
 

I
TIM

1,2,3,4 E

The g
Settlem
payme
manag
transa
throug
(savin
highes
of the 
While
fluctua
probab
and in

Keyw
  
1. IN
 

Inte
observ
its act
Norvig
use kn
very s
artifici
many 
and co
intellig
finishi

RTG
of larg
financ
amoun
electro
anothe
second
settlem
on the
bank 
System

INTELLI
ME GRO

1SAIFUL BU

Electrical Engin
1Ele

goal of the int
ment (RTGS).
ents in an elec
ged by clearing
ction through 

gh receiver ban
ng agent, reserv
st fluctuation o
agents that inf
 the most lim
ation of the a
bility (p = 0.9)

nfluence to stab

words: Intellige

NTRODUCTI

elligent agent i
ves and acts up
tivity towards 
g, 2003]. Intel
nowledge to ac
simple or very
ial intelligence

interdisciplin
omputer socia
gent agent app
ing settlement 

GS is a system
ge-value transa
cial institutions
nts of cash,
onically. When
er, the funds a
d bank and deb
ment of interba
e transfer of ba

[Committee 
ms, 2005]. T

IGENT A
OSS SETT

UKHORI, 2M

neering Depart

ectrical Engine

telligent agent 
. The RTGS 
ctronic system 
g house. The m
transmitter ban
nk by using fo
ves agent, loan
of the agents th
fluence to decr

mited fluctuatio
agents that inf
). In the serious
bility in the RT

ent agent, fores

ION  

is an autonomo
pon an environ

achieving go
lligent agents m
chieve their go
y complex. Inte
e are closely re
nary socio-cog
al simulations.
plied in serious
process. 

m that streamlin
actions between
s. Instead of 
 the banks 
n one bank tra
are immediatel
bited to the fir
ank funds trans
alances on the b

on Payment 
The possibilit

AGENT F
TLEMEN

MOCH. HARIA

tment , Institut

ering Departm

A

in this resear
system is a p
for gross settl

mechanism at 
nk that having
orest fire mod
n agent and de
hat influence to
ease the NW (2

on of the agen
fluence to decr
s game of RTG

TGS system. 

st fire model, R

ous entity, wh
nment and dire
oals [Russell a
may also learn

oals. They may
elligent agents
elated to agents
gnitive model

In this resea
s game RTGS 

nes the settlem
n banks and ot
moving physi

transfer fun
ansfers money
ly credited to 
st. In general, 

sfers can be ba
books of a cen

and Settlem
ies of paym

 

79 

OR SERI
NT USING

 
ADI, 3I KETU

t Teknologi Sep

ment, Jember Un

   
 
 

BSTRACT 
 

rch is fulfill t
payment settle
lement in real 
clearing hous

g canal at clea
el. This proce

eposit agent). T
o increase the N
2% to 94%) tak
nts that influen
rease the NW

GS, this probab

Real Time Gros

hich 
ects 
and 
n or 
y be 
s in 
s in 
ling 
arch 

for 

ment 
ther 
ical 
nds 

y to 
the 
the 

ased 
ntral 
ment 
ment 

process
sufficien
account
with ce
for Int
systems
when se
funds in
transfer
face a 
occurre
be diffi
needed 
problem
value at

Agen
simplifi
[Arciero
approxi
the seq
shock a
not ana
state tha

IOUS GA
G FORES

UT EDDY P., 4

puluh Nopemb

niversity, Jemb

the settlement 
ement process 

time. Settlem
e is a transmit

aring house the
ess is influence
The result of t
Net worth (NW
ke place in the 
nce to increase

W (40% to 60%
bility is used to

ss Settlement, c

ing, when the 
nt covering 
t, are rejected,
entral bank cre
ternational Se
s, queues are
ending banks d
n their central
rs did not sett

liquidity pr
ed close to the 
ficult for the b

from alterna
m some researc
t critical condit

nt-based mode
ied RTGS is
o, et al., 200
imated the ma
quential effect
affecting a part
alyzed the beha
at influences on

AME OF 
ST FIRE 

4MAURIDHI 

ber (ITS), Sura

ber, Indonesia 

process in R
for individua

ment process in
tter client send
en continues to
ed by behavio
this research in

W) (4% to 96%)
smallest proba

e the NW (35
%)  take place
o determine opt

clearing house 

sending bank
funds in its

, centrally que
edit [Committe
ettlement, 200
e most comm
do not have suf
l bank accoun
tle, the receiv
roblem. Parti
end of the da

bank to raise 
ative sources.
chers try to inc
tions. 

el of crisis si
s presented b
09]. The mod
acro-features o
s of an unex
ticipant. But th
avior of fixed 
n the stability. 

