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Wheel-driven multi-factor quantitative stock
selection model based on machine learning

Abstract

This paper aims to use the multi-factor quantitative stock selection model based on machine
learning to carry out the research of stock selection strategy. By designing the scheme of
selecting excellent factors, we can get the factors that can accurately reflect the market
information. Using a machine learning approach, a stock picking model that can capture robust
excess returns is constructed.

Aiming at the first problem, this paper designs a scheme to select excellent factors based on
three important indicators: factor IC, rate of return and Sharpe ratio. Using the daily frequency
data of the candidate factor pool, the layer-by-layer screening method not only ensures the
effectiveness of the selected factors, but also ensures that the annualized Sharp ratio is optimal,
and the method of rotation also enables the selected factors to adapt to the market style.

For the second problem, this paper constructs four new models and compares them with the
traditional linear equal weight multi-factor stock selection model. Firstly, the multi-factor stock
selection model based on GBDT classification method is constructed. It is found that the various
income indicators are only slightly. Then, the wheeled multi-factor stock selection model based
on the empirical weighting method is constructed. It is realized by AdaBoost, random forest and
GBDT algorithms. The Sharpe ratio and annualized income are all significantly improved. Finally, it
was found that all models had an important flaw, that is, the retracement rate was too high.

For the third problem, this paper constructs a quantitative timing strategy based on MACD
technical indicators. Through the changes in the historical three-stage MACD indicators, the
buying and selling signals are generated, which better identifies the market information of
consecutive ups and downs, avoids risks, and reduces the maximum retracement rate.

Key words: quantitative stock selection; rotation multi-factor; machine learning; empirical
weighting; MACD
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NIAPCut 6.117 | 11.774 | 0519 | 50 50 | 33.333 | 83.333
NetOperateCFTTM 4.6 | 13.644 | 0.337 | 66.667 | 66.667 | 33.333 | 100
PE 6.9 | 11.216 | 0.615 | 33.333 | 33.333 | 66.667 | 100
PB -5.933 | 16.298 | 0.364 | 33.333 | 33.333 | 66.667 | 100
PS 5317 | 22.465 | 0.237 | 50 50 50 100
PCF 04 | 6.462 | 0062 | 50 |33.333|16.667 | 50



https://baike.baidu.com/item/%E7%AD%89%E7%BA%A7%E7%9B%B8%E5%85%B3%E7%B3%BB%E6%95%B0/12730803
https://baike.baidu.com/item/%E8%A6%81%E7%B4%A0/5261200
https://baike.baidu.com/item/%E7%BB%9F%E8%AE%A1%E9%87%8F/2112983
https://baike.baidu.com/item/Spearman%E7%9B%B8%E5%85%B3%E7%B3%BB%E6%95%B0/7977847

TA2EV 0.267 | 20.143 | 0.013 | 33.333 | 33.333 50 83.333
OperatingRevenueGrowRate | 0.05 5.68 | 0.009 50 33.333 | 33.333 | 66.667
OperatingProfitGrowRate -0.85 | 3.081 | 0.276 | 33.333 | 16.667 | 16.667 | 33.333
NetProfitGrowRate -1.617 | 5.065 | 0.319 | 33.333 | 16.667 50 66.667
Total AssetGrowRate -5.067 | 13.369 | 0.379 50 16.667 50 66.667
NetAssetGrowRate -4.483 | 15.494 | 0.289 50 50 50 100
NetCashFlowGrowRate 1.133 | 4.428 | 0.256 | 66.667 | 33.333 | 16.667 50
NPParentCompanyGrowRat
. -1.167 | 5.199 | 0.224 | 33.333 | 33.333 50 83.333
ROA 255 | 14.173 | 0.18 | 83.333 | 66.667 | 16.667 | 83.333
GrosslncomeRatio 1.3 17.503 | 0.074 50 50 50 100
NetProfitRatio -0.567 | 19.203 | 0.03 50 50 50 100
Total AssetsTRate 4.1 13.467 | 0.304 50 50 33.333 | 83.333
FixedAssetsTRate -1.083 | 5.03 | 0.215 50 16.667 | 33.333 50
DebtsAssetRatio -1.633 | 7.978 | 0.205 50 33.333 50 83.333
CashRateOfSales 2.95 9.795 | 0.301 | 66.667 | 33.333 | 33.333 | 66.667
AccountsPayablesTDays -5.55 | 10.888 | 0.51 | 16.667 | 16.667 50 66.667
ARTDays -4.783 | 11.745 | 0.407 | 33.333 | 16.667 50 66.667
ROE 5717 | 15.447 | 0.37 | 83.333 | 66.667 | 16.667 | 83.333
CurrentRatio -0.25 | 6.386 | 0.039 50 33.333 | 33.333 | 66.667
InventoryTRate 0.483 | 12.359 | 0.039 50 50 50 100
REVS60 -5.483 | 26.223 | 0.209 50 50 50 100
REVS20 -7.567 | 18.046 | 0.419 50 50 50 100
OperCashGrowRate 1.167 7.52 | 0.155 | 66.667 50 16.667 | 66.667
VOL20 -7.133 | 21.222 | 0.336 | 33.333 | 33.333 | 66.667 100
VOL60 -6.867 | 18.72 | 0.367 | 33.333 | 33.333 | 66.667 100
ROEAvg 4433 | 16.96 | 0.261 | 66.667 | 66.667 | 33.333 100
REVS120 -1.233 | 16.488 | 0.075 | 66.667 | 66.667 | 33.333 100
EPS 7.667 | 18.273 | 0.42 | 83.333 | 83.333 | 16.667 100
BasicEPS 7.633 | 18.189 | 0.42 | 83.333 | 83.333 | 16.667 100
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®3 PR EER

