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AR K AP F A AR, A—APAE R A Rk T XAEE i, KB BRE R A
AL, MALRRE T M EAAPFG IR, L HEAH TR L HRDGIE FIHTER
g, AL BAVE 509 R FVAF ARE O

EEEL ROEMEETAMEAZTE
s N ek bt i i iy



http://www.hibor.com.cn/

‘1 +
& TAT IR A% | 2017 406 A 01 B ﬁﬁ ﬂéﬁﬁ#

HUATAI SECURITIES

MBEIJEKER

ME “53” 22

MR EdE LR, ARG RIER—ANETRBEGEE, RFAGKBEAHH 15 AT, b
REW 2%, MY F—RKMTOTROEE R, AR AR A AL ELNER,
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B — AU S RN, B S0 A BE AL SRR, ARk R MR E B0 — R A
RS OREA i it — AN R AR AOAR A . R LR AL AR AL R AR AT R B AR A 7 A
A6 S HOS e AT IR R ? bk X B AR A B R W AR, KA B AR AR B 5 R AT U
R, A I E G — F I A0 RN Ao ik

A, AT E)aEM, KAEEF1E A ¥ S ik £ (mean squared error, MSE) k#
TR RN, BT R ETUSMA T £ (variance) #=1k £ (bias):
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Bk 3WATHRBMN ZEATHEWRES, Jad T 2 REHFFHEFAE, e E2REHT
A

B%3: F£ (Variance) &£ (Bias)

Low Variance High Variance

Low Bias

High Bias

FA KR A AR R AT R PT

ARmE, F—RITERKBAMER TR N ARFAER KNG 2 F. b FTRAGMZET
A GRGEARRA X, TRGINERLFHEBABAE R, wREMNEF ) T &7
BB RAABRKRGT £, WHARRZAVHTH, BELSARKGKE. LRRAU—
FRBA R REGTT £,
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(BAFREZKRT 2), 2 ERKRGHFTRE, APRRK—F2RBRTHE. RN
WiIg AR AL GG B AR, BRAH TR E R T, BARRLBHRA, TERRELHE
BETH, AR PG AATHEL, ARMAERYG I LG —F 38, TILR
MHEREFFEOG T LEE S, BN L ROBEA P L ICBAET BTG RMA G4
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%A B E 4T,
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WhBBHBETAMRERZLAP I RGXEZ, WEEASFHEY KEL, O5=1AH
A ARMHARHK, TS ANSH. AR, IGFERY %m?ﬁftﬁ;ﬂ&o B—
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FAR IR A RAEFRAT T

AT B R LRI, BAVEE KRR KL LIBIE 7k, AU AR A S A KA 5 (K
F3~20 2 ), BRALFH—FRPERNRILE, HLA2EANGE, TE KK, A
PR Ay A AR IR, B 6 BT T SR ARIEA AR, KAV ARAEREAR] 9 &
SANTE WA, SRR LS B ERPEARIEE, HAREFBPENINEE. KL
HAMI1FE) S ANIIEE G TR E, BGEMENBIEE-FH RN,

BT REAS R KA, BTUERR—ANBE T HKBGHERENRIEE., W RERR—
NEEARIE, feEaFE AR RIS, THE N, XfHEMHY—% (leave one out),
KA TAEFRI P ANFERIIE, 85 NPk, XIfHEMAY P &k,
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AT IR — AMER AT IR ? 3T F =) AL, RAVT AR L =30 A B 8939 7 ik 24k A iF
AR, READRERAAST T RLFAL, KAMTARR S L EAFEITIFN, B
MXEF Z VR BIGH R I NT EHH LA, EHHEMRSRERAALLT R TIRE A EH
RZ b, LH—EBIRELEFE R TR, ETREMEUE LIS,

BAX A — A B 77 5B BT A R AP R R T 6 &, A TIF I EARRETE? H4
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Falitt (BEE)e —MAWARERBFEAELWERER 4 FTROEE, B GRA, &
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AR ERATEAIEL, WA KT PTT

BA7: % ARERMRF

AR MR =Fa b Fe A =B b
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2O HE) )=z —— ERE=— """ EAE =
NS Gl ) hbrerrymy AT T T ey

TR R e A KA T

T ROENENERTRAREAZYA
s ek i i s i



http://www.hibor.com.cn/

‘1 +
& TAT IR A% | 2017 406 A 01 B ﬁﬁ ﬂéﬁﬁ#

HUATAI SECURITIES

BA7LEETTFREMAHARG L. £AVF AGEHE (Accuracy) £ “IEFHL BT —
MNARTE &m” BEE, RIS, P EIRE s b (XABFE, Recal). 4
# % (Precision) A= ERE. & FFR “BRGAMSE & ER” E, HAHEL “L
7k o ELBL A5 ™ W, AR R A B 40 ARt G 0B

ST RBERE GRS, G5O ERETUABIFREE LR RKGITFR AmsdT5 LA,
EREHELHXTIKRT « BEA—HELRAREZ 1%, o RER DB B RKLEITHAND
W AR AP, AR A6 EHAEZIA 99.9%, 1828 KX —4 Bk A AT & L. LB 3% A4
FERIFNIGAR, ZEBRRGFFERN 0%, TRLTEHKE,

et iE, AR RE LA GRS B A, Bl S KA RS F I EA AN N 5 &
LRAEZRNEY, AERANEERLLT A ST i, HL4NE R ST REGHEZA HIL
Bla), BRBEHRERHSEAFHIALN TS, RN EER EHEGR LA
Farp RAti g, hT BRI LIRS, AMNTELEY ROC #H&frth & F@in AUC
AR AT IR,

AEBAVTE TR FINEAFAER, EEAFTRERIEAEA RN Tk, & 30K
MR —IBEAGIEFS) F ik,
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MBI HENG
SRR

MR PEE Y2 T 4E

L= )3 (linear regression) A% % BT P R F LAIE R, LR KA LG EF
F) Tike ATHNEHAWHEMBENGEFFIGIER, KMNAE LG —TEREEEF
NGB Pl EMNALRARZHT EERFAMLEE, LB IE 300 &5k 2016 F
JEA T BEAR 2017 F—FE kRt 3T BF TTM BB, 347 42 K FH A4k
A, 135 EP BT, Bk 8 T, RMKZB —FAXTARIFMESAEE x1 (EP
B¥) feBEE y (KRkhg), ZAXTE TAREERyY =w, +wyx,, EFREHNETE
Wy =232, W; =3.03, TAFAMK, EP B-FAEK, A AMZAA TR Lk,

e R RAMBEFINEST AL, KRNRBECIE “Bie” xof “RE”y , @i “D%” %
B —ANRBEFAEEEXROEA, WmREIAX R EAR BT ARBIESE, FAEESL
AL E S AT 269 EP B F xo, AT AN 7 0T 2k kB 2 9B 08D = w, +
Wix1o ARIEC A B4 IEAAR BN AR AL 48 A AT OGS A BEAT I, AHFE MR T B EF IR
S Wy AR o

B%8: TAEEPETMERBHKMERR

80

60’ .

(%)

=3
12

2017 4 — 3 L ARk

-4 -2 0 2 4
20164 % EPH T

FARIR: Wind, &5 0E R 5T AT

5 eE, A LERAEN AL ERITA RGN, FEERNSLEMEEE, AL
ZETFHEAAY: CRRETAAGKREE Y, AREL A p AMFIE, B AR F X,
RKET x2, HEET Xs, oo , EANFERT xp, ZALMERITWBIFAREET X,
X2, teee s Xp B9 R PELL S MRAR TN yo Ay b ARAAREAR AL

Y =wotwixp + woxp + 0+ wpxy,
£, RE@EW = (Wo, Wy, ..., W) R H ER R D ZREFH . AR HEA 23N
M RING K E BT T5 o

N p
Jw) = Z 1()’1‘ — Wy —Z_ 1ijij)2
i= j=

EF, xg R R IAMERGE JAIE (BT, ik T8 i AMHFARGIRE, BA RO
T EW A AR RO DB w A BUE

W = min J(w)

BEEN BEPENENRBHARABEISZILE

s ek i i s i
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EHREEDGHELT, TURAERLBWOBTHR, EEAEZRKRGFALT, @5 A4
BETEHEE #RZAKEFW. ZRAFEAGERY, wREARBTKkEF, @dxIF
EREBRRLYE, LHEERELEAARBRBRGE T X1. Xay oo . Xp, BAVLAETA
MIZLETAA B Ry,

#5153 fe Lasso &3

EEBRDZFRET, ANTBA ZH wAEETORRBE, FELE, wARTRRMAK
A EFC KA TR SRR, ERIERZHETT, RTARRA DV EAGIUANFIER A TN
# . BAMIINENI (regularization) #9F 224, AR D RERKHHGE T
A NFETT Mo BAETT AN ZHK w §-F T Ao bt X AP = 3 75 kAR A % = 3 (ridge regression,
XARA L2 EMAL), FKFFH -

N P 2 b 2
JW =) Gimw— Y waP Ay w
i=1 j=1 j=1

LA A A R Fw Y BIEZ fobt, XAYE )2 77 HARH Lasso =7 (XARA L1 ER L),

& FK A
N 14 p
== y — — . s 2 .
Jw) = § i=1(yl Wo § jzlexu) + 4 E j=1|W]|

Eb, BB SN AENLRE B RE—ANE K N, BRI ECNG w2 A0 ARG ST,
F AT 69 w £ 3£ 0.

