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A Study on the Forecast of Container Volume

using Neural Network

Sung-Young, Park

Department of Logistics Engineering

Graduate School of Korea Maritime University

Abstract

The forecast of a container traffic has been very important for port plan and
development. Generally, Statistic methods, such as moving average method,
exponential smoothing, regression analysis, have been much used for traffic
forecasting. But, by considering various factors related to the port affect the
forecasting of container volume, neural network of parallel processing system
can be effective to forecast container volume based on various factors.

This study discusses the forecast of container volume by using the neural
network with back propagation learning algorithm. Affected factors are selected
to be based on impact vector on neural network, and these selected factors are
used to forecast container volume. The proposed algorithm which forecasts

using neural network is verified through comparing to statistic methods.
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A& (A E(G/T)| 307874 409361| 454234| 489516| 551,278| 615238| 692517 737,057 725591| 821,831| 821,831

Sutstelse(NE)| 224323 248365 275650 267677 2743311 2852001 295257| 357351| 416254 417.561| 423,522

A E AT E) 18539 19,115 19499 19879 20,396| 20853 21,243 21,662| 21456| 21,634] 21950

lagemEasae|  4170[ 50000 56100 6270|  7230[  83%|  9160] 9800 9400 10,170 1089

Z 8= (TEU)| 2469,000| 2,637,379| 2,793 501 | 3,131,711 | 3,846,155 4,488,064 4,898,297 5169,160| 6,102,404| 6,978,356 7,313,149
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Table 425 S0l BYE olF 74 AE¥E 7 W] JPMEE ool 9
@ Auoas vehi Aol
Table 42 12 We#419] © 3pu]
a
g e T1 T2 T3 T4 T5 T6 T7 T8 T9
1990 0.25888 | 0.12907 | 0.04762 | 0.19373 | 0.14474 | 0.02718 | 0.04628 | 0.05030 | 0.03251
1991 0.26865 | 0.13236 | 0.04705 | 0.19078 | 0.14914 | 0.02797 | 0.04670 | 0.04980 | 0.03215
1992 0.27384 | 0.13656 | 0.04352 | 0.19052 | 0.15258 | 0.02863 | 0.04730 | 0.04933 | 0.03184
1993 0.28781 | 0.13639 | 0.04517 | 0.20787 | 0.15290 | 0.02833 | 0.04562 | 0.04793 | 0.03093
1994 0.31614 | 0.14011 | 0.04752 | 0.21860 | 0.15224 | 0.02831 | 0.04357 | 0.04558 | 0.02938
1995 0.33597 | 0.14453 | 0.04583 | 0.23289 | 0.15151 | 0.02804 | 0.04164 | 0.04327 | 0.02786
1996 0.34569 | 0.14802 | 0.04660 | 0.23368 | 0.15381 | 0.02852 | 0.04060 | 0.04190 | 0.02696
1997 0.36156 | 0.15130 | 0.04445 | 0.24369 | 0.15115 | 0.02794 | 0.04060 | 0..03993 | 0.02568
1998 0.37467 | 0.15700 | 0.04832 | 0.24368 | 0.14436 | 0.02670 | 0.04084 | 0.03845 | 0.02469
1999 0.38400 | 0.15290 | 0.04332 | 0.27075 | 0.14001 | 0.02561 | 0.03693 | 0.03477 | 0.02232
2000 0.42460 | 0.13661 | 0.03889 | 0.27243 | 0.13271 | 0.02421 | 0.03501 | 0.03282 | 0.02110
ot 0.33017 | 0.14226 | 0.04557 | 0.22715 | 0.14774 | 0.02742 | 0.04228 | 0.04310 | 0.02777
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Table 4.3 E21¢] 1995 %= #5of ¥t

1991 1992 1993 1994 1991 1992 1993 1994
+Ys= 1,046,000| 1,135,242 1,190,457| 1,343,620  |0.3175679|0.3361303|0.3476150|0.3794729
S5 E 1,348,000| 1,431,793 1,530,077 1,597,031  |0.3803839|0.3978129|0.4182559|0.4321823
Aot E 0 0 0 0 0.1 0.1 0.1 0.1
ERE- R 75,000 70,344|  77,967| 191,060| |0.1156000[0.1146315|0.1162171|0.1397405

