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Abstract

It is necessary to know the arrival rate of ships before port analysis. If we can
describe the arrival process of ships, we: can. control more the real situation of
operating a port. The characteristic of a homogeneotuis Poisson Process (HPP) is the
arrival rate of a ship at anytime is ajconstant and HPP can’t describe the time trend.
Instead of using a HPP to describe a developing’ or decline model, we can use a
non-Homogeneous Poisson Process (NHPP) to illustrate. The main characteristic of
NHPP is its arrival rate is the function of time t. The arrival rate can be called as
intensity function. It is not only related to time intervals but also related to time t. A
NHPP is more fixable than a HPP. Therefore, if we use a NHPP to analyze, the result

can more correspond to the real situation.

This research was aimed to analyze the arriving process of containerships by
NHPP. The research resource was based on the data of Taichung Harbor. Intensity
function is analyzed by the power law models and the log-linear models. The
maximum likelihood parameter estimation and goodness-of-fit analysis are also
applied. The results of goodness-of-fit analysis showed that both power law models
and the log-linear models can describe the process of the containerships from
Taichung Harbor. Both results indicated that the containerships in Taichung Harbor is
slowly developing.It can be decided by AIC law that the log-linear model is more
preferable in this case. As a conclusion, the NHPP is a suitable tool for analyzing the
arrival process of containerships.

Keyword: non-Homogeneous Poisson Process , arrival process
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3 > PI{N(t),t=0} % — 3+ #cif 42(Counting process) °
1.N(t)=0
2 N(t) 5 KB s -
3. t>s > B N(t)=N(s)
4. t>s P NEO)-NG)E>(s, t)FFRFERN £ 2284 k-
F BB AR Nt =0} % T 7= B s PIFEL AL PEAR
(Homogeneous Poisson process) °
IN@)=0> £ 7 PEFRFRI2 B 25 FEHEL S
2.0 38423 M2 # £ (Independent increments)
W ELA A2 e PREFIENESE 22 Skt b -
Ho<t<..<t, PR
N(tl)-N(to), N(tz)-N(tl),. . .N(tn)-N(tn_l) f:‘-\ 2&3:_ °
3R RFEtNF S T B o R B ML AR
PINs+1)-N(s) =n}=¢ 20 (3-1)
n!
n=0,1,2,...
3.1.2 25 N friE AR

FHGEAZ(N(),t=0} > B0k LT P =58 > BIAL S 22 - 218 48(Nonhomogenous

Poisson process) °
1. N(0)=0
2. {N(),t=0} 7 =€

3. MR FEG, st A F B A5G

14



S+t

P{N<s+t>N<s>=n}=M.exp[Tuy>dy} ()

n!

n=0,1,2,...

B M)E TR ES > FREFL Sk o

t
Fm(t)=[Ms)ds » BI(3-2):4 ¥ % 3
0

P{N(s+t)-N(s)=n}=exp{~[m(s+t)—m(s)]} [mfs +t)—m(s)f (3-3)

n!

n=0,1,2,...
T N(s+t)-N(s) 5 — "4 fe » HEHH E L m(stt)-m(s)

AN P EAR G 22T 48 1 12 i 42 (Nonstationary Poisson Process) > £ *
PEARZL B AP R i B REe2 Tiog 4 K.

S+t

P{N(s+t)-N(s)=n}= M - exp[— Tx(y)dy} (3-4)

n!

n=0,1,2,...
LET-Fto v RNT-FEFA Az R S

f.(z) =exp{-{m(t+z)—m(t)]}A(t+2) (3-5)
332

RS S R ER LI EE S S G N
FE2ZEFRFRERS b De A RERY RS TR LR R Y
kpAple -t M e P iEARZ PERR EEIR S n fm fe e

FoDEEANBETEEZEL P f LA LB E S P ERS - T
. *“\@ﬁ"g PEARE AN B AL T PR b R R TR
B 4p % & o Shively(1991) 1 4a B 2 KM PERF AV FER S > > 2 4R B 2 =

