http://www.jsebs.org The Journal of Society for e-Business Studies
pISSN  2288-3908 Vol.27, No.1, February 2022, pp.63-79
elSSN  2765-3846 https://doi.org/10.7838/jsebs.2022.27.1.063

7P} 2 sl=elels o] 3
Held 7Iak =71 WF S 7y

Deep Leaming-based Stock Price Prediction Using Limit Order Books
and News Headlines

F 2|2l (Euirim Ryoo), 0lZI&(Ki Yong Lee)”, 2 =(Yon Dohn Chung)™

HT WAy 9 dey 7IHE 243 T4 71E o A3t okt o] Fo A aL 9dth
I FAE HAoe F w2 e FE ARE 9 JE 7S o] &8l FbE
dEstd s A+7F Al=FHa ok sA Y wbE S 83 A4 E gRE Y e dA
717 Eete] b Folvks nH iy, wUbEe] F7] Folof ©y| FolE o] iy
AT Ao APH A ekhr) ofd B =R = wEe] F719F @] FolE BF 1yl
F7 58S B A3 dFse gy 7w o F 2l Aokdth g o] E =g A
Aotsts R 7] 3714 AR Yo% G 22 g 577 & A=A
aueste] 719 A FFIA FIb ol Sl vk sl 2 =Fol A AtslE Hed 7k
& mdl Ty Wste] EAS dAAF NAFAYeR FEE w& gy EAS
Word2vec S ©]-&3le] &3 5, o5 ARE At 54 7| 49 ths & 5 A%
o ket A NASDAQ &.7bF dlolE ¢} w72 sl=ukdl dio]E & AbE-3sto] At Rz
570 %% (Amazon, Apple, Facebook, Google, Tesla)9] 944 F71 S&& o =3 Ay}, Aok
mde 7jE ndo ns] S A 1766%p, Hit 1447%p A AT T3 g nd 2
Lo Fa5 Fs 43 21 ddY ek F5ol whel H 4 $49246, o $2,840.839] &
AUt

ABSTRACT

Recently, various studies have been conducted on stock price prediction using machine
learning and deep learning techniques. Among these studies, the latest studies have
attempted to predict stock prices using limit order books, which contain buy and sell order
information of stocks. However, most of the studies using limit order books consider only

o] A¥tE 20219 E AR (HEr|egdrnEAF)e] Aoz sdadFAade] (ds wol F3d A7 U No.

NRF-2021R1A2C1012543). 3, o] A¥e= 20219 % AR (B 4dB1FAR)e AQdoz A2 e

A he ol 3w A7YNo. NRF-2019H1D8A2105513).

*  First Author, Graduate Student, Department of Big Data Analysis and Convergence, Sookmyung Women's
University (euirimryoo@sookmyung.ac.kr)

#%  Corresponding Author, Professor, Division of Computer Science, Sookmyung Women’s University
(kiyonglee@sookmyung.ac.kr)

=% Co—Author, Professor, Department of Computer Science & Engineering, Korea University
(ydchung @korea.ac.kr)

Received: 2021-11-15, Review completed: 2021-12-22, Accepted: 2022-01-06



64 TmHAAAYESA A27TH A1

the trend of limit order books over the most recent period of a specified length, and few
studies consider both the medium and short term trends of limit order books. Therefore,
in this paper, we propose a deep learning—based prediction model that predicts stock price
more accurately by considering both the medium and short term trends of limit order books.
Moreover, the proposed model considers news headlines during the same period to reflect
the qualitative status of the company in the stock price prediction. The proposed model
extracts the features of changes in limit order books with CNNs and the features of news
headlines using Word2vec, and combines these information to predict whether a particular
company’s stock will rise or fall the next day. We conducted experiments to predict the
daily stock price fluctuations of five stocks (Amazon, Apple, Facebook, Google, Tesla) with
the proposed model using the real NASDAQ limit order book data and news headline data,
and the proposed model improved the accuracy by up to 17.66%p and the average by 14.47%p
on average. In addition, we conducted a simulated investment with the proposed model
and earned a minimum of $492.46 and a maximum of $2,840.93 depending on the stock

for 21 business days.
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Stock Price Prediction, Limit Order Book, News, CNN, Word2vec
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(Figure 1) Example of Limit Order Book Data
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(Table 2) Average Performance for Varying Periods of Mid-Term (Unit: %)
Period Accuracy Precision Recall F1 score
5 days 66.25 66.66 66.25 63.23
7 days 7151 71.67 7151 68.26
10 days 68.34 68.74 68.34 65.63
15 days 6752 67.71 67.52 65.18
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(Table 3) Performance Evaluation Results (Unit: %)

Models ‘ Accuracy ‘ Precision ‘ Recall ‘ F1 score
Amazon

LOB(mid) + LOB(short) + News(mid) + News(short) 7748 76.35 7748 74.14
LOB(mid) + LOB(short) + News(short) 70.22 65.99 70.22 63.60
LOB(mid) + LOB(short) 63.72 60.59 63.72 59.42
LOB(mid) 59.82 57.77 59.82 53.78
LOB(mid) + LOB(short) + News(mid) + News(short) 68.52 71.62 6852 66.44
LOB(mid) + LOB(short) + News(short) 64.90 63.61 64.90 62.02
LOB(mid) + LOB(short) 61.58 60.90 61.58 5764
LOB(mid) 58.35 62.92 5835 54.52

Facebook

ZLOB(mid) + LOB(short) + News(mid) + News(short) |  66.20 65.79 66.20 61.30

LOB(mid) + LOB(short) + News(short)

64.43 60.27 64.43 58.62

LOB(mid) + LOB(short)

59.18 4549 59.18 49.27

LOB(mid)

53.90 46.98 53.90 4562

LOB(mid) + LOB(short) + News(mid) + News(short)

75.57 72.26 75.57 70.46

LOB(mid) + LOB(short) + News(short)

75.17 74.34 17 70.09

LOB(mid) + LOB(short)

64.45 60.27 64.45 57.95

LOB(mid)

58.03 59.69 5803 54.05

LOB(mid) + LOB(short) + News(mid) + News(short)

69.78 72.32 69.78 68.97

LOB(mid) + LOB(short) + News(short)

64.40 65.75 64.40 62.05

LOB(mid) + LOB(short)

57.50 61.68 57.50 53.78

LOB(mid)

55.08 53.32 55.08 51.11
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(Figure 4) Example of News Headlines
and Stock Price Afterward
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(Table 4) Profits for Each Stock
Obtained by the Proposed

Model
Average Profit

Stock a=2, B2 a=8, B=4
Amazon $595.77 $586.50

Apple $549.14 $492.46
Facehook $619.29 $1,265.88

Google $691.21 $650.25

Tesla $720.03 $2,840.83
Average $635.088 $1,167.184

(Table 5) Profits for Each Stock
Obtained by A Random

Model

Stock Average Profit
Amazon -$97.797

Apple $96.678
Facebook -$418.806

Google -$179.285

Tesla -$82.486
Average -$136.339
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