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Abstract

Aiming at the performance degradation problem of hydraulic concrete structures in complex service
environments, the use of Ultra-High Performance Concrete (UHPC) for reinforcement and repairt¢has become a key
means to ensure engineering durability. However, as the weak link of the new—old concrete composite structure
the bond strength and failure evolution of the repair interface are affected by the highly nonlinear coupling
of multiple factors such as interface treatment technology, matrix water saturation, joint structure and
material strength. Traditional empirical estimation formulas often ignore the synergistic effect of
environmental factors and geometric structures, resulting in insufficient prediction accuracy and lack of
physical mechanism support

Taking improving the repair quality and early warning capability of hydraulic concrete as the goal, this
paper systematically carries out the research on interface bond performance prediction and mechanism analysis
based on machine learning. The research work is mainly divided into three stages: data construction, model
development and mechanism mining:

Firstly, a structured database containing 108 sets of typical samples was constructed by extensively
collecting relevant experimental data at home and abroad and combining with engineering measured results. The
study innovatively extracted interface treatment method (ST), matrix compressive strength (CS), interface
roughness (CA), matrix water saturation (MC) and joint angle (JA) as input features. Aiming at the problem of
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missing failure morphology records, a physical discrimination criterion based on mechanical equilibrium and
strength comparison method was introduced to realize automatic label calibration of interface failure mode
(FM), laying a data foundation for dual-target modeling.

Secondly, at the model development level, this paper compared the adaptability of algorithms such as Random
Forest (RF), Artificial Neural Network (ANN) and Gradient Boosting Regression (GBR). The study found that the
strength prediction model constructed by GBR algorithm has significant advantages in dealing with small-sample
and high—-dimensional data. The hyperparameters were globally optimized through Grid Search and 5-fold cross—
validation. The coefficient of determinationof the model on the independent test set reached 0.8761, and the
Root Mean Square Error (RMSE) was as low as 1.7692 MPa. At the same time, the failure morphology discrimination
model developed by Random Forest classifier has a prediction accuracy of up to 95.45%, which successfully
realizes the technical leap from numerical prediction to qualitative mode prediction.

Finally, using the powerful nonlinear mapping ability of machine learning models, this paper deeply
analyzed the evolution law of interface performance. The study quantitatively revealed the 18.6% water gain
effect of matrix water saturation (MC) on interface bond strength, and determined the optimal threshold range
of MC between 50% and 60%. Exceeding this range will lead to strength reversal due to the interface water film
effect. In addition, the regulation mechanism of joint angle (JA) on interface stress distribution was
revealed, and the ctritical stress conditions for the transformation of failure path from “interface brittle
peeling” to “matrix._cohesive failure” were quantified

The ”“data—model-méchanism” .closed—loop system constructed in this study not only provides a high—precision
quantitative tool for thesintelligent repair design of hydraulic concrete structures in complex service
environments, but also provides_.an important theoretical basis for formulating digital repair construction

standard manuals.
Keywords: Hydraulic Concrete; UHPC; Bond Performance; Machine Learning; Gradient Boosting Regression
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[9][12] . H vl P32 TR0 1) & BRI AL s L], M SEBE e w2 e I R B i & #9211 [22] o (E K
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(ITZ) A RCE ABCEKERRES (C-S-H) K.  thah, SRR AR 22 e /1 B e RS . Zhan 45
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4 45 16 2 60 9. 35

