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Abstract

China's financial market is becoming more and more mature. In the era of big data
and information technology, the proportion of quantified products in the domestic
market is gradually rising. The way of quantified investment can obtain excess returns.
The concept of quantified investment has also been recognized by more investors, so it
is used more and more. Quantitative stock selection is one of the main contents of
quantitative investment, and multi-factor model is one of the most widely used
quantitative stock selection models. After years of research and development at home
and abroad, it has become a mature and systematic theory in quantitative investment.
In recent years, it has played a good role in China's capital market. Style rotation is also
an important part of quantitative stock selection. Style phenomena include growth,
value style rotation and market, small-disk style rotation. This paper aims at modeling
and analysis of small-disk style rotation. At present, there are some shortcomings in
quantitative stock selection in China, such as single strategy, performance
differentiation and so on. Therefore, it is particularly important to explore and excavate
new ways of quantitative stock selection and promote the development of quantitative
investment.

According to previous studies, the phenomenon of large and small market rotation is
obvious in China, and the return on style is quite different. If we can choose the right
stock pool at the right time, we can get a higher return on investment. Based on this,
this paper improves the traditional method of quantitative stock selection, and resolves
the problems involved in the "Teddy Cup" competition. The ideas of this paper are as
follows:

In view of the first problem, first by sharpe ratio combined with manual screening
filter factor, calculation of single factor to choose a strategy corresponding to the sharpe
ratio, screen out the sharpe ratio greater than 1 factor, and according to the theory of
economic significance and financial manual screening, the sharpe ratio less than 1 but
economic significance is relatively important variable is stored in the candidate factor;

Adaptive Lasso was used for factor screening; Finally, the factors with both economic



significance and prediction ability are obtained through correlation analysis.

To solve the second problem, by using the monthly return of Shanghai-Shenzhen 300
and China Securities 500 to represent the large and small stock indices, and using the
existing research, we get the more important explanatory variables (mainly the
indicators related to the difference between macroeconomic data and small stock
returns), and then use these explanatory variables to build an endogenous style rotation
model. Through the machine learning models such as CatBoost, LightGBM, XGBoost
and Random Forest, the rolling training prediction analysis of the model is established
by using the factor data in a specified period of time, and the results of the machine
learning model and the multi-factor model with equal weight linearity are compared.

Aiming at the third problem, the maximum withdrawal is controlled by position
control. Because of the requirement of maximum withdrawal less than 10% for profit
maximization, it is necessary to restrict the overall position. By controlling the
maximum withdrawal less than 10%, the funds allocated to the stock market in the total
assets are determined, and other funds in the total assets are invested in risk-free targets
such as Treasury bonds.

In summary, the highlights of this paper's quantitative investment plan are as follows:
firstly, it innovates the idea of style rotation, uses the endogenous style rotation strategy
to quantify the impact of macroeconomic changes on the style of large and small plates,
and improves the returns of stock selection under the same risk; secondly, it uses novel
machine learning algorithms and integrated learning ideas, and the model has a high
out-of-sample prediction accuracy. The third is to combine stock selection model with

portfolio theory to obtain more robust excess returns.

Keywords: Multi-factor Stock Selection; Style Rotation; Integrated Learning;

CatBoost; LightGBM
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2.3 WA EHHIS B MR

N T EBOERR AR 2 N RS, BHEIAE NIz &%,
MR RDERE A, BT E ek b — R BN 3 G 5 1T A,
ot A S FE b, B A AR DL H8 b it S AE, R ARSI 0
Ar 2 R BEAT EASLRT TN o £E 5 AT R R SIS AT T ry, B /N A T 11
2B G FER AU AR AR SR bR i B TSRO iR I 2 5

L=R;-R, 2-D
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R, =>.Ry; (2-2)

HAPRER/NERAE t A IIRai =, REZRAREK t Ahriais, Akt
AWM ARK 2-2 Fon, R NEERIWEE R, o/ B 825 KEH
FEWS ot AR . WEBMACKRE, /NEEAER S [F) — I R FE AR i 2 R R

