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A Study on the Prediction of Major Prices in the Shipbuilding Industry

Using Time Series Analysis Model
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School of Smart Mobility Engineering, Halla University

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Oil and steel prices, which are major pricescosts in the shipbuilding industry, were predicted, Firstly, the error of the moving
average line (N=3-5) was examined, and in all three error analyses, the moving average line (N=3) was small, Secondly, in the
linear prediction of data through existing theory, oil prices rise slightly, and steel prices rise sharply, but in reality, linear prediction
using existing data was not satistactory, Thirdly, we identified the limitations of linear prediction methods and confirmed that oil
and steel price prediction was somewhat similar to actual moving average line prediction methods, Due to the high volatility of
major price flows, large errors were inevitable in the forecast section, Through the time series analysis method at the end of
this paper, we were able to achieve not bad results in all analysis items relative to artificial intelligence (Prophet), Predictive
data through predictive analysis using eight predictive models are expected to serve as a good research foundation for developing
unique tools or establishing evaluation systems in the future, This study compares the basic settings of artificial intelligence programs
with the results of core price prediction in the shipbuilding industry through time series prediction theory, and further studies
the various hyper—parameters and event effects of Prophet in the future, leaving room for improvement of predictability.

Keywords : Prediction of major prices in the shipbuilding industry(Z=MAMO| =@ 27} 0|=), Artificial intelligence(?1E2X|s), Time
series analysis(A|A|Z £A1), Oil and steel price(f712t ZEA714)
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Fig. 1 Average price of Dubai crude oil, fluctuating price and fluctuating rate data
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Fig. 2 Data on average prices for Dow Jones Iron & Steel
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Table 1 Error estimation of average moving lines for
estimating oil prices
Error analysis method n=3 n=4 n=5
MAE 0.79 0.90 1.00
MSE 1.92 2.35 2.80
MAPE(%) 1.58 1.80 2.01
n=30| n=42} n=50i| H|5l{l 3 7IX| A} EA{HOI MAE(Mean
absolute error), MSE(Mean squared error) J2|1 MAPE

(Mean absolute percentage error)ollA @&} AP| Table 124
2ol N=3 0| 3=/ 2F Zlof, ofF Aol n=3 g M=
T £ZsIct
5.1.2 77t oI5 2gt Hlolef 24 of
AAY siMel 77t o
HAlBl  2Ach ofFe gt Mge
AR(Autoregressive) Model2 #3191 t— 1—‘=r'E1 t=371X|2| 7|2
7|eb ME2 Zkzh 1.165, -0.336 0.017 12|11 8.4790]|ct.
=12} t-32 2o 7|-o§ +5k=s Eo|—! 2= 29| sk
o|ZICh PZF2 EEX| t-13H0] 1.94E-112] Zt2 0 significant
ST ALR Z t-10lo| Moist Hekg ojFck 2
QACh A™AQ! R square 2 Hel 85%=2 Mt Zioz of
85%= AUE £ o0 2T ARZY S| MTEAHAS y(t) =
1.165y(t—1) —0.336y(t-2) +0.017y(t-3) +8.479Z OZE =+
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Table 2 Example of data analysis for predicting oil prices(AR

model)
Regression analyss statistics
Multiple correlations| 0923
Determination factor) 0851
Adjusted Det. Factor|  0.843
Standard ermor 5225
No. of obsemvation 58
ANOVA
DOF | Square sum |Squared averagelF ratio  |Significant F
Regression 3 8450496 2816832 103172)  240E-2
Residual 54 4143 2730
Total 57] 9924.824
Coefficient|Standard error]  t statistics  |P-value  {Lower 95% ‘Upper%%lower95%‘Upper95%
Y intrecept 8479 2893 2931] 0005 268 14219 268 14219
1 1,165 0138 8439] T.4E-11 0888 1442 0888 1442
2 -0.336) 0212 -1.589) 0118 0761 0088 0761 0083
3 0.017 0.131 0128 0899 -0.246) 0279 -0.246) 0.279
5.1.3 #7F 1&g ol &
5712k ok 142 2eet & 6d7ie| HEooleet oM
54 CIO|EIE 03¢t of 1dZte MY ofF J2iZE Fig. 12
HIASIIL Table 20l o S5o| gte EAISICH
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A8 o =2 Table 31} Z0 57
IE ZEFIAME 20 2 U30M ’.‘J?é
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Fig. 12 QOil price linear prediction and actual monthly
average

