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Figure 1: The Transformer - model architecture.
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Figure 1: Taxonomy of Transformers for time series modeling from
the perspectives of network modifications and application domains.
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Fig. 1. Illustration of multi-horizon forecasting with static covariates,
past observed and a priori-known future time-dependent inputs.
FEFIFIR: Temporal Fusion Transformers for interpretable multi-horizon time series forecasting, #7/5 & #¢
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Fig. 2. TFT architecture. TFT inputs static metadata, time-varying past inputs and time-varying a priori known future inputs. Variable Selection is
used for judicious selection of the most salient features based on the input. Gated Residual Network blocks enable efficient information flow with
skip connections and gating layers. Time-dependent processing is based on LSTMs for local processing, and multi-head attention for integrating
information from any time step.
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E%13: Model Zoo

GBDT based on XGBoost (Tianqgi Chen, et al. KDD 2016)

GBDT based on LightGBM (Guolin Ke, et al. NIPS 2017)

GBDT based on Catboost (Liudmila Prokhorenkova, et al. NIPS 2018)

MLP based on pytorch

LSTM based on pytorch (Sepp Hochreiter, et al. Neural computation 1997)
GRU based on pytorch (Kyunghyun Cho, et al. 2014)

ALSTM based on pytorch (Yao Qin, et al. JCAI 2017)

GATs based on pytorch (Petar Velickovic, et al. 2017)

SFM based on pytorch (Liheng Zhang, et al. KDD 2017)

TFT based on tensorflow (Bryan Lim, et al. International Journal of Forecasting 2019)
TabNet based on pytorch (Sercan O. Arik, et al. AAAI 2019)
DoubleEnsemble based on LightGBM (Chuheng Zhang, et al. ICDM 2020)
TCTS based on pytorch (Xueqging Wu, et al. ICML 2021)

Transformer based on pytorch (Ashish Vaswani, et al. NeurlPS 2017)
Localformer based on pytorch (Juyong Jiang, et al.)

TRA based on pytorch (Hengxu, Dong, et al. KDD 2021)

TCN based on pytorch (Shaojie Bai, et al. 2018)

ADARNN based on pytorch (YunTao Du, et al. 2021)

ADD based on pytorch (Hongshun Tang, et al.2020)

IGMTF based on pytorch (Wentao Xu, et al.2021)

HIST based on pytorch (Wentao Xu, et al.2021)

ERANT: QLIB, 1 F

Ak, aQuB EFrE BRI R IAE ALPHAL58 Fil ALPHA360 WM& T T, FEEEMK

R TR B KRB SH, SRR ERMA AR S RE RN, IRNEAFSRREE 4 fE 5 1R A
A 4 (R AE R

52

) fi% 5 — L) 2
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SRl TR RS
ElZ&14: RBIFE ALPHALS8 REL
Model Name Dataset IC ICIR Rank IC Rank ICIR Annualized Return Information Ratio Max Drawdown
TCN(Shaojie Bai, et al) Alphal5g 00275£000 02157+0.01 00411000 03379+001 0.0190+0.02 0.2887+0.27 -0.1202+003
TabNet(Sercan O. Arik, et al) Alphal58 00204£001 015543007 00333+000 02552:005 0.0227+0.04 0.3676+0.54 -0.1089:0.08
Transformer(Ashish
i Alphal58 00264+000 02053+0.02 00407000 03273+002 00273002 0.3970+0.26 01101002
Vaswani, et al.)
Alphal58(with selected
GRU(Kyunghyun Cho,etal) "™ ° 00315£000 02450:0.04 00428+000 03440:003 00344002 0.5160+0.25 01017002
LSTM(Sepp Hochreiter, et Alphal58(with selected
00318+000 02367+0.04 00435:000 03389+003 0.0381+0.03 0.5561+0.46 01207004
al) 20 features)
Localformer(J Jiang, et
|°)ca ormer(uyong Jiang, et \o15g 00356+000 02756:0.03 0.0468+000 03784:003 00438+0.02 0.6600£0.33 00952002
al.,
SFM(Liheng Zhang, etal)  Alphal58 00379£000 02959:0.04 00464+000 03825:004 00465002 0.5672+0.29 01282003
Alphal58(with selected
ALSTM (Yao Qin, et al) phals8(with selected ) 13671001 02789+0.06 00463:001 03661:0.05 0.0470+0.03 0.6992+0.47 101072003