£:323. 1 UHPC-NC F 1 i #f 7> Ho o 4k
ST CS CA MC JA BS

3 45 16 2 60 14. 33
3 45 16 2 60 15.21
3 45 16 2 60 16. 56
2 45 16 2 60 9.67

2 45 16 2 60 11.09
2 45 16 2 60 10.79
15128160 11.5
251 28 160 13.5
557.4 28 1 60 19.6
3 57.4 28 160 29.4
353.13160 26.5
353.1 7160 28.6
3 563.1 28 1 60428.2
140 71 60 7.36
140 7160 6.5
140 7160 7.36
140 7 1 60 6.06
140 7160 6.5
140 7 3 60 8.66
140 7 3 60 9.09
140 7 3 60 9.53
140 7 3 60 8.23
140 7 3 60 8.66
140 7 2 60 6.93
140 7 2 60 6.93
140 7 2 60 6.06
140 7 2 60 7.36
140 7 2 60 6.06
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45 60 10.69
45 60 7.21
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1 45 28 2 60 10. 45
145 28 2 60 8. 22
545 28 2 60 14.74
545 28 2 60 12. 34
545 28 2 60 14.69
445 28 2 60 11.11
4 45 28 2 60 12.48
4 45 28 2 60 13. 22
3 45 28 2 60 17-08
3 45 28 2 60 18.15
3 45 28 2 60 18.19
2 45 28 2 60 14.13
2 45 28 2 60 10. 67
2 45 28 2 60 13.46
1387260721
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1387 260 9.69
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338 7 2 60 10.12
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4 38 7 2 60 14.83
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223423, 1 UHPC-NC FHiia56 4870 Bk 4
ST CS CA MC JA BS

438 7260 12.23

5387260 16.13

5387260 18.5

5387 2 60 16.88

ST— FmAbPE 53 CS— FEIARSRIE, CA— FLIFREE, MC— JEMA/KMEAIRE, JA— FRIERL. BS— FLmkigssm/E

3.2 ZUEERMESEIEIL

N T EHER IR SRR, AR SRR U i TRV A R TS MR O R E . IR IR E IR . REE
FIESZM S P AR PEIUE, A RIETE R E B EE A B,

3.2.1 MRS (CS: FAkTmE)

FEARPUETRE (CS) R IR AR LR, BT UHPC 8@ ek, KRB KA NC — B 5 i 4
o CS HEfuhE 1R BRI B KPR/ U fit % .

3.2.2 JUsH (CA 5 JA

SRS (CA) « SRACFREHREE TR . CA YR THUMME & J1 R FERERE, R R ST P 8y o B 1 OB J LAnT [A] 7

B (JN - BEBEFmSEN 7RI A.  EREERE T, JA (i 30° L 45° | 60° ) BRI IERN 1Y
BY NI BL b, 2 IR S R AR U A A D AR

3.2.3 M LEHEEZSE (ST 5 MO

RMELE (ST« et Ay (WE. Bid. SEKERE , F T BE e gmiL . BFhaSma B A
g (D L ORISR (2) L WP (3) L &L (4) AT (5) .

FARE KR MO« ISR () B bR . AW E A EE MC XA EX (1T2) SRR, Rl e
50%-60% [X 0] N 7K 7338 a5 MR . = FloK MG LB AR D O LR RTIRZS (D)« TEIBIRES (2) FUKMBALRES (3) .

3.3 H¥E AL 5 52 A MEFR T

FENL B ) A, Kd o B B s VAR AL AL RE ) EFR . ASHIE ST IR AR A 108 SR UG B R A7 A AN 22 5 . Wk 78 T3 M hn
SRR, O PR PR RO ML S ) B E A, TR T AR T, SFEEIEEYE. A SBIR R N e S
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RN 55 5 A 5 1O A3 L Al

3.3.1 B 53— uabrE

BiEve: AT BRICI I R 2 XOCERIC SRR ZE, AT FOCR FHRLOE N (3o JEID) XF108ZHAE A AT B s, Xt
FRREEGRE (BS) IX—AZOf6hs, SRS BME I = fAnvE Z 10 o B, R BRI TSN, BN, SR ILE (ST &€
PERR AT HC GRS, W AR R AARE AR O UM BB T 20, OREE S AR A 25

FREH—4b: BTSN RHE L E SUAFE, HENEERK. i, FEAREE (CS) MHUVETERLEH H30-60 MPa, i
FHHARERE (CA) FIBUETEESCA1-10 mm, #5 BEE GG EIE S AR, AT 8 2[RI CS I 50 4 o (B 35 K T e Al 2R 4 i B8 v A R
MRS GRS . AW TR M n-Max )T —1E 7rvds, K GFFAES — gt % [0, 1] X [a], JT—1E 22040 F -

A
—— AL AL S (R A
X——4FMES B JFUEIIE ; —— %R S EE AR R M —— 245 HE S B0 AR AS T R e KA
ZACHFAMUE OB RR T RN 2 R ORI, IR R N TR EE R T T (GBR) BVERIISIGERE, ST
3.3.2 MRS (FM) (4 B2 S Ay v )
FEH I R AE 5206 Sk TR, BRI AAC S T RS AESREE (BS) , ARMFIFR IR (B , S8 KB = A 80l
Gbrgs. N, AR GLARET 125V 5 50 X bk A BB AR AE N, IR R 0 T R, LR K E AR v T
.

