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Research Progress of Mesenchymal Stem Cell-Derived
Exosomes in Treatment of Osteosarcoma

WANG Fucai, LIU Zhuosheng

(College of Medicine, Huagiao University, Quanzhou 362021, China)

Abstract:  This review is to elucidate the research progress of mesenchymal stem cell-derived exosomes
(MSC-Exos) in the treatment of osteosarcoma (OS). By reviewing recent relevant literature, the current sta-
tus, pathogenesis and potential therapeutic targets of OS, the biological characteristics and functions of
MSC-Exos, as well as the research progress of MSC-Exos in OS targeted therapy, tumor drug resistance and
as a drug delivery carrier are summarized. The results show that MSC-Exos, as a novel biological therapeutic
agent, has broad application prospects in OS treatment.

Keywords: mesenchymal stem cells; exosomes; osteosarcoma; targeted therapy; tumor resistance
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1 BRI

1.1 BREFRIR

OS J2& B 41 b e i L A0 R v A e b 2 DL 3 AN 7 0 4 CRE R B % St i P S 4R S o 18
%) HUOE 60 % UL ER AR N BAT SUBAE I8 73 A AP AR . W98 B . fE R BRIEHE N , OS 19 & A4 R 252
FAERE TN 2~4 B Horp R ZG 00 4y 22— 1) £ A7 78 T A0 1) 27 % 00 I e e AL 118 5 S 3
P2 il L LU RS R SR AR B R R OS IR IRSET- /M B R HY . OS B4 %K 3B A7 R e 1 38 3ty 8 1
T i OB i SR T o 0 A R R D R AR AE S R L E . OS I RRE AF
FERAL 0 BUE A 7= AR 2B R T . OS 28 M (9 A= K56 4% 55 M T 3R 55 CTMED A A1 58 1R 356 3% & 4R
S B IOAEE . B IO BT A Hh 4 A0 RS A T AL B S LR MISC L P Rz 20 L I A L O £
20 M L 40 B L B ET A A0 R A R AN R R A A B OR B R — R R R B AR B
BHYIREE, OS FB s FR5 v 2 Fh 48 M 22 W) 38 320 /7 22 BR 45 A5 5 A0 B 7, 33K 26 R B ( 5 38 1R 22 b 4t i
W e 7 T AR R A A R th Al i AR i (EV) 3R AT 8. B AT, EV BA R 40 i
[0 38 15 1 — A R B AN A (Exos) GERS I BI0M 55 Z Fh ARG 1. SR T S B OS = 7K F- 41 i
S BTME R AETE » LA S OS A1 G 43 Rt A% L 00 52 2 P A I R | JF A R0R 97 19 T B2 79 00 L TR UE
H R, OS [ 35 AR 7 G048 T AR DB I A M b 98 FURT 4l B AL ST . 3K Bl s BLVA 9T 7 3 TR R PE OS
BT RO AR T B A AT 25T 2 v B I R RS I L R R OS B R R KRRAIG, TS 3K
BUGAR . EHE 51 OS B W V3 A A if A — R B 5 a7 B, B OS By & bl il B Ho vk
TEVAYT 0 A5, AT g R SR FF & BT OS BVA YT J7 B B4 i R B
1.2 BHREEFRI
1.2.1 BRB>TEHFREAE OSHSTFEYFIUH A LIRSS DNA 2248 HE a5 RNA EH Al
TN ALF A %5 3 A4y . DNA 28748 F 8RB #E TP53 Ml RB1 WM JE R . Wagley %5 % 8,
1E/N B AMRES F i TP53 LB G » 7T LB S/ B MSC /g Osx, Runx2 75 /K 223k, (B F 36 /8 = 2k
Wkt e, HF5 2 W, RBL 2L 2 gh OS W B & B EZIKsh A 7. HAth i) DNA 748, 4
MDM2", WWOX,NF2"* ,BLM"M 2 ¥ 5 OS iy & &k B A MM, JE4i 1 RNA 5K RNA
BEM 90% A F L, Hd ,miR-101, miR2-200 24/ RNA 5 OS %44, miR-101 g i Z I MG-63
20 M R AT R OS B E T miR2-200 W A) L@ oF 98 OS 4 i o i) E 25 & £F 45 & 11 (ZEB1,
ZEB2) i OS &A= e # . HA A IE 45 RNA (31 IneRNA-FGD5-AS1, circRNA-103801 , circRNA-
MTO1 %) ¥y xf OS F= A R R E R . BRILZ b, Zhang % & 3L, L DNA B L4 E A B
T Sk 2 A 0 35 A% 2 5 R Ot RE S 5 | RS IE R AN A e T PR A0 M AR k. BRBE L BIESE OS 1 AR
SRR, 1 R OS (1 R 2 W7 R 1A T7 7 S8 W K TS SR E M S H R .
1.2.2 FABAAXAZTES TAR, MOk Z 1 0F 5T 228, w400 N 5 558 B 2R S OS 1 &
AR . Zhu % R B, SNHG10, FLVCRI-AST %6 E 4% RNA 95 ol 38 13 3895 Wnt/p-i%
IR M5 5 38 3% 00 5 MR OS 20 M (9 3% 58 F 42 28 . Liu %0 & 3, 76 PISK/ Akt {5538 %, In-
cRNA GAS5 (1 il A] DLREAIR PISK/ Akt 5538 #% i 1% M L 35 240 6 OS 48 s 15 58 sk 2 1= 28 M RICR
i Wang 255 % 31, 75 JAK/STAT 5 53 % 1, OS 4l g v 116 5 25 7K 5736 3k , 300 151 32 508 1% I ] 17 61
OS A K fH R . Brittz b, PD-1/PD-L1, MAPK, NF-«B 855 5 il gt 2 Bt 5 OS (19 = BEAH 6
M2 OS A KR RALEY . Wb, 24 HFSHEES S OS AL R H OS Bk &Rl
il i AN B
1.3 BREEBESFESR
1.3.1 2ZEAHFWEGHRKk ZFR-HOB RGN DRE W& PR K 2 (1 522 40 M3 2, A s
B DNA GG KARMAT- M2 . o RIRZ0E SR LA kY . 2 RESEEAR 1
(USPD) j&&—Fh 202 R ARG WA pF 5 3R W1, USPL 75 Mg 20 21 b 52 i B2 32k, HAE OS (10 3 Jie b & 15
FEAEH . Chen %M & B, b5 3 5 2 (SIK2) 76 2 Al 5 CELEG OS) h (1 32 15 7K 7 5 i 83 11 ik Jé %5
PIAHOC , SIK2 Al /ESh OS WTE IR HE s . DS 35 200K O 1% 338 A BT USP1-shRNA B8 TR SIK2

https: // hdxb. hqu. edu. cn/
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JSH OS 4 2R W T, RS 281, X £ W] USP1 f1 SIK2 2 ] f7 76 %5 8] 2 B . Yuan 250 % 3,
USPL wJ Dl K11 F1 K29 Kz 240 24 L0 W+ 5 PDZ 45 6 7 d- TR e 45 6 6 N
Hippo {55538 #% 7= AE 52 i 30 ] OS 41 i o TEAD §% 5% [ 7 F PDZ 25 4 367 19 A 576 F . B AR Ui
Hippo {553 % (1) % 4143 K F 4% CYR61,c-Myc fl RUNX2 %, #h4h, Zeng 557 7 — 4L 75 45 4
OS FEA [ 44t & B0, USPT 1 185 K V- 265k, o] BB T8 1 3076 Wnt/B-E R A5 58I 1E S OS 4 i &
bR -E A . 2 RS E AR R (AR T USPL, USP2, USP7) ¥y X%t OS ) & 4 & & ™
G-k A

1.3.2 ErbB %3 ErbB Z & —JREWE I8 17 C 41 M5 5 15 55 18 0 3L B 32 3K 7K OF 1) I 42 e 134 1ty
ZAEPY D ErbB H LR 4 A B R B % : ErbB1 (HER1) , ErbB2 (HER2) , ErbB3 (HER3) , ErbB4
(HER4) , Hih ,HER1 J& T 3 ¢ 4= K 7 %2 & (EGFR), ErbB1 1 ErbB2 RE fi% {& ik I 9 19 & &, A.
ErbB2/ErbB3 {5 5 1% 5 0] LUE 3 PISK/ Akt i 42 42 F i 40 i i A= K F142 28 . ExbB3 0] LUE i &
Wnt 3a B2 M1E 5145l Wnt 3a @215 S 010 MSC 1] J8H 240 i 43 4k, T8 BURT 9 B 41 200 T
4, Huang 5575 78— 344§ 90 4~ OS BHFEAR TR & B, J5 &M OS 4140 i) ErbB3, ErbB4
(R4 38 7K S W 8 3 & L 9 HL ErbB3 il ErbB3-EGFR b9 16k 5 OS &2k V& JBA & % VA M 328
ErbB3 Al fE /& OS JGY7 1 — N EZ S . Jullien %70 % B, 78 6] Fl S2 AR B A 19 /)N BUBERL b  ErbB3 (1930
TR Tt 02 3 2ok 000 ) ok e 200 L 184 4 3R B0E T MR I SR L X UE SE ExbB3 W T OS JR97 v e A R .
Kt . ErbB Z AT A OS WAE IR T HLAR .

1.3.3 EmAhRg BB AL B B VA LR IR BRIt BL 4% B g BCLPAATR) & — 28 Al LAY OS 40 i 1 58
MBS . RB K ML P 1 7 1155 s 1R 2 1k Wl i TR 37 Il DG TR 190 A 00 0% 1 55 A M v A RS A
BHIIRR BTG - Yo R iR Je —Fh BoA (5 B AL S UIRe i AE TG HERE G B ) 2 S SR Z R E
GG IR AR N Ral-1, mTOR 4§, RE6% & #4890 ) s 40 L i /E . 78 K OS JRE FEADE R b 3 &
W LPAATR (3 KB E 0L X KB LPAATRE M/KF @Ml S OS kA R JEH & W FEK & . Song 5
KK siRNA JUER A LPAATR 4 A 212 % 75 245 78 4R S8 0T BAA IR 25 15 9 OS 48 i 38 47 45
2y, LA ST Bk LPAATR X OS 40 J 36 F1 1 5 i, 25 5L 3 B, U Bk LPAATR 3 P 58 9% 4 i it 41 it
2Pk OS 4 2B K 220 i 23 PR AL PISK/Akt/mTOR {55 3 #0006 . Gan 887 & 3. 76 % U0
20 M ASE TR o G PISK/ Akt/mTOR 5538 [ 58 08 100 i TR0 1755 100 240 M08 1=, 5 ol 58 X 01 1) it 245 4
3 — AL 2 b b 8 Gn OS whn] 58 3 5 A AR 8 45 4 AR BRI ) 1 5 10— 2 A SR 30 iE

1.3.4 Notch 455 @% Notch {55 iH i FEZ 54 MR 19FE BT G40 E A Notch {55 1 AH
SR TC R 119 20 A R AH 4845 45 Notch {5 5 52 K 1 A0 fL 25 5 ) » BD AT 00& Noteh (5558 B = A F 515 5 L
A8 TS BC A 52 A B A5 6 05 77 A2 2 AR L 4845 40 M Noteh 28 #9442 4k . & 4= Noteh 41 ifg P9 35§,
(R EEAL . BAT, EfFL s kP E Z A 5 Mic & (DLL1,DLL3,DLL4, Jaggedl ,Jagged2) il 4 F5Z
& (Notchl,Notch2,Notch3, Notchd) . HIEA KA HE F 9(BMP9) J& — & RE % I8 15 b e 40 it 385 5 A 2
SUE 55 AR B R 1L 72 7 BMPY 38147 S MSC 431k 19 BT 45 45 128 2 K, Notch {5 0] 38 335 ] 5 K [/
{18 T A2 R A2 A R 35 AN [E A S e s Noteh T fB 8% 410 T A5 B 40 B 0% A= )8R W, T Noteh2 I ] DL g 2%
HSRAE R . B AT WL, Noteh {5518 3 76 BhJ 40 i & 28 & J&8 BB il B p ol 2 45 S BEAE T . 5 OS B R
R ARDG . 18 OS iRl , o] LR B Noteh {5528 9/, Noteh 55 16 £ 15 %5 T OS iR y7 BA %
TERE L, Cao %57 & B, Notchl 0] L% BMP9/Smad {5 5 i % , 3l i3 b ALK2 ik K, {2 ik
MSC 43 {38 55+ 8 F 2 1 H 438 Noteh {5515 3 1) BMP9 I8 G848 42 #F MSC jli - 431k i) 4 1 72
AL P B 98 T Rl 0 M R R 5 . SR T, Noteh {5 5l B A2 OS KA & J& v i i IR FE AT A 5 ik —
.

1.3.5 HiefoFiE HMEAIEF(ECM) S OS &4 &% VI . Martino %7 &,
ECM AL ] LLRATRG OS B & AE 6 Rl P8 42 TME 00 il b 98 09 28 4 Rt g, R R BLAE TME
JO2 R VAT 4 RGO AR )2 R E R S W B KO A8 4K . Bergamaschi %Y R B, 8 ECM 43 o 2 2
) 4 KFK:ECM1,ECM2,ECM3,ECM4, EA14r 5125 4 MR [a )ik 42 (PISK & 42 8 2 M AR s 42
Wnt-3-3 FR 2R 1R A% N 5T I 34 48 o fih 6 4 A 320 A7 9805 B A% 6 I Jge 40 it v 2% S TR 0 A 2= T g

https: // hdxb. hqu. edu. cn/
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INGF TR IR (miRNA) 58 F R A IAE X TF OS ik R A | EAE . W WmsaEn =
TP, NOB1,HMGB1.MIF 24 &, Zhang 277 % B, i i3 F 8 miR-363 AE4E 8 NOB1 [y & 1k K T 42
/5 5 1 miR-363 3 5 OS 43458 i 5% S b je -] i b 5w Z B R . L4k, Sumaiya 50 KB, H
W 24 1 A% 3 400 i) PR ¥~ OMUTE) 38 4o W B2 B 08 3R S 0 5 2k A 32 A AR E R - 9 2 5 i g ok 72 MIF B8 55
miR-451 RAEMBAE M 1S miR-451 i F 3k I M % OS 41 i (¥ 34 55 A1 iEF8 . Centomo 5551 & .
miR-22 G815 [a] VB F T 44 28R 40 i (DO 1) p38 i il DC 1) Bt 98 & 7 1 117 175 5 el g F € . Lian
0320 9 P, miR-34a 38 13 P4 C-Myc Fl Bim {5558 %, 5 OS 40 g %} 5 41 (CDDP) {4 £k J7 flUsk vk 55 7%
BB AE WU VIR G

DNA #6425 130 £k 7 55 (DNA-PKes) J& — 28 5 8 128 FU I = B AH OC 1 4% DNA (R 22 4
TR / 9 24 R A 1 VA P e A S 6% A R o 9 T 0 M e 8 T LU 3] DNA-PKes 3 £ B I, B 0L, DNA-
PKes J& PP 40 9 7 1 SCHEHE R . Fang 885 78 /N U2 504 A v %% 3, DNA-PKes I 1 B A1 7T LA il
JIN B N 8 S5 B 4 R S b R AL ) 104 A G A NS JB  20 i 9RR S e R AR Hb 1 e 0 R AR R R
1E OS (97 L ml Be R HEVE AT

Gremlin(GREM) 1 & IE S BUE B 45507 8 T BMP Z5 80, TEAILIA N & 45 48 75 20 5301k
M EH . Gu2E0Y & B, it lenti-GREMI i 5 GREM1 R B id ik K F )5 . BEAE X OS 41 iy
FZH i U20S,MG63, Saos-2 55 20 il 1 1% 7 7= A= 90 ) 46 T i 30 1 OS & J& ., 3k — 25 76 /N B 4% Fb
U208 4 i A p iF 58 & B, Bl GREMI JK-F-BEG8 i OS 1§58, 1 GREMI JLER &3k W 2 fe i OS
R VR

AN E A5 FRE S 50T R AR BRI G &R L Nk 1 s

1 ORFEER G T-50 85 007 B AR 2 T RE A 5% R

Tab.1 Relationship between different types of molecular targets and biological functions in treatment of osteosarcoma

53 F A 8005 /15 55 B ke 5| F 3k
SNHG10 Wnt/p-# 3 & Hig 2 & 3k 1 5 A5 7% SCHRL13]
IncRNA GAS5 PI3K/Akt i& {2 MR TR SCik[14]
1L-6 JAK/STAT i&# A RS ik [15]
USP1 Hippo %44 5 4 L O 1 SCHRL18-19]
USP7 Wnt/B-3% 5 & H &7 P b K- e Ak SCiik[20]
ErbB3 Wnt 3a &% 01 240 e 344 CHk[22-23]
LPAATB PI3K/Akt/mTOR & 3 508 T 24 1 SCHik[ 24-25]
Notchl BMPY/Smad & £ 23t MSC i E 431k k267
ECM1 PI3K &4 AR R R A k28]
ECM2 Wnt/3-% ¥ 8 H &R 15 B 2R 5K 07 W] TR SCikl28]
ECM3 A R Y4 41 25 4 21 21 SCHR[ 28]
ECM4 P B Y 3 A2 R R E S R Rk ik 28]
miR-363 NOBI P E K B CHk[29]
miR-451 MIF G4 R AE H T CHk[30]
miR-22 p38 il DC L8 15 1k SCHRE31]
miR-34a C-Myec, Bim & i AL T SR SCHR[32]
DNA-PKcs GBM A IR CHRE33]
GREMI U208, MG63,Saos-2 100 14 240 JH 2R 9 SCHRL34]

2 (8] TR R R Ah AR A M A

2.1 8 78 BT F 40 A o ik

MSC IR T LA F R P IRZE . B T ZEETHM . MSC B A £ i 54k il [ 3 52 51 105 5 BEg 2
b hy 22 Tl AS [) f 20 4 40 L o 0 955 B 00 S L 0B 0 L s A A B 5 L MISC FE AN b D R 1 R R A
B E U M. EAET AR LT F 20800 n] R IR T8 88 I8 8 R K R IR
AUV SV i . MSC Bk T ) B3 40 A T 38 B3R 97 7 FH LA AE L 38 e 8 38 4 55 43 0k 1 77 =X S B

https: // hdxb. hqu. edu. cn/
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AR - 55 0 W6 10 40 0 5 S AN S A AP 8 0 . X 2R 1 T #0400 M, e 2 SE LR iRy
ULk s Abdelmoneim 8857 % i, MSC 38 3¢ B A 3 1) H0 8 1547 g 1 - MISC RT DL 228 43 6 K o 2 4 B 1
P LA T A G 1 257, I HL I RE A% A5 50 300 1) 98 A B 1y » 8 5 Rk A9 26 IR o DA T 083 AL A 43 £ 41
LI PR AE Z WAL . MSC ik BA 280 AL Y2 500 76 T P08 365 58 4= 28 0819 Rk S % 470 240 i 1
T PR I 2R B AR A R AR . MSC Il IR iz T T Al S e 2 . A B e vk
PIRGIR YT S A0 I, 2 H R B2 U rh R g iz W T A . I AR, Qiao RV IR ST 4 R BR
MSC 7] fig 3 Jifr 983 3 Jeg F0 410 ) Jieb 96 365 7 1) B 4, X & ox MSC /T BE 5 i 983 V6 97 A7 76 e BE A OQ P
Karnoub %5 [ 55 25 3 R . MSC #£ TME w8 45 %% Ak Jhy fite 988 AH 3G 81 78 9% 1 48 L o DA 117 2 32F 9 A 3F
J&. BbJE . HEF MSC E RMIRITIE J1 K MSC FF I R IR iR 97 52 3] T 80Ok B 2 22 35 1) 56 7

Exos J& 4 M 430 15 1) EV (18— DR RN A EHAR N 40~100 nm, H H A A X 2 E 19 i Bt
W2 B . AR AR OB B4R KN EV AT L4 Ry SR i 4 (40 ~ 100 nm) (B3 (100~1 000 nm) il i
T2/IMA (500~5 000 nm) . A4 f ] J& B Johnstone" ") 7E W 2L 21 41 Jifd (1) AFF 55 o & BE, JF HL7E 1987 4F
i HAr 44 exosome, Exos - HIBE 21 J2 55 240 MR 90 AQ 0 AH OC i 4 5T, S 26 45 TF 0 32 7 32 3 AT 6
. Exos ilH# LLH NSV AR T 0K, S A AR NEY N Exos TR W AR A & B TR R 480
FI T2 R R AT 22 RS 0o 02 H R B T AU 23 g B BUAY J7 i B 25 SR B0 2 9h 4 3l 34 AT ]
FEUETE G R R Ay B RGT HERR (3% 125 L o0 T AT % RO AR B R T 55 2 R O BN AR R Ay s 4R
I Exos &% . Exos & 40 it (8] 38 iR 0% 52 A 5T 0] LU AS R N 59032 EAR 40, 32 515 B L
G5 N AW E 2 2R A B AR (mRNA L IncRNA, circRNA, miRNA L. DNA) | I Jii %
Yo AR B AP B VesiclepediaChttp: // microvesicles. org/) [ ¥4 . 12 4 2y 1R 9 & B
) Exos N2 A145 566 911 Fh A& 115,27 692 F mRNA,22 858 F miRNA, WM HHEA G T M
SULT 20 M LA S G a) 75 5T T 240 M R 4 B L A U 4 A L ok 2 20 B A LT BT A IS TR Y A T BB 8 T R Ex-
os, H R Z AR LA 2810 77 04T 20 W . Exos 0] DL 22 R 5 20 1 38 0, o mT DL el ARV 40 5 75 3], o e
W IR BERL K K SE . Exos TE4ERFUUA IE & A G Zh A R i) 38 2 5 Z R S AE LS F2 . Exos
A LA S e A0 b R T B A Ak T U B R B B L BT IR 19 A K . Kogure 25 & 3L, Exos 7E Jif
R AR R MR W B R AR R ¥ PR E . B Exos B 4 80 B2 24 40U 803A 97 iR
(I 58 R TG L —

2.2 EFERBRTFHMBIMMEEEDZSFE

MSC J&—Fh BA5 B R 41 IE T7 1 77 1% 2 Be LA T 20 i, 26 505 73 U7 1 B v, MSC 32 %258 3 55 43 Wik
w27 4 Exos A AL EE I . Exos AR /N EV, A UE &4 AR BE BT 40
HEL YA T T B 2T A . ) 78 50 T 40 it 41 s 1A ( MISC-Exos) #% 1 38 Jy 36 F MSC % B & 4 Exos (1977
Py R A RSz T A0 R SN AR — A 2 B A MISC ¥ £ B A 3 g Bk
P2EAs B T DU AR A0 M7 2 S R A Y7 355 . Yaghoubi 882 F 5% 2 B MSC-Exos 78 2 Fft 15 95 (1)
B YA v R AR TR T S TR T A R

Hassanzadeh 55" fff 55 % ] , MSC-Exos £ MR IR YT o B B 5 BRI 1E G yT 8k, 5
W 2545 A5 12 25 5 40 ) TR R R T RINA R At A 4 3 43 3 % S ER 4 i b L R FE TR
BE AR A A I A TR A B 3 R AT 45 X B Exos B9 A5 SR AT LA i 8842 i ek 1 R A
KRR R RIEITRCRE . 5 MSC #H H  MSC-Exos H A % Gy 5 pE AR TE 1 AR08 1 Kok 2 1
0 b A G H I B T A7 A B RE 8 A 00 3 AT 98 400 LA R 23k 1) U & 5 20 i g 16 97 v AN A
MREIE R . MSC-Exos I RETT BB 5 MSC sk A K, RFDEJE MSC-Exos 764 9% F# A
AR TE] 0 4 P S AR R I AE A D RE b A A i 22 57 . 0 2, AR D 40 i b 42 B0y MSC-Exos o M - i Hh 4
B MSC-Exos 7EA2 1L 8 45 BURE 1 0 HA R,

I, #R 58 MSC-Exos B R U5 #E [m] 24 o LA S 7 ik 988 40 1 v v /8 P AR AL AL 4 B 197 K Tt 41 il
BT T 0 o R SR TR I PR R IE T K L BRIk Z Ah . B R MSC-Exos 1 5% K £ B4 15 B 1
Bl S5 AR S S L AR )T B A R A A 22 W 3 T B LA 2 0 L 45 2R AR AR TR T I
] % o I H e bR A AR 7= 40 18 S 8 RO R I 85— R AN AN 48— M bR o . 1% 48 1 40 MYA 9T AT 4
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ol F X Fh O ST REAFAE LA G HE e B0 52 K 3088 19 T RE . EL e TR R K, 28 5 #0055 Jl sh A1 4 L 1
il B AEEAR K R BR . 50 A MSC 1 1% 52 4l M 7697 J7 36 AH Lt MSC-Exos 7E I R I J6 97 J7 T8 1)
o7 FH LB ) KU B/ BE AR B T MISC i A= 2% i M, SO 28 B0 19 22 4 PR RO R 1 IR ke, MISC-
Exos 1F Bk —Fh A 51 & 0 90K e 4 iay7 T HE .
2.3 B FE SR T 4B A R B Th RE

