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Abstract

This paper analyzes the feasibility of using machine learning and deep learning methods to forecast
the income and employment using the strategic industries as well as investment, export, and
exchange rates. The decision tree, artificial neural network, support vector machine, and deep
learning models were used to forecast the income and employment in Busan. The following were
the main findings of the comparison of their predictive abilities. First, the decision tree models
predict the income and employment well. The forecasting values for the income and employment
appeared somewhat differently according to the depth of decision trees and several conditions of
strategic industries as well as investment, export, and exchange rates. Second, since the artificial
neural network models show that the coefficients are somewhat low and RMSE are somewhat high,
these models are not good forecasting the income and employment. Third, the support vector
machine models show the high predictive power with the high coefficients of determination and low
RMSE. Fourth, the deep neural network models show the higher predictive power with appropriate
epochs and batch sizes. Thus, since the machine learning and deep learning models can predict the
employment well, we need to adopt the machine learning and deep learning models to forecast the
income and employment.
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Fig. 1. The Structure of Deep Neural Network
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Table 1. Busan's 7 Strategic Industries(Selected in 2019)

Classification

Smart Maritime Industry

Intelligent Machinery Industry

Future Tranport Machinery Industry
Global Tourism Industry

Intelligent Information Service Industry
Life Care Industry

Clean Tech Industry

Source: Busan Matropolitan Government(2019).
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Fig. 2. Strategic Industry and Income Prediction
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Fig. 3. Strategic Industry, Investment, Export, Exchange Rate and Income Prediction
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Fig. 4. Strategic Industry and Employment Prediction

Ib<=11.552
mse=1.88
samples =21
value =8.728

TrV

le<=10.079

mse=0.0

samples =9

value=7.421

/ '

le <=8.446 ld<=11311

mse=0.0 mse =00

samples =7 samples =2

value =7424 valug=7.409
mse=0.0 mse=0.0 mse=0.0 mse=00
samples = | samples = 6 samples = | samples =1
value=7405 | | value=7427| |vale=7405| | value=7413
] dE AdstE-E(lwyen)o] 6.965 ©|3k7F =HH
ol o] thal 9% wmE el B
WHpel Fake] 20 AS3E 21,1728 4

= 2l
5L, I ool A3le] Ho e & =&
2 e 23 2532 211327} "o}

a2y g SAREA UM A 20
EAgk(linv)©] 11,596 ©]3}7} = o] ZH(True)o]
W 9% we2 ek, 7714 @5 st
o gy #go 2agk(wus)o] 7.016 de]3t
ol o] Ho] thA] g W T % ===
Bt 7714 dinl g @8 230
6.98 olst7} =4 ﬂo} !‘401 9% == Uy
7P EE CS W] FAke 2O A53e
18.1670.8 &3}l El", Hhol] 6,985 =
W AR QE% ER JhA File 21
2532 18.118 <=3 €t

ael=® (Fig. 3) ol yehd A 2ol o]
2l iAW R oM T &5

Vilse

lg<=14273
mse = 1.046
samples =12
value=9.709

lg<=16.718
mse = 1883
samples =4
value=8.794

mse=0.0
samples =2
value=7.422

£5¢ A4 Fad I
= ehge). olge] MY zA%

o o9 34 Alow sk 4 2§
2 elpaAE Zol7) sle] 25l vt
=gl Vehb 54 3, BrlR 2E MSEE
00 Sste] ol glck.

1ejal &0
= AL

(3) Fate] MMttt ng oS

B ol Bt 7 AERidES SHd
T2 ARt FEUFRA 8-S dSTt
APAAUYE 23S vl .S
A AR FAs ARk U] 2

oﬂL

Zlo](Max Depth)¥ 302 AAslar, 183
“(lemph)& %i.“a'ﬂ—?:?-_ =3 gzl oo} 2ol 7
A2 XMesda, &

el EHusES
eeo) A B e_wo Hskol 74
stirh. aeln g AT RIS
F5-e B Slste] A MSER T



St el 7 08T A AU SE] 9T 14 45 A 179

Fig. 5. Leading Industry, Investment, Export, Exchange Rate and Employment Prediction
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Table 2. Predictions of Income and Employment with Artificial Neural Networks

Accuracy of Training Data Set: 0.714

ABLE AEBLIEG Accuracy of Test Data Set: 0.556

MLP Alpha=1, max_iter=200, hidden layer size =[20]
L precision recall fl-score
Classification
Prediction Model 0 0.57 0.80 0.67
(income: 0,1)  pertormance 1 0.50 0.25 0.33
Classification accuracy 0.56
Report
macro avg 0.54 0.53 0.50
weighted avg 0.54 0.56 0.52

Regression MLP Alpha=1, max_iter=200, hidden layer size =[20,20]

Prediction Determination Coefficient of Training Data Set: 0.607
(Employmet: Model Accuracy  Determination Coefficient of Test Data Set: 0.391
lempl) RMSE: 0.203

MLP Alpha=1, max_iter=500, hidden layer size =[30,30]

Determination Coefficient of Training Data Set: 0.468
Accuracy of Test Data Set: 0.401
RMSE:1.176