£ 1 OREELEEX

fRRERE -9'8
L1_mean_pe %4k PE (— Wi 5
L3_indus_tbhb T3 B R 5] B 2R L ) = B S
1.2 CPI_tbhb CPI [Al LLIRLL ) B i i
I._M2tbhb M2 [F] LEER LI — B S
L_confidence T L FRE — i 5
L_house [ ps SR (LRETRED — S
L rate R DY R 2 (1 — B i
L_government BT S 24 H FIL i — i e

L_exchange rate usdeny  “PYJCE: EwARMm () W—irE

last 3 diff rev A=A H Bt 2
L2 L advantage AN SR H RS R A 1 B Ja
L1 L advantage NS R H B a2 ZEAE 1 — B i S

ZEEHNKIBETT, ikt EERRE WA TR ENR 1 Prs, KEa Xz
AT DR ES 8 s RO S BN AR — A A 98— B A s AT Tl - B A
55 T3 B A A B v AT A /N B o FRATTIA D R 39T T 372 5 2 B i )
BB E S RN R BT, T BRI R, R IR BE & 1 4 ELBUR L,
SRS $5 B 5 2 Xk DR v vt 14 /280 B S N (i -«

T O R A R R T B 4, DRI R A R R IAR IR 28 . P CPT 5 R/
XTSRS KB, CPT B BA F) T KA. PPT LA CPT 3 i it ik Hs 7 48
R, RATRICE S B HBCGR AT ReEINCR, BT R ARSI 5 W 4% TR, i
TR BeAh, BT RN E ) 5 A 5 FURAATE — B R R, s TR
TE— R AR IR T R S 5
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MR ARAE R EERA EL Giif e 3 390) 3 ollimy, KA BB S50ds . XA R A2
FEELTFA BN, O NEBCE R 5 52 2T 25, BF et <5 AR IR 2
LR 7SRRI 1 SRR B 5 /NI 1R A 50 R 80 KA IR MR AN 5 52 3T )
THEE NI, TS 22 2 AR BRI, 38 AR S R B L

25 J8 BB nTASE R, A SOR R HEAT 1AL 1R e AR, AT DR AIE A 2
AT IR RIS Ak, AR 5 2 1 Bt 220 mT ASRAS ) Bl

2.4 HENH
2.4.1 Adaptive-Lasso E:

Lasso R HK 2 M TS H b MAR B Is #E A —, I HAEWE
M26PEN, M Lasso Tkt AT R EILEH Cagab2 —BER. Lasso f&H
Tibshirani #2 H (PR S Al T 5 AL B 3 (R I 23R4T (1 — R IR LT i - Lasso 2
Bt goe Lk

ﬁ( lasso) =

2 2
argmin P
B y_lexilBj
J:

Mé\ﬂj\ (2-3)

p
SO 3 C S
Sof, AREERENSE, T HAET.

Lasso 7715 BIRTT DA i /N — 3L ANZ D [ A i s AR Al v A 2, (22
HASFEWE —EMEFZI56F Hui Z0U 32 4 Mo 1asso J7E-Adaptive-Lasso,
2T EEIE AAE R BOR P AFRE, & X

A M argmln

y— ZX,B + 2 zw\ﬁ\ (2-4)

Ll 2, (Ds BRI A th 1

St WU o) = —
b
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2.4.2 PORWEIEEEL

TR SRR — P WL 5 ) 071, 3 e I R B AT I B, Seaox
WEHE AT 0 AT A BEIE, e Ja AR Ry ) SR B A, R et 5 kAT
AR, R R VR R SR B A A I O IR S5 AR AR B R AT 0, SR
Kt R SCRE N, DA D9 R o) B Htts ) 45 R BEAT TG o R SRR LV I AR
ARG RN 2 PR:

® 2 OREMWEIESHE
LSRR - R731:30)