REAL 
MODEL

HERY P. 

abaya, Indonesi

Real Time Gro
al processing 
n this research 
ds a message 
o receiver clie
r of four agen
ndicates that th
) and fluctuatio
ability (p = 0.1
% to 60%) an
e in the highe
timal transactio

ks does not hav
s central ban
eued and settle
ees at the Ban
07]. In RTG

monly generate
fficient coverin

nt. If the queue
ving bank cou
cularly if th

ay, it might the
the liquidity 

 Base on th
crease liquiditi

imulation for 
by Luca at 
del’s prediction
f reality, show

xpected negativ
his research ha
point in critic
  

 

L 

ia 

oss 
of 
is 
of 

ent 
nts 
he 
on 
1). 
nd 
est 
on 

ve 
nk 
ed 
nk 

GS 
ed 
ng 
ed 

uld 
his 
en 
it 

his 
ies 

a 
al 
ns 

wn 
ve 
ad 
cal 



The
concer
that ar
charac
or frac
behavi
Unpre
2001].
rather 
behavi
The a
system
suppo
critica
are ta
bankru
produc
param
order t

 The
The m
describ
forest 
gives t
are giv

2. T
 

In th
intellig
Gross 
These 
agent, 

2.1. F
 

For
dynam
critica
The m
grid w
and d
occupi
Schwa
model
trees p
and G

At 
growin
strikes
destro
trees w
burn s
trees 

e theory of Self
rned with a la
re described by
cteristics of the
ctal spatial beh
ior resulting

edictability and
. So the compl

nicely stru
ior can be des
abundance, th

ms where this 
sed are so imp

al behavior. In
ake place in
uptcy region 
ctivity. The sy

meter has to be 
to make the sy

e rest of this 
materials that s
bed in section
fire model is d
the results and
ven in section 5

HEORETICA

his part is desc
gent agent for
Settlement (R
theories are 

serious game 

OREST FIRE

est fire mod
mical system
ality [Pruessne
model is define
with Ld cells. L
d is its dimen
ied by a tre
abl, 1992]. Th
l is p/f which 
planted betwee
rimm, 2009].  

the start of t
ng uncontrolla
s will start 
ying trees in b

will grow up ag
set at the right l
develop and 

f-Organized Cr
arge class of 
y simple powe
ese systems are
havior, (2) Self
g in 1/f n
d intermittent 
lex behavior in
uctured. Inde
scribed by sim

he nature and
kind of compl
pressive that w
n RTGS system
n two positio

and conside
ystem in equil
fine-tuned to a
stem critical [F

paper is organ
support the im
n 2. The prop
discussed in se
d discussion. Fi
5. 

AL CONSIDE

cribed the theo
r serious gam

RTGS) using f
forest fire m

and mechanism

E MODEL 

del is any o
ms displaying

er and Jeldto
ed as a cellular
L is the side l
nsion. A cell
ee, or burnin
he controlling 

gives the av
en two lightnin

this model, w
ably. After a 
fires. The fir
ig swaths. Beh
gain. If we hav
levels, we shou
burn. Otherw

riticality (SOC
complex syste

er laws. The m
e: (1) Self-sim
f-similar tempo
noise and 
behavior [Fra

n these system
eed, self-sim
mple power law
d importance 
lexity is found

we have to reg
m, critical poi
ons that are 
eration of as
librium a cont
a specific value
Frank, 2001]. 

nized as follow
mplementation 

posed model 
ction 3. Sectio
inally conclusio

ERATION 

ory that support
me of Real Ti
forest fire mod
model, intellig
m of RTGS. 

of a number 
g self-organiz
ft-Jensen, 200
r automaton o
ength of the g
l can be emp

ng [Drossel, a
parameter of 

verage number
ng strikes [Zin

we will see tr
while, lighten
res will spre

hind the fires, n
ve p growth an
uld see clusters

wise, we just 

 

80 
 

C) is 
ems 

main 
milar 

oral 
(3) 

ank, 
s is 
ilar 
ws. 