Table 3 Qil price linear prediction and actual monthly

average
Date Linear prediction | Actual monthly average
2019-08-01 60.23 58.8
2019-09-01 60.29 60.08
2019-10-01 60.34 58.75
2019-11-01 60.40 61.45
2019-12-01 60.45 63.74
2020-01-01 60.51 65.63
2020-02-01 60.56 54.45
2020-03-01 60.61 37.99
2020-04-01 60.67 22.9
2020-05-01 60.72 28.89
2020-06-01 60.78 40.34
2020-07-01 60.83 43.11
5.1.4 AZME 12t 77t oIF

o
gl
o
2
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MeMe skolst Hot HIZHRlsE of| =
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Table 4 Seasonal index of Dubai oil price 120U-S: dollar
Month Seasonal index 100
August 0.946 & A
: 60 5 /f N7 O
September 0.991 " 4 \\ Nz
J — Conf. interval(top)
October 1.023 20 —Conf. interval (bottom) No. of
November 0.944 % 10 20 30 40 50 s 70 Mo
December 0.901 Fig. 15 Set confidence intervals for oil prices
January 0.872
February 0.969 Table 6 Set confidence intervals data for oil prices
March 1.038 - confidence cqnﬂdence
. Date Prediction | . interval
April 1.100 interval(top)
Y P (bottom)
ay - 2019.08.01 61.24 50.98 71.50
June 1.028 2019.09.01 | 60.58 46.78 74.39
July 0.971 2019.10.01 |  61.11 44.49 77.73
2019.11.01 54 .81 35.78 73.83
20U~5- dollar 2019.12.01 52.69 31.52 73.85
= Manth Giverage 2020.01.01 52.04 28.93 75.15
100 M. average(n=3)
Seasional index 2020.02.01 60.21 35.30 85.12
80 A 2020.03.01 62.04 35.45 88.63
A«F \J/jkj
60 % f/\u/ ‘ 2020.04.01 62.31 34.14 90.49
AN
40 \/“ M/ 2020.05.01 43.47 13.79 73.14
20 2020.06.01 31.94 0.83 63.04
0 No of month 2020.07.01 27.85 -4.63 60.33

0 10 20 30 40 50 60 70
Fig. 14 Price forecasts per barrel of Dubai oil considering 5.1.6 S/ o=
seasonal index
142t ?7tel Prophet2 Sttt eISXls oIEHat 7|& of =
HOp MM b2 vlusto] B0 MM Y2 ck2el Table 7
oll ®AlsIACE.

Table 5 Price forecasts per barrel of Dubai oil considering
seasonal index

Date Month average N=3 Prediction
2019.08.01 59.40 64.71 61.24 - -
Table 7 Artificial intelligence method of oil price for one
2019.09.01 56.69 61.11 60.58 . , .
year prediction, comparing actual value with
2019.10.01 58.11 59.73 61.11 existing forecast method
2019.11.01 60.54 58.07 54.81 Month Time series
Date Prophet )
2019.12.01 60.41 58.45 52.69 average analysis
2020.01.01 65.44 59.69 52.04 2019.08.01 59.40 59.27 59.48
2020.02.01 53.50 62.13 60.21 2019.09.01 56.69 59.13 60.09
2020.03.01 50.95 59.78 62.04 2019.10.01 58.11 61.17 60.93
2020.04.01 22.46 56.63 62.31 2019.11.01 60.54 56.72 55.94
2020.05.01 25.30 42.30 43.47 2019.12.01 60.41 54.62 51.36
2020.06.01 38.32 32.90 31.94 2020.01.01 65.44 52.34 48.56
2020.07.01 42.26 28.69 27.85 2020.02.01 53.50 58.21 50.53
2020.03.01 50.95 59.75 51.35
5.1.5 S7to| Alz|77F MK 2020.04.01 22.46 59.14 53.58
2020.05.01 25.30 44 .91 55.57
oF 1 4Zte] FHlO|RI} SRS 98% A2 TS M5S0 2020.06.01 38.32 33.48 52.86
Fig. 15 2 Table 60l FIAI5IZiCH 2020.07.01 42.26 29.02 51.14
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Table 8 Error analysis results of oil price for ten month
prediction, comparing actual value with Time
series analysis

