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Integration of Machine Learning Prediction and Water Wave Optimization for Online Customer
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Abstract Online customer service representative scheduling is a crucial component of operational management in a bank’s con-
tact center. Optimized staffing and shift scheduling of customer service representatives ensure prompt customer responses,which
significantly improves service efficiency and customer satisfaction. However, factors such as the uncertainty of customer request
arrivals and variations in customer service skill levels make the online service representatives scheduling problem complex. Con-
sidering the practical challenges such as customer service representative skill levels.diversity of customer types.and matching re-
quirements, this study proposes a mixed-integer linear programming model with the optimization objectives of minimizing custo-
mer waiting time and operational costs,and also presents a hybrid machine learning and water wave optimization(WWQO) method
to effectively solve the online customer service scheduling problem. In this method,a forecasting model based on long short-term
memory neural networks is employed to predict customer arrival volumes,and this model can capture both time series dependen-
cies and the influence of external factors. For the mixed-integer programming model of representative scheduling, WWO combi-
ning reinforcement learning Q-learning is used for efficient solution. This method leverages Q-learning to adaptively optimize

neighborhood selection, enhancing the efficiency and quality of solutions. Based on real data from the contact center of Zhejiang
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Tailong Bank’s Ningbo branch, the experimental results show that the proposed method significantly outperforms comparative
methods in terms of operational cost control. Further, sensitivity analysis reveals that when forecast accuracy drops below 90% ,
customer arrival uncertainty markedly increases scheduling costs and customer waiting times. Conversely,when accuracy reaches
or exceeds 90 % , performance improvements stabilize. These findings highlight the critical role of high-precision forecasting in ef-

fective scheduling and provide theoretical insights and practical guidance for balancing forecasting model complexity with schedu-

ling efficiency in real-world applications.
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Fig. 1 Workflow of customer assignment in a contact center

B H Qu., FUEEHTALE 4T

3
> N,. XL, X0,
Q.= p €D
Z Nud
u=2

o ( . k%n?rﬁltﬁl%%,p, F7 B G TR A T (M

_ . >~
£ P{NMXL]X&/’q )
TESE — A B, W1 AR BIAE
3
2N, XL,
Q//,.|=’7Hf—‘ (6)

TEREAN I BE ¢ FRUR T3 B Qo o MW IRSELE S )
TE o, BRI, 2R A 25 R A i 90 IR U 40 TC 4 25 PR A s 2

BN o
{0, ) sl (g )<Ly} )

k| =arg min
kE{1,2, }

05 2 0 TR A T AR 7 O L5 7 6 DA
b K. DA o B (00 £ 2025 B P S R e



JUE SR AR RS AL A ) TN A KO8 A SR R SR AR AT 1 4 2 IR R L ) 37

{Z;Q (&, 54, (28 )<L, H Q. <Qu.}

k, =arg min
EE (1.2, Ny}

)
AR & SR B A K B E L, W& P 5, A
[ & T
MR G A 0, RN F IR, AR A A A P R sl
WG MR W) 43 e 45 25 PR R & TR &
(L, (2) oL, (24 )<<L,  u€ {2,3}} (9

arg
B o AR A,

SN TN Lk SR B Y PN
Ly, CGOXEIN 1, & POT W45 52 R 55 I 1) Dy 15, =15, A BA 3
AR T £ () =0,

WP o AT AN 5 2 1 L AT M
AN]SR N E S SN U] Sy
U020 53 4 B 5 R R %3 L 45
A5 A1 4 2 A o — B

BB BB P G ARG I kLR

b, =arg . krmn ‘{t‘,“ (L,,L,— 1} (10)
TG a2 E R R, MRS W R ] DLRAR .

t; =max{t; +t,, (L,,L,—1)} an
o AEBRF Hp i A R g

(=1, —t 12)

ME R G, R A R R ERF AR AT, &
BCFEIR S . Db, AR BA S R R P Y R
1, if &2 ()= AT,

q+= (13)
0, else

HMEF G TR SEMR e, HEATH BT H R b, B
FNBL, (G O¥M L, FERSS SR B MRS & R — R
—HHE B E T BBE W e MRS L AE N
TR S S R B AR S B AR B8 T R B3 ] B9 5 S I
Fe MU AL B 45 A% P B3R B 5 1 2 B B 0k T BB
o IR BN S RS AR AN 2 BTOR .