of 
d or 
gard 
ints 

in 
sset 
trol 
e in 

ws. 
are 
for 

on 4 
ons 

t of 
ime 
del. 

gent 

of 
zed 
02]. 
n a 

grid 
pty, 
and 
the 

r of 
nck 

rees 
ning 
ead, 
new 
nd p 
s of 
get 

random
cells [G

2.2. INT

Agen
class of
such di
automat
[Gilbert
share th
number
macro p
agent-b
intellige
connect
element
greater 
majority
districts
are also
hyper c
introduc
family m
models 
connect
the follo

Cellu
element
change 
the elem
neighbo
eight c
Roughly
agent ba
commun
and, mo
does no
cellular 
phenom
behavio
intellige
observe
directs 
also ma

2.3. SE

A ser
purpose
’serious
product
scientifi
manage
and po
serious 

m distributions 
Grassberger, 20

TELLIGENT
 

nt-based model
f connectionis
iverse models 
ta, hyper cycle
t and Terna, 20
he idea that 
rs of micro-el
phenomena. I
ased models 
ent on their o
tionist models 
ts and to con

extent [Boer
y of connect
s are agent- b
o a few model
cycles and ne
ction to these 
may be in ord
are expected 

tionist models
owing scheme 

ular automata 
ts in an ordere
their state acc

ments in their 
orhood is eithe
closest neighb
y speaking, cel
ased models w

unicate with a 
ost importantl

ot depend on th
r automata are
mena such as 
or and sand pi
ent agent is a
es and acts upo
its activity tow

ake sure to not 

ERIOUS GAM
 

rious game is a
e other than
s’ adjective is g
ts used by indu
fic exploration
ement, city pla
olitics [Adam, 

game is used 

of empty, tr
002]. 

T AGENT 

ls are an instan
st models. Thi

as classifier s
e models and 
000]. All conn
interactions b

lements give r
In particular, t

may be quit
own. On the 
tend to make

nstrain their in
ro et al., 20
tionist model

based models. 
ls based on ce
eural networks

branches of th
der. Neverthele

to monopoliz
s of industrial 

illustrates cell

are compose
ed space, usua
cording to the s

neighborhood
er defined as 
bors [Boero 
llular automata

whose agents ar
fixed subset 

ly, the state o
heir own past 

e good at desc
growth of c

iles cascades. 
an autonomou
on banks in RT
wards of asset 
in bankruptcy.

ME 

a game design
n pure enter
generally prete
ustries like def
n, health ca
anning, engine
 E, 2009]. I
to simulate th

ree and burnin

nce of the wid
is class includ
systems, cellul
neural network

nectionist mode
between a larg
rise to comple
the elements 
te complex an

contrary, oth
e use of simpl
nteractions to 
004]. The va
s of industri
However, the

ellular automat
s. Thus, a bri
he connectioni
ess, agent-base
ze the scene 

districts. Thu
lular automata.

ed by a set 
ally a plane, th
state attained b
. In general, th
the four or th
et al., 2004

a may be seen 
re constrained 
of other agen

of whose agen
state. Typicall

cribing diffusio
cities, econom
In this researc

us entity whic
TGS system an
productivity b
. 

ed for a prima
rtainment. Th
ended to refer 
fense, educatio
are, emergenc
eering, religio
n this researc

he mechanism 

 

ng 

der 
des 
lar 
ks 
els 
ge 
ex 
of 
nd 

her 
ler 

a 
ast 
ial 
ere 
ta, 
ief 
ist 
ed 
of 

us, 
  

of 
hat 
by 
he 
he 
4]. 
as 
to 

nts 
nts 
ly, 
on 

mic 
ch 
ch 
nd 

but 

ary 
he 
to 

on, 
cy 

on, 
ch 
of 



settlem
model

Seri
solvin
enterta
investi
delibe
to ma
educat
games
The c
known
main 
critica
them w

The
game, 
manag
game 
model
virtual
param
observ
param
observ
made 
unders
compa
results
improv
collab
multip
the m
dimen
assum
better 
within
game 
interac
virtual
Comp
behavi
toward
compl
this re
virtual
the sy
collab
proces

2.4.  M
 

In 
functio
depend

ment process in
l. 

