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Abstract: The advance in network technology and the rise of multi-access edge computing have led to the deployment of
computation and network resources closer to the end users. As'the service numbers increase, it is a challenge to predict the
quality of service (QoS) in real-time and accurately in the ‘complex and dynamic edge computing environment to better
recommend services to users. In this'study, a.deep neural model for real-time QoS prediction based on service load
(QPSL) is proposed, which can provide missing load condition awareness and cycle awareness for QoS prediction in edge
computing. Firstly, the service load condition is characterized, and the features of the time-series are obtained by the time-
series decomposition module. Secondly, CNN and BiLSTM are combined to learn the potential time-series relationships
and generate the state vectors at different time intervals. Then, the state vectors at future time intervals are constructed by
assigning weights to the historical state vectors based on the Attention mechanism. Finally, contextual embedding vectors
and state vectors are fed into the perception layer to complete the real-time QoS prediction. Extensive experiments are
conducted based on a real fusion dataset, and the results show that QPSL improves MAE by 10.28% and 10.87% on
average for response time and throughput tasks respectively, outperforming existing time-aware QoS prediction methods.
Key words: edge computing; multi-access; quality of service (QoS) prediction; time-aware; real-time prediction; prediction
model; deep learning
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time (RT) QspPC 0.7164 1.6924 0:6704 © 1.6403 0.6457 1.6017 0.6207 1.5407
DeepTSQP 0.6983 1.5823  © 0.6393 1.5086 0.5863 1.4483 0.5524 1.4106
QPSL 0.6334 1.4256 0.5768 1.3467 0.5324 1.2824 0.4816 1.2572

Gains (%) L 93 990 9.80 10.70 9.20 11.50 12.8 10.90
WSPred " 156246 42.8502 14.1853  41.5393 133451 39.3652 12.1474  37.8323
y TASERM 15.0180  41.6257 13.5824  40.8813 12.5742  39.1149 11.6381 37.1049
" SERPRED 152163  42.1591 13.7140  41.0027 12.5905  39.0250 11.5692  36.7025
Throughput LMDC 145123  41.5236 13.2057  40.0142 12.1240  38.7347 11.2554  36.2536
PLMF 13.1532  38.5736 12.3621 37.2525 11.2358  36.9125 10.1535 349356
(TP) QspC 12.8679  37.7245 11.8640  36.2445 10.1514  34.3683 9.9080 32.8353
DeepTSQP 12.2453  36.6142 11.2954  35.1634 10.6240  33.5153 9.3562 31.1254
QPSL 11.1357  34.1390 10.1052  32.2671 9.2513 30.1245 8.3323 28.1356

Gains (%) 9.06 6.76 10.54 7.10 12.92 10.12 10.94 9.61

3.3 BURMOHR

(1) B[] & 1 ) 5 M)

BATE 4-18 G LA, LA 2 920 K B8 i () 1 1
BRI, TR FUISS 18] & @52, a3 fios, Seiegh R

R, 2 R EEAR AN, AR A I T8 B A A 4R it
e AT RV REPS W 35 Lk ok DR VAR & a1
B AARLMESG AR B R B N IR B ALK,
T AER A 2P SR mpEa s . RATANIZZR N
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2 WS RO R HL (MAE) R

(3) CNN 43 B M R L AL

CNN 43 f£ %4 CNN-BiLSTM-Attention /= H 45
FHELE, BRI RS A A I, [F it
KA JZ 4R B RIEAS R, Bl BT AR, X
T )5 421 BILSTM-Attention AbFEAG %5 B Z M, A
KA R 77 X ERR T 543 8] QPSL-C, 5T 5L
06 &8 T LLIGE & AR, 40k 3 FTawn, QPSL f T
KA T QPSL-C, iX Ui B T CNN 5 53 fE 5 T+ 7V 1
JASTE R RE ) L B

F3  CNN Eot HZESL (MAE) HI500H

QoS Method | 5% 10% 15% 20%

— QPSL-C - 0.6621 0.5975  0.5502  0.4970
L QPSL 0.6334 0.5768  0.5324 04816

[p  QPSL-C IIS371 106284 97152 9.0041

QPSL 11.1357 10.1052 9.2513 8.3323

(4) BiLSTM 343 (5236 %6 Lk

2 4 WPEE T AERS A 21 EB A6 LSTM B( BILSTM
RBCR. 45 B3R, FHX T H LSTM 1) QPSL-L 7572,
f#F BiLSTM [ QPSL J5 ¥ [ BUN K FE 5 — 52 $2 7.
KRN LSTM R 2= 3] Hi 1] (757 F1 R AIE 2 (8] A6
17 BiLSTM A LA [F] B 27 =] 5 i) FH S 1] AR AR A, M1 52
DX R R B SN B8 T (0 g, BE A A R T TR