ERLIL S before 20% | 20%-40% | 40%-60% | 60%-80% | 80%-100%
NIAPCut 0.0157 0.013983 | 0.005483 | -0.00218 | 0.012883
PE 0.004367 | -0.00745 | 0.018533 | 0.0098 | 0.020567
PB -0.00898 | 0.01275 | 0.007617 | 0.019333 | 0.015133
PS -0.01025 | 0.013417 | 0.008717 | 0.020033 | 0.013917

Total AssetGrowRate -0.00948 | 0.011933 | 0.009867 | 0.014417 | 0.0191
AccountsPayablesTDays 0.0035 0.00595 | 0.013067 | 0.007167 | 0.016133

ROE 0.009867 | 0.010083 | 0.0064 | -0.00218 | 0.021667
REVS60 -0.00225 | 0.005583 | 0.0107 | 0.010683 | 0.021083
REVS20 -0.00752 | 0.010433 | 0.007633 | 0.017767 | 0.017467
VOL20 -0.00043 0.012 0.0112 | 0.01515 | 0.007933
VOLG60 0.00405 0.0043 | 0.014967 | 0.018617 | 0.003917

EPS 0.016617 | 0.00445 | -0.00037 | 0.006217 | 0.0189
BasicEPS 0.0165 0.005367 | -0.0032 0.004 0.023033
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® 4 Nl RH R

SRR b;g;te 20%-40% | 40%-60% | 60%-80% | 80%-100% | & KfH
BasicEPS 0.0165 0.005367 -0.0032 0.004 0.023033 | 0.023033
ROE 0.009867 | 0.010083 0.0064 -0.00218 | 0.021667 | 0.021667
REVS60 -0.00225 | 0.005583 0.0107 0.010683 | 0.021083 | 0.021083
PE 0.004367 | -0.00745 | 0.018533 0.0098 0.020567 | 0.020567
PS -0.01025 | 0.013417 | 0.008717 | 0.020033 | 0.013917 | 0.020033
PB -0.00898 0.01275 0.007617 | 0.019333 | 0.015133 | 0.019333
Total AssetGrow
Rate -0.00948 | 0.011933 | 0.009867 | 0.014417 0.0191 0.0191
EPS 0.016617 0.00445 -0.00037 | 0.006217 0.0189 0.0189
VOL60 0.00405 0.0043 0.014967 | 0.018617 | 0.003917 | 0.018617
REVS20 -0.00752 | 0.010433 | 0.007633 | 0.017767 | 0.017467 | 0.017767
AccountsPayabl
esTDays 0.0035 0.00595 0.013067 | 0.007167 | 0.016133 | 0.016133
NIAPCut 0.0157 0.013983 | 0.005483 | -0.00218 | 0.012883 0.0157
VOL20 -0.00043 0.012 0.0112 0.01515 0.007933 0.01515

IR, Pkt 9 MA T, BF BasicEPS, ROE, REVS60, PE, PS, PB,

TotalAssetGrowRate , EPS, VOL60. iXFEA] LLARAESkE H R A H 7 A S Wias 2 B A B
FOARSE, (RN AT DA AR YA 2t 20k 2R AL
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FARET, BER NG BN, THRBCEEREAR E R H A, I HoR I AR A
7 BUERIFES (B EATHEY . BPTa R LR T, BT BUENET 20% K BT h
H A — 4, BT BUE 9 20%~40%[X 18] A 1) B A7 238t 3 oy — 41, PR BB AL T 40%~60%
XA AR E e oy —4H, FFHUEA T 60%~80% X [H] A (1) fir A B 5 Lh ey — 4, A
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®5 HFHEEHRGEER

PRl i B before 20% | 20%-40% 40%-60% 60%-80% | 80%-100%
BasicEPS 0.873883 0.553117 0.048833 0.0081 0.378267

ROE 0.586817 0.619817 0.242367 0.072817 0.3388
REVS60 0.298033 0.565267 0.401317 0.261133 0.334833

PE 0.1224 0.15065 0.624967 0.272233 0.690317

PB 0.233433 0.4923 0.13445 0.431883 0.56855

PS 0.117417 0.339767 0.465767 0.538783 0.398867

Total AssetGrowRate 0.642133 0.409367 0.269083 0.170433 0.369583
EPS 0.857233 0.53345 0.13445 -0.00363 0.339117