20 features)

Alphal58(with selected
GATs (Petar Velickovic,etal) 5 * (‘")” SEIET 003494000 025115001 00462+000 03564+001 00497+001 07338+019 -0.0777+002
eatures,

Alphal58(with selected

TRA(Hengxu Lin, et al) 20 fostoren 00404+000 03197+0.05 00490000 04047+004 0.0649+0.02 1.0091£0.30 -0.0860+0.02
Linear Alphalss 00397+000 03000:0.00 00472000 03531+000 0.0692+0.00 0.9209+0.00 -0.1509:0.00
TRA(Hengxu Lin, et al) Alphals8 004404000 03535£005 0.0540+000 04451+003 00718+0.02 1.0835£0.35 -0.0760+0.02
CatBoost(Liudmila
Alphalsg 00481+000 03366+0.00 00454000 03311:000 0.0765:0.00 08032001 -0.1092:+0.00
Prokhorenkova, et al.)
XGBoost(Tiangi Chen, etal) Alphal58 00498+000 03779:0.00 00505:000 04131:000 0.0780+0.00 0.9070+0.00 01168000
Alphal58(with selected
TFT (Bryan Lim, etal) 20pf:at re(‘:)” SEECted 00358+000 0.2160£0.03 00116+001 00720:003 0.0847+0.02 08131£0.19 101824003
u
MLP Alphalss 00376£000 02846:002 00429+000 03220:001 0.0895:002 1.1408+0.23 01103002
LightGBM(Guolin Ke, etal)  Alphal58 00448+000 03660+0.00 0.0469+000 03877+000 0.0901+0.00 1.01640.00 -0.1038+0.00
DoubleEnsemble(Chuheng
Zrang et Alphalss 00544£000 04340:0.00 00523+000 04284:001 01168001 13384:0.12 -0.1036:001

RN QLIB, #5H##

2 bR )a N EE
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El#15: #HBIFE ALPHA360 =
Model Name Dataset IC ICIR RankIC  RankIclr Annualized Information  Max
Return Ratio Drawdown

Transformer(Ashish Vaswani,

tal) Alpha360 0.0114+0.00 0.0716+0.03 0.0327+0.00 0.2248+0.02 -0.0270+0.03 -0.3378+0.37 -0.1653+0.05
etal,

TabNet(Sercan O. Arik, etal.) Alpha360 0.0099+0.00 0.0593+0.00 0.0290+0.00 0.1887+0.00 -0.0369+0.00 -0.3892+0.00 -0.2145+0.00

MLP Alpha360 0.0273+£0.00 0.1870+0.02 0.0396+0.00 0.2910+£0.02 0.0029+0.02 0.0274%0.23 -0.1385+0.03

Localformer(Juyong Jiang, et

al) Alpha360 0.0404+£0.00 0.2932+0.04 0.0542+0.00 04110+£0.03 0.0246+0.02 0.3211+0.21 -0.1095+0.02

CatBoost((Liudmila

Alpha360 0.0378+0.00 0.2714+0.00 0.0467+0.00 0.3659+0.00 0.0292+0.00 0.3781+0.00 -0.0862+0.00
Prokhorenkova, et al.)