Date MAE MSE MAPE
2019-08-01 0.1 0.0 0.2
2019-09-01 2.4 6.0 4.3
2019-10-01 3.1 9.4 5.3
2019-11-01 3.8 14.6 6.3
2019-12-01 5.8 33.5 9.6
2020-01-01 13.1 171.6 20.0
2020-02-01 4.7 22.2 8.8
2020-03-01 8.8 77.4 17.3
2020-04-01 36.7 1345.4 163.3
2020-05-01 19.6 384.6 77.5
2020-06-01 4.8 23.4 12.6
2020-07-01 13.2 175.3 31.3

Average 9.7 188.6 29.7

Table 9 Error analysis results of oil price for ten month
prediction, comparing actual value with Prophet
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ARO[ M ATHBE HE Q= Fig. 71} 20| 20141 7€ 232
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Table 100{A{2} 20| n=30| n=42} n=501| |3l 3 7IX| 24}
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Fig. 16 Average moving line for predicting steel prices

Table 10 Error estimation of average moving line for
predicting steel prices

Date MAE MSE MAPE
2019-08-01 0.1 0.0 0.1
2019-09-01 3.4 11.6 6.0
2019-10-01 2.8 8.0 4.9
2019-11-01 4.6 21.2 7.6
2019-12-01 9.1 81.9 15.0
2020-01-01 16.9 284.9 25.8
2020-02-01 3.0 8.8 5.6
2020-03-01 0.4 0.2 0.8
2020-04-01 31.1 968.5 138.6
2020-05-01 30.3 916.3 119.6
2020-06-01 14.5 211.4 37.9
2020-07-01 8.9 78.8 21.0

Average 10.4 216.0 31.9

Error analysis B B _
method n=3 n=4 n=5
MAE 3.72 417 4.59
MSE 23.51 29.72 36.02
MAPE 1.73 1.94 2.14
5.2.2 HZ7H o5 2I5t dISColH 24 of
Time series sliA{e] MZ71A o F Hlo|E{e| BAe| $HoE

Zk2k| HMAlsld EUch oMol gt 7|ER B MY
AR(Autoregressive) Model2 I 1 t-158E t-37kK[2| 7|2
71eF M2 Zk2F 1,118, -0.245 0.050 12|11 17.0550]ck,
=12} =32 Aol ZIOZ +HES 0|X|1 t-2= S| Psk2 0|
Zlc} PZL2 BHX| t—13t0] 5.84E-112] Zt2 H 04 significant 3
CI AZECE, & t-1200] Aloist ¥aks njzlcty & £ %
ch ZEAL2l R square 42 Ho| 88%= Xt oz o
88%2H2 MYE 4= glon] 2T ARZH | ALTRA AR y(t) =
1.118y(t—1) -0.245y(t-2) +0.050y(t—3) +17.0552 HWI|= =+
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Table 11 Example of data analysis for steel price

prediction(AR model)

Regression analysis statistics
Multiple correlations| 0937
Determination factor 0877
Adjusted Det. Factor 087

Standard error 15.078
No. of observation 57
ANOVA

DOF | Square sum |Squared average|F ratio ‘Signiﬁcam F
Regression 3 860563 286854 1261 82‘ 400E-24
Residual 53] 120487 227.334
Total 56) 98105)
Coefficient|Standard errof]  t statistics  |P-value  [Lower 95% |Upper 95%Lower 95%|Upper 95%
Y intrecept 17055 11539 1478) 0145 6089  40199| 6089 40199
1 1118 0.137] 8177) S84 0844 1392 0844 13%

-2 -0.245 0.204) -1.204] 0.234] -0.654| 0.164] -0.654] 0.164

-3 0.05] 0.138 036 072 -0.228 0.328 -0.228 0328

523 HZHE ¥ o=
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Fig. 17 Linear prediction of steel prices

Table 12 Linear prediction of steel price and actual monthly

average
Date Lin.ea.r Actual month
prediction average
2019-09-01 267.91 218.32
2019-10-01 269.14 218.51
2019-11-01 270.42 239.11
2019-12-01 271.65 246.48
2020-01-01 272.92 228.79
2020-02-01 274.19 211.20
2020-03-01 275.38 152.71
2020-04-01 276.65 156.95
2020-05-01 277.88 166.07
2020-06-01 279.15 183.08

5.2.4 ABYE 123t B o5

sofze| HHSMES solsin Ho} ulzix st o =8
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Fig. 18 Seasonal index for predicting steel prices

Table 13 Seasonal index of steel prices

Month Seasonal index
July 1.005
August 0.971
September 0.942
October 0.956
November 1.01
December 1.014
January 0.987
February 1.022
March 1.042
April 1.036
May 0.994
June 0.99