ious games ar
ng a problem. A
aining, their 
igate, or adve
rately sacrifice

ake a serious 
tional games
s, or evangelic
ategory of ser
n as ’game-le
purpose of s

al condition in
with SOC usin

ere are four lev
experiment 

ge game [Hack
implies that t

l is limited to
l system wi

meters. Second, 
ve game plus t

meters to produ
ve the simulate

between p
stand the dyn
arisons can be
s and actual ob
ve the valid
orate game im

ple persons ca
model. The 
nsions in coord

mption is that 
if many indiv

n an effective 
implies a 

ction can chan
l system, but a
arisons of t
ior can be us
d desirable goa
lex system (su
esearch) can be
l world. One c
ystem, experim
orate on team
sses within the 

MECHANISM

modern exch
oning of ec
dent on the re

n RTGS system

re designed fo
Although serio

main purpo
ertise. Sometim
e fun and enter
point. This c

 and adver
cal games [D
rious games fo
earning’. In th
serious game 
n RTGS syst
g forest fire mo

vels of serious
game, collabo

kathorn, 2007].
the interaction
o watching th
ith a predet
an experiment
the interaction

uce a predicted
ed results. Com

predicted and
namic of the 
e made betwe
bservations in 
dity of the 

mplies an exper
an simultaneou
social interac

dination and c
the resulting 

viduals can col
environment. 
collaborate 

nge parameters
also to control
the simulated
ed to manage
als. The essent
uch as a settle
e modeled as a 
can observe th
ment with dif
m efforts, an
system. 

M OF RTGS 

hange econom
conomic activ
eliability and 

m using forest f

or the purpose
ous games can
se is to tra

mes a game w
rtainment in or
category inclu
games, politi
erryberry, 200

or training is a
his research, 
is to detect 

tem and mana
odel.  

s games: obse
orate game, a
 First, an obse

n with the virt
he behavior o
ermined set 
t game implies

n that can chan
d result and th
mparisons can
d simulated 

model. Furth
en the simula
the real world

model. Th
riment game p
usly interact w
ction adds n
ollaboration. T

quality will 
llaborate toget

Fourth, mana
game plus 
s, not only in 
l the real syste
d versus act
e the real syst
tial aspects of a
ement process
serious game i

he current state
fferent strateg
nd even mana

mies, the smo
vity is heav
the efficiency

 

81 
 

fire 

e of 
n be 
ain, 
will 
rder 
udes 
ical 
07]. 
also 
the 
the 
age 

erve 
and 

erve 
tual 
f a 

of 
s an 
nge 
hen 

n be 
to 

her, 
ated 
d to 
ird, 

plus 
with 
new 
The 

be 
ther 
age 
the 
the 

em. 
tual 
tem 
any 
s in 
in a 
e of 
ies, 
age 

ooth 
vily 
y of 

paymen
diminish
their ob
interme
checks, 
[Comm
Settlem
initiate 
treasury
function
Figure 1

 

 

 

 

 

 

FIG

Trans
Figure 
the paym
RTGS 
process
automat
process 
settleme
sending
conditio
particip
of the 
know th

Acco
of each
strategic
promptl
pattern 
banks c
market 
paymen
and rep
and Sett

3. TH
FO

 

In ge
is done 
message
manage
for settl

nt systems. C
hing; consume
bligations thro
ediaries, by m

money orde
mittees at th
ment, 2007]. T

numerous pa
y operations or
ning of RTG
1 [Arciero, et a

GURE 1. BASIC

saction mecha
1 is started wi
ment transactio
system in c

. Payment in
tically to rece
 is run succ
ent process 

g bank balance
on is caused o
pant credit othe
game, hence 

he sufficiency o

ording to the ac
h category of
c decision as 
ly or delay it, 
of flows in th

can play on 
more effecti

nts, at the expe
putation uncert
ttlement System

HE PROPOSE
OR RTGS  

eneral, the mec
by the way o

e of paymen
ement RTGS s
lement process

Cash transactio
ers and firms 

ough banks or
means of instru

ers and elec
he Bank fo
The intermedia
ayment flows 
r for other rea
S environmen
al., 2009].  

C TRANSACTIO

 
anism in RTG
ith remitting pa
on to centre of
central bank 

nformation wil
eiver participa
cess. Success
depends on 
e value in cen
f RTGS system

er participant. I
RTGS particip
of balance in c

ctual and expe
f resource, b
whether to su
thus affecting 
he RTGS. On 
the dynamics
ively by cho
ense of increas
tainty [Commit
ms, 2005]. 