XGBoost(Tiangi Chen, etal)  Alpha360 0.0394£0.00 0.2909+0.00 0.0448+0.00 0.3679+0.00 0.0344+0.00 04527+0.02 -0.1004+0.00

DoubleEnsemble(Chuh
Zﬁ:ﬂg:::? e(Chuheng  \1bha3e0  00404:000 03023000 00495:000 03898+000 00468:001 06302:020 -0.0860+001

LightGBM(Guolin Ke, etal)  Alpha360 0.0400+0.00 0.3037+0.00 0.0499+0.00 0.4042+0.00 0.0558+0.00 0.7632+0.00 -0.0659+0.00

TCN(Shaojie Bai, et al.) Alpha360 0.0441+0.00 0.3301+0.02 0.0519+0.00 04130+0.01 0.0604+0.02 0.8295+0.34 -0.1018+0.03

ALSTM (Yao Qin, et al.) Alpha360 0.0497+£0.00 0.3829+0.04 0.0599+0.00 04736+0.03 0.0626+0.02 0.8651+0.31 -0.0994+0.03

LSTM(Sepp Hochreiter, etal) Alpha360 0.0448+0.00 0.3474+0.04 0.0549+0.00 04366+0.03 0.0647+0.03 0.8963+0.39 -0.0875+0.02

ADD Alpha360 0.0430+£0.00 0.3188+0.04 0.0559+0.00 0.4301+0.03 0.0667+0.02 0.8992+0.34 -0.0855+0.02

GRU(Kyunghyun Cho, etal) Alpha360 0.0493+0.00 0.3772+0.04 0.0584+0.00 0.4638+0.03 0.0720+0.02 0.9730+0.33 -0.0821+0.02

AdaRNN(Yuntao Du, et al.) Alpha360 0.0464+0.01 0.3619+0.08 0.0539+0.01 04287+0.06 0.0753+0.03 1.0200+040 -0.0936+0.03

GATs (Petar Velickovic, etal) Alpha360 0.0476+0.00 0.3508+0.02 0.0598+0.00 0.4604+0.01 0.0824+0.02 1.1079+0.26 -0.0894+0.03

TCTS(Xueqing Wy, et al.) Alpha360 0.0508+0.00 0.3931+0.04 0.0599+0.00 04756+0.03 0.0893+0.03 1.2256+0.36 -0.0857+0.02

TRA(Hengxu Lin, et al.) Alpha360 0.0485+0.00 0.3787+0.03 0.0587+0.00 04756+0.03 0.0920+0.03 1.2789+042 -0.0834+0.02

IGMTF(Wentao Xu, et al.) Alpha360 0.0480+0.00 0.3589+0.02 0.0606+0.00 04773+0.01 0.0946+0.02 1.3509+0.25 -0.0716+0.02

HIST(Wentao Xu, et al) Alpha360  0.0522:0.00 03530001 0.0667+000 04576001 00987+0.02 13726+027 -0.0681:0.01
FERKIR: QUIB, H1FE K

QLB ARG WA T TFT 1, M ALPHA158 FIRILATLLEHE, TFT KRG TIrAE BRI Rg e A E . H
i R AR T HI B 43 519 DoubleEnsemble A1 HIST. {HIEMNFRATFHR IR, HAISHGEE, K RBHA AT hE
SHERAE, FLL g RAE S 53R A 0B 7 AR R AL ) 2 50
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. CHIhlI:L SECURITIES ESMTERR

R TR LR &

ASCWEFEIFBAT KA QuB HESEH B TFT A, 12K ALPHA 360 [H 13 & B B AT T AR A AR 58 24 v it
AT UNZREL B

TFT BRSNS T AR SR AL B 2 Ab, B REWS AE PR A B DA S CURNACSR AR B, A1 H IAR5E,
RERAMIL, SEFILR, A 0EE BB CRA R B A,

PR A S H B E T

E%16: TFTERESH

WHEEARLIN 60 Fikihi, FATRA GPU JIIZ:, BATCH SIZE %4 512, & — EPOCH $ERt 20 444
He

E®RL7: JNGERE El®18: WiFEIRE
train_loss val_loss
0.476
0.623
0.623 0.475
0.623 0.475
0.623
0.475
0.622
B 0.474
0.622 A
001 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
s 2 E U
AR WIND, F(5a ¢ FEFLKIR: WIND, #5d

MANGREEMBAE R RIRZRRE, SRS E KA FLET, IZES R ulaeisik 210IEE
WERN. REZRMT WA RF TSI, —ZFEARRR,  ZRAB/MIBERERE, WS EPOCH
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R TR LR &