ENALEELET: Bh, B4 Lasso F AT RSB ME R T AN =2, BE—
ANRMHERE, DREBEA P HERAMFILTLME, R2LER D RERLME, 22
W E] )3 e Lasso B3 T AT A . ok, ENALTT A R Va4 E, PR SR A
B0, FHLBRLAHATIRGEDRE, METHE)2, Lasso D BEWETHE PR, £
A AT LR AR ST IE, BA 9 RT T H@ % =k, »)af Lasso &3
A8 B ARG WA, Lasso @12 (AR 1) FR 4 Ew R, ExAdEE (AR
50), il &b ZFEGHE wR K.

B49: H@BRKp=Fk, ¥EF)Ef Lasso Bt R KEHME KR

80 .
— R ZRE
3 60+ . e )2
< . —— Lasso = )2
we 40f . Ce e
=
#
#
-
#h
|
-
M~
o
[aV]
-60 : : : ‘
-4 -2 0 2 4

20164 )& EPH -1

FARIR: Wind, £ RIERAF AT

ZiE e

MR HoHiE, BAFTREBRMLE TR LAk kekta, mAFZRMNEETMA & L3k
EATH. #52, KM@ R “HR7 FA, wF “F)E” B, BT RNBGEZH
=2 (logistic regression), X&&FF LA EEF, ApAMES KFALEFE R 2 69H
BEA Tk,

BEEN BEPENENRBHARABEISZILE
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Blde, BAVA L RIE 20T B EFN KRR L. HIGP IR 300 A% 2017 F—F & a9k
@ HEL AT 50 LAss 50 LegANIE, it 2016 SFAA T A FE EP BT . HFiki@aT 50 494
M LA EAy =1, skMaaT 50 9L XA £ Ay = 0,

BEMBEER AR EFEAP () =wy + wyx HHMES, AFPOx)ME TPy = 1|x,),
Waigmmﬁﬂaﬁiﬁm#-ﬁr%T&ﬁ$ﬁ1—mﬁ) BERDZRELFW, =
0.54, W, = 0.30. % B % 10, A& Loy A EETEAN EP BT xo 0 52 69 EFKBEEP (x,)o

EARAE, AR FRBIFRMES 0 LOHE, R, ABRHEHEREZARFESESS

iR ik. RATENR, S ATE e BRI RET, AN 69 LFRBEP (x) K EF
PNFORKT 16948, AmARBEHEG T L, ERBELANAT 02 1201, Bk, &HE
ERE R T £ E A,

B%10: ZHDBEHEAERESE—_HELKE B4x1l: IHDBEEAMES 5, EKE
1 1h
& &
¥ 0.8 # 08
o6 “ o6l
- o
%ii.- 0.4 *l“ 0.4
',:H_ q
o 02 N 02
2 2
Qroe 0
-4 4 -4 -2 0 2 4
2016 4 /& EPH F 2016 % % EP 4 F
FH KR Wind, & FIERHRPT TR R Wind, % &RIERTF T

AT KB EZGFAMEANT 0 2] 1 2 0], KAR A BH =R
ew0+w1x1

P(xl) = 1 + eW0+W1X1

iR R MR Tk KIF A HW, = 1.95, Wy, = 0360 IS4 R4 B A 11 698 X7 T,
& EWENEETENEP BT xo 3269 EFRBEEP(x)o % Xt BAR KO H0, Lk
EPp(x)A®TF 1; % xa R EH, LRBEP(x)A® T 0.

KEBARKE, BAT A HOHEMH AN BIRERREZWEP BFx, =1, iz
BRETAAOLRERY:

el.95+0.36x1

P(xy) = 1 + o1.95+0.36x1
HMAMZRETAMAAK LK, T2 E, SEPRHFAETRA 11 RAAKRS LM, K2
NEFKREA, MU Ja X TFEA,

=0.91> 0.5

L EHE, BAVERZ/ANA T E Xi. Xoy oo XM BTy ST, TS
AT
eWotW1X1+Woxz+o+wpxp

P(xl) = 1 4 eWotwiXi+waxz+-+wpXp

RAG F —AF LFMNH XA
P(x)

1-P@
HFAETEWE T R KRBT T EFE, L@FXEMARMEARX, FHFELAR
LR ARG £ TR, BT AR LY,

log( ) = wo + wixg + woxy + oo+ wyx,

BEEN BEPENENRBHARABEISZILE
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Fe B EE KL, BAVR AR A ENAL T ik VB % it s, Flde L2 EN L EGEE a4y
MK B

N
Jw) = —Z (ilogP (x) + (1 — yp)log(1 — P(x;)) + AZP Wi
i=1 =1

RAW S BAETEAD AL AR K BER A we BHERABET A E, FMEFER
Ty ik 3R Kk BR A

EZ R J0F

AESMFRT RPN, ARFAEEY, KNLEL@AT S5 EGFERA, Bl RE
K Egk, THIERED, MMNRAAK, 2282 TFTH. kit, F2F_nEZH=
BRSS9 X, TONBEMNEZ RN 9 RFHAET R AR %9 %4 OR A%,

) 2| Z AT Al EP B F xqo TR KK D695 F o RAVIRAR F KBk % 3 £ 3RigAT 1/3
EX Ay =0, Kaal 1B XAy =2, AL Ay=1. O TREZy R4 54, A
TURRAAREZHEAEFHE)E, BAdmE, KMNKEETa@RAZHEFEA .

P(y < 0]x;)

1 _ ) =

og(1 PO < 0|x1)) wy + wixg
P(y < 1Jx;)

1 _ )=

og(1 PO < 1|x1)) wy + waxg

FABARR Ly = 0MME—%, y=1204F% —%, BRE_HELZTHD AT H wo
Fawi, #mKFRETHOMEP(Y <0|x). HABARR LKy = 0,100F—%£,
y = 2MAE 5% — £, BT A+t wo A wa, #E o RAFIEZ TR E HO9BEEP(y < 1]x1)0
LFEA, BNE—ANA B =9 RE AT AR5 XA,

e R ERREZMEP B Fx, =2, TAKFP(y <0|x;) =0.11<0.5,P(y < 1]x;) = 0.46 <
0.5, IR A %R Ze9FAM 5 KAy =2, FIBFTA AR LK. RERILFEH EP B-Fx, =05,
STAKIFP(y < 0]x;) = 0.25< 0.5, P(y < 1|x;) = 0.62 > 0.5, AFZZMRZHFM > %k H
y=1, ABMTFAAHNES.

— M, R AT EYTHA0, 1, 2B N1 ENAFFXEGER, sFTFiZH5 N
SEBIA, TUAFEHSHA N-IAZSXFA, @d s N-1 AN FHEEAFR Fr, o f

AR 04 pAMFIE X1, Xoy ooeee v Xp, ARZAE N-1ANFHE a2 R84 XA
P(y < k|x)
lOg(m) =wy+wix; +wyxy, + 0+ WpX,

#tPk=01,..,N—2,

WwRALTERGLENTRFR, AFSPEATERT, &ATAKA OVR (one-vs-rest)
Rk, Bl RMAZAMARR AR, 2 ZLRATH: TARKEREN—X, LECHFH
Eh—£, MAFHEEEE; B¥ Sz —X, ACHBBEA—X, LS THEEE
A REFTHPEA—LX, LCEHEI—X, MEIHHEER, FEANAFHF LA
NGERE, SHTHE—EMANGKEIE, 5AF2E, S TROBE, LPHERRY
BP R M 69 R KA.

