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Abstract: Accurate landslide susceptibility assessment (LSA) for earthquake-induced landslides is critical for
post-earthquake emergency response and disaster risk management. However, conventional models often rely
on randomly selected negative samples, which lack physically grounded stability criteria (e.g., considering
physical evaluation indicators such as factor of safety , permanent displacement, and failure probability), and
consequently compromise prediction reliability. To investigate the influence of different physically-informed
negative sampling strategies on the accuracy of co-seismic LSA, this study utilizes three representative
stability evaluation indicators: Factor of Safety (Fs), Newmark Displacement (Dn), and Landslide Failure
Probability (Pf) are employed to delineate stable regions for constructing negative sample datasets. These were
integrated with three commonly used models: Logistic Regression (LR), Random Forest (RF), and
Convolutional Neural Network (CNN), to conduct a systematic comparative analysis. The results show that the
Dn-based sampling strategy more effectively characterizes the physical triggering mechanisms of
earthquake-induced landslides, achieving the highest predictive accuracy (AUC = 0.924), outperforming both
the Pf-based (AUC = 0.912) and Fs-based (AUC = 0.908) strategies. Among the three models, CNN
consistently exhibited superior performance in spatial prediction and classification accuracy due to its robust
capability in nonlinear learning and hierarchical feature extraction. SHAP analysis further indicates that peak
ground acceleration (PGA), slope, relative slope position, and distance to fault are the dominant factors
controlling landslide occurrence. Overall, the Dn-CNN combination yielded the most accurate and
interpretable susceptibility results, offering valuable insights for improving negative sample construction and
model selection in seismic LSA.
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Fig. 1 Geographic location of the study area and distribution of co-seismic landslides
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Fig. 4 Pearson correlation coefficient heat map
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Table 2 Mechanical parameters of different lithologies
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FARERIT AT (4RI, 2022), KB 701X (1 75 1 o O R AR A o R R S B R 40 DO 2K IR
B BHCE . BeE (B2 (D). [, 2% Maand Xu (2019) W78, #i e i 70X AN A S A 4 2
TSR CARNERI FRONBEGMALE LARER, W& 2.

(2) DnitH

AWFFLESE (Jibson, 2007)FE TR ANC KM G EILMEIA I (0 (3)) HHREHFFIXIK
AN (D), BRRIAIG A IEE (R (2)) FHbESNEEINEE (PGA) 3k3 Newmark 7 E (K
6 (b)) ZMEAEE T 2RRoREAGR W E, A RGIEEN, HOEHFIIE T HAE SO ST
& A PE S T SEYE (Chen et al., 2023), AEf8 A R8s 12 X 0k 7= W 4 1R B 77 W JRERRAIE o

a. = (Fs—1)gsina )
e gNE L eI BN -
lgDn =0.215+ lg [(1 _ PQTCA)Z'34’1 % (P‘ZTCA)—1_438] .

b a NIGFILERE, PGA JyHLfE 2 E i fE .

(3) PFit5

RS (PO M T RIREH R ANEH RO AL RS AT RedE . Jibson et al. (2000)KF 345k
bR/ 5 TN Dn BT T HOE, R Weibull B 28X A RN KSE R IR T TS, 8
HuPPAG T HLRR X AR I R R (U (). ZARE T ABRZ KRB FA MG EHE, T
% b 5 B i S A R A5 A, BT B R S 5 B DX FH . A ST R R AR 1 X
SHZAAEAT TUE. B0, Ma and Xu (2019) EAlF SEIZBAL RSO S X A A RIFHEAYE, feda
RO I I RORE BT 3 2 B A B o A, AEAE R, A SRS [ 172 (A A S A A
B8 1, AT SRR T AT 5 R B (MR 43 BT J7 1 M e S T 3 5 R VAN R, ARG S B i
IR (Jietal, 2022). SR, 5 REF DX RBETHE 128036 LA R AT 5t 1 2 B 7R FH BB br by e 2
W REARSIEEE, R SR 4 31 Tibson LI HAUAE Ny PEREALEUMcHE . A, 3K
AR ZEDA 2R, JEF 2008 4F50)1 M 1) Dn Blgwi] 7o EMRE (B 6 (o). REMEEHE
N 0-0.335.

