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Analysis on the Korean Highway in 2011 and 2017 Using
Algorithms of Accessibility indices

Gwangyeon Lee - Kisoeb Park'

This paper proposes new algorithms of accessibility indices to analyze the connectivity of the Korean highway
network. First of all, we find a transportation network that presents Korea’s highway network in graphs in 2011
and 2017. And we analyze and compare the nation's highway network in 2011 and 2017 using concepts such
as associated number, the relative distance, the accessibility, the degree of connectivity, the index of dispersion,
the diameter of graph theory. To do this, an algorithm is presented which can easily obtain various accessibility
indices from a given transportation network.

Using the simulation results of this study, we can find city that is the center of traffic in the highway
transportation network. In addition, cities that are included in the network but are relatively underdeveloped can
be found and used as basic data for enhancing the connectivity of the nationwide traffic in the future. Moreover,
the proposed algorithms of accessibility indices, which are modeled on highway transport networks, can help
identify the accessibility space structure of each city and provide criteria for efficient and reasonable selection

of alternatives in various regional planning processes, including transportation.

Key words : transportation network, connected matrix, transportation matrix, accessibility indices, algorithms
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Fig. 2. Connected matrices in 2011 and 2017
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Table 2. Simulation Step for Transportation matrix and
Accessibility in 2017 by using Mathematica

2599 79 AZAE 1,2 T3 Mathematica
Agdlold wA

1. matA (2017 1&E=20] L3 EIY HEFH)

2. MatrixForm[MatrixPower[matA], s] (HZAHH ] 24|35
El sAIE7IAS] E)

3. T=MatrixForm[Sum[MatrixPower[matA, k], {k, 1, s}]]
(549

4. x=Total[T, {2}] (HA®)

SEREER

nejEe A :

® 179 4,9 ABS 0, T3
%

o2
i)

oA o] ohd AE-E 52 uHE BAL B, 2
ok o7 sk WY 4,9 BE AHo] 0
o] obd WS ALATABoI

B2 Bli=0,1, - s—1)2HE, B

[2]
. os—1
B=3) BE 7.
=0

S

[B] t=YJiol tiatel, WY BojA zZ+ Ao

i=1
t—1, t—1-2,t—3—>3, -, t—(t—s)—>s
2 tj¢fste] A2 22 FEE matBE F=Th
[4] D94 1,5 o]8dto] LFUEHAANA & F
Aok 5o ASE B=1bl=matB—2x1,
£ et
AL YE B= b, | 2HE vwAL d;, DA v,
APEZ4 D, A VE AR A3k

[5

—_

o|ZHH 20179 FUIER A0 919 daelES 4
£3}to] Mathematica® H|nAZ|e} AEA4E FLol=
AAQ Algdold B thEat 2t

[

Table 3. Simulation Step for Relative distance and Associated
number in 2017 by using Mathematica
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9. d = Total[B,{2}] (H]2A )
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Table 5. Associated number, Relative distance and
Accessibility in 2017