— M, SFTF—ANSEFAE, OVR REFEIFFANNZS LR, wRXBAEZY T
2A0,1,2F8 N-1ENX, ATZ604 p MR, ALK NANBHEFZGG XA :
P(y = k|x)

8 = pG = ki)

) = wo + wixg + woxy + oo+ Wy,

#x¥k=01..,N—1,

BEEN BEPENENRBHARABEISZILE
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HFH—I0ALE X, AN AL BT Sk A — R BEEP (Y = 0f),
P(y = 1|x), -+ , Py=N—-1|x), ZBRALBEF R KRGS L, A X RALHTAN 5
%0

KA DA A = R FI B 2 H7

@RI RG D LT R, ARETEELETATATREN. SHKGHAN LR
MBILIT, EAHE GRS RATARE o I, BRI RO RE RV RI AT R T
SRz

& MF) R E5H# (linear discriminant analysis, LDA) &3R4, Ebzx—RFHE
B AER TR, TREATHAFLESSAGBRIX, BT REHANB. 5 —F 2 Fisher
7 1968 SF 7 it 89 Fisher & HI 5k, Z 7 kA EZEXN OB E, &5 EIEENE4
FEA AR, RN EELG T %A,

BAMB AT B &R F NGRS =5 X P A AP, ABEREPIAN AT R KT, LR
P& 300 ML 2017 SF— ?F%ﬁ&%#%MSO%FSO%Ah,&X&%MSO%A
BB T Ak =1, 3kbaar 50 9N LB T LAk = 2. Ax kT 2016 F RO EP BF. &
BWFIR AT, KAVE BT Lk Z A A FIA TS (x,), BT kLA ESFI A7
A28, (x1):

81(x1) = wo + wyxy

82 (x1) = wy + w3xg
BAV RS ETRABEEP (x,)H

e81(x1)

P(x) = 5y T emm

e 1% A e )3 R H R R A AAAE IRK A *’»’( w B ETRE, KRR ATE FIA TALE R E w
AT H AR E S A 0988, B B A th 77 £ A3 8], BT E P RA LA & 12,

B&12: KHEPH SR R AT P &
i. BESCEL SN TR
LIRRE B 0934EA, = 0.28, F £62 =095, ¥ AREn, =147, HEAKLHIR, =049,
T Ex, 693480, = —0.27, F £67 =091, H#AREn, =153, &EKHR, =051,
ii. BIXFEAN LA G £ AR, WHFKREKRGT £
=((n—1-862+ M, —1)-865/(ny +ny, —2) =093,
ii. iR ETE:
Wo = — A2/26% + log(#;) = —0.75, W, = {1,/6% = 0.30,

W, = — i2/26% + log(,) = —0.71, Wy = A,/8% = —0.29,

R AR RIERT R

BT RKRMNANGSFOER AN 695 . R EAREW EP BFx, =2, R4
EakemrE .

>\;~\
s
Ja

7 A

e —0.75+0.30%2

P(x;) = =0.76 > 0.5

e —0.75+0.30x2 + e—0.71-0.29x2

KAV Z L E T AA B Lk,

FHE R EEARNITREZGREANETHFRBE W T ERE.. KIFPHAT, LA
AR R AAEE AR, BHRIRAESY A OBIRE, KEAASATEEERL
-ﬁ%o

EPENCHRBARABEIZVLE

s N ek bt i i iy
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i

s NENZX, HAZEE

—f, HFERMEZRLHEEAS>N L, 2,
SEAE A k & B WA —NFIA TAL

& p ANFAER, 4

1
8 (x) = x"2 7y — 5#52‘% + logmy,

b A H KRR SRS E (P14, THXT p MEG T £ (pxp
W), m AT K ROHAESRERG POl FNE B, HHEAR X BAS K £
WEEH
k()
Pp(x) = e01(%) J 82(%) 4 ... @8N ()
Bl =12, ..., NP RFP ()RR KD K KA AR A X 9T %o

AT B EHETFEREFNSATRIL S LR KR, RNMEE BT, F4

BHARE—RAKRE, A ARBEAPENSBREL ., PHFRBFERE=ZX, O5RT1

o F 2 NI, BAMRAEC IO RFERERAZAGXZ, KRN& i;&l%‘lh\#frfr

ﬁ&kﬁ$L@%M$\ﬁ ARRGHZFERETMNG £, wBE 13 5, 2E6
ARRAL, ZHXEEBRTZH 9 REA KSR

SHEAR ATBIRZ —REANRAN ARG T 2B, HFTHALRGN T £, X
TR AR 677 48 £ IR K, SFERMEFIR AT FI R AR F), A KA A
# (quadratic discriminant analysis, QDA) #7742

1 1
O (x) = _E(x — ) T Z e — ) — 210g|2k| + logrmy,

E BT A H K RO AT 2R, ZRFVA AT FIA T AL A R B E, Prdy £6iL
F— AR &MY, AKX 14 PRERE (LERB) FPFRE (RERXE) HHXK

Ao EBRMORMEIEY, BREREFFYRE
14 & K3 fe 2%

AN T a9 7 ZFEIEAR, ELE X
E RGN R R —FAE, FHTERERAD> .

B&13: KMEFANEgmkERTsE BR14: ZRFAMNEFRMEREITSE
el o © o
o EMHERR 2 . o ERHSHE 2 .
day hipE o2l ol e 12 iEgpenpe P Pt
o |0 EHESRE o e oA EBESER o o e, o8
| ERBRRE ge T8 fe® T RSB sf B g et es
o 0o 0= 0 o 0% =R
- - °oa % & °eb °°% oS " - °oa g & oco °°® og “
N & o0 A% o D g0 00000‘# . (q\] = o0 A% o Do o°0°°# .
rﬂ‘-s o 8 an 0°~2g°oo°‘;:,°A ®, i P‘w o ot N Oo?’&,oow;%A ®, ° P
o o + o o +
E O_QA - ioo Oooooa L . o EO_AA " ioo aooooo o .
A a & ° ° o ot + T A a & ° ° o o+ + 7T
h & A A & & -+ ++ h o 4 A A A a + ++
AAT A AA"AO PR °#++ K & . AAOAO 9 °*++ R
- ++ + o - 4+ + + %
% t 4 o + 4
AA A A + + +++ + + AA a A + + +++ + 5
o + o~ +
: . A + C s ‘ : A + - T
T T T T T T T T T T
-2 -1 0 1 2 3 -2 -1 0 1 2 3
BT 1 A1
PR R A RAE AT T TR R S RAERAT AT
AH@mEM
EMZAT T RIS 5 2 Tk, AR ERFRA G EE T &bk A0 75 XA b # 69 45
IE, EAATF by Esh, AR AIE AR RA A AR, LR fTRAN? LHFEaEMN
sSupport vector mac ine, LA RS A5 17] A =, 2 F ) 2N
( t vect h SVM) kA& —FY 38 ha @7 2 & A A5 R ALH 7 ik, EALE F 5] AR
BAMA T 2R,
BRI REOERENEREARABELSZ LS

SN i il i i
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AANBIHFmENZA, RMNAETEATFIFTOZLLE, AEHIERE -, BH
PRHEM, HAEEMTARA (ZfF&) FHN (Z8p1K) 2RPmF, ET—AP
etk (Z0) AT A —A P-1 RE-FERHSRAILY. T —A P %=,
Xi+Xot.. . +Xp=b # R —ANB-F @, b L—ANFH, IFGELLEVRCELRALA—A
XM ARFRRIOE AT, KAmflkyEFIA, wwBE 15 5, 4 bk E0aKE
MEHA, 2 PR FERALLRPHREAR, R —FAKTARIEREHFER T
BARXFHAEANREESRRAME, MAAXFHEEAARRBLNHS T &, ML X5
ABWYERERBVHINIIEE LYW, AREHRAIHFGE. EXMNGPTFFRLEL
Fo i & F 18 &

B&15: IHRESFLETER

FoAbk R JE ALK AT

EAVT A AW, x; + wox, = bRBEEXFAK, AEROZOHXALAW ¥ =b. MBWA
EMF RO FAF @, R 20T RISGENALR? KNREwWwi+w? =1, ©&pR
Ry =1(£H 1) &y = —-1(£5 2), #Fy;(wyxy +wyxp) = b3 T A RAR L,
XREBEERERSFEANEREAKRT b FIATRME—AME b B KA FTAE,
TABT A B /TR FER, T p fayFH, LREMGRE T, K4

Yiwixip + wpxp + o+ wpXip) = bo

R4 95 F R —ANRET R, MAFHEFORBREERRERAHRTY, K12
— AP R ERBERIES RIS, BT LR FR—ABREERIOPRFT X RE
Bl b @ A A — AR K i,

YiWwixyg + woxp + -+ WpXip) = b(1 — ¢;)