FHHMR B (Interfaciall Failure, FR%80) : F@ZH )y, ZSLARELE0RE (BS) T RT REARPTH o8 5 1 B e Tqt
GEFED , HIm RS/ A 2 SEETTIN &5 = SR, Fe R e, MEAFERIDN: 2 RkE
FEHT IR EE b, BRI HE, W H UHPC 5 A [a] (R Ak 27 JRe 122 JT BB LG & J1 R 7840 K 3% .

SRR (Substrate Failure,/br%l) « FwEiBHl, HseAbLERfE (BS) AR sz @At (NO) ke &
PRk R, HAERMEKE WMOGEH B FAMEEX (112) AT RESEIRESR, Al AR, YMBERFERDN: SR
ST RINCHE R Y642, BN T L5 A B ONC R VA JRZE, 3R I DR 45 2K 3000 OB I He Ak B Y

3. 3.3 B e A VA

I R, AR TR S T DA B EE . FELOSAAE AR, ARt “EREEIR (1) 7 [FE
A G HZ468. 5%, FRICA “FHFE (00 7 PFEAR N ThZ 31, 5%, %4 A0 R F % W I Bt T UHPCH BHE 7K TA& & T A2 () 52 B
MR LA ST AT AR T KL S WUNRCHE WS SNCIEARTE BRI I RG 45 FLThT,  (E 1545 My B AR IR T 99 3R T 36 A B
AHXT AR IINCEEAR — M o X P58 R HIFREEAR R, NG S5 VU2 T J Al PR s b 52 20 P ) St 1 IR S PR s < 3

3.3. 4 HUR AR S L

R HE— I UE B FE (AR, AN FEXT LOSLHAE AN AR BT T Seih o0 b #EARKE, ST. CA. MC. JAEBSYYZHLH
T EOH B B A, AR ACRIE T 2 S0k 5 2 M RIS AR UL, BRI TSR, K, RAmTZ
ST EEERAEL—S2I0], AR €S EENAEA0—A45 MPa [Xlal,  FLEFHREE CA N7 52—28 mm MIRCTEVERE; FEAAKM
FIEE MC DLHREESACIRES NE, H4EMAE JA EBERTE0° ML, KidhsmEE BS WA T3.4—29. 4 MPa i), FEIEIREE
R TR, . SRR,

K31 FEA B S ARHE

I3, 2 RREAR & S5k 45 A SR

B3, 2 R AHIF 7864 1t A8 B B FH A 42 liPear sondll 5% R 55 | R | 4096 R EUERE A B, (REK BoR H 5 PR AR i IEA S, AH
KT, ST 5 BS MM E %R (0.46) , CS 5 BS Wz (0.43) , VLG HIANER J7 3 15 AR A 44038 B o Kl 25 M fig
AAEHEW; CA 5 BS MIMERECNO0. 20, FRUHREFE X 58 FEAZAE SRR THER, BHDTERIFIE LIRS, MC 5 BS 255
ik (-0.19) , JA 5 BS MILMEAI SRR (-0.09) , FE-iX 2578 B o Al G dad AR 2 il & 7 S0 mi i X 45 R .

3.1 B ERIA R4
A i/ IME Y E B KA AR E %
ST 1.00 2.71 5.00 1.46

CS 38.00 44.58 57.40 4.83
CA 2.00 11.40 28.00 8.81
MC 1.00 2.04 3.00 0.51

JA 55.00 60.37 70.00 2.24
BS 3.40 12.36 29.40 4.81

3. 3.5 HIEEE LT HRRE 5 43 2 U U B

R 5 U R EE AR M S T, AR ST 108 REA I AR B AT T AN RS . BAARE, ST. MC 5
JA B R B E ERE: Hih ST FEESR T I 5 T 240, MC L “IEHIRA” w23, JA NILA60° BT ke
AR XK AR AR AR R — TR, TR T 2R A SRS SEBEAENA G, [t
5 S e TR SRR ) S SR o