B2 AR K Ao\ E BT8R B SRR e 1, B e TE MR LU R Bt JF BRI —
JANAE, PRIECR ) EPOCH JEANBEASRE I 48 7E A A SN HR AT EE A0 57t R B o

I RBIER

o T IRATHI R AR — HIUEE R, & T rh e ORng, R R e el ffids, JFEX T
WU, ARG TRIABB . FIEIRATR A TopKdropN HHEHS, BUARIERIMGTE 5 KN K SRS, HRFFR
FEARIES, LA N SRS, KGR N SRS, B S8 K AN BT, AT
AN TFHE B 5 R X ]

5.1 ICIR

fERFT L, BATE L RAASH IR WMBEI T, A 20 MHRTFER—DNKRERTF, REHRIE
TopKdropN F 5 1244 2 SR

RIS B AR S HOE I T
[F130 X [F): 20180129-20211231
JBEE s HIE 500 A
Rk ik 500
T QLT 2
e SR
M SE: k=50, N=5

R ZE RN 8.92%, FALEHAN 4.92%, KA 26.33%, #FFK 3734, FEILZE 053, MHRH
FI R e T DL 2R LIRS BN G B sh R, 18 4F LR 20 R PAERIE R H, (H27E 21
FELUE, RISHRMB A — K.
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CHINA SECURITIES

. S BT

ESMTERR

E5R19: ICIR i ER${E

R TR LR &

o030

E
o — -
i" " 1 ! |
{ ||| .
©. 10 ,‘. ! J
= |, | : 1
& o1s ‘ y
y
,ﬂ‘\‘b‘g\ @\9‘6\ ,p\‘a‘sl ,19‘19'0\ ,9'19'6‘ = o ’L\SS‘
ERIAHE: WIND, /5@
E%20: ICIR MBURIES AR
ICIR /Y
CAGR 8.92%
ExMDD 21.65%
MDD 26.33%
Alpha 4.92%
Beta 1.05
Stdev 0.26

2 bR )a N EE
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CHINA SECURITIES

Sk TREE R
ICIR 7N
Sharp 0.50
IR 0.53
Turnover 37.34

BRI WIND, F/58 %
5.2 TFT $ErE
MR TRT BRI ) 45 3, SRAAR R R s B, SRmE R I T B B

ElZ21: TFT(50,5)% M 4%

200

1.80

1.60

Excass Retum

Drawdown

St St

A s A
2 £ T =0T

9
>

RN WIND, 51

HILETARGER) 1ICIR INBL,  TRT S s R EINFRE, RIWEIRF . KR KFEAIEEE N 15.94%, F
AR 11.94%, B KB 29.43%, #T-3 17.36, {ERLLE 1.22. B 7 HIRCG PG RAh, SRR (E &N EE 11y
A7 RIETRTE. RIS ECRBEHGEIAE 18 FFF4E, BRI Ah, FEHANFIE, SORBHEEARHE 15%4
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R TR LR &

A, MEEGITERLE, £ 18 S NPEZI, BRERMIEAHRA 20% /L4, KILEAEKE TFT GEME AT ]
. ABAEXTLERTLAE H, TRT BB e 7 2] 2L 4t 10 77 s A 15 B .

EF22: TFT(50,5)KMBITER

TFT SRHE

CAGR 15.94%
ExMDD 23.31%
MDD 29.43%
Alpha 11.94%
Beta 1.02
Stdev 0.25
Sharp 0.82

IR 1.22
Turnover 17.36

BRI WIND, =2 #

5.3 SREEHLLL

FRRTUR I T 4 5 S LU, AR TR SRS s AT RE A R KOO, PR ERATINAA ] N R
SRS P YA 2 AN 3 T 155 10«

B3 WEEST E%R24: BFEDH

25.00% 160.00

20.00% 140.00

15.00% 120.00

10.00% 100.00

5.00% I 80.00

0.00% | 60.00

5.00% —1 2 3 4 5 6 7 40.00

-10.00% 20.00 I
-15.00% 000 - | | . I I
-20.00% 1 2 3 4 5 6 7 8 9
-25.00%
FERIKN: WIND, 51 FERPKN: WIND, #1151

AUEH, BEE N BN, HFZP R, WEDEH TR, 2 N>7 I TR 70 A SRS U et 2
ARETRAN L3R, FHCRIE T 0. £ N BUNOTEOL, #FEAR, £ 20 (FRLN, SRR BN E -

