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Combining Domain Knowledge with Statistical Factor Analysis:

An Application to Financial Risk Modeling

FENG Xu' YU Wen-Jian' LI Ling®

Abstract Factor analysis is a statistical method widely used in many industrial domains. In financial portfolio
management, a statistical risk model can be constructed via factor analysis, decomposing the risk into self-adapting
factors and maximizing log-likelihood of the historical price movement. Compared to a fundamental model that uses
well defined factors with economical meanings, it is more dynamic and may discover factors that are missed in the
fundamental ones. On the other hand, statistical factors lack the intuitive interpretation, and thus are less stable
and more prone to overfitting especially for the financial data with remarkable noises. In this work, we propose a
fast factor analysis and a hybrid method that incorporates the fundamental factors into the statistical process,
achieving an optimized combination of model interpretability and data exploitation. Our experiment results show
that the acceleration of fast factor analysis is up to more than 31 times, and the new hybrid method yields im-
proved out-of-sample log-likelihood on both synthetic and real-world data. The best mean of log-likelihood of pro-
posed algorithm on real-world data is 12.00, which is larger than 7.56 of factor analysis with difference 4.44, and the
standard deviation of the difference is 1.58. All the results shows the proposed algorithms estimate risk model more
accurately.
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HHXT A THE

5. END FOR

6. Xt piMREFHIFAREIRT 4
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10. END FOR
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(RS e P [ B o o 22 R VPN T SRV R 15 R 25 1
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BT hrfE oL N 2 PL— R PR EE — AN
T RS AR Y FH DAVl T — B B XU, ] B 5 52
s brdl H A ST R, PRIA SO IS Hd 1 sL 50
AT m BRI LR LEAS [F) B 1R 4T BT 1)

AEHEES T
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A 5 P S0 124 i A T R 1 M R e I, B

(26)

3.2

A MR RBEMRTHEE 1.2.3; B = ANEH
P4 E 1 SR U IR HE Bk 6 2 R REAE AL
TSI IO ) SR A T ] A ke A ) B A T PR
AR B EEVE 1024 34 4 TE L XU AR
F—NNIEHIEEMNEEN: m=500, n=
50100, F=10, S=10, Xy =5, X5 =3I, § =
5,10, h=60. X, = 5I f1 X, =3I FRFEAMEH
FHIEEM S T AT, M6 = 5,10 ZaAH
FERE M. A R Bk 1 Ak 2 76 B A
FHH N 10 #1113 I, S Z] 50 000 FIF %) 50 100
T & 5 seat g BAIF R 1. BT X EUBER
S THE A bRk 22 FIIF ] AN R Gt T 5L
IEARBH (B (iter)) FISEYE 2 X5 1 RO b
BT M FE R 0 ANR], 6 RHRAE PR T R R
N R [, 2 5 T 38 B 248 SR R0 B LSR £l
THE R E, 5 K 6 2 5 BUE K R A PR 2L
{8, BRkiEE =X (26) FreRAS B SO AL THE 2
BN, R EIERILE BE 1 AR 2 TR T
H50 E A [ XS B5OARL SR A B S5 B RN FL b o 22 FE AR AR
), [R) A a2 AR D Bt A ] (25 SR i i s 2 el
FHUERE SR ZFT S EUW), 2B 25 n @ KT
BRFEH, BUE: 2 fEHTA &4 N E Rk
1P 31 A5 DAL, BRI 2 RIFIIBAITRCR
BN NEEIEESIRE R E m =1000, n=
4200, § =3,5,10, HARWE 5H — N HIREMFE.
§ = 3,5,10 F T 73 AL A 21w AS [R]85 A2 R 1)
NIEEAE, T m = 1000, n=4200 F THHEINE
SCHBUE SR BT L. B A S B S TR A
B ER B AT R p I S Bk 3 RN 4 1
PEBE. %1 4000 B %1 4100 15 B Y9256 X 7] 5K
ST R, BT EAT R T E R 10, HS
SR T Bk 1 RISE 2 10 NG RS
%3 10 MR F g R, Bl 7R 1.
Hyk 2 5L AR T EHE N 13 L4
ForR SR 1L RS 2 13 Mgt A T Ak
4 18R 10 NEATH R T 3 NG . Bk 3