T o ZAE Fale wr=ue AlRslo] Haby|zel of 147}
o YHAx| F7H2 ofF5t0{ BUW Fig. 19 X Table 142t
2zt
U.s. dollar
300
250
200
150 \\
00 — Month average
. — M. average(n=3)
: — Seasional index No of month

0 10 20 30 40 50 60 70

Fig. 19 Prediction of steel price considering seasonal
index and actual price
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Table 14 Prediction of steel price considering seasonal
Index and actual price

Date Month average | Ignore seasonality | Prediction
2019-07-01 229.0 225.40 226.53
2019-08-01 208.2 221.31 214.90
2019-09-01 218.3 217.22 204.62
2019-10-01 218.5 218.50 208.89
2019-11-01 239.1 215.00 217.15
2019-12-01 246.5 225.31 228.47
2020-01-01 228.8 234.70 231.65
2020-02-01 211.2 238.13 243.37
2020-03-01 152.7 228.82 238.43
2020-04-01 157.0 197.57 204.68
2020-05-01 166.1 173.62 172.58
2020-06-01 183.1 158.58 156.99

525 §7°I-7|.7=I | A|§|:r!.7|. MA
107H&Zte| ELIH o FX|2Q| 98% 12| F2ISE EF610]

HRH MM LjH2 ChS Fig. 20 & Table 1501 HA[SIICE
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Fig. 20 Establishment of confidence interval for steel price

Table 15 Establishment of confidence interval for steel price
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242 H|wslo 20 MMl L2 Fig. 21 2 Table 1601 &|A|
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Fig. 21 Artificial intelligence method of steel price for ten
month prediction, comparing actual value with
existing forecast method

Table 16 Artificial intelligence method of steel price for ten
month prediction, comparing actual value with
existing forecast method

Date a“\:l;rr;ge Ti?:a Ij:ises Prophet
2019-09-01 218.32 204.62 184.83
2019-10-01 218.51 208.89 172.91
2019-11-01 239.11 217.15 172.93
2019-12-01 246.48 228.47 166.15
2020-01-01 228.79 231.65 160.05
2020-02-01 211.20 243.37 243.37
2020-03-01 152.71 238.43 157.60
2020-04-01 156.95 204.68 157.57
2020-05-01 166.07 172.58 14217
2020-06-01 183.08 158.99 131.54

Date a'\\f';;tge N=3| Prediction Com('f)ence Co”f('f)ence
01-Jul | 229 [225] 227 214 239
01-Aug| 208 [221] 215 198 232
01-Sep| 218 [217] 205 184 226
01-Oct| 219 [219] 209 185 233
01-Nov| 239 [215] 217 191 244
01-Dec| 246 |225] 229 199 258
01-Jan| 229 [235] 231 200 263
01-Feb| 211 [238] 243 210 277
01-Mar| 152 [220] 238 204 274
o1-Apr| 157 [198] 205 167 242
01-May| 166 |174] 173 134 212
01-Jun| 183 [159] 157 116 198
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Table 17 Error analysis results of steel price for ten month
prediction, comparing actual value with Time

Table 18 Error analysis results of steel price for ten month
prediction, comparing actual value with Prophet