D3 &% B2L AL R B2 0750 md b, A IS B 28 7 VAN B PR iL £
#HE,  RAE B e A AR TT RUNE BT RER F ) 0 8 1
C4. 5 YL A BCEIEARN T 1D3 Bk i) B M il 2 G B e 2
C4.5 5k | RIEFE AUBRME. T C4. 5 BERTLASE/R 1D3 SLIBAFAER AL 1D3 &
P HUE T B BRI, T C4. 5 SHREL AL A BB B RR B
A DA A B S8 R A O e 1
CART YRR 2 —Fh-+-53 6 MU AES B R R T7 V%, B R 15
CART %92 TR PR — A TR . AT U IELRAR RN, 12 (Rl
s AT SRR RS, SRy R

PR S0 T B ) B
F R EAR AL G A B IR bR, BOE JRTREASR S D P k RHF
KPS B Np, (k=12 - |y [, 1D ffS LA S
Ent = — X)) pi logs pi (2-5)

Ent (D) FMEAE/N, WD 2.
5 RE BN A 90 345 R BIREAR KA [, Bl 145 73 45 I T AL A2 1Y
FEARBIL L (173 SCES RURIREMATOR, PRI RHA5 2 0 2 R O

Gain(D, a) = Ent(D) — V- llllz)llE nt(D?) (2-6)
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5 R A A 2UE EEE BRI s AL . 5 B E SR TR

Gainratio(D, a) = Gail?/(([;; ) 2-7
SRR BRI 7y JEw v, AT
Gini(D) = Zm v wx DK, =1- Zlcﬂlpk (2-8)

2. 4.3 XGBoost EyEHELRERY

XGBoost & — Mk R TFRE . FRERFERT, FEATA . — BRI — R
HRA A BN, BEII—HR CRAT WRIRAET, ZAESEAMBIR (HARR L
AETT D A PRI A 2 BRI (2B — 550 2588 MR AL & 70 4%
RGBT B — BRI, RS DB I, i I w8 T 2k
ALK A, 3BTRS IBUE . B IIZRE R, BN E3htiz A CPU 1)
ZAMBATIAT IR, FINAERIREE BT TR R .

X L e s 2 23 25 5 [ A CRAT (classification and regression
tree, CART). CART REEMZ = B, WEESS AURFIERIIUIE DY “27 M “/R7, Je
Y SCRBUEN “HE7 B3, Ao SORBUEN “& 7 W77 3. CART BRI MRS
JEPEBC R &A1 A, TR S BT BN Bl CBUED

XGBoost AETE GBDT et Ayksent ik T AL II L. R4k B FR R
REAFAF TN E BT I, R ORUERRY 2 A e 77 . 7T LI I S /MR 2% R

Ot hn b PR R A2 o B2 R G AR Oy IR WAL T3, SEBLACAE H br ek L LLIE 1%
EME R E R, KB

FARBR B T2 — a3, BRZEREL O MEREREQ () Ak, ik
PR Q () AR A AR . WA BB AR =125

Obj(x) = L(x) +Q(x) (2-9)
Obj(x) = Y1y, 9,) + 77 +%AZ”\NJ.H (2-10)

Hop 12 S HNRBURRE, HRETE y "5 y FAHIEREE. @l 2
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RIS KA £ m, A AR BRI, (A AR AR AR
SRR — AR 4 38 2 ST — YR T RA I 22 . S0k ] LA 3 -
PR MR8 £ HEREROIRIN B, TR

Obj, = YLy, 9™ + £, (x)]+ (1) (o-11)
i=1

XA ST AN R A 70 2 . O 1 S AR A OU AL b ek £, W BAAE
£ m=0 fHL —Mr &I, REEIFIEAN A

f(x4—Ax)::f(x)+—f%x)Ax+~%f”(x)Ax2 (2-12)

