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Train operations are scheduled, but various Fe dEFstrl olE - Atad Bt
unusual events in the railway system can cause e oGS st AE & A
delays. In particular, train delays can trigger FE T ole Ak &3 Ado] A EH
delays in the operations of other trains, leading F& A 2o & S vF F UL
to inefficient operations. To effectively address o, sAEY BEHS S7HAE B ot A
this, it is necessary to predict and analyze A EAE olojd F ATH3]
delays caused by such unusual events. In this mEkx 2 A s ol g T A
study, we developed a simulation model based Aol AA AIZFE oS3t ZHAA oA
on the DEVS formalism, utilizing railway AL A3t g8 AEdelde &8 7t
system data to predict train delays caused by SAE AESAL ol f& dx 3 4
unusual events. Through this, we confirmed the A AAE vAF FHAA ZdFYS A
potential use of simulation as a method for o, zZ} It AE Y EYINNA MEFHS
predicting  train  delays and  supporting 2 YHY FAE F LS DEVS FAE
decision-making. (Discrete Event Systems Specifications) [1] 7]/}
o AlEdold RdS Mtk AEdH oA
1. N8 Az AA &3 dHolH et ®Wsted MAPE
(Mean Absolute Percentage Error)7} 0.62%% S
Ao UFuEe 8% o2, 1% = at&e BEoH, oldl s dA Al I
NFus FHez2X iR 4 F534 3t H o2 £33 2 AAANES AT F U
B 2Fd & 9 g9ey dvh 53] o th oolE AlEdHlAdS Tl ol#H el S
=S &9 E84, ¥ EF &k, oA at7] Q1gh vhekeh wete] adAdS Abdel A
sty Ag ol 24 T F2& FA Edte] AdAQ gArAA 71T F Ue
WFo R FYHgd w x&-duk3y HE = 7|t g
T AFHoRE gdsty dvh6]. sHAIRE Al
3 AEE 2R/, AR Aot 2 e + 20123 W7 ¢ A3 A7
AT ob gt AAAE, AH F T b
2 AAEFAE)E 20249 K H] Lo FFAF NG A g ol FPE
A ZAA -t 8t I AG A AMG o] APyt



2.1 o234 w A
211 94 g A9

ol GdF A e HFL Al didt
o

o ¢lF mi BHO Y 2o 9%
29 sstel YRl B st wA
3 A9ES oulane) dae NLe Ao
2 s FHOE LA WP HEE 9
Mat e EPS LR s Lt
e MR o 9ak AL 7 A
N 2R BH AAE wFo BRAR
B 2474 hdaA ERAAE 4902
ougt. ¥ A7t 2AEC 2H A=
& et olFste AA AA S gndn. A4
A2 Wdste F Ao A= 2ol x4 2
Fol Aud F AEF AZ2T A=E v
o WS A A Y AAR 7 AS7E gk
W2 AAE A2YS guste, o4 L3
2 A9AL guath B4e 238 29
7 s A2 A FuF A4S 48
3 4AE ouat HRIRE AR I3 ¢
do] 2R F, 2L b IAE gn)@
7l ® E=ReAE R #Agel olf 9z
b EASE, WA W R AR e Lol
ZEIW T ou das MBI Hol
2AZ wet 2YHE dolEE Agay
D&M oFY MMzl £

L L e ]

N N 8 N AT Y
AL g

g 1 7&A Ee AT 2 &%

29 1S AN s ggoze i)
Q7 Y BA S22 ehd Tgelth A4
FREe dAe) FE EE FEL

. oy S ol met
B R

- g% 2a0) - GARAD 22 - ojgaigoz olgf
ZAsn= HEAD $M NEEEERRE
ugsls vy - EES -5 B

g ay (Centralized Traffic

Control, CTC) 7+

ot g

ol BREx 2N EH A

£5 5 Bzl ns2Y

Axe EX 2 dgde A8dte
o 23E02 axtel = 2

S ALg bsE AYAS AR etk olF 9

Fel ol

poi)
e
)

el
2
ol

Fol 228 WAA 2s 29 WHOE FA
sk old el BrE FAE RE A3}
34 2AS AN, LE 2 Fold 9%
E RE oW A BY ¥ A4 sYoE
290