e = & g .
EF2 Oy S Ry I (@)
Y 4
#F O suwm R, 0
e
E ] O ’ . R . 0,

0 1
Loy &3 F P kTE BB ] e > E P kTE] L B T

2 2 MR B R

Fig. 2 Message response process by service representatives
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Fig.3 Schematic diagram of LSTM structurel]
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Fig.5 Example shift for a customer service
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7. TAEREI B t.=rand int(1, T—Tm+1)
8. HHTH B t=1t,
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Table 6  p-values of K-S test for variables in different time slots
B B my my 7 AT, AT, A'f‘] A'IA‘Z 0 2 05 iR Y

7:.00-7:30  0.23%  0.189  0.312  0.456  0.598  0.267  0.398  0.512  0.289  0.445 100
7:30-8:00 0198  0.167  0.289  0.398  0.534  0.234  0.356  0.467  0.256  0.398 100
8:00—8:30 0. 156 0.134 0.267 0.356 0. 487 0.198 0.312 0.421 0.034 0. 356 100
8:30—9:00 0.089 0.078 0.234 0.298 0.421 0.167 0.289 0.378 0.028 0.312 100
9:00—9:30 0.034 0.089 0. 045 0.067 0.134 0.045 0.134 0.187 0.023 0.234 60
9:30—10:00 0.023 0.034 0.018 0.028 0.089 0.032 0.089 0.041 0.018 0.156 40
10:00—10:30 0.028 0. 045 0.034 0.078 0.123 0.067 0.123 0.034 0.025 0.189 60
10:30—11:00 0.041 0.067 0.089 0.134 0.187 0.134 0.187 0.089 0.041 0.234 80
11:00—11:30 0.187 0.156 0.234 0.298 0. 356 0.234 0.298 0. 356 0.289 0.398 100
11:30—12.:00 0.198 0.167 0.267 0.334 0.398 0.267 0.334 0.398 0.312 0. 445 100
12:00—12:30 0.234 0.198 0.289 0.356 0.421 0.298 0.378 0.445 0. 356 0.489 100
12:30—13:00 0.267 0.234 0.312 0.378 0. 445 0.334 0.421 0.489 0.398 0.041 80




JEEEE AR A LA S ) T R K I R b SR SR R AR AT AR 4k R IR R [ R 43
(834
B B my ) " AT, AT, Aq/\“l A”IA‘Z 0 0 03 3t &%

13:00—13:30 0.289 0. 256 0.334 0.398 0. 467 0.378 0. 467 0.534 0. 445 0.567 100
13:30—14.00 0.312 0.278 0.356 0.421 0. 489 0.421 0.512 0.578 0. 489 0.612 100
14:00—14:30 0.334 0.298 0.378 0. 445 0.512 0. 467 0.556 0.623 0.534 0. 656 100
14.30—15:00 0.356 0.321 0.398 0. 467 0.534 0.512 0.598 0.667 0.578 0.698 100
15:00—15:30 0.378 0.343 0.421 0. 489 0.556 0.556 0.634 0.712 0.623 0.734 100
15:30—16:00 0.134 0. 156 0.187 0.234 0.289 0.234 0.289 0.034 0.267 0.356 80
16:00—16:30 0.018 0.025 0.032 0.041 0.067 0.032 0.089 0.025 0.018 0.067 40
16:30—17:00 0.015 0.021 0.028 0.063 0. 045 0.028 0.067 0.021 0.015 0.041 40
17.00—17:30 0.032 0. 045 0.041 0.089 0.134 0.089 0.134 0.032 0.028 0.123 60
17.30—18:00 0.041 0.067 0.089 0.123 0.187 0.134 0.187 0.089 0.041 0.189 80
18:00—18:30 0.156 0.134 0.189 0.234 0.289 0.234 0.289 0.356 0.267 0.398 100
18.30—19:00 0.189 0.167 0.234 0.278 0.334 0.278 0.334 0.421 0.312 0. 467 100
19:00—19:30 0.234 0.198 0.267 0.312 0.378 0.312 0.378 0.489 0.356 0.534 100
19:30—20:00 0.267 0.234 0.298 0. 356 0.421 0.356 0.421 0.556 0.398 0.598 100
20:00—20:30 0.298 0.267 0.334 0.398 0. 467 0.398 0. 467 0.623 0. 445 0. 656 100
20:30—21:00 0.334 0.298 0.378 0. 445 0.512 0. 445 0.512 0.689 0. 489 0.712 100
21:00—21:30 0.378 0.343 0.421 0. 489 0.556 0.489 0.556 0.734 0.534 0.756 100
21:30—22.00 0.421 0.378 0. 467 0.534 0.598 0.534 0.598 0.778 0.578 0.798 100
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Table 7 Estimated value of some parameters
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m; [3,15]