,l“zl_m:‘uiﬁ G ZARM D 05 R d - TS 5 e AR e kA 0 27

R IPET Y TIVECE A
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AN AR R GG F AT R Y hs R RSk
(power-law intensity function) % ¥} #4214 (log-linear) - }* @ 53¢ ¢ AR £ criF *
PR AL R A BN 0 R ez 2UAM Y AR RIS B R 2

HEAR 0 BT - ) B RS AN 2 2R PNE AR o

32 F TR ol AN I ER

B-1
A(t) = (gj(é] # % ¥ == S #c(Power-law intensity function) £ ¥ i35 &

& Fe(Weibull intensity function) » & 3 & S #icv % o1 F #ic~ YRR & YRR 050
Fod NP S BB E T AN AV R RSOSITRT G o LY R L e

- R F R A S NHPP & ;;w » &‘M;ﬁfa Ly i
(Weibull process) » & 9 * i #42(Weibull Poisson process) » % _{£ i #2(Power-law
process) o & MiF AR HA M P alA7 - kil o FE § B=1 B R D4R SO0
i A o

3.2.1 B & PEi 2 B2t S

& x = (nny0ny) T A BB R e Bl A o B A S S F(x0) - 2
VOO R F Rtk n,,n,,.,n, N8 & %R 3:%:%6_ % T i & e (Likelihood

function)

L(0;x)=f(0;n,,...,n,) (3-6)

H¢ L EO s &rﬂcii;Lile(np k).é,ﬁkh§k14e X)E P&t o 710
;9%—%ﬁ%@Jﬁmuaaﬂw&kﬁw%ﬁﬁﬂﬁﬁﬁﬂmmp”m)ﬁ—%
SO b AP S L T hd o d 0 Lt s @ L oeifdcAod o %
T3 AR R A R

d

—InL(6;x)=0 3-7

o (8;%) (3-7)
AT At PRt E’rﬁtbiﬁi;\:ﬁ;éﬁx"‘f’iﬁl% FEF o B X PN B3R
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- H o B AT S RIS GT R G fvh- T IR @

SR EEE R ERNR R

iz Bain(1991) > 4 Z,=m(T,) > j=1,2,...n> 4 Z, =0 QI Z,-Z_, % > 4%
AW R P 2,7, 2, 2T EB T R R B

f(z,,2,,...,z,) =exp(-z,) 0<z,<z,<..<z, <© (3-8)

by DAY o

0
e

E;)
i
=4
I

i
(é) > T, =07, Fd T R

BT W T, T, 2 B e %R Sl s

n P p
£t ty,t,) [ j{ ( ﬂ exp{_( nj} (3-9)
j=1 9
AT LS B L L B$iEk
n t p
lnL:nlnB—nlnGJr(B—l){Zlnti—nlne}—(g‘lj (3-10)
il
AR S Y AN - S
olnL __E_F(B_l)__n*_ﬁ(t_njﬁgl(t_nj—o (3-11)
00 0 0 0 0*
v EREE 0= tfiﬁ (3-12)
n
B
OIOL _ 1, S lnt —nln6- (t] (Int, - 1n6)
aB B j=1 9
:E+ilntj—nln9—n(lntn—ln@)
=
=243 (int,~Int,) (3-13)
p =
=0
v e (3-14)
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322 $¥cik %
te Tt ilAr2 TR AL E S Wk H:B=1> H Bzl BX

szihm%q (3-15)
i=1 i
R mEER T VIRES F3 A fd RE 200 Al F ka7 Vg,

Y szlz_a/z ’ EIIJ#E&; Ho °
Fn>30pFd ¢ LRI ILE &e VAR F G R
z-Yy_n (3-16)

J2n

¥ 7>z, £S5 H,

323 BN A AR

A B Eﬁ%i‘]és@ﬁﬁ fE B 58 R 5 e NHPP #1558 7 1% #ic
Prfesist = 2 hfk T R S BARR T R E L