213 2 23 Z=2AX

AagoR Qs Lol
HER oFol 7h5d A
Aol WAT 11 AR T,

g olojziey,



T oW Y B XN ol o7 X Loy NB R Mg ®RHMHT w WP ooR W oo R M RO up
ﬂﬂoo_eﬂo_e ﬂﬂﬁ%yﬂmﬁ zuﬁ%o_oﬁﬂ%ﬂﬂwr a3 ﬂmﬂﬂﬂﬁmaﬁﬂﬂﬂ
_ o K T O s B 3 ! o o5 ! .
gTR ko C s T e S S O I R R
I S N B N (A S . BT o3 P AW g
w KB Ty Re o~ B PR by R TR
By TP T R %MWA‘ SR o WP R RS
§5 o L@ixTYT o om @TTggl,z X T PRI g gt
R0 = RO XA — ® 7 | o o LT W oo B B 0 ~n 3 T mo ° o | w % W
oy Ay o - ° =) —_ <® 9 o N o Wo T = T U = % = r
N Lo S ch] 0 o™ T T _ o R w2 o] —_— S —_ T 5 of
o (il PaP N as o wm TATLasNePg -
o ® < ) M w2 = VU oxoop > T T ~ Ao X Mo @ X e
ool o] e o il NG H N — —_— N A WS =T
(o W o mhy Mmoo o W < <~ E 5w o S 4k
T o T pES e M Mg o - T g T ® oo
5 OF 4 o — KX —_ Ve Ji.,dl_‘_ T R=IS 6N -
ST e M of BT o T Wgz%ﬂ%ﬂwkmm # W EXME T o
7 T " M % o X erﬂ B/ T T <A eny o ~ T E b2 —~ W
L OME o " 3/ %) 5.0 = 0?_ A hall - - e v_A © Mo % . s = On_ o = T il
3 g E O N N BTy EEMHE e 8w g WX T oou N~ o
o= of B W B ‘WE b K %_.L N . A fral o) ¢ M BT ap B W < o W of ™ of IH o0
PTG BT R T T oo X T U . ¥ CE e W OR g
o L TR PR LT d " B . S
P B de N N BT OB R o R Al MK M T X s W B oo B°X W N Mook o
55 T T og W Yl oW T oy o R o AT
TW %o D e E R BT, Ty RTE L, X
njy e = A = W X B o o F <] B Al g "
< A < i_,T L (U ﬂuﬂinﬂﬂﬂ Bz
< Ao T of W T T+ NPT -
ATJIOH_ o ux,m,A ot iy -
To ot T AR R T o T W BT Ry
| oF W %Hﬂeﬂﬂl@%ﬂé%ﬁ%]%%%z,A%EE@ o
T in I G TR S A TR
— f ) N il
) o B ~ 0 _ @| ~ N o B ‘w = o Bl J Ho H o \Ul =
il T W o K qr TR X = < o w N Al X = B =o
S o M mMBT o N TP o HT O o X
L Eordrrmlorlalr s TR g XY ww o
= B 50 X B ooy R ® o = N 4 ™ o I o o
W ofy oy w0 T o P oo o T B woe woy W
W ~ o w o 35 = % o & T R R o o)) T o Mo
2 o o . x X TR o B e 2w
W Au_ * o = | V B gl * et 2 oy G A = S = 0 o o o
o M oo = oAy X | ) W o B ey — N 2 o ol
o o e S T oo B gE o AL 5 Uo o 7 W B L W
M T T ¥ BEdZe® o0® gl mama s T2
f —_ o — o f
LA %ﬂ@ﬁﬂoifwom%m_xa:wox%ﬁ%%@rdo_eﬂw
R Xw T EHRT ST 2P O T
T = ; =~ o o 2 ﬂaﬁ% ® B ey i __L%@ o o
~ ™ CIRCALL o o < 0 ol o B m) op )
~ TR O NNFoPEERT G ORTPT LT WA TR T