VOLG60 0.151967 0.13195 0.464483 0.810683 0.30155

KPR 1) 2% AL AR R R R R EREAT B HE s B13R 6 o o U HEA A0 T 70%
M7, RO B 28 0 HEORAG A 1

*6 BELEAFE

ESERIE S b;g;:e 20%-40% | 40%-60% | 60%-80% | 80%-100% YN
BasicEPS 0.873883 | 0.553117 | 0.048833 0.0081 0.378267 | 0.873883
EPS 0.857233 0.53345 0.13445 -0.00363 | 0.339117 | 0.857233
VOLG60 0.151967 0.13195 0.464483 | 0.810683 0.30155 0.810683
PE 0.1224 0.15065 0.624967 | 0.272233 | 0.690317 | 0.690317
ROE 0.586817 | 0.619817 | 0.242367 | 0.072817 0.3388 0.619817
PB 0.233433 0.4923 0.13445 0.431883 0.56855 0.56855
REVS60 0.298033 | 0.565267 | 0.401317 | 0.261133 | 0.334833 | 0.565267
PS 0.117417 | 0.339767 | 0.465767 | 0.538783 | 0.398867 | 0.538783
TotalAssetGrow | 0.03155 0.4896 0.3679 0.52605 0.445483 0.52605
Rate

WRIEL 6, ik fuFE BasicEPS, EPS, VOL60, PE, ROE, PB %1t 6 M+
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T AR 2016 5E 1 H 1 HA 2018 4F 9 JJ 30 H A Bz m [y s s, N 7
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e RAER IC 8D, Bk FRIA T, 45 NIAPCut, PE, PB, AccountsPayablesTDays,
ARTDays, ROE, REVS60, VOL20, VOL60, ROEAvg, EPS, BasicEPS.
MR SR AR ZR & B 71553
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HEIRER G R TR M AT P Y, R A Phik A0 A TR0 50 AIEEAE N H AR
i, eI ANE BRI B, SRAAE A AR EAEIR P s, B — IR
SRR E -

4.3.3 HEEIZUR T

AT R AN B 2 s

&1 2 BET- A A AU 1 22 PR R AR 7R v it 2

H P — AT R0, 2 T R PR S (14 2 PR a0 R R R RO, 3 22 80 B RO “

R 3007 o e IZARM SIS AE B AR 7 s

RT T EANMERE ) 2 7 e AR R 1 s {5 2

AR IEE! \ T aEn | Fok | B
Bl B L NP BT el BOREL g
i R Fl [ x K i/ €28
2016-07-01
2.90% 6.45% 9.02% -0.01 1.07 0.05 -0.11 21.61% | ~2018-09-2
8

15



2 7 715, ZE A RENR RS F N 2.90%, B %K 0.05, 5B HZFEN-0.11, &K
[ RCRIE S 21.61%. 1M FIAELEHEHE C “P R 3007 ) 1 BitUREis F] 9.02%, #E—5 BH
FETFAZAF T P 0 J% TR SRR 22

4.4 BTHBRFEIDRIENRNE H T ERBERE

eI W KR, WaN2A, FNETRAREREE N, AR TR
TABERRR G R A, IHASCR A58 3E M T I 22 A R B AR A 7 AR,
FHEAT I T AR LR T (RSN T IC D » @SN TR
PERCIGREAR,  RIARNG H BRI 1, RIA Rk

Rl AL 48 2 D BRI L8 27 21 70 RER G S A — S, MR THLER 2 2 0 RENEAR
Z N TR, Al SR IR AT 7398, R 300 ReA i HURAT BB
AR B A S, DY AR R — B TR IR A AR A 1 B A 2t

4.4.1 BRI

R A NS H, FIAET 6 A MEEEPhIE B I F5 7, SRIGBEEAEARE RS
PR b ) B R AE DA BRI a8, I HOO R DA T Bl PLAL B« P A7 IR 1A AR i
type {E VRIS R BEAT I Z5. LA H A BERAEAE DI alER (B 22 NAT 6 A H Bkt ik
MR T, B EFABERFEA R IIHER (Prob) , ARAE HEINHE S0 B AT e e
7, RRUGERGET 50 RBERAE N E AR, SesE K RN B RS BEE, B CATE B AR
TR BOA ISR, & R AR LA E -

4.4.2 #T GBOT 73 RIEHIBIT LA TR AT

N TSR MRS L, AT RIS 1], AT LightGBM AR RAHESERSE I GBDT 5
o BB E IR TIIL (Light Gradient Boosting Machine, LightGBM) , ‘& /& —#hs<il GBDT
B IF st P IINESE, 5 K28 GBDT R AL 2L K (level-wise) iRt S A2 K SHEME AN ],
ot v SR A T e 2R K (leaf-wise) ¥ e SRS AE K SRR o TR DRSEAAE K IR
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LightGBM %31k M 4RI ITA (719 sl rP R B 0 R i i K (AN B8 i KB ) 1
M35, a0, AWES LR PR, T IRXMA KK, & 54K BRI 5R
B, PR, B, LightGBM EIA KSR AL b, 2 BRSSO 1 B KR, B
A LR R SR 5 2 i A K PR, AR DRAIE 2SR B AL B 1 AU