Pf = 0.335[1 — exp(—0.048Dn'>%%)] (4

e Doy Newmark (ASAE, PRI X T8] A TE S5 TTA% BT 43 B 0 Le
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Fig. 6 Spatial distribution of three stability indicators: (a) Fs, (b) Dn, and (c) Pf
2.2 5 RMETFIIRR
2.2.1 LR %

WHEIEA (LR) R4 RISt 77k, H T T R BN, k) Zig H
THURIE G RAEVE T (Zeng et al., 2023) . 2528 AR AR At T B0 800 S 00 DR 31 5 46 SR 2 A 1)
KA. EHFRIEI G KN T, KR BOR BRI R Ry B &, Wi RRAE (1 FRKAE, 0
TR VR E, HFREAXWT:

Z=Bo+ Bixy + Loxy + Baxz + -+ Buxy, (5

P=1/(1+e7%) (6)

A PRRFIEIBORAREES, HEETEEN[0,1]: x; (=1, 2, 3, ..., n)IRESNHWEER; Bl
WEG B (=1, 2, 3, .., NFREREIARE, WA T R 0 PRI, Z R BEINEH
AN EAA
2.2.2 RF &%

BEHLARMAER (RF) J&H Breiman $2 H 1 —Fh @ 8 4R Al 2% 21 895 (Breiman, 2001). 124848
Bagging 5%, MANRI R Z5 80 4 b BE B LI BRURE AR B HUARFAE, M3 22 N IRST I D SR B o X b 77 7%
AR ALEAS [F) B Bt AVRAAE 22 8] _EEAT ISR, BA B BTN e /) A E it . 255 200 A
BEAT PRI, 30 Aol FH 45 A BN 22 el P S (A B 2 B 45 2R (1 7).

2.2.3 CNN f#

GRRMZE ML (CNND 2 —RIRERT B4 M 2%, B KN B RHESE IS R4 I @A RE ),
W AERAE )2 S TR 5 RPN R o b (T W48, 2025). HAH F AN E . BHE. bk
2 REEERHE . o, HBARE @ GO R FE AR A B AT AR, SRS NS
JRERRAESE B o WAL R T IS4 B i b 2k &, DABT B G IR R mit R AR . &R ERERR
XTI RFAE AT JEZME A DA SE LA AT 55

FEARBEFEH, MRS ER 12 MRBHPHN E 7E N ONN B EHAN, KixEd 2 26505
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BRI EIR DO B E,  FREN 2R E 0 MU R e AT S, & B AR (B 8).
HE o ERIA T
Ci=f(Z wi-x;+b) @)
Arb: GABREHHAEE: fIREREG x (=1, 2, 3, ..., NARNEHEEGE, NAEEIEN
72wy NEBEALE; b AWE .
TERIYNZRR B, Oy 1 IRIERPZE I 2% BES 78 7325 SJ S N EHE o AR ZRE R, IR ORA01K B4R
WS, AHF TR B I B RN ZRIEARIREL (Epochs) ¥ 5Eh 200 ¥k,  LASRAS RIS T 25 SR

FEALE

BRI A A R

Kl 7 RF B RE
Fig. 7 Flowchart of the RF model

I
3 v
ek 0 —
TR 1— 4| =
g || 1 H R
Mo e | = o
HNJZ EHE I A EERER i =

8 CNN #4514
Fig. 8 CNN model architecture diagram
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2.3 BRI REVPAE 5

TE I 5 RN VRAN 5 SR AT SEE 32 O T R F TN A R RS B2 o O 1 A THI P AR BV RE, AT 7T
1 U SR RFE #H 2k (receiver operating characteristic curve, ROC) . £k T~ [ £ Carea under curve, AUC).
#EMZ (accuracy) REHE (sensitivity) FIURFREL (specificity). 1, ROC HhZetR4E AN A (1) BB TH
HRAI H AR (true positive rate, TPR) FIEPHIER (false positive rate, FPR)D, RLL FPR Jyfiish
PRAN TPR NP ALFRZ: 2k . AUC R ROC HHEL T IHIA, HAAAE 0.5-1 28], H AUC fE#R, #
BT BOR LT . HABRR B PR 4R AR TH S A

Accuracy = % (8)
Sensitivity = —— (9
Specificity = TNTiVFP (10

. TP (true positive) 7 IEF TG AL A RIE & TN (true negative) FKon IEAA LI AETE BAE A
(% FP (false positive) R/ RTMMEHAEARRIEE; FN (false negative) Fntriz FN=EH 4
FEA B

