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Abstract

As a special Conditional Random Field model, the Hidden Markov Model is one of the secret wea-
pons behind the brilliant performance of the medallion fund. From the perspective of financial en-
gineering, this paper introduces the Hidden Markov Model into the investment field to predict the
future rising and falling situation of individual stocks. Assuming that each of the ups and downs
has a clear pattern, which can be described by an HMM model, if the probability of a stock's ob-
servation on the HMM model characterizing the rising pattern is greater, the probability that the
stock actually rises is also the bigger. Based on the HMM model, the HMM factor of individual
stocks was constructed, and the empirical analysis of the historical back testing of the Shanghai
and Shenzhen 300 constituent stocks from 2016 to 2018 achieved a good excess return, which in-
dicated that the conditional random field introduced into the quantitative stock selection has a
predictive ability.

Keywords

Conditional Random Field, Financial Engineering, HMM, Rising Pattern

E TR ELERIRE

%Kr?:“a‘ ’ %%i

R TR, TR M
Email: 494588770@qg.com

WekE H . 20194E3H25H; s HA: 20194E4H9H;: KA HM: 201944716 H
W E
YENREIR KA BEN LR R B SR AT RAR B R KRR B RSB ESTE ENMERSZ —, A&

NES|I M KT, R BT RN R BED). it 5 R, 2019, 8(2): 296-302.
DOI: 10.12677/52.2019.82034


http://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2019.82034
https://doi.org/10.12677/sa.2019.82034
http://www.hanspub.org

&

KT, Rk

¥

REARER, KRS /RATREE G A BE BRI BAR RO BKERE L. RN E S E
AR BN, #OH T H— P HMMBRERDBR R, AR —ANREARME LK KTHMM
AL BRI AR RERR, BB SRR kAR R . T HMMARR R T M B HMME
T FHETIHRI005S B P B IE7E20165E 220184 [f7 2 5| U Y SE T BNV T A& BB et , T
B %A BENLIZ ST\ BIBALIE B BT — e B RE ) -

K
HMHBENLY, SRITAE, RORTREE, RS

Copyright © 2019 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 3]

B S T S B AN S8 PE RN AR E 1k 28 T B KT R A O BE SR Bt s L I B AR 2 R BB
B F2 A S O E RE 05 1 Bh A AE 20 Ak IR A L5 A RO SO SRS SRR T SE 4 0, IRAT LT
FITE RAFE « A SCRE GEit b (S5 AR REN LA BT 5N BIF B o, AT R 2 H 0 T G T A 2R ) A P % S

SCHR[TTFRE S T — AT AL & AR T i IR G, B2, 56505 5] DAL itk i 39T 22 A
RASEAE TR A S5, A DU UK G0 70 B0E 24 19 XCarb, TSl SCRR[2 1R 1
Zi G IR ST S IR, S TARMF M SRR o KR 55 N [3 15— Fof 5k ) /N BB B 2K
APRBRR, T FIE R MR, VAL RRAR 1 EE RN (R R 2% BER RN, AT T AREF R 2 #1485 2R
SCHR[413EH T — M T OB Gibbs FEALIZBERBEE,  FoRE m QR i 205 29I A e, ORI
rERAE T OB BB . Lei Zhang, Qiang Ji [5]M8 48— Wi BB AR EIBIE, K UL 19 28 70 2%
PERENLIZ AL A 5 P A 5 e — S FVRAAHE SR, UG 1 BB iy 30 as R WG EIR gt T — 4
Wrigtz o [FINF[6])E ] DUH-3rI 2% B s A2 B0 2 B RS, it R % i BRI, (81 B 3h 7 5180k
UNRANERAR, AT DU A S B 7 AOx o B E ARt — 2 B, AR E VIR,

ASSCREAE B R IR 5N e Z2 BRI o B st B TRAT T BR A IBEER % E #AEAE — Rl Tt A
# 3 AR B — A HMM BBk . FATIESFIIR 300 sisr B e T2, et 1 HEkgkiEsE 6 M &5
PRAERERUIIE, GRSt BTk T BRIAE AU GRRAE B 3kS T AR HMM A, i i A id
bk SR T REAT R , E DR E, AR AR B AR

2. [RO/RAIKEE
2.1. BEXRRIE

W Sy R AR RSV 2 N R R, AR Y SR 1 AR AR A, B B R AT R
BAR(HMM). 7£ HMM H, A TEANREAT 27 AP S o IRESHIBOH , FeR MR LU= AR I HY
WERREN . HMM 18— MRS S5 BER RSO R AR RIS S e s 4 . /R Z1,
A o, MR BB, (0,) 77, B j KR, PN

bj(ot):P(0t|Xt :j) (1)

