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B B84% (causal relation)
B DO HEER (causal inference)
B DR A (causal principle)
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David Hume, A Treatise of Human Nature: Begin an Attempt to
Introduce the Experimental Method of Reasoning into Moral
Subjects, http://www.gutenberg.org/files/4705/4705-h.html
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Data-driven investigation
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~

* Data acquisition
* Data collection
* Data analysis

*nterpretation y

==) PDCA cycle

Interpretation
(Action)

Data

acquisition
(Plan)

Data analysis
(Check)

Data
collection (Do)



PPDASC cycle

(1) Start with Small Data acquisition,
conduct data analysis and
numerical simulation

(2) Conduct data-driven investigations
through the PPDASC cycle

(3) Scale up the size of data and
numerical simulation to approach
the final goal of data-driven
numerical simulation with Big Data

Problem
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Zipf, G.K. The P,P,/D
hypothesis: on the

E jj :E7__\\) l/ intercity movement of

persons: Am. Sociol.

Rev. 11, 677-686
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Area: 377,900km?
Residence area : 180,218km?
The total population in 2010: 128,057,346






A B

10° ¢

107
108
10°
10
10°
10°
10'
10°

108
107
10°
10°
10
10°
10%
10

HEEL, S

population ]
workers 3
firms ]

1EI EEI E-EI 4[] 5D 60 70 80 EICI 100

distance [km]

RITT (23 EEl

population ]
workers 3

firms

0

10 20 30

4[] 5[] ED 70 80 EIG 100
dist
istance [km] RJFF(*EEH

ZEE)

=)

108

107 |
10% |
10° |
10 |
10° |
10° |

10"
10°

10°

10" |

-~

10° }
10° |
10* |
10° |
10° |

10"
]

population
workers
firms.

0

1CI ECI ECI 4[] 5[] 60 70 80 90 100

distance [km)] RJOO({?E}%)

population
workers
f| ms.

0

1[] ECI BCI 4CI ECI E[I 70 B0 QEI 100

distance [Hm&
J



IERR AT

M > Inx(d) > Inx;(d) Sine, 4@ [ SinF ]
Sinxd)  Snx@)y  Shx@hxd) Yihx@dhr | sd) ]| | ShEnxd)
Sinx(d) Yhx@dhx@d  Shx@f  Thx@hr|sd)| |ShEnx )
> Inr, D Inx(d)Inr, D Inx;(d)Inr, Z(Inrij)2 | B,(d) | D InFinr |

SIEFMOTENETDZEE |, jISOVTOMZERT
MIZRET—2H

T TRERE
MSE(d) = —— (N F, = 4,(d)- ,(@)n x,(¢) - £, In x,(d) - (), F

F’ij #0

d*=arg mdin MSE(d)



E

umbu
Ip
Im

Fi&e P AHECDE R

T

T3 Eed 0 3ETTS T 0 ATRN LOSETTE 4
+
+ : +
L] + -
+ " + 0+ -
b St 1“:3 +:ﬁ#il ii*.,t -
+ ++";,. .ia. H—? *1-+
‘Iﬁ' s e w
n b T
W;r I -n{-*'# *
+ +
+1‘++1-+*m *\‘ * ¥
- 4 . Jg o
i
+1‘
- "4
. +
1 + 4+ 1 1 1
a 13 14 15 1k
;EJ d=15km
! '3 PEIEET 0 E0EE D AT AL D DETER' 4+
L +
++ 44+ L ] *
Ty + + i-"" ﬂ#‘*’l‘ " +
+ e F o ‘r. *‘
£ et L
LN &
*
14+"' "ff; 1- *
&
- Y] t ‘? -
+
H
H
*1_._4#4- ¥
-I-z-+
+
+
t+
1 1 1 1 1 1
8 10 ] 13 14

R

(a)

R

(C)

3

[*-]