MOKGLESRRE BS [IGHEHER, FEARMIKSAGLES. 40—29. 40 MPaZ 8], HME N12.36 MPa, ArifEZEM4.81 MPa. X B
8 P R0 2 (IS P R AR A, 3 s N R AEAS, RS N R TN AN 2 SR AR AL R W AR X FE o b — 25 3% T 2 miS
SR, ST=3 (WD) FEANISFYY BS fem, UHIERE HISM R E R T Ry & ST=1 8l FEARMF BS
B, AT S S ST 75 Ao AR i S R A2 -

RS ACRESH, MC=1 (AT BEARRISFY) BS . (HE . Wil “T5m " HA IR SRR e 1 e s
, HEE RN AR . AR RS s A S E R, MC=2 GEE) HEAKERZ, HFEXmEE NET, FifRT
FEAP AT, ATEE M TRA; MC=3 (HEAD FEAEYISREENEE N, 1 B BE MR AT B8 72 ) 50 A B sl i) S 3K fb . 3X—
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PR 55 5 v i MR 20 B 45 SR AR ELEAEE

FERRBEMIE JA KIGEitrh, 60° FEAS G HOBE AR 240, AR P IS 0. %M BN ROK 2 R BT sl & 52 1 ilie
fw ILBLE, RERS B E L S T IE N ) S BT R I RIAR S R AR . JA=55° HJA=T0° FEAYCRRUD, (BRI U AR e
WL F BTN, DR B X SRR A T 52 A A AR s 00 R I A2 0 2

ity EIRGETH AR W LA, Al R A LR T oL AR, B ORE 1A DOWL SR BRME SN R SR AS . ISR =5 1
MRGETE SR R A M DL TU s LB I3RS R B R A, ] TR SR LA S S T AT S S R
R BSARYE .

3.4 HEIE Ve AL SRR

N T PRAERT SO IR A TR I, A0 FUA s B R 24 450 AL BRAR MR O TP B SR SRk . AR B 4t
— REESER SEA . BRUIZR S R . FHEMRE S TRER . ZRESHE = . TR A R —
» WRIE TR SCRAR IR 2L

FE AR HR T B, B TAR R R AR S IR i 6 — 8 AR E SGRE AN . TR B A F SCHk
B, 5 H IR H . oy s AR E SO — B RS —ntd)E 4 BedE N @AY, aadiz b iR)E, Hdlih
“OCHRAIR " AN “SSRIREAR” DA SEGETH BT BE HE A .

FEASE GRS SARMEACRTBL, ST. CAL MC. JA 5 CS OB T YU BB RHE, JFiBd I — (iR EN 2R . X
FEACER G, BERAS 2 A D9 — A S U {E v B BRI P AR B R I L, AT T SRR B K INR U B EE RN RIS, 0 2RER5E M
I IR e R, R AE R 5 7 AR 55 S A — B e e

FEREAL N ZRBr B GBR< RF 5 ANN % 48 — TN Al — I ZRHEZE AT LLik, Rl 5 e IR iEke I Aa g . BALIIZRIF A
R RSN, TR “UGR I — B — IR RS HIIEIRE AW TR, BIASES B O
PLIXTE] o IR REWE A RO DRI AR IR 73 R RE L

FEARRES BRI B, AR SRS SHAP i MRS 2 LA e A% T 00 A 6 (R Bt SR AR BE A . B U, BRI At O
AR AE SR, Mt — P e S LA DR W R . @i —AE, sl 7 W E IR EEE BB GR . FR0E L
WA

3.5 A day N\ 2 [A] ) 7 o Vi Bl A HE RS

AEATHIL & 2 SRR A I REAE H SR dl 72 a5V B R R B s AT e . X T AT A &, AR EE ) ST, €S, CAL MC
A JA KR, TTIX LA B 20 5 Ve AR M IR A AR AU o 2, 35 S B TR r S B0 8 =24 i s e 3 Pl P
o R LA L A IR R S R S G AR BV (R A S, IR A R O S, TS RE ELEA O e B

B N\ ) 7 U I R SR T, B HVE TR AL e A3 B G A b e U], ST=3. MC=2 5 JA=60°
S5 T OURHAR P I T X, R AR AR IR B XIS 5 ST e e )¢ TR REA R D R 50 X8k, A7 R OR S Re st T, (B
BEEEY BT A XA .

