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ABSTRACT

Since late 2016, protectionism has been a major trend in world trade with the Great Britain
exiting the European Union and the United States electing Donald Trump as the 45th
president. Consequently, there has been a huge public outcry regarding the negative pro—
spects of heavy industry firms in Korea, which are highly dependent upon international
trade with Western countries including the United States. In light of such trend and
concerns, we have tried to predict business performance of heavy industry firms in Korea
with data regarding trade policy of the United States.

United States International Trade Commission (USITC) levies countervailing duties and
anti-dumping duties to firms that violate its fair-trade regulations. In this study, we have
performed data analysis with past records of countervailing duties and anti-dumping duties.
With results from clustering analysis, it could be concluded that trade policy trends of the
Unites States significantly affects the business performance of heavy industry firms in
Korea. Furthermore, we have attempted to quantify such effects by employing long short-
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sequential data. Our major contribution is that we have succeeded in empirically validating

the intuitive argument and also predicting the future trend with rigorous data mining
techniques. With some improvements, our results are expected to be highly relevant to

term memory (LSTM), a popular neural networks model that is well-suited to deal with
designing regulations regarding heavy industry in Korea.
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(Table 1) Export Scales of Ulsan City(5b)
Petroleum Petroleum o . Automobile
Year Products Chemicals Shipbuilding | Automobiles Components Total
2005 10,735 7,118 6,404 11,368 2,037 37,662
2006 13,668 8,371 7,833 11,373 2,602 43,907
2007 15,715 10,247 9,592 13,112 2,828 51,494
2008 24,019 11,355 13,109 12,558 3,153 64,194
2009 14,460 9,064 11,949 9,530 1,760 46,303
2010 19,260 10,899 9,998 12,332 2,491 54,930
2011 30,918 14,803 13,640 16,084 3,262 78707
2012 33,346 13,685 7,649 16,855 3,671 75,206
2013 29,698 13,801 8,219 16,675 3,360 72,253
2014 39,396 12,754 11,707 17,090 3,027 73,974
2015 15,577 7,362 13,902 16,219 2,348 55,408
2016 12,424 7,441 10,259 14,190 2,706 47,020
Sum 249,216 126,390 124,261 167,436 33,805 701,608
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(Table 2) Level of Dependence on Exports of United States Economy in 1981(3)

Product Proportion Product Proportion
Aircraft Components 45% Wheat 1%
Semiconductor 42% Tractor Components 63%
Science Equipments 40% Raw Cotton 52%
Construction Equipments 38% Soybean 50%
Automobile Components 30% Agriculture Equipments 42%
Electricity Measures 28% Comn 39%
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I

(Figure 7) Antidumping and Countervailing Related Cases?

(Table 3) Instances of Antidumping and Countervailing Related Cases2

State Title Code Nation Phase
Active Dioctyl Terephthalate(DOHP) 731-TA-1330 Korea Final Phase
from Korea
Carbon and Alloy Seamless No. 731-TA-847

Active Standard, Line, and Pressure Japan, Romania | Third Review

Pipe from Japan and Romania and 849
Completed fl;giafé‘;‘l?;‘;etha“e(}{*l%a) No. 731-TA-1313 | China Preliminary Phase
3.3 0|= FAHEO| WA} Aot of & FFES WSy glrh
ol gk & FAksto] wl= F 93] A
=3 2 AT AbERE Holke wl= A8 AL ol v BA 9 A B
oA el wshrt S-Evket 71 e A AE FACE vl= FA4F o] W3t ¢
of Wt J3S v A= AS & 4 Sk = 7199 B el wA = Fafol el &
o7}, 2. S A FEAAHY e +E2E8F HE L g} Yolrh vl T o] W
I Folol A AW ELR], Hw FE = of M FAA e FHAY A W
AELE Holx = F3E T A5 & T WS A5 7 e Ueks Fofr At
AR FEAYS v A A WE Eia=s

1) https://www.usitc.gov/trade_remedy/731_ad_701_cvd/investigations.htm.
2) https://www.usitc.gov/trade_remedy/731_ad_701_cvd/investigations.htm.
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(Table 4) Statistics Regarding Antidumping and Countervailing Duties by USITC
(Unites States International Trade Commission 2010)