H:#cdy 25— & F % 9% & SilicsnNHPP
H 8y 7 295G F 9% & Sy NHPP
Crow#h - EFERBET TN Bttt s RO TREEF 4 2 BFF

£ 21

t. . -~ n—-1, ,
B XZ =—">1=12,...n>* B=——1 > B]i2 I 5 Cramer-von Mises & T_%3
n

CM=——+37, ~220) G-17)

12n o 2n

FOTRNACM B4 AR FORET SRR ER o RIHES w8 BRX H,
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3.3 éi—g{%ﬂ’ﬁ'_ ?!;L }i 5y ﬁ;‘CL ?'5,7?;{\ 'H; L 1;/1‘\@ f2

Mt) =exp(B, +B,t) F = ¥+ B (Log-linear) s & & #c > Cox &7 Lewis *+ 1966
ERDHEAMERE S PR S DR RS ARELRY o B, >08]
TEFAAEG R A ABR 0 B <OR G R AB% > A B =0pFRAE I s -
Wl TRAME PR -

3.3.1 B P E B3t ol

1 . NV .
» Zj:m(Tj)—B—exp(Bo) j=12,.n0 BIZ —Z 5 Bz dp SR e

1

i Zl>225 a EEFAI*;&"? Q)i‘“hgt"

f(z,,2,,...,2, ) =exp(-z,) 0<z,<z,<..<z, <® (3-18)

UL 5 7 ’iii‘ﬁﬁ?@vgtm(thﬁie)(p(ﬁwﬁlt) e

FT,.,T, 2B e 5% R Sk
f(t,ty,0t,) = HGXP(BO +Bt)eXp[—B—eXP(Bo +Bit, )+B exp(B,)] (3-19)

BN ATETE ' DIEIE S DR O 3

InL =np, +B1iti _ eXp(Bo)[eEP(Blto)_l] (3-20)
= 1
S Y AN AR )
W n nt,
e R varon 321
Z;“[14_[31 1—exp(—f,1) ( )
g RATRAB R AT RTEB
R nB
=lny 3-22
. n{exp(&t)—l} o)
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332 flick T

AR B Sl > v R 2 804k ¥ (Laplace Test) > ¢t 5 Cox 3%
1955 & 3% 12 f %4 o B Hy B =0 » H, B, #0 o Et,nt, SFEF 0 TR
T EFL 2 pFERE B E

n t.
L=y (3-23)
j=1 T

e Hy B3R T ot/ TIRESSS A F[0,1]» e d n230 pFd ¢ 4B 13aey oo L
ABITH B o P R etk TR S
L-n/2

Vn/12

¥|7>z,,/% &S5 H, -

Z= (3-24)

333WNE AR KT

A F 241 48 5 Bl(Probability plof) e 114 & o d (3-5)chp.d.fA i U
PP IR Z 0k 18 3R A Sdieoddf) 4o T

t+z

F,(2) = exp{- [My)dy} (3-25)

kel £ B LS 0 ST Y T S U= F L (2) %R
Zj # 3 5 - B 2(0,1)2 F 353 & fe(Uniform Distribution) 557 % #ic( ¥ Uj ~
U(0,1)) - R¥piz B FH Uj 11 2 %+l,j=1,2,....,n 3> NPT g NS FE

BACE A A G5E 45 RALY 0 Rl T 2 HSS 2 NHPP i & % Sef i T o
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3.4 st g

¥ bt @RS SR E 1 0 £ Ogata fo Akaike(1977)74%
g -] it AIC(Akaike’s information criterion) e 2 35 &1 B iF erficst 5 - & 50

R VEE G S N3 S RPN O & 3
AIC=-2+log (£ 02 S fcd + f8) + 2+ (58 1B #c) (3-26)

UG R PR 0 S e B St 0 FAIC 2 0t H 6

FOPRIR RN R R e & R o
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3.5 stk T

