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ABSTRACT

Purpose: The main objective of this research is to construct an Al-based Composite Supplementary Index
(ACSD model to achieve accurate predictions of the Composite Index of Business Indicators. By incorporating
various economic indicators as independent variables, the ACSI model enables the prediction and analysis
of both the leading index (CLI) and coincident index (CCI).

Methods: This study proposes an Al-based Composite Supplementary Index (ACSI) model that leverages di-
verse economic indicators as independent variables to forecast leading and coincident economic indicators.
To evaluate the model's performance, advanced machine learning techniques including MLP, RNN, LSTM, and
GRU were employed. Furthermore, the study explores the potential of employing deep learning models to train
the weights associated with the independent variables that constitute the composite supplementary index.
Results: The experimental results demonstrate the superior accuracy of the proposed composite supple-
mentary index model in predicting leading and coincident economic indicators. Consequently, this model proves
to be highly effective in forecasting economic cycles.

Conclusion: In conclusion, the developed Al-based Composite Supplementary Index (ACSI) model successfully
predicts the Composite Index of Business Indicators. Apart from its utility in management, economics, and
investment domains, this model serves as a valuable indicator supporting policy-making and decision-making
processes related to the economy.
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MLP+= ANNS| 71 712491 e & shuolty. MLP+= o3 719 Hidden layerE 7} ANN 2= 7}
Hidden layers= o2 719 Neuronl.& FAE o] 9o, Input layer®} Output layerS X33l Al 719 Layer®
T4 FTHHAN and Yu, 2019; Lee, 2021). MLP+= 5% Supervised learning o] 4] Classification®} Regression
FAE 235k d AFEET Input layer= ZF Neuron®] 9802 AL85 31 ZF Neurone Weight®} Bias ah<
7FAt}. ZF Hidden layer®}t Output layerd ##HS Activation functiong 2l &3 Z4S Aol

RNN i=3} S8 9] Zol7 7pAA Sl Al A2 dioJgld] a4 o= #8838 4 &= Held 2 5 shv=, oA
of 4 @& 71fsta AAY] 1Y st 37 Adtel F kS whEolUl= Bdolth RNNY 7x 7| Ao
Input layer, Hidden layer, Hidden layer® o]0 TtHHAN and Yu, 2019; Rumelhart, 1986).
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o]t} LSTMS 7]—3—*—12% RNN9| #2229} fAFsEARE ZF @Al 9] vl 22] A(memory cellol]l Alo]E(gate)g}t &2
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3.2 A|gt 2

3.2.1 Al 7]4te] AR ZA4(Al-based Composite Supplementary Index, ACSI)

ACSI Tt WS W vehiY thest 2,

A4, training dataset©.® MLP, RNN, LSTM, GRU 2@& 7}7} 8kx] 71T},
=4, test dataseto. 2 &3 HUl5S Hrlsta A(1)F Zo] MSE#S Akslich,

1 n ~
MSE=—(y,~y,)’ L)
ni=1
ADellA, ne dlold ElEe] Folm, yi= AAZS Vehla, g olZge vehith g, = CLI 9 4%
ACLIZ & 4= 9oH, y, = CCI) A5 ACCIE T8 & 9t} o] 4& 7 Bd9| Test Datasetell 48314 o
x4 U2 MSE ghs ALt
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Table 1. Independent Variables and Previous Studies on ACSI Composition

Independent Variables used in ACSI

Independent variables
used in the Previous
literature

Previous literature

KOSPI Index

KOSPI Index

Lee and Baek, 2016

KOSDAQ Index

KOSDAQ Index

Park, JUNG, and Byun, 2020

Stock Dow Jones Index Dow Jones Index Lee and Baek, 2016
S&P 500 Index Dow Jones Index Lee and Baek, 2016
Nasdag Index Dow Jones Index Lee and Baek, 2016
South Korea 10-year bond yield Bond Chi, 1998
South Korea 3-year bond yield Bond Chi, 1998
US high-vyield bond spread Bond Chi, 1998
Real estate US housing sales index Real estate Chi, 1998
Natural gas futures Commodity Jang, 2020
Gold futures Commodity Jang, 2020
Commodity Silver futures Commodity Jang, 2020
Copper futures Commodity Jang, 2020
West Texas Intermediate(WTI) oil Lee and Baek, 2016