M N=1 I, HESHIRS A, SRS AL RN 19.57%, FEALEH 15.57%, Kl 25.99%, #TFx
4.60, f5RLZE 174, IA#TF CEEE P KIAF ORI T2, I BRI MTE A 7 SRR
ME KB SR E, B2 18 4F FHAEM R KB LA 26%, HoAh i 7] 3 A# BE 2 HI/E 10%-15% 2 /7, Hth
TFT(50,5) ) [l Jifds il S22 3 58 m 5% th

2 bR )a N EE
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CHINA SECURITIES

ESMTERR

B#%25: TFT(50,1)5E08 % &

R TR LR &

200

180

160

1420

NAV

Excess Retum

Drawdown

== > o =° = S =
BRI WIND, =
E#*®26: TFT(50,1)RMEZEHEER
TFT 5RBR
CAGR 19.57%
ExMDD 16.90%
MDD 25.99%
Alpha 15.57%
Beta 0.99
Stdev 0.24
Sharp 1.00
IR 1.74
Turnover 4.60

RN WIND, Hfza#
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R TR LR &

75 GREVHE

ASCIELE 4 HT QLB Y ALPHA158 I ALPHA360 %idE, iEHU ALPHA360 RILHUT I 20 MAF, 1A%, F
FHl Temporal Fusion Transformer [ 2% 7l i 5% & SR IS 25 K o

MIRMEERKE, BRI, SE50 IR BT EL, TFT BREE A2 IS SEINIE 5 R B, @i £
RT3, TFT SIS RENE IS 5 Fh KSR A e T4, I Ll as DL RasE PE AR L 5

ER27: RERXIEE

ICIR fm#R TFT (50, 1)
CAGR 8.92% 19.57%
ExMDD 21.65% 16.90%
MDD 26.33% 25.99%
Alpha 4.92% 15.57%
Beta 1.05 0.99
Stdev 0.26 0.24
Sharp 0.50 1.00
IR 0.53 1.74
TurnOver 37.34 4.60

BRI WIND, =2 #

QUIB FEH 1 AR (8 G 10 e SCRp AR S, AR St A Quis AL E IR 18] 741 Transformer #57,
B H B T2 i 3 o
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SRR
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Bh3E

R TR LR &

TEYT: R SR, PRSI, FUAE S R R AT

MG, SRh TR RV FACE 53S0 7 F N bW, s B3t
SRS RERE RS, FEIER ST RS RA R . 13 FuEgs A
b, BISZEN “CEAFEARTN” A R, HAFIRNIE T T4 ML PR R R R
JE BRI L T 5545, 200 BT I B 3 &3 s RS HETIA], X 5=
fic B 545 FIE T &R 2B E S50 . 2 U0CRIRBINGEE: W& et b )
2009 % 4. 2012 55 4. 2013 %% 1. 2014 %5 3 %%; /KEREREAES T 2009 55 1. 2013
% 1%; Wind &85 Hr)ii 2018 4E55 2. 2019 4F55 2 %%, 2020 4F5f 4 %%,

E B BT L, YEERSATMIRR, FRMTAR, GEERH
FRAPHELK, 2021 FFMAPEER, EEATFTEMZHTER.
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G fih TR AR

