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Slope stability prediction based on PCA-GEP algorithm

GU Qiong, CAI Zhi-hua, ZHU Li, HUANG Bo
(School of Computer, China University of Geosciences, Wuhan 430074, China)

Abstract: A novel gene expression programming (GEP) algorithm based on principal component analysis (PCA) is proposed and
applied to predict slope stability. The PCA technology is utilized to preprocess the sample data and to reduce the input of prediction
model, which thus improves the input factors and eliminates the correlation among the inputs. Then new sample data are input into
gene expression to construct the prediction model. Applying the prediction model to predict the safety factors of 11 slope samples
after learning other 71 samples, satisfactory result is obtained. Reserving the criteria that model judged by error value, Akaike’s
information criterion (AIC)!'? is introduced; v-SVR algorithm, GA-BP network algorithm and PCA-GEP algorithm are compared
respectively. The experimental results show the PCA-GEP algorithm is more accurate than v-SVR algorithm and GA-BP network
algorithm. The engineering example indicates that the method is reasonable and feasible; and it provides a new idea for slope
assessment. It can acquire slope safety factors quickly and accurately and evaluate the slope stability. It provides the decision basis
for selecting economical slope design scheme.
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USR] SOM 5 BP A A iz 2 B, Skt kil
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BT, REUBAEE TR Z, HlT
Y TR e, A BWRE RN e
REE— IR ZR 9T 5050 HT (Principal Com-
ponent Analysis, PCA) 1] AALEK fit FE 24 a1
KAEGZA, HBRRENZE, $EEE R HEK
FiE LW (Gene Expression Programming,
GEP) &M BUisL 5k, fEisAT i HAA R &
RORFTMREE . 2B Pt — PR T o 0 # i)
SERRAR AR BB %, il PCA-GEP, 4
W67 VR I FH TR e PR () 990 - PCA-GEP 59245
BT s, B PR PCA 5 iERE M3 faoe
[ A% 2 A8 5 BEAT B 4 A B A R b 9D T ot A5 714
{1004 N B, T AR i AN ECHs TR R AH OGP, TR GEP T
ARG E PR TS o 5 OR B AL S8 ) LA ZE (B A
M PERIRETUAR S FRUE )[Rl , ASGEGIANT AIC #E
W), 4h& AIC HEW, 4353 v-SVR 5751, GA-BP
WL 5L S PCA-GEP Sk = Rl Ay (141 45 54T
LLER AT, FFHR T GEP #5100 S 5511 6 i R ok 241
BV FENS S5 45 R B AT ML 5

2 PCA-GEP &%

PCA 7252 LA 1 5lisr (SRETabs) 15 2%
DURRAE N RE, RMIEZEA VM s, B D
MLEEATRIR Z,G=1,2,--, p, p < m) KW m ANJ5de bR
X; = =12,,m) PrELS MG R 2 RARI TN,
HPRIEHT LA 7 ZE e KISy, s B F AR
GREiie s T B SE B H K. GEP & — Mo i) 2k
TREI AR (P) F G AR . e s
8% (Genetic Algorithm, GA) Flist AL F2 ¥ it

(Genetic Programming, GP) "R K, LT
F 0 R R LA FH a7 50 2 B >R il he 52 2% 1) i) 7
PCA J GEP WPEAN /45 2 2% SCHR[9].

ASCHEHK) PCA-GEP Sk HESE R 4 R

fN: GRFEAIEL X = (X )0eps

PRE4E Function set;

FER K ¥ Length Of Head;
s AEAIITENE, fRILSA Best Chromosome;
BEGIN:

1. Input sample sets X

2. Compute mean and standard deviation of X,

standardization X, X » X' //HHE X {EM
FrAEZE, X X BRAELL
3. Covariance Matrix = cov(X') /A&7 Z= 500