HNHERUSE R 573 — AN SRS AL B 2 R 15 9% 38 7T RERE T UMM s o filn, FEHIRARPE T, MC Xk Frimhh 45 (s 3 2238
BUONKAC SR BN IR BRI A F T, [FIRER S AR A W REIBIDR S . 78K BOK A 3 A R B AN R R

Ik, FERSCS AR rh B SRR SRR N ARSI “ e R ILEE” 5 i et R L BAT i R LR T I TINE L o XA
2 7 B AT & A ARRNE, BT TRESEPR . X TARERL T 5, XA EIRA S — N EE A EAR RS, P
NERIL TR GE 75 R BRAE R A R .

3.6 JUALREA L e R 3 S R

FERCE B p, SRR PR AR “28BIUERE 7, SR T35 Bl B R EA S () L AT L . i, ST=3. CA T
HEEKT MC 9IRS H JA BEE60° Y JREAS, AR M iy ARORG 45 9 2 5 X e AR D S AL B 538 P2 5 i &5 IR &S RE 5
T RCBRE RE IR & 5 A 22 R W )

MR 2 ST Ak FHEBOCH BRI, FEAEEEABMGREX . ZAEMEARRELCE LA LTS, A9k
WEE, FOVENIREIEAE o] “ARIEREL S BOZ A 73T . Qn SHEE e R s s PR A, IR 5 18 BT L A T oy
e PERE, AT 2K 25 AR T 3

XTHEEMIME, 55°  60° H570° M T — M EAREMER AN . 60° MHLZEFRA, BAEZ XY > &8s
; 55° HT70° BARFEAREUD, (HEATEREAI A FEAA NS BT 5 7 B - B AN, DRI T U W AR A A A R JC A L

WIS AR, SRR S A A SR R A, (S 2 e B e S H A 5, BESCIR Iy Al o 2L
P, JEE BT AR O A X R AR E A, JE OB FOIRAS L i 22 7 3Rk

5. 4. KhgstERe AT K& 5 PPAL MFH: 5508

AAASCHRF1 2R

EBANHEREHIEL: 1.4%(79) EBRSIHCEAEHIEL: 1.4%(79) SCEEHIEL: 1.4%(79) SR EIGM A (0)

1 TSI =T 5 0 MrWebi B H 0.8% (43)
FH - (KRR R FE) - 2025-06-13 BAEBE, &

2 FETBEREHR TR SR R = 0 TR i A KA A 0. 7% (36)

- (MK Chttps://www. fx361.co) » — 2025 %é%[lﬁ &

3 FET ML A R B R IR R A R T AL 0.6% (35)

BREER - CREAERCERE HXPE) - 2025-05-21 BAAE. 7
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4 FEFHLES S STAR A HEL A VR O B R 7 A 2 A 0.6% (35)
FRELF - (RZFEAWSCIBRA LN EY - 2025-05-26 BEEBE. &
JRSC N 2

4. RhEE T RE TR TE A 55 14

4.1 AN[FIMLAS 27 ) S 8 B 5 b

ANFEEIFEXS T HAR A FEARER . FRERANEREARR, X sebr i se ot B Sk IR RO st . B
GG ERIZARE ST, SEARIE AT, RBIPUTILRE 1ok, 45 BT SR e . WEA ST R, S TH SR 1 Tl 14

4. 1.1 BEWLARAR, BEEESRTHEIA . N THPL M2 B G EBxT

RGPl A [FINLAS 2 21 5L X UHPC-NC S TR 25 5 5 U AR v, AR LI B 1 BEALARAR (RFD B3R F- [
(GBR) RN TAHZEMZE (ANN) = Fh iR vE AT X L s it . AR I i3 36 T 1084 bt AL AL RS IO RE AR, 3% HE80%/20%(1)
EL I BENLRI I 2 (8640) HMREE (224H) , SRFHSHTAC XIRIE SRR A4 58 1Al 45 51