[FIIS, ARG & Z KAk XN B PG SRl i i, 905 SERRg S H BEAT X EL b . B AR
B FEEDTEHRMEX, BAERS KX AR, SR B SRR 2 R 6 /), 592hR
KRE DA = EYIE

3 RIS R

3.1 RPN R

AR ES 3.1 RS B R =M AR E R feAn 2y X (Fs. Dn. PO, 73l fa € X
M BT AREAILI . B, SHEOAHMARE, EHHZE R/ Fs> 1.5 KXEUAERE $IT,
BRUELE T I 5 R PEVRA A2 N (Liu et al., 2024), BEAT SCHUBE LTIl AR 2 RS I TE AR RUE X
W HIR, MR¥PE Rodriguez-Peces et al. (2014)3& H IR Kl bniE, ¥ Dn<2em ki@ MR BIX, KA
P2 DX I I DA R SEASS » AR A W  () RARBIAAL A s BS54 Liu et al. (2024) M7 ik R,
¥ Pr<0.1 XIBAENICRIABERIX . BTN E, FRBRE R GE B A g R AA EE 0. & 3E ik
(tn Fs>1.0), 2 5 # il 5 e S I RBBR PR C N AOREAS, SIN “RrRemg s ” I ARG 22
BOE m, BT T REARRIRRE N, (H AT RE S BRI A TV SR B S X I, 3G S TR 4R T
FARFRMESR S . BRI, ASHE TR AT A FE b 8 T BB A, B R AR A B P SE I 5 R AE 4 A] FY)
RN FET I, 702 T =R E VPPN R bR R e B X i A 1 38 S FE AR S AN P A 0 AL I 2R 1)
SO, PRUEAS [ AR AS SR 2 (RIS LU AT R Rl B, ARFFERA 1. 1 IR SAREAS Ul EA T RAE . Bifd
M5 FERIE AR E XA N BEALIR B 5 i S E R AR AR SE 1Y 46405 A& SR ITHE IS AOREAS, 73331
Fad “Fs-HEASE”, “Dn-FEALR” 5 “PLARARLE”. [N, YRSt is R s AR E XRF N ke
A, FEHORIE SUREAAE S 8] B SV, AR il M 3 100m S0P X, FREAEGZ X a2 Ak

HEHFFEA
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5 FsfiiE A R AE
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) El>15
0 1020 < WHGREAR SR, 20, . HPHEfURE A DA
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0 LT = R T b O S0 A 53 A
Fig. 9 Spatial distribution of negative sample based on three stability indicators

Bl 9 JEoR 1 =S B SR AAE T S0 X A R 25 8] 0 ARARRALE [ 20 60 DXt oy Rl B R i 4, R
SRS SR T BRI S ORE AT . T D, = SR BRI AR X A (Y B A — e E S, (H
SR AR RE 8. WA, ZHIFRRE A TRE X IR Ah, RYIEET Fs. Dn M Pf A EE [ 67
FEA A B AR 5 S B
3.2 MR 5 R A

R R GEVT Ak A 5] 57 R 2308 H R W 5 ST A0 ) b R 0 3 5 e M T 5 SR (R s i), AW Lk T =2 4
FEABIE LS =ML 7 S Rk @ 1 9 Pl &84, 7373104 Fs-LR. Fs-RF. Fs-CNN, Dn-LR. Dn-RF.
Dn-CNN, LLJ Pf-LR. Pf-RF. Pf-CNN. B BRI AN A% — ke 20 12 NS A+,
HH I DX 25 BTG (0 b R I R AR R o D ORAUE AN [R] BURE A b 2 SR s 5 A5 28 2 [ 5%k L AT R T B, B
A REABIE 4RGSR0 E 2R/ R o L] (70:30) BEATAE RSG5 5 560A0E . fEREAL N SRt e v
ASCRH DU R AL S0 LR RF A1 CNN =R A (1) G5 S H0dk AT B 3R L. S S 4E iR
WRT W E SR RO, Flin CNN B BB ECR (Filters) WON[32, 64, 128], KA FkE
AEIHNE N RIE S EOR A T ReAAEZ . W2, LR 1 RF BBV IE AL R s KR B Ak
SRS SHUNRL FR T A S . R 3 NSRS LRI B S B E .

