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Fig. 1 Example of HMM on quantitative finance

FURZS s, 0 s T IR 38 Z 1) 1) B RS A 32 43 A Ry
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P(s, | s.1)s @)
Horp oo, S WEIR 2, i3 B ) WL A B AR &2, — SR B
R B R A S A U B, T SR — e R FE AR Y
B A g R AR A W RAR

A=(a;) =P, =j | s =1i)). (2)

MR s, WG 20UMARZS o, Y %t HE 2 43
i by

PCo, | 5,95 133515015055 **50,.1) = P(o, |
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Horb By AR HE FE AR HMM, 75 F RS AR
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Fig. 2 Flow diagram of the model
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Fig. 3 Analytic hierarchy process diagram
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N Ml 7 32 RS AT 22 3 SRS AR I, B SRR ZS A Bl
AR R H T

TEARZS U Y FE At |, &5 6 58 0 0 T Bl 2 fie 1
RS S B 28 B BRI B 8 1 S R B 25 L,
B o3 — 7 R S B £5 G BB A R 4 b
8 T 0 4 TE 45 2R L 25 G R K& U I AT S I ICH b
ARAS X3 BE R HL28 AR 285 i 376 8 B4 i A e s 1Y
RSEAE AR A RS S HL.

2.4 B W

I BB AL B8 70 5 — K A9 T 37 R 2 L4
T A5 3 (4 17 3 R 25 78 A X R B 48 R 38 B T 32 B
4 (exchange traded funds, ETF) F #1738 5.3 5 #L
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1 6/5 3/2 2 3
5/6 1 5/4 5/3 5/2
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/2 3/5 3/4 1 3/2
|1/3 2/5 1/2 2/3 1 |
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By N E Wl [ [ S U ol ) s o 1| = NS S R
ETE N NITIE R A NN N F i 8 ]
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TE 5 A — B0, 5 ST R AT AR AL,
WA A5 A VEAS 48 A5 09 & S0, DL R 7 it Ak 4% 9 4 4k
B UL B BUE 0 R 2R AT B R S5/ Bk fE K (max-min nor-
malization) , B % bR 32 ZLHUMA {5 Bl #E (0, 10) , Hi 4
6 Am B 3 R 32 2276 (0, 100) , W 5 5 0] {45 45 A
AN 3l AR AN YA R S )

2ok Bk 2B BROT 45 6 20 (9, 3 AT Oy A 08 2
TEAT 43 RO TR 5 0 | T 5 45 B R BUHEUN T 30
HEE RS T 1 R RRIEAVE it e 5 AR IE 4R .5 1 %)
W7 A Jm TS AR T 6 DR 14
H ATR.20 H M R0CR B B IR R MACD, &g 15
Pafl MEFL 3 2 45 ) 7 3% S8 K8 AF Ay BRRE AiF AR A4 A
20142016 4E[A) iy R . 2% b A 25 3 2 RS H o i) ok
2~13 A 45 R G817 X . — Se R AE 7R 45 E 1Y
ARSH - F IS . DL B8 RRAE Sy i A Y A5 A8 Y [l )
ERIGIRT T IE R A AR R IR R 2 50%,
H.AZ B i BGE .

3.3 KRE&IRA

WE 5 FiR R 2 bk i R IE L & o A
Yy HHEFE d =6 MFRIE & AE A 254G HMM FARLE
TSR A T 3. A R [ ) 2 RECR S L S 56 4
JEARW], — SR 25 0T AE N 3R 2 R IR 2 5 4 Sy 2RI
L RS SR M R AL S PR b A AR rp R
ARSI & SR E 1Y, BRCRAS FTRE AR 26 T 5 B i 11
1) W 5 I, b, W] REAR 3R T T ik Bh AR — e R
b AT RAE S AN ] R AE AR R 5 i BROIR A A PN AE
B SRR T R AAE R 2 HPRE H AR Y A1
45 L RE A% B i 1) R B R R

F 35 AT ML A Sh A RS it I A5 J5 £ [T 0 5%
LA 9 kA HMM A1 15 3 14 45 5, 76 [l o 72 o
SHZARAS MR 3 RSB B 4 RS, U B A #] T
B B AR T R 2R o s AR A i BE % 4K A5 1
FE 23 1) 1B L 5 1A R Sk BRI e 52 56 245 5 1 2 4
FE CHE 2005—2013 4, 810 55 GF £ 2 A 2014—

