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ABSTRACT

In recent years, the Bitcoin futures exchanges have experienced rapid development
and have become a popular area for investors. This thesis applies the DeepLOB, a deep
learning model validated in traditional financial markets. It utilizes the limit order book
of Bitcoin futures from the Binance exchange to forecast futures price movements.
Through a comparison with traditional linear models, it is found that the DeepLOB model
demonstrates more accurate predictive capabilities, indicating its superior performance in
capturing market features and trends.

The original representation of the limit order book in the DeepLOB model can lead
to unstable predictions. This thesis adopts the robust representation of Wu, Mahfouz,
Magazzeni and Veloso (2021). Experimental results show that the new representation
contributes to improving the predictive capabilities of the DeepLOB model.

Overall, this thesis demonstrates that the DeepLOB model outperforms traditional
linear models for the Bitcoin futures traded on the Binance exchange, and the robust limit
order book representation further enhances accuracy in prediction. These findings provide
valuable insights for investors, assisting them in making more informed decisions in the
Bitcoin futures markets.

Keywords: Bitcoin futures, Binance exchange, limit order book, DeepLOB, robust

representation
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PR bl e o BRI hl ~ G SEARGR el Bt B 2 e T
hy = o(Wypxe + Wyphe_q + by) (2.1.8)
Ve = softmax(Whyht + by) (2.1.9)
Ho o Wi > Whp > Wiy & 5] 806 ~ IR RGER & ~ BRI & TR ARG &~ ERGR & 3
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h: = o,®tanh(c;) (2.1.15)
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# O% 1 PiEI5 k4 (Hadamard product) °

4 77

BiFipd 25 L mP R T UHA S BIRE FEH0 T2 05y ok iR

Lofin A SRR G R A e R R R A BRI ik o

Van

doi:10.6342/NTU202302237



2.1.5 DeepLOB

DeepLOB ¢ Zhang ~ Zohren {- Roberts #% ) » £~ B & 4 & p 7 H-i& (7 57 P D

EREEY A v RAe U £ 2 B TR B A R iR AB$[13] -

DeepLOB #2%] ¢ %% &% 5% B4 f7 B9 83 Wk ipiplic 4 [6,13] -
5= ] 4 {J* #‘E’\&%

FHCAEE T T & 3 CNN ##qe Inception HoHL enie i > it 43
VR e B g M Rk - E%%ﬁﬁuﬁﬂﬁﬁ DAL @~ LSTM A & (7 ed2 o M T i
PP HAR % ch 5 o DeepLOB #-7] enifa gh A 3%
Y e ey

Ppd L PR M o B g A
VO 4 L g se bt e > Y p A
FPFR M %o Km g D BERC 5 BB A gk [6] o

Input CNN module Inception module LSTM Output

/¢

> > ==> ;%% >

==

] 2.1 ~ DeepLOB #-2] 7 i #1[6]
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A N
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Conv Conv max pooling
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Conv Conv Conv
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D v® g o p® 0P P v? pP 0P P v P v P v
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[~ [~
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L R R AL AT
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FAREL R E[11] 0 B
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Wu ~ Mahfouz ~ Magazzeni {r Veloso 45 21 ig e 22 58 » 7 v #F 46 8 R
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BRI LB AT Ae W )
v Fom e LR L R ) o F

FLPF LAt +
gk

14
doi:10.6342/NTU202302237



=% 9HiE

31 FE&mKV

ARG GRS BRI B R R R AT o B A i e e &

BREEEF? DM GNERE AP THEY BESHPN SRR E D R

51 DeepLOB #-7] o #F % 3243 iv 43 7 s P U L 128 7 ehg B T fodf i 5
Lo FY RS FofFab oAl o K KB B RRI BRI o 4 o

Brh o d At e U A3 endoor 2 N ¢ ERECAFER O M AL
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Prshve BN s AR (snapshot) ¥ @ 3 b 2 AR enf f e