MSC-Exos B T B MSC Fl Exos 2 [6] i) 4= 9 5 R P LASE . 5 MSC A b B4 5 B 1 B2 44
HEfi% o AR B RE L N A W i 2 v L 9 H MSC-Exos RV /N, 87 25 5 31 55 /8 F #0055 AT 04 10 %0
PE M R 5 0 % 4 M. 55 Exos Ml o, MSC-Exos B &7 % [ R 8 IS 25, DL & B A 9 0 1 1
RNA. 13 mRNA.miRNA, tRNA £, fg 4 5% MSC-Exos % #0840 fifg JE 47 56 R 5 5 BRI oh Y, X
Xk R A P A R A R S A R AR B EUE R AR . AR T B RS R
2 R 0 R Y A P A X T R AT RE 2 g | R R A A A A X T A, TR
S5 TR o X LR E 7= A AR . DR I s b s 200 R 40 O A P R X T A
HHATEEZ Y, Yang %5 % B, kI F MSC-Exos 1) IncRNA MALATI fg % 5 5% & 40 i v 1)
miRNA-34c 254, $& @ % 5 7 RUNX2 [ 36 7K 7 AT B2 = BB 40 Ff 3% M 38 5 0k o9 i 1
Zuo % R B, MSC-Exos g2 5 18 40 M BB 40 i 2 18] 19 15 50z i AL i3 . B AE W% b7 11 1 400 g
DAL Ao 32 3 A T 6 L AR R X R R A G R E . BRI A, 7E s 5 v, MSC-Exos
W RES $2E = L 56 sh W RN VEGE/VEGFR 1 235 7K - o A2 2 o) & 37 28 1l 45 1 9% - 5] e 38 B % X &
Pra®ar ke 4 JE B E JnEE @A MERSY . ik, MSC-Exos ¥7 i HAG 5 W 14 I A5

MSC-Exos i 0] DX it 28 5 i 40 i Je 9 9E PR 7= A 4 o 0 S R B0 A 0 o Mo 40 /N e I 40
ST G I 240 i 5 el 22 98 400 S % A8 i TR 1 B 4 7 T . MISC-Exos AT LA i) v bz 400 it B e 1L-17 &
HMAL TG L 52 m TL-18, MMP-9, TNF-a 885 1) i 19 2 35 o DT Xt AL 44 P Hb A 40 i 174 32 i 0 7 0 i
PEAT IR . Zhao %5V R KM B A LAE FHF NF-«B fil CysLT2R-ERK1/2 {5 5 il i . 9 /N
A M1 R EE {b () AT B JF AR F i M2 R EE (b B AW R ORE 19 BN . X TR R I 5 4N
MSC-ExosfE 43t IL-1 i35, o7 LA ] Nef-2 {5 558 B 09 316 57 L 30 g Z 005 5 10 i 4 R JE R
o BRAEFHF Rl 28 98 A 20 B b s MSC-Exos X I 20 i A% 2 bR 40 i L ok 2 40 b LA v e R s L B
PRAE FABL A 7 P B

3 [EFERT RSN T AR T R A

3.1 MSC-Exos 258 AL EETT

3.1.1 MSC-Exos 5 OS #y /g &£ %k 44 542 % MSC-Exos Al #4F MSC W8 1415 B .3 5L F
i geg i) kAR L IR AR OS AL i A K B SR 28t R b R ¥ EZEAE . Yoshida 885 % BEL, 4 55 42 BB
BE KPR MSC-Exos A4 miR-25-3p., 1] LAJHE OS 4 M4 58 3T 58 M A2 28 RE ), H = 5 R M7 B 6ok
U8 () MSC-Exos A I miR-25-3p $E [ 5 52 2 OS 41 . 12 22 3K J5 30 41 JLHE 3L R i 2638 . A TTTHE S OS
20 LI A B . Shimbo 26590 % 31, #4F miR-143 ff) MSC-Exos /1 T OS 1% 1438 41 }g J5 . #Li&
OS Jili % % fea B 58 52 24, 26 miR-143 A DIAR KRR B/ OS 4l iiE R . Qin 0 HRER NS
miR-208a [) MSC-Exos %F OS 4l Jfd () 5 1 . 45 5 18 7% - OS il BE 4% 38 1 miR-208a (941§ 5 MSC-Exos
HEAT 0 A 3 RO S 07 2R 35 1 miR-208a A i 35 52 5 OS 20 g (¥ 47 16 A G AE /) . Zhang 551 R B,
miR-206 7E OS 4l g 7 B A 35, i F 3519 miR-206 F8 4% & 35 40 il il 95 40 e i) 3% 4, O 98 1) 4
TRA2B fE#E41HEJH 1= . Gong %' & B, OS 4il iy i 12 MSC-Exos $#H miR-675 J& , iM% . 3% T 14 41 g
H CALNI (13835 7K, T A2 $E 40 i 0 5 56 % . Ruan 2509 % 3, N 254 miR-22 7] % MG63 $5 5,
M MG63 3 58 . Ml OS & J&. Yun 4510 & 3. miR-488-3p i 1o #1 i) NRSN2 X 717 4] i 433 41
R SR AT R AR R F W O miR-488-3p 7E OS & A= v i /E A4 08T 9 WA . Xu %55 & B, miR-150
A% 30 L ¥E 1) IGF2BP1 2 #F OS 4 =, 30 OS 3458 5T 8 . Zhao % KB, K A5 IE 4i i3 RNA
PVTI1 WX} OS WA 52 M 12 PVTI [ MSC-Exo 5 OS 21 il 4% fil J5 , 58 4% 417 1 40 i 19 72 R fb i R I 42
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#E ERG 19235 . DT JE 8 g A K G 2% . Li 4557 38 & 3. IncRNA MALATI fE45 i if MALAT1/
miR-143/NRSN2 #8455 F fif Wnt/p-Catenin {5 5@ & . WAL E OS 20 0 /9 14 58 L LB A28 . BRI
Z AN uPAYY (LCP1Y i) MSC-Exos XTI OS 4il g 34 78 3T 5% % & ¥ L/ . uPA fE
% 38 2L TG OS 4 ) uPA/uPAR Bl {0 9 0t 6 Ay 55 #8 R A, T LCP1 W Be % 3@ of JAK2/
STAT3 &2 #t OS R AEs . ik, MSC-Exos &5 OS Wg K B 51772,

3.1.2 MSC-Exos &5 OS #yatfat2h e FE OS Mt 25 AL H BT 58 2 W A, MSC-Exos ANY AT
DL 335 TME 4 il 38 B SR {2 #F OS 4 0y 34 58 L 32 5% . 30 7T LU i & 1 5 OS 4 i 7= A= 4k
Jrimt itk . R, BF 98 MSC-Exos W& 15 OS {5538 H At 24 4 HL 1 A0 5 2 #6 x 18 78 o 24 v B A7
HEE X, IGIK ERHF OSIRY7 1 259 £ 244 Bl % 2 (Dox) Al CDDP, Dox Fl CDDP [ ifi 25 9F #
i 2k 52 MSC-Exos PN 2 4 45 (1 5% W), Tiif 24 1 1% 2 J 7™ s BR ) T 25 90 78 OS IIfs BRIG YT H 14 1
FANAE R R T RE S R B A R R % .

MSC-Exos [ N 2596 & 22 B ) it o AR K —38 43 rT4F OS 200 i i 245 4 7 A= L 42 58 IR0 422 119 52 1
Zhu 57 [ RFSE 7R . Exos N &) circPVTIL BEFE OS 40 2 2 35 4138 T 1E 8 5 4 il 2 hFOBL. 19
B2 LI AAE Z 25T 250 OS 41 & circPVTL (KK EH &, dE— 55 &M, circPVTI g
W3 IR 25 A S KL ABCB 592635 .15 S OS 40 g X6 U5 F0 B 85 2 B9 25 v & 42 . B cirePVT1
f14 22 35 ) AT B AIG ABCBY (14 2235 K1 o MU 404 52 OS 4 i ot 15 Wb AL 7 25 90 (0 Sl o i A 3 %
B, i 38 cirePVTL (9 BB 5 76 A A7 R WG 5 49 B 3% I PR Rk B X R W circPVTL 78 OS it 24
MR LB E G EEEZEEM. PuE BRI, WA miR-34a-5p o] L i )l AGTRIL JE B (1
Fik MR OS M Z 4T 25PE . NP miR-199a-3p KRR ) 98 1 AK4 (93835, N AK4 7K
L T BEAR OS 1 Z 25 257 . tAh, Wang %7 & B, miR-155 REA%HE ]/ F F PTEN (9335,
T 3 S PISK/Akt/mTOR {5 538 B K OS % DOX AU 8USRYE ., Li 257 38 & P, miR-214 7] 3@
1L A AL PHLDAZ $4f] PISK/ Akt {5558 [ . e 235 58 OS X F RO 0 BlUsHE

FA R4 OS B B IG RALTY 259 CRL % AR | B 75 2% . FF 2 08 I 22 H 32 B 46 RE A% 5 R 38
O OO o A e TS AR AR R AR L OS ARST 25 it 25 PR i s SR R AR — DA T ZEs R &R . H I,
{ili Fl MSC-Exos iz 2k (1 4 28 P06F OS 40 2F 47 58 1) 378 2 o DA R AR LT 285 0 , 2 B A I IRTR I7 OS 156
),

MSC-Exos AN 6] N 259 5 & WL 0V I7 I RE I R R . N3k 2 IR .

%2 MSC-Exos AS[l 4 254 5 4 AR B 1 34 7 T RE 9 56 2

Tab. 2 Relationship between different contents of MSC-Exos and targeted therapeutic function of osteosarcoma

ST 3 25 WL/ 5 A 2 fig BN
miR-25-3p DKK3 7S 40T AR k58]
miR-143 143B ok /> 44 b ST B SCifk[59]
miR-208a MG62, Saos-2 PE A M R ZE I B SCHRL60]
miR-206 143B 0 20 B A S SCik[61]
miR-675 CALN1 {2 F 40 R 3 7 5 5 B SCik[62]
miR-22 MG63 03] e g 14 5 Xik[63]
miR-488-3p NRSN2 00 451 o 9 344 4 Sk 64]
miR-150 IGF2BP1 ik OS H4 54 3T 7% CHk[65]
IncRNA PVTI Saos-2,MG63, MNNG/HOS AR 32 fih 8 84 5 AN AT RS ik [66]
IncRNA MALATI NRSN2 % 0E 241 35 5 3 S AR 28 SCHRL67]
uPA KHOS P 3E 240 Ffa % A% 0 4= 52 SCHRL68]
LCP1 143B,HOS A 3t b 96 4 5 5 7% SCHRL69]
circPVT1 ABCB1 2 25t 25 vk SCHRL71]
miR-34a-5p AGTRI R 3 i 24 SCHRL72]
miR-199a-3p AK4 Wit AEK TS 2 1 SCHRL73]
miR-155 PTEN Ak DOX 5k Xik[74]
miR-214 PHLDA? it 5 T R SCHRL75]
https: // hdxb. hqu. edu. cn/
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3.2 X FH K MSC-Exos

B TA% G 40 i y4 97 vh MSC #2568 77 R . MSC 434 19 44 2K 2% 40 it &0 3 360, B A b4 , © 1%k B
FEE . MSC-Exos e #5457 AR 115 5 40 F AW HAS S RBUN T3 B 52 5, ] LUAR 47 1l figg e
2 )26 B TR) A, R — o n) DL S B ) 3 R B R SR 2 W B © 4 Bk I DR YA U T R i B AR A
Abello 27 & B, #7130 B9 hUC-MSCs SN R TE #E AMLIRJG » 24 b P 7E R 3 467 AS W7 25 B, LA 2 A b
Jed R 2 B 0 ) 336 0% 1) 9B AR T . E SE AR A0 i B9 Exos B4 g #0 1) 45 M. 7 25 Wk i
MSC-Exos g 38 13 B2 115 32 R 4 AR 45 4 5o ik P-B 2R 11 55 2 25 25 A G B LA 5 s 25 ¢
YU 2 R PR % 5] OS ikl . Wei 257 & 3, MSC-Exos & i #£ ik SDF-1 H 1. 8EfF 5 OS
A i) CRCXA & [ R A A BAE R L 4 SDF1-CRCXA %l ) 300 o DT 22 30 8 1) 40 f % ¥R 97 VE
1 L2 B, MSC-Exos R Jhy 3 2% 2 17 1) 2 R 82 1) 21035 b 98 400 e & 4484 L L AE OS YR Y7 T AE A 1F
25T .

B8 Z % H AT I TR IR T B 254 22— AR X0 UL A 450 35 P DR 34 24 0y 8 ) 0 R
AR AT O JUL B 4540 68 W PR 9 97 o e E AT T B ST L Wed 280500 5 B L B 6 oK R B9 MISC-Exos 15 g 48K
25K . 5ALIT 259 Dox 454 5 #0133 2% 2= OS 41 g N . il i SDF1-CXCR4 %l % OS 40 Jifd i 1k v ik
Fr R . S5 25 SR 3R WY L 7 I e i 01 A R M 2% 1 T 7K 2 Dox 1) MSC-Exos 25 ¥ 2K RE % 18 3 B IR AL 1A
T 1 IR S0 e e A B 1 B L X 45 7R MSC-Exos 1] DUAE b 25 9 36 3% K B F OS 1697 . IS,
Wang 551 % B, 1 FH B8 MSC 43 W5 (19 21 36 7R 1 2% (1) EM-Dox £ OS v 282 3 H 58 53 (19 il 8 410 1 05 14
DR EIE R X IR OS B B4R 0 25 ) AR AL T Bl 45

Kanchanapally 48" 4 JZ #b ) ( Honokiol) %¢ #k | MSC-Exos J& #F 17 25 20K I, 45 21 & 8, 4 3t
MSCs-Exos-Honokiol b 3 J5 11 J 40 il b 25 1) 1% & Rk B 8¢ Honokiol 4 B & B 5, iX $#2 78 MSCs-
Exos-Honokiol RE#% X} 254y 47 5145 LM AL 33 . 72 AH R 15 3% 558 - MSCs-Exos-Honokiol X 4 4 fifd (1)
A4 71 7& Honokiol ) 4~5 4%, HAE MSCs-Exos-Honokiol 4 F i) fiftJeg 20 s v . 460 12 75 4 KBS B ik 2
MR BT TSR B AN Y 2 B R E D A T8 A Bel-2 A3 X B A p2] ik B E
Hm. XA MSCs-Exos-Honokiol ] D43 1 £ 1#F 20 i 07 7 . oo 2% 20 it J&] 343 0 R 400 o) OS 40 it iy 2B

AT B WIET 40 i (hEnSCs) J& F MSC 1) — A2, H 2 W I & 19 hEnSCs-Exos 1 J& T MSC-
Exosf—#f, Nooshabadi 25D Bl FE4& A 7T (Ato) H#5 F| hEnSCs-Exos |5, JE B hEnSCs-Exos-Ato
N7 T PG IR iR 9T L 45 R R hEnSCs-Exos-Ato B A A M 259 BEAE 77 . 76 48 h INREIE BRI K 29
504259 . UEAh, Abas SR ER Y L A AT MSC SR IR 1) Exos tLAEHS 2% PTX B T AE 167 » X
#oh OS JRYT 25 ik AR E BRI T HE S %,

SVTF Z s MSC-Exos 1 2 2] 1) 388 16 480 A 5 R S 58 S v L JC 240 M 5 0 R 0128 2 5 550 6 T 2 8
AGAE R G O ERI L T E KL MSC-Exos #0245 £ 4t Be 48 75 52 /55 b 97 46 30 i 7] Bsf s Bl KR 8
Hi S ML R BB » A0 45 25 400 A B 5 @l S FxE 4 B I A . MSC-Exos 2GR G HA 0
Uyt 25 R T80 1 - B MSC-Exos 8025 R Guf% i 25913k 97 OS ik AR Z 1 R #H & e 2s a) , (H A5 5
AR .

4+ i

AR K L MSC-Exos 55— Fif 2410 AL 90067 71 A2 OS W97 SR FAT ™ 1 19 B G KL T OS
19 75 S5 T 2% 0 R DA 409 0 2 17 4T DDA AT R DR O 03497 R BIUIR 36— PR
B BF S A AERE. L MSC-Exos ATl 8 2 R 1248 OS %28 & BT T b R FE MO0 I8 7T B
V4 00 2490 08 2 AR T 2459040 Do 5 T 43 9 06 0 0 00 00 o« AT 253 972803 00 %t
3% A0 OB FERE 0 5 OS HOIAS7 S T 2 ff 1 900 . R MISC-Excos 765 0 5 5 F 80 B R
o I LR (FLE AE OS 37 o B R 03T W 95 VF 22 B . MISC-Excos 10/ 7= B4
SEAE TR P S ST 45 B R TR i — 35 e, B8, MSC-Exxos B PR P 55 i 4 00 26 B Bt
49 T e MSC-Exos 1 B4 1t 71 FF IR 5 22 16 1 PR B8 A 36 E 2 4 AT

AT 35 2« MSC-Exos {f: Jy — R A7 95 2 40 A6 0 6 026 903407 70 £ OS 3477 o R LK T 20
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A DL B H R ) AR W R E L 22 BB D OS BYG T R 4L T8 iy B % . BEE X MSC-Exos A= ¥
Rk NG ST AL A9 TR B AR L LR A= 7= N AR 19 A W7 58 3 - MSC-Exos A7 B OS F IR )7 Y E
T H O OS B HAth 05 b 8 19 36 974 RSB 9 7 2.
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Electronic Differential Control Strategy for
Distributed Rear-Drive Electric Bus
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Abstract: To improve the handling stability of a distributed rear-drive electric bus under steering conditions,
a dual layer electronic differential control strategy was proposed. The upper layer control strategy was based
on the vehicle reference model and actual state parameters, targeting the center of mass lateral deflection angle
and yaw rate as the control objectives, and the additional yaw moment was calculated using a fuzzy PI control-
ler. The lower control strategy first took the vertical load ratio of the driving wheel as the basis for driving
force distribution. and then allocated the additional yaw moment, determined in the upper control layer, to the
wheel side motor. Considering that the maximum torque provided by the actual motor was limited, motor se-
lection was carried out to determine the torque range for the output of the electronic differential control strate-
gy. A joint simulation environment was built in Simulink and Trucksim to verily the reliability of this strategy.

The results indicated that under double lane change conditions,compared to the equal torque distribution stra-
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tegy, the electronic differential control strategy reduced the maximum center of mass lateral deflection angle by
69. 8% and the maximum yaw rate by 8. 2% during steering wheel rotation. Under the steering wheel angle
step conditions, this control strategy could reduce the center of mass lateral deflection angle by 83. 7% and the
yaw rate by 9. 4% compared to the equal torque distribution strategy.

Keywords: electronic differential control; distributed rear drive electric bus; handling stability; motor selec-

tion; dual layer type
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Fuzzy PID Control of Vehicle Suspension Seat Optimized
by Particle Swarm Algorithm
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2. Fujian Key Laboratory of Bus Advanced Design and Manufacture,
Xiamen University of Technology, Xiamen 361024, China;

3. Advanced Electric Drive Technology Innovation Branch, Xiamen National Innovation Center, Xiamen 361006, China)

Abstract: Aiming at addressing the vibration problem of vehicle suspension seat, a three-degree-of-freedom
1/4 vehicle active suspension seat system model and a road profile model were established based on ADAMS/
View and MATLAB/Simulink platforms, and a control method using particle swarm algorithm to optimize
fuzzy PID was proposed. This method integrates the standard particle swarm algorithm with the fuzzy PID al-
gorithm, optimizing the quantization factor, scale factor and fuzzy rule parameters in the fuzzy PID control
through the particle swarm algorithm. to solve the problem of empirical and subjective selection of the fuzzy
PID control parameters. The simulation results indicate that, under different vehicle speeds, the seat accelera-
tion using particle swarm optimized fuzzy PID control is reduced by more than 16. 5% compared to fuzzy PID
control, and by over 48. 0% compared to passive suspension seats, thereby significantly enhancing the damp-

ing effect.
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Tab.1 Parameters of model of 1/4 vehicle active suspension seat system
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Tab. 2 Seat acceleration at different vehicle speeds

for optimizing fuzzy PID parameters
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Fig. 4 Time history of seat acceleration at different vehicle speeds
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Tab. 3 Real values and theoretical values of seat acceleration under different control methods
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Fig. 7 Comparison of real values and theoretical values of seat acceleration under different control methods
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Analysis of Deformation and Failure Mode of Surrounding
Rock of Long-Span Tunnel in Jointed Rock Mass

TIAN Haotian', YU Jin', LIN Congbo'
WANG Haimeng*, CAI Haohui*, ZHOU Wei*

(1. College of Civil Engineering, Huaqiao University, Xiamen 361021, China;
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Abstract: Using 3DEC discrete element software, a model of long-span tunnel with different joint distribu-
tions is established. Considering the strikes, dip angles, spacing and mechanical parameters of joints, the de-
formation and failure of surrounding rocks without support of the long-span tunnel after excavation is simulated
and analyzed. The research results show that the risk position of the long-span tunnel surrounding rock after
excavation is mainly determined by the strikes and dip angles of the joints. The instability and falling of blocks
in this position are determined by the joint spacing and mechanical parameters. When considering the bidirec-
tional combination joints, the surrounding rocks are more complex than the unidirectional joints. The deforma-
tion and failure forms of the tunnel surrounding rocks not only present a certain laws in the cross section, but
also present difference in the tunnel axis. The X-direction joints mainly affect the deformation and failure loca-
tion of the tunnel cross-section surrounding rocks, while the Y, Z-direction joints affect the deformation distri-
bution laws of the tunnel axis direction, and the larger the joint dip angle, the deeper the surrounding rocks

loosening ranges.
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Fig.3 Cross-sectional displacement nephograms of surrounding rocks

under partial dip angle combination of X, Y-direction joints
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Fig. 7 Construction method suggestion diagrams of long-span tunnel under different joint conditions

3 #Hit

1) A B AT S A v v A s ) A3 B T 55 B 1) B ABUAR A5 K o 8] ) 2 2 500U o [ 2 15
B REIR R B o B TE 5 P K [ AR TR B 52 1 B IR ) 22 R A

2) X X qa 1 HL B E FA R DV A O L S B 707 )R L BRI E R S R A T Y
T 5 B B 5 007 138K B 1 A2 T B W /s o B — SR DG RRUE PR X T Z
L B A IE OREAT Lol 3 b AE @ O 20° RLP I L HEJRIAL AT B8 2 A A R TR R s 2 @ 9 207~
TO°I AR X3 2 A AE R IE 75 25 @, =>T0° I $ETUAL 5) R A s sh AL .

3) FEXLa] 7 B AT X 1) 4 B T A A A 5 e R T8 A b B e AT B R AL E N R LY
AUREEESS AN SRRy R P 21 87 N I A i DR (A e B 2 N TS D100 NI e B 2 V) BN EE DU VS

4) GRS BEG D 45 B [ AR T A IR 0 00 T vk L B TR it T Tk R T B R
VAR A MR R A B S S L 0 R B R Y S i LR A R S

S & k-

(1] SRT0ST. B S R TRE 0 JEAS o) 0 % o gT b e ()], J1 242441, 2017.49(1) : 3-21. DOI. 10. 6052/0459-1879-16-

https://hdxb. hqu. edu. cn/



%51 PR O 45 1 B R P OIS i 0 [R5 728 B i B 00 # 37

(2]

(3]

(4]

(5]

[6]

[7]

[8]

[9]

(10]

[11]

(12]

(13]

[14]

[15]

[16]

[17]
(18]

348.
BEIF R WO, A PRRRIE T 10 g kRS S EET ] B E A #A4 R . 2020,33(12) :62-76. DOT: 10. 19721/
j. enki. 1001-7372. 2020. 12. 005.
BT T I A R R b TR G T % 4 XU A BB Sk R (). & 3%, 2018,39(10) £ 3703-3716.
DOIT:10. 16285/j. rsm. 2017. 2138.
Lo dl - B0 E 7 A5 TR AR JE B A R R W IR AL R B A S ()], Bl KA A R, 2018, 47 (3) £ 478-485.
DOI:10. 13247/j. cnki. jecumt. 000853.
W 8 B Kk ¥ RN S5 R AR T L B Ab iR OGS ROR B R IR AT S [T ). & 4 1%, 2018,39(12) - 4482-
4492, DOI:10. 16285/j. rsm. 2018. 0542.
A O, A U, A5 S, B DR R AR T TOURR 2 T BT U0 2 AR HL B R S O vk [T 1L MR 2 ik, 2014, 39 (1 T 2) £ 325-
331. DOI:10. 13225/j. cnki. jees. 2013. 1404.
ryl L PE AL AR LS T UDEC 2 18070 14 19 BE 38 35 5 R AE 20 A [T ). o P23l R 2 2= i (A AR B 22 b . 2018, 37
(1):24-28,34. DOI:10. 3969 /j. issn. 1674-0696. 2018. 01. 04.
BAHAADDINI M,SHARROCK G,HEBBLEWHITE B K. Numerical investigation of the effect of joint geometrical
parameters on the mechanical properties of a non-persistent jointed rock mass under uniaxial compression[ J]. Com-
puters and Geotechnics,2013,49:206-225. DOI:10. 1016/j. compgeo. 2012. 10. 012.
CHEN Miao.ZANG Chuanwei, DING Ziwei, et al. Effects of confining pressure on deformation failure behavior of
jointed rock [J]. Journal of Central South University,2022,29(4):1305-1319. DOI:10. 1007/s11771-022-4991-z.
CHEN Xin, LIAO Zhihong, PENG Xi. Deformability characteristics of jointed rock masses under uniaxial compres-
sion [J]. International Journal of Mining Science and Technology,2012,22(2):213-221. DOI: 10. 1016/j. ijmst.
2011.08.012.
RSS2 T BRABTA X2 IR S AR O T T g AR E PRI S LT ). BRIE S, 2011(9) : 58-61. DOI: 10. 3969/j. issn. 1003-
1995. 2011. 09. 018.
KR X R R A L A T Y B A 0 s T AR P R R (). R 2 4. 2008, 167(8) : 860-865. DOI: 10. 3321/j.
1ssn:0253-9993. 2008. 08. 005.
B AT A A5 /NA L AR RN T R TE A (8] B BE R AR R [ AE R W A0 AT LT ). R iR - b 3 3, 2021,
41| 2):115-122. DOI:10. 3973/j. issn. 2096-4498. 2021. S2. 014.
IR IR % T 4725 B8 AL 00 1 R 0 5 IRV FELAF 5 [T ). 8k 0E AR 24 40, 2012, 29 (3) : 64-68. DOT.: 10. 3969/].
issn. 1006-2106. 2012. 03. 014.
SHREEDHARAN S,KULATILAKES P. Discontinuum-equivalent continuum analysis of the stability of tunnels in
a deep coal mine using the distinct element method[ J]. Rock Mechanics and Rock Engineering,2016,49(5):1903-
1922. DOI:10. 1007/s00603-015-0885-9.
ARBRIE, AT AR L H 5 IR 5F . = 4 BE Y S DR B S A AR MR e LT, R R s CE SRR D L 2023, 54
(3):1141-1152. DOI:10. 11817 /j. issn. 1672-7207. 2023. 03. 030.
P e B B R e B AR B A S LT . A D2 TR A, 1990(1) 1 68-75.
AR 2 . B R - TR R B D R o U T T A R e 0 s A SR E LT ] A A e TR AR,
2003(2):171-176. DOI:10. 3321/j. issn:1000-6915. 2003. 02. 001.