H—PE X g i, h iREX, WAL,
g = ay(M)I(Yi ), by = 6%l (y,, y) (2-13)

fJa Al A 2 AR R L AR5 BRH BOUR R PG 2R A R RIE S, A AR,

Ome = i[g| + fm(xi)"_%hi fmz(xi)]+Q( fm) (2_14)
i=1

XGBoost EZ LA —J71H XCBoost XA R EAT T M R IT, 15
B —BF B R EBO AR R BTN T IERIT, TR R R R IR R . DAL
i 7 ZEmMZERTE, AR TR 7, S ST SR RSB SR N B, By b I A
B 53771, XGBoost {48 [ BENLARMK UG, SCREFIAE, AT R 4,
IEREIR D THEL o 1 BB UG AR — R AR I i, 75 2238 J7 AN I 2R 808 2 1k
U SRR AN I R 2 0 9 A7 ) 2 BR AN SR B i /s RSN A, R
bS5 YR30 SRR IR R RIS Ia] . 12, 2SR R o IXRE I BRI 75 AR
AR RHIEAE , SO ORAF T RFEHEF 45 3, 1X B 75 B FE I R0 3 A 1) A A7
ek, ] B A BORRIIT Y, FEi PR — A B R R, #RTE kAT o R
T, WHRERARIN KBS, XEAFIAAN G . FETHET I, RREX R
Ry 1) —PRBEALYT 1), I ELAS IR ARARFAE U7 ] IR A —FF, ToiEnt R AE AT
1.
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2. 4.4 BENLFRARE AR

BEATLARM SR SR ) R AR AR R 2R P
# 3 BEHLERMSLER R R R

Sk BENLARAK

(1) WEIEIIZRE TR Bootstraping JriERENAUEERFFIL H m DMFEA, SLikiT
n_tree JCRFE, AMin_tree MIZREE:

(2) XF n_tree NMIZRE, B HIVIZE n_tree PHRFRAA;

(3) XFF ARG, BBINGFEARRHAER DN EON n, ALK > R IRYE (S S 1
/5 B o U/ B JE TR HUE B I R IEREAT 70 2

(4) BRI ELXFE DR T 2, HENZAT T IR R 1R 28, R RN
(7> R RE TP AN T BT

(5) KA Z PR AL BE L AR . X T 2RI, 4% 2 BRI 7 SR A R e IR
TPIREERE X IR R, ph 2 R T AEL A B R 58 B 28 T 45

B SCHEAT B AL HE L IR 1R AR B 2 A R TR D R A SN AR
Hx, Hgm AR, KRR on 1, BRI BN 05 8K,
RS NGRS, IR)5, @ BRIEAT ISR, &)a, MRIEIEER
BRI A R 026, IF AW R (e, 2 R h 2t AT 20

e, BENIRMIE S KRR JEZR M & s . 7EAR TR 300 4845 300
Wsdr e (EHiE 500 484 500 HRpsr B IIREAREEE, BdRFeARERR, R
TR 2 Z MR, RO AR B SRR, IR AEZYE
PR RIAEERME G R, MBI S AR SOt BRSO — 8. 3=, 1
X EEHEAT 73 ST, R HR AR OB 4 2802, T BEHLARARAT & R L 1) A 3 e 4
Hammae 7y, 0 HAxEERZACR 10, B RATPEVERIR-ER 2% o

Pl (1) SEOLECER &, INZRd R, LR s, wf RAIFATSEEl, [
UNZRI AR S50 2 T2 A B (2) BReS A EAR Mt e CRFIEIRZ) 1
b, IF HAM LIRSS, PUOVRHIE TR LR (3) Eilg5E)a,
EREM S I MRLEAFAE LU AL L (4D T AP B Sk, BT PP iR
%5 (5) WIRATRK M RIS, T3 n] DAGERFHERH L .
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B (1) FEHLARAR Q2 Bk B AL BE S 3 BOR ¥ 70 SR ek ] ) il B 2> 3
W (2) AHELTF B[ B SR, EMREALVELEBRATIAE AR Y BEAT AR