9 Number of Result
Fiscal Year Cases Affirmative Negative Terminated Import Value
2008 26 23 1 2 2,222,355
2007 37 25 11 1 1,986,708
2006 8 2 3 3 1,912,478
2005 12 8 4 0 1,688,847
2004 39 21 9 9 1,469,305
2003 41 16 14 11 1,288,523
2002 39 13 22 4 1,176,948
2001 116 55 48 13 1,233,117
2000 36 19 15 2 1,225,314
1999 67 26 29 12 1,028,588
1998 44 29 12 3 944,508
1997 29 15 11 3 891,227
1996 14 9 2 3 814,621
199% 20 11 6 3 775,640
1994 70 31 32 7 676,563
1993 37 12 9 16 601,983
1992 133 56 72 5 550,897
1991 74 20 43 11 523,659
1990 25 16 6 3 518,210
1989 32 19 9 4 497,036
1988 48 24 17 7 463,463
1987 44 21 16 7 419,218
1986 89 47 21 21 393,745
1985 120 34 32 57! 362,073
1934 80 24 21 35 340,567
1983 42 15 16 11 265,733
1982 178 30 78 70 269,226
1981 32 5 5 22 407,377
1930 100 11 70 19 256,047
Sum 1,632 637 634 361 25,204,027
A e w7 5 F

W g A 5

Ao Ba Ak &

(Negative), =-
shifol o Ak 7}

S| A= Foll A7
Al A

2
el oL, &

ol (Affirmative), WF

Z4A(Terminated) Al 714 &
olg 74 © H]—E-]_z] el /\1‘74]

ol tisf F-2hea, welE A
ol 5o A eFerh g, A AL
A& A3y Io] olF el @ 45 A
o] FAH A teR, 9] Fde

ddE 9] =] 2 7 E HERIT 6]
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Parent Node

Child Node

Sub-tree

P
F .

\_,/' \_/ \_/

Root

Level 0

Level 1

=+ Siblings L Level 2

p N //

Level 3

Leaf Node

(Figure 9) Structure of a General Binary Tree(53)
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(Figure 10) Decision Tree to Predict a Customer's Purchase(52)
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(Table 5) All Cases of the Decision Tree in {Figure 10)

Age Student Credit_rating Classification
1 0 YES
5 young < N/A 0
3 middle-aged N/A N/A YES
4 . excellent YES
senior N/A -
5 fair NO
g e} Ao fAMe g AFE FHH-o 2 Cylin < 6
apoletas AZehE olalt 419w, 714 9
o ¥y g XY Az e Y = Cylin < 4 Engnsz < 5.4

vke} if- then =25 283l 71 ofgo] v
EE7HA] WH W ¢S 58 R g4sd
=3 mﬂE £, <Figure 10>9] JALA A L]
o A= Yol(age)E 7HA AL 27
FA gt nkef yol7t ofd(young) 7
&9l w=(Student?)E e 7k,
Y(middle-aged) ¥ 45 vl= F7he] &g
=2 g7t AFHE 79 Aol o
P, =l (senion) 745 7HE 8% =
(Credlt rating" V2 WH7} MES ifthen &
Zhslt}, <Table 5>+ <Figure 10>
AMAR Y BE A5 &5 s
T B 235 yEhd el
ATolM e, A5 a3 Re-
gression tree)E &-8-315t) A= <Figure
10> 22 57 (Classification tree)2F A
o frAbskARE, @ == o] Zho] o] Ak (dis-
crete)o] obd A4 W4 (continuous varia-
ble)oll &3trh= xfo] o] JQrH33]. <Figure
11> Q?]L}—DFQ] ol AJolt}. <Figure 11>9]
AU A o o] Fhol 126, 163,
213 5 %01 A4 (Integer) ol %3k 4%

o] tH33].
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Weight
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(Figure 11) Example of a Regression
Tree(33)
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5.3 =8 MAI(RNN: Recurrent

Neural Networks)

