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Model

Name Paper
Linear LINK
CATBOOS LINK
T

LGBM LINK
DoubleEns LINK
emble E—
MLP LINK

Type

LINEAR

TREE

TREE

TREE

MLP

IC

0.07515

0.07899

0.07497

0.07555

0.07093

ICIR

4.30512

4.86365

4.44188

4.30537

6.27798

Annualized
Return

6.84%

9.65%

7.20%

6.13%

13.44%

Information
Ratio

0.45324

0.57736

0.45381

0.39556

0.83009

Max
Drawdown

27.61%

30.68%

32.82%

34.53%

20.08%

Alpha

10.36%

13.46%

11.03%

10.00%

17.02%

Information
Ratio(alpha
)

0.83945

1.62153

0.89911

0.78544

1.44013

Max
Drawdown(
alpha)

12.79%

12.30%

12.91%

14.05%

10.59%
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LSTM

Model Name

Type
IC
ICIR
Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

LSTM
RNN
0.0913
74762
17.93%

0.96
29.32%

22.01%

1.69

12.28%
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GRU

Model Name

Type
IC
ICIR

Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

GRU
RNN
0.0791
7.8283
22.11%

1.22
24.93%

26.20%

2.17

9.15%
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DA-RNN

Model Name

Type
IC
ICIR

Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

DA-RNN
RNN
0.0946
8.2899
22.17%
1.19
26.22%

26.31%

2.11

9.20%
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Information Ratio 0.95 m
Max Drawdown 26.44% &
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Figure 1: The Transformer - model architecture.
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Transformer

Model Name Transformer
Type TRANS+CNN
IC 0.0894
ICIR 6.9455
Annualized Return 18.27%
Information Ratio 1.02
Max Drawdown 25.98%
Alpha 22.05%
oator
Drawdg/lv?r)l((alpha) 11.42%
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Informer

_____________ | I Outputs
i Concatenated Feature Map 3 ) jINEEEEEREN 1 INNg 5

ST ]-E -l;;‘,;)-(i;.r ----------- s, | Fully Connectf:d Layer |
E i \ ‘ . T ___________
' Multi-head ' : Decoder .:
' ProbSparse ‘ ' Nulthead ,
‘ Self-attention N - ulti- ca v
: / ! : Attention ,
5 Multi-head : t [/Masked Multi-head\ !
' ProbSparse . : ProbSparse i
\ Self-attention b ' Self-attention :

---------------- ‘- -_-_----------.’ ﬁ---------_‘_-_-------‘

0{0]0{0]0]010
Inputs: X, Inputs:  Xge={Xtoken» X0}

HHRLFEIE: Informer: Beyond Efficient Transformer for Long Sequence Time-Series Forecasting, 5%
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Informer

Model Name

Type
IC
ICIR

Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

Informer
TRANS+CNN
0.0070
1.6943
3.93%

0.31
28.63%
7.59%

0.76

13.03%
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Autoformer
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Autoformer
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=+ tumaver

Model Name Autoformer refemlimie
Type TRANS
IC 0.0498
ICIR 4.3631
Annualized Return 9.99%
Information Ratio 0.66 .
Max Drawdown 24.41% :
Alpha 13.34% Zj
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PatchTST

Model Name

Type
IC
ICIR
Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

PatchTST

TRANS
0.0050
0.8258
3.96%

0.31
27.72%

7.58%

0.76

11.17%
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iTransformer
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iTransformer
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Model Name iTransformer
Type TRANS
IC 0.0465
ICIR 2.8073

Annualized Return 9.20%
Information Ratio 0.63
Max Drawdown 21.66%

Alpha 12.38%

Information 1.04
Ratio(alpha) ’
Max
12.12%
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DLinear

FutureI timesteps

History L timesteps
Figure 2. Illustration of the basic linear model.