4. [Eigenvalue, EigenVector] = eig(covariance Matrix)
It S0 5 7 FE R AR AL ARDR R AL 1)
5. Eigenvalues = flipud(eigenvalue)  //F%)FHES4F
fiEAE
6. Select Eigenvalues and Eigenvector
J1ZE PR N PR RFALE A MR ALE 1)
7. Determine K pieces of principal components
according to their accumulative contributions ratio
AR RFRTTRRA A 5 K A B>
8. Compute the sample value of the first K pieces of
principal components; /T SLHT K AN 3253 5 IFEA
{H
9. Randomly initialize the population //BfiA/L 3L/
WIgE R
10. While (termination conditions are not reached)
11. Convert the Chromosomes into expression trees
TS RN
12. Evaluate the fitness of each chromosome //VFAt
TNV
13. If (termination conditions are reached)
14. Return the Best chromosome /iR [Ml 5t {Lfift
15. Else
16. Keep the best chromosome /A7 F—AREAAMA
17. Apply genetic operations on population
IR PREAT 18045 R A
18. End if
19. End while
END
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MR E R R IR, s TRER,
MR E MR R A A A ERE . AANNET.
VI RESES . A A R FLBRIE I Ak
GEFSRA . ATEE, WHEIE S AR E SR H
KSR IR E TR bR AT A R A
FeoE RSN, A EEARYERT 6 S 2ok
TR 1) 22 4 AL A VR L SRS e P FR A% -

M SCHR 1 HF 8 380 1) 82 N K6 [ SRR A sz 46l
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Table 1 Cases of circular slope failure
) e A %4

i HEE )] SuIE; 5 . I Ei
B y/(Nm) Zﬂ/kPa fﬁfﬂ) v/ ©) SJE )ifj e ’?ﬁ& W
72 20 20 36 450 50 0.323 096 fE
73 27 40 35 47.1 292 0323 1.15 @R
74 25 46 35 500 284 0279 134 FuE
75 313 68 37 460 366  0.323 120
76 25 46 36 445 299 0279 1.55 FE
77 273 10 39 400 480 0279 145 FE
78 25 46 35 460 393 0279 131 FE
79 25 48 40 490 330 0279 149 Rk
80 313 686 37 470 305 0.323 120 A
81 25 55 36 455 299 0279 1.52 RE

82 31.3 68 37 47.0 213 0323 1.20 BR

P Ge vt i SPSS10.01%, o) Jst i Bin 24 1 1%,
G353 (PCAD JE15 BN RHIEAE M SRt 7 22 DTk E,
W 2. —JEASOLR, /T kA ER AR KT 1
ol Bt sTERRIA S 85 %, HARWIHET & LK
BEA FAE T AT RIS A E R HE 2
AILAEH, AT 4 MNMERIEE I R iR A 2
88.534 %, PMULHRHL 4 NApsr, FFHSAH RN R
fiE [ &

K2 NITEMRR
Table 2 Explanation for total variance
o - UE DS ES e
/% /%
1 3.172 52.872 52.872
2 0.848 14.130 67.002
3 0.731 12.176 79.178
4 0.561 9.357 88.534
5 0.424 7.070 95.605
6 0.264 4.395 100.000

3.2 F GEP B LHER

221 PCA TRAL #5095 /F Gepsoft Automatic
Problem Solver3.0 *F- &5 L,
3.2.1 HARRMER S e

FH T 58 Wi 220 35 A8 P 1) 25 DR 3R 2 1) 56 R AN
W, AFAEE S ARR G &R o RS e P Tl
v R SIE PR A I g R S RO R R
F 3 Rk KRR e v ik AT PO AS 75 B2 25

IR Z AR AR, HER A8 i S i 2 s
DN T DO SR, R BIMER PRI A F . 22
RGN, AR EOR 6 M 4
A BhAA TSR AR GEP 1) B A HEAT .

3.2.2 FHl GEP @S5k e
GEP @i LIz 4TS 8% 3 P,

&3 GEPMBHKE
Table 3 Parameter setting of GEP algorithm

BT S5 R
HEAAREL 1000
FHEER/N 100
TN JEE BRI 4 Mean Squared Error
or A +, —, %, s
R Sqrt, Exp, Lr/x, Abs, Sin, Cos
SR A IS NN
AR R 0.044
TR R 0.1
IS APt . RIS A8 b % 0.1, 0.1
N EAME, WA ELME 0.3, 03
FENEAME ., EHREHME 0.1, 0.1
JUEDT +

3.3 TZREREST

CLF# PCA-GEP J7iEA3 8 (Wi e 4 RES
SCHR[VRSCRRI6 T (1 25 AT LR (3R 4).

