


The In

(ICeM

The field

Numeric

implemen

problems

and they 

On the o

finest so

combinat

efforts in

Therefor

Ahmad 

Internat

held at Y

Objectiv

• P

an

• E

• P

th

pr

Topic of

Numeric

Numeric

Mathema

Mathema

Local Co

1. D

2. D

3. Y

4. D

5. D

6. P

7. D

8. D

9. M

ternation

MATH201

d of numeric

al analysis i

nts algorithm

s originate g

involve vari

other hand, 

lution of a 

tion of nume

n the areas of

e, on the o

Dahlan (U

tional Confe

Yogyakarta, I

ves: 

rovide a pla

nd discuss th

Encourage fu

rovide room

his field tha

rogram for a

f Discussion

al Analysis

al Optimiza

atics, Fuzz

atics, Mathem

ommittee: 

Dr. Sugiyarto

Dr. Suparman

Yudi Ari Adi

Dr. Julan Her

Dr. Tutut Her

rof. Dr Mash

Dr. Iing Lukm

Dr. Samsuddi

M. Zaki Riya

al Confer

1) 

cal analysis p

is the area o

ms for solvi

generally fro

iables which

Numerical O

particular p

erical analys

f developme

occasion of 

UAD) with 

erence on N

Indonesia.  

atform for r

heir research

uture collabo

m for researc

at can contri

all participan

s: 

s, Numeric

ation, Differ

y, Comput

matics Educ

o 

n, DEA 

i,M.Si. 

rnandi 

rawan 

hadi 

man 

in Toaha 

anto, M.Sc. 

rence on N

predates the

of mathemati

ing numeric

om real-wor

h vary contin

Optimization

roblem that

sis with num

ental work as

the 50th an

the collab

Numerical A

researchers, 

h findings. 

orations betw

chers to disc

ibute toward

nts. 

al Methods

rential Equa

tational Ma

cation 

Numerica

e invention o

ics and com

ally the pro

rld applicati

nuously. 

n is defined

 is interpret

merical optim

s well as hum

nniversary o

boration of 

Analysis and

professiona

ween particip

cuss their tho

ds future wo

s, Operatio

ation, Applie

athematics, 

al Analys

of modern co

mputer scienc

blems of co

ons of algeb

d as a scient

ted in mathe

mization is h

manity in gen

of its found

Journal K

d Optimizat

ls, and acad

pants. 

oughts and v

orks as wel

ns Researc

ed Mathema

Combinato

sis and Op

omputers by

ce that creat

ontinuous m

bra, geomet

tific approac

ematical mo

highly import

neral. 

ding celebra

KALAM ha

tion (ICeMA

demicians to

views on the

l as being a

ch, Mathem

atics and St

ory, Algeb

ptimizatio

y many centu

tes, analyzes

athematics. 

try, and calc

ch in findin

odels. Hence

tant for scie

ation, Unive

as initiated 

ATH 2011)

o exchange 

e developme

a very bene

matics, Stati

tatistics, Int

ra, Engine

on 

uries. 

s, and 

Such 

culus, 

g the 

e, the 

ntific 

rsitas 

The 

to be 

ideas 

ent of 

eficial 

istics, 

terval 

eering 



Internat

1. D

2. M

3. A

4. A

Keynote

1. P

2. S

Invited S

1. P

2. P

3. P

K

 

tional Comm

Dr. Yosza Bin

Mr. Goh Kha

Assoc. Prof. D

Assoc Prof. A

e Speaker : 

rof. Dr. Rue

enior Lectur

Speaker : 

rof. Dr. Ism

rof. Dr. Shah

rof. Dr. Zain

Fa

Kampus III,

Em

mittee : 

n Dasril, UT

ang Wen, UT

Dr. Jumat Su

Adam Baharu

ediger Schult

rer Dr. Abde

ail Bin Moh

haruddin Sa

nodin Hj. Jub

akultas Mate

Universita

 Jalan. Prof.