2.4.5 LightGBM B EREZERRY

1. GOSS Fik
GOSS (FET-Bh B BAILRAE) J7ikm EE B, BRI RIREAR SAE(E B
SRS VR i AR, AR U e B R R A S DUk 22 K15
B as, Py 1 ORFHE B 23 PA B B, AR AR FEAT SRAE BRI % O B X e A
JERHIREA 55, 10 T4 /N REAS 4% LU 3R AT BB R A R AT
fE AdaBoost Sykr, AFUGEAUN EIEE E—RE D BIREA AL B B —
ORI IBEAS BB G OK, TTAE GBDT Fh I35 A i AL B R SE X AR I A5
FT AZE AdaBoost HH i H (R AR RUANBE M FH 7E GBDT H o {HIZ, REMFEARRIRR
XPRFERR ML VAR ARG R . W2, WER— MR BN, B4 1%k
A EWINGRRZENF HCggd TR IS . — D EENINEFE BT
Bof B2 /N B REAS i, L SRR A8 ) 0 o e AR 0 1 2 AT R 453 2R 5 ) B AR LR
GOSS HIHE Aty 1 e A X N TR R R A2 . T IS GOSS BRI R B3R
£ 4 GOSS HERBRER
SE%: GOSS (He T E Y LI R )
BN IIGREEE, IR d, REBEEEERRERAER a, PNEEEEEIEFIRAESR b,
TR R HAN 557 ) BRI (— BN TRERRD
s DIRG9 ST 4%
(1) FRIEFEA S0 B AL RHE T EATTEAT B 7 4 5
(2) SRR 5 45 SR HUAT a% 100% A AR A2 B — AN KB BERE A s 158
(3) MR FHIFEALLS (1-a) *100%HIFEA, FEHLAIIEI b (1-a) *100% MEA AT,
Al — AN EERE A AR
(4D g RHR EEREAFRAE BB EEREA 59
(5) Hg/INEhEEREA e b — MU R 4L
(6) M EIRHERAERIREA, 2] — TR 99°5 21 4%
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(7) AWHESE (1) 7 (6) SIRE B BHE FEAUEEE RS IE .

I I AR SR T DAAE A AR MO 20 A B R R T AN K 5 2] A R A ] I
KRR 2 S iR 2R . A BRI FER AT AN, 2 a=0 I, GOSS SRk
BENLRAE SRS 2 a=1 I, GOSS FLEA A RBUEAN AR FIL . AT ZHIT,
GOSS SRy Zk H AUASE RURG B 2 iy TREN LR R . 5 — 0T, R 21
s a2 e, M LE IR T 725 B2 1 e
2. EFB &%

Lightgbm SEBLHAMYHEAT T B FEACKEE, WBET VRAIERIRE, AR
HI I o Bt — D R i o (R AR IR RE 35 — MR ARG T AN, 2k
HFRHEGS B I — R TR AE 4R o 32 B ARG 2, 38 78 S B B A HH e 4
JE R A AT SR E B , T LA — M L4t i 7 VR R8> A RUR R R £
o UL, FEMBUARAIE 2 ] b VF 22 R AR AT A2 B AT DL 22 4 K B R R IE S8 e 1
—HIE R — A, IR DRFELEE . Lightgbm 7E#¥ B RRHESS &/ — i
R RETEITE (histograms) Hik.

L5 PSR I AR A S f G2 O RF AL AR B B B ke A, [R]IN Ay —
ANTEREN k BT B 7R P 8Os s, RIS B EU S REE v R SIHEE T B
hRRGHE, - xEBEE, BETEER T HENSHE, REREET
I P B A, 3t [T - R DR P 2081 it o bR T T B PR R SRR AR A 11 2 B B “ A
T AR IESLFFEE, T CUB i B RRERE R AN “H17 dokiis
SSRGS