# 1 EERRFIEE S
Tab.1 Scores of candidate features

iR an 5 iR 55 Eisg 2 25y

14 H ATR 26. 3 N &L 7 6.9 BIAS —2.0

20 H Mg a5 16. 6 MAS5/MA20 & 6.2 close/MAS5 5§ —2.1

(RNl E g 15.8 £ B IR0E 5.6 RSI —2.9

MACD 13.8 ROC 2.6 PVT —6.1

= BT 12.9 CCI 0.7 5 H M iR —7.0

MFI 7.3 close/ MA20 [ & —0.9 OBV —7.3

2 Pk RRAE AYSF 2K G R
Tab. 2 The average testing results of selected features
e . BRI Ly AL Bk B %5 R
: T4 v WEER/ G WEER/ K R % LR/ Y B /IC

14 H ATR 71.63 4.3 3.4 47.03 15.04 12.76 1.40 1396 3.82
3 % (50.00) (5 D) (73.45) (23.48) (15.26) (1.38) (1853) (4.81)
20 HIMARRR  55.03 68.5 67.5 59.79 19.12 22.95 1.34 26 163 2.81
4 % (59.65) (58) (57) (92.34) (29.52) (24.05) (1.32) (25 651) (3.84)
Hils% 51.05 18.2 17.5 17.97 15.34 26.86 1.10 7072 2.31
6 * (53.33) (16) (15) (97.20) (31.07) (19.53) (1.38) (7 139) (4.98)
MACD 51.74 28.7 28.7 35.19 11.25 16.95 0.83 8 679 2.34
5 % (55.56) 18) (18) (67.83) (21.68) (21.92) (1.41) (6 539) (3.09)
=S AT 51.58 31.0 31.0 37.01 11.90 22.68 1.24 10 529 1.64
9 % (48.48) (33) (33) (19.10) (15.70) (23.14) (1.29) (11 789) (2.12)
MFI 14.54 32.3 32.3 18.96 6.09 21.39 0.95 9 814 0.86
4% (56.52) (23) (23) (12.96) (13.73) (22.29) (1.240) (7 904) (1.93)

T % 7R BUARE T R B AE BRSO Rn A B RIS R PR S8 R 2om RV R 5 R BHRCR H AR, T 1H.
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2016 4F 38 o H 4 W€ 2005—2016 4F ] i /2 =L (10)
TE SIS RS, 18 8] — A & RO AE B Aok

L3 2 M 3TaARR T 9 RSB ERE
ARASHE b i 15000 B8 F7 0 3k BOHE 76 9 v 2R B 25 1 B
T30 L AR AS AR X T R 4 IR A B A B o B
V) $fE B A [m] 01X JR] - 28 /0 B — A BE % 3R B 5 Y
FORAS B4 IR 25 BB R BE 5 B 2 ~ 3 A 4 A
TER A, FL X2 IR A BT O (e 25 2 AR B 2 LN
T3 LUE L9 RS AR A M B A 25 R B 4 9k

WA 9 R F BT AE Ik B M B R IR 28 R
105. 14 %6 , 3 Ut B sl AR A w2 A 2 B 2209 & 6
78 T CSI 300 48 % 2014—2016 4F 1 [7] (149 117 3% 18 17 1%
i, CSI 300 F5 R B ME W 45 28 43. 9500, 9 RS H A
FAS T A 60 %0 A AE A 25,

kTR B AR S A AR 2SR 0 BB O % 3l L
X 4B TR A [ B i 3 0 2 Bk AT T 0L i T A S i
J SRR AE ELAT B AG  T 3 7 S A sk LA — 2
BT b L IR E bR T b, R 3.2 4
Hh 7 [ P T 3 L O e A5 B 0 4R AIE AR 1 B 38 [ 4 il T
ek B b, 525 bl S&P 500 45 £k 2000—
2006 491 18] 9 K040 VE R I 2R B4 L 2007—2016 4FfE
N AE. K 4 AT 4 RE HMM 78 S&.P 500 /Y
[ 25 RS BCR 3 i, A5 B T 236. 63 %0 1 fie K
e SRR RS L T B0 SEME I 25 O 140. 27 %6 /1 7 4y
SRR T HMM 300 45 53 78 = X fa) L R 25 5% 7
5 0 25 A RS AR 1 7 % 17 D0 A5 31 1 o £ it 2. AR
THHLKBIM S RS 0.1 RRET EIHBERELCRE 2
AT B, R W] LAt >k R 55 40 RS 1 7EFF
AR BEZ T T S HE] 2009 4FE A R R — A IR
A M N BEASGE A R T AN CRES 3 Rk TR
FUM T Bt T UG 21U 405 1 HMM. 5 R 3 4 T
2008 4F- 4 filt f L 25 JBE T Sk Tl 20 k. 32 25 5 n