FESEMINGRIG , FIH 9 PR BEAT R FC X MO R4 5 R ML VPANY, 45 3 B A7 A% SR T KT 38 o) R V4R
. SR, FIH ArcGIS BT ) B ARWT mOEK LXK 3 5 A G R M X MG, AR Fy &, 1R
B RIX, RWE 10 fin. WESRTLUE H, BEAR O R T &5 RAEgn 7 b — e R, (H
SRESH B s S RIX ATz, EEED T ARX AR R 57X vE A
VR 2 IR 2 R X 2R B XK ) 5 RV 35 ST IR, MR SRR B D AE 5K

teah, AT EASAEERIEE S S RPN AR B ESR, it T Bk 9 FBRL 5 kM oy IX AR
T AN G LRI B, R 4 PR, SRR, BEEW S R ISR R, TSR A
W RBRGIGKES, JUHAE s ZRIXA, WA ORI Y B v T A AR, R R RS AL
T AR TR A e AR X 35, 51121, Dn-CNN BERUTE “AR i ” 5 R X A L 56.32%. 14 BN

2227, ¥WRFTAHE T RE, PECNN k2 (55.42%. 1.921), Fs-CNN BRI (49.80%. 1.910), LA
13



BLF Dn 5 P GUREAS R USRI BE AT B3 SR v UL X o A2 “ARAIR” 2 & X, Dn-CNN R308RI
H0.060, 2 WY H 28 5 1 3 X ARl g

*3 MBI T EES RO E

Table 3 The main hyperparameters in the three models

BRI EE
Xt EEBESH R
Fs Dn Pf
C ENWREL, HTRIERIE 1 40 10
RALELE, R FABENLT- 86 T Rtk i
LR solver . N sag sag sag
WKL
max_iter BRIEARREL TR TR ISk 8000 5000 10000
VRS IR IE , SRS R 1 52 2% B 5 ik )
max_depth 8 10 8
A R
B RAFAE R LR, G Bh T 48 smAs 2 () B AL
max_features . 0.8 0.8 1
RF P 5Z R
_ ) PR S5 0 B 7R e NRE AR, B Ik
min_samples_split I 2 2 6
PR SLA
n_estimators PR IR, SRR RS S PE ARG FE 145 120 220
learning_rate O], P AR R R KN le? le? le?
Dropout 7%, HTH LA, #s
dropout_rate N o 0.2 0.4 0.2
CNN BRIz A RE
Filters BRZEE, RPN RRE 2 B 64 128 64
kernel_size BRWZK/N, 5 e 3R 3 HL R 2 2 2
* 4 RRVNET G KM X ERG TR
Table 4 Statistics on the results of susceptibility zones of different evaluation models
BEIZFR 5y Fs-LR Fs-RF  Fs-CNN  Dn-LR Dn-RF Dn-CNN Pf-LR Pf-RF Pf{-CNN
A% 2411 2933 33.72 26.74 29.77 33.80 26.76 21.12 30.65
. & 20.58  19.56 14.67 18.49 15.47 12.58 20.27 19.40 13.45
2 R AETHAR
th 1792 12.87 12.55 15.87 13.37 10.46 14.36 14.70 10.80
HrH/% N
= 1547  15.65 12.98 16.48 15.98 17.87 16.17 18.13 15.86
W 2192 2259 26.08 2242 25.41 25.29 22.44 26.65 28.84
A 4.80 1.87 2.38 431 2.21 2.03 3.95 3.12 3.13
) & 10.0 9.10 7.76 8.64 7.41 6.80 9.45 7.68 7.68
W HHIAR
th 16.66  17.63 15.98 13.20 14.30 13.09 14.40 14.56 13.81
55 /% N
= 2758  29.04 24.08 30.73 23.74 21.76 30.10 24.40 19.96
WE 4096 4236 49.80 43.12 52.34 56.32 42.10 50.24 55.42
A% 0.199  0.064 0.071 0.161 0.074 0.060 0.148 0.148 0.102
& 0.487  0.465 0.529 0.467 0.479 0.541 0.466 0.396 0.571
I h 0.930  1.369 1.273 0.831 1.070 1.250 1.003 0.990 1.277
=) 1.782  1.855 1.854 1.864 1.485 1.218 1.862 1.346 1.259
WE 1869 1.876 1.910 1.923 2.060 2227 1.877 1.885 1.921

14



[0 AR 2 A
M5 =tk
s 5y ik
[0 i o Rt
I 5

(a) Fs-LR#E 1Y @

(b)Fs-RFE: %!