BT EEEIFA R SRR TR BB EUL )G, $R BB AR B 7
FIRL, PTRASX G 58 AR M o (BAEAN IR B 48 25 SRR W], BRI 731
RN B ARG FE R FEARARR, BB A I g 2 S i — o R DR 2 YRS ARk gt
FE SRR, B SRR IR R EE, 22— V) S A RN RO,
A DA 25 B e DL s B RO 1) ) R 22 LS A 20 B BRVE AN R, (B
Gradient Boosting HINESR N ¥&AH K KHIFLM o
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Sainlesatft

| E—

Salnlealf

#data

*

#bins

2 HITEEEREE

3. leaf-wise MR A=K HEHE

LightGBM #5% 7 K2 % GBDT L HAEHHZ)ZAEK, BIRH level-wise ik
TSR, T T A IR IR AR Teaf-wise PREMAKH
W% o level-wise i — R EE vI LAF I 432405 — 2T, 5 5 AT 2 22 ik,
AEG A HSEER E level-wise & — MR HEL, FEABAIMX 5 1%
e[ — 27, A7k TR 2B IH4 . A SERR BAR 2 M 11040 R 25 4L
&, BWUEHATHERMAR. leaf-wise JUZ—Fi AR RIS, SN SR
P -, 3R E 7 28 2 e KA — AN, RS 203, AR . BRI Tevel -
wise FHEL, 7EEEHFIHIE N T, leaf-wise AR ZHIRZE, 155)H
TFRIAERE . leaf-wise B AR FTRES K M LLBR UL, A& . R
LightGBM fE leaf-wise Z 3N 1 —/NERUREE BIBRA, 7EPRAIE AR R
B A . WA level-wise fll leaf-wise LRI ALK HEME R & .

3 level-wise HRIEHA K IRHE
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ooy o) ¢ o) .
o0 00
o0
Kl 4 leaf-wise {REEHAEKHHE

(5] DA B B P AN B i SR MR — 4, B SR AT B AL B8 I TR T i, 1 e
B 2 A R AR BB B T AR s LK, M i AR e, L IR B AR IR
SR 1, BRI 0 BFR, BHERES NINGEMNRE: A5,
SRS BEAT SR R Ja, MR DA 0 5t Tt 22 SR T i SR 1 9328, IR KU
AR UER RS, 2 AR AT S RO .

LightGBM FLEMEZEH) FZALHZ: HSE, LightGBM 5] N[ GOSS FE AL
FEVFZ 10T YN ZRH IR R 1 P 28 3 T REN LRI SB0E . T H, GOSS BVRAt
R 2 3N 55 2% 2] BRI 2 AR, NIV TE 3T T ISR AL A e 77 - FLR,
EFB B5032: o 1) B 07 181 07 92 v B A 1) 4 S R AN SR AR A 1) 2 S St A T U
WHIRBCR, AT RO B G &G, F level-wise MHLL, 7E/;2REUH
FIFIEOLT, leaf-wise A ARRAREE ZMIRZE, HRHEIFHIRGE, BERMR. 4
A LA BT, B, LightGBM & & RFEA ., JEL Mt etk (i Rl HE . fEASC
iIE 500 5% 500 W7 I HIREAEd , Bl e A B EOR, RN i T 2 2 Fh i
R, RI WA MBI SIRRE, T LightGBM SANELE S A ST
WA BERE O — 5. 38, EXREEHAT R, N gdnde sz,
1M LightGBM A7 %6 R aF (A F a4 B8R i ae 70, T Bz Sk iz A se Juas, A
I REFARIE LA, SERERA TS, SCRFIFAT, R,

2.4.6 CatBoost EyEAET

CatBoost WIWAT 7> IALEARbr, BE 7 AR KR AT B G 65 3R
R OB KE: FERTAREL, /N TAET A% E S HUE KA R I8
MG D) o

R A
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FEHFEAE T, A& RIBCERE R RAE N B e B K, RSP A K AT RE
ZIEHTA . TE 4RI FEB R0, Catboost AT A 77 :UE R A .