series analysis Date MAE MSE MAPE
Date MAE MSE MAPE 2019-09-01 33.49 1121.58 15.34
2019-09-01 13.7 187.69 6.28 2019-10-01 45.60 2079.36 20.87
2019-10-01 9.62 92.54 4.40 2019-11-01 66.18 4379.79 27.68
2019-11-01 21.96 482.24 9.18 2019-12-01 80.33 6452.91 32.59
2019-12-01 18.01 324.36 7.31 2020-01-01 70.71 4999.90 30.91
2020-01-01 2.86 8.18 1.25 2020-02-01 50.70 2570.49 24.01
2020-02-01 32.17 1034.91 15.23 2020-03-01 4.89 23.91 3.20
2020-03-01 85.72 7347.92 56.13 2020-04-01 062 0.38 0.40
2020-04-01 47.73 2278.15 30.41 2020-05-01 23.9 571 .21 14.39
2020-05-01 6.51 42.38 3.92 2020-06-01 50.54 2554.29 27.61
2020-06-01 26.09 680.69 14.25 Average 42.70 2475.38 19.70
Average 26.44 1247.91 14.84
Table 19 Overall oil price and steel price forecasting with each predictive model
Qil price prediction S
12 12
1. Simple average | 2. Linear regression 3. MA(3) 4. WMA(3) 5. ESM 6. TAESM 7. Prophet 8. MA
avg. MAE avg. MAE avg. MAE avg. MAE avg. MAE avg. MAE avg. MAE avg. MAE
Date Oil price 58.21 35.81%| 60.53 38.15% 63.74| 43.29% 63.44 42.77% 62.68 41.76% 63.70 43.21% 52.31 31.36%| S52.52 34.21%
2019-08-01 58.8 62.62 -6.50% 80.23 -243% 65.08 -10.68% €422 -9.22% 60.96 -3.67% 63.19 -TATS §0.27 -0.80% 81.24 -4.15%
2019-09-01 60.08 €3.34 -5.43% 80.2¢ -0.35% 6289 -468% €3 -4.86% 61.78 -2.83% €5.08 -8.32% §8.13 1.58% 80.58 -0.83%
2019-10-01 58.75 €4.85 -10.38% 80.34 2.71% €63.72 -846% 6344 -7.98% €2 -5.53% 62.89 -7.05% 81.17 4.12% 81.11 -4.02%
2019-11-01 61.45 €0.51 153% 80.4 1.71% 639 -399% 6347 -329% 62.35 -146% 63.72 -3.65% 58.72 7.70% 54.81 1081%
2019-12-01 83.74 56.63 11.15% 80.45 5.16% 636 022% 63.36 0.60% 62.66 169% 6390 -025% 54.82 1431% 52.88 17.34%
2020-01-01 65.63 51.69 2124% 80.51 7.80% 63.71 293% 6342 337% 6283 427% €3.50 324% 52.34 2025% 52.04 2071%
2020-02-01 54.45 52.88 2.88% 80.56 -11.22% €3.7 -16.99% 6341 -1646% 63.00 -15.70% 63.71 -17.00% 58.21 -6.91% 80.21 -10.58%
2020-03-01 37.8¢ 53.91 -41.91% 80.681 -59.54% 6364 -67.52% 634 -66.89% €3.14 -66.20% €3.70 -67.68% 58.75 -57.28% 82.04 -63.31%
2020-04-01 22.2 5493 -139.87% | 80.87 -164.93% 6368 -178.08% | €341 -176.90% 6324 -176.16% | 6364 -177.89% | 58.14 -15825% | 82.31 -172.10%
2020-05-01 28.86 59.92 -10741% | 80.72 -110.18% 6367 -120.39% 634 -119.45% 63.33 -11921% | 6368 -12043% | 24.681 -5545% 43.47 -5047%
2020-06-01 40.34 58.68 -4546% 80.78 -50.67% 63.66 -57.81% 634 -57.16% 634 -57.16% 6367 -57.84% 33.48 17.01% 31.84 20.82%
2020-07-01 431 58.61 -35.95% 60.83 -41.10% 6367 -47.69% 634 -4707% 6345 -47.18% 63.66 -47.68% 20.02 32.68% 27.85 3540%
Steel price prediction S Y S
12 12
1. Simple average | 2. Linear regression 3. MA(3) 4. WMA(3) 5. ESM 6. TAESM 7. Prophet 8. MA
avg. MAE avg. MAE avg. MAE avg. MAE avg. MAE avg. MAE avg. MAE avg. MAE
Date Steel pric 227.23 19.26% 273.53 39.47%| 220.90 16.75% 219.77 16.45% 220.67 16.70% 220.82 16.65% 168.91 18.79% 210.68| 14.84%
2019-08-01| 218.32 22542 -3.25%| 287.91 -22.71%| 22000 0.77% 21934 -047% 22041 -0.96% 22011 -0.82%| 184.83 15.34%| 204.682 .28%
2018-10-01] 218.51 21926 -0.34%| 288.14 -23.17%| 22184 -152% 22012 -0.74% 22033 -0.83% 22000 -068%| 172.81 20.87%| 208.88 440%
2016-11-01| 230.11 22596 5.50%| 270.42 -13.09%| 22065 7.72%) 218.71 8.11% 22063 7.73% 22184 722%| 172.83 27.68%| 217.15 9.18%
2019-12-01| 246.48 22522 8.63%| 271.85 -1021%| 22083 1041%| 21976 10.84%| 22063 1049% 22065 1048%| 168.15 32.59%| 228.47 731%
2020-01-01| 228.78 22304 251%| 272.92 -1929%| 221.10 336%| 21983 392%| 22067 355% 22083 348%| 160.05 30.05%| 231.85 -125%
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