HRIAENT: Are Transformers Effective for Time Series Forecasting?, T
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DLinear

Model Name

Type
IC
ICIR
Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

DLinear
MLP
0.0625
3.4757
13.90%

0.93
20.35%

17.11%

1.40

9.80%
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TiDE

o (1)
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Temporal Decoder
(per time-step)

MLP Encoder+Decoder Unflatten =~
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Decoder
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Residual Layer Norm
Block Skip
Connection

Dense E Dropout

Encoder Dense
(Linear)
XNl

Dense
(RelLU)

Feature
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(per time-step)

Lookback

Dynamic Covariates

Figure 1: Overview of TiDE architecture. The dynamic covariates per time-point are mapped to a lower
dimensional space using a feature projection step. Then the encoder combines the look-back along with the
projected covariates with the static attributes to form an encoding. The decoder maps this encoding to a
vector per time-step in the horizon. Then a temporal decoder combines this vector (per time-step) with the
projected features of that time-step in the horizon to form the final predictions. We also add a global linear
residual connection from the look-back to the horizon.

AR Long—term Forecasting with TiDE: Time—series Dense Encoder, TF{5#E#
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Annualized Return -16.25%
Information Ratio -0.61
Max Drawdown 43.30%
Alpha -12.94%
Information
Ratio(alpha) 0.74
Max I
4. 9 0.5} | |
Drawdown(alpha) 34.66% T AL RN
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TiDGE

== um bench

=e= cum refum wo cost
=+~ Cum retum w cost
i retum wo midd

b retum w cost mdd
=#= cum ex retum wo cost

== Cum ex refum w cost

Model Name TiDGE Emgf‘m‘;‘d
Type RNN+MLP
IC 0.0470
ICIR 3.8388
Annualized Return 2.13%
Information Ratio 0.21
Max Drawdown 33.73%
Alpha 5.86%
oator
Drawdgﬂv?r)l((alpha) 12.41%
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More Tests
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GRU

Model Name

Type
IC
ICIR
Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

GRU
RNN
0.0791
7.8283
25.68%

1.39
22.01%

29.86%

2.51

9.71%
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== oum bench

== cum return wo cost

== cum return w cost

s retum wo midd

s rebum w cost md

=4= Qum e refum wo cost
4 Qum &x refum w cost
== tumayer

e UM €X etum w cost mdd
e UM X refum wo cost mdd



DA-RNN

Model Name

Type
IC
ICIR

Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

DA-RNN
RNN+MLP

0.0946

8.2899

23.14%
1.23

24.97%

27.36%

2.24

9.60%
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== oum bench

=4~ cum return wo cost

== cum return w cost

b retum wo mid

b retum w cost mdd

== cum &x refum wo cost
== qum &x refum w cost
== tumover

s cum x refum w cost mdd
e UM X refum wo cost mdd



TCN

== qum bench
=4~ cum retum wo cost
== cum retum w cost
b retun wo mdd
e retum w oost mdd
== Cum &x refurn wo cost.
== Cum &x refumn w cost
== tumover
MOdel Name TCN +{umexremmv‘mslmd:d
e UM ex refurn wo cost me
Type CNN
IC 0.0911
ICIR 7.5706
Annualized Return 26.60%
Information Ratio 1.39
Max Drawdown 25.25%
Alpha 30.92%
Information 237
Ratio(alpha) ’
L
Max
Drawd Ioh 10.56% v |
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Transformer

st e i
Model Name Transformer Emﬁ"tdﬁd
Type TRANS
IC 0.0917
ICIR 7.5023
Annualized Return 32.12%
Information Ratio 1.56 B
Max Drawdown 21.86%
Alpha 36.34%
lomaton
Drawdg/lvx?r)l((alpha) 12.35%
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GRU

=+ aum bench

== cum retum wo cost
=#= cum retum w cost
e retum wo mod

b retum w cost mid
== cum ex refum wo cost
== QUM ex refum w cost

=e= fumover
Model Name GRU —
Type RNN

IC 0.0955 -n: l ' v .' T‘rTW
ICIR 8.5981 -
[ - v - .
Annualized Return 27.73% g TV AR A WW

Information Ratio 131
Max Drawdown 27.10% u‘: A
Alpha 32.10% .
e 203 -

Max
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DA-RNN

Model Name

Type
IC
ICIR
Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

DA-RNN
RNN+MLP
0.1010
8.3104
27.39%

132
27.97%

31.70%

2.03

13.37%
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=+ am bench

=4~ cum return wo cost

== cum return w cost

e retum wo mid
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=4= Qum e refum wo cost
4 Qum &x refum w cost