mail: icema

Phon

SMS

TeM, Malays

TAR, Malays

ulaiman, UM

um, USM, M

tz, Universit

el Salhi, Univ

hd, Universit

alleh, Univer

bok, Univer

Confere

ematika dan 

as Ahmad D

 Dr. Soepom

ath2011@uad

ne: +62-274

Fax: +

S: +6287839

sia 

sia 

MS, 

Malaysia 

ty of Duisbu

versity of Es

ti Malaysia T

rsiti Teknolo

siti Malaysia

 

nce Secreta

Ilmu Penget

Dahlan, Yogy

mo, Janturan

d.ac.id, icem

4-563515/51

62-274-5646

9313193 (Dr

urg‐Essen, G

ssex, United

Terengganu, 

ogi Malaysia

a Sabah 

ariat: 

tahuan Alam

yakarta, Indo

, Umbulharj

math2011@y

1830/379418

604 

r. Sugiyarto)

ermany 

d Kingdom 

Malaysia 

a, Malaysia 

m (FMIPA) 

onesia 

o Yogyakart

yahoo.com 

8 

) 

ta 55164 



 

Proce

 

Table o

Part I – K
K1- Recen

K2 - Natur

 

Part II – 
IP1 - Nume

IP2 - Chan

IP3 - Integ

 

 Part III –
A1 - LYAP

Entire

A2 - Descr

 

Part IV –
AM1 - New

AM2 - Esti

AM3 - Mo

AM4 - An 

AM5 - Per

Mat
AM6 - Mod

AM7 - Bolt

AM8 - Pen

Pers

AM9 - Pem

Pro

AM10 - Th

AM11 - Co

AM12 - Co

AM13 - A N

 

Part V – 
F1 - Nine-

F2 - Imple

F3 - Univ

Symm

F4 - Marko

 

 

 

edings of Th

UNIVER

of Content

Keynote Pape
t Development

re-Inspired Op

Invited Pape
erical Optimiza

nnel Assignmen

gration Model I

– Algebra 
PUNOV-Max-P

e Holding Time

ription Of A Su

– Applied Ma
w Simulated 3D

imation Of Mis

delling of Ele

Integral Equa

rencanaan Ke

tlab 

deling of Micro

tzmann Machin

nerapan Mkji P

simpangan Tig

milihan Jalur S

cess (AHP) 

he Mathematica

omputation Dec

ontrol Estimati

New Fuzzy Mo

Finance  
-Point Rotat

mentation of R

ersal Portfo

metric Matric

ov Property An

he Internati

RSITAS AH

t 

er 
ts in Stochastic

timisation App

er 
ation Based On

nt Model in Wi

In Premium Lif

Plus-Algebra St

es Are Conside

ubclass Of Filif

athematics 
D- Structure Ca

ssile Trajectory

ectrical Train

ation Of A Fr

ebutuhan Tula

ocantilever-bas

ne In Hopfield 

Pada Perencan

ga Kletek Kabu

Sidoarjo-Gemp

al Model Of Gl

composition H

ion With EKF-

odeling For Pre

ted Scheme W

RBFNN In Pred

lios Genera

ces 

nd Asset Price 

ional Confe

(ICeM

6
TH

 – 8

HMAD DAH

c Programming

proaches and th

n Transformat

ireless Mesh N

fe Table of Edu

tability In Pred

ered 

form Leibniz A

atalytic Sites P

y Using Ensem

n (ET) Networ

ree-Surface F

angan Balok B

sed Biosensor 

d Neural Netwo

aan Perbaikan

upaten Sidoarjo

ol Akibat Luap

lucose Detecto

HAAR Wavelet B

UI-WDF Meth

edicting Air Te

With HSPMG

dicting Credit R

ted By The Q

Dynamics On 

erence on Nu

MATH 2011

8
TH

 JUNE 20

HLAN, YOG

g 

he New Plant P

tion of Data Ch

Networks 

ucation Plan T

dator-Prey Sys

lgebras In Dim

Prediction For F

mble Kalman Fi

rk System Usi

Flow Involving

Beton Pada D

Dynamic Prop

ork 

n Manajemen L

o 

pan Lumpur La

or Using Single

Based Max-Plu

hod of The Miss

emperature In 

GS Method T

Risk Classifica

Quadratic D

The Informatio

umerical An

1) 

011 

GYAKART

Propagation Al

haracterization

Takaful 

tems Modeled 

mension 9 

Flavonol Synth

ilter Method (E

ing Max-Plus

g Deep Fluid

Desain Rumah

perty for Micro

Lalu Lintas Seb

apindo Dengan

e Electron Tran

us Algebra 

sle-Target Inte

Yogyakarta 

To Solve 2D 

ation With Dim

ivergence A

on-Based Asse

nalysis and 

A, INDONE

lgorithm 

n 

By Timed Petr

hase. 