J
1 ‘O

(sequential data)2}iL & <= it} kAt A8

3] 9] (linear regression), 2JAFA AU =

AW E ) Al (support vector machines) 52 ¥
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(Figure 12) Structure of a Vanilla Recurrent Neural Nets(20])
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O] o 8+ A7) 7|9 EYA BdS (Cases filed), ‘“5<1(Affirmative)d Ate] &,
|oto] oW 1] 7Y B 2 E T W (Negative) ¥ Abell 5, 18] a1 “SH(Ter-
2l tﬂOlEi F3l A9 7Y g, minated) ¥ Al 4 Ul 7] S WeE T
TAH L Z= wjEFo|os oS58 Al s =0 A STk Abdel| shte] Wzt v
Atk ger] 719 HEY A RS £ b FRoR F JFEE A= FFEE WA
olH & gF3l o5she vl sk AR = 98t} 7zt W42 %4 (Feature scaling)3hiTh.
S AFEE HolE RUR FFT x| A9 obel] A A e 2 W (z,)olA I Hit(p,)S 2
719 B4R AE dS5ske del: E&A< e & FFAxNe,)E U] 2 e gE
Eddo] & Aofe} Azs) =hstr. o] e og Pt 0, XEWA} 19 BEE u}
A7) 710 MESAE E3E gt 252 A9 H47]
AR B A Fa3t A B A&
AAsHE A A7) (cell size), HlolE B 845 v = wl;’”
91 o Z Z(epochs), T HAFE w7 9 ’
g =gtol% H|&(dropout rate), g+ Heoll 2 Jj A Aoz <Table 6>} 2t} o)z
of ol JiHAE At A vepy N EHE wH L 9 2% WEE $
L A 9] 27 (batch size) 59] folw) sy B A T 2N AR 12 E CER
1] ] (hyper-parameter) & 243 4451= 2 TN AE7F 3 28 EFEAT <Table 7>
T3] T8 FAES A w2 Aotk

oItk olef gt sfols] stebrlEl: ATA} 4

o

o)z MAE 4 glor} AE AAe| we} mdl TR 19| Hat A ¢, it 9 Sl He

o] g=o] IA DA 2= Qong == ) T T Fol A 20 vl FHA R =

Sojof g}, 0= theket Aoo] 22 g A & FAE Hol= A o® mFo] Hol iy 1

Esﬂiﬂ o8 AT HAd BRE oo o] AEEo] BHEFA ]l o] ZsE
717Hs gt e 5= ot

te] Bl A9 kS (cross vali-

¥z
)
datlon)-% ol kol ARRE H Al At

(|

(Table 6) Clustering Results

(mean squared error) & Ats) Bgt. Year Cluster Year Cluster
1930 1 1994 2
1931 2 199% 2
1982 1 19% 2
6. 4 1983 2 1997 2
1934 1 1993 2
1935 1 1999 2
6.1 24 3t 1986 1 2000 2
1937 2 2001 1
1933 2 2002 2
6.1.1 +&EA 23 1989 2 2003 2
1990 2 2004 2
THENS A BFEEHDE 7Eo® 1991 2 2005 2
ASsTh TAH O <Table 4>2) 7} AL s ; o :
A GeE AAs o, Al Al S 2008 2
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(Table 7) Major Statistics of Each Cluster

Number of Average Average Average Average Average
Cluster Observations Number of Nu.mber. of Numbgr of Num.ber. of Import
Cases Affirmatives Negatives | Terminations Value
Cluster 1 7 11657 36.71 4885 35.28 1,329,050
Cluster 2 22 37.09 17.27 1327 6.54 722,753
(Table 8) Average Increase in Operating Incomes
Cluster Cluster 1 Cluster 2 Dif(fff;lce
Total Gross Margin Growth 36.91 35.63 1.28
Operating Income Growth 30.19 119.47 -89.28
Petroleum Gross Margin Growth 16.27 32.57 -16.3
Operating Income Growth 30.66 30.9 -0.24
Shipbuilding Gros§ Margin Growth 107.47 4421 63.26
Operating Income Growth 56.82 123.78 -66.95
. Gross Margin Growth 343 25.19 -48.76
Automobiles -
Operating Income Growth 22.51 154.28 -131.77
Automobiles Gross Margin Growth 13.36 2556 -12.20
Compoments Operating Income Growth 10.77 168.92 -158.15
THRY T, TAE BT AEFOl F 2 GYolY 32 /15
Hest Bit gedole] F7he wws) ug o e B £, AEA, 183 AEA
o A A7) Ak AA AR S7beS vl s 3 Aol A FElehA vEbstth 240 A
B 5 HGAA 2H4, AR 281 AEX < 3 19 vls) T3 2914 66.95%, AEA)
i Ao ® Zh vl i 7 FHat oY A2 13177%, AFsAF H-5 AL 158.15%
S7He& vlael] ®Wokth 58 A= <Table =2 dole S7HES BT A
8>3 Z23 Aol A= wjEFold S-S 235
ol¢] F7Hg vl A¥ ] 13 +F 29 T3 200 HlEl] T 1A = A UERStTE v
zpol7t mjEFole) FrkEol Hls) dgeld g2t B AREAF - Aol A = i EF o]
S7HEl A FEHAA U AdEs B of S7HEE g 20 Ml 1 14 =&
FATh ) A s BEo AR TR 4876%<F 12.20% #Fo))E HolF
B W, MhEFelo) FALE HOMH A ek
o1 molX eHeIARH1.28%), FKol} 37 ARHOR, v2e BEFY 7Y Yy
£ B3 2 AolZ HoAFAT-828%). o g T GRL W A Fu
5, BT 79 Ags HolA &2 o & AsAkel P E Aol o]el gk JaFs
A 29] 713ke] Wwe] HEFo)H 7o s Z Uehlle Afe 9ol 7kl
BQl 3 19 7|3hel] nlsf A 02 89.28% & g AUtk vl FEl =2 YERE Hola



