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Multi-step prediction of ultra-short-term logistics demand based on VMD-
EWT-QWLSTM-TPE deep learning model
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(1. School of Economics and Management, Southwest Jiaotong University, Chengdu 610031, China; 2. Key Laboratory

of Service Science and Innovation of Sichuan Province, Chengdu 610031, China)

Abstract: Ultra-short-term logistics demand forecasting is important for intelligent scheduling of enterprise logistics
resources. As ultra-short-term logistics demand data is random, highly volatile, and nonstationary, it is difficult to
accurately predict them for multi-steps. Considering such characteristics, this research proposes a combination model
for ultra-short-term logistics demand forecasting based on the serial data decomposition and quantum-weighted deep
nerual network. Firstly, the time series features of the ultra-short-term logistics demand data are extracted with the
decomposition method of serializing variational mode decomposition (VMD) and empirical wavelet transform (EWT) to
strip the noise signal and reduce the non-stationarity and randomness of the original data. Secondly, a quantum-
weighted long short-term memory neural network (QWLSTM) deep learning model is developed and a multi-input
multi-output strategy is designed to predict the decomposed mode components in multi-steps, also the hyper-parameters
of the QWLSTM are optimized by the Tree-Parzen-Estimator (TPE). Finally, the prediction results for each mode
component are reconstructed. Numerous experiments are conducted, and the results show that the proposed model
performs better than other 15 comparison models.
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WMAPE /% 34.8325 27.686 1 443874
R? 0.697 609 0.819414 0.538916

R 1A I, 2 a = 1000 i, A5 7Y f 70 4 RE B
P8, R, BT H VMID 73 i B o 12 9 1000,
3.1.2 QWLSTM %S5k

AT TPE X QWLSTM M 2% () 2 $ 3t 4741
b, BLFE W 2% 52 K/ (hidden size) 4% 248 (layer
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num), LAk G H I I $00 A BOR AU A I G SR JE X R A
Y 2o R v 1) 2 Hok AT 0 Ak, B R AR AL B8 R
(optimizer) F1H] 46 %= 2] % K /N (learning rate), LA =
WA SR o AR SR B, AR SC AR 1) S R 8 T
Fh: B2 K/ = {32, 64,96}, M4 )25 = {1,2,3, 4,5},
Ak #5257 = { Adam, ASGD, RMSprop }, ¥4 2 > %
KN =Uniform (0.001,0.1).

PR AR VR BN 1000, 9146 5 21 3 1r BE 1)1l 5
IEARE RIS 1004, % ST BRI WA I x p, AR SCH 3
AT B B8 0.95.

KRCAENGREE ERAT BRI ZR AL T TPE Sk
BT SHCER, 2R MR A AT R (R A, DR U, A
SCJE T REAR M, HAE AL 3 B 4 B B F N T )
KB p i A B g 1 465, R R 7 BEAR R FL A X
B AT U Rt ], 7E U R R A BTN T FAZE (early
stopping) ALl 31 & patience Z %A 20.

3.2 KIGHERSH

N T G AT I o AR R B AR AR, AR S s
6 45 L8R 3 VOE B 52 56 I ST H4MH.

3.2.1 AREITHM AR ST

1) VMD-EWT & 4743 .

W JEL 06 K IS DR 75 SR E i 2 VMD-EWT #4791
fRAS 2 53 5 0 B 4 BiTs.
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WA % £ TF VMD-EWT-QWLSTM-TPE £ & 5 5] A ey A2 42 1t 4p i % K % & 7

1 4 7 ) 2 Ji 4 7 T AP0 75 oK B4 42 VMID 43
fift JE 15 B 7 A oy B, A SR 1 oy ok 2 oy i
r(t). BT LA H, r(¢) 75 B0 BO5 A6 500 B, A AR o5 4
T —E B L, PR it X — P AT EWT 43 %, 13
F4n 4 A5 6 NS oy B, HIX ey BEARER TR
Ko, BA T () S AP E P AR .