[ AR A oy e
iR 5 &A%
[ ep e By e
0 5 et
I

(¢)Fs-CNNH#I

I R A 5 Rt
&5 B 4
o4 5 etk
o 5 B
I 5

(d)Dn-LRAZH

[ AR B e
5 Btk
[ Fp s 5 etk
[0 o Rt
I 5 R

| ) Dn-RF#ER

[ AR 2 et
5 gtk
[0 A B e ik
0 o et
I B R

| (N Dn-CNN# A

[ AR S et
iR 5 gt
[0 A B e ik
0 v B ek
I B R A

(2) P-LRELAY

AR B R A
G B Ak

10 20

km

| () PrRFRR %

[ A Al 5 A
G B Ak
[ e B o d
0 v o et
I S Rt

km

(i) PE-CNNf& %Y

0 R AR 5
G5 Atk
L35 Rt
0 i o et
WA 5 R

10 ANFEIVFY = 1 35 5 Ak o3 X ]

Fig. 10 Landslide susceptibility zones maps for different evaluation models

3.3 BERIHERR PG
BT MREREA, H) T AFREN B ROC #iZk, DIVFRBALRTRIMERE, 48R 1. 4553
IR, X 9 MR AUC fE YT 0.85, RTEARTINVERE ST . Hrf, Dn-CNN #AYRIER A, AUC
EIAF] 0.924; Dn-CNN Fl Fs-CNN BAURRILR H, AUC {55178 0.912 F10.908. #HELZ T, Fs-LR
BRI AUC EARXIAG, 4 0.860, (HAIH & RAFRIIRNAE S . IIF — FUREAS I USRS T AR AL R 301
KF, CNN BEFRMIBMT RF A LR, B HAER M S5 2 N 715 5t N E R R I AE

RF AU T LR B8, SR T S UNVEEI W RS I SRR S . IR — BB AN ) 3
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W R RIKE, HET Dn bR P BAE  HUAS 50 5 AUC fH, H O PEIUERES, Fs i HORISHH
XFBUK. XKW, Dn EHREIGED 5| NHE S SHOHATRE 2, e g R g 5 A s AR 1R
WREAS, B s A TN EE ) Sz AR . BASRE, BT =MARE tEVEM FERS (Fs. Pf. CNND
(S REA IR BRI SR AR 57 (LR RF. CNND FI4LA 35 B 4 v s e RS SR S B 7

1.0 1.0
/’ l‘ '
0.8 0.8
o g El
= & &
5 0.6 5 0.6 °
Z = =
=04 = 0.4 .
] 5 5
= = = L
0.2 Fs-LR (AUC=0.860) 02 Dn-LR (AUC=0.883) 0.2 ,#" ——PLLR (AUC=0.865)
Fs-RF (AUC=0.898) Dn-RF (AUC=0.921) —— PERF (AUC=0.905)
Fs-CNN (AUC=0.908) . Dn-CNN (AUC=0.924) . ——PECNN (AUC=0.912)
0.0 0.0 0.0k
0.0 02 04 06 08 1.0 0.0 02 04 06 08 1.0 00 02 04 06 08

False Positive Rate

False Positive Rate

1.0
False Positive Rate

B 11 AEAFAFEAEBUGRES N &880 ROC #IZEl: (a) Fs FFEAILEL: (b) Dn HFEAIEEL (c) PffFE

ARG HY

Fig. 11 ROC curves of different models under three negative sample selection strategies: (a) Fs-based sampling; (b)

Dn-based sampling; (¢) Pf-based sampling

10 | |Fs-LR
[ JFs-RF
. o B ~ |[_JFs-CNN
0.81 (7 - o - | ] || Dn-LR
[ |Dn-RF
[ |Dn-CNN
0.6- [ JPfLR
[ |PfRF
[ ]PECNN
0.4+
0.2-
0.0 r ; :
RS REE TR
Fs-LR Fs-RF | Fs-CNN | Dn-LR | Dn-RF |Dn-CNN| Pf-LR Pf-RF | Pf-CNN
HERIE | 0.776 0.809 0.818 0.801 0.833 0.839 0.784 0.818 0.824
RIEPE | 0.778 0.794 0.814 0.804 0.834 0.845 0.789 0.827 0.827
K | 0.774 0.818 0.821 0.799 0.833 0.833 0.778 0.809 0.822
B 12 BRI REEAN Fabs