ZSL' <C
i=1
REBMAA D AL EHF A EABIR, BRI RGEHEVRPT,
A AT, BRAKRELERD—FERMBERFRFEL, wBE 16 LB T. 224w

R — AN x, - Xy, doBE 16 B BT, FhT AR R I IR BN, Kd T LA
AN — AR X T BT, M Rk SR

HEE EPENEEERAMEN TS
SN i il i i



http://www.hibor.com.cn/

‘1 +
& TAT IR A% | 2017 406 A 01 B ﬁﬁ ﬂéﬁﬁ#

HUATAI SECURITIES

B%16: AHMEFLEMIARAA

X1X2

FH KR A R KA RPT

FIUAEF R G938 s 69 77 X, KA L RIG I —NERMBE %R, tiex, +x,, BT
XHEFmENS AT R )IF R AR AR, KRR WE LR 16 FRFEAYT, 3% X6
W, tdex, cx,, X3FF, B TERKRANG T X2, BH—MF LTk e,
RREBMNALT ZAEEAFBMNANA G KAE RBRE IR, ¥ e RHRFTZEF
3.
o x%z x3 xn
—1+x+§ +3 +"'+E + -

XA AL A R T X 235 KA R,

EML@AANBYE I FE=E , T X FEE A B AR T A B ATy R
AR “EINRZ 4R, ﬁfTT\F]é'Jﬂ-;gl)\T#Z (kernel) &7 &kt HAFd. 3 F&HE
B, X TRFEGTETABE: F(X) = Bo + X0, a; (x;, x)o F P n REDFHH AN,
X R RO, (x, x;) A #TH A 5 LRI G R RAR, r?%ﬁoﬁﬂak']%i\k‘zﬁ/ﬁiﬂlﬁ?ﬁ
At R AMAT LARGH X kLT (kernel) K(x;, x;1), BUX L9 AR5
BRI f(X) =B+ 2 K (x,%)0

B&17: XFQETHEAHEIK

i KM K(x,xp) = Z;;lxi,—xir]-

ii. 5M A K(x,x) =1+ 21};1 xixp )%, P dASFAXGH K
ii. AL K, xp0) = eXP(—V(Z;;l(xij—xi'j)z)

TR : T RiE KA A

FROESAZA, AEB. ZAXBARS I BB F BT X B X 17 T
HAER LAY A B, SMEHARMNZATRE G AL 7 A RAEFRIEGE,
AEAMZRFEFAGAR, ZRAXBASMBARFATHGAR, EHTHREL
AK—%. Bk 18 A AR TEMIAEG 2 £ 2

HEE EPENEEERAMEN TS
SN i il i i
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H£18: FARABEMHIFGEN (BHE. 3K ZAXM. 55 5 A X EHE)

SVC with linear kernel SVC with polynomial (degree 3) kernel

X2

SVC with polynomial (degree 5) kernel SVC with RBF kernel

FAR IR S RAEFRAT TN

REWHA—TRIRERA 6T &, RMNAZAELGZ; R T2 LK Ae, & A8y LR
HEC, LHELE S RTF, BFERNXERIEN T EREF RS EGRE S H,

B KA A AU ARAR

2 RA

EXSBMEFEI FikP, x¥EH (decisiontree) £ JMALH F AL F X2 —, K471F
BEF R B A AR TR, bR RAEF IR B XA TINRG KA L L, 240~ 9E
— AR KB R, AARES RN, HMIZELETREEHMLERREAFHH, 4o
RARZENY, BARBEIAENK, FIBTCETHFRERGHFL, wREBFFHY, B
BRER 4, Ralk Tt _fxdFH, TR aNETHEARE T4, FHRE
DB AR —F K, AEIR T iz AR k. RATE L S F T A2 03 ks A 89
KX, deB %k 19 Fras, AN LET Rl AN 2 E R T — &6t 9 .48, 4amneyett
FERARL SRR,

‘WA RPETENRRTIAMEN ST
st N ek i i i i
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H&19: REMBESEHFTHL

XM E L
AR &E
£ A A hh

N gy s

'ﬁ'ﬁ%ﬂ A% 3 B
N\ s FA A

I B A | A B
N\ -\

FoAbR R JE ALK AT

M —RE RO R ZET, H— 5 RFRIAFIEAE A T 25 AN, Bl B K 19
W e KR, F—FRIZARBRR/ RS E, ERRIBFIF/ B K, LRER
BR A/ TR ank? A3TE—PIA, RERE 8RR &880 LR F Bog 257,
A RN REFT B REHEEEERK. T @&ARXE—PIHLHA,

B e AN A PARFE L AT R EHT AN (K. PR FetrR4E GHE. B xR
K) MK, B IEEE 200 AWNE, KTIARZAIET “K” £7,
PONTAERELKRSHET “B7 £ MFUR “REAHRTA” AN #ITER>EL
BAF. R AxFME T E I Z—FR?

B %20:  ARYE T E AR Sk WA TR K 2k 6 AR ol 4

B TR e RAe R
x H ok #®
x JA#A b
i H ok #®
i J #%
o RS %
O Hw 573
AR F# 3
AN ARk %

KA KB S RIE AT

AARE, T AP AGRNRIEFT ENEEME LS (information gain) & K. H+
“f287 @ (entropy) HART#E (Giniimpurity) & . AEAY, HEBARTE
&t $48 4 R (Claude Elwood Shannon) 7& 1948 F#2 i 6912 &) :
i(p) =— ) P(wplog, P(w;)
Z] J 2 J
AFi AT R D AP OREEME, PDATHALT | L0OBE. F—F o HaT, &
WEAHATHINET “Hk” £7, BEHP(0HK)=3/8: BAET “3k” £5], #mE
HP(wk) =5/8. EHD>EATAHA
3 3 5 5
(2 37) = —(— — — — ) =
1(73 ,ﬁn]) (810g28 + 8log2 8) 0.9544

Yo RABMA “RE A KTAA” AF AN F e HE A ZAAANST T &, £ 2AHKTIEHEAF
BT kT EAGMEAP(0HK) =0, BT “%” AAOBEHP(0KR) =1, KHTT LN

BEEN BEPENENRBHARABEISZILE

s ek i i s i
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WAI(KTIE) = —(0 + 1log,1) = 0o KM, /AT 5894 H

, 1 1 5 5
l(q’ ’]‘Tﬁ’fﬁ) = - (glogz g + glogz g) = 0.6500

aul;
(=

BB AN HAB IR £
Ai =1 - P.i
®) = i)~ ) RiG)

AFbp AT mp@THR, RAPESp AmE, ks RidiEd, 2RI XTEGBE
AP(wKTAE) =2/8, 5B P TALGBEAHP (0¥ TIE) = 6/8. Bibfs &3 EA:

Ni(REHKRTAL) = i(DEAT) = Py ui(KTAE) — Py o i(F 1T 4H)

P 13

2 6
= 0.9544 — =X 0 — 2 X 0.6500 = 0.4669
Ja RBR CREA DT R CREAHRE AFA AN, HHEELRER:

‘ 3 5
AK%%%¢W&O=09M4—§x0—§x09ﬂ0=03M5

3 5
AK%EHWﬁ%é)=09M4—§x09w3—§x07m9=04%9

FELE, EMATROPEAN T, “REAKXTA” HEFEFER K. RMN\RETEH
RAE, wBE 21 Fid. BT RREBAR ik, BENFTHEET5E, AEEMHEA
AVINLIRG e TN L, Bk 22 T, RATAREREFAGF ]

B&21: A “REAHRTE” HAMNTRFERETRD>L B%22: R KkFFZRPERZRREMES
| RT R |
] ) e 5
st & Rp4a? | i=0.9544 /\
N = Bl ey
Ai=0.4669 2 &
% 42 4k
P=2/8 P=6/8
=0 i=0.65
TR IR AT ot AR ST

ALEMETT R LR FMMES R, EEERRIAY, TEOPER—ZRHE
—AFAE, LT UARIE TN RIS AT . A TB LS e, BF KA THERS L
bk AR Ko =+ Fk, FRHERET SMHEEMEE, BATRA TR
7 k& C4.5 4 CART. AH R KEAR, 2@y LA —» £ 5], CAS5HEAT ET
PERENTFHE, FNEHRHIENGEL, RRATHERMA; CARTEANT ERASEARA
NFHE, IHFEGES, TRT> LA,

AT ZATA BN EF 2 77k, RFEMGRF L E 046 LIFRE B, 2. T
AL LG HFIE, do L ARBIT P RS RAE CHIE . ARARK); 3. TAKR AR5 £,
el K 23 B9 R RFAL, ZPIAALKKS )T, FHEE, KEZG ISR ENT LB, 12
AL F FAETT ARRAN G o RIRA Y SRIG I T ARAGE, 2 5HAIRF 8, FHLRE
it g AR kTG, ARG T SMATREMGLS LEERT &, BB RK
8 SR H R KA