(1) FEHLARA (RE) [B] )47

WITE i, RFBIALRE FHERAEZSE (n estimators=100, max depth=10) , FEYIZE4E ik 300, 9213, (HAEMREE FIL
“NO. 7446, RMSEN2. 6731 MPa. IR S5IAEE 2 [01£50. 181 RE 25 BE R IR AYAAAE — e R L Rt SL A B % . RFEETBaggingfE
PERI AT R BRSPS T 5 2, (BRI 2 IR 3R AR LR AR A& ) LI RG 45 1) AR, LA AR o S O FUL L PR B 1) T 2244
AT 1) AR i

(2) FREEIRFFEIE (GBR) ABiAd

TEM RPN/ MR EE R /325 1F ) GBREER! (BI4HZ41: n_estimators=200, learning rate=0.1, =5) FKIHE NILFH
WAHE ST, YIZEER? H0. 9536, WARAEX$0.8612, RMSEF#Z1. 8947 MPa. AH#EI T'RF, GBRM¥JBoosting#: 4T iE AL HIfH H AEf% %
SWASIERT PR AR 22 1R 22, AT AP i BEMC . JA. STARRFEI I AE MR A R R, O NE BN, GBREVIIZG-MNRK T
BE (£90.09) BJE/NTRF, R\HAEDMEAR ST Rz R e PEE AR

(3) NTAHZMZ (ANN) 57

ANNAR R SE F PR R0 2 4540 (P28 T 64, TS B BUARe LU, AL 2 NAdan) , TEYIZ4E FR2IAE] T0.9821, KIMEN
S ARIMZEMNREE |, R>IE[ZE0. 6237, RMSEWNAS. 2468 MPa. iXFhillZ4E SR EE 2 [61£90. 361 B Rk fev% 72 2 LR (1) /)8
FEAIS A TSR . ANNGR K [ R 2R PE 2Rk B8 148 L e 58 58 982 N ZRBHs i AR R, (Hil FAEAEG R (X864l ZhkE A
), FRRUTCIES ) BLHA RS AR S ML O R, 3 B AR WL A R TRORS R R A .

4.1.2 ByRIEREE

CEOBENLARAR . BEREIRTHENA 5 N A M I 2R AT CAR T, REESRTENGRIY B B & B il & e 71, (HIRR SN
Ae T IREONIAE, B HAEAINFEAR A T2 52 IR 7 22 5 PR BEFR i 52 s ANNBJ ISR A PR, (HINR 4 1R 22 0l 35 4
K, BTHBE NGRSy SRR B, MRS, GBR MWL iZE &Ik 2 H BG5S 8y, il & b 8 i i
REIX PP 2 RS A MBS IR BLAZAE ARLR M B /A TR 8 . Nt 5 4210 e S T S5 HLEE /0 A4 L GBR 1 Ry A
T

4.2 Rk o [ AR R I 5 5 00

TERG S5 S AT E55H, ASCRHAIST. €S, CA MCHJARAFHIENE i ANAL &, PABSTE it H bx . 7E80%/20% Il 25—
REr A b, 45A 53T A IRAE X AR R AR G MR TAG G, I A AR 38 250 27 5 T BHR BEEAE AR IR B S B S B AT B A Ak
o ARAL G IFIGBRAE Y ZE MR AE U/ TR2=0. 8761, RMSE=1. 7692 MPalJ&55, i3 B b S hikh 45 o B i JE 46 Mk i o R B 1%
U RS RE

S R BoR, BEE NGRS, IR ZZ PRI R Z RS T, FEEREARIET60A 5T i, Xt
MR B — RN & T E0 R, BEMEAEY KGNS & IR R FREE 0 XUt GBR AL & 1T H7Z (et 34

P4, 1 GBRAR Y 22 3] fh 2k

K4, 2 GBRA IR 4 538 B S0 6t L

MSZINAE 5 TR BT b AT DUR H, 28K 22 B0 i 20 A AE B AR LA 2R P I, A2 B0 ot B A AR I A A B = £
s AR IABETT IR BE X [A] AL oA E . XTI SRR AR, FNRZES G ROR, X SEARS MR EX D, %206
BARE R Bk L, GBRETIIILE R CRE MW 2 T RS 15T X PR A SR 35 0 i (1) 75 K