crude oil futures

exchange rate

USD/KRW exchange rate

exchange rate

Lee and Baek, 2016

CNY/USD exchange rate

exchange rate

Lee and Baek, 2016

EUR/KRW exchange rate

exchange rate

Lee and Baek, 2016

JPY/KRW exchange rate

exchange rate

Lee and Baek, 2016

base rate Bank of Korea(BOK) base rate base rate Lee and Baek, 2016
CLI CLI Park, JUNG, and Byun, 2020
CCI CCI Ko, 2021; Kim, 2015
ndex ?ﬁ?;;ga“ Consumer Sentiment Consumer Price Index | Park, JUNG, and Byun, 2020
VIX VIX Park, JUNG, and Byun, 2020
Finance Financial Stress Index Financial Stress Index Kim,Park,and Kim, 2015
US unemployment rate unemployment benefits | Chai, 2009
unemployment
US weekly initial jobless claims unemployment benefits | Chai, 2009
money supply US M2 money supply money supply(M2) Lee, 2021
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MLR 22& 489 A58 3171 flaiM S o] vdgad s Slatsl=v Table 29 o] iyl ¥
°1& e

F7F 10 o)) vebA 2 AFelME MLRE ©]-83 A7

Table 2. Multicollinearity VIF (Variance Inflation Factor)

VIF Factor Independent Variables
0 8.18652 | US weekly initial jobless claims
1 13.32232 | Financial Stress Index
2 25.175824 | Natural gas futures
3 30.968327 | Gold futures
4 43.617069 | VIX
5 58.657451 | US yield spread between long-term and short-term interest rates
6 117.33692 | US housing sales index
7 124.46747 | US high-yield bond spread
8 124.81642 | West Texas Intermediate(WTI) crude oil futures
9 142.82731 | Bank of Korea(BOK) base rate
10 154.38062 | US unemployment rate
11 170.80265 | Silver futures
12 309.08087 | Copper futures
13 337.36272 | KOSDAQ Index
14 526.98824 | Michigan Consumer Sentiment Index
15 546.84027 | JPY/KRW exchange rate
16 868.85816 | KOSPI Index
17 1194.1965 | South Korea 10-year bond yield
18 1282.0134 | EUR/KRW exchange rate
19 1305.6317 | South Korea 3-year bond yield
20 1732.2221 | US M2 money supply
21 1983.9487 | USD/KRW exchange rate
22 2266.0042 | CNY/USD exchange rate
23 2562.6227 | Nasdaq Index
24 2651.3294 | Dow Jones Index
25 8071.2802 | S&P 500 Index
26 50929.928 | CCI
27 54617.873 | CLI

o,

7 WA g A= HEd BES o] 83te] ACSIE sk SHBT 119 7 deretal B s
7¥skdeh. A 717H2006.12.01. ~ 2023.04.21.)¢] Dataset& Table 33 201 4 14297ke] AAE o] 2
IAS RUER 8§58 A7) 3 g45Y 2dS HAE 717H2019.12.31. ~ 2023.04.10.)¢] 1,036Y B¢t H1E
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ste] CLISE CCI W] A3E vlul FA3ch AAAE dlo]ge] A AZHHe R oA dHo|HE &85t A2
tlolE & AASEAY A& B IHLinear Interpolation) 52 WS Ab&sle] AJZE do]EZ AAESITH