(RERE: KEK RXER: FTEP)

https://hdxb. hqu. edu. cn/



ER T G LS NI O SO G S B/ S B 3 ) Vol. 46 No. 1
2025 4F 1 A Journal of Huaqiao University (Natural Science) Jan. 2025

DOI: 10. 11830/ISSN. 1000-5013. 202409014

H F SketchUp #0 OSG By X 13 3 51
EEEM=%#ESTHMKL

W, Rk, e, R

(1. RN K 2E R TR Be, faad g 350108;
2. MR TR AR TSP, Wi M 350118)

WEE: A R E S AT AL 7k IR Y AR R T — B Bk T SketchUp B2 & R U A X385 48 410
SHERBTE . TR TR T AR G R Ty 1 b TR A S RS B A 4 R M Y [ A S B DXl AR A
F) R EE R R T e PE . R OSG =4 E Je 5] 36 QAR L3S B F B = e sh S WAL T &, B IX
A SRR F AU A S AT AL . DR A A N T T DK DRI BB 6 DX IR AT = A AR R R
RS R s TR . 4 SRR i @R A & BRA AT

KR XEEN =4l =g SniA, REBL FERI; OSG =4EE Y| %

HESES: X43; TP 391.9 XEktRERG: A XEHS: 1000-5013(2025)01-0038-08

Three-Dimensional Dynamic Visualization of
Regional Building Seismic Damage Simulation
Base on SketchUp and OSG

YAN Xueyuan', ZHENG Xinying', LIU Xuhong*, ZHAQO Hanbin'

(1. College of Civil Engineering, Fuzhou University, Fuzhou 350108, China;
2. School of Civil Engineering, Fujian University of Technology., Fuzhou 350118, China)

Abstract: A regional building three-dimensional(3D) modeling method based on SketchUp sketch master is
designed to solve the shortcomings in the modeling segment of existing seismic damage simulation visualization
methods. The method overcomes the problems of traditional modeling methods overdependent on original data
and model maintenance difficulties, the flexibility of regional building modeling and the maintainability of the
models are achieved. A 3D dynamic visualization platform for seismic damage simulation is constructed using
OSG 3D rendering engines and Qt framework, the 3D dynamic visualization of regional building damage simu-
lation is accomplished. Taking Taijiang District, Fuzhou City, Fujian Province as an example, 3D building
modeling and dynamic visualization displays of seismic damage outcomes are carried out. The results show that
the modeling method and platform are feasible.

Keywords: regional building three-dimensional modeling; three-dimensional dynamic visualization; seismic

damage simulation; sketch master; OSG three-dimensional rendering engine

WimHEE: 2024-09-21

BEMESE: PFINA982) I i 4 A T 0, 3 A S5 A B R 72 5 T Y P 5 . E-mail: yxy820910@ sina.
com,

E£WH: ERAARFILSEBNE (52278490); a4 BHE T3 B (2022Y3001, 2023]J01343, 2023-K-104,
2023-K-105, 2023-K-109) ; A4 T HEFEZITHE RO R I H (JAT231056) 5 &AM TR BHLF B
i H (GY-7220228)



%13 BN, S BT SketchUp Ml OSG i IX 385 54 752 B0 = 4t 3 25 T W4k 39

F AT o BT AR B © 03k B AR 8 & KT KRR RN SR T R B Xt . — PO X R
A R L Fbh £ ™ BN GG TSR AR AT L 2 R FRE 3 L A BB 52 R Ik X T 2 U
WA R T BEZ T 5 AR 0L AT A Tk A o R AR A A2 SR IR AT AT AL R R L BT A SR A R
EI Bl B AR AR B AR T AL AL R T R R E R AT AL AR R T
AL

A AT 7 5 R B IR SO T A5 1k 55 D okl 2 0 AR R E R AT AT AL R R L 2 Y
7 7 AU T AL P L LA B R o AR L 320 W AN A 1 R R A R AT S R AR AR LR
FEE S0 090 S AR 15 O B R R AT AN EL A O L BOM R SRR R 1 RS BB AR R R PP B R i AR
BRI . DR 5 2 — B LS UL R SRR A T AL % . Bl A AT Ty 1R R A A
SRR H P30 B B IR AM S AT LA AN 5 LI R Sy ) R B Sy BV AR AR

TE S 25 AT A AL 5 Hp o DX 3 AR = A4 A S T e S A o A5 TR ) o A 8 A T A o L R R
FRL TAE R R S R E . HAT . BT 5 2D B Y 18 ) LA AR R R AR L AT A e F
FE N R 2 0 5 i . 5 B B 1 ST 2D B 1 Sy g AR U, A A S R ) %8 ) i i
SE G IR A O A M AR 2D d CBOHE SR U5 T3z L eI 28 U DR LAtk ) AL 4y G X A
AL T AL PR L 22 B R o 1 AR T OR LRy vk A S 4 A R B SRS B L L 3k RO A S
2D R B MERE . B i R ST AR Y B IR M A M AR S R I AN . HRG L BESE N B F
5t T R AR AE Hh 1 SRS AR ) L S R T AR R O iR G ST 2D B A 1 BF g A
FE AR 22 A SR AR D 3k v T = O ) A i PR L A SV LR B SR PSR I A I
FRES BRI, A I T SketchUp Al OSG # X 385 8 571 75 25 B 0l = 2k g & T diAk .

1 ETF SketchUp XIS BN =4 EE

FEEAR 2D B Hla r g A Bl A — A TR PR R 22 B 1 R L E A A T AR A A BT 2D i L%
3 B I 18] [8] B 50 K 00 e R 2 R AR IR, 5 MO A B A7 A i R R S B0 SRR B 8 % R i L4
i 75 T AU A 1 38 SO BN (L. O A ple e TR RS WS A R SR 2D Bl r s 6 0 B Al &5 5 = 4
BRI RGBS 51 SketchUp = 4 @A HC1F 48 1E S7 A5 B b 30008 AN o i 1) 350 20 » 32 T 2 1
YR AT AR PP . DU 4 4 N T 5 VDR DO 91 68 32 DX Jel Ji T — 2 s U AR L 6 U 3% 5 ¥ ) T
Frtk. 2T SketchUp {9 X8 H SR = 4 AR HOR BRECTE L N ET 1 R

| EBEGE I i
1
| [EEh B !
b g BRI i
e e [ 1
A . .
L I A N
1 | e e
el e
E Fufieft | || =
g FER i :
1300 et :: 1
b [t |41 %] 5
L [T ook A o |
1 1!
L e e 3 e e e e e ————————————)

Bl 1 3T SketchUp iy X408 57 = 4l FEATHL R k4R 18
Fig.1 Technical roadmap of regional building 3D modeling based on SketchUp

L1 EEHERRK

DX s S = 4 A ) RO L — B O3 R R T B SR B Ok RO CTRTRR Ok D L 53—
DR VR T S5l VR W . PRI 0 O R RSO AR Dl S S R Y i i R U T T 0 25 A R B
TR (7 T 5 ot R 0T 00 35645 1) 48 1E 500 R Dy SR RS D TR U TR IR AR SR B IE AR

ORI — A 1 S S e B IR R R i U Y 2D Rl ol W AR SR ANE O RGE
JEE iy BE AR AR RS ) 5C ARAE JEL o R T AR 3R BBORT i R e R L 3R BB [R] I s X B e i shp
(shapfile) M TR SEALBE . R B8 AR U S Ab B R 16T A 2 o

https: // hdxb. hqu. edu. cn/



10 LI NI Q=N N TP 2025 4

SRR | HEHE EI AL P TR BRSP4 TS
R HEXE FARDC WA R shphst FbRBs 2 P

2 O i Bl e IR R A 3 AR I
Fig. 2 Flowchart of acquisition and processing of vector data

16 1E B0 SR P S5 R 00 2 4 D7 SR . 7R S B A v 28 o B B T B A L N R e Y
G AAEOLCE 3D PRI 75 B — il R 3 2 A I OO R B DT 58 R T B T T RO D B
ASC I BE A KR 2 v 7 ARG 7 1 RO P Ay BE 8 e o R 0 o 82 o 7 R T I A8 S 1) 6 o RO A
XL E SR AR R . AT R AR 1) 06 A Il A 0 8 R RO L R R X O AR A R £ L
oAy Ji 5 [ U At SR ) 6 IE A B v e 0 RS O 5 20 W I TR DX I P A A R A A AR AR L S R
Y2 FEAE L O S A SR B R s BRI R U

S R A TE T LSS BCR X IR P 4 TR . SEh PR BRI R AR SR BOR R L AN & 5 R .

(a) JH pEA%E (b 05 L £ B JHE %
3 SEHh R AT ARG 52 2 1 AL
Fig.3 Complex situations of field research

NG/ H-eReOR PR GIIN O sesess NG/ U E-emecH PEMGIIX GRS sesees

© amwe. cenrnan, moauanss. © 0 5 e, cumrnan. neauansa.

(a) BIETHT (b) BIE)E
B4 d SR B AT R SRR LA

Fig. 4 Comparison of effect before and after correction of building depth

LY b F T A 43 Ay R Y i A B T A AR R fS Ak 3 .
.

TR AR BT AR R 4R AR 51 88 (FMED 5 i shp 4%
SRR AR B AR P

RS 14 52 B 88 g 7 e i B AN shp A 3CE skp A% 5K
P BB e Ao A L ST KB B = R SRR . S Ak

L5 S e——
T SketchUp — 2 UK P 52 1 & 2 6145
MRS TE RSB I 53 2 i 3 3RS
A6 B RS = e R A Ltk 1 P SketchUp Al AV [ S
AR XY FL AR B )R A ST 08 T A A2 T ‘\,*
2D ARk AR A MO O R AR T om0 ORI R S R

Fig. 5 Flowchart of acquisition of data and

HER P IL LA 3 0. S AW UG = 4R SBL R
FAAE M TR BRI E 28 A7 AE A9 2 S RL, A Sketch-
Up B ERAE 4 - 255 S5 b IR 05 0« I B 22 4% 10 ) S0 50 5 JL O ) 7 552 o v 32 -5 468 0 M Bl A [) 19 ot 50
B A SketchUp BB 2l 45 4 - 256 52 PRy IF AR J2 350 0 2 8000+ 1688 I R 00 At 0 oy A8 00 o 2 5 e ) » X

information from field research

https: // hdxb. hqu. edu. cn/



%1 BN, S BT SketchUp Ml OSG i IX 385 54 752 B0 = 4t 3 25 T W4k 41

TR I B SRS R A DR A SRR L £ 45 R SketchUp B ELER VHEFE 7 257 45 T 45 %, 45 & SE b fF
F T R0 A SR G L ROST L v B ARG S R A A5 B Bl ik SRR R AR DR A S . AR AT 3 P D AR
RO A SR B A S 0 ) A X7 5 AR ) R At SR A 025 2) AR A [l LAt SR ) 1 G 1 R~ S0 i 1) R
HEIRY 2D - THAR T 5 3) AR 1] R A AR 10 v B A5 R ol ol o DA AR 5 i ) e SR ) = AR AR T L K ]
DX I8 168 T i S8R X LE AR AT 6 iR .

3*
o

(a) EIE R (b BiE)a
Bl 6 ] DX B AE TE AT L S5 BOR X L
Fig. 6 Comparison of effects before and after correction of example region

TEAE IE Jo i 30 = 4RI (9 LAt b M SketchUp Xt @ TR R HE AT 73 )2 . SketchUp 2245 F 1 15 4
S LA UL AL B O3 2 AT TG A A V2 R I R A SR R A S AJZ )R )L A L B T R AL
= YESh AT AL A FLIL

O3 25 DX 3R i = AR OR L AN E 7 R . )R e OO SR e RSOR L s 8 i
N ARG R I R = 4RI 9 LA b M SketchUp BRI 73 21 | iy 44 - 4ai O obj 4% 30 LILE S
25 A I SRR AU = e S ATV B AT = e sh BT G .

B 7GR e X SRR = A AR TR 8 4R K B = A A R AU
Fig. 7 Renderings of layered regional Fig. 8 Renderings of regional
building 3D model after stratification building 3D model after stratification

2 REEARERMZEDNSTRALTES

2.1 FROWMEFEERZIT

o T BAUL Bl A T L Ak nT e g S UL T S B R P R B T PR A4S B . DT B g = A ML
I 7 AU AT HLAL T 15 B 1 SR LR AR R A SBT3 I T 114 R R DL S
TR o kT T e DX It 30 AU, = 4 Sl 25 T AR 5 B9 204 L 2 40 1h 6 T OSG Ry AT AL
V¥ HE SR T Qu iy [T e T HE S R e i i
2.2 ETOSCGHRERMAALEFIER

T OSG 152 F AT AL FE P HE AL S A L AN 18T 9 FiR . ZAEZRIE T OSG TR IETE 51 45 4
FT VB PO | = 2 2 A5 7E e e P B AR Se R B2

DU e AL e £ 57 R DX SR = 4RI L 15 T AR RR LU R O L SRS B UL . RR A
FERCHE T2 R IR B8 A X IO S5 B a1 ST AL BB ikl i aE AU A I BT
OSG {774 19175 7] & B (Node Visitor) JF & ML 32 2 H T4 OSG 35 5B b 454515 50 19 15 7] R4k
FrBUE R AE . IR RE A% 0k JT7 DX IO S — AR vp ) 37 S TR A A S SRR R AL R BT TIUE 1%L
38 VE C A A DA 592 300l SRR R P00 o A R S A L JE R 5 I e A0 1 DE

https: // hdxb. hqu. edu. cn/



42 AR ¥R (AR B R 2025 4

AR

[ < e 50 = ety AR
1
1
EERTEHHE '
A (L S
R S S EESEEES EEEREEEE

1 1
s et e—{mmporsumn e e e— ] i
1

9 T OSG R H T AL R e HE 4 S AL 4
Fig. 9 Overall structure of seismic disaster simulation visualization program framework based on OSG
= 2 2y 25 T YA TR AR e 7 TR AL I R A S O R At U Y 2 )t SRR T AR AU S, o DX
SRR AR 43 AR S b R UBIR L Th AR T R VBRI 5 ARG X T 2R H A, 58
GRS TR RLAR A FPDIR S L JF R E SR L A% 1 BRI 1/550 5 A R BB ASIE I AT /N T 2 A% 1k
(2B BRAF 5 P S5 BEORARZS T B0 J2= 18] 52 A% PR 07 B 1 R (R 5 998 1 PR (L A9 P S (s ™ FOIR S T 192
TE4] 457 8% B AR IO G 90 96 1 AN {80 35 S S8 PE AR T BR B . IR B BE AR 52 A RS 8% M BRI A 1/550 826
BRI AL RS A BRI 0. 004 0. v SE IR T A7 B8 A R B 1/120. 7 B IROIR 28 F B9 07 5% A R X
0.016, X FTERIFMRZE T B LLFE F FRAE I IAE A 0. 033 327,
LIRS HEMEN AN 1 . 2R 1 v .0 g2 B A UM .
1 AR HE MEN

Tab.1 Displacement determination criteria

TR S5 ) g R R B,

AR 0. 001 8<CA<C0.004 0 1 (0,

LSRN 0. 004 0<C0<<0. 008 3 5 2e)

Hh A 0.008 3<C)<C0. 016 0 #,

IR 0.016 0<0§<<0.033 0 2
(287 6==0.033 0 27 45,

SN TE PR E LT OSG {4 i 5T LA AL (UpdateCallback) & iz AL £ 2 H F
8 J T A B W2 1 B AT 0 AR . IR R A A g T2 ) 5] 7 ) 7R R AL AR B A L O MR A AL RS 2
FHit 20y 25 HE I AR L 3 a0 R s A AR L AT S AR e A AR 4O AR R e S ) A AR A L 2
il g SRR LA Bl

FH P #RAE AE BR R B 5 4 WO e i T P X = 4k 3 AR SEEE T O 3 5 0 1 i MR SRLAE R
WIIRE . ZAE F T OSG Hh [ 5 A9 F 04 58 [ AL (EventCallback) JF % , i b 3 B2 5¢ 1
Pl g ST BT B AR . BB RS R WO PR = A 3 B 0 4 T 46 S A AR R R B A SR
T BRARER A AR B 45V D) 400 3 55 HEAH LA AR s o o e 000 8 T s 8 10 5 DTG 553 B — 4 7 5% 18 i A e
FUE B W BE T RE .
2.3 EFQMERARREIES

FF QU ETE FH P AL HESL B4R IR 10 BRI AEZRIE T Qu BRI P AT I & HE ZR 4 A
HY = 4 7 5 38 B H R T B0 28 BB H R AR 1 S T AR e 4

S R BB TR OSG =i Stk A QUIF R A, R AT Qe A A
155 SREPLE A OSG Hh B4 19 0sgQOpenGLwidget 2KIF & . Hob 55 SHEHLH W L BG5S 514
PSR s BT T 0 G2 8 R 1 5 0 R 285 A28 b 17 00 190 3 80 5 I 3 2 i Xt 42 b Bl P O o 2% 3 D 1Y) R
B, T LT RR S I HRVE . % 838 QObject: : connect O pREHE AT 1% 42 . 25 5 4 G BE 1 =5 048 & 2B 1
Xt G o R A N 115 5 5 Z 8 R SR ECK B S A BT T B I ERE . 0sgQOpenGLwid-
get KHIEI T Qt 5 OSG L HFFH e 50 . e Hed , i il 0sgQOpenGLwidget 28X} 42 5¢
B =4 5 5 W IR AR A L RO E & HE 4 il 48 2 IR TE U OSG =4k 5t . X T, 0sgQOpenGLwidget 2

https: // hdxb. hqu. edu. cn/



%13 BN, S BT SketchUp Ml OSG i IX 385 54 752 B0 = 4t 3 25 T W4k 43

| B O A E |
P e e e e e e e el o o e o o e o e L | o e o e e e e Y
1 1 [ 1 !
1 1 11 1 I
1 1 1 1 1
1 1 1 1 1
1 [ — [ 1 !
1 || FE DA (1 1 !
: T oL AERE T ]
1 1 [ i !
' 0sG_ [#A | | Vol v e ) PITEIEHRAE TR =45 |
S ! v T peEsH (AR RS A (et :
1
E ERET T T I
| VO LEEE D I :
] S Ras s T o : R HR A R :

Bl 10 JET QuRYIEITE AP S AE AL R A
Fig. 10  Overall structure of graphical user interface framework based on Qt

X2 R B IG A 58 YA T, I IR A A7 BT BORE ek B b ST H b = MBS SR A P BT R R A
M SE B = 47 5t 5 1 P SR i 52 H.

T P M Al 58 ELRE B 60 52 1 P SR TR D B 14032 i S5 BN e T B T X R R UL TR A R AE S R
o A5 H4 1 U T R A L SEBLSCPE AL DA RO = 2 7 St v e s ol A 1 0P A o] . i R T
CTT Ry Jmy A8 B AME S SHEALRIT S . 227 B2 48 75 pR BN B0 S AT AR A AR 5 I AT %o 5 o 40
FIURR AR . RS R T OSG 1752 AU ] ML e v it 2255 P 50 I 58 LAY G H AR i 4 —
BCE N R R R IR SRS R SRR O R R i . AR P X ST R AT R A L R AR S
5L b 2 A5 5 o 3 M pR BT G b X 2 JRy A e R e A

7 B O AT R 7 BT s AR Y T 0 W OO O BT R A i E AT
Qt A QWidget 2K R T 2RTT & . fEix B . BT 8 1A 78 1R P S S AR R
il Fe A =

3 REIREENA

e BCRRS 7 A K N T 5 Y DX DXCIOA 73 48] P DX st S 3 R AL 4 8l 2 AT R AL P 5 0 32 X e ik
Fr e TR EE R0 =2 3 5 T AL R L Bk iz al AEF & i a7 4
3.1 RBIR SR

RN G ILIX A 100 RVRZ )2 W0 @ 50, 0 a5 1 A0 95 B9 i 1R 06k 1 25 40 LR TR 45 4 LIS AR AE 2R 1
PR IR A R TE N I 22 R A 26 A L B S S LTIz A AR A & RS .
3.2 FAEWEHE

DX It SRR AU = 4k 3 25 n] AL F B 9T & F1IE 47 £ B Visual Studio 5 BT A& 3 58 (IDED |
OSG FHAFF CPU R M ECA . FEIF LIS 1k 2 s,

#2 =B A 6T R

Tab. 2 Development environment for 3D dynamic visualization platform

AT 24 FR J A T 1 22 BRSH
Visual Studio VS2019 CPU i7-12700H
OSG 3.6.5 PER S Windows11 x64
Qt 5.15.2 Bk RTX3060 Laptop
— — M1 16 GB

3.3 FEYENA

DX ol 0 AR AL = 4E S A ALV & DD RE AL HE SO A H T e 5 A P R0 g AR SR N AR
Pe, Ho, SO AR 57 3 AR HTF- 6 7R B g i DX 0 — 2R S | 7R 35 A 400 e R s A
DX ol A R S 5 v G A B B A7 T 4 T O B O B S R A5 T S B T KA TR 1 2 Sl I R 2 R
2 BUE B R R B T R HAR R SR s AR VAR R R E R R . S I A
mE 11~14 Frxs,

https: // hdxb. hqu. edu. cn/



44 AR ¥R (AR B R 2025 4

Bl S AR P12 JE Ge st 1 ) S T

Fig. 11 Interface of file import Fig. 12 Interface of rendering progress control

(a) XA T Jo /s B X (b) FAE SRR
13 XA &
Fig. 13 Regional model

(a) SR 3 s B (b) &R E JRRR
Bl 14 7% FE B

Fig. 14 Seismic damage simulation

=
1

i#

-

T SketchUp =ZEH M OSG JFIRIEIE 51 %M Qu B Fl P S i T A HESR L 52 B X ot SR A = 4
SRR G 52 T BN 2 SR 1 = Ak Sl AN TR AL SRS L IR X N T 5 VXS DXl SR Y R LA R i AT =
eSS T AL R

D) $2HHT SketchUp Y XS 30 = 4E @A J5 1% . 1205 i i ok 1AL G058 H RN AL 7 05 v
Ao ORI s B0 A TR BRI A 47 IR R Y ) e, S R R T R R R A DU SR S
T T DX O AR AU A SR i = e S A T LR

2) JF R X HOE R TR = 4E s ST AL - & . %V 6 50 TR 5 A 167 B0 RE A8 4 1T i 7 X8
SRR T A A A B I SR LM AR X SR E AR

3) WEFEAE R REHE T T 5= AT MR )€ 52 e B T 0 b 7% 24 4 3R 45 T T AR L O R g S IX O
HE SR PR RN T el R AR 4R B ROR S HE

Sk

(1] VR B BBTAE . o 1 S5 0y X e 3 L Se BE AU [T ], £ R AR 2441, 201447 (7) : 46-52. DOI: 10. 15951/].
tmgcexb. 2014, 07. 032.
(2] SRMGRE. AT 42 DR A 25 4 1 VR A AR IR 72 3 BN LD . oK% « R 8L T K%, 2021. DOT: 10. 26991/d. enki. gdllu.

https: // hdxb. hqu. edu. cn/



%1 BN, S BT SketchUp Ml OSG i IX 385 54 752 B0 = 4t 3 25 T W4k 45

(3]

(4]

[6]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]
(18]
[19]
(20]

2021.000477.
WRAHIE , IR, 2 2525, 46 B T CityEngine Y3 SR = 4858 HBMIOE 0 ()], iR TR 5 TR 4R 30,2018, 38
(4):93-99. DOI:10. 13197/j. eeev. 2018. 04. 93. chenxz. 014.
0ZSOYO A E,SANRI K I,UNEN H C. Visualization of seismic vulnerability of buildings with the use of a mobile
data transmission and an automated GIS-based tool[ J]. Structures,2020,24 :50-58. DOI:10. 1016/j. istruc. 2020. 01.
004.
ZHAIT Yongmei, CHEN Shenglong. A seismic hazard prediction system for urban buildings based on time-history a-
nalysis[ J]. Mathematical Problems in Engineering,2020,2020:1-18. DOI:10. 1155/2020/7367434.
ZHAI Yongmei, CHEN Shenglong, OUYANG Qianwen. GIS-based seismic hazard prediction system for urban
earthquake disaster prevention planning[ ] ]. Sustainability,2019,11(9):2620. DOI;10. 3390/sul1092620.
HORI M,ICHIMURA T,KOKETSU K,etz al. Current state of integrated earthquake simulation for earthquake haz-
ard and disaster[J]. Journal of Seismology,2008,12(2):307-321. DOI.:10. 1007/s10950-007-9083-x.
T BB AE L VRATL AR ST R R RE GPU TR i ki U AR LT . A AR 9CE 2441, 2012, 21(5) 1 6-22. DO
10.13577/j. jnd. 2012. 0503.
PN ST R HE =R R i L k[T i L5 TR IS, 2010,30(5):1-8. DOIL: 10. 13197/]. eeev.
2010. 05.001.
FEARY L BRE— B S TR B R N SRR R R T R R M S BT AR R E R,
2021,30(4) :18-34. DOI:10. 13577 /j. jnd. 2021. 0403.
TR BT i 5= F) 2 B0 I T A SRR A A (DL 22 M . o [ R R 22 M R AT 5 BT, 2022, DOI: 10. 27491/ d.
cnki. gzdls. 2022. 000016.
FAT 8. AL TR IR RS AN Ak 0 LA SR TP AR B B S DL 0GR I - b I 3t RR R AR J 24 BIF 5T BT, 2020.
DOI:10. 27490/d. enki. ggigy. 2020. 000052.
Rl BT AIE 5 B, 0 B, S — iR 2R I T b 5 AR AL O k< T U O I M D7 R LD ] B a4, 2020,65(11)
1055-1062. DOI:10. 1360/ TB-2019-0679.
BARTONEK D,BUDAY M. Problems of creation and usage of 3D model of structures and theirs possible solution
[J]. Symmetry,2020,12(1):181. DOI:10. 3390/sym12010181.
YRR T e AR R B 55 36T SketchUp B3R TH = 4R B AR [T, 2B 2£,2011,36(1) : 213-214.
BEYE R, TS, 5. JET SketchUp 5 ArcGIS By #5 # bd it 5 52 3T 1. M2 15 %8 () b BE A5 . . 2019, 42
(9):148-150.
BN ZERR R L TR SOT0. KU = AR e L . I 227 412, 2019,48(12) 1 1523-1541.
AE WL EARAE B IE L% LT OSG 5 Qt iy FAST =45t 45 I S ML Al 5 40 . 2022,39(2) :1-5,62.
o @ SR 2 R ST B A PR B EYE . GB 50011 —20100S . b5t . o B @ 5T Toll th AL . 2016.
AR T R S0 R AU R S R R LAR A L KA. B M U H A [T ], S5 4 2% 4. 2008 .
29(4):1-9. DOI:10. 14006 /. jzigxb. 2008. 04, 001.