Lo BBk RAE BT S AEM L

2« XTI, A A ENFRIER B R 04, Catboost L&
THVE LG R RERIE . A A8 R 5 0 N

3. Catboost J&A] LLAE BCEUE M ZE AR IE AL  AER P B BT 70 240
NEAWAMERIZEG, ARG R .

AL AT PA AR SR AR AE AP R CR AR T SR K e P o FE RN [, T3
S — B KR B EHCF IR 2o BF5F 0 2K, AR g — ST IE 2 H
RIS IE R H] . A 2RI BURRAE, AT LUK P AN 280 LR IR A0k, 7R
CatBoost ™Y, ZF— R FIN A IR BARFER A S, N2 H ok o 28
S BURRE 2 (R & 5 Rk, A G IRRIE Bt 2278 U 2

CatBoost Wil FIFBIMMAEE NENBFIES S FIHMAS. 7
GBDT 1, g N —ERRIE & W2, BN 1) 251 LA SR 2544 ] 8 2 ) v B i
T EME. £ CatBoost H1, Xf THEMFEA Sample, HEEMME G —AFIH iZHE
AR 2Z R FIAREAS AT B BE A T 1S 2 AR A Model, %14 IXUEHAY Model, fiitiZf
A Sample HIBRE, SRJE R B Model new HHIXTFEA Sample 177

CatBoost AR TREARIFEFT, FIH 2 PR AHEFE 7T LA 2545 21 2 Mk
R, XREAT DIRAI A IS . CatBoost BB KA, H—, BENZGLREF
AEFRETNBIRFAE, T AS R AERAE AL R I B AL B BUARAE s L, IR BEm &5
I, PR T DLBE S A . Ji4h, 7E CatBoost HY, KR YRS
fiE, GEiH{E LA one—hot ZmABMRFIE (AL, BT XL “AHALRFERN &,
SRIGAEFT 43 i B T R B A R AE T AR TR R

NCAPSE A Ik SR NTTYIR

(1) HAErEAME.

(2) CatBoost BT AI%E, i Python $2AEHT train test split %L
PR NG SWAEERAT ISR, W& CatBoost MIEEARSHL, WM,
OV, RAREL L2 BN RS, HARSHO RBIME.

(3) CatBoost BiliIZk. {#F Python #2itf{) CatBoostClassifier ik,
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PR A HHE RN SR Bt 24T 232K

RS, Ha B FER RN BUR R EO I K, AESLVE A K AT RE
FEITH . AT E BT AR, Catboost ABRAENT7 XN &AL &

I B IR BAFEAEMA SN |,

2« XTIk, EHIH ENFIER BRI AT, Catboost &
T A IG5 RRHIE . A8 RO S o T

3. Catboost W] LLAE FCEUE A R ARFIE AL & - AER I B T 70 2800
NEAWMERZEG, ARG R PUEH .

X AT DA RS T R AE P AR R AR T R B e P o FE [N T e, T3
MRS — Ml I X R AR I 2973 21 o BEXF 7028 ml, fRSE g — Mt T IR 5HE
KR F IR R B0 RARIE, A UK A R R EH &k, 1E
CatBoost H1, 5—XpHIN AHEENMAFAERIH G, T e nHh a2k
ARHEZ RIS F R, HE S RIRE 228 O E A .

CatBoost [1JEM It 5 :

I splits

XA BB AR B, AT R R 0 A 7 20, A5 R T R A5 A
binarization method (feature border type) Al number of buckets
(border_count) ZHBEANIRSE T .

¥ categorical FFEH LN numerical #54E (4] LI{# ] one-hot 4ifd)

HUT=2

(1) BEHLE HEA AR R

(2) ¥ target MVF RIEUFE H W 8% (Regression/ Classification/
Multiclassification AR[A);

(3) ¥ categorical HFEFEAL N numerical $4E (5¥IEHSEE X)

(ctr) i= (countInClass+prior)/(totalCount+1)

Borders:

ie [0, k]

55 i 4 Bucket f) ctr (), countInClass #& target #HId Z4HTN 4 i 1)
B (B HRBE R E HE S AIF ), totalCount A2 B 24| X 5 M 1k i VTS YR 2L
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prior RHIIESH (FHED .