1R IMEDR 2R D NG LSRR
Table 1  Results on first synthetic dataset of Alg.1 and Alg.2
CEE sk \ =5 : 0= 10
m1a) (s) E(LL) o (E) E(iter)  JN#LL I IE) (s) E(LL) o (E) E(iter)  JNidk
s=10 kL (FA) 44421  -1927.63  10.01 709.02 — 252.07  —2059.10  6.30 405.51 —
s=10  Hik2 (FFA) 14.05 -1927.63  10.01 709.01 31.6 7.80 —-2059.10 6.30 405.55 32.3
s=13 Hik1 (FA) 653.60  —1861.02  11.48 1019.66 — 313.86  —2027.42  6.29 492.91 —
s=13  Hik2 (FFA) 20.38 -1863.73  11.39  1020.77 32.1 9.58 —2027.08  6.24 492.79 32.8
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VL 4 A R R AN SR AT R 7 2 R R R .
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VB A E N bR UE 2, HEVE 3 BIig 4T
B) fe /b, R I HH B AR TS A f R PR e (HARV 3
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RILH Gt %R 7o b Ry . mT e Zn
5 a5 B AR /N, Bk 2 AR EE 1R
L RE 2 0L E, FFE5 2.1 s, £ 2 b
HARERENHE HME N FHE RN 13, Bik4
(B AT 45 TR T 509 2, AL 4 A T892 1.2
A5 R A0 AL, R A 11 10 3048 DA B B8 /0N P s
72, [N EyE 4 IBATH R R Bk 4 58E 3
FHEG, B9 4 A 3 KB B R THE, BRI
BERTF O EERRME. M0=3 HAR T
HH N 13 B, Bk 4 P ER A THE -3 564.72,
KTHEE1H-3617.34 HIE LT & KK ZEMH
52.62; MbAh, Sk 4 BIbRIEZE N 25.94 /NFEIE 11
33.82, LI 5V 4 AHXT T 5% 1 AT 6.3 510
BRI L. BT 45 RS s HEE 4 7RI
FEARMH KN 7 O RS ELE L 1.2 A E 3 A%

B VA RS AR A

FEANNEHIEER I mns Fy S h X, 88
A A NEBHEEMFE, X B0 Ao E N
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TR EEM S TR R T, 05— 0 B
55T e it 228 7. 8 = NG S0 22 1 5
5 6 BEA Pt H EE B B e ) SR A T IR TR AR R
YR ) XU B R A . B0 6 W BRI = 0.7,
MEFZI 4000 FiFZ] 4100 BAKEASRE R 0,
FEid s BT ZI 4100 2B %1 4200 TS5 R, Hp
FAE W B Z) 4100 28 Z1 4200 ey B, &
1L BE 20 BVE 3 AL 6 fERIR T HUH N 10
(IG5 DL Bk 1, 80k 2, Bk 4 fIEEE 6 (R
THH N 13 45 RAPHCFAER 3, Hp &k 3.
Sk A TR 6 # A B AN JE AT R 7 2 R AR R4
N

X 3IHMETFH s+f=10,13 X nREEE 61
SETHHE N 10 113, HEAEFREATNRE TS5
Guit=RN TR B AN ZEAE ER, BLs=10
R, Fik 6 TR TN 10 BT 2 5.39 4

F 2 OHENEL. B2, B3RS A TR A NG HIEAE LI I R
Table 2  Results on second synthetic dataset of Alg.1, Alg.2, Alg.3 and Alg.4
§=3 =5 5 =10
PRI Hik - - -

WA (s) E(LL) o (E) B IH] (s) E(LL) o (E) ST (s) E(LL) o (E)

s=10, f=0 5kl (FA) 484.94 —3789.03 28.85 389.27 —3866.59 24.26 227.39 —4116.68 14.46
s=10, f=0 Hi%k2 (FFA) 207.17 —3789.02 28.85 171.58 —3866.60 24.65 99.19 —4116.68 14.46
s=0, f=10 Hi%L3 (OLS) 0.23 —3734.41 22.60 0.23 —3815.23 19.05 0.23 —4072.60 11.39
s=13, f=0 Hikl (FA) 779.07 -3617.34 33.82 562.08 —3732.61 25.96 279.78 —4046.25 13.46
s=13, f=0 Hi%k2 (FFA) 331.09 —3616.64 33.72 247.17 -3731.49 26.16 121.48 —4045.92 13.46
s=3,f=10 Hik4 (HFA) 123.49 —3564.72 25.94 92.44 -3678.27 20.23 48.63 -4002.81 10.52

* 3 Bk BE 2. B3 R 4 RS 6 R NG HIRE LS gt
Table 3  Results on third synthetic dataset of Alg.1, Alg.2, Alg.3, Alg.4 and Alg.6
6=3 6=5 6 =10
T4k A7 - N N