EnKF) 

 Algebra 

h Tinggal  De

oorganism Dete

bagai Upaya P

n Metoda Analy

nsistor 

erception Mode

American Op

mension Reduct

ssociated W

et Pricing Mode

Optimizati

ESIA 

ri Net With The

engan Simula

ection 

Peningkatan Ki

ytical Hierarch

el 

ption Pricin

tion Using PCA

With Special 

el 

ion 

e 

asi 

inerja 

hy 

ng 

A 



 

Proce

 
 

Part VI –
ME1 - Mat

ME2 - A M

ME3 - The

ME4 - Kla

Tert

ME5 - Mat

ME6 - Com

High-Orde

ME7 - Cog

ME8 - Ena

Abil

ME9 - Mat

ME10 - Le

ME11 - A S

 

Part VII 
NA1 - On 

NA2 - Dev

NA3 - EGM

NA4 - Solv

NA5 - Ana

NA6 - The 

NA7 - Solv

NA8 - Num

NA9 - Estim

NA10 - Nu

Run

NA11 - FR

MAT

 

Part VIII
NO1 - Wea

NO2 - The

NO3 - Opt

NO4 - A 0-

 

 

 

 

 

 

 

 

edings of Th

UNIVER

– Mathematic
thematics Stud

Modified Heckm

e Role of Visua

rifikasi Alat Pe

tinggal Di Sara

thematical Com

mputer-Assisted

er Mathematica

gnitive Conflict

abling Right Br

lity 

thematics Lear

earning Algebra

Study of The R

 - Numerical
The Diopha

elopment Of N

MSOR Iterative

ving Nonlinear 

lysis of Phase-

Effects Of Suc

ving Ordina

merical Solu

mating Discou

umerical Solutio

nge-Kutta Meth

RACTAL IMAG

TLAB 

I – Numerica
akly Reachabil

e Eccentric D

timization of

-1 Goal Progra

he Internati

RSITAS AH

cs Education
dents’ Perceptio

man Sample Se

lization To Imp

eraga Matema

adan Kabupate

mmunication W

d Problem-Bas

al Thinking Ab

t And Resolutio

rain Through R

rning Build Ch

a In Junior Hig

Role of Intuition

l Analysis 
ntine Equati

Numerical Meth

e Methods For

Equations Usi

-Lag For Diago

ction And Injec

ry Different

tion of Floo

unt Rate With E

ons For A Few

hods 

GE COMPRESS

al Optimizati
lity and Weakly

Digraph of A

f Lower Lim

amming Model

ional Confe

(ICeM

6
TH

 – 8

HMAD DAH

n 
ons Towards P

lection Model

prove Student’s

tika Dari Baha

en Madiun 

Within The Fra

sed Learning A

bility 

on Efforts 

Realistic Mathe

aracter of The

gh School With

n In Students’ U

ion X3  + Y3  =

hod For Shock 

r The Solution o

ing Improved H

onally Implicit

ction On The St

ial Equation

od Routing M

Extended Nelse

w Systems Of O

SION : FIXED

ion 
y Observability

A Firecracke

b Segment D

l For Fireman 

erence on Nu

MATH 2011

8
TH

 JUNE 20

HLAN, YOG

Programming 

’s Conceptual U

an Lingkungan

mework of Soc

Approach To Im

ematics Educat

e Nation Based-

h Problem-Cen

Understanding

= Kz8  

Waves Proble

of Nonlinear S

Higher Order H

t Runge-Kutta-

tagnation-Poin

n Using Fuzz

Model Using 

en Siegel Venss

Ordinary Differ

D SQUARE ME

y of Linear Sys

er Graph 

During Backp

Scheduling 

umerical An

1) 