(ctr) i= (countInClass+prior)/(totalCount+1)

Buckets:

TS i A Bucker f ctr (), countInClass #& target F124 R RAHLE X
#, totalCount Al prior [{] k.

(ctr) i= (countInClass+prior)/(totalCount+1)

BinarizedTargetMeanValue:

countInClass &4/ cat [ target MEAIH K target HEWLL,
totalCount Ml prior [A] k.

[(ctr) i= (countInClass+prior)/(totalCount+1)

Counter:

curCount &I ZREE 1 BA U HTRHE X 28, maxCount A2 IZREEH K
X REAH, prior [A B X FIEKAE, curCount HUPR Tk £ 1 1 5 5
PrefixTest (BA HHTRFERIIIZREE F B0 SECN 2] H ATy 1kl )
280, FullTest (BALRTFHEAIVIGREMNILEFHIXTRED , SkipTest (F
A 2 HTRFAE I SRR R REL) o maxCount B R T i 5 1 T B 7k
PrefixTest (JIZREEAMNE]H AVIEMAE PRI R), FullTest (UIZREEMIM B
£), SkipTest (YIZiEE). prior [A I,

MEFE G54

ARG, SR A AT e 20 005 3 THEREM O EURI G s 1B RN,
WA R BT A JEEEM T R E R R . EA R AT AT AL A, 1%
To65 P52 T e 7 TRy AL T A
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%3 B AL K TRk

3.1 HIEIREK

A i Autotrader i Python 4% FI3REL 2016 48 1 H & 2018 4 9 H Al
VR 300 5 HIE 500 Fs ) H B, & R0 Dy 2 ] R OR PR TR 1 1R
P, YR 300 BLACHRIE 500 AN 2019 4F 4 H 8 HIBS SREUEI 0 i
AN A RIS R B e 2 o0 B HR RS 22 10 2000, BRI RER B 7 e B RTT
Ak R ARSI, (HRAZ A R H RN e R 5 B S ) B R R ) 2
AT DL

AT DRAEEE IR AT A, AR SCAE A B B v T —N I BEf aE
BEAT R, JRE T A H 4 B — A A 107 AT R S TR o B AR AR TR0
[ 2016 4 1 H# 2018 4 8 [ (T HIerfe s i /s —A H v 2018
9 H, TCIEIREL 2018 4E 10 H M%)

TENLES U B — A4 5 BARARE Yo 7 HLERS ST B RR, e A
ANELIEI R FOR LA BE I IX A PR o 3N R ELERZ (¥4 H A 1) 2
TRAL B AVREAE 23 BT (4 25 BN o 75 58 =55 5 T PR /N1 HLAS 5 E A 2R A SO B0 Tidd
S AR R) - ARFAE 23 B ao R R 12 DR - PR SER B o DR A 25 P A 6 B g B AN TG 4 A
ERiOL

3.2 feik AT HIEE

i 52 R AL 28 e 5 25 B s i DR LA 22 DR B RO R My s rh Ok T
038 D) 1) a2 Bt S A9 AR R B AR e IR 1 2, oF e 52 A 2 Bt 2 e e T
HEJ RIS R A R ARl 2 B, R R A 26 PR 7 A0 B 0% B8 AL 0 (R 4EJE R
BHASHNZTREE

3k R R AZ 2 A LR =AMRF e AR i PE DL Xk B T3k
Bt SE AT & AT B AR, R A R REAEAS Tt S0 ) i A TR
P 6 B m DX Pk I B 7 BE I T U A TR AR AR 3 1T AT A S 2 e 10 o I 5
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G H oK o

BET i 1R 57 0 2 TR B A 1B IR ASE 2R (Rt 9 I 18 BN 1) P A5 Stk
PEANX I3, A S B ER] 7328 JBont 2 B2 U AR S & T8 ik . Adaptive Lasso J7
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