9= ) 2 y|olAEAE H EYE 1) g H A, 18 2 ‘T (Terminated) ¥ Ab2l
@ A A A3 e BETY TE T dYel UHES dF3 Bk
Fo] SAdel ti-&-3t7] flal W= Aol 37 S A 0] ARl JAEAUYFE 714
AE Sgeta 188 58e 5 FAE A aL, W=o] 54 FAAA 7% st A &AM
23] gjsta gtk 20173 52 dA| ddizke o FEbYe] gele S7HE, 5 AwAQl
Ak} Z)opabE A7t W= lehauH(Alabama) BAAES 7HedlE 7 AS Ao o dHn
3 27 oK Georgia) 57¢ Aol FAGE 5 ARG 4 9] 214 Hoverfitting) &
L 229 282z 50008 9)E Agsy, g 7] 918 o Zol(depth) & 42 3431t
=9 AEA FEHAEC] U]% Aol 4 80 5, Eg7t 7P 2 At 455 dol7HA
M7FHe 345 98 e Ao 4o &7 AlgketAt. obf SJARAA Ul A L
A Stk o] 3k A gke whdsio] A 2016 = ‘Cases' & % AH &, ‘Affirm’™2 5% AL

doll = deibeatel 7okabg 27k vl A d o, Neg'= whelsl Al o, 22]a Term’
Aol gk A AF T = AFFHT14,000TH) 7 A < T9E A ¢ ovleks Mol oAt
A A2k 2H=(709,000th) o] 24k ] S Fe AN 2 mEo Wl 9] Z9f 52Tt
[13, 14, 35]. =

6.1.2 JAEA VY 24 Ax}

Fo] Wy A] ko (False) 95 AH4 =
TN Holrh, vl g H o] W) =2 e7bEA zl&std Fot

7F &A1Y FEA ol mAlE dFE 56t A7 A Al dgole) 4FES =8t
7] flgto] 234A ] FEdER gAPEA Y 7] A% SAAAR YO = 9] ol wh
- #24](Decision Tree Analysis)s 335 2 ool AAE =2 Aee =& A
9% FEUG MR VI 0BT geigA o] <Table 9>olth i 2sle] giol)
o] 8 AEQ A= A 53(Cases filed)', RNAZS o287 93+ AR E B
‘%ol (Affirmative) ® Abd] 5=, 9k (Negative) o ﬂprg}ga =

(Table 9) Summary of Decision Tree to Predict the Business Performance of
Petroleum Industry

erating Income
Cozes OpGrownﬁl (%)
Negative <= 1.5 187.689
Number of cases Terminated <= 8.0 57.6089
Number of cases <= 215 Terminated > 8.0 -1.2163
<=415 Number of cases Number of cases <= 30.5 249.9683
Negative > 275 Number of cases > 30.5 53.3281
> 15 Number of cases | Number of cases <= 46.0 -40.1141
Number of cases <= 1180 Number of cases > 46.0 -11.5054
> 415 Number of cases | Number of cases <= 1265 55.6311
> 1180 Number of cases > 1265 32.5816