011 

GYAKART

Understanding

n Alam Sekitar 

ciocultural The

mprove Senior 

tion To Enhanc

d-Culture 

ntered Learning

g of Probability

em: A Case Stu

Second-Order T

Homotopy Per

-Nyström Meth

nt Flow Over A

zy Initial Co

Finite Volum

son Models   

rential Equatio

ETHOD BY PAR

stem Over Max

pack Carriag

nalysis and 

A, INDONE

g In Geometry 

Terkait Denga

eory 

High School S

ce Mathematic

g (PCL) Appro

y Concepts 

dy Of Dam Bre

Two-Point Bou

rturbation With

ods 

A Stretching/Sh

ndition 

me Methods 

ns Using Modi

RALLEL COM

x Plus Algebra 

ge 

Optimizati

ESIA 

an Karakter SD

Student’s  

cal Creative Th

oach 

eak Problem 

undary Value P

h Start-System

hrinking Cylind

ified Fourth O

MPUTING USIN

ion 

D 

hinking 

Problems 

der 

rder 

NG 



 

Proce

 
 

 

 

Part VIII
S1 - Applie

S2 - Cubic 

S3 - Lacun

S4 - Overc

S5 - A RB

S6 - Cance

S7 - Constr

S8 - Comp

S9 - Numer

S10 - Using

S11 - Redu

S12 - Conf

S13 - Univ

Symm

S14 - Nonp

S15 - A Co

 

edings of Th

UNIVER

I - Statistics 
ed Statistics Fo

Interpolation 

nary Interpolati

coming Traffic 

F-EGARCH 

er Spread Estim

ructing A Conf

uting Of Repro

rical Modelling

g Matrix Quad

uction Of Varia

fidence Interva

versal Portfo

metric Matr

parametrics Es

omparison For 

he Internati

RSITAS AH

or Project Eval

of Population 

ion For A Gene

Congestion Us

Neural Netw

mation  Using F

fidence Interva

oducing Kerne

g of Stem Biom

drant To Minin

able With Ordi

als Approach F

folios Genera

ices 

stimation for D

O’Brien And L

ional Confe

(ICeM

6
TH

 – 8

HMAD DAH

luation (A Cas

Dynamic Mod

eralised Proble

sing Simulation

work Model 

Fuzzy Kalman 

al For Median

l Hilbert Space

mass Using Reg

ng Association 

nal Scale Thro

For Eigenvalues

ated By The 

Distribution and

Levene Test of 

erence on Nu

MATH 2011

8
TH

 JUNE 20

HLAN, YOG

e Study:  Acad

del For Blattella

em 

n: A Case Stud

For Time Se

 Filter 

Based On Atom

e Using S-Plus

gression Analy

Rules 

ough Transform

s In The Canon

Quadratic D

d Quantile Fun

f Homogeneity

umerical An

1) 

011 

GYAKART

demic Perspect

a bisignata 

dy At Hentian K

eries Foreca

ms of Nonpara

s In Spline Sem

ysis 

mation Based O

nical Form A

Divergence A

nctions 

nalysis and 

A, INDONE

tive) 

Kajang, Malay

sting  

ametric Bootstr

miparametric R

On The Weight

Associated W

Optimizati

ESIA 

ysia 

rap 

Regression 

ted Ranking Pa

With Special 

ion 

attern 



Proceedings of The International Conference on Numerical Analysis and Optimization (ICeMATH 2011)  
 

. Modelling of Electrical Train (ET) Network System Using Max-Plus Algebra 

AM3 - 1 
 

 
 
 
 
 

MODELLING OF ELECTRICAL TRAIN (ET) NETWORK 
SYSTEM USING MAX-PLUS ALGEBRA 

 
 

Siti Alfiah, Subiono 
 

 
Abstract.  Transportation is important thing for society to do  their daily mobilities. In the city 
society which has high mobility characteristics, like Jakarta, there are many complex problems 
in transportation. One of the problem is traffic jam. In order to reduce the traffic jam in Jakarta, 
the electrical train (ET) KA Commuter Jabodetabek is built. As a cheap and a fast 
transportation facility, ET is widely used by society. One of important issues related to ET 
network system is often occurrence of inaccuracies arriving and departure times of trains at each 
station, so it is complained by society. This research is purposed to modelling ET network 
system using max-plus algebra, which the duration of driving time between station is given as 
an interval of times with elements in max-plus algebra. This ET network system can be formed 
into adjacency matrix with element in the form of interval in max-plus algebra. 
 
Keywords and Phrases : Max-Plus Algebra, Model of ET Network System. 