=

S ASMET T ITES O 1 350485 0 85061 &
+ »
'y .
]
w +
ﬂ-‘r‘ - = ' ﬁ L H *
] * {‘i y +
+ +#-F”‘ 1_-l'+ 4% -+ i
+ ;H-* + * # oy
N +%&p -
* - 4
* &l e wE .
Y
+ 'r-'-'f# . "*I‘*" + _
® *f + *
1-1_'1- t,P- # i
h-t *+
- # +
+ ++ + - .
¥
B n " = 1 id 15 16
. —_ 1
y =gyl d=30km (b)
! ! ! ! "F:e':-."*'"mi;ﬂ':r‘:-c-':m.'-:a-' +
+4 . +*
]
" -r: P‘ .
-+ + Ll
PR *'f,._}‘:‘ J
* LI " ﬂ-
+ 53 ¥ 3 & J
* i I .
»
- -+ LY + T
+ LT
++
-I-+ - E
' |
-+
1 1 1 1 1 1 1 1
B g 11 Fi 3 14




2
{E1EFHR

—5)
F (M
)in;)
(d)—-p(d

)Inx (d) -5, Inx(

o )= A.(d)Inx

adjusted .

> (inF,

i, ]
Fj =0

=1

2

_4)
M
LS, |/
>l F”_Mij

F’ij #0
¢ j;tO




adjusted R>

adjusted R

03 ¢

025

O
N

0.15

0.25

0.2

0.15

0 10 20 30 40 50 60 70 80 90 100

d [km]

REY HHE

0

10 20 30 40 50 60 70 80 90100
d [km]

EEMFEM
) 0.4 ——
(b) .
0.35 ¢ '
Nm ,‘/
- 037 // —
L f T
g 'll T
;g 0.25 “ 1
0.2
0.15 —
0 10 20 30 40 50 60 70 80 90100
d [km]
MSE Bo(d) B4(d) B,(d) B5(d)
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RIFU 32.916906348 129.914001465 340016 32441

ﬁE\ZIK RIFT 32.8372993469 130.8549957275 500020 44420

T RJCC 42.7751998901 141.6920013428 176685 13651

B RISA 40.7346992493 140.6909942627 255034 22317
Departure Arrival Geodesic distance (km) Passengers (persons) Freight (Mg)
RISA RIFU 1292.53 0468.27 42870.21
RISA RIFT 1238.26 10461.30 47901.91
RICC RIFU 1503.50 8487.00 38814.69
RICC RIFT 1455.15 09375.22 4355231
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Aki-Hiro Sato, Hidefumi Sawai , “Risk Assessment for a Global Air
Transport System Using Socioeconomic-Technological-Environmental

2014 _/E|E Esaite)fesre]ze (22%11% )IEpE; é;(;tzh :énlnual Computer Software and Applications
« 3016%E %
* 4,372,945,664 [ / £
* 32,159,566{8 /4
e 54,073#% 1%
« /—KRZE d=54,073/15,331,140=0.3527%

mean in-degree 13.80722
mean out-degree 13.80722
average path length 4.031476
assortativity 0.003953

Average betweenness weighted by seat 36044.5 (seats)
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R MZEEHER) 12— LT—3

HAR EER FEH BEFE#e 8
Jan. 2014 3,673 117,862 349,054,413
Feb. 2014 3,664 112,622 318,905,914
Mar. 2014 3,683 131,380 357,561,105
Apr. 2014 3,685 113,021 359,074,363
May. 2014 3,670 120,818 374,199,404
Jun. 2014 3,690 130,050 374,011,449
Jul. 2014 3,687 124,173 397,190,537
Aug. 2014 3,690 129,678 398,874,253
Spt. 2014 3,696 124,844 375,040,614
Oct. 2014 3,671 141,577 380,620,602
Nov. 2014 3,661 116,156 350,869,864
Dec. 2014 3,640 115,704 365,761,938
total 3,670 1,477,885 4,401,164,456
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REMEERFE(ERL104)

ORD 879,754 HKG 160,745,626
ATL 850,532 ATL 112,435,142
MUC 707,362 PEK 109,252,996
DFW 661,066 MUC 107,249,376
HKG 656,488 HND 102,231,892
SEA 647,878 LHR 93,816,439
LAX 585,608 DXB 89,882,181
PEK 568,564 SEA 85,930,802
DEN 551,672 ORD 85,304,177

CLT 513,991 LAX 84,473,390
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879,754

1



y% I:l:' Iy 'li S OREs, Jer

betweenness_bi
depfreq

439,867

P@
&
%

&



RERIODEEE RIS
(I 1041)
[TS.ET

MUC 940 1,178,448.136
HKG 606 CDG 1,102,087.635
FRA 594 FRA 1,006,040.152
CDG 590 DXB 857,797.233
AMS 528 SEA 810,619.172
ORD 514 LAX 754,122.032
ATL 510 HKG 748,079.229
IST 499 PEK 611,498.478
DME 487 ORD 608,469.023