VLR i EA
BRI b R Pi
i BB @G K P GbR o R R AT H S DN AR IE 15% DAL
6 M H WA TR, WEERE KA HJEH 6 R HAXT KR 5%—15%
NMH WA B (BT D AHXT [F A CIE VPR ek FEXT K ME-5%—5% <[]
F AR Bk Bk A . A T TR HRXH K IE 5%—15%
DAV 300 REEAFEAE: BT =Rl L =H0K S FERT R 15% DAL
fedkiut, FEW MEAIRBUAE pIuE, KE WA T FaHE 10% 0L 1
bR 500 18 BC AL P | AR HE-10-10%2 7]

Eo RN AE ki 10%LA
v 0]

AR B AL (D DA RIRBNL A IRk, MEHSEEMAER, Mo, B0 B AIRE, it
AZAEE =TT R BB GD ARAANGE, AR, KA S AR S A 0 B AAHER L SO 170 B e s RIS B AT b 32

XM

A A E SRR A A PR A R R/ ER LA (BUREFR “H B S, b (Sl BOESR A A R 2 R 72 e AR I
B (CORAIRE B, NSRS, 0T 68 =4t T EEBOER R A R A FLRA T ENER 27 R Sl 55 5%, A&
A4 93 BT T P45 o IR S5l Db 245 7 SRR S5 35 B RO BEAR IR o 5 DR R AR 5 0

A R ERE (EHRD TERA R A R R RO A /R PR & RN S R Y b g 5 DR AR B 0L,
—Rg M AR
AR P E @B BRI A AR T & A 8RR R, AR I B S A R 2% .

A BME BRI T S @B TR R ATTBORL, (R (S B X (5 B AER I A e AR AT (RAE . AR Tl si, ¥
AT S A 5 1 F F 2 A T 0, 12 S PPAL R0 PT REAE A R A B 00 A IR B, A T e R F AN IR AR e A
ARAEERE RN [F) A TR A5 P R B AR AR T N B DSk AR T A B AN RIS e A 75 i 51 90E 27 B At < i TR g 3o A2 Ml 53¢
ARBHARAMIIL . R 9T & AR AT A O A0 P4 2 8 5 T A IS B 2 A, T AT B BE 2 A T RE B I ¢ 222 A I R S B 5 R WA
fo MEREBAKREE . ACRIEA R I & BA FUIEST 0 Py 22 2818 BLSC L

AR B R LR B A BB AR TR IR BRSO I ANAE W SR . 5058 H . R 4 557
ARG DL, SRS N B AP REAR S TS (E S, BT HSRBE AR, &R, mila. KSR HMER A M s B 17K
B AR . A E B DUTTA 1R R AT A ) B . vt BRI S . AR RS He o =2 AR AR S U 3R
S S B S R PSR R AU SRR, TR DAEFAE 0 S e sl AR I Rk . (5 SR A A i
A AT B B AR R AR ST T

FEFHEI L B UE SRV IV Y, PSRBT RE R T 5C 5 AN T R i B 2 ) OB s A P A B, AT REAERE & 12 N
H A s A A h R A AR LB S O PR U B RAT . A2 5 WS A sl A B IR 55 ARy A S, MERR. TR
Mo e T AL HTIMEIIL AL, T T ITC G 25 DR SR 2 BUR B e 5 H P S 10 oA BRI R, TR A 2
K498 5 A4 3 T AR U 24 R 2o

AR AT EEBA . RETEERFLFIF, ARMHUR/EA AR DR R B, Sl AT AR S 4
ERECER T A, IR NRE AP S A B RS . A N B (A S 30, BRI B5] I AR & 4 APl 2 2%
WA A, EHLTT

h{ERIRIEFEMR L R hEESE (ERR
b5 i I il
RIWXE AR 2 SPEF O AR AME 528 5 MHX S HB 6003 SAEE S TR 2 W 181
B 12 |7 R4 2106 = Hl B EE 22 2

HHif: (8610) 8513-0588 Hif: (8621) 6882-1600 Hif: (86755) 8252-1369 4. (852) 3465-5600
BRRN: ZALER BRRN: StEin BRAN: HE BRRN: XL

fE4%: lizhiyao@csc.com.cn fis#%: wenggifan@csc.com.cn HiE4%: caoying@csc.com.cn 4. charleneliu@csci.hk
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