ED FOREST F

chanism of RT
f remitting par
nt transaction
system located
s. The settleme

ons are steadi
generally sett

r other financi
uments such 
tronic transfe

or Internation
aries themselv

for their ow
asons. The bas
nt as shown 

ON IN RTGS 

GS as shown 
articipant orde
f management 

for settleme
ll be continue

ant if settleme
s or failure 

sufficiency 
ntral bank. Th
m only allowin
If it was the ru
pant bank mu

central bank.  

ected availabili
anks make th

ubmit a payme
the overall tim
the other han

s of the mone
osing to dela

sed systemic ri
ttee on Payme

FIRE MODEL

TGS transactio
rticipant sends

n to centre 
d at central ban
ent process, th

 

ily 
tle 
ial 
as 

ers 
nal 
ves 
wn 
sic 
in 

in 
ers 
of 

ent 
ed 

ent 
of 
of 

his 
ng 
ule 
ust 

ity 
he 

ent 
me 
nd, 
ey 
ay 
sk 

ent 

L 

on 
s a 
of 
nk 
hat 



our pr
house.
transm
throug
clearin
throug
genera
of rem
Assess
other 
house.
other 
the cle

 

 

 

 

 

 

 

 

 

 

Figure

Thi
paradi
The p
adapti
saving
agent 

 

 

 

 

 

 

 

 

Figure

Sav
advant
based 
give i

roposed at this
. The mechan

mitter client se
gh transmitter 
ng house, the
gh receiver ba
al, settlement p
mitting bank ac
s sufficiency 
banks, that ar
. Decision of
banks depend

earing house. 

e 2. Developme

s research 
igm for mode
principal com
ve agents con

g agent, reserve
as shown in fig

e 3. Decision
informa

ving agent g
tage that savi
on health anal

information of

s paper, is man
nism at clear
ends a messag

bank, that 
en continue to
ank as shown 
process depend
ccount balance
at this researc
re participant 
f accomplishm

ds on informat

ent of rtgs with

adopts the 
eling activity 
mponent of t
nsisting of fou
es agent, loan a
gure 3. 

n of bank ba
ation 

give informa
ing his money
lysis two bank
f advantage th

naged by clear
ring house is
ge of transact
having canal 
o receiver cli

in Figure 2. 
ds on sufficien
e in central ba
ch is fulfilled 
bank at clear

ment from so
tion of agents 

h clearing hous

decentralizat
network syste

this system 
ur agents that 
agent, and depo

ased on 4 ag

ation concern
y to other ban

ks. Reserves ag
hat taking rese

 

82 
 

ring 
s a 
tion 

at 
ient 

In 
ncy 

ank. 
by 

ring 
ome 

on 

se 

tion 
em. 
are 
are 
osit 

gent 

ning 
nks 

gent 
erve 

his mon
two b
concern
bank ba
agent g
borrowi
health a

Decis
net wo
perman
particip
NW and
forms a
fulfill a
shown i

 

 

 

 

 

 

Figure 

 

 

 

 

 

 

 

Figure 

 

 

 

 

 

 

 

Figure 

ney in other b
banks. Loan 
ning advantage
ased on health
give informatio
ing some mon
analysis two ba

sion from four 
orth (NW) val
nent. At the be
pant bank (cell
d a bank, whic
activity networ
a settlement pro
in Figure 5, Fig

4. Settlement p

5. Settlement p

6. Settlement p

bank based on
agent give

e that loan his 
h analysis two
on concerning

ney from other 
anks. 

r agents has con
lue: increased
eginning of ea
l as shown in 
ch will do sett
rk with the nei
ocess with fore
gure 6, Figure 

process using f
in step 1 

process using f
in step 2 

 

process using f
in step 3 

n health analys
es informatio
money to oth

o banks. Depos
g advantage th

banks based o

nsequence in th
d, decreased 
ach time step, 

figure 4) has 
tlement proces
ighbor banks f
est fire model 
7, Figure 8. 

forest fire mod

forest fire mod

forest fire mod

 

 

 

sis 
on 

her 
sit 

hat 
on 

he 
or 
a 

 a 
ss, 
for 
as 

de 

del 

del 



 

 

 

 

 

 

 

 

Figur

 

 

 

 

 

 

 

Figur

The
will d
take d
financ
made 
other 
monet
minim
declar
initial 
other b
deposi
as sho