#HEE > 4B 31

“ bpl bsl bp2 bs2 bp3 hs3 apl8 | asl8 | apl9 @ asl9 | ap20 as20

28326326{;1 17153.3 8.643 17153.2| 0.002 17153.1 0.1 .. 17155.7 0.009 17155.8 0.006 (171559 0.742
2022-12-01
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00:00:05 17152.0/ 1.160 17151.9) 1.937 17151.8 0.9 . 17155.4 0.305 171555 0.009 17155.6 2.256
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ZRILER T S GACE Y F 1P Bk E i ERERE KR A
AR T ERRERLSE TGP P A ERRETRE RS RIFEL
PO ERMFERHOAM A AR B o R R OTHR AR EIoREE A B AR A
BHEMGEATAH v hp DA RREEA L 4 > X I AR R AR T
LA I & cd PA

16

doi:10.6342/NTU202302237



AT DR FEREF G 2022 # 127 1 p 12022 # 127 31 pox 31 B o
#1270 1 P2 127 21 penF A G RE 2129 220 3 127 26 P &~ 5 %
BooBefs120 27 p 3 120 31 p A LRS-

323 TR R
f%“.&%%%ﬂﬁﬁfi TR E AR T A K r\l‘"ﬁp;lizl'ﬂf’ HEMEEIR
7 R HA i e T e AR chp AR E > I AT R S
F AR & 4 4k B A e R R ojeactt o gt b F R HRE S R 2R <
AR PE AT A f X P EE A RO o AR R 4 o 2T AR
VTR R R HE SRR AR B [2] -

¥ hhr it 3t e R (z-score normalization) frfF - i (min-max

normalization) > ¥ i 3% 8- b BB g 3] - B B Lhge R

R R T LIRS RS S S T 3

X—u
xnorm = T (3.2.1)
oo x RGBT 0 LR T 0 > o L P B £ o
- g e g 5[0, 1] BN 0 B S e
X — Xmin
X =
norm Xmax — Xmin (3.2.2)
B x B R4 o Xin T Xmax A B 3% b | ok & & o
AT RS ST EREAIRL o S TFLTHRERT FIAK

Folo AR AT E DR B T S o L 0 B R sk Rl
B REL

33 FERIPEEE

GRFHAR TR A KPR E S > AT L E PR Y fp, o H
BF e

17

doi:10.6342/NTU202302237



(1) (1)
p, = Pa () ‘; Pp (1) (33.1)

29 o pPO RS - At § V(O R R - AR

("N

Rid o fhE R Y] %')‘Ls;};ﬁm FIELZBAIBIFRIDA KD HRE ¢ Fa 0

R el de ok HIRGVIRRIP AR E S RRF SRR e Tl AT R ¥ &2 Zhang
Zohren {r Roberts 48 Fe 725 3+ = 340 i % 00T apfdac @ FRI P ARE { Ao fE i
% 38R E f eR A 0 EOF IR FERIAA R P HRE[13] 0§ £ R

B kBT BOTIEY Gm_(ODfck kkBREFRET Y Fm, () AL

k-1
1
miﬂ=;Z¥mi (33.2)
1 k
mﬂﬂ=;2¥mi (3.3.3)
#Fmy(O)EmM_(OAPF T F D AtPE BB R () ©
[;(t) = m,(t) —m_(t) (3.3.5)

hts k- BRE (@) &L <-—aii o Ei-1; L&RLE) >ab
PR fRze s 1 AP AHET el 0 plHEME IRATEEY 2
TRRlEAR R P HEE o

R (@) ciE ¢ BRI P B A By i o § £ ap il E 27 T
B R S RREEAGT N E AL - LR F R d TR ] ek Ak
EE AT R B TR E R S s A L BB R ] o e ALF G
A SRl SRR LR Sy SRR S (A B RN 3
o BRI 4 B Y TR o H S ) BT R R i
T R g A e TS AR R AR A R Y o B Al