2) QWLSTM-TPE T3l

ATLHE 80 Y% ) HHE R 43 IR 4R, 20 % O Ei s
K9 IR EE, 4 IR EL 2. 4. 6. 8. 10, 12 3L 6 DK
XoF BT HE B AR AT AR, [ B %o Ll S5 T (]l
AP KA AE, AN [F2P KN I 80 R K FE AN [H],
F KT AR AR, ZEA RS KR, e
LAY R TR R 2R 2 BT

A 2 0] e 2425 KO 12 6, B4 R AR A A
{10 T 28R, B o A0 K Rk, SIS FE 2> FR 44 T
255 K N 2 IF, MAE 4 0.016 22, MSE “}y 0.000 438,
WMAPE 4 12.718 %, R? {51k 0.98, 1 24 i AT 5120 il

1865
%2 BLHKT VMD-EWT-QWLSTM-TPE
eI
. $6b5 (T4)
LK 3
MAE MSE WMAPE /% R
12 0.037588  0.002922 26.698 8 0.830761
10 0.032302  0.001912 23.7872 0.928 288
8 0.022229  0.000 835 16.7343 0.949 909
6 0.021712  0.000 806 16.2400 0.957233
4 0.019223  0.000620 13.2956 0.974076
2 0.016220  0.000438 12.7180 0.982877
1 0.018249  0.000534 13.0769 0.979 161

Tk A5 PR — R BRI BEA.

3.2.2 HBEINH

T SR BT AR (4 M, AR SR T £ Fl
LGRS TR 2 ASTIE K F AT 30 E, Bk 45 R an
FIMBAFIR. AN T 5 EG AT f T 0 20 1 22
P, K Febr g g — W 22 10, 100] L, FEH S H bR UE
ZE AT AL R 22 P

*3 EEM ~ Mz ERELK LT RERS L

S ik s
M, M, M, M, M M, M, Ms
MAE 0.162029 0.153037 0.111075 0.094 294 0.099 729 0.085326 0.070 598 0.043023
MSE 0.044 679 0.037999 0.025 646 0.017 636 0.018 008 0.016719 0.012244 0.003773
12 WMAPE /% 114.0530 107.723 6 78.868 8 90.9191 94.744 3 60.0610 40.7389 35.1380
R? —2.879870 —2.590 150 —1.723 490 —0.623 280 —0.578 960 —0.045 460 0.570 151 0.825224
MAE 0.165473 0.156 548 0.098 495 0.102 879 0.115304 0.086 254 0.083 244 0.043 551
MSE 0.045 608 0.037 897 0.019 608 0.019332 0.022 926 0.013837 0.014 199 0.003475
10 WMAPE /% 113.5586 107.4337 65.2460 72.8605 79.306 8 59.1927 57.608 3 30.9226
R? —0.984770 —0.615070 0.126 844 0.183221 0.024 750 0.445315 0.346461 0.846 137
MAE 0.153934 0.159 644 0.075 147 0.096 509 0.100705 0.064 299 0.072 112 0.028 248
MSE 0.040 305 0.040328 0.012275 0.020 645 0.018 441 0.008 305 0.012312 0.001394
8 WMAPE /% 105.7102 109.6314 54.0430 69.989 1 70.056 8 44.1555 52.9527 22.0006
R? —1.232090 —1.291230 0.329382 0.016 839 0.007223 0.611 047 0.584 429 0.938320
MAE 0.148 672 0.150085 0.072873 0.098 087 0.093614 0.062 955 0.076 861 0.025755
MSE 0.040273 0.038 846 0.014 198 0.020093 0.017374 0.008 302 0.013518 0.001204
6 WMAPE /% 104.7174 105.7125 54.790 8 69.0015 69.463 3 443430 56.8494 20.1734
R? —1.021370 —0.987790 0.484 685 —0.017 140 0.215116 0.632253 0.539 648 0.946 051
MAE 0.130 541 0.136110 0.104 121 0.129973 0.100391 0.095933 0.090 089 0.022569
4 MSE 0.028 369 0.031714 0.023038 0.067 558 0.018100 0.016856 0.017447 0.000915
WMAPE /% 91.9472 95.869 1 73.0887 92.4947 72.4678 67.5708 57.5227 17.4011
R? —0.210160 —0.364 580 —0.001 100 —0.49071 0.274 658 0.320105 0.405 842 0.958992
MAE 0.148 587 0.151259 0.110096 0.108 173 0.093216 0.098 749 0.094 560 0.021 062
MSE 0.035204 0.036 145 0.027709 0.026 118 0.016 866 0.018 727 0.020967 0.000 785
2 WMAPE /% 105.3136 107.2079 70.2953 69.5562 659215 69.9904 66.1128 17.1512
R2 —0.430150 —0.470 590 —0.039570 —0.007 550 0.367 586 0.256376 0.285152 0.964 695
MAE 0.093 335 0.101 104 0.130695 0.080967 0.082432 0.092 196 0.057 526 0.029 081
MSE 0.017 068 0.016963 0.025384 0.014201 0.014301 0.016 845 0.006 787 0.001337
! WMAPE /% 66.5562 72.0959 93.1967 57.7369 58.7819 65.744 4 41.0214 20.7371
R? 0.308 709 0.312972 —0.028 120 0.424 813 0.420770 0.317727 0.725 094 0.945 849