12 PR SRR SR RIS 1 B m R TERE TR AR RIS R AF 70

Fig. 12 Evaluation index of the model performance

IR, A8 FHVERARE . RO 55 B = MR RE SR Froxt O R AU IR 70 SR RE D HEAT VRAY, 45 R anl&

K

77, RSN 0.776-0.839,

RIUERN 0.778-0.845, KrFJEAHN 0.774-0.833. H -, Dn-CNN BIAIE =Tidghr b him, 2 alik s
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0.839 (HERAZ). 0.845 CRELE) M1 0.833 (KRR, Won thAEHR g BT 5 rh AL 256 PERE
PECNN R, Z=Wifahrsr 5 0.824. 0.827 i1 0.822; Fs-CNN W&, (EAKSRIRFFE E/K . MER—
PEAIZERY T, Dn ST B R RSO0 T PE 5 Fs SR, BE— B I0AE 1 JLAE GURE AR B2 rp (0 R
FALEZ R, Fs-LR BEEIAE =T AR 35 R e, 3R WALR VAR AL 7 Ab 3 5 1 R e 40 AT 45w oo
AR ORGSR — DR SE T IR 2 S 580 55 BT A BRATL ] 1) 57 B AN AL SR W A 45 5 TR 2k

4 Hg

4.1 ORI R F BT

FEM TR 5 A AR VR, PRAT DR 3 B Ak 23 B R R s T SBR[ AR a7 AT ) SR B
AT H AL Dn-CNN FIF] SHAP (SHapley additive exPlanations) J5 ¥4I 3 A0 A 134T &
TR, AR 13 P . SRIEE EVEPE bk, REHZ R 7R O AR RO . A
tRTDAE Y, MR SR s B ) B AR O B 3 i T Am R, RN R SRR VIS, 5
S O — B0 S PSRN AA F) B S SR 5, 150 B b T R U R R % M TS o) e S il B A B
P MR AR R A BES R 5 R AR ) R AIE . kA, BEMTIERE RS . MU AR EE AN TR Hh o 5 40 55
R AR S BN, Sl 7RI S5 A VR E ST 5 R P A I = v 3 b ) SR

14 7y SHAP i+ 585 IR ZE &, R 1 520 B 1 S5 2 S LR IEAE 0 A B 2 SR e . o
A AR A E SRS, s ST R FAE AR/ (BB ERR AT, (BN . 54
AAbRA SHAP A8, F T8 % 520 R 5 AR B S0 F) STRR B FE AN BE I . 24 SHAP fENIERS, R HTZIA
TREHCR A B B E R IERVEN . AT DI H, 3 S W R has 32 2 o) T SR M e o 2 O R 1
HEEFAE RN, SHAP {HBE MK, WO AR M R R, 3508 RN AL ) iR R OR
() SHAP IEAH, RWIGES AT e AL A 5 R AR . TIEEITZ R ) SHAP AH 2 U R IiE S, B
PR RS HIIG N, IR HOR AR I TTRRB T IR S R 2R AT 1 = 0 TR AR B A BB B i
BEAh, TR OR B A A b o 3 5 A ] 5 T S A SRR, U I TR A AR ABOR B DX A AT 38
B, R, RIS A PCE B EIE N S kA, WK B & m. Mz, H
TR FEFR 2 5 BRIRTALEE B 1Y) SHAP fE /), RUIHAEH BT RIS M A TR

i 55 2 I
Wi RE
Y fir
B 52
M R AR
TR
S W T
I —{k A HE AL
M)
- R
HiJEAG P A
BT 375
0.00 0.05 0.10
R T TP T4
13 MR R OGS AL 25 B HE 7

Fig. 13 Feature importance ranking of landslide evaluation factors
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4.2 FREAIBBURBE R 45 R

KT R GR L T =PI SR AR IR RN . BT 24 R (Fs). KA (Dn) NI IR0
#(PD WJ7E. IS H % e T RRLEE A [F) 5 R X (TSR T AR 7 bl V388 B R R PE R AR AR, T
LA T 8 705 25 7 VR A TR ) e 3 RIS DX 35877 T 119 22 ¢