Bl o fEh FRIERAE F E[10] -

18

doi:10.6342/NTU202302237



T AR BB E AL 4096 0 2 kT BATH £ E 6 3096 1

B p A

19

doi:10.6342/NTU202302237



34 B2

pL ﬁ'&% F\»"ﬁﬁ?}?% 3 w-m] rﬁ?ﬁ,?ljg‘g 4 pF o i,#;. g @ Jf,{ﬁ‘\"}ﬂﬁ‘% (Out-of-
sample accuracy) i {7 v o A b2 FE S EAR H0R) h- B A B LB iRl AR B
LR BRI R L XS S &

FRER AT B Ra > LRI ATV RN E T

—t
4

4
F_k
IR
’ﬁ
m\

L] EPTERBCE VoA A B g (8 B R AR TR v 7f F]

b

ST HR Y 0 PR RA R R AR e Bt

Z & %558 % 8L (confusion matrix) KR ELRBCA| AL W eIpR T A o RSB
F-Br3aaEd, 29 - 7R LF =3 - & - 71N & TR KR ] o ¥HE R D

BeF A7 WAITRRIE FEenfRk A ) 0 @ 2h4t & S Sl T Aom 103

TRRI 4 et
wogsﬂﬁ%@,?u&ﬁﬁyﬁjﬁ** FEEE S| b eIER T 5 0 S B ETHC

20

doi:10.6342/NTU202302237



Sr® FHRESF

41 RE-B*

A 0 e d Arie fFHCT]{r DeepLOB 3] ARl vt F P IR R Rk
B oG oend Thoo $RA CHRIRRER Y 2022 & 12 % 27 p 3 12 % 31 p e iRl o 4
5845 431,042 £ FH

B % H ot 0 DeepLOB #:73] totk ~ b /% B i 60.22% 0 4p e > B Bf

@ A R AR F 51.72% o ig 4 7 DeepLOB H-3| il ipl# 2 & 10 AT B30 e

-

e Eﬁfﬁfﬁl °

FREA D AR L BRI OE S R AT EHCRTRRIR BT S
4 A w] sz et Blde 4.1 - DeepLOB B3 31 Rl ~ 45 5 ~ & = ¥ A u] in=t #ic
ot blde & 4.2 o

Ji

7k F=ii 23
= #c 82,063 248,088 100,891
iy 19.04% 57.56% 23.41%

Z 41~ BeF Ari GFRCRIRRNIE ~ 3T S ah ficfet b

Tk F-T FiES
= #x 119,388 189,678 121,976
b 27.70% 44.00% 28.30%

% 4.2 ~ DeepLOB #3435 iplik ~ 3T~ % et #icfoit b
1UIp B A om > B AT GFHCR TR e S HE T o B R v aE 57.56%¢
Apvt 2. > DeepLOB #-A| R { 327 FF | = fasg % » H ¢ 3F T ip— sf w3 v
b 5 44.00% > v B E Brie F 131 14 13.56% ° 14+ > DeepLOB -3 en3f if] {7 ENE

PR TG T A AR EIER A e m F B R R R - IR R
21

doi:10.6342/NTU202302237



- HELAS WA R A et AU AL B D IR Y o

e3E
BT 2P i LR P HRE S5 FRIPIRE - BE N & A IR R AR B
PR R AR T 2 F 0t 6] o $245 B 4.1 0 DeepLOB HCF ik~ T~ ik
= FEAR S TR R 35RO e F $Ti JEHCA] 0 124 7 DeepLOB HCZ 27 5 AR

R

0.5 0.6
Up Up
0.5
0.4
o o
2 o 0.4
= Stationary 2 Stationary |
o 03 g Y
i~ ~
= =
0.3
0.2
Down 0.076 0.27 Down 0.11
0.2
Up Stationary Down 0.1 Up Stationary Down
Predicted label — Predicted label —