> ~ K N
1866 # % 5B kR #39%
x4 RE M ~ Mis EARSK_ERTUMMEREXTEE
L o
WK R
M9 Ml() Mll M12 MIS M14 M15 M16
MAE 0.041 843 0.043373 0.037 469 0.047599 0.038330 0.054014 0.037 822 0.037588
MSE 0.003 731 0.003 829 0.002 965 0.005 801 0.003 061 0.006 109 0.003 084 0.002 922
12
WMAPE /% 31.2608 30.5308 26.3343 36.790 1 323260 38.0212 27.556 6 26.698 8
R? 0.827 157 0.766 680 0.827511 0.765776 0.797454 0.747934 0.814 658 0.830 761
MAE 0.042 587 0.040 067 0.032815 0.053 547 0.037 524 0.047175 0.03513 0.032 302
MSE 0.003 387 0.002 871 0.001 924 0.005 827 0.002578 0.004 196 0.002376 0.001912
10
WMAPE /% 28.8637 27.4965 247121 37.1540 25.2594 32.3746 25.4780 23.78727
R? 0.850 068 0.88248 0.923 82 0.773 846 0.898 447 0.832261 0.904371 0.928 288
MAE 0.033577 0.028 454 0.023 561 0.043 991 0.025 682 0.034913 0.025473 0.022 229
MSE 0.001 874 0.001 31 0.000 925 0.004 348 0.001 069 0.002211 0.001 086 0.000 835
8
WMAPE /% 24.504 4 19.5400 19.9553 31.2352 224108 239758 16.8754 16.7343
R? 0.917098 0.919103 0.944439 0.831803 0.937503 0.911697 0.932908 0.949 909
MAE 0.026 522 0.028218 0.022 861 0.045521 0.022 122 0.035524 0.023 226 0.021712
MSE 0.001248 0.001 409 0.000 888 0.004 537 0.000875 0.002 049 0.000 899 0.000 806
6
WMAPE /% 20.3863 19.8753 17.8400 32.5672 17.5412 25.0213 16.5127 16.2400
R? 0.944 055 0.927999 0.952569 0.822575 0.954 188 0.917 409 0.952213 0.957233
MAE 0.021 945 0.023 814 0.020 095 0.048 922 0.019 668 0.027476 0.019 849 0.019 223
MSE 0.000 832 0.000926 0.000 695 0.005 132 0.000 677 0.00143 0.000 691 0.000 62
4
WMAPE /% 17.4709 16.773 5 16.6264 353377 13.1176 19.3527 14.2830 13.2956
R? 0.962 706 0.959392 0.970 766 0.799 309 0.971377 0.942352 09712 0.974076
MAE 0.023339 0.023 663 0.018734 0.054 259 0.017 537 0.027 446 0.017414 0.01622
MSE 0.000 895 0.000 962 0.000 581 0.006411 0.000521 0.001 468 0.000 537 0.000 438
2
WMAPE/% 19.016 5 16.7717 13.7716 40.4810 12.3312 19.4537 13.2187 12.7181
R2 0.959761 0.960212 0.977 451 0.748 751 0.979 668 0.940 657 0.979 483 0.982 877
MAE 0.029201 0.023 091 0.018 007 0.041775 0.046 746 0.039398 0.018673 0.01825
MSE 0.001 284 0.000 897 0.000 546 0.003 224 0.003 089 0.002 596 0.000 584 0.000 534
1
WMAPE/% 20.8231 16.4663 12.903 6 29.7902 33.4959 28.0947 13.3806 13.0769
R2 0.947963 0.963 637 0.978702 0.869 402 0.879636 0.894 844 0.977215 0.979 161