P [30,200]
AT; [240,520]

0. [9,24]
AT, [60.200]
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Table 8 Values of input variables

s A
c;/CTL/ 5%/ NSO f0.5,1]

5o/ B s3=24,50=30,5; =35
a; [480,560]
T 30

Tmin 12
i 5

Tmax 16
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T IBCE A 5 1 SF- 35 P R e O 1 2 5080 B AT X LG 4 AT
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D fE 575 (Genetic Algorithm, GAYP™ Bt K/ N=
40,5 0, =0. 2,3 X H p =1,

2) H & B % 1% B % (Adaptive Genetic Algorithm,
AGAPS B R /N N=140,38 XK p. =1, F % p,=0.8,
EAFME r=0.04,

3) kL T #5441 (Particle Swarm Optimization, PSO)P%
FHER/IN N=30,%JHF ¢, =c,=1. 0, g R HEAEAE
Wax = 0. 95 I /MBPERCE ] w0, =0. 4

4) M 13 18 L T BBE 3 % (Advanced Particle Swarm Optimi-
zation, APSOYH Rt R /N N=30,2% 0N T ¢, =c, =1. 5,
I K F v, =10

5 R R k8 3 (Simulated Annealing, SA)™, Fl B K
/N N=50, ¥R IEE T, =18. 64, B HHE «=0. 99, & LR ¥
T;=0.87. K 6=0. 11,323 HLF p=0. 08,

6) 22 53 AL 3 3% (Differential Evolution, DE)™, F R K
INN=50, 2 XHEH ¢, =0.9. 57 HF F=0.5,

7) B id N 2 4 4k B Bk (Self-Adaptive Differential Evo-
lution, SADE) M) Fft it K /N N=50, 2 XA ¢, =0. 9, 57
BT F=0.5, HiG MR SEME c=0. 1,

8)AFiR A Q-learning /K AL b (WWO) 55 3« B K /1
N=40, k=12, FEIRERAE B E B SBIE T,

IR A Q-learning K P L (QWWO) 5% - B B K/
N=40,kmnx=12,Q-learning BIEHFHSE, %K a=0.1,
A F r=0. 9. W RMF e=0. 2, BW Z W E — /DI
{E 0. 01,

A Sk Y R I g8 — (4 B ATL ) 2 6 3R g, JF 72 AR 8] 9 29
WEMT BT, KIEZ&M5— 0 H AR o 8075 R 8, 2R
5 fJi—4 MNFEs H1 it 7R, o3 &b, % 5& 31 [n] 358 2 45000 Bl Bl
PE LA T A 40 B T 5 B OR T A S BT PR RE L X TR A
FHAT0 04 3 5% o 4 b B30k A 4 A S A9 b A T B AL Ao 5 43 031 it S7
AT 50 W, I FAEIX 50 PAS AT AR A 1Y 3 R R A 1Y fe 4
(Minimum) . 2 (Maximum) . H {37 £ (Median) UL X #5 i 22
(Std) ., I 2 (938 I BE VAN 3 T34 HIB T B s i
fHit 5,