(REHE: BRER RXER: HET)

https: // hdxb. hqu. edu. cn/



ER T G LS NI O SO G S B/ S B 3 ) Vol. 46 No. 1
2025 4F 1 A Journal of Huaqiao University (Natural Science) Jan. 2025

DOI: 10. 11830/ISSN. 1000-5013. 202404044

BERAZRMXFHABEGE
ZFHIMELI S 54T

Wk H . FHA, FHE, X ERE

(B Ko B FBE, M EI] 361021)

WE: HIUREE M P CAEEN 8 4IRS 6] I & ST, 434 AS [ #5145 1 i 98 L 15 45 50 ) 75 45 7 15 B
ASEFRHE X b s AR AR BE XU R B IR BE Y [ B PR A A A 0 . 2 2R SR WY < T 1] 5 o 1 4 & R AR
B FEREBRRMEN, KSR 5 EBENH R SHEME N TZE2MEEERMERRSTZES
5 AT XA L RS, A 0 5 7E 22 2 A SR v, S TR R T T A I e A XU A S RO AR v s e R L M A
o BE R I ) 7 A IR A KT VA Sl A () v A R AE A R KR I B, R ER B AT A T AT 3 X ]

KEW: HEMELBHI; A, LFHIAEE; 52

FESES: TU119.22 XukfrERG: A XEH/S: 1000-5013(2025)01-0046-06

Actual Measurement and Analysis of Winter Thermal
Environment in Typical Streets and Alleys in Villages
and Towns of Hot Summer and Cold Winter Regions

LIN Shuying, LI Lingzhen, CHANG Mingyu, WU Zhengwang

(School of Architectrue, Huaqiao University, Xiamen 361021, China)

Abstract: Eight typical cases from Renshou Town, Nanping City, Fujian Province are selected for actual
measurement, the streets and alleys characteristics of different height to width ratios, orientation and plane
shape etc are analyzed. The simultaneous changes of air temperature, relative humidity, wind speed and black
sphere temperature are compared. The results show that, orientation affects the thermal environment of
streets and alleys in winter mainly by way of solar radiation, and its effect is closely related to the cross-sec-
tional shape of the streets and alleys. The streets and alleys located in multistory low-density residential areas
have higher temperatures than multistory high-density residential areas, and have higher wind speeds. In a
multistory building complex, streets and alleys with a flat “T” shape have lower wind speeds and higher tem-
peratures. The wind speeds of the streets and alleys with narrow and similar building heights on both sides are
higher than those with different building heights on both sides, their thermal environment remains in a com-
fortable range for most of the day.

Keywords: hot summer and cold winter region; street and alley; winter thermal environment; actual meas-

urement
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Correlation Between Spatial Perception and
Restoration Performance in Rooftop Garden

ZHUO Zhixiong, DONG Liang

(School of Architecture, Huaqiao University, Xiamen 361021, China)

Abstract; In order to determine the restorative effects of green rooftop space on health, three specific scenari-
os were selected to explore the restorative potential of green rooftop space. Taking different types of spaces in
the rooftop garden of the human-environment interaction experiment of Huaqiao University as the research ob-
ject, the correlation between spatial perception and restoration performance of rooftop garden was investigated
by conducting a field study to measure the changes in psychological perception and physiological feedback inde-
xes before and after the restoration in different spaces. The results show that rooftop garden has a certain re-
storative potential, and the restoration performance of spaces with different degrees of openness has significant
differences, the best restoration performance occur in semi-open space, secondly in covered space and open
space. The environmental perceptual evaluations significantly affect the psychological and physiological resto-
ration performance, especially at the level of psychological perceptions.

Keywords: rooftop garden; spatial perception; psychological perception; physiological feedback index; resto-

ration potential
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Tab. 1 Results of variance of physiological and psychological indexes of initial recovery
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Tab. 2 Results of LSD post hoc comparative analysis of

perception restoration and characteristics of different spatial types
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Tab. 3 Results of post hoc comparative LLSD analysis of physiological indexes of different spatial types
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Fig. 3 Correlation between environmental perception evaluation and restoration performance
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Space Evaluation and Optimization of Urban Park Green
From Perspective of Supply and Demand

WENG Yicheng'?, WANG Nan', CHEN Zicong'
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2. Guangzhou Key Laboratory of Landscape Architecture,
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Abstract; Taking Yuexiu District, Guangzhou, Guangdong as an example, the index system of supply and
demand measurement is established by analytic hierarchy process method and expert consultation method,
two-step mobile search method, service area analysis method and OD cost matrix method are used to evaluate
the park green supply. Using the location entropy method, the resident demand is evaluated for total popula-
tion density and population densities of different groups; using the coordination model, the evaluation of sup-
ply-demand coordination degree and supply-demand relationship of park green space is obtained. The results
show that the overall supply level of park green space in Yuexiu District is high, but the supply of different
streets varies significantly. The overall demand level is high and distributed in a horizontal strip shape. The
spatial difference of unbalanced distribution of supply and demand is obvious. The coordination degree of sup-
ply and demand is benign, but some areas with supply-demand imbalance and insufficient supply would be opti-
mized necessarily.
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BN W BHERZ R 2 I
3 Hb A] A T AR 2 G 2 b R 55 1 BP9 B B Rk g T B AL 0.292

— 2N [l S b AR 45 T O A2 0.222

=g A o Ik 55 7 w5 TN el g b R 55 R DL A3 0.194
S e S R 55 A A L Ad 0.111

SR B & S BT R 2577 B P T BE B S A i AS 0.181

B Bl 0.508

— - 65 X LI E AN E B2 0.242
Rk B MR A 0~14 % A 1% B3 0.092
MR ATER 1T %5 i B4 0.158

2.2 HMEWNERE
B SE i AreGIS Pro i % 2 R i U B2 J7 5 (3 40 0 i & B4 2 47 70 S T AL ok
T AR AR 3K B ARG AT HOSE S X A T B D SO AT U — f A B O30 0 A L A B 4 Pl 4
Mo 2 T G PR 45 2R
A PRI Tk

Tab.4 Measurement methods of supply and demand

S W 4 A B 7 i

i FH — 0N bl M A 1 R = R O PR g it
25 25 /N DX B 5T 0 05 S T SR AR i AS TR) A g %
Hi R 45242 (— 2% 800 m, — %% 500 m, = %% 300 m) K
RBEIEAT R R, Hod, BE B OR B WP B A
R R AR

(b THO 25 Hb R 55 78 35 19 OO, FF AR B PE A 18 A R R A AN R
Skt SR b R 55 7 e 55 DX 49 7 3 3 T X5 45 2 T S b 4 1) WK AL T 8 b T L

TEH 45 S e A SR A I DE S 2]/ X

BB/ X E B O AR AR s 23 B s R D H G
B R 2P AT BB 800 m g 18 & B L AT UAS #H T
S BN A /N DX R AT R R 2 el %t B R8T =
[ 3% 4 T FORE PRAN 25 SR e B /DX

TEBN D b AR 8 50w ARUR B A B B0 B TR 2
N RS 2 A Pt s ] 2230 Tl IR 25 R B 5 B3 A £ 58 5

PR S Rk

% ¥ |
«i"f@ﬂl’jﬁ 2% <2SFCA)L19J

SR IEFEHL 2 OD A J B 3

PNER3ES

NGRS B R A /N DN FUBCRE JE AT 1 0E 5 B o 7 JEOR J2 21)/)N

i ) i DXORY JEZ 119 2 fi) 5 1
A A5 A 30 A N 3 23 el A3k 2y 5 F 5 DX O N B
DX AV A DAV 24 5K el £ i A3 2 0 LA 3 B B8N T R 4 L LR B AR A B

AR A ) 5 2 ) 43 AV 150

HUC 5 g b 23 A R D ) B L R4 28 (R OC R D BC 45 2R . P [m] B2 GRS Il 3D J2 TR i ik 3
— RGNS Z AN P R [ 2D R 0 AR BE L HIT . 7E S B gk TR O R R O A — A
Bl b A AL B WD EE (D) S Al

D= .CT. celo,1], Te[mlyl

filx) « frolx) |7 _

LA+ fr(o ]
T=af () +fr(2), [
B C R RE S B s T AT A8 25 f1 (o) s o Caod 43590 O 2 Bl it 25 DA # s IR 5 SR P 50 B
HERFENE H ot =1, 1 TAEBMES 52 MRS EE o fHH0.5,

4 AL 5 F A DI ) 45 SR A5 0 6 07 179 25 )RR 55 OC RV FL 45 R (3% 5 & 00 L Dh i & Jg . — M i &

https://hdxb. hqu. edu. cn/

C=2



64 AR ¥R (AR B R 2025 4

JE& 95 TS WM R R e e R A e e 0 R I s TU R I RR P AR A R 2
F 5 A U R o0 B 56 AR 2R T

Tab.5 Supply-demand coordination situation and supply-demand relationship types
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https: //hdxb. hqu. edu. cn/



66 R R E AR R E O

3.2.2 RREBARER BT XRS5 AR s ey XA gl 12 fros. hE 12 6]

LR 2 4458

IDIE-CNEE A0/ NEE: 3 £ L TN R R PSRN (T UNIE K3 S e U SN

2) BAE TR ARACA T A3 28 1 1

B JUEEAGUARE AR R i RS A TR AR TR

1)
AN
Ackm?
=1924~2 599
=2 5994 058
=4 058~5 170
=5 170~6 397
= 397~10 022

() BENHHE

[1i7])
JLFRA P

Askm?
=31 120~1 907
=] 907~2 805
=2 805~4 441
=4 441~6 408
=0 408~9 168

(o) JLEAN#EZ

[l 5]
AR AN 1 1
Arkm?

=121~40
=40~68

=08~119

-119-374

-374-816

ORI ON 3N 34

DX AT A 010 A0 8 N I A0 B0 0 B 2 Tl 4
P25 A 8 A FVER ST P ] 154 20 A S0 AN S5 6 L PR b N 3% 2 b B3t 45 DX 90 1 1) ¢ IR 55 7K - g 1] & 4

.

EAF NS5
TEA B

=30~0.50

= (.50~1.00

= |.00~1.50

- | 50~5.17

&1}
Uit A3k
TR X (i

=30~0.50
=0.50~1.00

== ].00~1.50
== ].50~3.62

() JUEE A 2t i 45 DX A 40

00510

—— km

&1 3]
MBI 500
HEAATX fih

=10~0.50
=0.50~1.00
= 1.00~1.50
= ].50~7.10
= 7.10~12.06

(D AR A AN S o A3 45 DX 7 4

12 I R T 20 5 A8 4 1654 X £

Fig. 12 Population density and location entropy of per capita green supply of different groups in Yuexiu District

g 8 75 DX el St = () 7 SR 23 TUPF A 45 28 10 — f Ak 3
A5 A B 0 T A T DX el ¢ il 4 () SR PR A L An 1A 13
Fis o da P13 AT AL T DX R el o il S ] o R RS A 5
B AR R AR VU 1 GO R AR A A L T R s [ SR AR 1Y
FFAE s KA 2R ' 7 38 B ol B 77 3 14 el 2 i 2 1) o SR
R s AR 730 L U 7 el 2k 3t 2 [R] i SRR s T AE 1

18 7z I B8 W 1 U A R B
3.3 RESZMHFXRITMH

T AR BT X el A s )L PR 45 R L R T A
SRWT 550 B X P 45 R BT 7 s T A T DX el 2 b s

N
A
00510
k

P13 T XA el 4l 23 ] 7 SR AE AR
Fig. 13 Evaluation of park green

space demand in Yuexiu District

https: //hdxb. hqu. edu. cn/

2025 4



D

%1 ORI S UL R BT A el g 3t S ] P4 KA Al 67

&

] 55 PRA 2208 A& 14 TR

B P 13,14 Rl e ARG T b, X P92 B S A 45 2 b 8 LR AR 5 oR o i AL AR L AF AR B
23 (0] 23 S B G2 5 XD 28 7K T B g ) 2 I 0 1 0 e B A 7 3 R o T ) R R 3 5 X PN 7 SR OK P A8
V6] 3 A S A8 1 o AR 2 A v 18] i g T 7 SR R 5 v 0 IR DX O A Bk R A L R AR i S A A
A A T T 22 (35K T G 7™ B AR A Rz SR ) A

1.00 . _
0.80 | ] m [ o 1%ééif1ﬂifﬁ
= o TR
d4 0.60 [
s
%TE 0.40
#
020 - ﬂ [H
0 |
B B b B B o H D H B DD HH H L B
S F L P FE S P E
R R R SR S e o G I

i
P14 BT XA T 4 4t 7S R AR TR AN 22 (E
Fig. 14 Evaluation difference values of park green space supply and demand in Yuexiu District
SRJG R 2 ) R IR IR] BE 3158 (3R 6) W FF X B R B[R] 9 B0 ik A7 23 ) AT AL ik . B AT A5 LR 4
e,
1) WIp iR 8 B v 1) ) X KRR 18 e AR B o 7 SR 10
2) WA A R A A3 70 i B9 R DAL T2l X, 55K 5 48 Z [E B 1 IE 18] B 52 4 BIME G &
3) FHoMREY A XA TP ALER 7 SR I SR AR AT IE L SR RO MU SN 1 R 25 R R
4) DX PP ] B 5 B DA 3 DX Ay e o P AR A B G L A = T S 3 X TH R 28R B
F 6 LT XA a3 s ] L B ) BE A 45 2R

Tab. 6 Calculation results of park green space supply-demand cooperation degree in Yuexiu District

i E C T D BiE C T D
R AIE 0.130 0.118 0.124 WAC T E 0. 080 0. 308 0.158
AR E 0. 994 0.526 0.723 JEI3E 0.991 0. 799 0. 890
PN R 0. 966 0. 636 0.783 BT IE 0. 990 0. 805 0.893
KA IE 0. 988 0. 864 0.924 = iE 0. 750 0. 326 0.494
AL BT E 0.916 0.211 0.440 || MgEATHTIE  0.883 0.477 0. 649
ARt 1 0. 960 0. 668 0. 801 AT B B 0. 837 0.575 0. 694
AR IE 0.998 0.597 0.772 A3 i 1. 000 0.451 0.672
KI5 E 0.994 0. 625 0.788 A R 0.993 0.512 0.713

WK 0.985 0.394 0.623 B i 0.624 0.561 0.592

7 5 X el o M AR o i ) 56 B At 56 AR PRA L AT 15 B .

A

0 0510
——— |y

(a) M5 U I 2 (b) 75 KR
K15 T X2 bl ¢ o AL 55 1 Im) B B (35 56 R AT
Fig. 15 Supply-demand coordination degree and evaluation of

supply-demand relationship of park green space in Yuexiu District

https: //hdxb. hqu. edu. cn/



68 Rl (A R R O 2025 4

R JH A (8] B 73 G35 X DA 45 R BEAT 30 00 o AT A 45 17 2 L B [ 15 00 B 67 56 R B Ik 7 R
HIE 7 AT B DX A R A A o K JHL s T 4 4 s i) 5 R 22 A T AR L E i ke 2 AR RS L (HL B
P A DX AT A B B T A A AN DL A B R L b A AR KA A 45 1) 5 2% 8] J 2 X ey - WL Al sk o2
B A — G el e 3t 14 7 0 DR 3 R 5 O R R Y AR T B SR A T S A i 194 M ) A ) A
Kt

FTOMF X0 b A R OO R A e R

Tab. 7 Supply-demand coordination situation and supply-demand relationship types of park green in Yuexiu District

e R
5[] 22 4

P TP e B A
(o U S = B 1 Tk e A
e R R L L A ﬁﬁiﬁ;ﬁg@;ﬁﬁfﬁ‘ R M
5 5 U 2 U 1 2 - Rl

R R e - R

LR LIRS BT DX Pl 2 3t 2 (R I SC R SR BELAE 4 M RFALE

D) B AR 2 K AR LA IR S5 K F 22 5 K 30 70 7 2 o ot ) 3K TG AR 2 M I 95 B i 1 0 kL
FEPL 2 SR AR AR T I 7™ 3 A SR TR

2) BERT SROKF iy B P T R EL IR 1 AR A PR A DX e A R TR

3) A [V AN A e 25 AR L i SR B A o SR Pl i B BRI B T 4R

4) R SC FEAR AL L = A TH /N DX BRI R A M DX (B A R

4 P E R X R

4.1 MBEFEKX

D 2 BHBR A A R XN IR S B X BB A R XRG04 18 7R 1L Bl St R A 70l O
JEC PR 7 DX P 2 M 00 A0 T BRI o R A SR A S PRSI R e LR S DAY G gk R R S BIR L V2
F 2 DX 2 T R B AR EESR L LR T M s BRAC R 95 25 8 DR R 2% L 0 1M BRBE 2 IR 5 B X . 7R
L7 3 D A AR AN o T DU RTARFE T T L 0 B S0 K Sl 5 A Bl e 0 e . R A B0 A
b A A i i R 5 B B T o . R R X 2 1 3 2 il 0D 4% O TR AT R A X SR AL T Bl 3
YNITES RS

2) H A ARTHBEA BN R IX A BER RO . BEA RO R DCRLEE G B B L BROG BT R AR i B i s
BRIE . 2% DX e 3 TR RO i i oR 5 SR T = 18] B 2 J o AR A8 )™ M T 3k i BT B S HL L ik e
JoE AR 0 el A s o 30 a5 5 T O B R AT L R AR SR R XA AT I 4% R TR A el ) R JE
B e 2 el 2 b s (] 4 00K
4.2 #HEFHX

1) sk e b g 7 DX O Pl S b R € o e b s o DX SR 4% AR B L b BT T L R A S AR
B 3% DX 2 el e s TR (3t 45 L i BN 11 48 8 G D T 8 2650 vy o 3t 0 I 080 A B i B v o G o 14 2 Bl
M 23 ) A AR 20 Je R s R8T Sl O o [ e A el i P S 0 R 46 T Y DT P O B 3 L4 A 3
FEPRBE R ARG HEAL L L5 IR 55 - DLAR T 23 Bl 20 M X e 51 0 S 3T 4 (i 4

2) REARAIRT Xy oK . ARBUIR T DI AL 5 B AL B 8 . 1% 7 DX PN i IR T 0 SRR R 42
6 s L2 el 2 M A 5 WU 5 2 () T SR PR AR AR T 20K 1 08 U0 1M i R TR SR b S 8
Jo A TG i ) ¢ 3t B U 9% o FL O O3 AT % el g s 2 () A1 Jry 2 VA DG A 2 B B R A5 A
it R DX PN 2% el o i ) A 25 50 s B R AK
4.3 HMBERATRK

e AR T DX B 1 AR A N R I P 0 S TS 8 A SRR IE . i XNLAE S
Sl T e J v SRR DX I V7 Y B L 51 A 2 BRI 11 A F14 97 170 AR 2 el ¢ i s [R] 3t 5 1 IR

https://hdxb. hqu. edu. cn/



D

%13 BT A AL A TR 3l 2 el M S 18R f K AR AL 69

&

A5 118 8 R 3 B 2o M 21 () 3G 20 PR 9% B 2 AN U0 - TR R ) 4 T 0 AR DX T Sl T A L R
L 3t 1R 5536 ) AT 36 00 BT R M I 55 7 s 5 A I R MR I S X SR B U

5 #RERE

AT 5 2 Al o AP B8 S Rk IR S5 X 2 ik B OD JAS R B 35 254 DF A 2 el 2 b 119 225 1]
P any 5 T8 I A ) i o T8 0 3 B8 A0 XA 908 B A1 2 el g 3t 14 2 [ 5 3K & 7 T M T 55 X el ¢ b 25
)6 OC R ARAE . A5 R, T JH T 8 5 X2 e 2l 8 A Rk 25 K P Ay o A ob 1 b 0 L S 8 1) A1 IR 2
fii o SR AFTEBELS AL R AR R D ER R R B I R AR RO 22 R S AR Y
i R AP SE T P BB . a WA R R DX AL 1 A DR BE 45 TU AR X3 A4 5 T 4 s AH
s [ L P e ms . AR BAT LLR A E0E 2 4

1) 4w 3ty 2 (W] PPAN B9 ROCHE R BE . TR 2 it b BR T R TE SR A Bl AR X2 Bl Ab B K 5 i R
OG5 DD A Ui ] s 9 A BB 25 30 O e A el 2 by AT — RS R 4 1 3L 40 P 0 B I
TER KRB L B A WA B I8 BN TR A EA B TSR 1T R AE L SR AR R 45
A Te) Ja8 1 P R A 18 5 SR AR B S R S (5 RPN B S R LS . R B DR R 2
P AT IE ROE AT I8 A BF TSR B 5 B 40 A0 21 s AE /N X J A/ IXORUBE B 17 18 RO 5 M 1718
FUBE DX AN 45 5 A SR PP A (A 5 7K 1 A 50 S o 7 R AL 5 19 0 B A 3 2 i | 7 3 A ) LA 22 e
T AL D A B IIORS 7

2) AL RBCH N Tk . SA ORI PR ik BT A A U5 ik 2 RO R (A AR T
FiT P 2 b 2o i o 9 25 [RI B AT I Bk 2 Xk 2 B0 51 7 28 R 19 25 18 T BUIL S PR 45 R 22 K. AT IERS
L5 b R AT A5 30 43+ 0 T REE LA IR 5 IR (B2 Rl e D RS B R A B S IR R U R A L TR I A S
e 55 X3 M i A OD BASHE M 45 21 25 (8]l 55 AR 16 45 L 25 53X 3 M PPN 7 14 36 R A Jar B mT e % 110 4
i B e 2T (I 25 D B O UL TR

H1 T ICHE AR U DXRUBE A 2 AF L RSO 3 45 55 SR 9 N 10 Bl D0 7 3 ROJE 285 4 XA
PR AR 22 5 R BETE /N DX RUBEFEAT PR 20 23 BT 33 X0 75 SR 20 A TR B AT T o LA BE S5 SR AN R &R
B 5 AR 1) B R S I () 2RI 3 5 AR R e L A A — E R L S BUR S I TS R AR DV
2= o > Pl b ) 23 ] G 1 D0 2 Bl Ak 2 R B R SR AN i Bl A5 AR A L R R Bt A s 1) 43 o B R T 1 i —
A58 L 0] LUAS BT 1 i B F 5 10 TR E - o8 A A 5 2R BN & 0L L v

S & k-

(1] R Z AL, £ 45 BT H B POTEE Iy 3T 24 [l 4 3t A 5 LRI 58 [T ). v B [l bk . 201834 (3) : 32-37.
DOI:10. 3969/j. issn. 1000-6664. 2018. 03. 006.

(2] 2% 240, 5T n] ak vk i Lot 3 v 2 bl 4 b 2 55 90 B 23 B B A JR AR Ak AT IS & P AR IF & XA B L) ], 74 e Ui
TR CARBLEIRD L 2017,42(5) :54-59. DOT:10. 13718/j. enki. xsxb. 2017, 05. 009.

(3] EEE ., EFFUK RDBUFT. Bk = A R 1T RF AR 75 253 0] 7 B I 55 b T DU RO ME PP A 5 B I 3 2 T elc il W 45 4% sh 18 5 1k
()], A %4 ,2020,40(11) : 3622-3633. DOI:10. 5846/ stxb201901060046.

(4] XVaHE, Fie A . R0 A T R A E A P& R BETFIE: DL Moo S X B L. b v 4 i 1,
2018,27(2) :71-76. DOI; 10. 3969/j. issn. 1674-7739. 2018, 02. 013.

(5] EZi. 2505, 5 23K, A b St A 5 2 - PR AL PR 7 B AR 9T . DAL 5t i v 3 X o B [T . A el K2 o
#7,2022,41(1) :160-169.

(6] MARENT, & 20 AR AT N AN RO @i T b 7 o0 3ok DX A X2 e 2 b IR 75 DE T 55 AR B . DL XA 6] [C
7/ H B XS bR 4y 2022 AR S5 if SR et v B EE AR Dl AL . 2022210, 120-129.