 
 
 

1.  INTRODUCTION 
 

Discussion about how repairing the public transportation system must be improved 
considerably. Related to this problem, the theory of max-plus algebra is one of theory that 
can used to modelling, analysis and control of transportation network system. In [6] had used 
max-plus algebra to scheduling bus line network in the city with case-study of TransJakarta 
bus network. The model is constructed based on the number of lines that have been active 
operated, the maximum numbers of busses that allocated and the rule of synchronization for 
each line. From this research, the design of periodic schedule of departure time is obtained. In 
[1] had discussed about max-plus algebra approach to transportation system, especially 
railway system. A scheduled railway system can efficiently be modelled as a discrete event 
dynamic system (DEDS) using max-plus algebra. There are 11 lines of intercity Dutch 
railway system is modelled here. In [4] had discussed about modelling whole connection of 
trains in Dutch railway system. The constructed model more complex than [1]. In [2] had 
discussed about modelling scheduled railway system  and analysis stability and realizability 
timetable using max-plus algebra. In this paper max-plus algebra is used to modelling KRL 
network system with timetable. The driving times and the timetable are given by interval 
form in R max . 

 
2. MAX-PLUS ALGEBRA 

 
 The max-plus algebra is defined by the operations addition and maximization applied 
to the real numbers, extended with minus infinity.  
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Definition  The max-plus algebra (R max , , ) is defined as follows [1]: 

(a) R max

def

=  R∪{-∞}, where R is the set of real numbers; 
(b)  is maximization in the usual ordering of  R max ; 
(c)  is the usual addition, where  

 a ٔ -∞ 
def

=  -∞ ٔ a 
def

= -∞ for all a א R max . 
Max-plus algebra having 0 as neutral element with respect to ٔ, will be denoted by e and -∞ 
as neutral element with respect to ْ and absorbing element for ٔ, will be denoted by ߝ.  
 

3. INTERVAL MAX-PLUS ALGEBRA 

 
Interval max-plus algebra is extention of max-plus algebra [3]. 

 
Definition  Interval max-plus algebra is defined as I(R) max ],[{ xxx == |

]},{[},, εεε ∪∈ xxRxx
mm pp . 

In I(R) max  operations ⊕
 
and ⊗  are defined as:  

],[ yxyxyx ⊕⊕=⊕ and ],[ yxyxyx ⊗⊗=⊗ , ∈∀ yx, I(R) max  
 
Example 
[-1,1] ⊕  [1,3] = [1,3] and [-1,1] ⊗  [1,3] = [0,4].  
 
Definition Let I(R) mn×

max be the set of  n x m matrices in interval max-plus algebra. The interval 
matrix is set of matrices that have interval value and be written as ( )AA,=A , where ܣ,  ∋  ܣ
R nxm

max  and ܣ ൑   .ܣ
 
Example 

Let ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
=

]5,2[]5,3[],[
]8,6[]2,0[]3,1[

εε
A , so ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛−
=

23
601

ε
A  and ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

55
823

ε
A  

 
Operation ⊕

 
and ⊗  in I(R) max  can be extended for operation-operation matrix in interval 

max-plus algebra.  

4. MODELLING OF RAILWAY SYSTEM 
 
4.1 Desired Model  
 A train network can be modelled as a system of the form [1]: 

⎪
⎭

⎪
⎬

⎫

=
=

+⊕=+

0)0(
)()(

)1()()1(

xx
kCxky

kdkAxkx
  (1)                            

     
The vector )(kx  contains the kth departure times of all trains including auxiliary ones. Vector 
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[9,12] 
[48,49] 

[48,64] 

[49,59] [48,50] 

[51,76] 
[46,75] 

'
11 )](...,,)(),(...,),([)( kxkxkxkxkx rnnn ++= , with 1, 2, …, ݊ referring to the real trains, and 

 related to auxiliary variables, to be interpreted as dummy trains. The vector ݎ + ݊ ,… ,1+݊
݀ሺ݇ ൅ 1ሻ is the timetable for the k+1st departures. The initial state is ݔሺ0ሻ, although the 0th  
departure of a train does not have a clear interpretation. Since we only can look at what 
happens with ݔଵ,…, ݔ௡, the output matrix is ܥ ൌ ሾ݁௡    ߝ௡௫௥ሿ. So the output ݕሺ݇ሻ is the 
observation of the departure times of the actual trains.  
 
4.2 Timetable 

The vector ݀ሺ݇ሻ߳ ࡾ௠௔௫
௡  contains the scheduled kth  departure times for all trains. 