Not
which
bankru
minus
its inte
as sho

Not
cost o

e 7. Settlement

e 8. Settlement

e rules govern 
do settlement 
deposits or mak
cial system, in

on the basis o
hand, Centr

tary stability 
mum capital. Th
re bankruptcy 

reserve holdin
banks (DF) mi
its (C) and pay

own in Eq. (1) [

te that NW at ti
h we assume to
uptcy, its NW 
  times its de
erbank liabilitie

own in Eq. (2) [

te  and β are 
f bankruptcy p

t process using
in step 4 

t process using
in step 5 

movement of
process. A ba

ke loans for the
ncluding settle
of profit maxi
ral bank as 
obliges public
he NW of a ba
is the value 

ng (M) and pa
inus its liabiliti
yment due to 
[Kahn and Rob

ime zero is sim
o be positive. I

is given by 
eposit liabilitie
es or net due-to
[Kahn and Rob

 

1>>β>0. In
procedures dim

g forest fire mo

g forest fire mo

f the bank wh
ank’s decision
e operation of 
ement process,
imization. On 

peacemaker 
c bank to ful
ank if it does 
of its assets (
ayment due fr
ies initial level
other banks (D

berds, 1998]. 

            
mply NW0 = A -
If a bank decla
 times its ass
es, minus β tim
os ND = DT - D
berds, 1998]. 

                      (

n other words, 
minishes the va

 

 

83 
 

del 

del 

hich 
n to 

the 
, is 
the 
of 

lfill 
not 

(A), 
rom 
l of 
DT) 

(1) 
- C, 
ares 
ets, 

mes 
DF 

(2) 

(3) 

the 
alue 

of a ba
partially
particip
assumpt
holders 
bankrup
large n
[Comm
Settlem

Unde
during 
NW an
reserves
amount 
by L(t). H
time t is

        

(A1 is
liquidat
loss and
as show

Bank
which w
Roberds

     

Note 
increasi
worth b
value w
would h
conside

4. RE
 
A cel

can be 
network
the NW
larger o
NW that

Beha
that pro
increase
NW) tak
another 
formed 
agents t
4% and

ank’s assets, b
y shift priori

pating in the p
tion, bankruptc

of interba
ptcy is attemp
net debt posit

mittees at th
ment, 2007]. 

er RTGS, the 
the day is the

nd the level o
s so far during
t of reserves pu
Hence the tota
s given as show

    

s a portion of 
tion exceed A1

d bank’s NW i
wn in Eq. (5). 

     

kruptcy can oc
will occur as 
s, 1998]. 

that under o
ing so there i
bank can be bai
were stochastic
have option va
erably more com

ESULTS AND

ll in this resea
in three stat

k for process s
W that is influen
ones or (3) cell
t is influenced 

avior of agent
oductivity (in
e the NW and
ke place in t =

r t (t = 0 to t
activity netw

that influence t
d 96%. The f

but it also allo
ity away from
payments netw
cy disproportio

ank claims, 
pting option fo
tion relative 
he Bank fo

NW of the ba
e difference b
of liquidity p
g the day. Rec
urchased as of

al liquidation p
wn in Eq. (4). 

A held as bon
1, loan must be
is diminished. 

ccur if NW(t) is
shown in Eq. 

our assumption
is no chance t
iled out of ban
c, then attempt
alue, so the an
mplicated. 

D DISCUSSIO

arch, which rep
tes (1) doesn’
settlement, (2)
nced by saving
l that show ba
by deposit and

ts using proba
nfluenced by 
d agents that a
= 10 to t = 50
t = 10 , and 

work. The flu
to increase the
fluctuation of 

ows the bank 
m other bank

work. Under th
onately punish

implying th
or banks with 
to their capit

or Internation

ank at any poi
between origin
penalty paid f
call that the tot
f time t is give
enalty paid as 

                  (4

nds) thus if ass
e liquidated at
NW as of time

                   (5

s driven to zer
(6).[ Kahn an

            (6

ns NW(t) is no
that a zero ne

nkruptcy. If ass
ting to continu

nalysis would b

N 

presents a ban
’t form activi
) bank decreas
g and loan age
ank increases th
d reverse agent

ability 0.1 sho
agents that a

are decrease th
0, meanwhile 
t ≥ 50) doesn

uctuation of th
e NW is betwee

the agents th

 

to 
ks 

his 
hes 
hat 

a 
tal 
nal 

int 
nal 
for 
tal 
en 
of 

4) 

set 
t a 
e t 

5) 

ro, 
nd 

6) 

on 
et-
set 
ue 
be 

nk, 
ity 
es 

ent 
he 
t. 