(7] &=V, S REETE. IRIRWER S m T Ak XA 6 IR s 08 & SR e o2 (I 0. 7 AR [E Ak 2019, 41(2) : 59-63. DOI:
10.3969/j. issn. 1671-2641. 2019. 02. 012.

(8] JHIWE HL. 7 el e i K] A 2 S 1 PA) T B A i s o Y B 0F 5% [0 ). o [ el A, 2020, 36 (12) £ 52-56. DOT: 10. 19775/j.
cla. 2020. 12. 0052.

(9] M, T sk R Bk 45, IR TAT R IT vh 16 ) 8 3 B 8 R 58 B F 30070 28 IR A5 R AE A6 4 B 5 3 R TR 2l K

https://hdxb. hqu. edu. cn/



70 R ¥ ¥R (B AR ¥ BO 2025 4F
LI el B iy KI5 2016 (1) 2 26-33

[10] KIM Y L. Seoul’s Wi-Fi hotspots: Wi-Fi access points as an indicator of urban vitality[ J]. Computers Environment
&. Urban Systems,2018(6) ;13-24. DOI;10. 1016/j. compenvurbsys. 2018. 06. 004.

(1] R%s8, i X B WA A TR H T KA PP X R He i X8 RO 43 A 19 2 18] A 356 40 A LD 1. 8 s 38
2018(5):124-129. DOI.:10. 12069/j. na. 201805027,

[12]  KRMETT, @5, B 758, 4. (U5 7 00 A T 00T 28 [ ¢ IR 55 7K 7 5 A S PR3 o IF 52« 3% KO80Hi 19 352 30 43 #r
(1], i & RS ,2019,26(11) :10-15. DOT:10. 3969/5. issn. 1006-3862. 2019. 11. 012

(18] Eg2uk, BRI, jlo . 55T 2 WG i 2 DU B 4 00% 28 2 ) Re A A A [T 1. o Bl bk 2021, 37 (6) 1 49-54. DOI: 10.
19775/j. cla. 2021. 06. 0049.

[14] GRACA M,ALVES P,GONCALVES J,et al. Assessing how green space types affect ecosystem services delivery
in Porto, Portugal[J]. Landscape and Urban Planning,2018,170:195-208. DOI:; 10. 1016/j. landurbplan. 2017. 10.
007.

[15] KALINAUSKAS M,BOGDZEVIC K,GOMES E,et al. Mapping and assessment of recreational cultural ecosystem
services supply and demand in Vilnius (Lithuania)[J]. Science of the Total Environment,2023,855:158590. DOI.
10.1016/j. scitotenv. 2019. 07. 160.

L16]  ZEFU™, 14 2R B . = T IR 55 68 7 1 2 B 4 b 25 1) 43 76 A BEME PR AN L. o B B AR, 2010, 26 (9) £ 15-19. DOL:
10. 3969/j. issn. 1000-6664. 2010. 09. 006.

(170 BEGEVE, At 2wk, ) T 3 40 X 48 20 el fif FABE O 55 Ak sk m () 0. 7 R [l Ak, 2021, 43(4) : 7-11. DOI: 10.
12233/j. gdyl. 2021. 04. 002.

(18] T M Mok Fn = AR . 7 9N 7 48 b 2R Ze 301 (2020 —2035) [DB/OL]. (2020-10-28)[2024-07-05]. http: // lyylj. gz.
gov. cn/zmhd/wszxyj/content/post_6870961. html,2020-10-28.

[19] RADKE J,MU L. Spatial decompositions, modeling and mapping service regions to predict access to social pro-
grams[ ] ]. Geographic Information Sciences,2000,6(2):105-112. DOI:10. 1080/10824000009480538.

[20] 5KEE, AR JET OD FIAT 43 BT (1 i A s P OR g W 90 . DARIR 2 ] [T 1. Bt 35, 2005(6) : 37-41. DOLT:
10. 12069/j. na. 202006037.

[21] JREE, BT IR 5. ST 90F N0 500 7 R 7800 i8S 40 Ak A 101 2 )40 Ak 3807 36 R i JH B 5 LT . AR AL
KA CARBF#RD . 2018,50(3) :133-140

[22] &m0, 29, ERM,F. LT PR E & AR A 19 5% £ St 3R G0 A Jm a1 75 w2 LT 0. b Il e bk, 2019, 35(5) :59-62.
DOI:10. 19775/j. cla. 2019. 05. 0059.

(23] W JWEEA ARBRI 25 3Ty 2 el ¢ b 3 20 L85 W3 1) 2 3 1 A G Ak SR L) . i st ol 2 27 4l C AR B2 1RO

2021,45(2) :197-204.

(RERE: &Y  "XHEK: P

https://hdxb. hqu. edu. cn/



ER T G LS NI O SO G S B/ S B 3 ) Vol. 46 No. 1
2025 4F 1 A Journal of Huaqiao University (Natural Science) Jan. 2025

DOI: 10. 11830/ISSN. 1000-5013. 202403027

o 2534 F HE R I I R R R SR B

Z'TE/%? }ﬂ /H’ #Z] lék, %’ﬂ%’ffg, ;77%9 7}5,74:‘\\;%7

R YRR, Rl M 362021)

WE: @ IFEYURE R E T 5 EoE R SCRHE I IS 2 . PubMed #il Embase £ FE 4% 30 5 SC
HRANA 2013—2023 AFE 253897 Il ~ IV W00 PR 155 0 1 R S atb A7 PF ¢ . 3 0 (81 3R 465 & i 3K R 7R TR 418 43 A5
fiE » F LA B T B AMSTAR-2 X SCHE R BEEAT VR0 . PRSR A5 R R R SO SR 2 A3, T i
B RS (T 2 O3 i 4 KT 43 s Meta 3 B R T S AR ACAR . T 3 QB SR H R IUA M P2 B I~ IV
HWE PR B9 11 Meta 4387 2 G T8 J— 5 A (9 0F 95 A o (00330 28 SR 119 7 3k 2 JoT S A7 76 50 R IR0 L, 22 ) ()
T e B i BRAR oL T A vE SR R 2R IR T A R B U 4 R 6 r

KW WEIRME PN 2 Meta 43015 k% WEIEN

hESZES: R 259 XHktrE: A NEHS: 1000-5013(2025)01-0071-08

Umbrella Systematic Review of Chinese Medicine
for Diabetic Nephropathy

LI Ying, ZHOU Zhihan, YANG Qifeng,
WU Xunxun, DIAO Yong, YANG Huiyong

(School of Biomedical Sciences, Huaqiao University, Quanzhou 362021, China)

Abstract: China National Knowledge Infrastructure (CNKI), Wanfang Data, China Science and Technology
Journal Database (VIP), PubMed and Embase are searched by computer, and 30 articles are included in the
systematic review of the treatment of stage [[[-]V diabetic kidney disease with traditional Chinese medicine from
2013 to 2023. The distribution characteristics of evidence through a combination of charts and graphs are dis-
played, and the literature quality is evaluated using quality evaluation tool AMSTAR-2. The research results
show that the number of publications is on the rise overall, of which Astragalus membranaceus and Poria cocos
account for the vast majority of traditional Chinese medicine components in intervention measures. The overall
quality of Meta analysis is relatively lower with some key items performing poorly. The Meta analyses of Chi-
nese medicine for the treatment of stage [l[ -IV diabetic nephropathy has formed a certain sizeable evidence
group, but there are some problems in the methodology quality of the literature. The requirements of subse-
quent researches need to be improved according to corresponding review standards, and more representative
outcome indicators need to be chosen.

Keywords: diabetic kidney disease; traditional Chinese medicine; Meta analysis; methodology; quality as-

sessment

Wi BEHE: 2024-03-16

BEMEE: HSHE A8 W B WL, FENFGIEF B IERITFN S . E-mail: shyhy@hqu. edu. cn,

E£TH: ERAXPFLESTINE (82304762); fREA A RF2F IS W BT H (2022]05062) ; fRdAE 1T A
SRR A4 ¥R B30 H (3502220227041 5 A e K2 B Ak 45 ¥F B 35 H (21BS126)



72 Rl (A R R O 2025 4

B DR B (DD S 5 B 77| A 1) — Foft 7 T A 88 P O DR« S 0 s 8 5 v e DL ) R i 2
— . DKD J@ 5 B b e Ji S0 IR AS WY 2 L 5 ORI DR A i 1R T SR BT Y . DKD %2
20l B DR 2R AE A AL 1 R o 4 I L AT Z AR SR T AR . AR R L P 2 B LT A B3 R R
% DKD I RAEIR A 22 ROR™ Y 0 ARG BE R B Mogensen 23 7. 40 1 I ~ IV 303 58 35 45 2 A 380 T
IR L+ T LTI R 1 0 L TR BVA A ROR 0 B TS B B R BT AR SR
w236 57 B DR O B IR R G AT IR

1 HRAE

L1 KZRRE

BN R P E M (CNKD J7 7 804 2 (WanFang Data) 4 3% (VIP) ,PubMed 1 EMbase %4
JE 48 4R v 2 A YT OB PRI S I T 8 SCOCHR L R R B R Dl 2013 —2023 4F . R R 5 B A AESS S
(14 77 2R 2R SCHR & o SCBCHE R A R A 5 v 2 P R 24 P L2 L 25 O DR O B RO B L
W PR 976 B 05 R AR, SRR E 4 R 1A 0 35 Chinese traditional medicine, Chinese Herb” , Chinese med-
icine, Chinese patent medicine,diabetic nephropathie, diabetic kidney disease, diabetic glomerulosclero-
sis &,
1.2 WMNiRE

KA BEZY (P 25377 i 2h b 24 SR I T 24 TP P R A S 2 SR DR T B ROV 0 R A
PRI B 9 B BIAF S Mogensen WL~ IV ], 47 0 1R 1) et SR B L o AF 9 45 S o TE B A
1.3 HEBRARE

D) BUAMESCHRZE I L ROAR Meta 2387 R E5AR VWFFE 7 58 2 WU 22 & VT8 il S0 45

2) By S0 AR D S WF 50 A A I R AT 5T

3) T W2 W B o Y SRR

4) HE R R SR .
1.4 XEH RS FRHRE

e P 44 B9 N DA 6 TS 00 2 0 A A I R B T 0T SRR R AT 57 7 2 L R IR A SAZ X L 55 3 44
WFSE F DH e 5 U T i P AT A 43 67 . fi ] Note Express SCHk & BIECF I 45 85 52 19 SC 25, I 38 2o ) 13 S0 2
AR AR R 15 400 S AT 7 3 o R AN AH O SCHR S0 B3k #8368 ok ) 32 4 S AT S 07 A A I AR SCRR Bl i . T
AW PR ARG S IAT NAS 58— R B E R R RE D AR A SRR T IR
S5 )RR bR R E AR PP AE T
L5 FEFRETFMN

BTV L H AMSTAR-2 # 1T R G 06 5 B P 3 TP R A B EM . % L
B 16 MBI HP 7 A GFHE 2,4,7,9,11,13 F15) R 5 H . MRS SCE X 4% B bR fE i
JERRFEPEOY I8 " TRy TR AR A A% H R AT S AN A SO TR A G R R IR
TRART . WA DFE R T AMSTAR-2 JEAT M AN L O 58 O 2521 55 3 24 WF 58 & 1 H e 5P v
PRSI
1.6 Sitsr#hr

M ST B RAESE G 0T AT B 23 A7« JE R HUIR 1B 5 A 2 R 45 G SR K SO i e s
Pl AT AT AL T R 5 25 SR e A D v A Tl o IR TR R AMSTAR-2 WA 45 3L

2 MRERSHW

2.1 XEBRAER LR

V1K 2 RO P BB 5 SOk 791 5. PubMed $OHE FE 345 66 4 . EMbase e Hi Fi 3615 85 45
CNKI #57% 209 £§ . WanFang Data $648 375 £5 . VIP #67% 56 £5 . 520t 1 5450 4 31 9200 . R 5
S 4 25T SR T~ IV S0 SR8 b o 8 S S IR 3640 A 30 B9 S0k 24 24 5 vhc

http: // hdxb. hqu. edu. cn/



%1 W A 2RI IRIN B Y R R gAY 73

N .y PubMed (n=66), EMbase (n=85),
Bl 1 Hon S SCERECR CNKI (#=209), Wanfang Date (7=375)

. VIP (n=56)

P VERIRESWN
(n=628)

el 1A I 2

SCHRFN 6 e 9 SCSCHk . SCHR I BE R RE . AN IRl 1 TR . ﬁmﬁ%ﬁmﬁ%&w;@cﬁmﬂ (Hettige k4% SCHikof )

2.2 WNTERE RS

30 s SCHR 4% B 1) Mogensen 43 10143y 3 Ff
251 : DKD Il #1 / 0F 55 38 15 5, & 22 239 415
DKD VIR aFsEdt 2 55, i 1 463 #il; DKD [l ~ Wi (n=628)
VI3t 13 5, 83 19 233 f. FEZ3

PNASCHR A FEARRAE, R 1 R, £ 1.
ACEL Jy I % 9K 3 % 406 By 400 16 700 s ARD Sy 1y 45 5% e
KR ZARBE s O ~ O K 25 5 48 41 . O Ry 97 8048
b« @ A I CH Il = g R TR [ v %% % 8 2 1 R
EIEE QN REH RMEHEND. 24 h JREHE
IR EEE FHEE ) . @2 B S RE CHlil LT | i R 3R A AR LTV B 22D . © iy 480 Ak 7 A pr GE S8 )
ARG N ) L © S IR i L 23 18 IR VB S 2 h s BRI 208 D) - D O I Q4 T L AT oK
5. @ HE A UMK FEE I HEED @A B, O HAh (h IR iR C 48 E
HED .

Sk (n=246)

BIR(=352): FPISH (=24 }

RGLER(n=34), ML ZH2En=16).
S T~ IV 3D B9 B s £ 3 38 (n=2011) |
HAh(n=77)

PI1 SRR %

Fig.1 Literature screening process

1 GIASCRR A SE AR AE

Tab. 1 Basic characteristics of included literature

8 mse f’ﬁﬁizf?iﬂw FEde  Ga  meemTa R B
s HE 211262 vt e S oo R R
%@ﬁ% FE 10 393 392 ﬁ%fﬁﬁﬁ M~ 1V ﬁﬁ)gg}igg QOO P -

5 Jadad B3

JER w1 ae azg REEERLE gy Cohnmeli® poo000 2 R
KXEF aom 13w ws swwms o QMR op0p00 2 o
JEE w3 ass a9 swmsm N-nm ool oo0n  p o
ZEE wm 16 eor  ess  MBIE gy Sounc i po000 0w R
sorn HE 55 2721 zeer  REMRELE gy Cottene @ oeo = =
zlolﬁ%i mE 60 2163 2125 f&%i{g ml\%%ﬁk Jadad % 000000 £ &
e F w28 1o o G mm Rl o0 B Ow
PRET w1 e ez WIAEER ﬁ%ﬁ%@% Blalo) 2R
Juel hE 14 4t a5 S CLI B ALl GO TOTo N
om0 s e JAREREN. v GRGERH ooese & @
WRE g 6 907 198 EREE A+ [y Cochrane il om0 o = -

20130 WUBS: Pl T 2

http: // hdxb. hqu. edu. cn/



7 R KR R R R D 2025 4F
Yk
Continue table

s E%:géymﬁz$iﬁﬁ Fobpe  Ra meemTa R WAL
f%ﬁ%‘ E 15 708 694 A BRE T LI Lm"%ﬁr};@g Glelolo) EOw
L pE 2 saz 7o 25 ME Juded % 0000 R R
Yo w2 tus tos  wwmE 0-vw SEEEE goe  w ow
oXE, b 1z ser ses TSI gy jeeame PZ000 2 g
i 5 W ‘ "

I(ng%f HE 15 797 723 %:rfiﬂ%ﬁﬁg I~ 1V 45 ;{’g?};@g DO®OO  #H &
%E%‘ HE 12 450 434 %C%%%RE e &i’%}g}%@ﬁ S0 = =
%"ﬁ% hE 14 648 608  IEIm ML I~ IV %EE‘}%@E 00O ® &
OB ww s 2er 27 wREEEE D~ rmeBE g0 2 ow
LB w12 ez sz IHENE oy Codse BB po5000 2w
soager E 15 wes om0 SRR W WRRETH 00000 R R
BEER qm 18 o 2 gekMEay om SOmeBE o000 w5 @
MIRS w5 a8 301 o 25 IV 441 %@i;‘};@ﬁ DO® %= o=
JPRE pm o s 518 2 my  Soere®E S oee ow o»
BREE wm 16 sss o ossa mmepoim ~nm ot B gs0n w @
WU w21 1381 1380 P T 200 g g

HY5 Jadad &35

2.3 ANXBfEERE

2 iay T I~ IV UIRE O B e B SCHk & R AU H B 2013 AR RCT R IR » B 2016 AFi2 24 BTV F

2020 4 B IR M J5 2 BT K. B 2021 4R LB b Z_ w— R H %
Tk SCHR & RECH AW sl B SR 2 BT . ik
KICHE RS I 2 Fos . B2 by ik, g
2.4 RS ;
KSCEHET 10 B 25 A 3 3 D B RS P
Z Y02 M B I R AR, Hoh, % 2013201420152016 2017 2018 2019 2020 2021 20222023
B o L R 6 19 BESCIR G 63, 33%0) L HR o
TR%E (i 56.67%), B2 R SCHOR

F RGP A SCHR T IR 2 R

http: / hdxb. hqu.

Fig. 2 Publication numbers trend

edu, cn/



%1 Ay, 55 MARIT R RO B R 1SR R T 75
# 2 BIPYUS KSCE
Tab. 2 Proportion of publications of various traditional Chinese medicines ingredients
2l 4y n/ 5 7/ % LRET Wi n/ 5 7/ %
1 19 63.33 S 17 56. 67
I+ 16 53.33 EYE| 14 46. 67
12y 14 46. 67 Hb 8 14 16. 67
e 14 46. 67 = 13 43.33
K 13 43.33 ERN 13 43.33
2.6 AEERE e
J 7 jjs B ?&E‘agggi ®8® @
ZE ST AR e AL I 3 fron. K3 %7§% ; o o
o SR N T R SR I £ . T ﬁﬁ§%?§ a
3 =K — H "X =1 Y
AMSTAR-2 By 5 Br it il 4 s, A ﬁg?ﬁ%ﬁ: o eﬁg‘%"
RGVEN B AMSTAR 2 ¥4, anf&l 5 Bizs . o q:zzjmjggg I :’ “’efg
AR AMSTAR-2 ¥4fi, 30 £ CHk Meta = o ;@gﬁ%_ : G
NI = o H- yREANES WG 3 /I | CO
Sy TR AT 2 TR AL . 75K 2k ﬁglggﬁﬁ?. )
KA F b SR Meta 57 & IR Wl | -
D T4 H LIRS 1) 85 49 A o 2 75 ;ﬁ%ﬁ%@
2y = ar
WA PICOCHETE A L U B ok B8 21 15 4 s i,
R AR HR) BRI L 2 R 4y SCHR R I RAT AR p
PICO JEU L 3o 29 SCHEBE A 5 2™ AL 1 & §
RESCHRE O 4 A
2) MF4H 5.6, 04 80% 5 90% 11 P
P . - ” . 3 HiJmfg Rk
SC kS B T 5 Sk i 0 v L B , SRR _
. Fig. 3 Evidence distribution of outcome index
Al EE M,
%9163?51 ZH2 ig
#*H15 25 #H3 13
2 b
#*H14 ~ }5 %H4 10
s &
%H13 \);-Q %HS5 !
\ 5
%EIZ / %EG g
— T
ARSI T = —%ﬂsﬁﬂ“m% gl 1o 123 45 67 89101112131415161718192021222324252627282930
%H10 %Ho %H8 S S
Bl 4 HT AMSTAR-2 (977 i i B 5 MWARFGITME AMSTAR 2 ¥4k
Fig.4 Method quality of methodology Fig.5 AMSTAR 2 assessment of

based on AMSTAR-2

included systematic review

3) X F5H 3,10, FHA 9 AW Meta 437 35 A 56 BH 40 AW 58 28 BL 0 3 ¢y, FLOF RS A1
B AR R BT BR IR O, T A H 3,10 BT B w7,

4 XFRHE 9,30 FSCERYIR A T AE R T H R, Hod, 24 5 SCH#kR H Cochrane XU i
REPEAL T H 3 F SCHRR I T Jadad 38,3 5 SCHESR A Cochrane XUES i 7 3P4l T 25 Jadad 3%,

5) XFF A H 11,22 5 SCHRR FHAE Y 1 2 s 45 3 Bk 2k B 11 W b 27,

6) XFF 2% H 15,18 jm SCHkxt & R #4117 &30 4 H 15 TP 27,

T XFF A H AL 1T R SCHR R AR 2 B A 1y 2R 1 225 Sk R R ORGSR SUE SR T LR R
W4 7 A R R SOk A5 H 4 PR 0 HoAy 19 0 TR E T8O T IZ R R SR SO I

WA

8) X T2 H 2, T 30 i STRRIAE A GE VPO St A A 0 2 F S T 3k » DL B R 4 3 ST a4l 5 i

30 fi SRR AN AL A5 H 2 B9 PFH b vfE

http: // hdxb. hqu. edu. cn/



76 Rl (A R R O 2025 4

0) 4 T 4% FI 7. T 7 — 5 SCHR 4R EHE B SOk 5 L HE W HERR 10 A 30 L AT S5 304 F 7 VP 6
W
10) AFF 4 H 13, FEi iR 4 AT (X 149 (3. 33%0) SCHR 18 T 48 A58 9 T 7 I

3 iFig

TEHE B — i R e 0 i B 5 s i o R ge A 4k o i 5 A DL O R 3 R4 R ) W S B L
HE— A BT SR AL A T A B TR e BT A . AR 5 BRI A S I 25T (I ~ IV R IR
95 55 9 ) Meta 43 M7 » DAGIE 3 B 04 T8 X6 90 A SCHR ) B0HS it L 45 R 36 A 647 20 #

S5 R R ZGIE T L~ IV W8S TR 1595 19 Meta 20 87 © 90 45 T8 18— & HUBE A9 IE 38 B 7 R d8 A
AR PR EE L M JUUEF | I PR 3R | W B 22 4 1 45 Ry 46 B 4 R 8 73 SCE R A AN AT BN AR LIRS BR %%
AR CL IR bR AN AE bR LT 198 5 48 AR A0 RO A 1R 3L 22 5 I BF 0 A 45 )R 48 A
o B AT

TXIGURE T TR ST PPAG T OH 2013 —2023 4F R R 30 R A T 25IE T I~ IV BABE R B 1 Meta
Iy T B R .l AMSTAR-2 X4 A B Meta 23 87 3E4T J7 2 i B4 2 B0 L 45 3 18 g “ 4%
IG5 3R A FE 25 R DV I R B A A — o W sE . SX SERE S R A AN e B EA LT T AR

D B A Y SCHR B Z 77 BT I R BUEIHME B X5 R GE VP 0 " 9 1 A B A A O R S

2) HASCE RO ABFIR 5B, 3F H AMSTAR-2 5 38 10 SR AF 58 3 1 24 R 45 ok $E 0F 90 2
R H

3) WFSE R A — s SCEE S AL HERR W5 00 B sk B I IR 109 5 RV B ARG 1 SR 07 32k O AR 1 4 W)
JEE R WL AN ) T 0 W AE 5 S 1 AR T 5

4) A DI BE B A BIFFE I E S A AT RE X R Bl 7 i B A R A 4 SR B R AR B T T8 S E A R
I3 A v A ABIE 5 1 4 R AT O 5

5) 26 KHR 5T 1Y) FR GEVEAN ER AT PEAG 8 A ST 0 D £y XU X Meta 43 B7 45 2R (0 1 A8 52 i), 0 30 7
fiff T T T I 25 R B 2 R A AR S 1) A £ XU 5

6) TEMFIT b B v 42 32 9 B ) R G0 VT e T I o A IR AR B A B B SRR TR
GE=RULEA

7) ST AR GE R R 2R IR W T ARG A 2 O 7 o ABLIF 22 SR R NI 68 SCHR L R & 26 A IE AR #EAT Y 1k
B, 3K P BEAE — o R 5 e 4 10 00 AR M

RYH T 2013—2023 4E 253697 (I ~ IV IIHE IR B 19 R GEPEA  Jl R R 45 5 i TE X DL R
N SCERFEASFRAE R ST 245 1043 S 45 )Ry 48 b 189 40 A 4% B0 I B AMSTAR-2 X SCHK (1 77 1 2
S EAT VA o T A AR DU DS R I B A o AR O B U L AR B 5T R 4 R VR T BE AL R 5
(RCT) , JF R UFE 4 1) 03 f A8 8 o R FHUIE SR B /R T UL 00 UE 48 8% R e 22 1) T 45 A4S v 2 7 T4 it A
10 248 bR =2 18] (Y TE 38 56 B o X e 253897 1 ~ IV 3908 PR s B o 1) B0 BF 98 DA TR T 22 1D o =2 05 R AT i
PR IR 5 RS %

(] o A7 7E — 2 W R BRE . 1 58 - N ABIESE B REAS B /0, 5 2 1l PR SC L JE i 4 8t 5 2 ik 48 DA il
I RO . U 9 A5 B A O B Tl BE A 45 Jmy 98 Bn A B4 A T8 S0 AR DG A 4 i v JULIST | p2- Tt Bk R
FI IR R I PR 3R RSE IE R HEAT S0 40 I PEAG o oAb R R T b L0 SOBCHR 12 L VTt 1 B 5 R A b SO
Yeif , Hrh R 280 v SCSCHR, AT RE S AR TE TS B I fr . JcJa » UEHE B Y J R 7 SR AT G Z 4L AT E 2
Je B WETE v 25 G T 48 508 12 DA S B e AL .