MR By R A ST AR & HORE (R 4), KA Dn M1 PFIEEUSENE R AL A AL T Fs 5%
W&o PLCNN 80541, Dn-CNN F1 PE-CNN FITE3 5 EE23 708 56.32%A1 55.42%, &% T Fs-CNN ]
49.80%; RF #5141, Dn-RF fl Pf-RF A 52.34%F1 50.24%, 7JREHE ET Fs-RF [ 42.36%; RI{E 2 A%t
PERERCESMT LR %7, Dn-LR fl PELR (43.12%. 42.10%) T Fs-LR (40.96%). XFIICIRLE(T
FRPPNREAL R, ZET Dn A1 P IR FURE AR BUHE W 35 B A RCR AR SEPRIE I DX, - B e b R e 33k v AU
DX R BE

TR B L Rt — P I0E T R 7E W7 B KIX, Dn-CNN AR )3 35 % FE o i
(2.227), PECNN K22 (1.921), Fs-CNN ffk (1.910). RF 5 LR HEAI7R 2HAHFEF, Dn-RF
(2.060) >Pf-RF (1.885) >Fs-RF (1.876); Dn-LR (1.923) >Pf-LR (1.877) >Fs-LR (1.869). L t[A]
W, DnfE “BRAK” 5 KMk X3 b T % BE TEAIR,  RFJ)72 Dn-CNN & “ARAK” 55 R ML S ) 2 BEAR
0.060, B FLAEAR KRS X 38 B A T8 5 (¥ AR i 1R g

R REFR bR T (& 11 MK 12), Dn GHCRISAE =R (LR, RF. CNN) Hr3 It 5
1539588 7). Dn-CNN 7EPU IR b h RILERAR, AUC Hik 0.924, #ERIZFEN 0.839, REEEH 0.845,
RS FEN 0.833. UK PRCNN B!, AUC 5 0912, #ERGEA 0.824, REEN 0.827, FrRfEN
0.822, fHELZ N, Fs-CNN HEBUERHIRGHL, AUCE N 0.908, #ERiZ (0.818). REUE (0.814) FIFER

JE(0.821) LT Dn A1 PEiEEUERES . 2 3AAE RF 5 LR M o [FRETRAE .
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25 LA, Dn FUREAIE RIS fEH F2 1 R A h R I, Xy Pf, Fs MXTHS5. Fs SEBEAUIK
EES 22 RBIERAFEA, REEHREINTIAEZR, &5 RFIG FARE X, BRI X 7 e
77. PESRMEAE— 2 FEE BN THUER R, (HILEL 250 A 20K Dn B HoNMER e, S0 EXHE R
ATTREVERI G TR, AR BAERIA T R B RS, R ECR RIRHE R 0 8] (19 22 SRR st
550 MITIEAREA KB AN Dn WIHf. /R4 Pf 5 Dn 3R E A B MM, H g afEsy
AT 2B R R VA B R R AE B i AT AEAE 2200, A 5 T 38 W S P 7R A SR M CE SR 1 B A
ERAIRES LRI — e 25, HHHZ T, Dn 58S LL Newmark 7K A 5% 2078 76 RHE 1A L RERE
B B ELA . ARUER M S WA [F) R SR e 2 (R AR E VR 22 5, ORI SR AR BE LA BT 8 SORIIX 49 B2, ML
T AR FHE AR AN 5y RV X b (R R FE S AaE M. BMATT S, Dn U7 EEALE BN S5
HOHE o ATRFAE (A b, DL B K O B ) Az A RE 70, MR I B R M AL T R O AT AR
BURE A 22 %

4.3 VML S5 R

DRI VRN RS AS B ) Vi 4 2 R VE VAR 45 R I RE I, R ST AEAH [F] SRR I RIS T, R&iLL
BTZEET (LR BEHLARM (RF) S5HERMZEMLE (CNN) =88R 7E 23[R B RE /1 5 90 25 bk A
JiTH 2 5

MR B R X SRR 5 LR (6 4), ONN R = Fhak BUEE T iR BT RF
5 LR AR 40 7€ Dn 505 T, Dn-CNN RT3 &5 EE N 56.32%, 51T Dn-RF(52.34%) M1 Dn-LR(43.12%);
Pf 5% T Pf-CNN(55.42%)>Pf-RF(50.24% )>Pf-LR(42.10%); Fs & T I}y Fs-CNN(49.80% )>Fs-RF

(42.36%) >Pf-LR (40.96%). VEHE IR 2 —FEH, CNN BAE “Mm” B Rk X B I ik
Wi, [FIRTTE “RRAR” XBEFERA, I H B 3R I U IR R R 40 BE T

