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Timetabling and Analysis of Train Connection Schedule Using
Max-Plus Algebra

EEEA
Bum Hwan Park

Abstract Max-plus algebra is a nonlinear system comprised of two operations, maximization
(plus), which are corresponding to the addition and the multiplication” in conventional algebra pectlvely This -
methodology is applicable to many discrete event systems containing the state transition with tt maximization and
addition operation. Timetable with connection is one of such systems. We present the method based on max-plus-
algebra, which can make up timetable considering transfer and analyse its stability and robustness. In this study, it
will be shown how to -make up the timetable of the urban train and analyse its stability using’ Max-Plus algebra.

and addition
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Fig. 1. A railway network
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Table 1. departure time with initial departure time 0 all.

k| Zaa | Tap | Tna f’?jfzw 1)?5321@—1)?;;]:2%1)
0 0 0 0

1 21 19 10 21 19 10

2 36 38 | 29 15 19 19

3 51 53 43 15 15 19

4 69 | 68 | 63 18 15 15

5 g4 1 86 | T8 15 18 15

6 99 | 101 | 96 15 15 18

Table 2. departure time after adjusting initial departure time

44 (K) ";ABUC) 51 tk)

R z x
K A4 AB N TEA |y b= 1) 2k D 2 g, (k= 1)

0 5 6 0

1 21 22 16 16 16 16
2 37 | 38 | 32 16 16 16
3 53 | 54 | 48 16 16 16
4 69 | 70 | 64 16 16 16
5 85 | 8 | 80 16 16 16
6 | 101 | 102 | 96 16 16 16
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Fig. 2. Precedence graph and critical circuit
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£ Bl el B4 AT SEolT, oM 2] 43
Al7Hdwell time)-< 3022 7H33L, ofgjet 22 34 A
oh& el

X 7b Aok

ARG 13 A 283 WA (10-3)

AR 234 WA - 1EA ARERY(A] (10-12))

- FUEY 434 31 134 ARSFEi(4] (10-18)
CAE™EY 234 oA 13 A sHE(A] (10-7))

A 23 A QA 4T A ARSE(A] (10-9)

A 43 A AR 23 A WA (10-15))

- FUEEEAE 284 oAl ¢ 434 AFSHE(4 (10-11))
- FREEE 434 S 25 - A(A (10-16))
- FUHEEEEY 424 A 234 WA (10-17)
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2y (k+1) =max{z,(k—2) +19+1,¢} (10-1)
z,(k+1) =max{z,(k) +8+0.5,} (10-2)
z, (k+1) =max z, (k—2)+19+0.5, (10-3)
{m14(k—3)+23+5,e}
x4(k‘+1)=max{x6(k+l)+l+05e} (10-4)
z(k+1) = max{z3(k) +8+0.5,¢} (10-5)
mﬁ(k-i-l)=max{x5(k:+1)+1-l—1,e} (10-6)
z;(k+1) =max [z,(k—2) +19+5, (10-7)
xy3(k—3)+23+0.5,¢
zg(k+1) =max{z,o(k—6)+43+0.5,¢} (10-8)
zy(k+1) = max{z7(k-2) +17+0.5, } (10-9)
7,5 (k—3)+2445,¢
y9(k+1) =max{z,, (k) +7+0.5,¢} (10-10)

z;; (k+1) =max [z, (k—6) +43+0.5,2 , (k—3) +24+5,
z5 (k+1)+2+5,¢

(10-11)
xy, (k+1) =max [z, (k—2)+19+ 5,5, (k) +8+5, (10-12)
z,,(k—3)+23+0.5,¢
2y3(k+1) =max{z,, (k) +7+0.5,¢} (10-13)
zy,(k+1) =max{zg(k—2)+17+0.5,¢} (10-14)
2,5 (k+1) = max [z, (k—2) +17+35, (10-15)
{zw(k—6)+43+5, }
x5 (k—3)+24+1,¢
%6 (k+1) = max [zy (k—6) +43+ 5,2, (k) + 7+5, (10-16)
2,5 (k+1)+2+0.5,¢
77 (k+1) = max [z, (k—6) +434 5,2, (k) + 7+5, (10-17)
@5 (k~3)+2440.5,¢
@5 (k+1) = max [z, (k) +8+5,z, (k+1)+1+5, (10-18)
Ty (k) +2+0.5,¢
z1(k+1) =max{z;(k+1)+2+0.5,¢} (10-19)
Ty (k+1) =max{zy (k) +2+1,e} (10-20)

A (10)2 z(k+1) = AQx (k) 9} Z-& A3} AF 4] o] o}
YEBZ 25804 H3 WHES of&3te] dab A74]
& TAsH, 52x52 WH AR o]Folz YUX|(first-order)
Max-Plus tj=4g & o= Qlch

Table 5. departure time of each segment in every period corresponding A =7.5
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k=02 we] 45 i%b\lﬁ 71 FOoREE —TL7}°1W %

3 Elr—— AFE 25 Ul——-—s}
ek 4] 29] 46H o HolA Hed g AT
2% E’} 5}01 oA B BAGE AFsHM FA
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1= GRAA 2AE AL Asie 4 Al
£ 758 Eo Aok 2 & & Utk

2 E42 & dFA 7T =4 T g
273} S5AoA 9 Szt Rt 7123 A2
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29} AN X Y B TL ol &3t A oF &
o} of2igt A2 & AFolA AT dd Es 1
2 AR 4 9l Aotk B & oA 7Hge
A 7+ g A S oBA AAshrtel whet A d3F 7H
ZAZbo] WstER, B S tigt A3 HojgE 7|2
2 85 Ao ART dart on

4 8 E

£ AFoM+E Max-Plus =& o] 83t S-S 119
g 37129 GAF 241 2 W AR A B
Aol B3 A&stal, o)F o|&ste A EFEHL Y=
S TAEEY 3 7R A =g Y, Agd, A9,
FHEY, SUHESEEEE FHCE AT AY L &
M9] 7MsAdE ARSI BAIEE AR AHE £
e Yefe BE A9 AFEYe] BF ZEd %ixﬂ
HEYAE 2R, £8 599 S5ATto] Tt 4

k

0 0 2.5 -3 1.5 0 6.5 -2 10.5 7

1 7.5 10 4.5 9 5.5 7.5 14 5.5 18 14.5
2 15 17.5 12 16.5 15 21.5 13 255 22
3

0

1 20.5 14.5 20.5 0.5 19 19 13.5 215 17
2 28 22 28 8 21.5 26.5 26.5 21 29 24.5
3 35.5 29.5 35.5 15.5 34 34 28.5 36.5 32
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