F 3 9 RAEE HMM 7£ CSI 300 $5 %k L iy =10 45 5L (20142016 4F)
Tab. 3 Backtest results on CSI 300 index (2014—2016) of 9 states HMM

s A TR W), 2™ Fik K HH R, WA/ R
- KRR . o o aEER/n daER/ % Bl 48/ Y6 % JT
h 3—>4 66. 67 13 12 101. 87 32.57 12. 29 1.32 5596 8.29
BaA 3 55. 56 10 9 65.53 20. 95 12. 27 1. 42 3 906 5. 34
B 4 69. 23 14 13 105. 14 33. 61 12. 30 1. 32 6 063 8.55
K ERREH T ARREEMLE R, TH.
- ——————— — — — 1 —538043
5000 | I I
| |
4500 |- I I
| 0
% 2000 | | ~4157%
= +158.95%
;]ﬁ 3500 | I
+\“52000 -t 3310.08
F———— — ————— — — — —2821.21 |
T +43.95%
2500 |
2000 E e 1207776
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Al (FE-H)

6 CSI 300 & E# K (2014—2016 4F)
Fig. 6 Trend chart for CSI 300 index (2014—2016)
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F 4 S&P 500 A M 45 H (2007—2016 4F)
Tab. 4 Part of results on S&P 500 index (2007—2016)

P i %/ ks 2R A AL Bk B %5 0
R % o pa EER/0 WEER/ % B4/ % = WA /T
2 58. 00 50 50 103. 42 10. 27 12.23 1.81 22 847 8. 46
3 54. 29 36 35 236. 63 23. 49 12. 23 1. 41 24 043 19. 35
2400 181
* RSO — kA0
22001 . paikAs] L6F — kA1
2000+ E%wjiﬁz ul = E%4k§2
% 1 800 L . K%\’{klw\3 E N - K%’Iklukg
am
= 1600 = 12
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Fig. 7 4-states HMM model for S&.P 500 index
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Tab. 5 Statistical results of 3 methods
AP DR ke w0 s e U
A oA Wers /% WasR/ % BEHCR/ % [ A /I8

HMM Avg 56. 82 13.3 12. 8 44. 88 14. 35 14. 95 1. 37 4 558 3. 37
Max 100. 00 26.0 26.0 83.69 26.76 24. 37 1. 44 8973 5.48
Min 34. 62 2.0 1.0 3. 24 1. 04 6.98 1. 26 483 0. 32
SD 17. 70 7.2 7.5 20. 33 6. 50 5.79 0. 06 2462 1.71
% a4 Avg 47.53 15.6 15.5 45. 33 15.13 31.52 0.49 5428 1. 65
Max 61.54 44.0 44.0 71.12 23.73 46. 60 0.78 13902 3. 32
Min 33. 33 6.0 5.0 10. 85 3.62 20. 26 0.13 1990 0. 27
SD 8. 37 11.2 11.3 18. 94 6. 32 8. 07 0. 20 3 452 0.95
k-8 Avg 40. 11 34.1 34.0 28.39 9.47 17.96 0. 60 11 062 1. 82
AR Max 53.06 80. 0 80. 0 45. 54 15. 19 35.99 1. 08 2 3056 3.43
Min 31.03 20. 0 20.0 —1.32 —0. 44 13.29 —0.02 7065  —0.04
SD 7.15 16. 2 16. 2 11.49 3.83 5. 90 0.27 4451 0. 90
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Research of Market Index Quantitative Timing Based
on Hidden Markov Model

FU Zhongjie, WU Qinggiang "

(Software School of Xiamen University, Xiamen 361005, China)

Abstract : Quantitative market timing constitutes an important part of quantitative investment to choose the best trading opportuni-

ty. To verify the feasibility of applying hidden markov model (HMM) to quantitative market timing,we creatively calculate candidate

features set based on raw data,use HMM to test performance on each single feature,and train a comprehensive model using selected

features to predict the market state of the next trading day. Experimental results show that HMM-based strategy enjoys better stabil-

ity and profitability compared with strategies based on moving average or k-means. Finally, HMM can skillfully identify market

states,avoid systematic risk and obtain excess return.

Key words: hidden Markov model(HMM) ; market timing;trading strategy