BARA 23R 77 I~ IV R BRI 56 19 Meta 43 81 & SCiE A i 1 KL B 28 R GE3F M 1 5 15 27
Jo 5 A AR K42 T o X6 TR S8 T AT Aol — i S T A P A v S A AR AR 2% 02 e B AL T
FEETEAR R AW B8 b A W98 7 38 SR S HEBR SCHRTE B0 12 25 I 2 ABIE 5 1) D A JXURG: Xof 235 2R 1) 52
i) 46 o B R A 9 14 5 3k 2 ot DA BRI T 22 mh 23R 9T NI ~ IV 0RE BRSO AR . W) EE  FE R ok B F
8 N % 22 AR T TIRE SR A BT X P R 25 R AR A . LLARS By I R PR

http: // hdxb. hqu. edu. cn/



%1 W A 2RI IRIN B Y R R gAY 77

SEHK:

[1] 2Bl A 0R A, v BE 250 97 0 PR B o (0 AT 7 0 e L) 0. i v P2 24, 2024, 42(1) 1 119-122.

(2] &Y fr s, 5k 09 L 55 v BE 24 0 59 S0 0 A T T50RE PR W MR 5 95 AT 7 kR (D). op R Hh BE 2515 B 2% 5, 2024, 31 (4)
183-186. DOI:10. 19879/j. cnki. 1005-5304. 202303098.

(3] B, Jmin . o 109 I3 , 55 40 B 45 0 5 SR FE P 08 T e M PR 8 s i BV S b R 2 T U s kR [T . v [ S 36 5
| 2F 5 ,2022,28(3) :58-67. DOI:10. 13422 /5. cnki. syfjx. 20220336.

(4] BBk, B/ GE ST W& 0P8 X I~ IV 30 PR v B s 18 38 245 R i sz e L) ). v 0 245 0
FBi 64 .2024,30(1) :72-74,79. DOI:10. 15900/]. enki. zylf1995. 2024. 01. 018.

(5] BEEWE AR, P 55, BT P9 BT 00 RO Y o) B n A 37 %) 8 B ' s S A R T AL LT 1. ) M B 2 R A 2
2024,41(2) :299-305. DOI:10. 13359/j. cnki. gzxbtem. 2024. 02. 006.

(6] BFERCGXIEH, FRM 5. P25 A 8087 i 4% miRNA #3235 10 97 W PR B pL i i BE e st Je LT 1. S h R Y
Bl ,2024,38(4) :64-67, DOI:10. 13729/j. issn. 1671-7813. 220230322,

[7] MOGENSEN C E,SCHMITZ A,CHRISTENSEN C K. Comparative renal pathophysiology relevant to IDDM and
NIDDM patients [ J ]. Diabetes-Metabolism Researchand Reviews, 1988, 4 (5): 453-483. DOI: 10. 1002/dmr.
5610040504.

[8] SHEA BJ,REEVESBC,WELLS G,etal. AMSTAR 2. A critical appraisal tool for systematic reviews that include
randomised or non-randomised studies of healthcare interventions, or both[J]. British Medical Journal, 2017, 358
j4008. DOT:10. 1136/bmj. j4008.

L9 3kJ7IB . PR ABOH . %5 263, 45 RGN O7 162 B 3P TR AMSTAR 2 f# [T ], o EE 1ECo 1l % B2 24 4 35 . 2018,
10(1) . 14-18.

[10] 28,450 e . W48 55, — BT M e S 25 07 v . IR BRI A D). o EAEIE J LR 4476 . 2011,6(3) : 230-232.

(110 BRXK. fi A% B 45 200 97 i 00E FR 9 '8 0 19 Meta 23 BT DI 30 FH - R 25 K%, 2020,

[12] V5. 5K T =4k 55 45 IR BRI I 25 30 97 1 JR s B JUE R I ~ IV 3 19 Meta 3 #r [T 1. ¥ B B2 2% B 27 4l . 2022,

28(2):140-147. DOI:10. 13210/j. cnki. jhmu. 20201228. 001.

[13]  FE . PRBF I WORLIE & ACET 5 ARB VAT I I8 R B0 19 Meta 43 7LD, 7 B - VLG th BE 25 K%, 2021,

[14] KRR MBIE. A 55 S8 B0 Y7 7 WIS PR B 5 13 RE AL BRI EG 19 Meta 23 MrLT . T 5 v G P2 45
A2 ,2022,17(4) :637-644,651. DOI:10. 13935/j. cnki. sjzx. 220401,

[15]  XUZ%. EAR4, A7k, 5. S EEH T AR T W 8 7Y 11~ IV 000 RO B % Meta 438t X GRADE 4[], W7k
Hi S ,2023,45(2) :330-338.

[16] & E . M3 4% 45 B IL VR T TH 18 B 19 Meta 43 7 JOH B B Z B E ML RIR W D] K& KRR EZ K%,
2023.

(171 Thur. w2516 97 B PR B 19 Meta 2341 S 48 25 24 0F 58 (D, A3 1« A3 1) 1 K%, 2023,

[18] LUO Ying, YANG Shikun,ZHOU Xun,et al. Use of Ophiocordyceps sinensis (syn. Cordyceps sinensis) combined
with angiotensin-converting enzyme inhibitors (ACED) /angiotensin receptor blockers (ARB) versus ACEI/ARB a-
lone in the treatment of diabetic kidney disease; A Meta-analysis[J]. Renal Failure,2015,37(4) :614-634. DOI; 10.
3109/0886022X. 2015. 1009820.

[19] ZHENG Qiyan,LIU Weijing, WEI Wei, et al. The efficacy and safety of Chinese herbal medicine combined with
ACEI/ARB fortreatment of incipient diabetic nephropathy: A meta-analysis[J]. TMR Integrative Medicine,2018,2
(1):7-29.

[20] B, (L mak . 2= 0K, 5. 3 B il i e 36 b 25 30 97 1 PR B L 1 R e 2R [T . R h B2 25,2023, 18
(2):206-210,220.

[21] XUE Gao,SHANG Jianwei, LIU Hongfang,et al. A meta-analysis of the clinical efficacy of TCM decoctions made
from formulas in the liuwei dihuang wan categorized formulas in treating diabetic nephropathy proteinurial J]. Evi-
dence-Based Complementary and Alternative Medicine,2018,2018:2427301. DOI;10. 1155/2018,/2427301.

[22] JESE, MME 505, 5. 3 145 S 2506 5 Ak £ 1 167 B PR B 19 Meta 43 87 [T . v B 97 ¢ 4%, 2017,
32(4 T 1) :161-162.

(23] B K. B RMEE R BEG ARB JEREE 2538 77 B OB B 10 R R M (D], K& KE P BEZR¥,2013.

(247 BXVh . B0, a8 L A8 A0 FHIE TR 7 - BB PR B 1T 380 B 2 1 Meta 43 A7 LT . i B i 25 24 55, 2019,

44(8):1660-1667. DOI:10. 19540/j. cnki. cjemm. 20190109. 001.

http: // hdxb. hqu. edu. cn/



78 R ¥ ¥R (B AR ¥ BO 2025 4F

[25] LIU Xiaoyu,LIU Ling,CHEN Pinyi,et al. Clinical trials of traditional Chinese medicine in the treatment of diabetic

nephropathy: A systematic review based on a subgroup analysis[J]. Journal of Ethnopharmacology,2018,151(2):
810-819. DOI:10. 1016/j. jep. 2013. 11, 028.

[26] YANG Gangyi,ZHANG Min,ZHANG Min,et al. Effect of Huangshukuihua (Flos Abelmoschi Manihot) on dia-
betic nephropathy: A Meta-analysis[ J ]. Journal of Traditional Chinese Medicine, 2015, 35 (1) :15-20. DOI; 10.
1016/50254-6272(15)30003-0.

[27] =, AL KERS ARBIRYTHE R B Meta 2047 [D]. i3 WL EE 25 R, 2018,

(28]  BRAI, 2807 B 0K S5, 0 A B AR T BRI 0T LIS 0 PR ' 0 A 80P R 2 M R TP 5 Meta 43 7L . 36
B EE25,2019,12(6) :959-966.

[29]  BRB, X SCH EBLSF 55, AN 45 B L 2% it il k& ACEL/ ARB 28253897 [ ~ IV 0188 BR s B i A7 2001 22 4 1
FAGEVEM S Meta SpHr[J ] L P B, 2019,41(1) - 123-132.

(300 ko Moo # . S 4, 5. BE35 IR K& ACEL/ARBYAYT 2 BUBE I B N E H IR RS pE (1], A E e 2y
fif B2 75,2019, 26 (9) :99-103.

[31] ik, 204k, E AR 45 35 0L TH 8 T 28536 97 1 PR '8 9 1) B AL Xk AR G DRI 30 R B8 45838 & Meta 23 A LT . i §
£ #,2017,12(1) :5-9,15.

[32] k. & T 001 IF 23 VUG V5 1) 1 B 6 8 I 38 7 0 PR s '8 o 91 [l JBsi e F 5 [ D 1. b it b it BE 25 k2, 2018,

[33]  JEls. BB i y7 W DR B B s e IR WL 4% B 32 4%l PR 5 9 55 3 55 1 SR IBE [ D). bt - bt v 2 25 K 2%, 2020.

[34]  BVRME. 23 ST BN B IG 10 A 77 B DR B TIHA0T A9 Meta 43 BT LD a0 4k v BB 25 K 2%, 2020.

[35] BRGRRE . MEARS . PMH AR 55, 45 3 B I 07 3607 - 0 B0 B 993 19 Meta 43 A [T ], W7 V1 P PG B2 45 & A4 35, 2018,
28(8) :699-702.

[36] BREE . IhE3, PhTTL, 55, 2y i I in 7 IV B0 B B R a0 WM LT 1. v B2 2 4k, 2020, 35 (12) : 2706-2712.
DOI:10. 16368/j. issn. 1674-8999. 2020. 12. 596.

(371 JHg.#RE8 B Lokt A BRGIR YT 2 AUEE RIS 45 5 B W Meta 20 #7 L) . A5 70 R B2 2% g 2 4k » 2020, 42(6) : 778~
785.

[38] RBEZE, # b il XTI o 45 opr 24 7 W A YA MR R ' 9 T - TV 400 19 Mlewa 3 A7 [T, o BE 2538 4% . 2020, 19(6) + 59-
63. DOI:10. 14046/j. cnki. zyytb2002. 2020. 06. 018.

(397 W uci. v = 24 030 s PR B 993 TR RE AR AS SCRR T 5 2 40 A B R e PPN LD . 25 < v [ v R L 24 B, 2023,

[40] SARAN A,WHITE H. Evidence and gap maps: A comparison of different approaches[]J]. Campbell Systematic

Reviews,2018,14(1) :1-38. DOI:10. 4073/cmdp. 2018. 2.

(RERE: KER S

2t

K2 XU )

http: // hdxb. hqu. edu. cn/



ER T G LS NI O SO G S B/ S B 3 ) Vol. 46 No. 1
2025 4F 1 A Journal of Huaqiao University (Natural Science) Jan. 2025

DOI: 10. 11830/ISSN. 1000-5013. 202405017

AR BR e 2/ B 2 T R R 4
FY 0 2 T B E 52 lim 1 %1

"J‘?ijé{l9 jlj/figl’ }'J‘%‘Zi%l, %ﬁiﬁf&tlzv iig§l9 7?‘5/:‘\:: s

(1. HBF R B b, fa i N 362021
2. P AR AR GRED A IRA R, fEE S 3620055
3. fRE 962 BERE . BIBIL FA/RIE 150080)

WE: N THEFILER (VPA) /N B2 T 41 (NSCs) 4346 B 28 50 B T AE AL » M/ BRUIG A 49 5 1 &
T 0 M 5 AT % AR B 35 o PR AR AN 6] 2 B 43 Ak B 55 B vh TR A L S AN M A A R R 20T S O
o P 22 T e SRR R W R R IKE O IF R oRT-PCR 43 H7 F 58 VPA L BLHT L J5 Wnt/B-catenin {5 5 i %%
OGS FRIBAKOT. SRR R 5L 5 57 11 NSCs IR A Nestin Fil Pax6 FH 240 g b 617 75 . 436 5
M ERL R EME TS, BMEITHAEY FERDO (TUID B R (DCX) MM SR XHEE 2
(MAP2) 753 b J5 Fe kK- 8 #3280 s 5 IE ¥ A A Eb . VPA A B vh Wne-3a s Bcatenin Fll cyclin DI ] mRNA
AR F 3R BT, p21 B9 mRNA XS KI5 i AR s Wit/ B-catenin {5558 #% A4 1 57 FH535 68 W% 058 VPA
i NSCs 304k M & o iy it 72

KEEWR: MATAME; M AMEHER; WK Wnt/g-catenin i %

FESHES: R329.2 XEARER: A XE#HS: 1000-5013(2025)01-0079-08

Valproic Acid Promotes Differentiation of Mouse Neural
Stem Cells Into Neurons and Its Mechanism of Effect
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Abstract: To investigate the possible mechanisms by which valproic acid (VPA) promotes the differentiation
of mouse neural stem cells (NSCs) into neurons, neural stem cell were isolated from mouse brain and passaged
in culture, then re-inoculated in different types of differentiation medium to induce cell differentiation into neu-
rons, and the expression of neuron-specific markers was detected by immunofluorescence staining, and the ex-
pression levels of key molecules in the Wnt/B-catenin signalling pathway were investigated before and after
VPA treatment by qRT-PCR. The results showed that the proportion of Nestin and Pax6 positive cells within

suspensions of NSCs cultured in passages after isolation was high, the differentiated cells showed significant
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neuronal morphology, and the expression levels of neuronal markers f-Tubulin (TUJ1), Doublecortin (DCX)
and recombinant microtubule associated protein 2 (MAP2) were significantly increased after differentiation.
Compared with the normal group, the mRNA relative expression levels of Wnt-3a, Bcatenin and cyclin DI
was increased, and the mRNA relative expression levels of p21 protein was decreased in the VPA-treated
group. FHS535, an inhibitor of the Wnt/S-catenin signalling pathway, significantly attenuated the differentia-
tion of NSCs into neurons in VPA.

Keywords: neural stem cells; neurons; cell cycle protein; valproic acid; Wnt/g-catenin pathway

P2 T A0 (NSCs) JEAER R B Az LA R o 7 A= b 2 0 R 2 8 o 200 T 1) 32 ZEAE 4 e
I 22 R BE 19 T A 0 I« REAE o M R BRAE 1 3R B v AR RO B R SR AR A — BUS [A]  [A) I (R 355 A5 LA™ AR
S0 T B P A0 L Al AR GG (TR T T R RS (AR . B X R 2 R TR T A
AR HEA AT RUE A A [ R PR A NSCs. I A7 H Y R H 23 A6 o 7 2 1 i 22 35 28 200 i - AT 2 AR
L 25 R GEH G IR A L TR T A 2R AT MR SR AL TR k. NSCs L 2 E £
ol DR 2819 93 A0 A R RN SR TR 7 L 2 UL 3 A% 9 49 0] L BRI W A% R (mieroRINAD 1248 Jfd 21 5 57 78 73 119
PEFIAEY o BRI 88 P AR5 AE AN SN E A5 5 10 I8 15 0 AL 2 P B T LAV 5 NSCss 19 43 (L E

PR (VPA) S —Ff T30 T7 1 2 50 19 25 9 . BF 55 3R W VPA X # e oA R I 1E T . )X A A
P AE L] S E R BT T8 (Bel-2) (9 3k AT 77 AR Bl 2 38 FR 00 . VPA 2 — B 4l S E 5
TR (ERKO 3 8% 806 ) 8 n] AR 0T ERK I8 15 5% 5% 7 AP-1 JRE . Ll DAAE i & 8 35 1
PE P 20 AL AR 220735 . VPA SR REI N ERK 38 B 8 2 1 3% IR (0 2605 0 46 A2 Kk A ¢ 85 (R
Bel-2 , it HE 1 25 58 A KA A0 A7 34 9 26 FB IR R i SRR B . Hisieh 587 (9 MR 9 R 9T 12
VPA _F 3 (8 3 22 D0 S 1 ik A v A7 A — bl 22 U 1) BE AR R - 21 R e e 5% A 1~ (NeuroD) L B BES 5
SR TT L QAT T AT R i A A0 A P 2 T 20 1t B 4 A e R 5 Ak R T T T AR L A 2D 5
BEIRAM . VPA FEff 2500 b K45 3 T B/E T fE2 VPA X NSCs R0 18 AT . DIk A SO
N 23 NSCs o 285 AN [R]85 7 35 F1ORT 45 M o0 A6 sl 2200 . 898 VPA 15 % NSCs 7L 119 ] fiE 52
i AL o

1 Lt

L1 sl

L A A /N R0 1 A M 52 B sl W F 9 b o0 3R 56 3h 4 0 F /7 AT IE 5 - SCXK (8] 2016-0002

Neurobasal™ Plus }; 3% 5& . B-27™ Plus 8 04 .y~ WA B 40 41 57 (DAPT) (3£ [ Gibeo 24 A 5 L 55
Jif 28 13 (FBS) (3 Hy-clone 23 w)) 5 15 57 40 s /40 & &0 RNA 48 BOK 7] & (bt RAR AL BH A R A
7)) s PrimeScript™ RT Reagent Kit with gDNA Eraser(Perfect Real Time) {5 & (H A& TAKARA 2
7)) ;iTaq Unieversal SYBR Green # i &¥% (3€ [H Bio-Rad 23 7)) 5 -5 3L i B 7] L R FL43 %50 4 %0 1) 41 41
20 7 [ W (AL Bt BRI R AR R A 6D 5 WU TR (DCXOFAE g8 1 (TUT D Hidk (Je [ Ab-
cam 23 @)D s PLAOCT KA (R = KAV ARG R D 5 11 FHi/h M Z5-Cy3 (E [E Jackson A #]) 5
IR (VPA) (4 I3 118 11 (BSA)  Triton X-100 5 Z, [ LK S ik (3 [ Sigma /4 7)) 5 Nestin
yEPEDLIA \Pax6 By BE BT 1A L Mouse 1gG1 Isotype Control ([a] B4 Xf fif) \ DyLight 488 i Ik 1l 34 /) il
IgG —Ht (3£ Invitrogen 247D 5 519 CE A A THREIR A A FR 2 7)) 5 NeuroCult NSC # 5 #b 78
#| . NeuroCult NSC JLAfi b5 7 5L (fin %2 & StemCell Technologies 24 7)) ; FGF2 (bFGF) , # & 4 K A F
(EGF) (£ [# Peprotech A %] ; FH535 #Pr 7 (3£ [E EMD Millipore A #])
1.2 XWiR&E

£ AR & 3O L (36 [ Beckman 24 w)) 5 i 2 4 i AL (36 [ Beckman 24 w)) 5 8] 5 %¢ 06 W 5
(FEEZRER AR ; 2¢Ot 7 PCR AL PCR X (3£ [E BIO-RAD 24 F]) ; & # & .0 Bl (72 [ Eppendorf 24
H]D 5 IR RR e (PR TKA 235D 5 8 e 43 66 EE 1T (36 E Thermo A H]D
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2 ELIGFHE

2.1 AREF

24 IR 50 mL NeuroCult NSC #4514 b 78 51 % 1 %) 450 mL NeuroCult NSC K& fili 35 75 H v
A 20 ul. 500 pg « L ' EGF #1 1 000 . 100 pg » mL ') FGF2.F 4 C Ff§7F.

X HRAL R % T A0 AR5 0 KA 20 JfL , At 5 AL 310 0 8 A0 B 95 A R 1 8% 9% 3k b i 3404k 10 d. IE
H (NOR) 4l 41 i 15 7= 5t Neurobasal™ Plus £ 37 3% KB 50 2201 B-27™ Plus B in 4 FA& R o %1
0. 1201) DAPT 411 55 5 (EXP) 41 41 i 55 5% 5t Neurobasal™ Plus 1557 5 /R B4 4 200 11 B-27™
Plus #H0% RF 4% 0. 1% DAPT #1 0. 75 mmol « L™ VPAM 4 il ; VPA+FH535 (ANT) 28 24 fifd
K53 i Neurobasal™ Plus B #8356 KB 50 2% /9 B-27™ Plus 4 ARFL %0 0. 1% /) DAPT,
0.75 mmol « L' VPA FiI FH535 $5¥3¢ 5744 % .
2.2 HAETHREMDBEF

WO AR 55 15 R A /I B 20 4, 56 R AR 3 0 /K o ok 28 Ok VAR VRV 9 1 LR B 40 80 75 V0 1 T RS VR U4
I Ja PR A BRER K WP e 3 UK 5 465 i i PR A 1) 43 25 0T 4% 8 2 50 mL g0 L AR SRR B . A
AEFRW2 000 r e min BG5S min, A 2 . MELLEPBIIA 1 mL BRI WAT B RA AT
20 L 11 B 5 B A B A BR A 15 mL 1. 0 X107 AN BEAEFR T T75 b, B T A MR R 46 h B 7 .
2.3 #WETHMEER

TSR 7 dJa T DO B 2k KR 28 08 . 3.0 F B3 A Accutase il
TEMMBRE B OENCE THEIRZ A TS 20 min, W40 800 2 00 A IR 7T 00 4 J B, 1 55 0
Brh i AEBRER KL IE .3 000 r e min B0 5 min, £ E, BIMASE SR E R, HUTIES
BN BN . A LA 15 mL 1.0 X 10° A8 4R T T75 b ilcE T R b i 5.
2.4 EmESK

FH Laminin g8 24 FUAR & T 55 % 58 P 3 5, 76 42 R 40 B A I 0 R 22 b Wi (PBS) Bk % 24 fL#R.
55 2 AR T At A Y A 22 2R A6 A B B 7T Bl 8 00 J3 1k 85 R R R A ML 4% B L 500 pll 4X10°
AR 24 FLAR L BCE T 37 CRBUMI 500 CO* i gRfah Bi 3% . ffR 3 d # 1 Ik e R
B i 480 9 S 0] O 55 4 AR 2S5 = 10 d,
2.5 mAMEEAR

W 4 B [ 22 3 A, SR 5 ] Nestin, Pax6 B g BEHUIR /N B TgG 1 [R] B0 % JE 23 53] 5 R B 43 8 500 1
BSA DIAFRLL 12 100 Hfé. ¥ —HifErk B E 1 h 5, DyLight 488 59 L FHi /b R 1eG —Hi7E
UK LA T = 500 BR B EEXT 40 B AT e 8 1 hy BEAMFEGCRAR T 1X10° DA,
2.6 qRT-PCR

FEREFR 0 A 10 d F, 20 AR 4520 TUJ . DCX FIRUE M1 2K 11 2 (MAP2) i) mRNA AR 25k
K 4% 241 Wnt/B-catenin {5 5 18 % o &8 4> F Wnt-3a s Bcatenin s cyclin D1, p21 ] mRNA | X 2 ik
. X RNA ST S 68 Pt 40 OO0 BT H I & RNA W BE . X RNA #E47 2l 4k S S 5% 5k L 45
KA 2B T E . PCR BIWFS, 3k 1 s, R 1 W :.GAPDH R REN,

#1 PCREI¥ITF
Tab.1 Primer sequences of PCR

5L PR 44 1¥Fs) (53D BB 51975 (5'-3D)

TUTI F:CGCCATGTTCAGACGCAAG Beatenin F:GACCACAAGCAGAGTGCTGA
R:CTCGGACACCAGGTCGTTCA R:ACTCGGGTCTGTCAGGTGAG

BCX F:GAGTGGGGCTTTCGAGTGAT eyelin DI F: TGGAGCCCCTGAAGAAGAG
R: TGGTGGAACCACAGCAACTT R:AAGTGCGTTGTGCGGTAGC

MAP2 F:AAGTGGTGACTTGGCTCAGG 21 F.CTGCTCCCTTCCTCAGAC
R:GGGAGGATGGAGGAAGGTCT R: TGAGGTAGGACCAGGAAACC
F:GCCGTCACATGCACCTCAA F:AGGTTGTCTCCTGCGACTTCA

Whnt-3a , , GAPDH :
R:GCTCTGTGGGCACCTTGAAG R: TGGTCCAGGGTTTCTTACTCC
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2.7 mEBEWKEE

VS 10 d J5 » ZBRALAR P 85 3% W, F R AR AR A0 250 40 1) 2 3R W (PEAD [ 72 10 min, W HY L V%
IANRF 340 0. 3% Y Triton X-100, Z i [# % 10 min, B YE . BEFLINR B4 32019 BSA =il
B 1 hs I AR % 3% BSA BB Ja i TUTL HLiR RFLE A 1+ 300) A1 DCX Bk (AR 1
300) b HRAL A SE R 4 3001 BSA 4 CHEF K . Wk —i . Ve B AR5 41 390 BSA
i BEJG B 1L SR/ R T H-Cy3 R EE O 15 5000 . BEEIE T 1 b Wi L BE % s N A 5 3 HE 9% )l 16 X5
(% DAPD . Z IRBOGHCE 5 min, 56 W B WA B4 .
2.8 ZitESH

K Graphpad Prism 6 B fFAE R L B4 Kl 25 T8 £ 4Rk 2% (o) R . R SPSS 18. 0 #k
P XT D ey B AT L A A 6 s I ) IR DA T 2 0 A 1) 3% AR R R AT SRR 2 T 25 40 s AR R EA T O 25 55 R
W5 K56 X 5 25 A8 55 (0 B8 8 1 Welch 6 1 (9 P S AR A ¢ K 36 PFAN 41 18] S 5000 35 M. K ge oK
a2 0.05, SXMCCONDA AL, BARS 7% %« 7% % x « "3 5| K/R P<<0. 05, P<C0.01,P<C
0.001; HIEH (NORYHAM L, BAR“ &7 8 £7% 4 2 87435 3K/R P<<0. 05, P<C0. 01, P<C0. 001; 55
B (EXPYAAHE, EFR“$ 7% $7°% $ $ 7053w P<<0.05,P<C0.01,P<0.001,