Vs H]ﬂ7']‘j/] d/,j, ;S‘EX]}—JL- Z; 4 E}‘] ﬁé—"r(vl) H]ﬂﬂal(d,) ﬁij‘x]-g-(ﬂ?,)
1 oA 9 264 8,812,008
o 2ot 2 M 9 233 18,843,526
33%A 9 235 10,602,659
Table 4. Associated number, Relative distance and 4 =4 10 287 2,726,385
Accessibility in 2011 5 & 10 279 4,405,171
6 = 10 269 5,378,279
A HAR(v) | HlzA=(d) | AEZAR(z) 7 QA 8 230 15,130,201
1 oA 8 187 132,191 8 8 227 21,279,891
2 A& 7 158 272,742 9 34 7 223 9,692,915
3 _‘g‘_;ﬂ 8 156 126,616 10 %E—‘H 8 235 12,527,645
4 =3 9 197 33.576 11 o] 8 216 18,121,742
5 orr 5 16 14 144 12 Zqi B 214 16,715,573
o e 2 e 300 13 95 9 225 14,838,408
) 14 =3 12 320 1,480,656
7 ]t 8 169 226,137 15 oFA] 7 210 17,833,015
8 +d 8 169 303,092 16 417 7 199 20,547,772
9 4 7 168 146,114 17 2A 3 215 10,008,530
10 He 8 181 178,402 18 =2 9 204 19,771,953
11 o]A 8 159 242,327 19 #¢k 3 202 15,593,199
12 0% 8 150 155,667 20 A5 7 191 23,779,716
13 ¢ 7 138 168,538 21 A= 6 189 31,552,703
14 =3 9 216 14,114 22 MA 9 226 9,763,357
15 ob 7 67 226,295 23 =4k 9 216 15,865,103
6 |7 157 183,855 S LT e | isoreai
17 34 ! 157 147,327 26 14 7 191 31.427.276
18 3+ 6 138 267,856 27 o 7 208 41,097,689
19 Ho 6 151 190,358 28 L3} 8 273 10,381,913
20 5 6 141 228,548 29 919k 8 250 26,646,074
21 45 7 142 174,942 30 SAF 9 291 15,218,681
22 HA 7 158 143,415 31 2A B 243 24,501,027
23 =Xk 6 145 215,677 32 A5 9 224 15,328,488
24 oA 5 127 315,683 33 ek 9 229 17,698,161
25 A= 7 64 232,110 34 118 B 215 26,473,788
26 24 6 129 277,300 35 u}g 9 250 15,820,301
27 o o 130 299917 36 ;L];Q 10 263 12,474,783
% T 7 T 29603 37 £ 12 317 3,157,206
> Oi;t S o 152336 38 ol 10 254 15,828,021
1o > 39 = 12 260 15,540,332
30 &b 7 196 91,663 40 33 10 254 8,461,402
31 A 6 156 188,026 41 319 12 287 7,542,325
32 A 6 147 204,713 49 Ex 12 310 5,196,677
33 ok 6 145 224,374 43 24 12 278 12,570,348
34 18 6 135 255,518 44 ZA 10 285 4,899,129
35 ujAk 7 161 160,265 45 &% 12 332 1,157,671
36 A= 7 170 157,031 46 A3 12 375 389,780
37 =< P 11 41.888 47 %% 9 241 11,290,686
38 2l 7 6 225471 8 FF 7 197 20,904,092
= 49 AA 3 213 14,156,437
39 35 7 167 226,471 50 ol 7 205 20,080,824
40 1 8 175 126,019 51 9d 8 257 5,023,390
41 33 8 194 101,725 52 9] 6 205 29,723 388
2 =E 9 235 27,337 53 3Rk 7 229 26,735,038
43 <=3 7 182 162,669 54 W= 8 238 12,481,655
3} 308 7,116 7,397,144 3 479 13,122 820,226,803
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Table 6. Mean, Variance and Standard deviation for
Accessibility Indices of Transportation network?)

24 AR | FHEYA1) | FUEHF(2017)
gk 5 6
gk 9 12
ot 7.16 8.87

2 S8k 7 9

2 Bl ey 7 8
EA 0.95 2.79
FEEA 0.97 1.67
3l 308 479
2k 127 189
2|3k 235 375
Bt 165.49 243

v | FU% 162 234

A | 2z 158 235
Ha 614.21 1,612.19
7293 24.78 40.15
3l 7,116 13,122
2k 14,114 389,780
2Agk 315,683 41,097,689
Bt 172,026.60 15,189,385.24

o | Fut 174,942 15,273,584.5

AE | gt N N
Ha 6,461,576,871 7.60 % 10%3
F2ux 80,383.93 8,719,188.40
2 7,397,144 820,226,803

S ZKH 3]
7R LR 12 Bk E R 2SI EQR0lA HEAEe] ARG &
5 e gl o] 25 HRAE 2 AHE 9l

HMe7H "z 20184 122 @D



HUETAN £ HTY A AA4et vlm
P Ae4E 23, HIAEE 248 Fok A A

24 A30] ol e WSS 27k ek oheal

(AA9] Hatoll gt #sHE)=0.16
o] Hytof digt ¥WskE)="7.05
o) W51-2)=1,365,214.42

9] FE F HvEYAY Zzte) HIA A3
A gt 2 ek BAL vlwshd o
o wlmAe| o] 9= A WA ek E &
b HTAIIES] 7ol Batol T S-S 136521
2201149 FUEHA A2} vl sk
HA