][l

DOI: 10.12677/sa.2019.82034 297 gt 5N


https://doi.org/10.12677/sa.2019.82034
http://creativecommons.org/licenses/by/4.0/

KT, Rk

—HMM B 5 A e {S,K,11,4,B} :
D) S={L--, N} RREEE, LR HREE LA s,
2) K={k,ky,  Nth By, FERBOEOWNE LT, MR SRR,
3) WHERE M ={n,},ieS. n EXLHN
T. :P(S1 Zi) 2)
4) REHBMEN M A={a,}.ijeS
a; =P(s., =j|s, =i),1<i,j<N A3)
5) MIMFF ST B=b,(0,),j €S o« MTR—ARE 7 7 EXM HIREE eRHON -
bj(ot)=P(0,|st =j) “4)
H HMM X [ @E3EAT @5, R HMM 8 ARl T — 4800, RATRE T SR 51 i e
T BEAOTEAEARAS 750 o FRATTHh ] LAAR 00 I K500 SR I SRR S B R 3R A3 SE RS B AL, SR 5 I 11
AEE TR SR T AR S K
2.2. RIEIHEE
UrE— R = (A4, B,IT) LEWIFS O = (0,0, ) » FRATVEREAT RObH 54 2 AR T BRI 7 510

iz, B P(O|u).
2 ATV B (1)

a,(t)=P(0,0,- 0,5, =i|u) (3)

o, (0) ARAFTE L AR FE 1 0, -0, 200 (IR A i O o 2 RS PR 45 b P £ A\ R A R
SRR L. TERE— AN 2] ¢ (T P A B A i U 3L, VR T

1) Btk
ai(l):ni,ISiSN (6)

2) HYH:
o, (1+1)=Sa ()b, (o)1 <t <T.I< <N ™

i=1
3) Bl A r=r+1; MR <TIREIZE 2 5, BUKIERED,
4) 5

P(OI#)=ﬁa,-(T) ®)

i=1
XABT LT E N (N +1)(T 1)+ N RIRIELLE N (N -1)(T 1) Wik, 225EH0(TN?) .
2.3. Viterbi Hix
Viterbi SEVEHE I AL IR F AL WM FF O = (0,,0,,+-,0, ) T ATBERPIRES T B S" = (51,5, +,57)

arg max P(S’ 0,,u) s TR E BRI A B KA arg max P(S',O|y) R T

fem

&S
S,(t)=max P(s,-+s,,,0,-0,,5, = j|u) 9)

81701

DOI: 10.12677/5a.2019.82034 298 Gt 5 3


https://doi.org/10.12677/sa.2019.82034

SEHLI Viterbi W F

1) ¥kt
5, (1)=mnb,(0),1<i<N (10)
v, (1)=0,1<i<N (11)
2) JA9h
()=, (0, max 3 (1 -1)a, (12)
, (t):argmax[é'i(t—l)aﬁ] (13)
3) BEHTIIA]
t=t+1 (14)
W e <TIRMIE 2 8, HMEREE,
4) 4
P'=max|5,(7)] (15)
sy :argmax[é'i (T):I (16)
5) EgAEIRlEE
S, =V (si1) (17)

MidE it Viterbi HiEH L4 MAAFAR, RATEEBME —FBEERTH 0.
2.4. Baum-Welch B3k
T ERA R R 1 = (4,B,n) , AT B X —terh A R, & L p, (i, /), 1 St<T1<i j<N

R
p,(i,]) =P(st =i,5,, = j|0,,u) (18)
AR R AEL SE R 10 LURIIFE 5 O I, ZEIS %0 R A § URINZ e+ VIR A R . 85
5 SRS SERRY 10 DURIUFES) O B, FEIZ0 CRA 9 i (B 7, (1) -
7.(0)=P(s, =il0.u)= X1 Ps, =iss. = j0.u) = 27, py (i) (19)

583 Baum-Welch 531001 F -
D) W BERLERE O, B0 (k). 2. mEpe ) = (4,80 1),

2) 44
) =5 ) (S 0) -
(S O (Z0) ~
1, =7,(1) -
3) HEH
n=n+l >

DOI: 10.12677/5a.2019.82034 299 Gt 5 3


https://doi.org/10.12677/sa.2019.82034

KT8,

B K

n+1)

R 1" - u" 2 e (e AFIEBBE)IRE S 2 5 W&
4) S AR R 0 ) = (A, B0 1)