K4, 3 ANEFIREE MR

R LA I — 2D Ui B, GBRYE HR € R A SRMSE AR AR 0L T REFIANN, RF B4R BA BT FIRS e, (H7E R AR dE 4k me
S ) B AR ANNJUE /NEEAR Y 5N I Bl & . (R, GBRAEW T A K Sz bfa e e, AR 78 s N &3 1) 50
JE TR

RN T ARG I AR R R ZE AL, A SRR A B T ZE BT T S T . R A REAR IR 22 Fl S A T U Al
, KRB R mA S, DB SR AEAE RGN A B A . D BURZE R R A £ BEE R T 5 SRR T
DA X, XPER RS A R 8 2 Wi A e e, Y i FLz AL e S $2 7 25 1Al

4.3 B A I 5 5 BT

TEIIE R AT S5, AU TR A AE NP REAR R 0 N SR B (00 S5EABEIR (1) W, HFRER| KA
FEARBOR 5 Hege i, AR BEALAR AR 0y 288, S A REHERE . WEFR . A BRSSP R RE S . MHkgs Rk
B, SRR AERf R IR F95. 45%, e NSRRI Hi X 2 P 2 B 7R O i X

4. 4 PR T VR v R R

TRVEFERE R, AU AR R A I U S R A i, T 5 T ) SRR AR ) 4 2 Bk B TR AR R 2> S 5 ARl o a0 5t
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ST, R, BAMKIREESTE TR UL STt FE5en: — B TE,E B m F A m e, SN Jeks & i AL B0 &
v EIRAS eI .

B4, 5 NP2 ja & Tt L

E5GBRAHEL,  ANNFRFHUI v B SORE FE TE K, HLAE MR AE B[R £0M0. 5593, Ui B I B AR B & ok JE LR M RILRE /1, (HAEAR
I INEEAR S5 T ME LR plde e vz AL o o 3% — 25 SRR UIE B T SR A2 2] BVEAE LORMPRIMEAR AR AR

4.4 BRI, S 550 IR

I BRAR A R B AT N, A AT A 5 AR R (R SR R . S R R DL MR E M AR T VAT T AN TR VB .
SR L, BRATF AR “ SRR A LE ik — RS R A0 — 28 IGIEIAE " i = Z0RE, DU S Bk &I 402 R B AR MRS,
B, [EIE{ES LR . RMSE F1 MAPE {ERBLE PR bRAE, /0TS W LAHERGSR . A B3 5 1R 45 FEVE R 2 BRI

TEGBRIFIHAEAY R, n_estimators %Ml 55%5% )38 S MIXEL, learning rate HRERIKIEIENEE, max_depth NI FR M4
FIAELRERIERE ST FIERRBLL D, BB GHIRIE; H%IFRE KR, WFREEIERESE, SEURETES; HMREDT
K, MR 2 FEieAZ REAR G T FE M 552 A0 BE 7T BRI, ASCES AR =FH G —ARE— MR BN, AL
NG BB AE Nt TP 45

XFLEgh R, GBR FE/NFEA. mdEfs. 550k s (R R LR M f bR R 22 o B3 . HAZ O R IAFE T Boosting ALl g
R AR TR PP AR B AR i 22 X [R], 1T ASWIF 9 (1) SR TR 25 1) A 1A R IR 7 R BUE RS & 52 “ FIRHIE . B2 T
, RF B AR B RS, (B Es L RS FIg AR, ANN BARELAE IR, HFHEE K RIREA IR A AEFa i SIS
KF, RICLEAKE 7T A H DU S 0 A2 v AT

MM — DU, BB GFEAE L, RIRRZZRETE TR RIS X, X EWEBR IR S0 e e
AR EREIE. W52, GBR FIMRHBIFARZ “MRES TR , R &SI IEZE ST RN R B
RIS . X0 TS SR R R B 5 N HTE AR B AT R

MERE AR, 53T A I FHTE T PR SR iR BEATLRI 20 i R PR RED B o XS T 108 HFE AR BT 5, T —
UNER/ DD 53 #1807 66 D51 A 2 Sty i B R A 300 0 A 87 B AN [ T SO B 24 R2 o B 2 97 28 SUBGHIE, BB B O b it T A U 7 R AL
B ERCPYIRIL, M8 G X B R e I SR A R