TERRVEREVPAG 77T (I 11 A 12D, CNN BEEUFE S Tidadn BIEUR et g B 78 = Flig Heng
., Fs-CNN. Pf-CNN #1 Dn-CNN f#] AUC {5754 0.908. 0.924 #10.912, ¥J )y, RF B,
AUC 7F 0.898-0.921 2 [i]; LR BEAFHXTEUK, AUC JEFEIh 0.860-0.883. HEMfZ . R MU FIHE 5T 5 — 1l
fabrr, CNN R FEIRER DI, Dn-CNN A 0.839 (HERfIZE). 0.845 CREEE) M10.833 R,
4T Dn-RF Al Dn-LR. 8] CNN B ST 5 [FRAIE SR EL A ) SRR & AE ), B H T B i
BOX — R E A s R 20 5 R EVET .

FHZ R, RE BN — R il 2 =) 770, RIINECNTa i, 78 2 Tiidabs b2 Z 0 T A8 LR,
IERS PV Ee b VA C s S 0 i [ R R S ety A G S Y = R SR | 22 A E S 1
FERELSS, JUHAEHT A R 2R A2 X3, L3 EE SRR FE 2 B 24K T CNN 5 RF £,

g5 BRI, VPR Bk R MO R IR S R AN 4 B BAT BN . CNN B AR AE VR 2 R E SR
BTN e Jg, AETE SR I 0T I R I A : RF B, SREERZ LR SRR E
P LR A BTS00 , (E TIONRE P2 52 PR, 38 P AR B Rl R 45 T 11 st LL 45 T LR
TGN 2 I8, CNN FEAS R FUREAS SRR T 24 RE AR SEAR A TN AR, IX R IR FE 2 SIS
FESZHE = 4R AE AN SR TH R VR0 B8 00 75 TR AT OGS ) £ AR R s (B 5 BbIRII, A [F) S7ORE AN G SR 2 (1)
TIAFERS E I RE 2 57, U] & B SI NI ER LA R ACAL REAS S i, e — B THIS Y T e 1 ) 5
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fitt. HIBERTIL, CNN HEALZERY U S W B L SR AR A SIS LA ST b R 4% T AR LI R A, 3Rl
HE T RIS AL VPR BRI DRIE, R R I R 3 2 R PR PP R R I, I 5 5 P8 B
ARk AL RE AN A (B2 AL RE T IR L 22 ST, DABRTH XU R (R L 5 T S 1k

5 45

ASHIT TR X R T30 5 PR VP A b SRR AR B 1 (R s 2 i L, R PR i 5 D BT L) ) SRR AR DL AL SRS
BT 2R (Fs). AKANLFE (Dn) FAEHCRAMER (PO =SEREMEPFar o fa e X, g
TREAREEE, PG ZEERIH (LR, BEFLARM (RF) MERMLMLZ (CNN) B, REPP
T AN FEAS SR S AR Rk B PP 5 R AR, AR DL R 458

(1) FET=MAAREA R HURIG 5 =R R 9 AL & R B 70 XSCR AT PR RE . 4521
R, mo RAVEX EZEEAR TR XCARHR . AR R 8, AR 5 AV XA U o3 A7 1 P i Gty X&)
SRR S . WA R ) o A BN G

(2) P TR IEICRNE o, H T Dn EHCRIS R SRR s, BRI RBAR T Fs 5
Pf 3G . AHECT U BRI RUE TR Fs UG, DARIETSuit B () PR, Dn GEHURIG SR
GHE T RS M NIRFAE, R (0 SRR AS BE B S e 2 5 AT S X D BT LA

(3) FEAH A SARE AR USRS T, CNN B ARSAE T P UIME 55 Th AR B T LR 55 RF A, AT
R RRFIE SR IURE /) 5 AR LR MERIERE ST, RENE AT ROl PR s A IR 1 Z IR I R 2R R 5 R &R

(4) FIH SHAP HEATHE BT A7 S ENE S04, G5 3 ) b 72 50 Ve {0 Ml 5o i 5 ¥ S ) i X
F o BLAMBRZ . AT AR B B 7 R AT R R N A, RIS MR AR i i B
&2 BRI ER G20 1EH

28 ERTA, 3ET Dn i HUHEES 5 CNN #EE K Dn-CNN AEALZE T 3R 43 RCRAN TS 2 4607 T 2 30
B, BRI G S A PR . 20758 o B A MR Y BN L SR L A S0 bR I
Gy RMEVR SRR A A i S AR TR R I 5 55
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