ow 
are 
he 
in 

n’t 
he 
en 

hat 



influen
as sho

 

 

 

 

 

 

 

 

Figure

 

Pro
influen
influen
take p
formed
NW =
influen
95%. T
decrea
Figure

 

 

 

 

 

 

 

 

Figure

 

Pro
influen
influen
take p
formed
NW =
influen
60%. T
decrea
Figure
as sho

nce to decreas
own in Figure 9

e 9. Behavior o

ductivity that
nce to increa
nce to decreas
place in t = 0
d activity netw

= 35%. The 
nce to increas
The fluctuation
ase NW is betw
e 10. 

e 10. Behavior 

ductivity that
nce to increa
nce to decreas
place in t = 0
d activity netw

= 15%. The 
nce to increas
The fluctuation
ase NW is betw
e 11. For other 
own in table. 1.

se NW is betw
9. 

of agent using p

t influenced 
ase the NW 
se the NW usin

to t = 100. T
work only take p

fluctuation of
se the NW is 
n of the agents
ween 5% and 

of agent using

t influenced 
ase the NW 
se the NW usin

to t = 100. T
work only take p

fluctuation of
e the NW is b
n of the agents

ween 40% and 
probability be
 

een 2% and 9

probability 0.1

by agents t
and agents t

ng probability 
The state that 
place in t = 50

f the agents t
between 8% a
s that influence
80% as shown

g probability 0.

by agents t
and agents t

ng probability 
The state that 
place in t = 50

f the agents t
between 35% a
s that influence
60% as shown

egins 0.1 up to 

 

84 
 

4% 

1 

that 
that 
0.5 
no 

0 by 
that 
and 
e to 
n in 

.5 

that 
that 
0.9 
no 

0 by 
that 
and 
e to 
n in 
0.9 

The r
fund in
using f
shown 
using p
step 150
stability

Figure 

 

 

 

 

 

 

 

 

 

 

The 
using p
shown i

 

 

 

 

 

 

 

 

 

 

Figure 

 

5. CO
 

The r
in serio
indicate
that inf
influenc
0.1, p =

result of simul
n the RTGS, e
forest fire mo
in Figure 12. 

probability 0.7
0 for keep a n
y.  

11. Behavior o

Figure 12

efficiency of 
probability 0.7 
in Figure 13. 

13. Efficiency 

ONCLUSION

results of this r
ous game RT
e that producti
fluence to incr
ce to decrease 

= 0.2 and p = 0

ation using Ne
especially in c
del, using pro
In this figure 

7, flow of fun
net worth in R

of agent using p

2. Settlement p

liquidity and 
with 15 bank

in liquidity and

research are se
TGS using fo
ivity that influ
rease the NW 
the NW using

0.3 only take p

et Logo, Flow 
learinghouse b
obability 0.7, 
indicate that b
d is finished 

RTGS System o

probability 0.9

rocess 

productivity b
ks transaction 

d productivity

ettlement proce
rest fire mod
enced by agen
and agents th

g probability p 
place in t = 10

 

of 
by 
is 

by 
in 
on 

9 

by 
is 

ess 
del 
nts 
hat 

= 
to 



t = 50
doesn
produc
to inc
decrea
place i
the ag
(NW) 
influen
place 
the m
influen
fluctua
the N
probab
this p
transa
to stab
RTGS
fire m
RTGS
produc
detect 
cooper

 
ACKN

 

Spe
DIKTI
for its
502/SP

 

REFE
 

[1] Ru
In
Sa
0-
ch

[2]    Co
”N
sy
(2

[3] Co
Se
Sy
(2

[4] Arc
Im
th
fo

0, in another tim
’t formed act
ctivity that infl

crease the NW
ase the NW u
in t = 0 to t = 

gents that influ
(4% to 96%) a
nce to decrea
in the smalles

most limited f
nce to increas
ation of the ag
W (40% to 60
bility (p = 0.9)
probability is 
ction (product
bility in the RT
S, especially in
model can be 
S system. The
ctivity can be

how many 
rate to finish th

NOWLEDGM

ecial thanks to
I (Higher educ
s financial su
P2H/PP/DP2M

ERENCES: 