Aurel ahae 358,455| 409,737| 452,096| 491,282 |0.1745586|0.1852253|0.1940359|0.2021866
RS IS 357,874 409,361| 454,234| 489,516| |0.1744378|0.1851471|0.1944806|0.2018193
il R Rl 224,323| 248,365 275,650 267,677| |0.1466592|0.1516599|0.1573352|0.1556763
AA G5 18539 19,115| 19499| 19,879 |0.1038561|0.1039759|0.1040558|0.1041348
RGN ELE 4,170 5,000 5,610 6,270  |0.1008674|0.1010400|0.1011669]0.1013042
=yt 2,637,379 2,798,501 | 3,131,711| 3,846,155|  |0.6485747|0.6820880(0.7513957 0.9
EF = Z
10° : : :
e
™ i}
o 100 f §
=
[l
10'2 1 1 1 1
0 500 1000 1500 2000 2500
E|2 T T T
0.15 .
i
qn 0.1
=
0.05
D 1 1 1 1
0 500 1000 1500 2000 2500
HE S % o
Fig. 42 2919 19959 %= A AW gFxdaeg 5] Fd4d3
stgpo] vk ol F Autsly mdo] 19950 BEFS =57 s
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Table 44 2919 19961 %= 25 o] W3k

1991 1992 1993 1994 1995 1991 1992 1993 1994 1995

FYstE 1,046,000( 1,135,242| 1,190,457 1,343,620| 1,653,106 |0.286450{0.302357| 0.312200{ 0.339501 | 0.394667

FE= 1,348,000( 1,431,793| 1,530,077| 1,597,031 1,797,553 || 0.340282|0.355217| 0.372737| 0.384672| 0.420415

AtstE 0 0 0 0f 98492 0.1 0.1 0.1 0.1{0.117556

54 5} 2 75,0001  70,344| 77,967 191,060{ 297,004|]|0.113369|0.112539|0.113898|0.134057|0.152941

358,455 409,737 452,096 491,282 552,612|]0.163895]0.173036(0.180586|0.187571{0.198503

357,874| 409,361| 454,234 489,516 551,278|]0.163791{0.172969(0.180968|0.1872570.198265

gubslel w2 224,323| 248365 275650 267,677 274,831|]0.139986|0.144271(0.149135|0.1477140.148989

A s AT 18,539| 19,115 19/499| 19879| 20,396 |0.103304|0.103407)|0.103476|0.103543]| 0.103635

1F=RFLS 4,170 5,000 5,610 6,270 7,230((0.100743(0.100891|0.101000(0.101117) 0.101289

Zgg 2,637,379 2,798,501 | 3,131,711 3,846,155| 4,488,064 |0.570114|0.598834| 0.658229| 0.785579 0.9

HE 2o RE WHEE L 204437 HAS wWl S A-&AE 0.02
= o 199611 9] EF S AF3H7] A 1995
A ol @A W Adgho]l 1.20028488¢] oA ¥ it
2 5161433 TEU #& 27 #Hrt}h Fig. 432
ghol MaE e ATl LAk} FE&S e Efzolth
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olefgt WRom 20017t e EEF S5z 7 F7F Ao Table 45
= 7 ded FExds vEste A%E BojFi vk Fig. 44 old e %
Ho=w 3 453 AAGE 1H=ZE BoFa gl
Table 45 Ed19 95359 o A-&H
1995 1996 1997 1998 1999 2000 2001
HRE 3] 4= 2,479 2,044 51,070 2,059 1,642 2,153 8,376
L AE 0.02 0.02 0.02 0.02 0.02 0.02 0.02
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Table 4.6 E22¢] 1995 %= 25 o] ¥t

1991 1992 1993 1994 1991 1992 1993 1994
Fdst= 1,046,000 1,135,242| 1,190,457| 1,343,620 0.3067171|0.3256253|0.33732400.3697754
FEs= 1,348,000 1,431,793| 1,530,077| 1,597,031 0.3707034|0.38845700.4092809|0.4234668
3} 7] 3} 2 75,000{  70,344|  77,967| 191,060 0.1009865 0.1{0.1016151{0.1255767
A arel a4 358,455| 409,737 452,096 491,282 0.1610435|0.17190890.1808837|0.1891862
27z 2,637,379 2,798,501 3,131,711} 3,846,155 0.6438906|0.6780283|0.7486272 0.9