5.2 EWHERRSW
K 6— & 13 & T 9 A B e A X 49 b 4B 47 45 2R Y
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Fig. 6 Box plots of the results obtained by the 9 comparative

algorithms on instance # 1
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Fig. 7 Box plots of the results obtained by the 9 comparative

algorithms on instance # 2
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Fig. 8 Box plots of the results obtained by the 9 comparative

algorithms on instance # 3
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Fig. 9 Box plots of the results obtained by the 9 comparative

algorithms on instance # 4
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Fig. 10 Box plots of the results obtained by the 9 comparative

algorithms on instance #5
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Fig. 11  Box plots of the results obtained by the 9 comparative

algorithms on instance # 6
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Fig. 12 Box plots of the results obtained by the 9 comparative

algorithms on instance # 7
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Fig. 13 Box plots of the results obtained by the 9 comparative

algorithms on instance # 8
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Table 9 Median CPU time consumed by each comparative algorithm on the test instances
(s)
%5 GA PSO APSO DE ADE WWO QWWO
£1 0.32 0.27 0.31 0. 39 0.29 0.30 0.31 0. 34
¥2 0.41 0.34 0. 38 0.48 0.37 0.40 0.38 0.42
#3 0.68 0.58 0.65 0.72 0.52 0.62 0.67 0.69
£4 0. 85 0.70 0.75 0.79 0. 64 0.76 0.82 0. 89
£5 1.39 1.20 1.54 1.62 1. 36 1. 30 1.35 1.43
£6 1.92 1.76 1.89 2.12 1. 65 1.81 1.93 1.97
£7 12.49 11.89 12.62 13.24 12.31 12. 14 12.47 12.56
8 16. 34 15.73 16. 16 17.73 15.96 16. 30 16. 48 16. 84

R 9 P LIE L 7L 9 BB, PSO 5 DE F& 0 #%
S JE DA T JLAE 2R A X e B AR R B PR L. WWO
FL B PSO M DE #ERT K B E 280 00T 48+ H AR
o MHZ T, QWWO T8 AME D 24 396 1 B[R] P AT 45 3ok 18
RETF M Qlearning HHE WL HE . 5 R B IR 2 (0 I & B % 2
Fh 3% Lo A0 B E] B AR SO 3

6 SEIESHR

Sy 98 UE T 4 A5 R0 5 5k A S o T R SRECSRE AR SO T T
R WE AR AT AR 2R IR s 19 L 52 32 8 AR O R S UE AT
6.1 ABHESHTM

WL A BERAT R & IR R o0 S HE 4 2800 55 A 8 > Al
S5 AR S AF RS AR RS . ACRET A
N R SRR B € i R i B By 6 W B U i 2/ G XA 14
BRI ARAS TARATRVIZ P I A IR AR A 4 AR & P 2K
T B3k ] AR 55 B B 6O RS2 I Ll 55 28 )X 4 R
J5 SETFIRAS VR R R 7 IR 7 Bk L R 45 45 S ]
BV E P A, LA R PP 0 R 1R 2R R B 2 A
HEAE B . R BPBO BeORL RN 22 4 SRR B0HE AR R A HL Ak
M& A N5 B

T A A &2 W a5 2023 4E 2 H 7 HE 202345 A
7T H#LE 3 A A NE S EE R RSO . T a0 R R
HOHE T 0 B 3 04 B T BB A A Sy 35 40 3 A B B T 8

¥, BEH 15 N 55 i BERI 2 A 30 S BL 30 Ar 4 R
V5] B8 £ B[] B o I 2 P B 3k 500 2R G 2 X O (8 e ) X ) A
AT A2 B % P BIE AR A, kT R B 4, A SCRT 2023
27 7TH 202345 7S 3 A WK P BRSO
FTGRTT o BT A5 % 5 303K 9 4508 43 A5 FRAE , &5 S an )&l 14 fF
R o MR LU L 7R B 2 0 B R B P & B 5k
FE R A I 5 B A R E AR R R

1000

800

600

400

Customer numbers

200

0

0 1000 2000 3000 4000 5000

Time

B 14 % P B AR A 1

Fig. 14 Customer arrival frequency distribution
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Fig. 15 Customer arrival frequency distribution in a week
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Fig. 16 Real and predicted customer arrival frequency distribution
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Fig. 17 Comparison of the four methods and the prediction

accuracy of LSTM
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Fig. 18 Staffing levels and shift assignments in current customer

service operations
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