Bl 4.1-(2) BFirn E]a: HA) R % a2 (+) DeepLOB -7 e 7 255

FEM Y ot AREHRENGH D AR ERY Fof %P DeepLOB
WA TR 4 Y AT B Rk A FICA) 0 2 ¢ DeepLOB 071 4 49 1 35
FERH P AEN] > B0 2 G B hk PR ¢ { BEFE o P 0 DeepLOB R @

SRR L Gt R PP S iRl

22

doi:10.6342/NTU202302237



42 BB R%

2462 DeepLOB % ATHRIv 59 |5 6 cnfg it » A L H* Wu -

Mahfouz ~ Magazzeni f= Veloso #& I} 7" £ 22 B &5 4 71 2 K B~ (S 03] R 4 e
TE 1] e *F B q hBkEHE* AT4 T % 7 DeepLOB HCA] AR #0042
e 4 A FE G R A T APV REY BRRATEIORIEA T E D
DeepLOB #-3] B ifiplyt #5086 & ez £ -

FRREERT AP Y Rdod T2 en60.22% 0 & * f£iE 4 7 % 91 DeepLOB
B etk A b e R A 1.58% 0 1] 61.80% 0 ik or & AR A v 2§ pAT
# < DeepLOB #:-7%| tFgip| vt 4554 3 Fenlrgd o

BEFRZS A AR L BN OE L 0 @ % R4s% o7 2 ¢ DeepLOB #-3)
0T i 2 R IR R S it Blde & 430 * fE 52 4 7 2 ¢9 DeepLOB

BRI R ~ 33T 2 AR eI RS e Blde R 4.4 -

i F-T FiES
= #x 119,388 189,678 121,976
b 27.70% 44.00% 28.30%

3 4.3~ i * 44 o % 79 DeepLOB #2358 Bk

NETEAN

& e @:‘fr’ LH)

ik F=ii 23
= #c 112,157 219,693 99,192
v 26.02% 50.97% 23.01%

g By b 7 0 4P

% 44~ &% fEix 4 7% e DeepLOB -7 5 )% ~ 3 T

AR E RAnAon R0 B JRREL T

TN S

i PR VR % 2 TR

BT RTRIE AT s R T - R TS € A -

23

doi:10.6342/NTU202302237



- HERRY R4 FR 2o ¥ R L T 2 A AR A R A B

G hd R AR B P AR Y AR

- JUPE R 42 1 ¥ fEi A

77 % e DeepLOB #-A] #1730 FE Bl frfk et /e v @ % Rdn 4 o7 2 603 "7 B 0 @

FANIERE T i FER R IRE R 8 o

0.6
U U
P 0.5 P
E o
® o 04 3 _
— Stationary — Stationary
@ L)
2 2
0.3
Down 0.11 0.2 Down
0.2
Up Stationary Down
Predicted label —

B 42~ (%) % R4p4 7 i 0 DeepLOB $27] cim

i e DeepLOB i3] e5R % 4B

DeepLOB #-3] & fgipls #7508 p 3 37 6 chd Rj 7 > 4

24

0.14

Up

0.6
0.5
0.4
r0.3
r0.2
Statiénary Down
Predicted label —

() R ARREA

doi:10.6342/NTU202302237



51 &

-gg

RO FS Hrenid 6 B C SR T A PR LML B AF T g
B REEYHARGERDERY E A F B R o5 EFEB R A
THF EEBRERT FRFEIFRYF Y D] DeepLOB » 224 1% 2 % #1ih
ARt R A 1 ﬁﬁ*] Nl H ORIERIET Bk kT He Rk o 58 @

PSR vt o B - 5 % BT DeepLOB 03] 7 &8 5 B ok At S

F_k

Hu (320 E3pp 3 RiEu > 37 42 p 5P 54 B mp H A
T RARE s AR RER .