PEK 464 AMS 518,815.127
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NatureAire * & 4% =8 Virgin Atlantic Airways
o e ,;“,‘:1‘,‘ o Airasia X
* ¢ a 3

>

Warbelow's Air Ventures Inc.s_ s 7 5.5 9?‘ *+ Biman Bangladesh Airlines

*0e &g

! % # Bl Scoot
Servant Air, Inc. @ , + %, .‘-L X
Ve T e
: .o e ¢ Arke

Alidaunias -+ S :?' By

Everts Air « . “ « v+ ® e Business Air Centre Co
40 Mile Air - £ ey, i
Syit Air pan « Cairo Aviation

.2 wEvelop Airlines S.L.

Tanana Air Service + “Smartlynx Airlines Ltd

Hahn Air

o .
Lydd Air = ° , Air Japan

STP Airways
Trans States Airlines

RAK Airways

Sabaide'e Air.ways Co Ltd

Palau Natidnal Airlines

2 3 4 5 6 1 8
LOG10(Seats)
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United Airlines 1,868,789 Delta Air Lines 209,664,779
Delta Air Lines 1,846,443 United Airlines 174,542,283
American Airlines 1,269,321 Southwest Airlines 170,533,380
Southwest Airlines 1,179,597 American Airlines 139,072,254
US Airways 1,118,763 US Airways 109,935,355
China Southern 679,864 China Southern 107,837,110
Airlines Airlines

China Eastern 589,804 Ryanair 100,385,211
Airlines China Eastern 94,176,702
Air Canada 562,856 Airlines

Lufthansa German 540,389 Lufthansa German 86,750,566
Airlines Airlines

Ryanair 531,539 All Nippon Airways 79,643,447
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GeneralAcftName

log10(Frequency)

Airbus Industrie A318/319/320/3219

ATR42/ATR72 B
(o %)

Cessna (Light Aircraft)O °

Beechcraft 1900 Airliner Op Oo Boeing 717-200

De Havilland DHC-6 Twin Otter@p 3 &%

Piper (Light Aircraft) o & (¢]
(o)

e
DHuvilld-Bombardier DHC2 Bvr/Tb Bvr 8 % d@ %

, O
Pilatus PC-12 Q @ Antonov An148-100
Beechcraft (Light Aircraft)O GD& ®Boeing 727-200 (Pax)
O =
Agusta A1090 o Antonov An-158
& Boeing (douglas) MD-11 Passenger

. 0
Boeing (Douglas) DC-3 Passenger O @ ©OBoeing (douglas) DC10 Passenger
Antonov Anb26/ 3013200 O g | ockheed L1011 Tristar Passenger

(o}
British Aerospace (Hawker Siddeley) 748

1 2 3 - 5 6 7 8 9
log10(Seats)



GeneralAcftName

EEERETS

Frequency

A2 £ 04

Seats (total)

Airbus Industrie 9,041,065 1,431,208,910
A318/319/320/321

Boeing 737 8,536,235 1,348,944,037
Passenger

Canadair Regional 2,343,452 146,873,444
Jet

Embraer 170/195 1,849,159 171,507,170
ATR42/ATR72 1,309,327 82,479,339
DHvilld-Bombardier 1,275,720 79,578,608
DHC8 Dsh 8

Embraer RJ 1,193,359 58,088,426
135/140/145

Airbus Industrie 831,138 229,760,646
A330

Boeing 777 762,291 248,147,651
Passenger

Cessna (Light 670,483 6,243,622

Aircraft)

GeneralAcftName  Frequency Seats (total)
Airbus Industrie 9,041,065 1,431,208,910
A318/319/320/32

1

Boeing 737 8,536,235 1,348,944,037
Passenger

Boeing 777 762,291 248,147,651
Passenger

Airbus Industrie 831,138 229,760,646
A330

Embraer 170/195 1,849,159 171,507,170
Canadair Regional 2,343,452 146,873,444
Jet

Boeing 767 423,416 100,328,575
Passenger

Boeing 757 485,573 91,700,175
(Passenger)

Boeing (douglas) 565,452 83,160,396
MD-80

ATR42/ATR72 1,309,327 82,479,339
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