 1 0.39%
20 80 3.19e +11 98 2.47 98 177.8 2.468 2.6le-14 1 0.24%
72 3.22¢ +10 64 3.82 60.4 168.7 3.470 0.25 1 1.56%
77 1.17e +11 206 3.22 190.8 199.5 3.430 0.03 1 0.19%
7 GD NSGAAI i ER
GD ER=0
GD =0 NSGAHI
; Coverage NSGAAI Spacing
Coverage
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Table 8 Results of numerical experimental when exact Pareto set is unknown
Pareto (5 )
Pareto /
Spacing GD IGD HVD
s HV2 HV1
184 2.52e +27 363 227.2 435.78 | 0.0106 | 0.001 1 | 0.0552 | 1.0152 | 0.9913 | 0.0240
208 6.42¢ +29 1960 461 492.43 | 0.0216 | 0.0016 | 0.0336 | 0.9883 | 0.9008 | 0.087 5
50 210 1.17e +30 1358 390.8 411.48 | 0.0185 | 0.0046 | 0.0860 | 0.9280 | 0.7037 | 0.2243
186 9.03e +26 570 219.8 384.84 | 0.0213 | 0.0030 | 0.1477 | 0.8833 | 0.6297 | 0.2536
183 8.12e +26 453 193 420.66 | 0.0248 | 0.0033 | 0.0776 | 0.8833 | 0.6449 | 0.238 4
8 IGD NSGAAI
. Pareto
(2 ) 1)
(2 ) Pareto Pareto
GD  IGD 1 2)
.HV Pareto
HVD
Pareto
Pareto HV > A
HVD
Pareto
1)
1)
; 2) ;2)
Pareto
NSGA-I ;0 3)
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Service configuration optimization considering service process information

LUO Xing-gang LIU Lun ZHANG Zhong-iang ZHANG Hong-bo
Management School Hangzhou Dianzi University Hangzhou 310018 China

Abstract: A multi-ebjective optimization model is established to generate service solutions based on modular-
ized service for specific customer requirements considering the sequential relationship of the service flow and
the time-varying resource constraint. The objectives of the model include maximizing the customer requirement
index minimizing total service cost and minimizing total service processing time. The model is further trans—
formed into an equivalent linear form to facilitate solution. An exact algorithm based on space—partitioning and
a meta-heuristic algorithm are developed for solving small size and large size problems respectively. The
effects of the proposed methods are evaluated by simulation experiments and a sensitivity analysis of a real
service case is also performed. The proposed service configuration optimization method considers the real sce—
narios such as service process constraints and time-varying resources and can quickly generate personalized
service plans based on service modularization to improve customer satisfaction and optimize the service resource
allocation of enterprises.

Key words: service configuration; service module; service process; optimization model