3 XRERSHW

3.1 HMETFABRSBEFEESWRN
R 22 BREAR M2 AL G Hp 23 8 M 2 T 2D - 2 (AP 3R I AR AU AT DUVLEE B 40 i SR A AR I
FHIERAR (& D

() MM 1WA 7 d (b IS 2 W AE I 7 d g
B 1 {RSMETRIY NSCs &
Fig. 1 Morphology of NSCs cultured in vitro
VES 75 5 NSCs 156 5087 25 9140 1 SOX21, Nestin™) Bl Pax6™ 45 22401 o 47 47 45
5 NSCs FRAE 9 38 5 J1 0 2 40 M A %4 40 22 T 40 MO MG 49 B 599 Nestin 1 Pax6 47 0. Nestin,
Pax6 £ 25 T 240 i P 9 Fe ik 0 P G 2 7 o 11 2 v C S BTG T W HOBSRIE . ey s vl 80 A% 4R
B e LS N B AT i LAY Nestin F1 Pax6 BH 440

_ 250 [ Nestin
400 350
ISO : o 1SO 300 - Pax6
Nestin (0.50%) 200+ Nestin (97.44%) 300 | Pax6 (0.50%) O pax6 (91.61%)
pestin (8.°U%)
200
3 200 |
&) - O
200 1ol )
100 | 100
0 ' . s = 0 0
10° 10 105 10°  10° 10° 10* 105  10° 100 10°  10° 10° 10° 100 100 10° 10° 10°
I I I I
(a) Nestin (b) Pax6

€l 2 Nestin, Pax6 784t 2 1 40 il P 1) 35 15 06 &

Fig. 2 Expression peak diagrams of Nestin, Pax6 in neural stem cells
3.2 FEREMERES
0 o ANl 200 L S 0 R AR A SR A0 AR R R O il 2 T A M AT 5 UGS B 2 A i 2 3 e A
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ZIoCIE AN BA /NI BE Al A 28 ff KRR

R T RFE A ARG IR B R R b 2 T A M D el 0T XS T I A IR AT S g e S Yt b B K
Wih 250 S EAR &Y TUJL,DCX, TUJ1,DCX FEMSN o3 Ak 4 ff v iy 2R3k an &l 3 o, B 3w 4L
02 TUJL,DCX S 9 e et s i 528 DAPT a4, NOR 41 f1 EXP 45 31555 /5 4l g TUJL Fl
DCX HLfR Y iy BT L B 4 Bios . B4 ey e s a2,

50 um

(a) NOR £ (b) EXP 41
3 G 5 A I A 48 40 i 1Y) 43 A 15

Fig. 3 Immunofluorescence detection of differentiation of neural stem cells

By [ 3,4 0] NOR 41 F1 EXP 411 NSCs # 5% 2 431k Br == W NORA]
A s 5 NOR LA, EXP AL 19118, NSCs 5 .
F 200 0 2 35 bl 22 e A 57 P AR S 4 TUTLL DOX B8 3% T
T 434 B T I IR A2 3 NISCs 1] 2 mmém %

EXP 41 th NSCs 43 [y b 2 70 500 378 5 T 1E % 241 . 43 Ak 280R T
B AR BBEAEL T A P P T A A e R o e R R
3.3 FEMEHETRSHERRSETL B

J T =K TUIL DCXC MAP2 AR TAED o memsnmman Tun
it A8 v iy AR oL R BGE T 0 d 10 d s A Y DOX 0 Ak e 4 1 B o %
RNA, i gRT-PCR Al , 75 2 £ ohn B A mRNA Fig 4 Positive rates of TUJ1 and DCX
X R B & 5 PR antibody staining in cells after induction culture

M 5 Al Al 5 CON 21 A . NOR 41 F1 EXP 41 h D . m— CON

TUJ1,DCX,MAP2 f§ mRNA {50 bt # b R AP | F S,
ERE AREY LR EL KN ERBARIFFEL(P< K
0.001);5 NOR 4 A, EXP A h TUJI,DCX F1 MAP2
1) mRNA FRikIKF 1Y 2 5 BA geit 2% 5 L (P<<0. 001) .,
3.4 Wnt/p-catenin FSERHRXBY FESUPHRIE
VPA B8 gt NSCs [n] #fi £ mﬂﬁéﬂ& h it — R

mRNAFHXT A

VPA 7E NSCs 4 ft i 2 s 71 9 3% 0 BL ). 16 0 Wnt/- owm "™
catenin {5 5 i i W LB 43 F Wnt-3a F B-catenin NN 18 5 MZICEREYIEE mRNA MY FE k&
br 3 RT-qPCR Kz Wnt-3a il B-catenin i) mRNA A% Fig.5 Relative mRNA expression
FkELEERAME 6(a) . (b) Fias. mE 6Ca) A5 CON of neuronal marker genes

AR - NOR 4 A EXP 2t Wnr-3a 19 mRNA AR £ 3K &8 B8 T X B4 5 NOR 440 L . EXP 411
VPA 0] L3 fin 40 i ofr War-3a () mRNA R X ik it SR . FE A FHS535 Ji5 . 5 EXP 41406, ANT 41
Ht Wnt-3a 1) mRNA X355 TR, & 6(b) a5 CON 4 AH Lk . NOR 41 fil EXP 40 fcatenin
9 mRNA R 26565 B B35 5 NOR ZAHLIL . EXP 41 F Beatenin ) mRNA K& E B A
FH535 #5405 5, ANT 4t Bcatenin i) mRNA ik TR H &£ B K885 T CON 4.,
WAL SEER R AR IE TP SRR 43 A 4 A b A0 LR 2R T ey elin D1 35K B 52, 45 R a8 6 (o) iR .

H & 6 (o) n]J1: 5 CON HAH H . NSCs 435 B4 cyclin DI ) mRNA AIX b & B F T (P<
0.001) ,EXP 4 cyclin DI ) mRNA X} ik i i 2% & T NOR 41 (P<C0. 001) ; il A FH535 #5417

https://hdxb. hqu. edu. cn/



84 AR ¥R (AR B R 2025 4

JG s ANT @ cyclin DI ) mRNA AR 3K 5 T B (P<<0. 001) . B K AR T EXP 41, {H & T CON
4, @B 6(DE A S CON AL . NOR 41 f EXP 4 p21 ) mRNA Xt £ A EH B ETHKR.HYS
NOR A Ltk . EXP £ p21 ) mRNA A X F 3k AR, In A FH535 #4175 . ANT 41 p21 7 mRNA
FHXT 35 w4 L HAI T CON 41,

5 - 8-
Rk
?I]Kﬂ 4+ .Eg 6l Rk
® 3| $$8 ® 355
7 et ' 4l
E _E *kk
o :
~ & ol
e | g
i . L .
CON# NOR# EXPZ ANT# CONZH NOR# EXP#4l ANT#
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(a) Wnt-3a (b) Bcatenin
1.5 6 —
***,##
i g
&1.0 - . B4 4 $$S
i 555 k
% Hekk ## E
S 05| : S 2t
Z g Z
e~ 4
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[ 6 - fLHET .5 Wnt/g-catenin 55 8 B 5C 5 4> F 1) mRNA AHXf £ ik &
Fig. 6 Relative mRNA expression of key molecules of Wnt/S-catenin signaling pathway

before and after differentiation
4 Zig

2 A M A7 AE T R BG & & 00 E) R AR 22 R 8 (CNS) [ 3L 8 KR e 1% [ 38 30 8T
[7i) BN B S0 28 0 L T I T3 4 R /0 2 JE TS 2 L 3 S R B K R 2 R GRS R R R T L s
N NSCs i #5475 580 T i 28 R8I 5 & — PP AR R A T ik o 3 D/ BRURG 308 3 B85 1 22 T 4
JH o A FH KD A A K PR T 10 95 35 L 4 B R 4 NSCs. 3 2 40 M AR 45 5 5w . 40 B 5 B AR BS F i pl & T
20 Ji 200 i3 2 1 AR iC ) Nestin, Pax6 35 i 25 . ol 15 51 i 4l 5 00 #f 28 7 40 M o K5 0 22 1 40 i 3 1 4 1L 1%
F LA P75 H 1 5 R 22T 7 A0k BRI NSCs Y0 b R . WFE R, JoiB 2 1 W 20 i J2 52
B2  NSCs s b s il vh TUJ1,DCX ,MAP2 1) mRNA A} 223k & 35 W 2 T+ &, H 345 4 i 2 e
TP ORI B E ML ITE R,

Wnt/f-catenin i [ 815 2 Fh & 75 1L B Q040 38 58 40060 20 A0 R 40 T B AL 7R 4 LA S K
W 7E Wt BCRTEFE I 0T« 40 M 22 160 1) Wnt BC R R A2 (R85 & 5 &5 & AL . 5 802 & W (AXIN,
GSK3B,CK1,APC) ] Z R AL . BiJ5 , GSK3R 1 8 B Ak F1 410 i 8 4 T 40 Ji B B-catenin ¥ B A9 FH
oYM R BEER ALY Bcatenin SERS B ML TR 5 T AR5 2L B (TCE) sk T 40 M 3 5
T454 W7 (LEF) 2k 3803% B 7 (i Pygopus F1 Bel-9) A HAE . il & Wnt #2235 F (41 «Myc, CD-
KNIA Ml cyclin D1) 335,580 TCF/LEF 3L i, BA &2 m itk &2 T Re % st W 7 (TF)
c-Myc 8 28§ [7] 223K 15 Y0 ) 35 PR R 4 1 22 Fh AN M 2 B8 6 40 B 38 4 . b R T RUBT BRI LA T2 5
M, AN TR A 0 PR R AT AR o Mye 2R KO M AR S 15 T 0GR T o My (1 I3 IR 1 A
ST AL BN S 55 20 T B 0 45 0 i TR0 20 M 51 B 1 D1, D2, B1, 20 M JE B AR AR T 4
(CDK4) #l CDK ## 5 p21,p27"7 . Bk Z 4b, 2 16 PE T U B-catenin Y 36 35 42 M 42 1 12 5 40
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(RG) [ 8 5 A4 i) o 1] #EL 40 i (TP) = A= TP 7m0 4 428 2% A4 M0 ) 7 26 i 1) #2800 , 9 HLTE i
0 b 22 A 0 ) AT REAE S ME — B4 Bl 22 e A AR AT ZES L T L Wint/B-catenin 38 B AE AT TP 474
HHBHEVEF . Woodhead 257 45 H . g-catenin 1Y Jay kP T4 AL 0F RG 40 it J& 30138 H A w2 0401k .
Kuwahara % 58 3£ B, Wnt/B-catenin j@ §% 38 i N-myc FIfl 28 J5 M 5% 5% 7 Ngnl/2 {2 & 58 5
fb. B2 . Wnt/B-catenin i J§ 75 240tk b R ¥ Z/E R il X e R B0, IE R A 53 VPA 4
o FE A IT AL S AL 5 ARl G Bl 22 00 40 MO RIS I 35 0 e Wne-3a Bl B-catenin B 3Rik 4 E T (H
&5 CON UM, i VPA g oAb 7= A (i £ 008U 2, Wnt-3a Tl B-catenin F&35 s 0 & L SR 1T
AN AFE SR G - 33 R VE B 98055, Want-3a Fl Brcatenin B35 5 W B FRAK . BN VPA 4 S Hh
2t A J T 0T Wnt/B-catenin {5 538 J% T 204 .

21 J R0 S50 9 55 30 200 e 40 2 R B (CDKO R EAATE T2 4 RESW D BN E W &
A CDK. 4 i J&] 5 2 1 Ceyelin) (358 40 MO A% B p21 S5 . Jlad p21 i 50 F SeRE RS 4 90 40 i ) 9
WG A R RSN EE A ST R I L p21 At 25 AT DA cyclin 5% CDK S04 B 53 14 36 4 2F 1 410 1) 240
JHL B 3 B L p21 S A0 A JE 0D R F SR O 3 A R R . 7RSI L BR T Wnt-3« Ml Bcatenin A, 38 £ B
% cyclin DI Fl p21 mRNA F%F ik 802810, 5% A A . 5 At ig s cyclin DI ) mRNA
FIX ek ETF s HIER M A VPA 20 NSCs /M5 B 4 cyelin DI B mRNA 35 E 4 i
FHZE p21 1) mRNA MXS BT AMIEMAR NG, 20 M AHR W EHE ., VPA SR
TG 346 AT LAGE 1 300 Wnt/B-catenin {5 53 5% SR HIE R o« Myc Fl cyclin D1 ,—J5 1 scMyc 7]
DL R R p21 A E i o G ek 3R 55 X0 4t i ) I A 1 O A T 02 A A B 40 ARG B 5 Dy — U T
Wnt/g-catenin {55 5 38 &t 7] DA H 3 3 i S IE ) cyelin DI ) mRNA AHX] 3k &, e &2 iF NSCs 41l iy
ST I K STV

25 L Jirid . VPA 45 NSCs 204k #2209 AT REML I 40 F « VPA S8 o ¥ Wnt/p-catenin {55
iH % {2 Wnt/B-catenin {5 5 1 % R T Scatenin , Wni-3a 1) mRNA Fik /K, Bl i3 8 # Wnt
BEIE Myc 5 30 p21 2 H A RE AL HE AN F B B cyelin D1 33K, 3175 5 NSCs 13 58 43
fb. DR &I, Lk VPA LhH 5 3 3L 0 25 5 5 5 NSCs 4346 B 2850, SE R R 58 T 3L 0T BB 14 52 i AL
il i — PR VPA R IE B 2 oc DR de At 17 AT 68 L A2 1 T 0 48 00 7E 75 2E B2 2% 31 25 Wy 0 3% 55 1y
Wy i — 2B T
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Path Planning for Mobile Robots by Integrating Distance-Guided
A" Algorithm and Dynamic Window Approach

HUANG Yuhang'?, LI Guogang'?*, JIAO Qi"'*, CAO Dongping'**

(1. College of Information Science and Engineering, Huaqiao University, Xiamen 361021, Chinaj;
2. Xiamen City Key Laboratory of Application Specific Integrated Circuit System,

Huagiao University, Xiamen 361021, China)

Abstract; To solve the problem of low efficiency in mobile robot path planning, a fusion algorithm combining
a distance—guided A algorithm with the dynamic window approach is proposed. In the improved A" algo-
rithm, a bidirectional search strategy is introduced, and a comprehensive distance heuristic function is adopted,
utilizing a global path filtering strategy to optimize the path. On the basis of obtaining the global optimal path.
it is combined with the dynamic window approach to achieve dynamic obstacle avoidance for the mobile robot.
The results show that the distance-guided A" algorithm and the proposed fusion algorithm achieve significant
improvements in terms of path length, the number of traversed nodes, and running time, which better satisfies
the requirements of mobile robot for path planning.

Keywords: mobile robot; path planning; A* algorithm; dynamic window approach; dynamic obstacle avoid-

ance
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Tab.1 Simulation robots kinematic parameters of fusion algorithm
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Fig.3 Simulation results of global path planning in 30X 30 map environment
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Tab. 2 Comparison of global path planning experimental results
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PN A R AR t/s /m N/A> t/s I/m N/ t/s l/m  N/4
3030 (3.28).(25.100 1.21 36. 14 248 0.97  32.99 239 0.21  32.99 40
40X40 (3,37),(37,3)  3.98  59.21 867 3.29  55.12 700 0.26 55.09 82
50 X50 (3,47),(47,3) 2.43 66. 33 475 1.33 63.08 257 0.27 63.08 82
60X60 (2,52),(57,4) 9.88  80.15 1206 5.15  77.73 815 0.23 75.85 92
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Tab.3 Comparison of fusion algorithm experimental results
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Abstract: Cost allocation problem based on Shapley value summation on data boundaries is constructed. U-
sing the fast algrithm of the Truncated Monte Carlo, the existence of the optimal solution of the data boundary
is proved. Aiming at pricing scenarios of different versions of the models, the pricing problem of the income
maximizing model of the model broker is defined, and the pricing problem of the income maximizing model is
transformed into an equivalent integer linear programming problem. By public datasets , our proposed method
is validated its correctness, and the experiment is compared with four existing methods, simultaneously. The
experimental results show that the proposed method can increase the income of the model broker and the pur-
chase ratio of the model buyer.

Keywords: data pricing; model pricing; Shapley value; integer programming

TE B AR Bdf B0 i od A R KT B E M SRS TR R B T R b
KOl T 0 i 52 oy W W 1 B D Ml SR 5 L W T Pl A I BRI S B . X — I R AR
373t BE T A BR A /NGl Al RS N P BE A% 5 B 3t 4 BBORSE TR0 Pl 5 SR o T AN 2 4 W A Ak B s S

W HEHE: 2024-04-11

BEMESE: B84, B il # 8z . W+, TENFZEE - S5EHIR WY . E-mail:chenbinmath@163. com,

E£WE: ERAARFEESTEIWHE2071165); REE ARFF ISR B H (2023]J01124) 5 H o i 42 S A B}
WAk 55 9% & T 5% 45 %% B (ZQN-1102)



96 Rl (A R R O 2025 4

B o R AR A 8 B0 S 0 F 5 I R AL L A

TERCHE T 3 9T 5 K B0 0 DA 18 it IR 0 LR AT 22 o 5 e AN A SR e B A T AR A . Jk
TR B M BB 5 (U0 Dawex, Twitter, Bloomberg,Iota #1 SafeGraph £8) 13K % B 215 [ 53,
VF S G B0 00 R A 5 B KT B o it o i 5 R S b T R U AR ) KNS iR AT A
fH o MeAh 55 M B0 5 S SR I b il B 1 SO A 7 7 A B S A ) S R T SR O I S AT R R A AT
P T AR 45 2 5 38 R il . R Al X Se B S AT LA — o R FRPE o R A O AN
PEAG RO A AR AE BE O . 55 T 0 L AS SCREAIL A% 2 > B8 58 ) v (4 5080 g 36 a5 5 5 AL 5 AN AT BT

1 THXHIESR

=R ARG BAR R R BRI R A R B R 2 22 N BB 2 8 NIy R R S
(ELPR) S €8+ 32 FH St IR ML i 2~ S3005 X 30 AT R 2 DI o DT 3T 38 o P8 i ) 00 sl 20 T A 2 . B
A0 I G R R TR AR 55 114 T RSO X6 42 2 i T oR IR L SR T S BB I (e e A S itk Ak
=N s e AN 1 TR

4 NI OB 5

LAROR Tt BT e, | 1§
O O O 2 A AR O SANRIRAB Ry FHE Y e u, oa
Cmmmmm e > € e
Al | \NA e S V7 fEnea
3 AN R UM | CBURE A A
B, Bz A BRI

CREE S P ALY T
Fig. 1 Three-parties model market transaction framework

D) BAR AR I o e KR AN 6 19 00 46 B0 R 4 416 3 4 I 8 aed Ak B U 500 e 80 1 s Jo o K
4 DGR PT A SO IR A 55 A SRR AL N A IF B R 9 3 R 0k S bR v . X —BR Y
(G e 5 A LR X T 24P B S R T S O B R B e G

2) BRI N BN 20 NIy O A2 0 R A T O B B D R e Bk B HOR T Bk
PEAT R BEFZ A DI 2t 2 AR AOORS B TR RO B e o S BT . B TR 2 20 N 8 ol B0 BB G oA P 8 A 42 il
55T 7 SR 3 5 SRS A T A 2 S A A R IR 55 e R Ak 42 1 [T 4R

3) MERIICTr . RSG5 AR Dy Bt 58 B e 3 AR 0 0 % i P o AR M 95 i SRR TS BR A 3 4 I 3K
VT T T R R SR AR TR R 55 o TR ST 4 S A% s e A B B S 4 S AR L R A QT BRI T 7 B 25
B IS .

A6 TR 22 208 N AE 113 37300 393 T W 940 2% o PR AT T 285 DAy AR 380 2 ) e R A » R (A S0 88 75 TR ) 5 s o 2
— S el RO 16 I 3K g B LU B0 80 4 5 TR R R A T 37 2 R ARG BE )R B R R B E A
BNRARR DI SE) ZRH #K

2 RRHBEDLFKE

=0 iR T 3 4 AL R TR BRI TP 7R 58 5y R AN AT AN R W 3K 58 B ROHE 4R 1 A L S B
s SR A A — 00 S S B A F AR X A L ) 220 e 2 s e 28 - T S AR 2 ] Y
5 0P 7 R BE T8 70 PR BB AN (B0 A 22 S AR R P 9 SE B SR o AR R0 58 ) iy bR S At v o o 2 R AR
B A R A A o A KO IR S B T 2 ) SR B P A R A R e AR . U BRI T
P AR S o A a0 B W S R0 5 R 0 1 W S R Al e AR B L R . FER A SRR R R L N
AT J5 R TR I3 M 200 2 A R P RO e L 0 00 A9 0 3 Sl 25 8 TS R iy il 14

B PR ML 18 AR R B ORI IC 5% L T8 — AR 9 AL B R CUn B 3 vk I S A P 2D 1 £ 0 i

http: // hdxb. hqu. edu. cn/



%13 PRETR . 55 Pl I B SE B v B B0 i K 1 5 B 0 78 97

H5EMME . 58 X S £ 5 B R A E A R AN T R i B R 28 D it 3158 Shapley
BB 22 20 N — DA EIE D A v, TEW0E 1 s B0 J5 » BERY 28 20 ) FH 326 W 1% %5 408 42 I 45
2RI A 2 2 R AR | 33X SRS A T AN (] 1 5 A% BE RIS 2 o B A i SR B RU SIE T 22 R AR 19 oMl 55 75 SR R 4R R
il o HEATT 758 2 BR T BB 48 20 N\ OR% 3 6 T G () AR 4 1) 1T 37 1) SR S T R o B SK T L 4R
B £ 1 3 5t 0 BLAR SER CanSsu i A B2 55 80 e 7 2R BBE | AR T0A 45 BE R A A 3E AR R E AT ISR . 3
oy 56 W RS J7 1] BE R 28 20 N SRS R T o » M B RLfl AL 1Y 28 462

2.1 Fast-TMC Shapley & ;%

TEALA 27 2 b i B B0 SO B AR PR B Y DTk 2 — > OB R, Shapley (HE 2 B ET SR8
Ty — R 2 gk L FEHLER 2 S 15 5T, Shapley (B2 % IR A 25 7E BT A T RE 19 B0 4 9 3 bR
DUHR P24 (8 . 78 5 B 0 FH v 388 O AR O ¥ A 11 Shapley i 1052 %¢ K 2 87 >R #£ Shapley
(TMC-Shapley) 534, TMC-Shapley 535 5| AR W7 £ 145 1 52 557 K 3% R FE K W . 2 ff T 14 48 Shapley
AL T T At )&, SR, TMC-Shapley HEAFAEANT 3 AR,

D A A S . R TMC-Shapley 57kt Shapley f5F it . (H 5 S KSR e K, 0 H &7
A 3R RIS AT AR I I B TSR B R RT B () AT BB AR TH A 1 22 S B T 5 S 0 AR A2 S

2) ZHBURRE R . TMC-Shapley 575 (14 P B ™ 5245 R 75T 19 (1 9 32 1% 0 52 e 5 18 R A I T8 3X
WA SBONR BT EATHIROL . A Y0 SE0% S AT RE 3 BOT AL 25 H 0 22 - 52 W B 0 (8 0 087 1% o e

3) EYERIR AL PR . BEE SRR N B Sk vok s fiaRh iAo Shapley (1

2 B R S 25 A 5 2 L X B N INGEEES D =(x,p)Y , HLBSESIBN A SRR N . RV
Jél 7 TMC-Shapley 5 vk (4 11 55 &2 7% B2 0N A7 7
SRS AR R 4R R R AR B AR A5 0 TR X

Fast-TMC Shapley &, WNE 2 Frs.

Fast-TMC Shapley & £ & Tt i T Shapley
ERZE (NS & VA I R WO e
Fast-TMC Shapley B ¥R 4 SZ LT,

D AL RFE RS . Fast-TMC Shapley 571258
I AR REAL SR AE T VR L WD TR R T E
HARE 0 08 5 UCR A A0 B A 2803 I 45 8, &, i A
ToRCECE K T A DT AR DR 5 VT AR ORT RE 1S (]
R AT T e PR R AR B8

it A% Z, 1) Shapley {iisv
1: ¥tk sv; =0 for i=1,..,N
2: REEECRARFRE L . F 7 R RLAEER SRR B R R
AT n=1 % N i
3.1 WIEE R C =1
32: Y C<2 W, EHEDTFHR:
3.2.1: BEWLER AN TFHRKE S
3.2.2: R—ABENLIES P
323 RUERENIESIEI T Xg A1 1

3.2.4: W THEPHME KRB C
3.3: MR TAUIZRBORF T, SR R TE
340 4§ 7 IR A SR IE TS, ERFnes Xy Y
3.5: BT A G U SRR R L iR T

3.6: it HIE N Shapley ifTTEk. SW+= 1 —T¢|
4: iH5Esv BRLL N 13515241 Shapley {i
5: &l sv

K 2 Fast-TMC Shapley & 1
Fig. 2 Fast-"TMC Shapley algorithm

2) A BBV E Y, T S R AR G AT RS 2 R A A AR RIS R T X AR A A el A2 AR L RE S
R S A SO a2 B A3 BEAT BB AL L RO A T BT IR A IR B

3) ATk S A Y B 2 A AR AL s Fast-TMC Shapley 53 B8 %47 20U BT
G0 A e e ) 45 2R & A PR A Ak RS 5 Bl P £ P A (8 A8 R R T B B

4) PRIIE Shapley {ELAl 1A MERRE . 380 1RG0 3T A9 I 80 3w 1 D52 22 42 ) AL ) B 7 s A 3153

A1 B0 T U BB PR DAk 445 SR 1% AT S 2 o f 1P
2.2 HIEHFRER

By Shapley (MK EN /IR » ISR — 26 2080 T 46 W 35 20 S35 n 25 RIHERAS 19 Bl 45 K
TR A | AR AT S T B S R Croe ) F T WAL 119 010 A1 0500 AT 4 21 B 80 100 57
SCsv,) FRHN n ANEAEI Shapley S E . IR S 2 A K6 10 3¢ 5 BB AT 3k 21 00 i B K

S(sv,) N

S(sv,) = st,- . (D
i=1

D sy SR BAEIE 3% .