== tumayer

b UM X retum w cost mdd
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TCN

=e= am bench

=4~ cum return wo cost

=e= qum retum w cost

e retum wo mod

b retum w cost mid

=&= oum ex refurm wo cost
=&= oum ex retum w cost

== tumayer

e CUM X refum w cost mdd
e CUM X refum wo cost mdd

Model Name TCN

Type CNN L
Ic 0.0895 ﬁ""’"""""‘"’”'ww
ICIR 8.2774
Annualized Return 21.36% Ei ' T ”'W‘ T

Information Ratio 112
Max Drawdown 26.38% :
Alpha 25.54% “
Information 196 |

Ratio(alpha) WA

Max
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Transformer

Model Name Transformer

Type TRANS

IC 0.0917

ICIR 7.5023

Annualized Return 28.53%
Information Ratio 143

Max Drawdown 23.91%

Alpha 32.68%
lomaton

Drawdg/lvx?r)l((alpha) 11.60%
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== um bench

== Cum reum wa cost

== Cum refum w cost

b retum wo midd

b retum w cost mdd

=+~ cum &x retum wo cost
== (UM ex refum  Cost
== fumover

s cum ex rebum w cost mad
b CU & retum wo cost mdd
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TopK : 400

Ndrop : 40

SR . 5HIN

[ENX & : 202145-2023F28

RESERE © £A

2 PiEets

AAZINTS . BHBEM
.ﬂll%‘i%iﬁil#

CHINA SECURITIES



GRU

Model Name

Type
IC
ICIR

Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

GRU
RNN
0.0955
8.5981
34.31%

1.53
23.45%

38.86%

2.25

13.94%
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== oum bench

=e= cum retum wo cost

== cum return w cost

b retum wo mid

b retum w cost mid

== um ex refum wo cost
== QUM ex refum w cost
== tumover

s cum x refum w cost mdd
b CUM X refum wo cost mdd
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DA-RNN

Model Name DA-RNN
Type RNN+MLP
IC 0.1010
ICIR 8.3104
Annualized Return 30.64%
Information Ratio 145
Max Drawdown 23.08%
Alpha 34.96%
lomaton
Max 13.23%

Drawdown(alpha)
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== oum bench

=e= cum retum wo cost

== cum return w cost

b retum wo mid

b retum w cost mid

== um ex refum wo cost
== QUM ex refum w cost
== tumover

s cum x refum w cost mdd
b CUM X refum wo cost mdd



TCN

Model Name

Type
IC
ICIR
Annualized Return

Information Ratio
Max Drawdown

Alpha

Information
Ratio(alpha)

Max
Drawdown(alpha)

TCN
CNN
0.0895
8.2774
23.69%

1.26
22.58%

27.91%

2.28

8.86%
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== oum bench

=+~ Qum retum wo cost

=#= cum retum w cost

it retum wo méd

b retum w cost mid

== cum ex refum wo cost
== QUM ex refum w cost
== tumover

s cum ex refum w cost mdd
b QUM X refum wo cost mdd



Transformer

Model Name Transformer
Type TRANS
IC 0.0917
ICIR 7.5023
Annualized Return 32.12%
Information Ratio 1.56
Max Drawdown 21.86%
Alpha 36.34%
lomaton
Max

Drawdown(alpha) 12.35%
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=+~ aum bench

=== qum retum wo cost

=e= cum refum w cost

i retum wo midd

i retum w cost mdd

=e= cum ex refum wo cost
=+ Cum X retum W cost
== tumaver

e Cum ex refum w cost mdd
e CUM X retum wo cost mad



Meta Learning

Historical data /7 Unseendata &) For each task® :
. 004 o 00909 i goooo&o_so- § taskm 5 D D 50 g wPPCDA Me creates a new
'_§ Og ggog,',{ Oogpool'b >y a Ogo, $>'> >[>‘>DD Taskirain task [—l \DL“"‘J—GJ‘ dataset from | D\, | by resampling
S O, D H > = s ; 7
s E 909;. C;’O;{DZ gg-cz ‘:é ,;DD';Z Zgl’ D>,>1;1>> D,E‘;D Learning forecasting models on |D\%,,..(©)
g5 - 3 g . I Forecasting on
DDG-DA M i ‘
Streaming data by time time
B [y == HLSE g - N
F M FEURI R Figure 1: An example of concept drifts on streaming data. Figure 3: Training data (historical data) and test data (recent
Triangle and circle represent two classes of data. Data comes unseen data) change over time; the objective of each task is
like a stream. The data distribution changes over time. to improve the forecasting performance on test data.
(t) t
Optimization by aztask(')ETask,min LB, (taSk( )) Optimization (@* = arg min Z L(gt) (task(t))
Gradient Descent G').'3—4—1 = 93 — MNs objective ®
aes task™ eTaskiain
x5 o | €—0ss—
Mg Optimization |[¢—oss—