b > d 2% DeepLOB #:-4] fé # ' Uif A3k £ 772 € $RE 72 fE LIRS
% A7 #H* Wu -~ Mahfouz ~ Magazzeni {r Veloso #& I} e Ui £ 32 % it 4 71
ERB-SHRA Rdeen? B[l k- RSB o R F PUHERETIET NG kK
% DeepLOB -2 cHafiplac 4+ > % 8 £ 2 TERIRACEE = 6 chE Rl AE S i

u———ﬂl]sb g __'% f‘ _‘;‘Fl’? LL }r"i_ﬁ}; % 1 ‘/"%‘ml% *;é’ ]L. °

kY

4 i > AF7 ] B DeepLOB 03] % 2 B #eint B [ B0 1 id
SAPHA R BB T BB R UG L E AR A T - AR TR
AR RERFARTARET | EHEY BN E P A ERY S HY R
ML RF U P g ot AT R RAP FRF VIS

BRGNP BT AR S o X AR APMAT L R B - BT -
52 BI¥F~A%

AP F A R > % ¥ 12k DeepLOB o3| 3E Rl i fik kgL = 2 4

Kug o ZREFw RIS AT URESHAAF TN ALY R KoL E T A

25

doi:10.6342/NTU202302237



(s

L

=
~

ZAE P RS IF R R BEIAZIRRI ARSI PR EEREY RN

o FF @5 B DoepLOB HEZIPFRI 4 7 g 1 5 R IES] > HHHR A

~

bR S Y R KRB R ESRE e A RE LA T
BAFH I @ FRE VA G0 B0 5 BRI R o R R L B

Ak BE o A BB IR o b B .

26

doi:10.6342/NTU202302237



542

[1] Foucault, T., Kadan, O., & Kandel, E. (2005). Limit order book as a market for
liquidity. Review of Financial Studies, 18(4), 1171-1217.

[2] Géron, A. (2022). Hands-on Machine Learning with Scikit-Learn, Keras, and
TensorFlow. Sebastopol, CA: O'Reilly Media.

[3] Graves, A. (2012). Long Short-Term Memory. Berlin, GER: Springer.

[4] Hung,J.C., Liu, H. C., & Yang, J. J. (2021). Trading activity and price discovery in
Bitcoin futures markets. Journal of Empirical Finance, 62, 107—120.

[5] Kleinbaum, D. G., Dietz, K., Gail, M., Klein, M., & Klein, M. (2002). Logistic
Regression. New York: Springer-Verlag.

[6] Lucchese, L., Pakkanen, M., & Veraart, A. (2022). The short-term predictability of
returns in order book markets: a deep learning perspective. arXiv preprint
arXiv:2211.13777.

[7] Medsker, L., & Jain, L. C. (Eds.). (1999). Recurrent Neural Networks: Design and
Applications. London: CRC Press.

[8] O'Shea, K., & Nash, R. (2015). An introduction to convolutional neural networks.
arXiv preprint arXiv:1511.08458.

[9] Svozil, D., Kvasnicka, V., & Pospichal, J. (1997). Introduction to multi-layer feed-
forward neural networks. Chemometrics and Intelligent Laboratory Systems, 39(1),
43-62.

[10] Wang, C., Deng, C., & Wang, S. (2020). Imbalance-XGBoost: leveraging weighted
and focal losses for binary label-imbalanced classification with XGBoost. Pattern
Recognition Letters, 136, 190-197.

[11] Wu, Y., Mahfouz, M., Magazzeni, D., & Veloso, M. (2021). Towards robust

representation of limit orders books for deep learning models. arXiv preprint
27

doi:10.6342/NTU202302237



arXiv:2110.05479.

[12] Zaznov, 1., Kunkel, J., Dufour, A., & Badii, A. (2022). Predicting stock price changes
based on the limit order book: a survey. Mathematics, 10(8), 1234.

[13] Zhang, Z., Zohren, S., & Roberts, S. (2019). DeepLOB Deep convolutional neural
networks for limit order books. IEEE Transactions on Signal Processing, 67(11),

3001-3012.

28

doi:10.6342/NTU202302237