(1) GBDT #EIAN-4H

GBDT & Pk AR SR SR S, 125105 H 2 R AR 2L B, "R P 4 K b B i) 9 B 2
B UOEAIUE AL 2 TR Bk 22 920 AR B T 1) S S — /IS R R SR, P 2 AN, B
J A A R IR RAT B e 2% 3 e« A GBDT Sk B D BN .

a)

b)

I N ANGFEAR X FBREE RS ERIRECN N, F ORI R o8 ez (],
F NGRS, WIURME S, = 0, GBDT #AIn] LR IR A:

K
%= fulx)
k=1

SE SRR IR H AR R HON -
K

obj= ) L0uI)+ ) )
- k

=1
Horh Q ORISR BB RFRRE, | Nk iR AL
— M 2% FE IR N IE
1 T
.Q.(ft) =YT + EAijl sz
T LRI S w R R O R R [ B
MR GBDT HEBIINVELE ), 9F = 9F 1+ fi(x), TN BHbrsk o+ H 28Rt

n T
0bjt = . . lh. 2(y, T 1/1 2
] 9ift () + 2 G| +yT + ) Wj
=1 =

T
1
- Z[Giwi 45 (Hy+ W] +9T
=1

/E\:':F'Gi = Zgi , Hy = Z/zi’ gﬁﬂhlﬁj\%ﬂ?ﬂ?ﬁ%@liﬁﬁ‘]*mﬂ:m%ﬁo

L0bj HI— K FECN 0, ATRAGMF7 RO RAE A -
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RIS ¥ H b e S ey

1w G?
Obj* = _EZHj Rl
j=1
d) I O SRS A R IR TR HER A F RS R BB BN, IR SRAG I s ST E w
FEHTAE B RS £ (o) s n B AR Y e

=97+ felx)
e) ABrIEA, EHEIN JOEREH, Hth b N AN RAH ) GBDT #=2Y

(2) GBDT Z#ifith

ASCiETT lightGBM SZHIL GBDT £, GBDT il (& )24+ 4 2% > F (learning_rate),
B2 > 28 (n_estimators), 771 s B (num_leaves), BEALE Tl (seed), A4t dE B IS A
FKKEH (colsample_bytree), Il ZkS2fil )T FEA L% (subsample), L1 1FM(reg_alpha), L2
1E N (reg_lambda)%% .

AR M H N5 T 6 A H E I Tkt 2 AR I ZRIF 24T 28004, &
AT PR A 4 P58 XIGUER) J7 NS 8T, n_estimators (814614 145 (8,24,30],
num_leaves (#4418 £145(6,8,12,16,20], colsample_bytree (1444 1% £.45[0.65, 0.75, 0.8],
subsample F#T 4611 £.45[0.7,0.75,0.85], reg_alpha 1 reg_lambda HI#J 46 E f45[1,2,6]. 3% 1215
&, RIS HA G I,

(3) &R
HT GBDT 73 L8NS 2 TR -3 BB 20 (1 v B i 28 an 1 2 Ffr o
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K 3: 1 GBDT 7RIk ahas 2 N1 i AR 2 ) 3L 2 14

AT 3 Ar A, 2 R A R B s IR 3007, IR AR, BTN
VRSN E B R 7 R:

R T T GBDT 402k 8h 4 2 K10 i Y

AR | R | B HEIR HELW | BEL | &K
iR Y 122 i
BIR¥E | D ‘ % i

L o o (] 0 s ]
fag a4 g =

2016-07-01~2
018-09-288

4.89% | 11.01% | 9.02% 0.01 0.88 0.21 0.15 22.59%

MR 7 AT, IR IR A Ry 4.89%, RFAINAE 11.01%, HFLE 0.21, 5
B 0.15, FOKEIERIAF] 22.59%. [FIHALLECREAE (IR 3007 ) (1 R THIai N 9.02%.

FAELF R bR, 2 AR 1) BRI RARTE TS 2%, H LR N 0.21.
TX R % B T A (R R SRS R, AN REIA B BA T U (K08 2 o
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4.5 BETHH/EILB BRI Z HFimRmE

Wi ERlkn, 5T GBDT 70 JAHHT e sh 2 N Ik B R AR I A A . B, FRAT%
BB 2 I FE IR R E, AREE D 7 Bt e dicas S e A wt, Rise H 28 — 2% |,
MM i 5 A B RS % 6 M MBTHdE, LA RIS ) FEET IR,
FEXF 12 A A B R AR BEAT (BTN, AR AT AU el R AR, (AR AREAR.