L

F k. CTC

°

g

=

=

3 CTC

5

‘OA



A o] s FRHLE Alddes AlA Model, CM)= UYERATE 318004 A &
dow odlAgel YL Wi Ayt Az ® UEND A, JAARE 247 19 40
E HANAY £x&5 X3} dx Ao 4] Network, TrainSet, Unusual® X &% Ao}
FHastd F AEF TAT F Ao A Network ¥ A X2 (Atomic Model, AM)S Z+
Ax A goAe] olF Faor, A & A27} oA Zutale] S Fol= RE A
g 2AZo] wel AT YESINA 23 = 2T Edejth. Wil CTC7F E43}7]
Lo FAlolth A SAZAE o]F ARWE  wEel oldydel BAUL W Axel £l
shue ol A7 ARE ETFHT ol Ad  # DAY BE 244 FAL 9B
of A {7 AEE AAT F vk =T TrainSet AM> @ xFe] S vehl™, |4
olglGdF2 AA B UEYGANA TS itk VR Rdo] ERFth o=z} HA
A% Aash B4 dabold wAsE 9 A 2gE Ao Az we eA% 54 5
IR TEY 4 ogow, B dx 242 A §A4E AADTh Unusual AME o)A A
AATI= AHAE o e s vtew 54 Ags X UEY
ol AT = &S
3.2 TrainSim®] 2% 24
19 4+ TrainSime 23 X d(Coupled 3.3 TrainSin®] Y2 24
TrainSim
|J: Arrival Arrival
[
MovementStart MovementStart
OccurTrain OccurTrain
Network
TrainSet DelayNotification DelayNotification _TrainSet _N
MovementEnd MovementEnd _TrainSet _N
[ UnusualOccurrence
Replacement UnusualOccurrence
. UnusualOccurrence
UnusualOccurrence_TrainSet_N
Unusual
Replacement_TrainSet_N
19 4. TrainSime] 2% =49 (Coupled Model, CM) t}ho]o] 1#
TrainSet AM = =0 | e it i i o i i !
: \g;aitir;ggt}ime: If [CurrentStation = i If [CurrentStation ==ArrivalStation] and
ERE FHjl Al ArrivalStation] i [self.arrival_count != self.arrival_index]
Vovement ||+ gtOnO time s | oo SR L
End S SO AL : ! MovementStart ? MovementEnd i i Movement
1 I_____________“ : : Start
-y i | .
N"E’s‘i‘?‘“’" @}:{TU\RE\ MOVEMENT PASSENGER m
— )
@ waiting_ @inf w \\@_ﬂy OccurTrain
time - time = —
Unusual |
Oceurtence ? DelayNotification ? DelayNotification T ? DelayNotification 5 E
? Replacement ?Replacement : i Arrival
? UnusualOccurrence L OcourTrain s -
Replacement If [CurrentStation == ArrivalStation] and
_ @ [self.arrival_count == self.arrival index]
w ! Arrival

19 5. TrainSim®] TrainSet YA} X 9 (Atomic Model, AM) t}o]o 13



! MovementEnd

If

? UnusualOccurrence
? OccurTrain

Network AM
Arrival headway : =2 8 Al2! &
(Ch T2t Ol =2 AJ2t - $i3Y 4|2}
? MovementStart
Movement
Start
_—
STOP NETWORK
Oceur
Train W If @ headway
— [Trainset_Count ==
Arrival_Count]
?Arrival
Unusual
Occurrence ? MovementStart
—b

[bUnusualOccurrence]

Movement
End

Delay
Notification
fe—p

1% 6. TrainSim®] Network 1A} Ed(Atomic Model, AM) T}o]oi 13

3.3.1 TrainSet AM
13 5+ TrainSim® TrainSet AM =9 &
vetdch zt J4 W das 2AEd W

o
=
gt ol A waiting time E¢F W73 F A7k

o] & A|Z3E7] W Eo| TrainSet AMe| %7]
el 2 DEPARTUREZ A A3t Odi}ﬂ o

b olF & AlASHH, MovementStarts: =9
W, o]o wW&} TrainSet AMY AElE
MOVEMENTZ Ae|de] Ft. MovementEnd
¥ WO, PASSENGERZE “FE]Ho] = o
getonoff time &<t 49 F3A7E o] Fo R
o S8tk ol % AT FH A =HeA o