M 4 HTLAF Y, 31X o 2R i £ R - 1)
Y0P 2 S AR ZE (AR H B2k, PCA-GEP 1)
PR ZEH N 0.047, BEAK T GA-BP 4% Filv-SVR
BE IR 40 R 254 0.051. 0.062, PCA-GEP [
SEFIRHR ZEE N 3.596 %, BEMKT GA-BP M 4% Fll
v-SVR LIP3 4 i 221 4.206 % 4.816 %,
HIABRA W TRIME S LR s S, T
AN ZE RSP R ZE (R £, PCA-GEP
GA-BP PIZ& 1 v-SVR F41f o

FERABE A, — AN ) 0 A e R TR (R B 25 2
RS E . ASCgIN AIC {5 BENNE (Akaike’s
information criterion) /3 ¥ X = A ,

AIC HENM by AR 22 R B Y, T S

AIC=NInRe+2p Qe

X NONSEREE NG p TR S
NG Re BB 2V U5 A, i T 8 3G 5

Re=3 W(Qyy; = Oir)’ (2)
Rt 0y NREBISERRI: Oy HAINRIR i
DAEs W, B, TR IR 5 IR0, R
(K] AIC ), R ELT,
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M AIC 3k 3 Ja —I505 Ji1, X — MR,
R 240D, 2p L), AT AIC {EAGE) ,
GRAGBAL . M Re FIZRIETTEN, W, kbl
T RIEIEN, Re S TR S RIS 32 75 -7 Al
JITEL Re ARBS/), [N A0 ORAT AR 4 228N
IR H, EFERHIR, TN ORI, HR R
FEHAZARR R, (DT 1, @ Prsfnas
Ny FEL Re H— RN, D0 TN EIERT, X
BOMNHUE, DAY KRHAE . kel LA, AIC

(AR B2 AHT R 22 (AR Ko Sy IR R, AIC
{EAE BRI S HUR D I IR I, e 2 5 TR AH
XPIRZE S SR EK

T 4 [ RITINVER AIC (A5 N
—23.3529. —23.4453, —28.3751, PCA-GEP %k
(1) AIC {EL e fi%, HHIETT W PCA-GEP A T3 21 (1)
TR 25 BTS2, AT v-SVR SIE AT GA-
BP A BT B ZE R, K B H PCA-GEP
HEAT I35 2 A SR BT 2 £ BE T SE 1.

£ 4 vSVREVE. GA-BP W& MEH LM PCA-GEP HiE A Z & RETME R LK
Table 4 Comparison among prediction results of slope safety factors by v-SVR ,GA-BP and PCA-GEP

A RIS 22

BEA wh I v-SVR 51518 GA-BP #2251 PCA-GEP 43

%'y A RS 7 xRy MINRZE w4e axy  MMRE whe ikt MIebRE d¥
E3 3 R /% E3 3 R /% E3 3 R /% R
72 096  WEIR  1.0295 0.0695 7.240 1.093 0.1328 13.835 0.9511 0.0089 0.930 IR
73 115 @R 1.3060 0.1560 13.565 1.254 0.1043 9.069 1.1246 0.0254 2.209 IR
74 134 RoE 13420 0.0020 0.149 1222 0.1182 8.822 1.3602 0.0202 1.506 FasE
75 120 R 11545 0.0455 3.792 1.202 0.0022 0.183 1.2002 0.0002 0.013 IR
76 155 R 14142 0.1358 8.761 1.501 0.0496 3.197 1.5277 0.0223 1.436 FasE
77 145 KU 1.4034 0.0466 3.214 1.457 0.0069 0.479 13505 0.0995 6.859 FasE
78 131 kg 13211 0.0111 0.847 1.268 0.0422 3.223 1.2699 0.0401 3.058 FasE
79 149 RUE  1.4455 0.0445 2.987 1.559 0.0694 4.659 1.4806 0.0094 0.630 FasE
80 120 @R 11572 0.0428 3.567 1.198 0.0023 0.190 1.1846 0.0154 1.283 IR
81 152 RsE 14355 0.0845 5.559 1.488 0.0317 2.086 1.4414 0.0786 5.171 FasE
82 120 @R 1.2395 0.0395 3.292 1.206 0.0063 0.527 1.0024 0.1976 16.464 IR