DR BATTHR T R T (A A I 2 30 AT ik, 1 SE R T A B s e 1 &
MR AT 20 96 BR i e, FHRREE E AN T WA ) 2 IR AS 5 92— 3 oA R AT
ol f 2, FRATER TR AL b, WS H ik, BUHTPEHR B
o S ER I SRR R 15 2 SR ik A S AU, 2 5T 70

45.1 BRI AR

FERANHBSE D5 H, R 6 4> H K SdE ik L5 7, SRSIREFEAE S
R b2 R E DL SR i 2, JF BT EA AT HAE AL B, 13 2IBATH Z M2k
. MRS 2 2505, DA RN B R, AR Ac &, XHIZREd AT 125,
ZJE A3 BN RFAE R B EAE I HAR NS AR, %807 (7 1C RSO XHFET
EATINBCR ARG RIZRE 7570, RIELER TR LR LG5 T BOm I 50 R BEEAE
N EbRH, SeSE KT AE B AR BER , FSRAAE B AR R i e, &
RN AL E I E -

ZRE TR TR A KT FR:

ym = kltlxlm + k2t2X2,m teeet kitiXi,m teeet kntan,m

Forptk M FI7 (BT IC KT 0, KL, BT IC AT 0, K- Lt EHET

HEE, X, WRE mAER T B R
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4.5.2 T AdaBoost KN E 3 % Bl FHERY

(1) AdaBoost %! B8
AdaBoost FEIE I IAA UK 25> 55 70 A LR 2 V53 70 840% R —Feab AR TR BT
ARLE YRG5 70 R AR AN B G R B, 7 HARHERA R 2 08 e s 1A AL 3
TSE e MBI, 4 1B R R — DN AR B g T — MR A 0
Wb B EE R . IX AU ST b 7 R AR AR 7 R R B AR, B0k
T BEA KIS IERA FI G IZAE A B PR R SRz e A N R IBUE.,
fE 4y, AdaBoost 5% EBUL AN :
a) G AMREARBIREE (xip, Xigs o0 Xim VI = 1,2,0,00 T (o0, x5, oo, 20) AR FE AL 7]
B, y, €Y = {11} NFEARERES.
b)  BEARERIGMN, B R MREAMFENRE, Bw'® = 1/n. G467 %
& FENIBUREAS B FEA_E I 2R Y, FRINAEAS IS o AR 7SS4 R R,
T G R PR A Pdt— P 3RT T
o) FEMBCEMER, ]t NEREE, t=1,2,.,T.
AdaBoost 512 HI 2 Ha(t) R L BT B 55 70 s f OFEA & /0 KA H ROBUE, S5
HH PRI o () AT THI AR 58 X

1. 1-¢®
® = Zn(———
a > In( o) )
e® = Pri~wt[f(t)(xi) + J/i] — Z Wt(i)
i:f O (xp)=y;

d) FERE W i

wexp(=a®yif O (x))

t+1D) N _
w0 = o)

20 =3 wexp(~aDy,fO ()
L

Ak 2(0) R IEME T 138w =1,
e) 2 T

Fx) = sign[ZT

aOfO )

F Ge) BB A IO B T4, F (o) A RINES | MEA BRI
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HI T3 B8 HIBUE a®25(0,1) Ee @ ¥ sl ek #, He®=05 1 a O 0, FTEASSS>
FRAAE F A NI TSI 73 25 v B BEE 5 70 SRR Z2 S B IR AR o AR5 45 TN IR v 14 702
R

(2) AdaBoost ¥tk

A3 AdaBoost [{JFE > SR RS, PSR % BRI S4B max_depth (WS R K
TREE) R 1715 13 (max_leaf nodes) . BRILZ AL, EEHE n estimators (B ) 31
#H) F2E 3] % (learning rate)

ARICRF 2 H S5 BIHT 6 S H 4 Bt B a2k AdaBoost F H AT
SR, BATEN P 2R 3 158 IRIER 77 AT T8, max_depth AUHTA U (45
[10, 20, 30], max_leaf nodes HIFIAGHU(E ELHE (20, 30, 40], n_estimators HIFIAGHUE ELHG
[20, 30, 40], learning rate FIFIZRHUAEAHE(0.1,0.6, 1. 1], M3k 81 MG . KNS

A AdaBoost TEVIZRFEA L FIHERZ WK 4 Fs:

0.70
-¥- AdaBoost
0.65 -
L J L 4
’ i
0.60 LA £\
"4
X ‘ v “* X » \\.-r v
i ! ’ 4
0.55 :‘HH\, P 5 /Y L RN
]
L 4 " ‘ L ‘ h-"
0.50 v
0.45 4
0.40 -
0.35 4
030 1 L] L] L L] L] L] L] L] L] L] L I L] L L L] L] L L] L] T L] L] L
o el S e MM A NI el Ml el Tl A AN Y=~
DGDHDOQQOGDGQGQQDOOQOGGOGGD
e s e U T T e SN et e i A A W ey I |
OO O AN AWM 00 O e NS I WD 0T
e G i e S AR CD B B b e B s e i
OO D DD D PP P P e e P P e e P e 00 00 00 00 00 00 00 0O 00
QRIRRRRIRRRR]IRRRIRRRRRRRRRRRR