DR EREA LR ERRE XA SRR THAAXN, XEFEARRGHER D, HAE R S22 Sm b2y
K BACRESEEMENREGIER, BT E N SRR R ER ISR . EEENS, X w2 It AT
SR RGRZE, UL A I B R EL s

4.5 B EE ) 52 5 HL R REAR A BT

AHIF T A IR ASE 343 AR 2 FE A 58 A M N 25 W0 FI B, 1 2 45 SR 4t i P . SRR i P 5 e % A 78 ST W BB B U
XA T A0 B, 2R SRR LR AU SRIE . SRR ATER” WIREARTFEA AT T I 255 288 AR AL PR 25

F TR B AR AR B BRI BS BUARIN T A, I ke se /e . e R ol & & ACIRAS ;s HAHEEHIE
FUABIA T EA G H RS ek i R, W RO PR, BRI B 1 S A R RETE 0 K AE . 1ZSFEARLE T2
RS SR S I AR SS AT, DR U S & A A XU U

FEARTE IR REA AR A R 0AE RO A TR A 7800« FAR A e AR ), JHe S Fe S T AR 3 77 L 40 1k 38 e Fo 4k Py 8 f s o o i
o LI HEIRTH 23 M ST TAINCIHEAR P ERIERS ,  FFAEBEE R RIVE SAREWTTR, o B S 28 S R i Je R, T B4 e T S BN
FERIAT . IR EE M B — AT IE B T UHPCAE & 1K R BES G SR THT IR AR [ AT B

4.6 FREASR 2250 il 5 10 TR A R RS

MR ZE R, GBR B[R 2 E B PR RIEA: — 2 ok E X HFEAS 288 T SRR R I AR .
B Bom b, BRI E B R, R ERAE X 0] IR AU A R A S s S T R i 52 5 i b 2 5 5K
FACREGEREMEm, BTZRESINAERER, JBERZE ARSI K

MARZEN L E, BRI REDE AN KRG ME. X SREE, RO LRI S, SIEFREZEGNE “Frf
A E A, 7 B “ TR E AR Al XA IR, 1 A 7T K5k 25 00 A Fe A BBl S 2 AE | Nisesh, T IR R AE 2 RE AR X ]
F) 27 > 2 B T P o

S RATS RPN N TR AR . LA “FURE” 5 RN ZRIRRE, AN TG 52 IR
SEIRGHINIRE, XEHEAR Gt B AR Kk, MM EAE T BRIRK, MET RTFEIZERME <R
Sl l] T

4.7 ZHMER. SUPREE RN

RIS T, SHEERIFAREANDE, e SRR LRI EERTT. X+ RF. GBR 5 AN =MHE, A
YIRS RAETCEANZE A a8, A 5 8 XRAIEITHN & — S0 TR R . XRERM0E B AR EL BRI 2R FE T
B, (HAENE D3 PR SRR 2wy SR I 25 R B

PL GBR “Afil, n_estimators #RE [ HRZEMBIEMIKEL, learning rate Y T RAMEIENIPIR, max_depth YiE T WA
KIEE KA LR, H=FHMAEAY, HAM R R E . SRASREES . Wik, A SCE% k. MEREEUEE
FIAZ XESAE I 5 AR M EE, A& R AT ER —RINGR & &5

ME IS MR, BRI kR RS B . TS A EHREN S, AERD TN R A
3 AT Al Be 2 B R s RS R, DR AT T — vk i e Rl o # B — e BN . JE 2 RS BGUE I B R ZE 00T, A RE B WLk
BT A2 75 B 2= 3 7 30 i L R R .

SRR SFIRE I . BENLARAR IR AR IRk B AR A RS, 12k B LA FEA G A1, XU R A 5 5 T
TR T2 MAFAE IR X o (Rl R IR E A R “ Rt 7 8k “BiR R 7, AR 4axt ME— B . XFE
FIZRBEEFT A BB, RS TAEMERE 5.

4.8 [AH5 52845 B TREMRE Mo 464
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