SEEIME 0.0616 4816 0.0514 4.206 0.0470 3.596

Ml 0.0020 0.149 0.0022 0.183 0.0002 0.013

IEONE] 0.1560 13.565 0.1328 13.835 0.1976 16.464

4 oW 11 T-then—else; AT 1 SRS, I8 SR L PE2

H T GEP JiVkAr /A HLDE 28, ik S R I
T TS H VLN R ) B v e B0 AL AR ik
DNZE RGN 5 J PR S 30 45 SRR TA R (1) OB IR 3%
41 GEPZHHK®E

GEP BEM S E L2 HG: FHARRL., 5
PARE FER K RN, DL AR R A
B, IR B SR AN [R] 8 R A R R SO 4 e
HiE g, S A, BHARIEL, B
. BEPRSLAC JERIANEE S EGBORIN, GEP (135
B ESn A
4.2 RBEEE FOE N R R

Wil GEP, B 5GBSR HI T A 1 FR P 1) R £
ML . GEP WBREESAH ) 2, s
HARBHES, W+, —. X =525, W5EEFR L
1 Sin, Cos. Abs. Log. Ln %%; HAth—tLpg%y,
41 Max. Min 5% Ai/RIBHAF, WV NS KR
BEA, W<, >. =, £ <. 2% XMHEHEA,

X (0 A A AEAROK I . R LR FEAE T AT
S ANKlE AR ZAAT R S A AR AN AT H
{EI, EFIT IR BRI P {E R
Ho 2R Sin A1 Exp 3 EIRR L IE N LR/
I, AH RIS A I PRSI DL R, & Exp
Pt et L. BREIRIE RO — A BRI A 2%
WA REMRI IR 8L 3 KRR S, Ry
RFE AR A G R AP 28 25 ) OR BRI R AR

TV JRE PR R L LR S M A B A A R 1
3 100 S BT ST S PR HERF R, AT P ] AR R AN
(] PRI 1 P bR Ko MR PR BRI SR i, T
FEE AT SIS AT BB W f = vy + g /248 H]
RMSE [/ h# de i, 00T A 5 4045 K R 2
{1, A MSE ROZCR BT I 138 W e 4L
RMSE 4> T AR 5E DAL TR] R ad B 8 7, A “ A0
R REEDIRT “ U™ i 2 F — A K
ZESPRN, TR T R R R
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ARSI S, SREESER T “+.
—. X. /. Sgrt. Exp. Ln. Abs. Sin. Cos” %%
RIS 5 RIS 50 pR AN, 38 Y pR 2000 )
1%£$ RMSE. MSE. MAE, MRzt 10 ik
B V¥ e AR IE N A 2073k 816.556 981.778.
855.667, ] WLAHF MSE [ B dsetif o 243 MY i R
% PE MSE B, eREUE S RITF S EIE R LIk 10 I
MALAE B, 3990 Mod. Pow. Tan. Csc. Sec ZZI,
e N AR T AT W S P v, B e T S
I IR) S ekt T S0 THE

TR I, JUEASCRA T E B M
X HE R RIS AR P B v S5 AT TARME, BXER
HIEBMSEBE b T2 B,
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(AR, o 2810 TOUI R SR 25 3 1

5 4 @
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it 140 54 A B LR B IR e A R T
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AL . LESEIERE 2 b IR 3 A e IR AS TIUMIAR
it GEP HAT YL (AR A, k. B 5 Tkt
TR0, SIS 2 bR ) F B . LA
RGN BT MR TG ZFE. TN
TERMERE L P TR (RS B s A . PCA-
GEP #7772 LURS ] Jok 19 2 B30 MR A A B PR 3k 5K
FEFP BT A N BN, LR ZAEAREOI AR D (4R
filh b B T R Rk S N Z A AH OGNk
DT IR K I ANEL, A T B S, ]
MHEAA b B2 AR (1)1 B

PCA-GEP S0k 11 W H SEBI 55 3 e 4 Rk
B, PCA-GEP ZA% 45 21 (1 00 45 5 o e se il
B, o v-SVR 535EH GA-BP SE73 301 45 50 2 AT
SR TR B, VA RS, TR, b
N B R A RN R C S S AP (VAT
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