4 AdaBoost VIl ZiFf A fiff 2 5]
MBI 3 JATTATBAE H, 2017 4F 10 H 9 HAET 6 ™ H ISR KAEF R &AL, A 05
Jiti, 2018 43 H 1 HAT 6 N H UMM HER 5w, 155 0.62 4, ZHIMINGEA
#E AL T 0.55-0.6 2 [H]
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(3) AdaBoost fHFrEEMHFE
A AdaBoost VLR NI IR A8, YRS RRAE B B 1 5 T DARR S 2 e FE 2
= EM, XBEURRIRECONIKE, REEfREOTE AR R

K K
Gini(p) = z Py (l_ pk) :1_2 pk2
k=1 k=1

SFTRMET, BN CAFEARIREL N _UMard sifREARSH, N_t_LREATE S
MIFEAS, N _t_ RS T AREAL, left _gini 2 7: 575 i e &4, right _gini 2
AT RS R AR HTHR A T

i _importance=(N _t/N)*(gini—(N _t_R/N _t)*right_ gini

~(N_t_L/N_t)*Ieft_gini)

(4) EERIME
j#it AdaBoost X UIZRER BTG G, 15818 MM RN, BA KN E
TANEAE IR &N F AR, &I 5m (KF 1C IR X EFAEREAT IBCR A5 2]
LTy, IR TR AT A HT, Pk IR A DL 2016 4E 7 HE
—ANZE G H R, Pt 2 6 AN H IBEEE R UIZEA, 15 30 & NRHIE I B ZE, W3R 8 Fivk.

*® 8 PN TR EE B R

K14 %  NIAPCut PE PB  AccountsPayablesTDays ARTDays ROE
Kl FEZM  0.0408 0.0970 0.1592 0.0774 0. 0663 0.0748
Bl 77 17 1 -1 -1 -1 -1 1
K744 R REVS60 VOL20 VOL60 ROEAvg EPS BasicEPS
KFEZM 0.1464  0.1205 0.0917 0. 0515 0. 0375 0. 0379
K77 ) -1 -1 -1 1 1 1

WL 8 THHE LR G 11537 score:
score = 0.0408 * xyjapcut — 0.0970 * xpg — 0.1592 * xpg — 0.077
* XAccountsPayablesTDays — 0.0663 * XapTpays + 0.0748 * xpop — 0.1464
* Xgrevseo — 0.1205 * xyorz0 — 0.0917 * xyoreo + 0.0515 * Xgpogavg

+ 0.0375 * xgps + 0.0379 * xpasicEps
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RAELEE T BT HER, PRk il 50 RBCEAE N H AR, Sesz ik
HANE H AR AIBEEE , FSEAAE H AR IB(E R IK P B8O IR B — R AN B Z B & .
HEAMBERRRRS BT %2

(5) Z5R o
HF AdaBoost 256 AT %S 211 22 TR 28 1) 14 b 2k el B s

Kl 5 5T AdaBoost 246 INAL IHE 3 25 R AR A 4 st 2 1

WA, 5T AdaBoost 25 AL A 5h £ B FAA BA A L SR, I 24T
TR SCH LT AP R R, U R A R AT B A e, i ) A RS I I i R R
Pestit, REWSRRBT A SR A Mt A2 E AR “ U IR 3007 o BT IZAY I SR A5

BNk 9 .

9 AT AdaBoost &I IR IEE 5 2 Rl 7R R SRS A B3R
FEA U BRI A B FERE &AE

e e e B[Ry DI \ EMUESE

) >§< 5 5 >§< o ;%: >$< }ﬁf( >$<

14.19% 33.66% 9.02% 0.1 0.84 0.88 1.44 19.51% 2016-07-01
. o . o . o . . . . . o ~2018-09-2
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HH 9 FJ %, 551 AdaBoost 2856 IR (¥ 20 22 R 134 IR B L (1) 2 15 23 22 K 33.66%.,
TR 14.19%, HiFLLAh 0.84, (EELLEN 144, HREHES 1951%. AT
“UR 3007, RitiaiikE 1 24.64%, 1 HE I HEDY 0.84, HE— B YR HZE LK
TSR B A G 0 (K BRI AT T HLAR 8 A0, LR AR A T 7 S — R A AE [m]
SRR ) 1