A2 0.020] Este] FEak
#& welFu Yk, shee] B
Azet7] A Adwsl ddw

e
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2o o w 199690 =5 He dFd BrlE o AT s %ol
A & A AY Fxek 2o Table 47 APWaAo] o8] YA 57 W3}
T A BT gtk

Table 4.7 2 222] 1996 % #t59] W3

1991 1992 1993 1994 1995 1991 1992 1993 1994 1995
Fd3kE | 1,046,000 1,135,242 1,190,457 1,343,620| 1,653,106 0.276681| 0.292841| 0.302840| 0.330576| 0.386620
FE3HE | 1,348,000 1,431,793| 1,530,077| 1,597,031 1,797,553 0.331370| 0.346543| 0.364341| 0.376466| 0.412778
514 3l 2 75,000{  70,344|  77,967| 191,060| 297,004 0.100843 0.1 0.101380| 0.121860| 0.141046
Murelgls | 308455 409,737| 452,096 491,282 552,612 0.152174| 0.161460( 0.169131| 0.176227| 0.187333
=37k 2,637,379 2,798,501 | 3,131,711 | 3,846,155| 4,488,064 0.564862| 0.594039| 0.654380| 0.783757 0.9

Fig. 462 o] Al e oake) s &S 122 vehda glvh 8o
g W R3S F7E 28563] 0 e AbE&o] 0.028 FHIHA HAow shge] &
ool Re dEftor doldl Aabghe 10409208501 WA o] ejE] o
SE5 % 5266300 TEUZ = & dojdd 471 9t
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Table 4.8 ER29] w5349 3-8 H|

Table 4.8

ol# g

1995 1996 1997 1998 1999 2000 2001
15 5] 4= 6,247 2,856 91,496 47,790 888 1,001 1,407
(o3 0.02 0.02 0.02 0.02 0.02 0.02 0.02
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oElgtl o we MEEe T A % dxel b e @R 07, 02,
019 AFAE Adz dAste] A Tk Table 495 ol &3}
HEolEHEH S ol 48 Aol BEF o] %g HolFu v}

Table 49 o] FHTHE ©] &3 =5 4=
i w5y ol 5 it
A= 27 o % gk o3}

1990 2,469,000 - - - -
1991 2,637,379 - - - -
1992 2,798,501 - - -

1993 3,131,711 2,634,960 496,751 2,733,327 398,385
1994 3,846,155 2,855,864 990,291 3,015,636 830,519
1995 4,488,064 3,258,789 1,229,275 3,098,501 889,563
1996 4,898,297 3,821,977 1,076,320 4,224,047 674,250
1997 5,469,160 4,410,839 1,058,321 4,711,036 758,124
1998 6,102,404 4,951,840 1,150,564 5,256,878 845,526
1999 6,978,356 5,489,954 1,488,402 5,855,345 1,123,012
2000 7,313,149 6,183,307 1,129,842 6,652,246 660,903
2001 6,797,970 7,125,116

FolA ®BTol dATA Frkets oy el ghell 7S AIE FolA ol EH st

A
= WHel 8% T2 #@s 7HAA HAAY oldel A ThSelEH g AE g

ofsh= WelM= Zheoledd iy fFARSHARE Htel Amel o B2 HEE
FaL glem Ak Aol 270e] dHolH @iwtemE o Fo] Jhgsith= Aol
2 Aol deAsE gl S o83 A5 Heol oy Fol dAd
FAE Y gleng olgAFFIHE o]&F AF5E AT