BEEN BEPENENRBHARABEISZILE
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B &23: ZORMMRIEZMS X F R RAA

Xom O ws x1<0.5?
O W o -
10 o K/\
x2<0.57 x2<0.57

-0
> ¥
e
De
e
De

TR T A KR AR

Bootstrap #= Bagging

CEZANBREE, MANEE R, EAREFEMOTNE A R, T SA550 £ RHE AR
RS RE, ARSEBREREEZRTORA, pREERLEFAAKRNEL, wEEX 24
R &P, A — % Bagging 7] (GHiT 4 %), & — % % Boosting % 7] (%
&) 3T 54838 M, 40 F VA Bagging #9 7 XL A& K, T AR MALAWKRE &,
4 R VA Boosting #9 77 X8G4 K, T AFBIHERI & F A (GBDT) F7 %k, X—3p
HAVWH A4 Bagging 7 ik

B&24: HRBRBRIEZAREMESFELE XFME%R

AT A7
Bootstrap Boost
Bagging R FA AdaBoost %
[ [ [
|

REALAR A Mo BAR T R EA

TR e RIE R R

Bagging % Bootstrap Aggregating #4945, H %44 T Bootstrap. Bootstrap X4k &
ik, KEgR—F%it sk, T 2R TFHRETEOLTHE. Pl SNALHL AR
FHTBE, AMGKIFEED A 2017 F—FEKRE AR 3162 AR FNTBE, KHE
F8%, = 71.02, AL 3¥451Exe 34 {hAe T £ R %4 AT HR?

Bootstrap 7 k6948 B R AR @A, RATE RAEIERE P RAMFR AR, K
G E, B, BRE, e , b EH 3162 k, HFE T A4 3162 R
JRFWHEIEE Dio EEBIRBHIEE D PANKRETRME LHE], AHRETRE
B AE] . HAVEHHIBE D14k A —20 Bootstrap 3B E, KHEFH K. TH LR
%, KATAFE N 40 Bootstrap #44#E%E D2, Dz, - , DN, AREMHBIEEG A
X)Xy s Xpnro ABIXE R AKHN = 1000, T AKX 1000 AP35 7 2 F 693514

7= ﬁz_ljo %p, = 70.60
T E
“REFN RPERCHREARABEDZ LS
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1 1000
Var(x) = mzizl (&, — ¥)? = 1658.08

# h Bootstrap 7 &, KA —/ANRIEHKEEITESE T N /NF749 Bootstrap #48% .

Bagging 7 %% Bootstrap Z 8 AME F 3] L& H. B £ 25 FTw, RABREHKESE

4 % N /™ Bootstrap %% %&, 3T 44 Bootstrap HKAEE S A NG -0 £ %, RLA

BEBCFHEF T EBERBS LR N NSRRI 4F7281T, Rk Bagging 4

ToiTH k. TR RNHS£E (Pl ZA. A4E M%), Bagging it 2% R &M
UESI RSN S e R DR F A

B#£25: Bagging #47H kT&

) 4
Bootstrap #3 4 D: - BarEEG

#"E (5R)
PR (=03)

% EC

A

Bootstrap i 48 4D

Bootstrap 4% 48 4 D

AL AR Ak

R B, R “A&AR” (random forest) & B Ax % kR AT A mREIIE F ) H ik,

R, %AR&FAE L Bagging 89 77 XE AT B EALAK. Bk E, MAURKRE &
WRABAT AT 7k HREEM. F—THA GTRE", KEARIGHERAT AR DR
HAE, 152 —A Bootstrap #4EE. H AN “TURAET, KA M AL P ALLEF
m AN4EAE (m s F M), A Bootstrap #648 % 49 m AR A #1690 5%, D1 —HR 2 T

RAKE AN R EFEM ALK Z 0 7 Kb,

T @ &AVE—AN ARG 5] F 5 ok A Fe LA MR I K. & AMA 2R 2016 F k7 K 300
RO EE R B FAm KA BT AN, N 2017 F—F F 5K HF L. KRAZLI
2016 SF R B @A) EP BF (FAFE TTM BE3) A FELEF, ROE.G q BF (%
W — AT NI MR T TN EE) EARKER T, B AARF B P AR ERE
Fo R B ALE . BB RATM AL F 2017 FF—F B A9 Fkekta AR & B AT HER, i BGAT 1/3
EAINGEG IR, B 1/3HERAEP, T 1/3 8K ETRANNGE, Bbil%Ea s

200 MR EHAAETF (M=2),

EAVE LA AR T HE—RZEH B & 26 LB PTT, e aRE VARG EH],

THEEERENGEGRE, refol et KT HRBARES L@, FALE XA
g (B &) Alrh 37 £7), HAEE G RRGMXHIE (BEE L) Hrh “3”
%5']0

BT kR BV A8 R 69D 25 S AR A ALA AR o AL AR F 69 2 R ARAHL A 50 (N=50) . *¢
THAR K FA, BRATITRAE, K 200 AL F F A 20= b A 200 K, £ i —A> Bootstrap
HAE; MBHTIIRME, KBNETFELLER—AET (m=1); &/ LA Bootstrap
AR — AR T 55k A

TAAEER 50 Mk AN I %G, AXMREN T X#ITEE, Hldl EP B Tx, =1,
ROE_G_q B -¥x, = 08, 50 AR EM b A 49 #RAIWT A Lk, 1 4RAIMT A Tk, BT
KA BEEH49/50 = 0.98 > 0.5, BELEIAMRRLPIBA B,

BEEN BEPENENRBHARABEISZILE
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MR R B B R 26 F R BT, il e RBy A gikfsk, LERRE
T R EAT, EEARKTTRBEERLS . TAKALXEMAEINAKG LERE
mORAHES ER, RFEMEESH L INIEEHEYH (e EBGET A KA KRAA A 42
E)e REMAAKT GERMARA—ART, BRASE-ARBRREIRBT, TE
Hid b IRT RIFOIAET I, FALRAME ST I A TN R BB, £ AR K
. A, RINE RS T AL SRS T RN, Bamsh B aTdEFIRTOMNE F
51 ok,

B%26: H*EM. MALEMHA AdaBoost = F kit

DecisionTree RandomForest AdaBoost

x2: ROE_G_g
[=} -

x2: ROE_G_q
o

x2: ROE_G_q
(=} =

4 2 0 2 4 2 0 2 4 2 0 2
x1: EP x1: EP x1: EP

FRR R Wind, 4 % E K5 AT

AdaBoost

#= Bagging #4744 555 £ 569 %2 RF, AdaBoost (adaptive boosting) #3545 £ 5
BT 7 RS ALk, Bk 27 i, EINAZAT, SR T 2IRFABEFHRE,
F—F AREREANGE, AN RE C, Bk 28 ABM T, o TH LHR
R, REARE, Fo P UAZHFRBIAEORBANGE, BRING—ANEH5 LS
Co, 4B & 28 FHEFTT, MBE L LRI, HFRAETHATHAREF NS
XE, wBER28LEEPIT. R, HANHYLEAT AT I €O BN EH A0 K5
BE, FEIABLEABSHE - RERTASFE RS LE, BIRFAKGBLEEIER
TG, B& 29 &7 AdaBoost 89 L4k H ik,

AdaBoost 7 &P @835 R BT ARMEMTIE F 3] 5 R H ok, £BE 26 b+, &
VAR FRIAE A 355 £ %, 1% A AdaBoost 7 544 50 #Rk Apfsa Ak, T3 E %A 26 %
B men L@, ke FMAEKRERED, RBEAEFEARST R, REMT 7
WA £ F. AdaBoost 23 T o A EH RO E, B R MmER 2 HHE, Tia
EREMAW P A, E4Rkm S, AdaBoost & —AP MY, RIHRER LY Gk, AL
CMBFIHEELSERB R AR SR ERE, EENBA LML 2082 H.