3.5.1 Kolmogorov-Smirnov (K-S) # Z_Z

A FLARISI K-S AL S 2L KSKRWET N FE LR
BRI RF PR LR o

=
P
(\x
F

-
ETIS

Lot Eammh A pe P S dh 5 F(x)
2. FERIRAMREFRDL S S(X)

3R LA G A B EL R R 2 L i | Fx)-S(X) |

Y

4. 45 0 K-S # 7_ehst £ D=max | F(x)-S(x) |
5. ﬁ K-S Jfﬁ?\xf‘f%\ ’ F’ ’]‘iﬂ‘ = /J‘ n % &E%‘”J\i? a ’«‘b ﬂi'ﬁéﬁ TE Da/2 ° @ D>Da/2
p o RldE S H,

AT 4R KSi# > @=0.05° D, =1'3%E » #9 n>40

3.52 ¢ & F 4p b # T (Spearman Rank Corrélation Test)

(K )t & % 0 £ 00 % 50T 3ok b B 4
I E LR TR TSR s HN R IR My & T X L
11 Vi%\*ﬁ“ ylii@s ’ i};’ liiﬁﬁiﬁi&L if;ﬂ di:ui_Vi o M Q Ll ﬁ[’ ﬁ 3&@»7}}5)’&?
n
63d.

der, =1-—2 1 s Hdon Ao N R A che i o
nn -—

R Baipl Glkr DR B e B Gip i A BRIy D
FEREER - REOL=E D BREX )Y DIERE R 2APF Fr=101,=0
S iﬁ%&x 4 -?E ol 7?'\( e ﬁ' ¥ :‘E‘&»?}TE fod I”‘fﬁ';;rh;—'-_’a_r AR 1B soip B 4

Bep H > A 2% E B B Tl e

2

g ) 2 N2 A 1
'E n TE{Q‘\ EE;‘ ’ rs 3‘5’ (V) '#7 'HLE /1:\ ]ﬁb y EF rs %N(O’_l) ) jr l}b 2l f% » %’_;L_‘::_L :_'E:L-
n_

Z:rsm AR A R
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g MR RN AR - ERRRBER O B edp b
BAAA B, o>l t, APEFREE FHEEFREL a0 F |f>z,, B
RIES m & B3R H) >~ ffw‘u-’rr‘v T EFFFER, g ¥ f

PR R B H, s AU RGN 5 R R LR R S
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4.2 H35 2 R

Bk o F B2 f Ry P EAT S A B AR R b

LA B B3R B~ phdp N A DAL AR A By L R(1991)2
P (1997)% B M 2uBd Y AR o s RSB TR B S0 B iR 2 pF
FREF 3 R iF L RR R TSR 2 - PR DIE2L T FIET R
fomfe(d 4-1) TR BN FE P B2 PRAGETIEERT S R EAR

2BEANR 90 & p R plE 2 PR A -2 E R B PRI [ A § R A
(B 4-1-1) > AR 91 &2 92 & [y Tk 2 Py & F s w5 (R 4-1-2)2 ()
4-1-3)» Far o @ B2 PR TIEERE BN TR E 2 AT 7 - R oo &
B R E A L BREER S BT - PRI R T E

- EB[0,1)3» p RN B R4S Al 5 Uy
5o BK[1,2)8L 0 st R bR T AL U

oL w g[2324)8 0 BN RSl Ao L Uy

Ho:U;=U,=...=Uy

Hi:Ho# & E

BALE A EKE =005 » A7z Lw BREEPN 0 LEEATIEZ {4
Sl 2 Ap & ( 4-2) -

3EFLARB R EY A 3 0 FERFFEEE S TR RAER 0
BT ALAGA MY RFRFET AL S iR ST 0

AR DG RBRRZ AL LS Ty g FlaAa S A1 @ R0 o A 4T LR )
s = s -l WA s iz PR TIE R E Y el 2 dp s

e TR D AR E 1 TRARO2E 2 H 6B A IEz
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241 WKSZiFod B PR REFIELEE R T