Table 3. Dataset

Total Dataset 5188 (100 %) 28 1 2006.12.01 ~ 2023.04.21
Training Dataset 4142 (79.83%) 28 1 2006.12.01 ~ 2019.12.31
Test Dataset 1036 (19.96%) 28 1 2020.01.01 ~ 2023.04.10
Prediction Dataset 10 (0.19%) 28 1 2023.04.11 ~ 2023.04.21
wale] Y5 AdE] 9 stelsivtebigg 242 a dels FUUME Agstel ndel HAY
(Overfitting) 2] ¥AZ afAdslx} &% tHTable 4).
Table 4. Structure of ANN models
CLI CCl
MLP RNN LSTM GRU MLP RNN LSTM GRU
Layer 3 3 3 3 3 3 3 3
Node 128/128/1 | 32/32/1 | 64/64/1 | 32/128/1 | 64/32/1 | 32/128/1 | 32/128/1 | 32/128/1
activation Relu/Relu | Relu/Relu | Relu/Relu | Relu/Relu | Relu/Relu | Relu/Relu | Relu/Relu | Relu/Relu
Drop out 0.4 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Loss Function MSE MSE MSE MSE MSE MSE MSE MSE
Optimizser adam adam adam adam adam adam adam adam
Epoch 150 150 150 150 150 150 150 150
Batch size 8 16 8 8 8 8 8 16

2 A% #H71= MSE(Mean Squared Error), RMSE(Root Mean Squared Error), MAE(Mean Absolute Error)
2 R29 AR RS o]gate] AAe] CLI®F CCI 33} Z}o]& v &} tH(Table 5).

Table 5. Performance Evaluation Table

CLI CCl

MLP RNN LSTM GRU MLP RNN LSTM GRU
MSE | 4.502000 0.629903 0.66747 | 0.221607 | 3.757717 | 4.037547 | 1.028706 | 1.293442

MAE | 1.804763 0.699652 | 0.728134 | 0.391193 1.68431 1.822683 | 0.872363 | 1.020334

RMSE | 2.121792 0.793664 | 0.816988 | 0.470752 | 1.938483 | 2.009365 | 1.014251 | 1.137296

R2 | -2.701705 | 0.482071 | 0.451182 | 0.817787 | -1.252209 | -1.419927 | 0.383439 | 0.224768

Al HA L A A STA A=

o

&y 298 i3 CLISH CCIE YH¥ R o &)k,
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Figure 2. Test results of each model for CCI
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Bdlo] 855 717k Loss Fuction 2 MSEE AME-8191a1, MLP, RNN, LSTM, GRU 229] 45& MSEZ H7}
&tttk 2 A3}, CLIS] MSEZEE MLP:= 4.502, RNNL 0.629903, LSTM< 0.66747, GRUE 0.221607% uhgko.
™, CCI2] MSE # ZHzF MLP7}F 3.757717, RNN©] 4.037547, LSTM®] 1.028706, GRUZ} 1.293442%2 Vel
o} Ao ® CLIS 749 oJZolE GRU, RNN, LSTM, MLP =02 A%so] $-F3lon CCIY 4% LSTM,
GRU, RNN, MLP9] =02 50| -3} Ag A4E FFsnd, MLP 22S o83t CLIE 538k 45
GRU Edo] CCIE 953k 49+ LSTMo| 7174 A 3}stcTable 6).

T A AT o=

A e A=

- <
= ogE B

o do
==

74431 ACLIF ACCI

s dE=

Table 6. Predicted value of ACSI model

o5& th(Table 6).

CLI

ACLI

CCI

ACCI

Actual

MLP

RNN

LSTM

GRU

Actual

MLP

RNN

LSTM

GRU

2023.04.11

98.00

99.5918

98.8947

98.2241

98.9271

99.90

98.9133

97.5955

100.2350

100.6994

2023.04.12

98.00

99.6009

98.9227

98.1928

98.9268

99.90

98.9142

97.5955

100.2356

100.7092

2023.04.13

98.00

99.6049

98.9220

98.2281

98.9247

99.90

98.9101

97.5955

100.2238

100.7026

2023.04.14

98.00

99.6077

98.8643

98.2333

08.9352

99.90

98.9096

97.5955

100.2293

100.7077

2023.04.15

98.00

99.6206

98.9273

98.1866

98.9367

99.90

98.9186

97.5955

100.2233

100.7081

2023.04.17

98.00

99.6213

98.8980

98.1645

98.9368

99.90

98.9203

97.5955

100.2178

100.7116

2023.04.18

98.00

99.6276

98.9332

98.2269

98.9535

99.90

98.9228

97.5955

100.2214

100.7148

2023.04.19

98.00

99.6229

98.9246

98.3066

98.9600

99.90

98.9296

97.5955

100.2247

100.7279

2023.04.20

98.00

99.6176

98.9329

98.2803

08.9618

99.90

98.9335

97.5955

100.2189

100.7257

2023.04.21

98.00

99.6147

98.9417

98.2676

98.9568

99.90

98.9409

97.5955

100.2111

100.7201

vt 2 5]
CLI®}F CCI ghol
SEETEE

1

p<.001), GRU®]