4.5.3 ETHEHHRARER NN E) L2 H ks

(1) FEHLARMARTLEAE
BEHLARAR—Fh bagging &/ i%, B2 LA 70 KB ARG R N 73 8075 . BERLARAR
1 32 ZLE AR REA LG 3 — SRR RS ST, SRR EE R XA IR I HARIERRIAE 2 S 1
I S AR AR — AR B R —FR R, F IR D B S 2N E R AL R, XA
WAL IBTRAL T B5em 70 REE R
BEHLARAR I D SR 20 4 2D
a) WERFLARENNE mm AT M), MAGREFEASE AN RIA — BRIR S i
i 2 H R A B AL
b) M B BREEAT AT R, 53]k AER A BIREARLE, S5 BT K BRRSR
s B DI BAT B R AL k ASFMEEEE, B 00B;
) BB IR AR AR A KON RS, UG S N RS
RS, ARJEAT IR AR, AT R BT R AT
d) AR A R SRR S TN SR HEAT TN, o S T, SR B T K
LAEIINENTI

(2) BEHLZRMSHURAIL
AR ST ) BE L AR AR 2 BB EE TR B0 (n_estimators), P SRR 1) B KR JE
(max_depth) Fl 5 K45 £ % (max_leaf_nodes).

ASCRAEA H A5 HIHT 6 A g Fdb 22 8l I ZrBE LR R S5 H
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BEAT SR, AT AR RN 3 $r58 ISR 77 kA7 300, Horb n_estimators ()
V4R EUE 9 [10, 20, 30, 40, 50, 60, 70, 80, 90, 100], max_depth [HIFI4AEE A [10, 20, 307,
max_leaf nodes MIHIAHUE A [20, 30, 40, 501, &3k 120 Fhé 5. 453 120 P& ik i
SHAE G, BN S I SREER R REAT IR 3 T Bt S B A I BEN LR AR 5T
VERN AdaBoost TEYIZRFEA Lk i B TR -

y -®~ AdaBoost
0.650 - 4!
,' “ -¥=- RandomForest
0.625 - Y fQY ,;
WA i
0.600 n Bl N i\
"\ 'l" \‘I, \‘\ ﬁ 1
\ \ '
I SR WY AVY
,V ,:': \“: ' |1"\ "
0.550 - v ! wly
’** ' e ] LR YRY
os2s{ ¥ \*' ‘Y k Yo
o ' \
¢ ‘./:‘ ! “;‘
0.500 - A f ]
\\I ‘
0.475 - v
T L U T L TR P AL N S e XL A A R e S
COO0O-MOO O OO OO OO OO0 OO0 OO0 DO OO0 O
P e Y P P - P P P T P
OO tr1r1 00000 OO OO0 000 DOO O
Y R Y T nCRRURCRRNOOROps s o (v s s (v o e 4
B e e e e e e e e e e e e e e e D e e e I e e B
RRRRRARRKRRARRRARRKRRRKRRRRRARRIRKRRR
K 6 BENLARMRE A AdaBoost Il 25 kE A HEmf % Ll 3 &

MEFBATAT LA H, X T BN &, 2017 45 10 A 9 HAT 6 /A UI G4 1
IR, RA 047 ki, 2017 £ 6 A 1 HilT 6 D H UIZRFEARIHER S i i, 155 0.66 /o4,
LRI A MERf 24 T 0.55-0.6 2 [A) BEARTT 5 , REALARBK R 22 220K 5 T AdaBoost,
JUHAE 2017 5 9 H 1 HZwl, FA BRAHRRIZCRHGZ RN ELF, ERRHLARM
FEYIZRHL LR HER R | RS BOR, Al AdaBoost £ 7€ -

(3) BENARMIHEEREER

FENMEBENUARMR AT RS P, B IEZ BT DAY s B 1, RO E RESERL Gini
WA AEAZ Y S RO AL, RIMRF AL B B B 5 AT DL ek 39 s Rl o AR B H ok . A SC L
Gini FE8UE 9 BRI E A (7 i
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Giit-E IMP ™ R 58 | ANMRFIELEBEALAR MR A BT AT sk 45 s F Gini #8501 F 3 o &
FREAE X, 7297 50N BRI 20 7245 515 fin, Fn, BT S B Gini $850% 4k &40~ R
IIleinGini =lg(n)—1g(n)—15(n,)

AL X, A28 k BRSO i SR PE LAY SR BN 2R AL AR IR
RUW_E R EZAE R iR A

Gini Gini
VRS =, IR

A REHLARM A AT KRB, ARFAE X, 72BN BEHLARAR P R S Z 0 mT el A 545

1 K o
Gini Gini
IMP, =Ezk:1||vlptk

(4) HERIME
T FEALARAR EE X IR B AT I 5, RS MRAER B2, JRATKRER)
VA IR AT ROBCE,  [FREEIR DT 13 (BF IC MRS X P AT ALK
MR ZEE T35, ZRE TR0 T R F AR, Pt h JATFH ZEAsE. LL 2016 4F 7
HINE A5 1, L% 6 A HIEERE R INGFER, B2 %R EENE, R
10 fos:

10 SETREHUARMRZ IR NN FE 50 2 [H A7 SR {5 8%

KI-F4F  NIAPCut PE PB AccountsPayablesTDays ARTDays ROE
RFHEZEME  0.0578 0.5386 0.1229 0. 0593 0. 0663 0. 0560