# 4 LSTM Al BILSTM X THIIRIL (MAE) K52

QoS Method 5% 10% | % 15% 20%
QPSL-L  0.6535 0.5930 © 0.5493  0.4882

RT .
QPSL  § 0.6334 0.5768 0.5324 04816

- QPSL-L\ 113215 10.2835 94104 84035
L QPSL 11.1357 10.1052 92513 83323

QoS Method 5% 10% 15% 20%

QPSL-W 0.6893 0.6135 0.5685 0.5028
RT QPSL-M 0.6547 0.5923 0.5495 0.4914
QPSL-A 0.6334 0.5768 0.5324 0.4816

QPSL-W 12.1405 11.1135 10.2143 9.1624
TP QPSL-M 11.6623 10.3455 9.7851 8.7335
QPSL-A 11.1357 10.1052 9.2513 8.3323

(5) Attention 4> [rI5

T BAE Attention ML 2, AT QPSL
A5 Bk Attention ML 1) QPSL-AT # 8 #HAT LU AR,
Seg g R 5 fras. o LLE H QPSL A U R B 46
ZART QPSL-AT. FATH T 4509, v = 1B A] A
AR A T A B 2] 1 345 U2, LA o P A P A4 2 o T
B 200 B 3E S, T o 4 2 T r St S 0 B 220 e 45
IAHSAS S, TP A A k.

# 5  Attention #B4X WKL (MAE) HI520

QoS Method 5% 10% 15% 20%

RT QPSL-AT 0.6784 0.6015 0.5537  0.4912
QPSL 0.6334 0.5768 0.5324  0.4816

TP QPSL-AT 11.7451 10.8704 9.8034  9.1534

QPSL 11.1357 10.1052 9.2513  8.3323

292 i H K& Research and Development

© TEREBIK R

http:/fwww.c-s-a.org.cn



20234F 55323 111

http://www.c-s-a.org.cn

i H AR SN A

4 gk

SIS ) QoS T it FH 7 RIVISF ik 438 2 34 11 R 25 L
AEEE . E G P ISR 3 2 SR
55 57 B ) 25 Ik 20 R0 TN AR B R BN AN AR, AR S HR
H — ol T iR 2% 7 R S B TR QoS IR JiE ot £ A Y
(QPSL). ‘&% IR 55 1) SR B EAT BT AR ARFAE R o, 3
I} 43 AR H 1 CNN-BiLSTM-Attention 2 SEFLN i
25 S AOIR U B ST 1R SR . T 3 S R a4
HEAT 7 SE58, Seat g AR B, QPSL Jy A5 WA B2 [a] A1
T EATSS Er Al MAE 3948271 7 12.8% 1 10.92%,
M F I I TE B QoS Tl vk

TEAR K0 TAE A, AT R F2 [ 3E B [a] &
MIBNAS QoS TR 2 DA S F 5E 204 1) 3 5.

S 30k ,
Filali A, Abouaomar A, Cherkaoui 'S, et al. Multi-access
edge computing: ‘A survey.® IEEE Access, 2020, 8:
197017-197046. [doi: 10.1109/ACCESS.2020.3034136]
2 Zhang YL, Zheng ZB, Lyu MR. WSPred: A time-aware
personalized QoS prediction framework for Web services.

—_

Proceedings of the 22nd IEEE International Symposium on
Software Reliability Engineering. Hiroshima: IEEE, 2011.
210-219.

3 Chen YP, Zhang YQ, Xia H, et al. A hybrid tensor
factorization approach for QoS prediction in time-aware
mobile edge computing. Applied Intelligence, 2022, 52(7):
8056-8072. [doi: 10.1007/s10489-021-02851-z]

4 Yan C, Zhang YK, Zhong WY, et al. A truncated SVD-based
ARIMA model for multiple QoS prediction in mobile edge
computing. Tsinghua Science and Technology, 2022, 27(2):
315-324. [doi: 10.26599/TST.2021.9010040]

5 Cai WJ, Wang YF, Ma JH, et al. CAN: Effective cross

features by global attention mechanism and neural network
for ad click prediction. Tsinghua Science and Téchnology,
2022, 27(1): 186-195. [doi: 10.26599/"i"ST.2020.9010053]

6 Xiong RB, Wang'J, Li ZQ, ét al. Personalized LSTM based
matrix factorization for online QoS prediction. Proceedings
of the 2018 IEEE International Conference on Web Services.
San Francisco: IEEE, 2018. 34-41.