lating loss for a single task

A Cal
Data resampling distribution probability t t t
s 1 LY (task®) = Di (piuam (2,4 ©) | pifke(2,9))
Ginin = Mo (9(D{:n)) time ¥ £

Resampled dataset Dﬁ.‘,.).m,,,(@) serves as D(t)
task(t) DS:Lin predicted test data distribution

Figure 4: The learning process of DDG-DA; DDG-DA Mg learns to guide the training process of forecasting model by

generating dataset D,(é)sam(@) resampled from Dgzm with probability qiizlm. qt(ilin is the resampling probability given by

M at timestamp ¢.

HRILFENE: DDG-DA: Data Distribution Generation for Predictable Concept Drift Adaptation, &
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DDG-DA (Linear)

Model Name DDG-DA(Linear)
Type LINEAR
IC 0.1258
ICIR 6.7511

Annualized Return 10.94%
Information Ratio 0.69
Max Drawdown 27.82%

Alpha 14.33%

Information
Ratio(alpha) 112
Max o
Drawdown(alpha) 12.62%
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== um bench

=+~ um retum wo cost

== Cum refum w cost

i retum wo midd

i retum w cost mdd

=+~ cum &x retum wo cost
== (UM ex refum  Cost
=+ tumaver

e Cum ex retum w cost mad
b CU & retum wo cost mdd
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[ESEXIE

CATBOOST GRU El‘;“b'EEnsem LSTM Linear

DA-RNN LightGBM

DA-RNN 05184 05556
CATBOOS

;

GRU 0.4481
DoubleEns

emble

LSTM 0.6497
Linear

LightGBM

MLP 05530 0.6615 0.5863 0.5809 0.6068 0.6100
TCN 0.7147 0.6823 0.6803 06453 07441 06075 0.6483
E"’”Sforme 0.6588 0.7036 0.6068 0.6631 0.7044 0.6558 06714
Informer 0.0387 0.0294 0.0388 00214 0.0349 0.0247 0.0219
rAUtOfOrme 0.3530 0.3037 0.3432 02771 0.3523 0.3396 0.2845
PatchTST 0.0127 -0.0177 0.0336 -0.0328 0.0063 0.0015 -0.0220
TiDGE 03174 0.4604 0.2643 0.4816 0.3597 04570 04787
Dlinear 03581 03412 0.3491 03107 0.3282 0.4304 03167
iTransform 0.2847 0.3236 0.3173 0.2783 0.2972 0.3993 0.2916

er
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MLP

TCN
0.5530 0.7147
0.6615 0.6823
0.5773 0.6803
0.5863 0.6453
0.6068 0.6075
0.6483

0.6414

0.0375 0.0397
0.2815 0.3690
0.0514 0.0157
0.2750 0.3305
0.3504 0.3813
0.3631 0.3444

transformer

0.6588

0.7036

0.6068

0.6631

0.7044
0.6558
0.6714
0.6323

0.4023

0.0180

0.3248
0.4324

0.4140

Informer

Autoformer
0.0387 0.3530
0.0294 0.3037
0.0388 0.3432
0.0214 0.2771
0.0349 0.3523
0.0247 0.3396
0.0219 0.2845
0.0375 0.2815
0.0397 0.3690
0.0545 0.4023