ARSCEFE T 2 R0t LA R, A0 45 T B B g
12 JLZ PRI H (MLR), N T féi4b 5 B4R, F M, &
;3T B % 5K g 1 SVR (My) LA &2 BPNN (Ms);
LSTM (M)~ QWLSTM (M;); 3 T W g 5.2 F1 BPNN
] BA-BPNN 15 2 (Mg). LA 458 1 35 5K 5] N 43 fift
AL AR SO 5 NEUE S R 2 S AR T 2 4
JE Xt b, /45 VMD-LSTM (M) VMD-EEMD-LSTM
(Mg) VMD-LMD-LSTM (My) VMD-LMD-QWLSTM
(My0)~ VMD-EWT-GRU (M)~ VMD+EWT-LSTM*
(Mo NIFEAT 53 f#)« EWT-VMD-LSTM (M,3)~ VMD-
EWT-LSTM (M14).  VMD-EWT-QWLSTM (M;5)-
VMD-EWT-QWLSTM-TPE (M AT HE HIFRY),

HH 2 3 FI5R 4 0] DL, B4t F000 A 28 70 A ) 2P 4
{4 LI P 357 S 2 PR T A 15 AR AR, IR AR 2 25 S

B R2IA F] 7 0.982 877, R W1 T Fr #i& HH A5 Y 75 8 J i)
Wit e SR TR 5 T (A 5

T I BT My~ M PR TR0 &5 5 m %, H
Gt LRI R LA 52 SR B LR B B A P AR AIE
(1407 6L P A2 9 5 SR T = ¥ DA B4 A 2 R |H My
T M5 (P FIIN £5 5T i, R REAE 22 21 B 1A TR
PSRBT — 8 B3R T, (H 2, BB N T 8 B 4
Tt 75 SRERE SR 28 AT SRR 22 18 3k % b M 5 Mg 7T
DU IR, J T JZ ML 28 2 ST B ) 2 A A A e i 4 —
SEFERE b4 v T )RR, (R AT SR AN B A AR 4 O 73
MIASFE, N M7 ~ Mg 5 SR E, X LE R G i 1
HH o3 fi ok R, R EX T R A I P S SR B 1 5 A
FPARHAIE, A OB T T TROIIAS B

E— 0 th, My 5 A RAR L, B AU T
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WA % £ TF VMD-EWT-QWLSTM-TPE £ & 5 5] A ey A2 42 1t 4p i % K % & 7 1867

B — K oy AR 7 1k, U 5 TS R O A
Ji LR A AL, Ak, BT H VMD FTEWT B 7y
fige B, LTI M A 35 A T oAt 23 8 5%, W EEMD
LMD, [F] B, VMD-EWT #4757 sUA AR T EWT-
VMD (1 8047 77 2, AR T P38 HAT 190 i 75 =X

I My 5 Mys o7 DUR I, TERA I TR 5
K 1025.1248) I, QWLSTM A #: T LSTM 3 ¥ 4iF-,
FLBE A T K (38 i, QWLSTM TRl K B 1) % sk
FHEL T LSTM B8, IX =Wk 45 QWLSTM 1 B K 2
K FRRAE L LSTM R 45 58 vy A Pl A0 4 3 st b
M55 My o7 LLR I, S EUR AL 5 (AR5 856 H040 1 B
JF AR R 27 2] e 0 B8 o, 5 H0 s 1) 326 B B v, FL T
MWKE RS T i — DTt

T 2225 5 BB T AT DA I, B S AR
B JRIZWLA 5 SR DA R B — R B 5 ) B A
TR, RO — 2 IR T, (2 SOk, R K
SRR, SR, TEIR B A0 A Y b, 2 HUR A sl
T _b i R BUAS an 22 25 Y0, 40 Mg~ Mo M5 ~ Mg,
R ST 5 X AR AE OB T b A IR RF AL
(RRG FE. e A, B4 h ASE B 7 20 T o A7 SR TR FE A
#.

HiaRIMKR AP BRI S DK LB
i b, T H A3 B bR AE 22 RN 40.19 %, BN
27.19 %, V3518 30.57 %, A5 704 8] 14 B8 45 50 K10 22 5%,
H P A B RO B, O T IR SR i R
SR 1, AR SCAE SIS T E B T AR A R SR B[], A
K E TR FE B Y2 8 0 3l 2 ST MR EEK. BT iR
HASAR BT AFE ST I I AR, VI ZRE R K, (3
J2, MR [P 2 2 AP g%, TR ke, mRe A ) AT 25 2811
S5 LATBE G 11 B T3 K 2 e ) 4D R 20, 7 SR 7
R g w0 A I 25 GPU s 25 g 42 v Il
SRR,
4 4