Regression
Prediction

Model Accuracy
(Income: ly)
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gt BRI g REHVLE B, ¥ 2l 2N, 9=t 3078 s S o, sk

Aol A=l ¥Fflpha)=1, RHE3|F dlole ME ZAAF7T 0.607, H7HE- Hlo]
(max_iter)=200, &4Y%2] =7|(hidden layer ME ZAAAGF7F 0.3912 e} FJAste

o T op

, TET
SiZ€)=[2O]9_§_ %‘51%‘--8— 17H, 315115__1:‘_—_ 2070
l 1 =l 1’44 ERE

4, "] @ﬂce ‘/}E}WL Accuracy of
Trammg Data Set7} 0,714, H7}-4 dlolg A
E A3w7} 05562 74zF JehY, kg Hst
w7t g o E=A4 e} ekzhe] mhe)zgte] gl

7Fsgo] e,

Ccem wRe) A% PHERE vy, 99
w9l G So] a7 =X LA Ugtl g
I f1-230] gro] & oA 0.677 0.330
2 7h7} yebdteh, Aehei of souz dra
Yelg Fa3d 715ETEE 0.50-0.56AF0] 9
Qo] A e Aoz Yeht} B o] BFd
ig] 7(42']- = _LLyﬂ 14_5}14_;] ol—o].q_

EA, A7 AAge 28 8(emplell o
gk FASe g mYPPrtE B, o5
(alpha)=1, ¥H5-3]4~(max_iter) =200, 49%2]

A A sl A Uegon,
RMSE+= 0.2030.2 Uelhd 3o H3Ade v
Al VeERsTE
AR, AF 21787 2gt &5 gigh 3]
oSl gt B H7E A, T58 dlolH Al
E ZAAAF7} 0,468, %718 dlolE] NE 27
AF7t 0.4012 VFEREAL, YA Txﬂﬂ
Z3 US F 9o, RMSEx= 1,1762.8 &
o] argof gk QF g o3t ~’FXI°ﬂ

1_.
o A¢Ee =4 e A

%2 Ao g YEhyth
3. MEE HIE| HA(SVM) 259
AST IR0 T3 OIS

HE o] (python)e] Scikit-Learne] A3
E g A FFE AZE npe Jpto g
TFaEo] gJor 21z} C(Cost)E E3ff vzl 9o
Fo WAE 2YAY. CB W AYL4E



182 F43}3j] A46d A|1% (20219 24)

Table 3. Predictions of Income and Employment with SVM

Determination Determination

SVM RBF Kernel Coefficient of Coefficient of RMSE
Training Data Set Test Data Set

Predictions of Income and Employment

C=10, epsilon=0.5, gamma=0.01 0.906 0.920 0.430

C=10, epsilon=0.7, gamma=0.01 0.803 0.808 0.665
Income C=100, epsilon=1.0, gamma=0.01 0.592 0.529 1.043

C=1000, epsilon=1.0, gamma=0.01 0.655 0.616 0.939

C=1000, epsilon=1.0, gamma=0.02 0.615 0.584 0.981

C=1000, epsilon=1.0, gamma=0.03 0.580 0.555 1.014
Employment : Trinomial Classsifications (0, 1, 2)

C=10, epsilon=0.1, gamma=0.01 0.468 0.379 25.202

C=100, epsilon=0.1, gamma=0.01 0.847 0.837 12.925

C=1000, epsilon=0.5, gamma=0.01 0.883 0.841 12.755
Employment .

C=1000, epsilon=0.5, gamma=0.05 0.956 0.898 10.235

C=1000, epsilon=1.0, gamma=0.01 0.884 0.846 12.531

C=1000, epsilon=0.1, gamma=0.1 0.982 0.766 15.476
Employment : Binomial Classsifications (0, 1)

C=100, epsilon=0.1 , gamma=0.01 0.799 0.525 0.331

C=1000, epsilon=1.0, gamma=0.01 0.655 0.618 0.939
Employment )

C=1000, epsilon=0.1, gamma=0.05 0.968 0.306 0.400

C=1000, epsilon=0.1, gamma=0.1 0.967 0.297 0.402
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Table 4. Predictions of Income and Employment with DNN by Epoch and Batch

Prediction (Epochs, Batch_Size) Mean Squared Error(MSE)
(30, 64) Training Data Set MSE 2.529
’ Test Data Set MSE 2.544
(40.64) Training Data Set MSE 1.672
’ Test Data Set MSE 1.826
Training Data Set Set MSE 1.217
Income (50, 64 Test Data Set MSE 1.564
Training Data Set MSE 1.672
(40,100) Test Data Set MSE 1.626
Training Data Set MSE 0.611
(100, 100) Test Data Set MSE 0.693
Training Data Set MSE 1.141
(30, 64 Test Data Set MSE 1.810
Training Set MSE 0.684
(50, 64 Test Data Set MSE 1.066
Employment
(50, 100) Training Set MSE 0.232
’ Test Data Set MSE 0.194
Training Set MSE 0.348
(100, 100) Test Data Set MSE 0.528
SE 3712 ol8alsly, ngliE ks w7 kg dlolE AES] MSE - 0611,
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