B #%27: AdaBoost B HkFTE

| JR 4 H 3 5D i %

A3

| A7 AR 49 338 D2
AL

| B A7 AR 69 S Dn

A 1 RIERIT A

T ROENENERTRAREAZYA
s ek i i s i
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B %28: AdaBoost ##fRIEAyiTAE

8 #£ EC BrRBEC BaEBEC

FA R IR A RAERAT I

B#%29: AdaBoost ¥ k#9Hh KD
i MBI S = {(c,y), X0 Y2)s s v )L vi €{-1,1}i=1,2,...,n
ii. HARAEMIENR: dl =1/ni=12,..,n
iii. st=1,2,..,T, #a%k:
a.  HBHRAALBILS, A" = (db,dS, ..., d) YN EEE £ B h,
b. S h &9 AR R = Yy en, o df

1-g;

c. HEEBENREq = %log

€t

t
d. Fdh: ditl = _ASPlayihG))
A i = e Caryimec)

iv. Lo AR Fe, = 0Re, = 1/2001F L 1B3R, RET =t—1

V. AN fr(x) = Xieq achy ()

F# kK : Freund & Schapire (1995,1996), % & 4% % T

% 7 if AdaBoost 7k Ak FA, AR EE L Boost BTSN R, MHEFA LS
#ay sk A E R H R, M E R 3R A (gradient boosting decision trees, GBDT),
VAR i PR S MR AR B #2 4 (extreme gradient boosting, XGboost). X277k X %
MEFIAERTREHFERA, AALLT B9 AT x.

G P L

AlphaGo #r % F 89K & 52 5] (deep learning) L K 58 2 S 4a 4k A KT R 52 5] 77 ko
BNBEBFIZA, A2 HEHZ A% (neural networks) #—3k i Kigd . 442 R
R R RN LA ARG — AP H R A do O R B A — 11 5 AR U #3740,
FRBEFANAREN BTN AT, W 2HA “EH” R? AHAERLHRERTT
VA8 1 %) 1943 F #2149 McCulloch-Pitts 4% %! = 1958 “F Rosenblatt #2 i 49 L Al ,
[ & Rumelhart #= Hinton T 1986 4% i B M 13 4% 5 %, LeCun T 1989 F £ 5 5 $ F 7
ABURIAF E KR T Z G AP 42 W 4 6957 50T N T — BBt ) 49 16347 3 . L& 2006 4 Hinton
BREF] EBIFNEZRE, WHERBHRRTIAMNGEE,

St F— R RANRBRE LS, b E T RATEM, MEHEIILTETTHERA
KXo R, A —REAMNRIEFELES, e B RA A5 500, HLE 69 & AL2p
TG AR, EMFRRNREE, AERY, 7 F32yR2EHME . KT
e Mz B, TUKE, HERAARGARKRAED, EHFRARGEH, T EF6
ANEiNFe i A2 ik, A m R BALIRA . EF IR,

BEEN BEPENENRBHARABEISZILE
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AN F KRR — AN 2 860 LAY 2 A R4 EAIAY 2 ) 2o AP 22 1 26 R ARk TR
R, Bk 30 . WEAEEX IR ANRES, —HRLT, 2XSHM2
A FIdRE . —BEAWZ AT E—BET BRIV ARG K, FRE
WAz AR — R BE, AR A AV A TAMEE, RTAEHRE, ©ESEMKLH TR
IR, BEFBET —BAAETHME ., b BRE BN R —ANER R,

B£&30: AALHTER

— WR

BRI B

-3 4R /AP E U Y
S
Y AR
wAiz 5 - =

## &k : Goldstein (2010) Sensation and Perception, 4 % i %47 50 7

ARG R P A ETE AT LEHR PR THEN, WwEE 3L TR, X% X
WA AN R, REMANGIIEGE L, MY TAHETHM RIS, 01 B 04 4k H ik
BRE, RERAEZLEYESEN, T2 BT NAEAT. HAE X0 B xa 0912 L3R E hofe,
MG 3 N — AN B 606 iR (), BRAAAY 2 TS 0 1TAR . o R OIS S B 46
sigmoid & 4. tanh K& %,

A%31: $EAZRLTER

y=hdx)

FH R IR e KA KA T

PANAYZE AR Y T AMARER, LA R OIEFRFIAAL N GIEXE R, ¥ A4 ETE
EikiE, R T OB ENMNERL, WEARSARIERRK, S BEOHERETIRL
MG AT — AN . Bk 32 BT 4H —ANEEE, MANEFREAT SR H
4 92 R %,

“EE R RRTAMEA ST
s N ek bt i i iy
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H%32: AHEARBENNZRLETER

N & 5% & Hr i &

FHRR: L RIEFTTIT

AR et A2, KAVRBINNAFAE X 7 1B ME a, BAREIZBEGES B H
d ARG FUMAL y, X — AR A AT @ 45 46 H ik o RANA ZFAME y Ao L RARE t ARIE L AL,
mim B AR S M AR R THE—EPIEERE 0, ABK 32 9MWWERNLE T, M
NEFalE B S 16 MR E, REEAMEEZ R SR A M EERE, £t 20
MadmSd (eRAERBAERETN &, Wad 24 ~adid0, RANE B IRAF
BRI E SR O, RAFMMEH TRk LR D RIERZH AT 0 3715 KRG EA2
A RS k.

bk, RABALKBMAS, REET EHAES, BANKIEGIESAL AN, 22EKIF
BRI, ARG EE AT BT RIESZ AL Ak, RELAROKBFEZ 24
Who, LAY LK, HERS. ok, RattElilaks, #E
WEAGIIFIURNFE R TR, HTALEEERETNS A ERAT AT, X
—IFARAME IR AR, BREERAGEAFRIMEHEAL. RE, HiF CPU &
it A ) R AL AR R AL 09 SRR TP AL XSG — KR T AV 22 M 269 )2 A8 o

HR33: ERFERLTER

i fe C3: f. maps 16@10x10
: feature maps S4: f. maps 16@5x5
INPUT @258 ps 16@

32x32 S2: f. maps
6@14x14

I
Fullconrjlection ‘ Gaussian connections

Convolutions Subsampling Convolutions  Subsampling Full connection

# 4%k : LeCun, Bottou, Bengio, & Haffner (1998), & &L 4% 50 P

2006 FRZGHFREMTERERE—ZINTREASHE, LAEARERWEZRL

(convolutional neural networks, CNN) & k%42, FHIHBRA AN T 4P 2 F 24 69 5%
A, BA 2 W 25 69 45 2 LeCun & 1998 5543t 5 5 F &R 4% 4 69 LeNet-5 A, dw
B4 33 Fim. AARAPZERLR KOS EZGRBALREI R 4o, £—EF 55F
e E— B AT fAEdE, MARALE-EBHIGT LEE, FLEESMAUALREY
BREF, THEXKRRY TEEOHD ., LCHRRTOIEEEREZ LT RLE, 3]
AF 6y ReLU & /455, 79, CPU #EA KABFATHH AL 7769 GPU K, Ht,

EHE RPERNCHERAARABEDISES
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FHFE R AR T F RIS MR R LS A iE A ) IR F IR AL, A A5 AR S RS
AL K AUAEAY 22 ) 25 69 D SR A FT R, B R AS— 3 R P 6 IR L 5 3] oo

AWERBAREFIREGF I — T, FT5RBENTENL, &FH R AER
BT RAE, RBEAELMFELAFR LTI, EAF ) d42E 25 FEE,
MAMIVEETREEM— AT REEMO TR, EAMNIPA—RHRL LREEY, obiy
GRGIERALAFRZLEETEIRE R AnX LRt red, KNHARNA—
LEB—HEHMT R Plhoiv 2 W% P o RHAEAR ERRT EET 23T AT &6
B AR, T AR RS AT TTALALAL IR, A T A 2 W 2 £ % sb A IR — 305 Gk
A& AFFRMNEETRY TR TR, BAHTHFBHERLNYLH.

MR T AT BARIR AR 09 B ARAY 2 R 2, A RAT T L R SR T A A A H R
FH%k, OERATE A EAe %)% R% (recursive neural networks, RNN)
Fek 4211 M % (long short-term memory, LSTM), s®#732hag 4 FHE LB 5] 69 4 &
st 4 (generative adversarial nets, GAN) %, #A & Lk Hey g AaT %, A%
HEEFE ST HHACHART Lo

K RLARH &

VAL &g 9 R Tr ARG B de TARAR : do RAAE A 09 S A IEARAE F 4228, AP A CAART Ak
B TR — &5, #8E0H, FMEABEW LI FL 4B £21% . RMNTmH4E Lk
A, R BB RN A E R ALY B A B RLARE K AR SR £
kg —iX 3t A K R AR (K-nearest neighbor, KNN) Hik, K RifARE RS L
EFRH, CARMENUEBEFIE AT —, BAENERTR L. FREINMALESFE
A KA RABDL (BR4FAE S A P AR 09 AR, e R K SHETE—£7, Nz
HALETEANEA ., Bk 34 ETT K7 B8 —AN9 £6]F. IGHEG SR Efe Rk &
BAEA o G RMFM S EFTE R AN, HARIEBCRALG TAAE, KASNE
T, 2ABETRE, e b EH%, BLAB TS EETLE £,

B%&34: KRAEMFETER (K=7)