LSTM7} fr9lgk ol &

ol Al
frolgt Aol & Ho
golstdti(Table 7). 1 23} C

= 3L
=

fi

=4 B

1 T (VE15.5007F A5A] «]

=
\_.
o

49 AZA(X-13-ARIMA-SEATS)9} - Aol A Aleksl= ACSI
| =4 lE‘-71] AAZ d}e]l Mann-Whitney U TestS %
A%2](98.00)3 GRUZ} #23k Aol = Eai,oﬂ(z -4.038,
FAUWESS0 R B #A YRt CCIE A521(99.9)9F
B O (£-4.042, p<.00D), LSTME] Hit £AME1S50)7F AE5A9 H 9]

(MES.50)H T} H A Uebsth GRU BEs F3l o ¢ CLISH LSTM E2S 3l ¢5¢ CCIE fofek o=
UERstt), ojelgt At ACSIE AREste] ACLISH ACCI #t8 & AL o8 5 Ad5S Akt
Table 7. Result of Mann—-Whitney U Test
Depe_ndent Model Sample size | Mean rank | Rank Sum Z p
Variable
X-13-ARIMA-SEATS 10 10.50 105.00
CLI-actual .000 1.000
GRU 10 10.50 105.00
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olH S47IM stol gerlE o
ol A wek whol| BlEE= Cl12 Bee 4= 9l
gRelsleit). Table 8&

Yo| muE A% 4

AN

(Statistical Quality Control System. 2023).

T &S vF webA,
S Zo7 Bt} wak ACSI Bdo] A A%
s BAEE ANAAES CIgE ACSIZ WA 39l

Table 8. ACSI Quality Improvement Measures

Depepdent Model Sample size | Mean rank | Rank Sum 7 D
Variable
X-13-ARIMA-SEATS 10 5.50 55.00
CLI-predict -4.038" <.001
GRU 10 15.50 155.00
X-13-ARIMA-SEATS 10 10.50 105.00
CCl-actual .000 1.000
LSTM 10 10.50 105.00
X-13-ARIMA-SEATS 10 5.50 55.00
CCl-predict -4.042™ <.001
LSTM 10 15.50 155.00
*p<.001
oA+ MLP, RNN, LSTM % GRU E&& ARE-aGlaL, tloly S22 stolH gty 79S &5
zd /‘3 S WS} A9 A CLIYA = GRU Edlo] CCIoA+= LSTM Edo] =2 A58 B3k T3k g

Aol A Albsk= ACSIE)
.0_ EO

CI ACSI
The index is closely related to the overall | The index is closely related to the overall
Relevance . . . .
economic growth and decline. economic growth and decline.
. . . . The accuracy of the composite auxiliary
The index generally uses a fixed time series | . .. .
; .. . index is improved through learning and
Accuracy model and relies on traditional statistical . . .
evaluation using new technologies such as
methods. . . .
deep learning and machine learning.
It is difficult to make real-time predictions
Timeliness because it takes some time to collect and | Real-time predictions are possible from data
Punctuality analyze data, analyze the index, and announce | collection to model learning and prediction.
it.
. The index presents a preview of the economy | The index can present an economic outlook
Comparability L. R . . L.
by comparing it to similar indices. by utilizing various economic indicators.
The index predicts the economic outlook by | The index predicts the economic outlook by
Coherence announcing the index at a regular interval | announcing the index at a regular interval
(monthly). (daily).
Various information and visualization
Accessibility It is difficult for the general public to access | technologies can be used to make it easier
Clarity and understand. for the general public to access and
understand.
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