O
bt

o =, ol T I AR HAR A
%, UnusualOccurrenceE YHIA o, <Exf

AFE AEst7] 9lél OccurTraing &3 3o},

3.3.2 Network AM

1% 62 TrainSim2 Network AM<2] =4
< Yetdo. =7] AHUE Network AMO
Qa7p A A L JEES 9 v]shE STOP
o2 HA3I S, MovementStartE ] H S
W NETWORKEZ Zej# o] ®th NETWORK
Aeel e BE ditel gae Belen, @

e

%

%

g&sted, SA7E dolv 54 #HAF ] =
23ts gl dd EERAIGE d@A I
7h SRR #H A 7] olFo] fkgd Jlo®
o= AZbe dugth arh el =&
3l MovementEndE Z¥3dte] 7+ o] F<]
ASHIS &Y. BE HA9 23] F
F¥®, STOP HH=ZE xeo]xo] AlE#H oMol
TEEY 9, oS T EFx Al A

Al Unusual AMS 2 %E UnusualOccurrences
ey dx} A}z @IS TrainSet AM
OccurTrains YH¥=oh o4
NETWORK®| A CTCZ “dejdo] v ol#4

5

o 9L

WE AR5 dy =ANDE

Z7A3 T, NETWORK A HIZ tA] Holsht

3.3.3 Unusual AM

Unusual AM

* unusual_time :
Ol yg LY A X

F CHAIDER] 2 Al

If [next_event == UNUSUAL]
! UnusualOccurrence

'y
If [next_event == None] m

If [next_event == REPLACEMENT]
! Replacement

19 7. TrainSim®] Unusual
A2 T g (Atomic Model, AM) tholo] 13



1% 72 TrainSim® Unusual AM 293
= UEdT oSS AlvE o web
A2 2 Unusual AMS  27] AHE
UNUSUALZ AAstAth. Algdolde] Az
™, Unusual AM< A o A <l next eventE
S} 3tt}. next event7} o] AF3olH, ol
A Al Zboll 9bE] ynusual timeS A A ghoh
unusual_time®] Z#astH, HLE A3 AH§
Network AMCO &, dx ARl 7 TrainSet
AMS2. 2 UnusualOccurrence &3-S Hujo] o]
Adgs TAANAG. Tk B oA
next_event’t §lTHA, WAIT el 2 Ho] )

ol Jﬂﬂ

TrainSim®] A =& o 2]
7] fl8 AlEeEeld Aol ASel Ee
o & AdFedA AHEE HF HelHe
dzrel &F &3 WA HolHE A
AA 2,155t @A F AlFHHl M
Fakeel s AwWsty AR A B
AQg -, 7lek AAe AFS AA

o] oo
HFTHOo® 150t G vlolHE AHEakSith

gEFH2

_1_,
ol
-

2 w7}
‘Tiﬂ:_'_]

X

4
2

<]
B

als;

st

J

o

¢

h

Y
100 Z' i

MAPE =
‘TI\)zE Ty K

Ty: AANEHG
Y, i AR 275 A £ AR
,.@QAA@%%%M%wﬂﬁﬁ%ﬂnﬂ

&l Aol & wwstr] {8l 2 13 7o)
MAPEE £33t MAPEE 7zt 9319 &
9L 7NFo2 2AZH AEHIA A
3 A7k ZolE MELE ZAHEY] wEd
ol gEo g <le dx 3o HFAS I
AT F Aoy, I XA oSl e 2lF
TE ZHHCE ASE F Ath

1 -
(Average Delay Dif ference) = — (Y,—Y)
|T ieTy
Ty: QA S g
Y, i ARe] 2 A A 8 A1
AT B RS AR PR PARGE
G4 2 W e A Aol A 24

e 9x @
oA WE AAYL AFH] A9
NEom ANEH o

B
2
= 3
b
(@)}
Mo
(o
Fru

1345 wags
S E3 MAPEES =X =
AlE Yo, 0.62%E A= ST o]
ol Aol QA7) 0.62%0 EFHalri=

Aae £ Ao olE F& FAdFelA
TrainSim®] 23+ Holm 2
A DA LS Qoo 3
sk

[e] 2. O O
@S AES

==

A=A DA AAs

-

==

¢

MAPE by Train Number (2%t MAPE)

~—- Total MAPE 0.62%

: 0.62%

Il

-2

19 8. €38 MAPE (Mean Absolute Percentage Error) L2 =



4.2 o] & A3 B4
X 1@ & olF@ds Ay L
Ay B2
o & = 2 a} A 7} N
HZ | 400 200
A | P3418~P3404
ARSL | (3D) ()