TR R Rl £ BT T

ENFHAR BT AR EASOREMBEAP . £BE 13 B L 14 7, KR A XEH
Ry Hre ZRFIRDATALT %Y. P FRBFEREG LLT, LZEMMEA K RLAR
Fx. dFTHAZTAFE—ELRAT 1 /BT 2 6951E, ARIE K RLARR N A% 557 & 55
X, RARKENHERZ A REA KB,

KBULE AR &ib g R ARG HREF AR . 4§ K=3 8, 4B £ 35 /%, 2 RARIEH

BT 4 K=21 0, B & 36w, »RAFHLET AL, — AR, 5 KRMEDH,

HRAFET o, KREE KGR, AF2EALE. iTH2TRINEG, BHERER

Rido BEHARR K RIATS R0, RERMFRALR—ANSER KA, 430 R R a3

WAt w, RiEL ) KALRA AR, @R AL ERIEN T 5 FRRAL KL
REEL RPEACHRBHRABEDZLE

s ek i i s i
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B#35: K REARF EaBasBitiro £ (K=3) B436: K RAARF EstBMHE#THE (K=21)
3] o © o
o o
o EPHEZRR ° ) e ° .
o ° < o °
~ A EEEARE OIS ~ A EERRBRE o’ T8,
A B goopoo °°g A Ro :o:oo °°°°
- EHSBRRE o0 %8 0ol 7 e L ERBRRE o0 %8400 ° oo
a o P ol ° 5 a = pd of 54 X
- - A %oa % & %R o ° - - a %oa % A oo 03‘; :
(V] °0 ¢A°°°¢Aq’@°°°° & 3 N %o °A°o°°AQ>g°o°o° o
R 4 o S °°‘§:p°° }A B, © i o S, S °°‘§ﬂp°° 8°o° a q?o% K
E = & ° oo o G + E £ & oD o o il
o - r'S Aoy i o ° o 8 Ao, i °
4 a6 L TLT MR T, S s & o CJQNEEEEEEEET T,
a a
ad 4 aB4o :QAA °*+ 1 ad 2880 o8, °¢++ 4
- + - itiks - + + o
a % ks + a % * o+ o
a a + + 4+ + + a a + + 4+ + +
a et a L
) o~
Ve + o+ il S al + o+ + +
A + + A + +
T T T T T T T T T T
-2 -1 0 1 2 3 -2 -1 0 | 2 3

‘‘‘‘‘‘

TAPRIR : A AR AT

&

# £ (clustering) £—# LUK EF ), chmamest )23 E—4% (cluster) ¥. &
KT FEICETAR R THAN R, ARG AR, REGIRAEGF, RE5H5LOR
ARRAET, 2 RWEFRFLLH, MREEANT—H, BARLZLEQWLERE55LMF, @
PREAZIARLEL, RLKREALLE TS £, TOAAMAEANBRELEZTRAF
Reg—H: K¥HMER £ (K-means clustering) .

B&37: KAHMREAF—KBZRTER (K=3)

. \// o

(R ST P

T ROENENERTRAREAZYA
s ek i i s i
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B #%38:

K AR X F st #E# 79 £ (K=3)

K 3R £

K¥EREEREREARATEE D KATRBRWE, HY THEARERASRK X, ENEF
SRR ARG IHE, AR K . RAELE & 37 @90 F LR R iEAE. B
TR ERENEGHERE, BMNAFLRECMNHR 3 X, B K=3, ALEMNAZ 34 5E
AR, dok LEP W0 e et e b, K5, W EMAEFRESLRAG RS,
HEELPELZ RS E%E, ket ERTT. B, RREANZF A E6G-FHEHK
TR, ETRLHTEERSRFHGEES, HlFHH—kERep L4
R, b TET. TAERS X, AIZETAETRAER R KER LN L,

Bk 38AEk& 39 ETT KIRLRANF —AKEGRELZERKHYEAR L EAMN ALY
DRI A BN, BT L —5 R H RN M. R, LT A S K%
HRKNTFHERERREEXZTZOERNARFEZAPERZELILRARAKAN P LER,
RAA R A K AR,

B£39: KAERRFHETEMKERETS X (K=5)

factor 2
=]
.y gty
L]
&
-

factor 2
(=]

factor 1

factor 1

TR KR B RIERT R

R

THRIR: B RAERT R

K¥HEREGKEREEZHR, BEHFEN. 2 RRRALER T KAEZ R K, Tk
BB R AR, A RABKEE DAMSEG, SRR R KHEREU, F
RORET FLEAPEREFBER L. DEREANL R HIEAT O ESTERYHE,
VAKE R Z 18] 69 A0 AR F A Hak, o LR Z B g An A R AR, SRR e AT A
ME FeR AR ARG LGS, Bk Ea)BREM, EREAZGEREARAAENLA B
XA, FRBETOENTEAEEARGIE V, KIR &6 69480 2 W AF A 48 52 TR
BIEEL ERIEL, KAdfFE—AETHERENLamRE GV, E).

M2

B ok, RAVRORIE Q& F % EAHFIE, 122X EAFIEZ A R T# AL KIK, TEX
IRHFER —MFF, TRFRAINNRA ZAMAARR; R THREAMN T 20, Th
FRIAMEWFEM, ERTFEAT, SERFETHEALDL), Pllo—ReDEEM, 5
HAMIES p K THAAN N, REEAR D RE#ITEE, FI, KREARFEES
HTRERRM, BASRETHAIETHR, KRG “ARE” LRETZ . BIRATA HFIEA
e O~1 Z R BUE, 4o RBEAVAABAAAE R LRSI IEH AL 0.1 AR FE R “4RE”, R
LA R—TEANE ARE” EEHRG L, —E5HTR 20%, —42 4%, ZHLA
8%, LMEBOWHT, HALIF MR THLH2 LW RMKEEE,

ELZRTFRMARRY, RN @6 R AR B 43I, m LR -T2 0 A2 54 XK
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HUATAI SECURITIES

¥, 53 71, Zo...... Zm3E M ANFT G 43 1E
14 14
Zmzz¢jmxj Z ]m_1
1 j=1

[ 5 X ik BT 6 S ARt — F B9 AT, e 7 KA S E T e M2 Qm, T aAB=4F
FROERET R ZRY DA TR = F kA Fisher &t A A ik,

-
1}

E R
Emaa# (principal component analysis, PCA) &% A&k 5 iz —, Bo B3k
RIBRHEATAFEHER KRG T @M. —AK, ﬁTﬁi%&z@ﬁu%Kﬂ(%%f
TARRRERA EA2) el ety R, BTG BATHIESTIRENLE, AR E
AT ), KRATAI 2016 FIK IE 50 M RAG T B FFaTh 4 E ) FRITIRAENL, F
B EE 40 PRY R E, RMNAERE —FAX, FRFBEBXPIXLALS, 37
M ERK, BPTF @ XFHRE KE:
Var{g;1 X (X; — X1) + ¢p1 X (X5 — X3)}

HAFAE Z1 FR A 5 — RS

= ¢ X1+ ¢y X2
RAEAMIFEEA R 40 P oy AL, )&m AF—EIRD DTN YR . BBEEETELET R
T FTERK, ONEERS; MEATAX I AL T 2R ), TUAETRE L.
ZHRIBEEAA R LR AREY G G,

B&40: EZRSOMH—AHBEPI AKX

AR T S F

X2

X1 #T/fi'ft"ﬁ_@.g

FHRR: Wind, £ RIEKTF I

T e sk dE, RO LHAEM, AATEREAZAF T ERKG TG, LHALFT X
RAKH—F7] @
Var(¢yq X (X3 — X7) + ¢ X (X — X)) + -+ + Pp1 X (Xp - X_p))
HWIFEF—T R Z
= ¢ X1+, Xo+ -+ dpiX,
MEFRT—%52Z: éﬁéﬁﬁ& AR TRy, O AXRAFHRLT ZRKOGZK,
T EE X —i348, HE KA MDA

ERFREIAEY, RNERNRHLGTETH EZm0. Bt RE p LRBOWHT £
FEIES, ST HN T £ 4B A AEAE 5 AR iﬁzéﬁﬁ%ﬁifﬁfﬂﬁ&ﬁﬁo X‘J”H%Hﬁ\b KB
FTHER, BUAT M ASFAEAE ALy Az, woeeee A R EGRHIER E ar. a2, e L av B M AN