Bl 77 17 1 -1 -1 -1 -1 1

K ¥ 4 FR REVS60 VOL20 VOL60 ROEAvg EPS BasicEPS
FrEEM  0.2105 0.0782 0.1373 0. 0438 0. 0391 0. 0751

K777 1) -1 -1 -1 1 1 1

WL 10 tHELEE B 1135 score:
score = 0.0578 * xyjapcut — 0.05386 * xpg — 0.1229 * xpg — 0.0593
* X AccountsPayablesTDays — 0.0663 * XprTpays + 0.0560 * xpog — 0.2105
* Xrgvseo — 0.0782 * xyorzo — 0.1373 * xyoreo + 0.0439 * Xpopavg

+ 0.0391 =* XEPS + 0.0751 = XBasicEPS
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WRARZRE 715 70 BEAT B P HeFr, phik i #lF44 AT 50 ISR, Bhikhiar 50 RBERE NV H

Py, SoSzHIK P AORTE AR AL EE, FRATE B ARt E 2K P A R S, B IRCE
NG G E . e A RS S idh E—.
(5) Z5R o

FETREALARARZ I8 ALK FE 50 25 IR 0 IO 2R F 15 st 2 G 1 s -

B 7 T BEHUARMR RN 1 3 22 D 7 a8 P i 2 10 74 1t 2k

H1 AT, ST REALARARZ 30 AL R 6 50 22 [A] 71 RORR A (¥ R B I 4 » RaA ) I 300
TRE Ul HIEE T2 (0 SRS PT DARS E SRURI AR 2 BRI SRS A5 2 N R s

R 11 FE TR L5 3 2 D1 e RO 7R Fr) S £ 2,

0 Y Stz ég‘ =
FAd R SRR G T A& FEHK &KXH e ]

2016-07-01
16.18% 38.82% 9.02% 0.1 0.86 1.01 1.75 19.05%  ~2018-09-2
8

Ok AR 27 AN H I B EE 2N 38. 82%, AN H AN 16. 18%, H % N 1.01,
= BEEERN 1,75, SRR 19. 05%. #HEL T B33 “ 9 3007, SR8 E T 29. 8%,
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M HE Ry 1,01, i 71, B AT DU RS, Sl R I
i bprik, A AA I REDNESERI, (H2MIEET AdaBoost Z56 AL 43N £ (K ¥
WA — A, PHCRAELROK .

4.5.4 FT GBDT LW A% 3l % R e B is 2

(1) BENEBS5SH1
X EAFH SRS 4.42 —8, EIFIH lightGBM 23l GBDT. %A 5 |3k iy Frk 7Y (1)
HERf R L W 8 Fl s :

-®- AdaBoost X
0650 1 -~w- RandomForest F,’ %
g n
~-m- GBDT /
0.625 - F' "
1. &7 r’“ o
\ [ )
0.600 - I“‘I W
A \"'|
! Y \
0575 - h 1V W o T
| Mg v (Y "
. Wall \ @
PP AT & 'l W
0.550 - o % A
L .. ' / a
" '] v \‘ ] A /
0525 : iy Y
@& % ll ‘ .4
0.500 - b/ v/
. v
0.475 - v
T L Ll L L L Ll Al L L T L T L Al L L T L} L T L} L L L L L}
Al e Ot M M NN M-t I NN - NN NN ™M
i O G TR A e s o o o o b o R A b G s e Qo e ¢
FONNO NS NMTNOSNONO NN MTNOSO N
b e By G O S i e A P AR B O B B s O s Br ¢
DO OWOUWOMSPSPSMSSrSSrSSESSNS~ OO0 OO0 0w o
Dl s i s e s i s i i e e e s s e e e e e e
RRRRRARRRRRRRRRRRRRRRRRARRRRR

8 A AR P AT A LL AL A

H AT %1, %f T GBDT Ifi &, 2017 410 H 9 HHT 6 N H ISR R &AL, KA
0.49 fAy, 2018 £ 6 H 1 HIAl 6 N H IIZRAEAKIAER R e, 145 0.66 b, 2L
PEAERG S 40T 0. 55-0. 6 Z [A] B4R & , GBDT FUMHERA K B0 =T AdaBoost A1 BE HLAR K,
B2 GBDT fEIIZx % ERHER R MARIRFE
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(2) FrEERERE
6 GBDT ik, AT UIZSEMEARIE |, HA R E S REE IS AE | 7680 (1

B R A

A 1 S 22
‘]j :MZJj(Tm)

m=1

o M ORI . R /E SRR b S R
- L-1 ~ _
‘]j (M) :ZIj 1(Vt =J)
t=1
FOop LRI T A R, L — DR R4 B v, R S AR G O, 2

R RN R AT T BRI IR E

(3) HERIME
LT GBDT K LightGBM FLiZxf I R8s R HEAT WG 5, 43 2 25 AN RAAE ) B8 241,
FATRERAE A B ZEAE AR S T HIRCE, [FREZIE T (K7 1IC YIRS X RF
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