4 st

Pl

Y. A

= 32
£

r
Ho
e &

o
LIS
4

2.4.2 SHEA|

WA 20119 L4 EQAZS A H AL Table 404
o & lRol 2011 S-ejuet A& R wEoA] A
F7F 7P AL TAlE AR 249 giHo R Ad4= 5
olth. thdl thaog AAp7t A2 TAZE 3, Zeh
A5 =L A, O FAL A Tk 1Y SeR A
A7} 60]tt.

v A7} 7P A2 EAl= i o® 1270]ch T
o&fo]l HluLAZ|7} 150 o]3}el EAl= A 129, i+
130, 713 135, 9 138, 55 138, AF 141, AL 142,
FHoF 145, WA} 145, A2= 147, o]F 150 Z=o]c}.

ATA#7F 7P 2 Al B o= 315,6830]ct o
A olejel HIEAFE7F 250,000 o)l A=
303,092, T 299,917, 73 277,300, A& 272,742, &
Z 267,856, 1% 255,518 20|t} wabA] 20119 &%
YELAY FHEA= thHYS & 4= A} A2t 6
ojm H|uA7} AaL YA 7 7] wfizol i of
=9 FAAQ] BAlRR = Qs BAIRE O A,
g, 5F & &+ Utk
AP 2 A 2R, 9% 5
2 9ot} Blu A7} 7HE & EAlE :
I o082 HuAF & A= 4 216,
216, B9 211, 23 197, 24+ 196 ot} HIAF7}
Vg e AL Bal 14,1140]t) 53] Teow A
DARI} A B ofoF 14,144, B 27337, 23
33, 576, 5% 41,8880|t}. o] Fol|A| Hiz, Fof, FF
HAAS7F 5 90|aL, H|w A= H3E7} 23582 7Y A
o el FY 21602 2t} AN YA #o|A F

<
re

ol

t=AIZ20188tE| ==X

r

3|7} 14,1140]3 ofefo] 14,144, B} 27337082
2011 &= g aFoA 7Pt Y9E EAlE Fol, o
&, HEkal @ 4 ok webA 2011 o] o] A
AEERE off] BAIRY HIAE =Y 5 =S
A== Ao] B Helck

o|A| 2017¥ S4YEQIE Al EX}. Table 5|4
o 4= g0 20179 fEjuet AEER wEoA AF
F7F 7P AR A= A 219 et AA 529 )
= QA4 60lth A5 Hlw A= 189% 54709 =
Al FollA 7HE AR 919 HlaAEE 2052 F2
Holl &3PARE Aol WA A] ghe FIA = 7t
41,097,680% 7P a1, A0 AR ot vl
31,552,7030], 9]9] AR HE= 29,723,388 <+
4= ook whebA 20179 LFUEY AN FHEA=
detal & 4= SQlok

Aot 29 o g AZe7 7 EARE 3,
oM, AA, A, AA, U+ 5 ks, Shtolnh 4
= o] Qo] HjwAZ]7} 200 oak] EA| 2= %A, HF,
4, HH, et ® s A HIA w7}
30,000,000 o)/l EAl= A, Aol SlaL, HA|E
7} 30,000,0001]7F0] 31 25,000,000 0]AFQ1 TA|= T A,
A, 117, 9, Shitolrt. wekA AEE AR d4
Fob AR} 2 A= 2, S A, S0
o} vl AL} FIARF S EAl AR oA olaL
AApet HIA 7L $& B AH, 29, SHAtolt
o] AMEHE UL HE Z9o| XPHEE JFE
Aestd FHEAZE E 7ol w2 AS o

Sh AA47E 122 7P 2 B Fl,
A, HiE, o, $X, Aol olF EA|9 BluAg
= 27 a7 320, F90] 317, Bt 260, FHEO
287, B327} 310, 4230] 278, 427} 332, AFH o] 3750]
o} o5 TA] FollA] HEA]3E7F 2,000,000 HIRERT A
2L E3)71 1,480,656, 327} 1,157,671, A2 0] 389,780
oft}. o] EAIFY dAFE= F ZANE AFF o] HlwA
2lef M| 27t 7P £ gk whebA 4Fo] 20173
NEER WwFgolA wE oftdo] 7P FA] ¢ EA
s & Ak FEle H2UF 1 theo R A o2