AeF el AFF AT ks Tk A2 g T Aot d
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A gyl Lzke FFAF L AMSE : mean squared error)7f 7FE #S gk
S A9k Table 4.102 ©X|FHEHo| 23t oSS Ko o 4,4
&2 7 =L S vEld 2 Jd& 08¥ 09, 0955 o] &3 WHS HoFu
AT AFFEATFA v FoA HTol 4 kol 0957 HIAS W 7P =&
#S Yella loew o] weo] MSE g2 284437,208189%2 7 A2 3ts 7F
A A =] ATk
Table 4.10 GTAFHEHES o] &3t 55 o=
a = 08 a =09 a = 095
2 A 7k . . .
ol &3k o3} ofl =%t o3} ofl =%t 23}
1990 | 2,469,000 2,469,000 - 2,469,000 - 2,469,000 -
1991 | 2,637,379 2,469,000 168,379 2,469,000 168,379 2,469,000 168,379
1992 | 2,798,501 2,612,122 186,379| 2,620,541 177960| 2,628 960 169,541
1993 | 3,131,711 2,770,544 361,167| 2,780,705 351,006| 2,790,024 341,687
1994 | 3846155 3,077,536 768,619 3,096,610 749545 3,114,627 731,528
1995 | 4,483064| 3,730,862 757,202| 3,771,201 716,863| 3,809,579 678,485
1996 | 4,898297| 4,374,484 523813| 4,416,378 481919| 4,454,140 444,157
1997 | 5469,160] 4,819,725 649,435 4,350,105 619,055 4,876,089 593,071
1998 | 6,102,404| 5,371,745 730,659  5417,255 695,149| 5,439,506 662,898
1999 | 6978356 5,992,805 985,551 6,032,889 945467| 6,069,259 909,097
2000 | 7,313,149 6,330,523 482,626| 6,383,809 429340 6,932,901 380,248
2001 7,240,755 7,270,215 6,932,901
ZAZE Qe Aol olF ol oFAFFT Mol Hekews FEyol
i Wl B AT FEWS ol gakglon ofge] mE A3 P
F, = F, + T,
Fl‘ = aDt,l + (]._a)thl
B(Ft_thl) + (1_,8)th1
F/e 19 d3AE vbetdie dexsd el 2 FA7F daids F-
= Yehaz 9l oSt pEFE 0~14}0]9) o d Zo] Uwkzoln o 7]A
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Table 4.11 o] TAFHEHS o] &3 B5F o=
A7 o) F AT &
Ft Tt F't 2

1990 2,469,000 2,469,000 2,469,000

1991 2,637,379 2,469,000 123,450 2,592,450 44929
1992 2,798,501 2,628,960 158,135 2,787,095 11406
1993 3,131,711 2,790,024 160,917 2,950,941 180770
1994 3,846,155 3,114,627 316,418 3,431,045 415110
1995 4,488,064 3,809,579 676,025 4,485,604 2460
1996 4,898,297 4,454,140 646,134 5,100,274 201977
1997 5,469,160 4,876,089 433,159 5,309,248 159912
1998 6,102,404 5,439,506 556,904 5,996,411 105993
1999 6,978,356 6,069,259 626,110 6,695,369 282987
2000 7,313,149 6,932,901 851,765 7,784,667 471518
2001 7,294,137 385,762 7,679,899

AADHA mYe] AR AP
ome APFARPS Agee o] AFE Aol
P31 Qe wed ALY gon SYuss A
o A HAHS Bt A
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st om Ao shFo] o]Folzl o] %

nl
FHES M2 vt} Table 4132 ®H

O
PL
2

jus)

Table 4.13 <l="He] vl

1995 1996 1997 1998 1999 2000 MAD
A Bz 4,488,064| 4,898,297 5,469,160 6,102,404| 6,978,356| 7,313,149
o 53] | 3,598501| 4,224,047 4,711,036| 5,256,878| 5,855,345 6,652,246
A} 889,563|  674,250|  758124|  845526| 1,123,012|  660,903| 825,230
o S 4] | 4,485,604 5,100,274 5,309,248 5996411 6,695,369| 7,784,667
2} 2460) 201,977 159912 105993  282,987| 471,518 204,141
of 52 | 3,951,142 4,633,954| 5,186,575 5,757,757| 6,364,372| 7,086,381
2.2k 536,922  264,343| 282,585  344,647) 613984| 226,768 378,208
o| S| 4,702,974 5,161,433 5396,772| 5967,049| 6,412,310 7,345,428

4 A} 214910 263,136 72,388 135355 566,046 32,279| 214,019
o 53] | 4,620,871 5,266,300 5407,401| 6,055,954| 6,563,686 7,425,503

A7 (d2) N
2.2k 132,807 368,003 61,759 46,450\ 414,670  112,354| 189,340
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