0.0581

-0.0686
-0.0147
0.0264
0.0800

0.0738

0.0581

0.0285
-0.2405
0.2574
0.4496

0.3761

PatchTST TiDE TiDGE

0.0127

-0.0177

0.0336

-0.2064

-0.0328

0.0063

0.0015
-0.0220
0.0514
0.0157

-0.2077

0.0180

-0.0686 -0.0147

0.0285 -0.2405

0.0973
0.0973
-0.0071

0.0404 -0.2216

0.0521 -0.2346

DLinear

0.3174

0.4604

0.2643

0.4816

0.3597
0.4570
0.4787
0.2750
0.3305

0.3248

0.0264

0.2574

-0.0071

0.2785

0.2448

0.3581

0.3412

0.3491

0.3107

0.3282
0.4304
0.3167
0.3504
0.3813

0.4324

0.0800

0.4496

0.0404
-0.2216
0.2785

iTransformer

0.2847

0.3236

0.3173

0.2783

0.2972
0.3993
0.2916
0.3631
0.3444

0.4140

0.0738

0.3761

0.0521
-0.2346
0.2448
0.6012



%5 -A1pha360Top400Drop400

Model LSTM GRU DA-RNN TCN Transfor Localfor Informer Autoform PatchTS iTransfor DLinear TIDE TIDGE
Name mer mer er T mer
Type RNN RNN RNI\;_ML CNN TRANS TRANS TRANS TRANS TRANS TRANS MLP MLP RNI\:-ML
IC 0.0913 0.0791 0.0946 0.0911 0.0894 0.0907 0.0070 0.0498 0.0050 0.0465 0.0625 -0.0447 0.0470
ICIR 7.4762 7.8283 8.2899 7.5706 6.9455 6.4798 1.6943 4.3631 0.8258 2.8073 3.4757 -2.3969 3.8388
Annualiz
ed 17.93% 22.11% 22.17% 16.95% 18.27% 17.55% 3.93% 9.99% 3.96% 9.20% 13.90% -16.25% 2.13%
Return
Informati 0.96 1.22 1.19 0.95 1.02 1.01 0.31 0.66 0.31 0.63 0.93 -0.61 0.21
on Ratio
Max
Drawdow 29.32% 24.93% 26.22% 26.44% 25.98% 25.91% 28.63% 24.41% 27.72% 21.66% 20.35% 43.30% 33.73%
n
Alpha 22.01% 26.20% 26.31% 20.92% 22.05% 21.24% 7.59% 13.34% 7.58% 12.38% 17.11% -12.94% 5.86%
Informati
(.)n 1.69 2.17 2.11 1.70 1.66 1.62 0.76 1.13 0.76 1.04 1.40 -0.74 0.55
Ratio(alp
ha)
Max
Drawdow 12.28% 9.15% 9.20% 10.09% 11.42% 10.72% 13.03% 11.77% 11.17% 12.12% 9.80% 34.66% 12.41%
n(alpha)
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&R —-A1pha360Top400Drop40

Model Name

GRU DA-RNN TCN Transformer
Type RNN RNN+MLP CNN TRANS
IC 0.0791 0.0946 0.0911 0.0894
ICIR 7.8283 8.2899 7.5706 6.9455
Annualized Return 25.68% 23.14% 26.60% 30.33%
Information Ratio 1.39 1.23 1.39 1.56
Max Drawdown 22.01% 24.97% 25.25% 22.99%
Alpha 29.86% 27.36% 30.92% 34.43%
Information
Ratio(alpha) 2.51 2.24 2.37 2.35
Max 9.71% 9.60% 10.56% 11.17%
Drawdown(alpha)
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Model Name

Type
IC
ICIR

Annualized Return

Information Ratio

Max Drawdown
Alpha
Information

Ratio(alpha)

Max
Drawdown(alpha)

GRU

RNN

0.0955
8.5981

27.73%

131

27.10%

32.10%

2.03

12.98%

DA-RNN

RNN+MLP

0.1010
8.3104

27.39%

1.32

27.97%

31.70%

2.03

13.37%

TCN

CNN

0.0895
8.2774

21.36%

112

26.38%

25.54%

1.96

10.00%

Transformer

TRANS

0.0917
7.5023

28.53%

1.43

23.91%

32.68%

2.16

11.60%
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Model Name

Type
IC
ICIR

Annualized Return

Information Ratio

Max Drawdown
Alpha
Information

Ratio(alpha)

Max
Drawdown(alpha)

GRU

RNN

0.0955
8.5981

34.31%

1.53

23.45%

38.86%

2.25

13.94%

DA-RNN

RNN+MLP

0.1010
8.3104

30.64%

1.45

23.08%

34.96%

2.15

13.23%

TCN

CNN

0.0895
8.2774

23.69%

1.26

22.58%

27.91%

2.28

8.86%

Transformer
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