.

|2 B o] 3k mAfolth

e

e

1
S~

w

4E

TSUEAY] QA== 2011499 12.90]a1, 20174
off 15.550]ck. 19l SEHEYT2] H o] 20114



|Zo| AD2|ES 0[8Ft 20111} 2017149| 2|Lfat DLEE 24

= 4370, 20170 S47folm® Hx AF

21,59} 270|102 WAIER LER)w %x 100 = 60(%)

L 7tz

15.55
o 27

A Z7te] Az Ngurh 2B 2011di 20174
S4EYA0] AL Wad £X Fe Au) o

% 100 = 57.59(%)°]ct E F S EQ|Fo

E A BEAAE o83 74 A w2 Fojd A=
= 201199} 9ol A= of 13.55%, vlarel=
oF 14.97%, A FE= oF 46.73%0] 1L, 2017H9] 79
e d2e= oF 18.8%, Hlar2l= of 16.5%, HA
I OF 57.4%0|t}. 201 1A%} 2017d9] o] 72t o

Aol vluAgls o7l Jert BE v =
3] ¢ BE AEAEY S0l A wfe- Akl
T 4= 9lrk o|REH F 9] 7 kAl MR HE &
Aol wheba] o F HRE Ho|al QloHE ofg Ho
A Aol Fobirkal ©ge = lrk

a#y AEG OIS Fole] 4 dAs, Hlﬂ%ﬂ
A 30| Hgto] st Wse-S AHEY, 25U E
9] AHo] 1174 F7kstn] HEHA L] 2U3to] %‘
adhe AR HsE QUSATE AA| &FUHIE A
ZF TAJOA] T2 EAR HIE = e W v &
Z07 FUIIGES o 4 Atk wEbA 2011d R Tk
2017419] & ERE Fok EAI7R] g who] @5t
A FoHSE & 4 Atk

94 YaE|EE o83t AlEH ol AntE

, ATARE FUEYIE
H**o}ﬂﬂ 2011L%°ﬂ FHEAE tidol Ytk AE7t 6
ofm] HlwA7} 2t FILA7E 7] wfiol| o o}

20 S B 4 ol BARE Y 94, 1

3HH 2017L401] ZA AL Aot AFRE Aelat
Aok vaALt FE BAE AW, AT A,
Zrolet BlaAel HIEAF7F £ TAlE AHT o
Holal AL} HIA 7} F2 EAE A, 49 3
Atolct. o|2HE 7He BE HQ9 _—\Tsz‘ﬂr;] LN = =1
At SH=AE E 7ol w2 A& & 4 qlrh
v ol 20119 FAIEA|GE g)ae AA A HTo||A H
WA L AL AF7)E FAT 20170 FAEA]
7F =2 ekt tigo] A ETE 2] ok H3A A
L8 7|3ick 20113 2017d0] A 7] A4 A
7hFe EAES i A Ak oo 2l 91

=1

4 Qlek B3] A, A, o Mk 5
o] EANE B A4we] g5k lck

20119 SFUESAA M2 A7t BT FA]
ko AL By Z3|| ofdfolr) o5l A4y B
90]31, H|WA T 227} 2358 714 An S|} okoF
2 21620% ey SRR A FoflA] F3l|7] 14,1140
31 9FoFo] 14,144, B327} 27,3370] 22 20119 &%
2 wEollA 7P U Tl el g SR

=ik
20179 eHHEAdN Ho4 A} BE £
oFe Al B Fa, AP, Stk o] EAl: 9

T} vluAR 7} 23, ”11147} BUHoRE At &
3] B3l Ba= 20110 S EYINAE H2A A
F7F £A] o2 =A%), 2017wt gl
A F7HA] AR AFIEEE 2011d3 2017 5
Ut 1&EE W gHE 23 AT AY9S
FTHCE A= o, detest s ddEor
/ol A s & 4= Slrk 59] A= f1Agt