AR S of I DO R I RO R AR R T
VMD-EWT-QWLSTM-TPE i il #% %Y, % 45 74 3@ it
VMD-EWT [ 85 47 04 3 il 535, 43 R PR T 8 5
B 0 e SR ESHE 1 FE 1 B PR R0 o B AL 1 3 i v
MIMO £ T 1) QWLSTM Tl /X 2%, 3% T TPE J5
R FOE S B AT TR, 3 — BT TR B T
DU B8, ARSI 5 15 FhAsE B0 b &R B 1) Brid v
VMD-EWT 547 73 il 515, BB K FAT S B AT PR g
B 1 1R R B D R SR SR U B A iR R 2 A B
— JE FBATE . ARG PR MRS 2 2 o, A R
THARSZIRE, KIgSETH T 2 50 WK B 2) 2 0 1

D3k 2 v, B 5 T 25 K ) 338 o, A Y 1) T A i
AW T B, (H R, B AUE ) 51N RE 95 AT R0E 2% T
R FE T B ka3, 76 38 K TIN5 K 5 T, QWLSTM
FHEET LSTM 5 Bt 34 3) 24T TPE #E47 HUI A 24 (1)
S H T, (E A Bl 5 5 4 1 25 ) 50408 1 i 4
fIE, BE— D5 i 7 R () IS

TEA SR BRI T HR, AT LA RSk B 38 0 1 5 - DA
PR R 48 BT B 4% 2, LEE KT 0 K
(an24. 48 55) FIME DL R, 12t — 25 3 v TR RS B

S E 3Rk (References)

(17 ZEFE, S0, 5 E B He TR B S I K i
AT T2 [J]. RGRLFFEIR, 2021, 29(2): 85-89.
(Li G X, Ma W B, Xia G E. Research on logistics demand
forecast mode based on deep learning[J]. Chinese Journal
of Systems Science, 2021, 29(2): 85-89.)

[2] Pimpalkar A, Raj J R R. MBILSTMGloVe: Embedding
GloVe knowledge into the corpus using multi-layer
BiLSTM deep learning model for social media sentiment
analysis[J]. Expert Systems with Applications, 2022,
203: 117581.

[3] Liu H Y, Han H, Sun Y, et al. Short-term wind
power interval prediction method using VMD-RFG and
Att-GRU[J]. Energy, 2022, 251: 123807.

[4] &, BR5, 4L, S5 EE T RTINS 2 M A

0 2% FR IR 2 AR A B T (0], AR AR 244, 2018,
39(7): 217-225.
(Li F, Chen Y, Xiang W, et al. State degradation trend
prediction based on quantum weighted long short-term
memory neural network[J]. Chinese Journal of Scientific
Instrument, 2018, 39(7): 217-225.)

(51 VR, SRELA. JE T 2 Ju A AU AL & T Y 1 )i 7
SRR [1]. 8 THE, 2021, 40(18): 1-4.

(Shen Q, Guo H L. Logistics demand forecasting based
on multivariate combination forecasting model[J]. Value
Engineering, 2021, 40(18): 1-4.)

[6] 28 (M, Eob, ST, 55 5T 3 T A R Y 3]
FE A A7 i P B 5 SR TN [J]. A R AR B R A
224, 2021, 41(8): 161-168
(Li Y H, Wang C, Wen Z, et al. Demand prediction on
cold chain logistics of agricultural products in Hunan
Province based on a new dimension sliding unbiased
grey model[J]. Journal of Central South University of
Forestry & Technology, 2021, 41(8): 161-168.)

[7T Yu N, Xu W, Yu K L. Research on regional logistics
demand forecast based on improved support vector
machine: A case study of Qingdao City under the
new free trade zone strategy[J]. IEEE Access, 2020, 8:
9551-9564.



1868 = # 5 *x K %39%
[8] Hkigedms. F T Uk BP #1242 W 45 1) 25 MR AL B 4 77 b TR G A T[], B R A H E s bk,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

AR T RTN [D]. K5 HHOK, 2021.
(Zhang J J. Forecast of cold chain logistics demand
for fresh agricultural products in Jilin Province based
on improved BP neural network[D]. Changchun: Jilin
University, 2021.)

% 5L, BRE W, B %. T EEMD-LMD-LSTM-
LEC ¥ J& 27 2 R 84 10 J IR 49030 75 SR 0000 [0, 4281 55
YLK, 2022, 37(10): 2513-2523

(Ran M L, Chen Y R, Yang X B. Short-term logistics
demand forecasting based on EEMD-LMD-LSTMLEC
deep learning model[J]. Control and Decision, 2022,
37(10): 2513-2523.)