TE 'r] 3 200%©
=

P

T

o]
.l
o]
K

A|EAlE

P4202

] &8

o2 <lal ¥ e A
Rom, 7Ad A (NP4056, NP4003)S A}

da dme olEd F gadd wa)

o

.
o) W22 BAG,
s AAA He wA

g R dn A =

Zd A (NP2857, NP2802)S A&
7NE 2AZUR
Ao APd
Topie— T

single nornal

e
Tsingle . A
T,

nornal *

F2 3, AAAS Y H A ¢

FAHE 2T XEME

90
T4
)
51 |7

1 0 “ 18
- i
- — - -

s @ g & T 3 3 "~ B Z

:

I8 10, @A Ayl e AAAE gin)

r—{o

9 10E oldAg Aveldd gy
F ol G A AR e 4 A
A ZEolm, 4 33 o] AsAT. I
¥ 109 sl Ade] WA Il
B AQAES vhebd Bloln, o) ol
WA AP GRS PN H ] AAS
o e se) o) 42 A sl

& [CHE -0 P2 XA

3 82 67HA =

| e g

Ho

oL o

_“rg, oA
o lo g
U )

X,
&2
30

Mo
12 o ofy

o
- 2 o
e

N
i,
o oy fHlo & o XN

% |o
2

o o
N ol

(o
it

Y

SO

= o 2 o Aol
2

:=‘O>‘

et
+

.
i)

o
.
¢ o
r N
FURND ol
2 0 12 2 XN o ¥ O ofy & oo o 2 mn rx KU

(2R dd
>

ot
10 - ™ 18

&'1-4
g:g

nj
9
oy
Mo
)
i




N

—
o

mr
1

R

A

o
=

il
——

)

(2000).

HERBERT
Simulation.

ZEIGLER,
and

Modeling

of

BERNARD P.
PRAEHOFER & TAG GON KIM.
ACADEMIC PRESS.

Theory

(1]

b A

S

o
=

Yeb.

5.

[2] Wales, J., & Marinov, M. (2015). Analysis
of delays and delay mitigation on a metropolitan

_Z_ﬁl

ol
5

o)
o

ol

el

Kl

based simulation.

Simulation Modelling Practice and Theory, 52,

52-77.

event
& T (20239 062 179Y).

al

network using
L

rail

1 DEVS ¥4 & 7|4t

o]

]

b

[e)

=

=

o]

FSATt.

o

o] A& o]

Hog

o NF

O]- S

ol

ﬁH
el
i
B
gl

X
B

B AlEel

[e)
R

7

o
=

[5] 2F¥ 3k (2022). WA F

et
=

T

jint

X
B

)

ol

o
T
g
ol

veel

‘_MW

o
B

25(2),

141-150.

2

g

=
=

ol s

AFANA &S TrainSim

=

g oolal g Alvtel el

w2 A
& oo

=]
=

gk

(2022). 2021 FEWEF R&D &

7].
Ab -F = s ok (11-B552989-000635-11).

2=
o

[6] =t

=
s 2y

g2 A

At

=13
=

SAE o

"

of

o
ofo
o

)

—
o
T
ah
ol

o

i

[7] &A

0]— &

g

o IT7] &9

J

=

(2021).

, Bl =g

al

o

o

(20RTRP-C148789-03). = &

CHEEE X

4

ol

<4 1

(2011).

71.

]

DEVS 718 7| 3Arg =z 93

&

==

, & ¥

ﬁo

8] A5, oA

o

ki3

= 19

ol

00

= A

i

3

P

=

H A E.

[9] FEFYFHAE. (nd). &AL,
_]

20(3), 89-100.

32

ol

9/]

[S)

[e]

i

ki3

oF

g olye o

HH
i
}

°
pil

o

of

A

—_
1o

ofo

ol
T
TH
N

o

mj
ol
H
KO
jol)

H
el

H

B
0
=)

-

A} 2

(2020).
]

b

s

o

2

FOA"E EY Algdeld Y i

pul

o] 3

A], 23(10), 1270-1285.

3=

3
)

w0

ol
>4
a

1

O

A

N

ol
B!

X
B

o

ofo