TAE i Aol 4] Wdith 28 S-2ueEk

A2 d oA oR ojd = gli= o] 9S4 A,
1EE g AXo|r EaLstal Aate] TA]E0| H|=3% 4
9] ﬂifﬁﬁg Zﬂi‘ﬂw TS & 4 Ak olEH
H A, A, 4L B, &% 52 BE eyt g
Zol| 2194 A3l A M UEHER

A 2ol & KoL itk E thHe] ¢
2k} FAlofl fIAIstaL QlFoll® ekl Y=
AAEE Bt A Asxe] nlR)A] FekaL ok o]
= éﬂ@ii NEERET} ol g A9 HIE =
1= "o 2 AMEL-S oF 2~ 9tk

HA A2 EE vlgo] AHEAL AY FQl adE
B2 %54 dHEAS flste] L= YT EAE
S =olan, Hepee] At vjuAE EY
A% o s AAE= Zlo] vttt

O

References

Davidson, K.B. (1977) “Accessibility in transport/land
use modeling and assessment”,
Planning A, 5, 1401-1416.

Fleming, DK. and Y. Hayuth (1994) “Spatial characteristics
of transportation hubs : centrality and intermediacy”,

Environment and

Journal of transport Geography, 2(1), 3-18.
Garrison, W.L. (1960) “Connectivity of the Interstate

HMe7H B4z 20184 12



Highway System”, Paper and Proceedings of
Regional Science Association, 60, 121-138.

Kim K.S. (1987) “Concepts and Measures of Accessibility”,
Journal of Korea Transportation Research Society,
5(1), 33-46.

(A (1987) “H2A] At 2, e
A|28t3lx], A|sH, A%, 33-46.)

Kwon, O.S. and H.J. Cho (2017) “Design and
Implementation of Real-time Shortest Path Search
System in Directed and Dynamic Roads”, The
Journal of Multimedia Information System, 20(4),
649-659.

(BOA, 237 017) “YaFio] 9= FHA w2
oAl AAIZE 2t A= g A" o] A9} 1,
Hem|t]ofets] =4, #2039, A4, 649-659.)

Lee HY. and J.Y. Lee (1997) “A Study on the Analysis
of the Integrated Accessibility for Transportation
Network Systems - The Case of Kangnam-Gu,

[

0| & A (gylee@hanseo.ac kr)
1987 Adddistal sk} shAf
1989 Addistal ek} A}
1992 Adddistal sk} BfAf
1996~ 1997 1] efo] o Fecjsla
2004~ 2006 ] ofo] & ol st
1992~ &A] StAdsta 483} a4

TAHOE  Al4el ZUE, S

EEE—
gk 7] M (kisoeb@gmail.com)

Seoul”, Korea Planning Association, 32(5), 119-135.
(0181, °o]FE (1997) “wgLAAL] TR
Ao W A - TS ARIR st tid=
E - ZAJA RS, A32¢Y, AISZ, 119-135.)

Lee K. (1995) “A Generalized Measurement of Regional
Accessibility”, Application Geography, 18, 25-55.
(ClF% (1995) “A9 H2A 232 93 m
37, 5-8Ag, A8, 25-55)

Lee, K. and H.Y. Lee (1998) “A New Algorithm for
Graph-theoretic Nodal Accessibility Measurement”,
Geographical Analysis, 30(1), 1-14.

Won, K.H. (20030) “Study on the Impact of New
Highway Construction on Regional Accessibility”,
Korean Urban Management Association, 16(1),
49-81.

(¥43] (2003) “EE=2 o whE A7t H2Ad
wshEAY, SEA|R g els) A AR, Al6
B, AllE, 49-81.)

Rk
Rl

o

A
T

El

1999 Shchskm 4t} ohak
2000 ARt 4t 44t
‘ 2007 ABeetE St bt
21 2008~ 2010 King’s College London(%=) H2l8)|<]Zg:
20 2016 gkl ol 2
(\ /’ 2016~ @A lHchekE ol AL

ron

t=AIZ20188tE| ==X

Thalitof : Atgeesl, dlolERA&AlEF o1, 8l HulEA A

) =