Growth(%)
1471.4746
353.599
25.6203
247.8422
510.0909
268.928
-340.9672
65.9253
-17.0012

Operating Income

34.0

285
Number of cases > 34.0

10.0

Negative > 10.0

3.0

Negative <
Number of cases <

Number of cases > 285

Number of cases <

470

22.0
Terminated <

Negative > 47.0

Cases
Negative <

Affirmative > 22.0
Terminated > 3.0

Affirmative <

Vessels Industry
Negative
<= 130
Negative
> 130

130

AFAAA A 227 A4
Number of
cases > 13.0

(Table 10> Summary of Decision Tree to Predict the Business Performance of
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(Table 11> Summary of Decision Tree to Predict the Business Performance of

Car Industry

Operating Income
Cases Growth(%)
Terminated Terminated <= 0.5 76.8179
<=15 Terminated > 0.5 2937.2534
Number of cases <= 31.0 78.6795
<= 40.
Terminated Number of cases 405 Number of cases > 31.0 31.6511
<= 35 Number of cases <= 46.0 -171.3244
ases > 40.
Terminated Number of cases > 40.5 Number of cases > 46.0 -32.8607
> 15 . Terminated <= 6.0 30.3216
<= 8.
Terminated | | Cinated <= 80 Terminated > 6.0 184.0141
> 35 ) Negative <= 15.0 27.3745
> 8.
Terminated > 80 Negative > 150 1.1654

(Table 12) Summary of Decision Tree to Predict the Business Performance of

Car Components Industry

Operating Income
Cases Growth(%)
Terminated <= 9.0 49.6541
Number of ce <= 430
Affirmative | o Terminated > 90 11.8731
Number of <= 510 Negative <= 105 -96.5624
cases <= 575 Number of cases > 430 Negative > 105 9.2115
Affirmative Affirmative <= 555 120.0909
> 51.0 Affirmative > 555 6.9063
Number of cases <= 685 3288.8528
. Negative <= 25 -13.8074
T ted <= 55
Numberrof Number of ermmna Negative > 2.5 -2.3043
cases > 575 cases
S 685 Terminated > 55 Number of cases <= 118.0 24.5842
' Number of cases > 118.0 57.1445
chel A $71 4 o) 6 o)sha AsA) A 9] A Ax7F 7P EaF 7120082 57
g0l HAES 303216%= d=d8 2 5 AT & Qi) o E 5o, F
S Abel 7F 4370 ostelal 51 Akl 7t 5l
<Table 12 A3 3 ALS1s] Aol ) olah Bk Al 71 9 olsteldd 2
o] FES dFstrl g JAEA Y AHE A 9] 9ol AES 496541% =
BE 99 £8 AW QoI AR FE 39 2 5 Uk £ e d, F A 2
Aelel Gelole] AL olZa) AW o] 60 oldkolxm, FurEl Al 47} 570 olah, b
AAGQUT = & A F, s9E Ak A AR F7F 270 olabH Azt dgole] A
W A S, 2eEla FaE AR 5ol 7F AES -138074% % d =3 2 5 9t}



Error
1291.60
1426.96
1335.56
1351.53
1832.48
1061.34
194.37
1756.83
124354
2030.88
1502.58
1963.74
1560.41
2141.41
1776.82
241795
1470.76
1602.83
175957
1953.03
2187.49
1730.04
1502.58
2609.24

Batch | Validation
10
15
10
15
10
15
10
15
10
15
10
15
10
15
10
15
10
15
10
15
10
15
10
15

Size

1000
1000
1500
1500
2000
2000
1000
1000
1500
1500
2000
2000
1000
1000
1500
1500
2000
2000
1000
1000
1500
1500
2000
2000

Epochs

LSTM Model

Rate
0.2
0.2
0.2
0.2
0.2
0.2
0.4
04
0.4
0.4
0.4
0.4
0.2
0.2
0.2
0.2
0.2
0.2
0.4
04
0.4
0.4
0.4
0.4

10
10
10
10
10
10
10
10
10
10
10
10
20
20
20
20
20
20
20
20
20
20
20

(Table 13) Grid Search Results of
cell
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