3. SLUESH#

AFR HMM (B AR SN BIHI0 A 2 Ak ss SR e AR e T 5 AR R AL & AT R # B Sems . AR I
S S R B S REE, IR SAE BRI, BRANER A SR %% B # A R A S
KR, H#RIPAITT H—A HMM BERSREEA ;7] I B AR AT 1 K DU S A T Bt R LB an e 3 it
o BEETHE T A R S R AT G R RS B g, HL A2 55 IR B R W] RAB B AL A 37 A AR
o PlbaRt T 51 HMM BALR A R o

3.1. HMM &332

I 7R AT AR AR SR SN A IR — B 18] e i iRk i o BGiext TN Re e S o m R, #EAL
Gy At I IERER LT £+ m HASBIR AN AT T 20 Bk k. B BRIE

1) WHEEE: BRSO SN & AR RN BER BRI 2 UL A T 5 5 D) 70 B H A
MM H, 85— H 15 B S AE RE A & S HMM 5 S U A (g — A IME i, s — &+ 1
Bt HRRHE R, SRAGREEN & BRI FH, X R HMM AL &g — A Fr 471

2) YIGRbEA: M EHE AT Bk AR R B o ERERYIZRIS , AL ¢+ m BN
XF ¢ H KRB AE O Bk R B I SR A, MR 408 22 LI PP 5 R R 5500 I e L TR ASE 2 F i 5 X0 e 31
HMM Z30; 3585 ¢+ m HBANMARRT T ¢ H R BREIBEEAE N BB A ZRREA, AR ¥ 2 I P 21 I 2655
NGRS T BT AE SN PP 5] HMM 24

3) BERTRIN: FEREAT BRI, fE e H, BT AR BERAE ¢ — k+1 3] HIE B A 2 RVRHE
[ B A R AEA A I 20T ) b RSN R RS R by, S AN RIS WL I B2 00 PP 1 R p( B TK)
5p(Fik) - iR p(E8K) > p(FEE), W 51 el bR A MR SE R, IR AE £+ m 1
X ¢ H ETREFIBER R TN BRIIREE [z, WRAJYIZIEE T ERAIER KT Bk RIS .

3.2. R RER

ASCIEHL TR 300 Jl 3 PR I ATUECHE HEAT AR AR I K Ja A SR SR SR A A o R0 52 o e 2 AL 7
RHREAE 2 B TR 8 A5 HH I B 588 AL 35 )R 300 B B FETSCBEAN FP 510 TEBEAN PR 91 S 07 41
AR T 15 RIS A T Fi3 b P o B B0 B0 5 0 % 300 1o I H 422 5 0 I USCH it f i i
EHF5. BEYEREN 2016.1.1~2018.8.30;

RGN “ bk ” BiE “CTNER” BN AT DL TP IR U SR, B Rk A
MEZE, B AR IR AE AR SR — BN R B 2 ikt . Bt Averh th X B2 « B3k ” 26 4F 57 : HMM
= p(_L3K) + (p(_EiEK) + p(F )

FEYR 300 o e, 5T HMM 800 I S mg B« bk ” S0 R SR g i R n 1

1) EREH I, TR HYPR 300 S AN < Lk T

2) JEE LBR ST PT B, ERRIEMUKREE, 2B EWiRl—FRE, LBERIEE DT 0 KE;

3) SRHAT A R AT AT i, AR “ Bk S0k R B5E IOK B /INHE 4 55 j o AT 3 L
Bk HHEAS AT 20% 0 B ZZHE T B

4) AR o B I AT E B R — AT A B m

5) AT RTS8 MTA K R REER T, WATL & AN B S LB m, /K

DOI: 10.12677/5a.2019.82034 300 Gt 5 3


https://doi.org/10.12677/sa.2019.82034

6) AR BT A OL AL A AN T S S H AN RN B A SR
7) R HW AR, Rk, RETHEER R BORBL B R R R SRR bR R
W HE B A 1 TR

PR300HMM “ ik ” 264 Rl S ms v {e K

WA [A]: 04-Jan-2016~30-Aug-2018 — SR
14 XTSRS : 21.5555% — — —JIR3004E L
CELLIR RS : 7.8615%
2R 0.23188

B K IEIHRL: 18.6065%
% RIS E] . 17-Aug-2018
KK 54
I [F]: 14-Apr-2016p04-Jul-2016 , vy
L. 49.2308% L w

1.5

1.3

. 1

» ~||".I "
‘,a’\,,f' q’»f’
4 e 'f

0.8 1 1 1 1 1
15 16 16 17 17 18 18

Figure 1. Unhedged net worth chart of stock selection strategy based on HMM model
E 1. EF HMM #R2Y 1% B SR A 2 B [E

Table 1. The indicator of “Up” conditional factor selection strategy based on HMM model
& 1.HMM 8 “ 3K FHEFERRIEIERR

A A L SrONIEIE:
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IR 300 FREL -1.33% -0.30 26.43%
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