TR, BREY, RS, 25T ARIMA-PCR LAY (145
AR [)]. K TR e (R EE
T HERR, 2019, 41(6): 579-585.

(Huang J H, Chen Y D, Lu X Y. Logistics demand
forecast of Fujian Province based on ARIMA-PCR
model[J]. Journal of Wuhan University of Technology:
Information & Management Engineering, 2019, 41(6):
579-585.)

Han C L, Wang Q Y. Research on commercial logistics
inventory forecasting system based on neural network[J].
Neural Computing and Applications, 2021, 33(2):
691-706.

BHE, MR, #3. B T W BLAL S TN AR Y 1 X 45k
IR SR I [J]. {5 BS54, 2018, 47(2): 247-256.
(Li J, Chen Y R, Yang L. Regional logistics demand
forecasting based on two-stage combination prediction
model[J]. Information and Control, 2018, 47(2):
247-256.)

THR. BT W s R &L EERT T (D). 1%
PaIER A, 2009

(Ding L L. Research on quantum neural network model
and its algorithm[D]. Xi’an: Northwest University,
2009.)

VEXPH, X 6. BT B 1 T TH RS R 4 M 2 it
5seyil (3], tHEVLLFE SR, 2018, 54(20): 54-61
(Xu X Y, Liu H Z. Design and implementation of
convolution neural network based on quantum gate
group[J]. Computer Engineering and Applications, 2018,
54(20): 54-61.)

Liu J H, Lim K H, Wood K L, et al. Hybrid
quantum-classical convolutional neural networks[J].
Science China: Physics, Mechanics & Astronomy,
2021(9): 1-8.

EWARE, 5K K. T T I GRU # 28 X 2% 1) Y

2022, 34(1): 1-7.

(Wang S Y, Zhang Z S. Short-term load forecasting of
power system based on quantum weighted GRU neural
network[J]. Proceedings of the CSU-EPSA, 2022, 34(1):
1-7)

[17] 2%, a4k, EXFP, 5 T 87 MAUTBR E 5 g

P I 25 B VRS IR A R B TR0 1], $R3h 5 i, 2019,
38(1): 123-129.
(LiF, Xiang W, Wang J X, et al. Performance degradation
trend prediction method for rotating machinery based on
QWGRUNNTJJ]. Journal of Vibration and Shock, 2019,
38(1): 123-129.)

[18] Zhang T T, Tang Z P, Wu J C, et al. Multi-step-ahead
crude oil price forecasting based on two-layer
decomposition technique and extreme learning
machine optimized by the particle swarm optimization
algorithm[J]. Energy, 2021, 229: 120797.

[19] Dragomiretskiy K, Zosso D. Variational mode
decomposition[J]. IEEE Transactions on Signal
Processing, 2014, 62(3): 531-544.

[20] Gilles J. Empirical wavelet transform[J]. IEEE
Transactions on Signal Processing, 2013, 61(16):
3999-4010.

211 K&, kA, DR, 5. 2T EWT HILSSVM Y
{1 62 300 e g S LI 0] il B B4k, 2021, 43(1):
38-42.

(Zhang J J, Zhang Q, Ma J H, et al. Short-term
load forecasting based on EWT and LSSVM[J].
Manufacturing Automation, 2021, 43(1): 38-42.)

[22] Hochreiter S, Schmidhuber J. Long short-term
memory[J]. Neural Computation, 1997, 9(8): 1735-1780.

(23] XSoH, sk, 2R, 4. 5T TPE ) SpaRC 5k
SHARMTTEE ). THEHLREE, 2021, 48(2): 70-75.
(Deng L, Wu J D, Li K X, et al. SpaRC algorithm

hyperparameter optimization methodology based on
TPE[J]. Computer Science, 2021, 48(2): 70-75.)

E=TEM

i (1998—), 5, it/ MFPRIEEIE BRI
TR 2 2 ZERE 5T, E-mail: YoungXB@my.switu.edu.cn;

MREZ W (1974—), &, HA%, LA TN, AFEYRE
EREJFAAL . PLER SIS0 50, E-mail: chenyanru@switu.
edu.cn;

ZR05 (1976—), 2, B2, WL, WSS B RE 1T L
222 SRS, E-mail: logisticsjt@switu.edu.cn;

S (1997 ), e, Wit A, FYRACIE BRI AL
TR & 5 2 ZEHF 4, E-mail: ranmaoliang@my.swijtu.edu.cn.