A (s) E(LL) o (E) I (s) E(LL) o (E) 1] (s) E(LL) o (E)

s=10, f=0 Hikl (FA) 693.57 —3594.51 26.64 507.47 —3709.94 20.81 263.41 —4019.67 10.86
s=10, f=0 Hik2 (FFA) 290.06 —3593.84 26.97 215.58 —3703.39 21.36 105.50 —4019.93 10.88
s=0, f=10 %3 (OLS) 0.24 —3712.75 22.24 0.25 —3796.19 18.78 0.24 —4059.71 11.19
s+f=10 5i%k6 (HFAY) 1726.79 -3561.04 25.26 1307.14 -3683.00 20.75 596.52 —4005.34 11.34
s=13, f=0 Hikl (FA) 845.15 —3389.00 30.54 721.67 —3550.65 21.55 312.41 —3955.47 10.07
s=13, f=0 Hi%2 (FFA) 351.61 —3389.82 30.89 304.29 —3549.53 21.45 123.93 —3955.47 10.07
s=3,f=10 k4 (HFA) 111.30 —3536.52 28.39 81.30 —3661.63 22.11 48.15 —3993.70 11.43
s+f=13 Hi%6 (HFAY) 2314.11 -3 378.86 32.36 1826.26 —3522.23 21.72 796.98 -3933.08 10.42
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Table 4 Results on real-world dataset of Alg.1, Alg.2, Alg.3 and Alg.6
e ik r A (s) E(LL) o (E) E(LLaig.s — LLa1g.2) 0(E(LLaig.6 — LLA1g.2))
s=15, f=0 Hikl (FA) — 1.61 7.56 9.06 — —
s=15,f=0 Hi%k2 (FFA) — 0.55 7.54 9.06 — —
s=0, f=22 k3 (OLS) — 0.01 —108.0 15.50 — —
0.6 10.82 11.96 8.18 4.40 1.64
st f=15 G (HFA‘) 0.7 10.90 11.86 8.20 4.29 1.61
0.8 10.40 11.77 8.24 4.21 1.58
0.9 10.51 12.00 8.25 4.44 1.58
FEAT TR 4.61 NGB, T A T AH Y-
Iy 13 ISP 2 5.79 AT TR 7.21 4 X ARG S TR |
Giih 2B . 2% 3 (NS5 RF I IR TE S K T4 A cg/\\; 8 X &
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I E 5 5 A NSRS Y 2 AL MR 3 5 X Y
AT LA, AT R TR B, B B 1000 [ o g 1 l
P B 3 RIETE 4 A RS LA HEAT TR, L% ik 3 X
SLAEAR 7 2 TR 7 0 A B v e 2, 3 R e v Hi% 6
1.2 REMIGET 2 B 7007, X B0k 5 AT H T 0 - n =
T B 2 P A A R 1 KUK AR R 21 TR

SR TFHCH N 10 B, 59 6 RBLE 6 = 3 LT,
6 BCE AR T E IR B -3 561.04, LLREE 1
—3594.51 K 33.47, R 5HIE 6 55 % 1 briE 2z
HEAME; MaRFHEN I3, HiL67Es=5
I I i 4, Ho B E SRl THE A $1-3 522.23, L
B9k 1 B9-3550.65 K 28.42, [FINF 41k 6 H5HE 1
(bR v 22 3 AT ). I s g SRR R H % 6 B IR
EHhLE BTV 1 R, R YL 6 iz 4T i [a] 5
B B paE AT i TS B 7R T 2 1 FE 2
W, RNGHIE 6 BERS RN ST 1 4640 [7) 4 A 1) 1) L
A TR ) AR A 7R

3.3 HESIBESESH

FLSLAR AP T E R EEAE R B TR
7 D7 S B s Rz, DR e B b = 200 .
ESRIG R bk T 22 MEE T T, TR R, fishtt
REEWIIEAT K T, WE 2010 1 H 3 HRNH—
K, HEENLBRE T 194 32 SEMA(E B L EARTE
SN 2 8RB 2. Bk 6 A 900 R FH 1300
K BTN HAAR A 170 & v, [FIB SR 1. 5095 2
H3: 6 55 1300 K3 1500 KK THH N 15 KX
A5 2 PN 25 SR A I SR AE SR 4, [RS8 H
A 22 ANFEATHIDE 7 10 B 3 A A 2 A T AR AR T

Bl1 Bk L EE3MENVEG6 (r=0.9) 87 30 KRR
TE R SEEHR AR b TR0 ot Z AR SR T B 45 2R
Fig.1  The predicted log-likelihood of the risk models
estimated by Alg.1, Alg.3 and Alg.6 (r = 0.9)
on first 30 days
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