Because trains are scheduled modulo ܶ, we obtain  
݀ሺ݇ሻ ൌ  ݀ሺ0ሻܶ௞ 
holds for all ݇. This can also be written as  
 η⊗+= ).()0()( Tkdkd                                where =η  
[e,e,…,e]’ ߳ ࡾ௠௔௫

௡  , the column vector that all the element are e in max-plus algebra. 
 
 

5. MODELLING OF ELECTRICAL TRAIN (ET)  NETWORK SYSTEM 
 
5.1 KA Commuter Jabodetabek Network System 
  

The railroad KA Commuter Jabodetabek network system is taken from [8]. In this 
paper will be modelled the railroad from Jakarta Kota to Bogor, Jakarta Kota to Bekasi and 
Jakarta Kota to Tangerang with platform are Jakarta Kota, Gondangdia, Bogor, Bekasi and 
Tangerang. The data about a fixed number of trains on each line and the driving times of the 
trains from one station to the next are taken from [7] with respect to a normal working day 
from 04:00 pm until 07:00 pm. These data are used to derive the driving times (the difference 
between the arriving and departure time of the trains from one station to the next). Here 
assumed that the cyclicity of the timetable is 180 minutes. Distribution number of trains that 
operating on each line is determined using reference time 05:15 pm. The directed graph of 
KA Commuter Jabodetabek as follow: 
 
 
          JK 
 
 
        [8,13]           
          GD 
    
 
              TA                                                                                              BE                                                        
                                  
          
 
 
                                   BO     
 
 

 Graph KA Commuter Jabodetabek Network 
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JK – BO : Line 1  JK  : Jakarta Kota    BO  : Bogor 
JK – BE : Line 2  GD  : Gondangdia    BE   : Bekasi 
JK – TA : Line 3  TA   : Tangerang 
 

5.2 Physical Specification 

The physical specification is defined as follow: 
i) The lines in KA Commuter Jabodetabek network 
ii) The number and distribution of trains on each line 
iii) The synchronization rules between the trains  

There are three lines that modelled here. The driving times of trains and the timetable of 
departure times are given below: 
 

Line Departure 
Station 

Stop  
Station 

Timetable Driving 
time 

(minutes) 

The 
number of 
trains 

1 Jakarta Kota Gondangdia 5 – 179 8 – 13 1 
1 Gondangdia Bogor 5 – 165 51 – 76 3 
1 Bogor Gondangdia 20 – 180 46 – 75 5 
1 Gondangdia Jakarta Kota 8 – 178 9 – 12 2 
2 Jakarta Kota Bekasi 40 – 160  48 – 50 2 
2 Bekasi Jakarta Kota 38 – 180 48 – 49 1 
3 Jakarta Kota Tangerang 0 – 165 48 – 64 1 
3 Tangerang Jakarta Kota 60 – 95 49 – 59 1 

 
The synchronization rules are given as follows: 

• On line 1, the trains that depart for the (k + 1)-st time from Jakarta Kota to 
Gondangdia should wait for the k-th arrival of trains which departed from Bekasi to 
Jakarta Kota and wait for the k-th arrival of trains which departed from Tangerang 
to Jakarta Kota. 

• On line 2, the trains that depart for the (k + 1)-st time from Jakarta Kota to Bekasi 
should wait for the (k-1)-th arrival of trains which departed from Gondangdia to 
Jakarta Kota and wait for the k-th arrival of trains which departed from Tangerang 
to Jakarta Kota. 

• On line 3, the trains that depart for the (k + 1)-st time from Jakarta Kota to 
Tangerang should wait for the (k-1)-th arrival of trains which departed from 
Gondangdia to Jakarta Kota and wait for the k-th arrival of trains which departed 
from Bekasi to Jakarta Kota. 