P R R BE
(¥ =] p) count S(x) Fx) || FX)-Sx) |
0 1925 | 0.25147 |0.132674| 0.118796
1 1463 | 0.442587 |0.347549 | 0.095038
2 1051 | 0.579882 |0.509191 | 0.070691
3 772 | 0.680732 |0.630786 | 0.049946
4 582 0.75676 |0.722257 | 0.034503
5 444 | 0.814762 |0.791067 | 0.023695
6 372 | 0.863357 |0.842829 | 0.020528
7 267 | 0.898236 [0.881767| 0.016469
8 203 | 0.924755 [0.911059| 0.013696
9 155 | 0.945003 |0.933094 | 0.011909
10 104 | 0.958589 |0.949669 | 0.008920
11 80 0.96904 |0.962138 | 0.006902
12 55 0.976225 | 0.971518 | 0.004707
13 47 0.982364 10.978575| 0.003789
14 41 0.98772.1.0.983883 | 0.003837
15 27 0.991248 | 0.987876| 0.003372
16 16 0:9933387| 0.990879 | 0.002459
17 11 0.994775:10.993139 | 0.001636
18 9 0.99595 {0.994839 | 0.001111
19 6 0.996734 |0.996117| 0.000617
20 5 0.997387 |0.997079 | 0.000308
21 4 0.99791 |0.997803 | 0.000107
22 1 0.99804 |0.998347 | 0.000307
23 3 0.998432 |0.998757 | 0.000325
24 5 0.999086 |0.999065 | 0.000021
28 2 0.999347 | 0.9997 | 0.000353
30 1 0.999477 |0.999831 | 0.000354
31 2 0.999739 |0.999873 | 0.000134
37 1 0.999869 |0.999977 | 0.000108
44 1 1 0.999997 | 0.000003
total 7655 D& 0.118796

Ho: f 45 T i 2 p¥ AP B BEPRACS 4p oA e
Hi:Ho % %
Du=0.01554 » D>Dup > 78 & ¥ i [ g Sl 47 5 A prifide -
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Da;;=0.01554 » D>Dap > & m BB P FIiE 5 ¢ b R4 2 YA G HRT -

x e

42 M K-SEIT o p PR RIE YA - RIER T

B BLRE S(x) F(x) F(x)-S(x)
0 367 0.047867 | 0.041667 0.0062
1 367 0.095735 | 0.083333 0.012402
2 292 0.13382 0.125 0.00882
3 296 0.172427 | 0.166667 0.00576
4 229 0.202296 | 0.208333 0.006037
5 259 0.236077 0.25 0.013923
6 642 0.319812 | 0.291667 0.028145
7 623 0.40107 |0.333333 0.067737
8 404 0.453763 | 0.375 0.078763
9 340 0.498109 | 0.416667 0.081442
10 329 0.54102 |0.458333 0.082687
11 268 0.575975 0.5 0.075975
12 206 0.60284310.541667 0.061176
13 219 0.631407 1 0.583333 0.048074
14 291 0.669362 | 0.625 0.044362
15 395 0.720882 10.666667 0.054215
16 278 0.757141710.708333 0.048808
17 234 0.787661 0.75 0.037661
18 197 0.813356 | 0.791667 0.021689
19 217 0.841659 | 0.833333 0.008326
20 197 0.867354| 0.875 0.007646
21 297 0.906091 | 0.916667 0.010576
22 322 0.948089 | 0.958333 0.010244
23 387 0.998565 1 0.001435