ERSTE. EFE MAEZRDZ, = apnX, OnENT Oin Poms woooe « @pm AR
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ERZH GG, BMNATAERAE M AEZRSREGH AR ETE Y #ITEAKD
o A AT AKX A7 EXARA ERS AR AT IUNIFFIEZERET AT EH X
AT, RIFELTARBETEN T, LERAGBEELAZTETERGIRS>LR
TEMEELAR KRG AN, F EHXBITRZE, A MAFHHFERE p (M<p) MNHAFIEE
ERGONEREAERIFOER. RNMARVWERE QAL RIS ELE, Ry THEA
B MRAIATRISEWFIEN M? F RO T EZRARBRLELREIE, RE—RF M &
PR, HBUNKE P R I RIFEIREA T 5 49 M {E,

R b=k

IR, EMEEXEFAFENGFOEE, ETLERTFI . TR OSHHE
JE IR A AR IE TR A ZGR S 5 R T2 TRA R Z— A, EAMRIXE
FARARLE, ARG IAFEHIEET X —RILE, TRV EATE, i —AaReGHE
ERAAFEARTEZ MG X R EACHGFIE, IR HR DR EGER, BOE
AFRFEFT R LT EZKAREEGRLT G,

fhw ) =ik (partial least squares, PLS) A= £ RO HA7A & RS X, HAKRA
p ANAFAE BT 1T 2] M ANFT 69 4 4L

p p
Zn=) $m¥ ) i =1
=1 =1

R K K AR RA AL AT R R Qb7 Nl RN =k, 2189 R HAE Pu, Pareeeo
®p1, SR TFHAAXA y HAME)TFEGGE )T RS T 2o, ML XX 22
e a, RMAFEG K E AR R A AFAE, TR IERE Zo PHANE L, LR 7,
E . RE MR LA IR G y AR E, 53] R D2, PooeeeePp2o dotb FH
Mk, #FEHE—ARE Om, #mit il M A GIFIE Zn. Fo R DAT—H, MER
(I RR RN e B s S R I

Fisher &MAIA &

Fisher T 1968 42 1 T Fisher & H) A1 %, £ LW 4% 7 kAo aT & A28 69 & 1 3] A
DART R TREEEH, I HHBEREBARARERRN AT, ® P EFHGHLE
J2 A Fisher & H| Ak, k@ w ATREFIFoIMkdg, B0 T3 RAEFHERLN N
BEHR, RMAIEHK K.
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KRR R M RGE R R AT
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AR B TE A D), Bk AL o, NGHERA X SRZEFEEREL, LO5HA
Fit, BMWERAFE I EEW, FxHPE w LELEFaHGFEyY, FEHRYEREL
HAMEMER LK, LAESLEKL, B 41 PHEXRZBiAmE W, EXLEova
Bk R AR X R & L —fAFiE,

R, 3 F ZHHEH, BRMAFTR—ANRBEZ w, B x &2 w LT3 60454E y,
1EAFHTAFIERY KM BE 3 b4, R ASERILERLE., W& 42 BT K w ey B85 5%,

B£42: Fisher &5 & %

i. AR AR Wi e w8 mi=.,%2xemix'i= 1,2

ii. R R B (%I*]ﬁé‘él) ;S = erwi(x -m)(x—m)7T,i=12
iii. HHRBBRELIESE: S, = (m —my)(my —my)T

iv. KA @ iFa a9 XN G EAmiFE LA EBRELERE: S, =5 +5,
V. R YEHERAEBWIS,wA TR, EREHWIS,WwETRD,

(W) = WTSbW/WTS wﬂ‘FﬁfiﬂC&;ﬁ AR KRB — A s E wiEiF/ (W)’ K: w = argmax/p(w)
Vi. B BEFo: m=— Zyeyly— W T ¥vew X =wimy,i=12

FARIR: R IE R

U EBAMNBT ZAF R REE T . TRGSPITARBIHIE T £ FRREGHRY

X, BTAUEEF], Fisher RKHEAIFENREERAEZWH R, H2HRHBE TR LA
Z A YEBIESR K, Bl —EA RIS LR, Fisher XM A kAl R ) — R AR
BTREFD, HERATHERA, BHFATHEFA, RS, —rdp &gk
LA E ) ZG R, PlHeiR ) b e A& (local linear embeddlng, LLE) ,
M3e % (isomap), i Arddirsest (Laplacian eigenmaps) %, 4 & 243 1
B ARG A8, BBFRSENELT &,
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Bk E

B 18 #4260 FRUK, ZBSFRAXNAFFXALETHABRG T, AAILE
G, WAES, FEESRARMBALGING, FIMALTF AL EHRG KT, dod,
MAEMBFIAALFROGEDRKE, AXXL—RsEAETEHRA 2 RK . AlphaGo 494k
ERMRAA T KR, REMZ G, $FX—TLEEmEATLEAREIFNR IR B
FAAE I ENC AN ESE LT ART 300 TRE., HERETF. FHEEL., HFREKME
BHSERBBROET, SFEEANAB LT RERRZ, MIALFRELLLMIEAL
AR,

EMARBENBEFIBKR LR S A TRALEL, MXEAIEF ) BA =R R,
VA= AP AR F B A Rk 7 RAEE Skl , EA TR A AP ALGI bR, ibig A A
FTAETT A R AR R % o RN EFFIREMNEF I AT KA X PREF T8 R,
BN LA HETALILS, AFRFRLIAZY, BMNFHFLEEE, KELEER, $R
T8 B T B TR STF Y

RIeRT: MBEFINHLERAN K ERGELE, BERENGTHR.
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R H A

ARERBEEFIESRDA RN S QAT RAAR “ANE” ) ZPER. AnaREEMA
KEIARERALAE P,

AREETFTANIAATIEN, CATTEEhE, 12ANAMIZFE &G RAERZE
PEARAEATIRIE . AIREPTREE N, FE AR BIRE A Y B A a4, 1
AR, AndThaXE5EARENEAETL, AR —HGFLRE. R,
AR P A6 09I K R AL ARG 09 MAS . IMER X TTANT R A Mo AN 8] RRIE AR
oz BRFERINRS . AN ARENE LTI K S84 o) 8T S5,
B H LY BAT XK IEAR 6 R A RAE

A a) ) RI[ENBEEI, NE, BARETRGIE, bAoA E, MR
HIER K L BN BAEMN . ZFRE, EBOUFRF GBI A4 09 BRI B89, M5
RAABAFREH K, BEATHAE TR E P IRARTEN. BAXHFR S AP FEA S
HRRI, FREEMBAAE R AREANE, TRAAREHBEZTRRGE—RF. 2
IR B A AL ) AREPTE A — e R, A0 8] BAFH 3 FARIEAT BB T4 AEH X
895 FAE R AT B R A 12 IE R R AR K 69 & R 0 kRIEHY A LA

Ao S| BARE 2 B F PRl e TE R N, B AIRE P48 69 IE R R BT AT KA R A LAY
FERR BEREFTHHILT, Ao s BRI RBFEAM TR R HHIRE FREN 495 3]
B BATHIE RSk THHATR S, LT ReA LR RF FRREILTRAT. W 5P R4 £
BR A S EARRIR o AN SR E B LI, 8 E T AR AR Ak 5301 VT AE AR 4K
5 AR 69 F LB U — B 2Tk R

AIRERAALA KNSV A o RERN S B &FT, HETHMRNATF AR, 4,
RE L B RRB R RANFHEATR KBAC A S R de e fF A S| R & #AT5 A, Fl
KAy, TEAFGEEALR, FEAHLA “RRIERFTLH” , LRETARELT
EATH R EG A, MDA AN SIMRG 8 LA K TGS o PR A4RE TR
AR, IR FARICAARITIY A A S AR IR F 4RI A AR,

ANEEA Y BIE B A AN CERABRT FR 7L ST, 2 HTIER T A : 223032000,
AFFAEFeEER (FB) ARNNEATBEIE A AN “HIEAREEL” &
FHA, BEHTIES T H: AOKS09

OB T A 2017 SF A AL F AL A TR 8]

L SR
AT it Rk A AL R TN
—4RE A B G 6 AN A MAGIT ik skt Aast Bl 269 7 K 300 454k 697k —RE KA BB 964N A P89 ) dkk h@ ARt B 269 5P R 300 45 £ a9k
e A A EXCEE- 8
— TR IPBATAE — B FEA I BARE
AT AL B A RAR AR SENREMAB ALK A 20% 0 B
PRI B AR RS AR BRI NARARI A 5%-20%
BAFT ML ZHMA LI T A WP b AN AR 2t R K B A2 -5%~5%Z TH]
BAF RN 55 T A 5%-20%
£ AN 55T A K 20% 0 B
P FIEFRTR
#x b
BRI ILR P 228 SHRRIER B 1 FAEIREGRD: 210019 LT EIR KPR K AT & YR 28 5 KTk KB A & 18 &
BRE R4S : 100032
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