 
 
5.3 Model of KA Commuter Jabodetabek Network System 

Before desire model, needed definition variable that will be used in system. Vector x(k) 
contains departure times for the k-th of trains in each station as follows: 

 
Line Variable Departure Station Stop Station 

1 x1 Jakarta Kota Gondangdia 
1 x2 Gondangdia Bogor 
1 x3 Bogor Gondangdia 
1 x4 Gondangdia Jakarta Kota 
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         (5) 

2 x5 Jakarta Kota Bekasi 
2 x6 Bekasi Jakarta Kota 
3 x7 Jakarta Kota Tangerang 
3 x8 Tangerang Jakarta Kota 

 
The model of network system before synchronization as follows: 

i)   Line 1 
  )1()1(]12,9[)1( 141 +⊕−⊗=+ kdkxkx  
  )1()(]13,8[)1( 212 +⊕⊗=+ kdkxkx  
  )1()2(]76,51[)1( 323 +⊕−⊗=+ kdkxkx  
  )1()4(]75,46[)1( 434 +⊕−⊗=+ kdkxkx  

 
ii) Line 2 

  )1()(]49,48[)1( 565 +⊕⊗=+ kdkxkx  
  )1()1(]50,48[)1( 656 +⊕−⊗=+ kdkxkx  

iii) Line 3 
  )1()(]59,49[)1( 787 +⊕⊗=+ kdkxkx  
  )1()(]64,48[)1( 878 +⊕⊗=+ kdkxkx  
Based on synchronization rules in 5.2, can be constructed model of whole railway 

system as follows: 
i)   Line 1 

 
)1())(]59,49([

))(]49,48([))1(]12,9([)1(

18

641

+⊕⊗⊕
⊗⊕−⊗=+

kdkx
kxkxkx

 

 )1()(]13,8[)1( 212 +⊕⊗=+ kdkxkx  
 )1()2(]76,51[)1( 323 +⊕−⊗=+ kdkxkx  
 )1()4(]75,46[)1( 434 +⊕−⊗=+ kdkxkx  

 
 
 
 
ii)   Line 2 

    
)1())(]59,49([

))1(]12,9([))(]49,48([)1(

58

465

+⊕⊗⊕
−⊗⊕⊗=+

kdkx
kxkxkx

 

 )1()1(]50,48[)1( 656 +⊕−⊗=+ kdkxkx  
iii) Line 3 

  
)1())(]49,48([

))1(]12,9([))(]59,49([)1(

76

487

+⊕⊗⊕
−⊗⊕⊗=+

kdkx
kxkxkx

 

  )1()(]64,48[)1( 878 +⊕⊗=+ kdkxkx  
 
          Then, model (5), (6) and (7) above can be stated in standard form max-plus 
algebra model as follows: 

( ) )1()1()1(
1

+⊕−+⊗=+ ⊕
=

kdpkxAkx p

M

p
                                                                      

 

            (6) 

            (7) 

(2) 

(3) 

(4) 
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There are 5 matrices pA with =p  {1, 2, 3, 4, 5} and size of each matrix  8 x 8. 
Matrices A1, A2, A3, A4 and A5 as follows: 

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

],[]64,48[],[],[
]59,49[],[]49,48[],[

],[],[],[],[
]59,49[],[]49,48[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
]59,49[],[]49,48[],[

],[],[],[],[
],[],[],[],[
],[],[],[]13,8[
],[],[],[],[

1

εεεεεε
εεεε

εεεεεεεε
εεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεε

εεεεεεεε
εεεεεεεε
εεεεεε
εεεεεεεε

A           

 

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

],[],[],[],[
],[],[],[],[
],[],[],[]50,48[
],[],[],[],[

],[],[],[],[
]12,9[],[],[],[
],[],[],[],[
]12,9[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
]12,9[],[],[],[

2

εεεεεεεε
εεεεεεεε
εεεεεε
εεεεεεεε

εεεεεεεε
εεεεεε

εεεεεεεε
εεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεε

A           

          

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[]76,51[],[
],[],[],[],[
],[],[],[],[

3

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεε
εεεεεεεε
εεεεεεεε

A          

 

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

4

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

A           
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⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[],[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

],[]75,46[],[],[
],[],[],[],[
],[],[],[],[
],[],[],[],[

5

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

εεεεεε
εεεεεεεε
εεεεεεεε
εεεεεεεε

A     

 

• 
Therefore model (5), (6) and (7) can be written as: 

)1()4(
)3()2()1()()1(

5

4321

+⊕−⊕
−⊕−⊕−⊕=+

kdkxA
kxAkxAkxAkxAkx

 
 

6. CONCLUSIONS 
 
Max-plus algebra can be used to constructed model of electrical train (ET) network system. 

The model can be written as ( ) )1()1()1(
1

+⊕−+⊗=+ ⊕
=

kdpkxAkx p

M

p  
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