total 7656 D& 0.082687
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%43 WK-SEiFLP B RAGIEY A G- RiLR T
ul | RBE|] SKX Fx) | | Fx)-S(x)
9001 198 | 0.025862 | 0.027778 | 0.001916
9002 195 | 0.051332 | 0.055556 | 0.004223
9003 232 | 0.081635 |0.083333 | 0.001698
9004 223 | 0.110763 |0.111111| 0.000348
9005 212 | 0.138454 |0.138889 | 0.000435
9006 204 | 0.165099 |0.166667 | 0.001567
9007 207 | 0.192137 |0.194444 | 0.002308
9008 220 | 0.220873 |0.222222| 0.00135
9009 198 | 0.246735 | 0.25 0.003265
9010 209 | 0.274033 |0.277778 | 0.003744
9011 207 | 0.301071 |0.305556 | 0.004485
9012 218 | 0.329545 |0.333333 | 0.003788
9101 203 | 0356061 |0.361111| 0.005051
9102 169 | 0.378135 | 0.388889 | 0.010754
9103 216 | 0.406348 | 0.416667 | 0.010319
9104 220 | 0.43508411:0.444444 | 0.009361
9105 236 }110.465909. 10.472222 | 0.006313
9106 222 =| 0.494906 0.5 0.005094
9107 207 5 | 0.521944 | 0.527778 | 0.005834
9108 216 <} 0:550157-10.555556 | 0.005399
9109 203 70576672 | 0.583333 | 0.006661
9110 200 | 0.602795°10.611111 | 0.008316
9111 206 | 0.629702 |0.638889 | 0.009187
9112 205 | 0.656479 |0.666667 | 0.010188
9201 202 | 0.682863 |0.694444 | 0.011581
9202 158 | 0.703501 |0.722222| 0.018722
9203 221 | 0.732367 | 0.75 0.017633
9204 213 | 0.760188 |0.777778 |  0.01759
9205 225 | 0.789577 | 0.805556 | 0.015979
9206 211 | 0.817137 [0.833333 | 0.016196
9207 227 | 0.846787 | 0.861111 | 0.014324
9208 232 | 0.87709 |0.888889 | 0.011799
9209 237 | 0.908046 |0.916667 | 0.008621
9210 241 | 0.939525 |0.944444 |  0.00492
9211 223 | 0.968652 |0.972222 |  0.00357
9212 240 1 1 0
total | 7656 D & 0.018722

Dy2=0.01554> D> Dy > & 1 BLRIP P D13E & @ i pifide 2 A R d - Koo
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4.3 F 93 B S #z2. NHPP

B-1
e faaawvﬁd(t)z(gj@ TR A VS E R PRy 8 Sy

B

P P EAL S F WAL § 0EARE ABEY AV LA A PTAEE 0 d N E &
Az Bl BB A A MIEREES FHFALE e AR LRY o5 1
WALS T T ARSI TR G E R R TN LR R L
AAT s ARG F OB IR T AR 0 T PRI R Sk o

LI
=
|

=’

43.1 %R

RHEFZFUE A EN 2 g @ 0 ¢ B2 TEMRLA G

[
A n
B -
Zl“(/ j
J
=1.012299293
N t
0= 1/[3
=3.8271

PR 0 S Bicz. B B 5 -10048.7

j0<012299293

51 G R s X(t)=(1.012299293j( t

3.8271 3.8271

432 ¥tk €

v o n t
BT EFAEEE L F B H:p=1> H:p=l> V:ZZI:In(t—“‘) ' 42

Ve £ BREFAVIRE- pd B52n2+ 2 Afee g n230pd ¥ &4 1230
FAr VAT 0 Bl R kR T A E G

35



~V-n
V2n

=85.3668>Z,,, % » 485 H, -

V4

433 BV & Rt T

ROORARELS YR IR LE B A G 95 R Sic NHPP Hi05¢ > 2

P RY 33 &2 323 kT

— n-=1a
B=—B
n
=@(1.012299293)
7655
=1.01216707
1 o b o2
CM=—+Y(Z. - 2
12n E‘( ' 2n)

=0.333813404

% 0.05 E-KET » CM fRfiE 50046124 ¥ 5= CM=0.333813404<0.461 » *f
MLEL G ARG m A BE - B @i A Slike NHPP v * kg ik 5@ B p

|J‘

(%
&

i AL ©

L

36



4.4 ¥ fcs e B S #icz. NHPP
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B B Sl

A1) = exp(1.90426 + 0.0000734349t)
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