7 Li BZ, Ye CY, Yu XZ, et al. QoS prediction based on
temporal information and request context. Service Oriented
Computing and Applications, 2021, 15(3): 231-244. [doi: 10.
1007/s11761-021-00322-4]

8 Zou GB, Li TF, Jiang M, et al. DeepTSQP: Temporal-aware
service QoS prediction via deep neural network and feature
integration. Knowledge-based Systems, 2022, 241: 108062.
[doi: 10.1016/j.knosys.2021.108062]

9 Wang SG, Zhao YL, Huang L, et al. QoS prediction for

10

12

14

16

17

19

20

21

22

service recommendations in mobile edge computing. Journal
of Parallel and Distributed Computing, 2019, 127: 134—144.
[doi: 10.1016/j.jpdc.2017.09.014]

Zhang HX, Dong YH, Yang YIJ.
personalized

Mobility-aware
service recommendation in mobile edge
computing. Eurasip Journal on Wireless Communications
and Networking, 2021, 2021(1): 196. [doi: 10.1186/s13638-
021-02068-1]

RS FE, & B — A2 B4 S 5T I A B AL DR A
QoS Il 77 2. T H ML, 2020, 43(8): 1555-1571. [doi:
10.11897/SP.J.1016.2020.01555] :

Yin YY, Zhang WP, Xu YS, et al. QoS pfediction for mobile
edge service rvecommendation swith auto-encoder. IEEE
Access, 2019; 7:62312=62324. [doi: 10.1109/ACCESS.2019.
2914737]

Wang SG, Ma Y, Cheng B, et al. Multi-dimensional QoS
prediction for service recommendations. IEEE Transactions
on Services Computing, 2019, 12(1): 47-57. [doi: 10.1109/
TSC.2016.2584058]

Ngaffo AN, El Ayeb W, Choukair Z.
recommendation driven by a matrix factorization model and

Service

time series forecasting. Applied Intelligence, 2022, 52(1):
1110-1125. [doi: 10.1007/s10489-021-02478-0]

TeHEAE . BT B ) AN AL B S R IR 55 R B T 5 vE R A
[ Wit 2 AR S ). 7B 22 PEE2 HB LR 27, 2022,

REFR, oz, R4, 55, — i S BUK R QoS T 77 . it
HHLEEIR, 2019, 42(4): 772-785. [doi: 10.11897/SP.J.1016.
2019.00772]

Wit f% . i 8] AT HT Web 35 QoS Tl 75 24k 7t [ A+
SRR ST ] AT UM TR R, 2022.

Cleveland RB, “Cleveland WS, *McRae JE, et al. STL: A
seasonal-trend decomposition procedure based on LOESS.
Journal of Official Statistics, 1990, 6(1): 3-73.

Mnih V, Heess N, Graves A, et al. Recurrent models of
visual attention. Proceedings of the 27th International
Conference on Neural Information Processing Systems.
Montreal: MIT Press, 2014. 2204-2212.

Wang SG, Guo Y, Zhang N, et al. Delay-aware microservice
coordination in mobile edge computing: A reinforcement
learning approach. IEEE Transactions on Mobile Computing,
2021, 20(3): 939-951. [doi: 10.1109/TMC.2019.2957804]
Zheng ZB, Zhang YL, Lyu MR. Distributed QoS evaluation
for real-world Web services. Proceedings of the 2010 IEEE
International Conference on Web Services. Miami: IEEE,
2010. 83-90.

Xiong W, Wu Z, Li B, et al. A learning approach to QoS
prediction via multi-dimensional context. Proceedings of the
2017 IEEE International Conference on Web Services.
Honolulu: IEEE, 2017. 164-171.

(B e FhE )

Research and Development fJf 73 7 & 293

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/ACCESS.2020.3034136
http://dx.doi.org/10.1007/s10489-021-02851-z
http://dx.doi.org/10.26599/TST.2021.9010040
http://dx.doi.org/10.26599/TST.2020.9010053
http://dx.doi.org/10.1007/s11761-021-00322-4
http://dx.doi.org/10.1007/s11761-021-00322-4
http://dx.doi.org/10.1016/j.knosys.2021.108062
http://dx.doi.org/10.1016/j.jpdc.2017.09.014
http://dx.doi.org/10.1186/s13638-021-02068-1
http://dx.doi.org/10.1186/s13638-021-02068-1
http://dx.doi.org/10.11897/SP.J.1016.2020.01555
http://dx.doi.org/10.1109/ACCESS.2019.2914737
http://dx.doi.org/10.1109/ACCESS.2019.2914737
http://dx.doi.org/10.1109/TSC.2016.2584058
http://dx.doi.org/10.1109/TSC.2016.2584058
http://dx.doi.org/10.1007/s10489-021-02478-0
http://dx.doi.org/10.11897/SP.J.1016.2019.00772
http://dx.doi.org/10.11897/SP.J.1016.2019.00772
http://dx.doi.org/10.1109/TMC.2019.2957804

	1 相关工作
	2 QPSL方法
	2.1 输入层
	2.2 嵌入层
	2.3 时序分解模块
	2.4 CNN-BiLSTM-Attention层
	2.5 感知层

	3 实验
	3.1 实验设置
	3.2 性能比较
	3.3 敏感性分析

	4 总结
	参考文献