. N s g AS (8,
% wrp =75 SCsv,) s p=0. % ok £ 12 il;v )

d*S(sv,)

=>0GH I RO i
n

<O PR AT W)

http: // hdxb. hqu. edu. cn/



98 R (AR R 2025 4

F SCHRE S s (2) B0 S Cov, ) R 72 AN B0 0 s 22 I8] 11 ST, S 8K 5 Rt s Je A5 o A1 i 1D

S(sv,) = st =B — B exp(—p ) . (2)
FEA T A ) B a0 4 2 850t 157 b B0 FE 1) svi s FF A3 B0 9238 85 (o SCsvi)) s oe s (s S(svy ) s

i P AR 2Rk g /N A B0k 3l o e /M R 25 Z AL B= (B s o) 5 B
min 2<s<w ) — (B — B+ exp(— B+ n))? (3)

ByoByBs i =1

2.3 mMWBHEIDLFKE

B2 o SRy AR Sy 1 92 B S A R o R RIS O 44 SO BB . BRSO RO T sv, IR HL
fHw=w «sv,. i w B—IER B & 5B T8RS )5 (1 5 b . R % R R ROk
S XA R B SEAE AL R T o R A

L) #y5) 5340 o B WO BRI SE Oy 14 e K44 SCSAT RS W W SR A5 3R S Dy 1 e TR Y 92 o S A 8
W=W’«sv,, W F—4IBRL ), HAEREE f(0) MG W 2104 . RESA kK F(pa)
TR W <p,, M. FIL. LR p. N

pr=1=F(p.)=W—p.. (4)
PR 2220 N RN ICpo ) T LLER IR K
H(pm’n) :Pm‘m'f)r_C nipm (W Pm)_6'7 -
pm-m-(W/-sv,,—pm)—c-n0 (5)
it(5)EP;sv7,=Esw:ﬁl—ﬁz-exp(—ﬁg-n) Prafesfs =05 P epo—con=pypemesW—p.)

jﬂﬁmﬁ'iﬁfﬁ? Do PrRE BB SE 5 B 5« n i AT AR IR A5 ) 2R .
RRAF AL po MEARN A 0
maxII(posn) = pnoms (W o S(sv,) — pn) —c n,l

Pyt

Sote pm =0, n=0, f (6)

TR WA R ZAIR T po B0 AR A
H(pm 9”)
H(pm sn)

dn
Ml po BER I P B S E N
a° H(pm,n)

P P

(P s 5 ’ )
H(jf;;'n)—,82-,8;-(pm-m-W)~cxp(—‘83~n)<OOJ

=me+ (W «SCsv,) —2p.),

| o
= Pm '7IZ’W/ OBZ 'BS -exp(—ﬁg .n)_Co[

—2m <0, 1
(8)

A8 95O gy 2Lt — o gl

2) MFFZ ARG AR BOEZS 43 A (LNDY M Bt i PR 6 500 25 43 A A5 00K O 32 A = I L
BRF A bR . B w A LND G045, R R Al f(w)) . BRI R F (po) Fm W <p,
AOMER . DI SR ARy

1

p,:1*F(1)m):%*ferf<

=0, A LG 3 n" FI po HIRF .

In P p

V26

: )S(sv,,)o 9

D rerfC« ) Jy B FHIE v O 1R 22 B A
PRI 2 8 NRAE T Cprn) A

11 [<1n P —

O(ppsn) =ppsme p,—con= p,>m-s (?—?Cr N ))'S(SV,,)_C°7I:

http: // hdxb. hqu. edu. cn/



%13 MRETAR . 4. HLaw BB SE B v i s Tl 5 5 BB SE fiy 99

. In p,, —
me m(l—erf(%))-S(sv,,)—c-no (10

A AOH:SCsv,) = Esvf =pf =B exp(—F ) fisfosfs =05 poom s p, AN EEAET pu
)R Y S T 4b Pl 5 B R U
Wt A g Ao, AT LA E A LND 2304 LIS B AS [RVE 30 AR 0=0 Fl o= 1, fL Ak ] R
e L (e[ .
r;:]a.,)l(H(/)m,n)fpm me (1 erf( 7z )) S(sv,) —c 7191 an
s.t. pn=0, n=0, {
XADH ARFEMEN po Fn BRIES

.l MH- 4L 4y V4 > a m (7 m * A .
AR T o) Y TF o o IR T LA ) 2 - 2L ) g WD) gy g st

dPm dn
I pns-n) _ m s+ S(sv,) . In po /2 _In’® pa )
IPm - 5 (1 erf( «/?7) = exp( — ) , (12)
M (posn) [ pm*m . In p. . o
I = ( 5 (1 er[( 7z ))) (B¢ fBs = exp(— S5+ n))—c, (13
P prsn) __m =+ S(sv,) o In* p.,
I (1+1n p) exp( 5 )< 0. (14)
PHPusn) ooy [Pmom ( B <1n 1)))) .
e (,82‘8§)< 5 1 —erf 7z exp(—f; +n) <0, (15)
. v st O (P s ) APy sn) . . .
A LND 545 18 e R 00 i 2 =0 e —o g e Al p 0.

3 HEIRMLEMNKIE

3.1 HAEMRENER

N T SEBAR HEXUOT Em A  EA A 5 E S R 3 R E MR

1) T RIBIT o 28 20 N ARAT R S5 68 2% A R Y g 1A W S 55 o o 045 A ATT 00 S [] 1 RE 45 b 20 5
P e 1 P R A 1) e v SR TR

2) AR B A £5 S 5 2R 20 N R G A0 PR R AR £ 7 SR R S ) P BEORS TIE i D BB R AR

3) TEM R E A BB (RMD I 22 208 N 75 25 18 T0 2 M) St ) o BV O i 3 Pp A7 8 M) A A 22
S AT TR AR A A BIL 2 o 3 T R A () — A5 Y el 0 1 R A T 22 (] 1 A b 200 BRLART 426 0B 97 3K 7 3
Ao W SEARR A AR 5 5 DA v A AR DT DB 22 A0 & A8 37 1 3 ) B PR 4

RS 22 208 N A B AR D N ZRAN R RRAS B RS Coy sop s woe s on ) TEAT 5 B o 3 SUASE IR 412 o 2 55 40
MAREN W HE Y o BB R ST X AR o, JBO%ER, HOHBE M E N w,; » BEELSETTAUTE p (o) <<ue,, I I 3K
BRI 2 28 N ARAFICA p (o) o RM AU Oy

N
i _ ; >0 Mpo) . I(p(vi)éu,,,),l

CpCuy)  ploy) vooe s plug))
s.t. ply)>p(v,) =0, Vi ZZV; J
o)+ plo) =plo,+wv,), Y v ,v,2>0,
KA 1 pCo) R BBE R T(p (o) <w,,;) RAERE T ;2 plo)<u,,; i RM Hy 1. F R 05 49 55 4F
Wik T EERE .
3.2 RERREENKE
1ESR R L) B, FIAFAEFE 7R BRI AL T Cp (o) <uy,) T ME LASK R, 5 B2 Je KR 25 1) R0 5% 46 Ry 630 1Y

RN P 5 O~1 BB o0 FUBT IS 0SB AR R B AR eR B 1k T

http: // hdxb. hqu. edu. cn/

(16)



100 K ¥ R R (B AR D 2025 4

R PR R
N M
(/)(U’)hrrl?/éi'l)(.l_w2> = ; ;p(v,) © Tije
s. t. pCu) > plv;) =0, Vi == U5
pCu) + p(o;) = plo; + o), Y v.v =0, a7
Zigo o ui; << plo) < a0 ¢ wi; +xi, ¢ Ly
Zijatai. =1,
0 < xijnsZije << 1,
ADH L RTCTT K p o) sy s B BEEUE &8 1,2 DARZMHR T i e E R R,
HAR LR FEARIUETR 78 bR 4 5w, RN (L
Moo= Laxi, =0 B HARREUE N p (o) 85 3 DNARFMFAZ N 0<p (o) <u,,; 3K IR A LAY
v; B AR AR T AR B AN (B, B2 3K 5 23 W) S MRS A L AR 28 20 A BRAF LA p (i) o
B oxiy0=0,x,, =1 HARREUE R 0,55 3 DPARFMEN w,<plo)  XEWREBH o, 1 H
A% e LA TR A R L S TR 3K 7 AN 2 T 3K
BT H bR RO 0~ 1 B850 3 A RFVE S R R PR 0] B 46 oy — R 2k LR [ A, B

N M
max = Ezyi.]»
i=1 j=1
=0,

Bty et g3y ~
s. t. p(v) > plov;) = U ==,
pCu) + plu) = plo +v;), Y visv; =0,
Zije c iy << plu) <y » ui; T x50 0 Ly
Zija Tt a0 =1, (18)
0 < a2 < 1,
Vi << xija L
Vi, < pu),
Vijg = pCu) — L (1—x;;1),
Yij = 0,
A H : pCo) sy s i o i, B FEEUL 55 B A RS AFORBE T T3 T E R R 26 3~5 12
FARAFPRAESS 715 oK B3R B 48 T HG A 240 SR 4% PR 0 U 97 5 TLP B4
Y 2 =1 AREM v <a,0 o LR v, <L AREH v, =p o) —Le U2, 0%
yi,=pCo) o R AR IR v, <pCod . B3 DMARFMAMESHR T v, =po). HIFE
ARy p Qo) RIS T 3 W 3K AR A
B0 =0 W AR v <aig0 o LRy, <OAREZMN vy, =po) —L e A—x, 00N
yij=—L. R ARFMFR v, =00 Hi.3 DARZMME SR T v, =0, BIRRELER 0,
PR ST AN 23 W S R A
DL b 3ok BRSO di KA ) R f 0y TLP [m)8 Cff Bk O RMTLP) o AT DLER A 4 i A 20 22 20 NI A Y
E M4

4 LWHERSHH

4.1 HEBHRXE

R0 20 S 36 SR TV DR B3 4R R 65 15 48 5 B T B 7 R S S O SR RE AR W DR R
Iy 768 KB B AABUE A 8 ARRAE A 1A XS IV AR A . W B RO A b 5 B o
Fast-TMC Shapley FETTH svi WIEE ¢ %08 9 Shapley fE, SR )51H— 1k svi s & . AR EVNEF sv,
I KA SCsv) o ER/PITITIRZE AL /D AT A UA R BB =1, 072,83, =1. 025
B, =0.034, HERFEAE SR Shapley {6, WK 3 fiR.

http: // hdxb. hqu. edu. cn/




%1 PRETR . 55 Pl I B SE B v B B0 i K 1 5 B 0 78 101

P Mo 7 A (R T 37 0 s i 4ROk BB VA B AL TR X — AT 414 ZRBE L AR AT 6 M HRAE
AL AR R B B T AR B A o PP R AU R LR R A TR A R 19 A S B B L R AE 0~ 1 Z [ L R?
BT 1, F R B BB ORI TT IR ZE TR ARG R/ RIS R B =1, 0418, =
0. 9251 B;=0. 073, G LT b5 ™ K #i 4 Shaple &, WA 4 FR .

10 — A 10 — A
P FLIA
0.8 0.8
06 0.6
5 5
“ 04 2 04
0.2 0.2
0 1 1 1 ] 0 1 1 1 J
0 100 200 300 400 500 600 700 800 0 100 200 300 400
nl% nl%
B3 MR B Shapley B B4 &AL B i o 4 Shapley & H

Fig. 3 Gross Shapley value of diabetes data Fig. 4 Gross Shapley value of Taipei City real estate data

4.2 HBEMEE

AT (155 B R A L 4 T A 4 RS [ TR R A TR HE AR AT

D) Lin J7¥k o 305 W50 (7 50 B0 o 38 4o 5 2 A 2R A1 (1 79 o U R e o s ) A R e A SR
W% o %07 IE T T (A Ok S R S R | EL T 7 X A A SRR AR X AR E 1

2) Average J5ik . %75 ik 18 i T G R AR BB | TF B I A 9 AR AR R R TR A ) SF 2 R A
FE M REE o 3205 5 1 P Y A v A S AR B XU L 3 T B SR RS AT 4 FE AL S 5

3) DPP J5iko %773k —Fh o 506 3l 25 09 77 05 KA T 3 BBt LR A9 DL L 5 4 X T4 4 55 22 Ao
DI 2% o 0 25 WL R 0 92 g A [ A Y AR 85 A A o 5 A S IR Tl e R AR

4) DPP+J5 ik, 1§k DPP J5 ik ) T, DPP+ )5 i 76 sh 25 LR g S iy b, itk — 2B 8 1 fdk ey
s 2 8T 2 AR R A AR B SORS v I de p A0 s

TP U A0 A% R IE S A3 A 5 SR NI pCod s AN 5 BR85S Heu IES A K. MBS A
i ANIE A A TG R T pCod s W 6 BR

140 - < Average Jiik o 140 - = Average )% .
RM-ILP /' = RM-ILP 5% =
120 - Lin 5% 120 - LinJ5 =
« DPP+ 7 i <« DPP+J7 1% 5
ol - DPPJHE 100 DPPJ5i% S
~ 8o} ~ 8o}
- -
& 60 60 -
40 40
20t % 20}
obe?fe 0 ob?f0 v
0 2 4 6 8§ 10 12 14 16 18 20 0 2 4 6 8§ 10 12 14 16 18 20
u u
K5 MU RS FIIE S 0 A 75 SR T Y p (o) K6 M BUIAN A FIE S 0 A 7R K T RY p (o
Fig.5 p(v;) of concave expected price and Fig. 6  p(v,) of convex expected price and
normally distributed demand normally distributed demand

[T FT S A1 A R I 285 0 A A SR B B BT 7 s 7 e p WM BME . T PR U A A
FIIE S 70 A R SR WA GMEL QP 8 s . da &1 7.8l 00 A EE 3 oAt 4 07 3% . RMAILP J7 ik 7E A
3 45 07 T R BB O B3 L B ATk 6. 67 A RMETLP J5 345 7 MR WU 4 4 B AR LT DPP J5 3 A
DPP-+J5 A AR R B AL 2 28 NG I T 2300 R 3065 A8 PR BUY M A% AR 1L T DPP Jy
P HI DPP+J7 ik BRI 2 2 NGRS T 106,300

i P s RM-TLP Jy kA6 50805 113 37 v i 1 70 A0 A0 SR e D10 A 42 148 B Ak ik phe O 58 . HLAE 34 =
BARBAELAT 5 AU .

http: // hdxb. hqu. edu. cn/



102 K ¥ R R (B AR D 2025 4

35000 [ 65000 -
30 000 60 000
25000 50 000
20000 40 000
B <

15 000 30 000

10 000 20 000

5000 10 000

0 - 0 -
Lin DPP DPP+ RM-ILP Average Lin DPP DPP+ RM-ILP Average
Jrik Jrik

7 T T A0 0 IE 2 43 A T SR B U EE B8 Mk T s 0 IE 2 20 A1 A5 SR B WA S fE
Fig. 7 Concave expected price and total revenue of Fig. 8 Convexity expected price and total revenue of

normally distributed demand normally distributed demand

D KSR A% B E . RM-ILP J5 3k RE % T 52 2% 1 T3 1 7 SROBE Y RS Ay 381 48 A () A58 284 RAS 1
A% T R A WA RETE 396 2 T 377 75 SR A [] I (8 A1) e R A . o Fofols A0 £ 7 1 SR WS G T FT B 19 4 P
SR A AT TR R B R A B b 2 B T 3 A 43 R0 3K 5 R AT

2) AL A St 8 AU B . RMETLP J7 2 BE 8 25 45 25 I 4% il i i 0 i A SR e ) ST A 9 52
M o 2, 455 R AR 2 Tl SR WS R T 37 8 5K 14 3l 2572 A AT 52 BRI B die KAL o X Rl 7 ik i O 1 R I 2 28 A
JAR 12 1] 0 T 37 78 5K 22 ] 4 B o A A

3) Wk A SR R FEIE SR A B AL Y[Rl RM-TLP 07 3 34 RE A8 3 5 0 Ak i e 2% i A R 3K
7 1A ST RE 3 A T B R R 0 SRS AN 2 DR DA e R T R R DR SR MR R — A R T B T
GIE-JRE 378

4) BRSSP 1 X PR A A B T S AR D e 4 RMETLP J5 i (9 sh 25 R B RE ) 2%
HE BRSO RO T A R VR R AR RRAS F) G I A A L S R T R R Y RRAR L LI L T 3 7 oK
S A L JEE B T AR SR 1) 52 395 R 3 N

5) WA RESTF T M . R O AL B R i RM-TLP Jy 85 78 40 2% B8 1 5030 i1 3 10 8 ek AR B0 0 C
FEAS il AJG B M U o B 1 € O SR 18 ik PR AN T 3 P4k B Lk T SR A A IE S5 AT N

5 #ig
D MBI . i3 563 Fast TMC Shapley 5 3 S8BTtk KUH0 25 570k 19 6 200 VP

ity s D B e 9 S A 5 58 By BRI T B AR

2) AU IC . KO 1 A S R Y 5 0 N S BT U A g A L o B T A e ) R T
BAS 3R T RE A TOR .

3) ShAE MR M. ST RM-ILP BBERLE 6 Ak A (X5 08 1 3K 07 19 fi 4 F S A RE T a8 w17
TS L 4 ST B 1B i B T 3 5y A 32 BE Xl A ] S B AR B RO i R R AT T RO
WEFE I T S LK 1 R B AE AR o 5 A 4 RO A AT L L RM-TLP D7 SR 7ERE B 22 28 A WA d KAL)
R SR A R B T B A

i RMATLP J5 35 B 22 20 N (U RE % 5 T8 A\ iy P AR 55 250 3K 07 1) W 3K Al e 0 S A D 3B
RE 52 S T 75 oK AT 8 3K 07 47 B JE o St L g 1 0 H T 3 1) A B K R L i 4 v AR
Y A T 58 5 119 12 W JEE W RICR AN 1 R 51 S 2 2 5 38 HE S U R 3F 3R

B

S & k-

[1] SONG Jie, HE Guannan, WANG Jianxiao,et al. Shaping futurelow-carbon energy and transportation systems digital
technologies and applications[ J]. Energy,2022,1(3):285-305. DOI:10. 23919/IEN. 2022. 0040.
[2] PEI Jian. A survey on data pricing: From economics to data science[ J]. IEEE Transactions on Knowledge and Data

Engineering,2022,34(10) :4586-4608. DOI.10. 1109/ TKDE. 2020. 3045927.

http: // hdxb. hqu. edu. cn/



%1 PRETR . 55 Pl I B SE B v B B0 i K 1 5 B 0 78 103

(3]

(4]

(5]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

LI Xijun, YAO Jianguo,LIU Xue,et al. A first look at information entropy-based data pricing[ C] // Proceedings of
the 37th International Conference on Distributed Computing Systems. Atlanta: IEEE Press, 2017:2053-2060. DOI.;
10.1109/ICDCS. 2017. 45.
SHEN Yuncheng, GUO Bing, SHEN Yan, et al. A pricing model for big personal data[ J]. Tsinghua Science and
Technology,2016,21(5) :482-490. DOI.10. 1109/ TST. 2016. 7590317.
YU Haifei, ZHANG Mengxiao. Data pricing strategy based on data quality[ J]. Computers & Industrial Engineer-
ing,2017,112:1-10. DOI:10. 1016/j. cie. 2017. 08. 008.
YANG Jian, ZHAO Chongchong, XING Chunxiao,et al. Big data market optimization pricing model based on data
quality[J7. Complexity,2019(2) ; 1-10. DOI; 10. 1155/2019,/5964068
ZHANG Meng, ARAFA A,HUANG Jianwei,et al. Pricing fresh data[J]. IEEE Journal on Selected Areas in Com-
munications,2021,39(5) :1211-1225. DOI:10. 1109/JSAC. 2021. 3065088.
ZHANG Meng. ARAFA A, HUANG Jianwei,et al. How to price fresh data[ C]// Proceedings of the 2019 Interna-
tional Symposium on Modeling and Optimization in Mobile, Ad Hoc, and Wireless Networks. Avignon: IEEE
Press,2019:1-8. DOI:10. 23919/ WiOPT47501. 2019. 9144091.
NIYATO D,ALSHEIKH M A,WANG Ping,et al. Market model and optimal pricing scheme of big data and inter-
net of things (IoT)[C] // Proceedings of the 2016 IEEE International Conference on Communications. Malaysia:
IEEE Press,2016:1-6. DOI;10. 1109/ICC. 2016. 7510922,
OH H,PARK S,LEE G,et al. Competitive data trading model with privacy valuation for multiple stakeholders in
IoT data markets[ J]. IEEE Internet of Things Journal,2020.,7(4):3623-3639. DOI:10. 1109/JIOT. 2020. 2973662.
TIAN Yingjie,DING Yurong,FU Saiji,et al. Data boundary and data pricing based on the shapley value[ ] ]. IEEE
Access,2022,10:14288-14300. DOI:10. 1109/ ACCESS. 2022. 3147799.
GHORBANI A,ZOU ]J. Data shapley: Equitable valuation of data for machine learning[ C] // Proceedings of the
36th International Conference on Machine Learning. California; PMLR Press,2019:2242-2251. DOI;10. 48550/ arX-
iv. 1904. 02868.
CHEN Lingjiao, KOUTRIS P,KUMAR A. Towards model-based pricing for machine learningin a data marketplace
[C]// Proceedings of the 2019 International Conference on Management of Data. Amsterdam: ACM Press, 2019
1535-1552. DO1:10. 1145/3299869. 3300078.
ALBERINI A. Efficiency vsbias of willingness-to-pay estimates: Bivariate and interval-data models[ J]. Journal of
Environmental Economics and Management,1995,29(2) :169-180. DOI;10. 1006/jeem. 1995. 1039.
YEH I,HSU T. Building real estate valuation models with comparative approach through case-based reasoning[ ] ].
Applied Soft Computing,2018,65:260-271, DOI.10. 1016/j. asoc. 2018. 01. 029.
DONG Xin,SAHA B,SRIVASTAVA D. Less is more: Selecting sources wisely for integration[]J]. VLDB Endow-
ment,2012,6(2):37-48. DOI.:10. 14778/2535568. 2448938.
LIU Jinfei, LOU Jian, LIU Junxu, et al. Dealer: An end-to-end model marketplace with differential privacy[]J].
VLDB Endowment,2021,14(6):957-969. DOI.10. 14778/ 3447689. 3447700.
JIA Ruoxi,DAO D,WANG Boxin,et al. Efficient task-specific data valuation for nearest neighbor algorithms[]].
VLDB Endowment,2019,12(11) :1610-1623. DOI:10. 14778/3342263. 3342637.

(RERE: KEK RLER: WO

&

http: // hdxb. hqu. edu. cn/



ER T G LS NI O SO G S B/ S B 3 ) Vol. 46 No. 1
2025 4F 1 A Journal of Huaqiao University (Natural Science) Jan. 2025

DOI: 10. 11830/ISSN. 1000-5013. 202311015 O

N A E O B{ER Burgers FIZEEM & .;-=:,;. i

JRFAL, ML, RikD
IR BOEFREEBE . A S 362021)

FE: P E O EA KA Burgers 77 72 (1 JC W A% BB J7 4% . ZERFE] 7 18] ] Crank-Nicolson 2% 4374 X J7
FEIEAT BB 7E 25 18] J5 1) 2O 470 (U0 PO 55 5% IE A0 026 T 30 B AR B B G 25 () 3 5. ) 4 s BIORC(E A% =X AT AR
BT, BB FIRY] 52 M BR 2543 07 Bk LB O 9 (50 A0 TR D 19 RO RE R B BCE A .
XiF: DBurgers FE; O M 7 Crank-Nicolson 2543855 M40

HESES: O 241.82 NXHIREG: A XEHE: 1000-5013(2025)01-0104-09

Numerical Solution Method of Burgers Equation
Using Barycentric Interpolation
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Abstract; The meshless numerical method of Burgers equation is solved using barycentric interpolation con-
struction. The equation is discretized using the Crank-Nicolson difference method in the time direction. The
function is approximated to itself and so is its spatial derivative using barycentric interpolation Chebyshev collo-
cation method in spatial direction. The compatibility analysis of the fully discrete numerical value scheme is
perfomed. Numerical experiments show that, compared with the classical finite difference method, the bary-
centric interpolation collocation method can achieve higher accuracy with fewer nodes.
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Dynamics and Chaotic Behavior of Generalized
(2-+1)-Dimensional Hirota-Maccari System

ZHANG Dongmei, LIANG Jianli

(School of Mathematical Sciences, Huaqiao University, Quanzhou 362021, China)

Abstract: The dynamics and chaotic behavior of generalized (2+1)-dimensional Hirota-Maccari system are
studied by the qualitative theory of differential equations and the bifurcation method of dynamical systems, the
bifurcations of phase portraits of the corresponding traveling wave system are obtained, and the exact expres-
sions of the periodic wave solutions and solitary wave solutions of the system are obtained. Numerical simula-
tion is carried out to study the wave forms and properties of traveling wave solutions under different parameter
conditions. After adding periodic perturbation term to the system, 2D phase portrait, 3D phase portrait and
Poincare section of the perturbed system are obtained by Matlab software under the special parameter condi-
tions. The results show that the motion of the system is quasi-periodic under specific parameter conditions.

Keywords: generalized (2+ 1)-dimensional Hirota-Maccari system; traveling wave solution; solitary wave

solution; chaotic behavior
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