ussell, Stuart 
ntelligence: A
addle River, N
-13-790395-2, 
hpt. 2, (2003). 
ommittee on P
New developm
ystems”, BAN
2005). 
ommittees at 
ettlement, ”R
ystem”, Intern
2007). 
ciero, L., C. B
mpenna, ”Expl
he analysis of p
or starlogo 

me (t = 0 to t =
tivity network
luenced by age

W and agents 
using probabili

100.  The high
uence to increa
and fluctuation 
se the NW (2
st probability 
fluctuation of 
se the NW (35
gents that influ
0%)  take plac
). In the seriou

used to de
tivity - liquidit
TGS system. Fl
n clearinghous
used to detec
e efficiency 
 organized wi
banks should

he settlement p

MENT 

o Hibah Desert
cation Departm
upport with co
M/VI/2010 

J.; Norvig, 
A Modern A
New Jersey: Pr

http://aima

Payment and Se
ments in larg
K for Internat

the Bank 
Real Time G
national Financ

Biancotti, L. D
loring agent-b
payment system
TNG”, Journ

= 10 , and t ≥ 
k, meanwhile 
ents that influen
that influence
ity p > 0.3 ta
hest fluctuation
ase the Net wo
of the agents t

2% to 94%) ta
(p = 0.1). Wh
the agents t

5% to 60%) a
uence to decre
ce in the high

us game of RTG
etermine optim
ty) and influen
low of fund in 
e by using for
t the stability
of liquidity a
ith probability
d be invited 
process. 

tasi Doktor 20
ment of Indones
ontract numbe

Peter, ”Artifi
Approach”, Up
rentice Hall, IS
a.cs.berkeley.e

ettlement Syste
ge-value paym
tional Settleme

for Internatio
Gross Settlem
cial Risk Instit

D’Aurizio and
based methods 
ms: A crisis mo
nal of Artifi

 

85 
 

50) 
the 
nce 

e to 
ake 
n of 
orth 
that 
ake 
hile 
that 
and 

ease 
hest 
GS, 
mal 
nce 
the 
rest 

y of 
and 

y to 
to 

010 
sia) 
er : 

icial 
pper 
SBN 
edu/, 

ems, 
ment 
ents, 

onal 
ment 
tute, 

d C. 
for 

odel 
icial 

Soc
http

[5]  Fran
Ph.
(20

[6]  Prue
in 
(20

[7]  Dro
crit
(19

[8]  Zin
mo
The

[9] Gra
Dro
Phy

[10] Gilb
age
and

[11] Bo
”M
tech
an 
Soc
http

[12] Ad
Gam
(htt
the

[13] Derr
lear
reso
seri

[14] Hac
The
http
(20

[15]  Ka
sett
Stu

  
 
 
 
 
 
 
 
 
 

cieties and Soc
p://jasss.soc.su

nk, D., ”Sandpi
. D Thesis, L
001). 
essner, G. and 
the forest-fire

002). 
ossel, B. and 
tical forest-fire
992). 
nck, R. and G
odels from eco
e American Na

assberger, P., 
ossel-Schwabl 
ys. 4, (2002). 
bert, N. and Te
ent-based mod
d Society, 1:57
ero, R., M. 

Micro behavio
hnological ada
agent-based p
cieties and So
p://jasss.soc.su

dam, E., ‘Sort
masutra. 
tp://www.gama

e_designers_no
rryberry, A., Se
rning’, 
ources/elearnin
ious_games_w

ckathorn, R.,’S
e future of en
p://www.b-eye
007). 
ahn, C.M. and 
tlement and b

ud., 11: 845-87

cial Simulation
urrey.ac.uk/12/
ile Models on F

Linburgs Unive

Jensen, H. J., 
e model.” Ph

Schwabl, F., 
e model.” Phy

Grimm, V., ”U
ology and stat
aturalist, 174, (

”Critical be
forest fire m

erna, P., ”‘How
dels in social 
7.72, (2000). 
Castellani and
oural attitude
aptation in ind

prototype”, Jou
ocial Simulatio
urrey.ac.uk/7/2/
ting Out the 

asutra.com/vie
otebook_sorting
erious games: O

http://w
ng/pdfs/ 

wp.pdf, (2007).
Serious games i
nterprise busine
e-network.com

W. Roberds, ’
bank incentive
70, (1998). 

n vol. 12, no. 1
1/2.html, (2009
Fractal Lattice
ersitair Centru

”Broken scali
hys. Rev. E 6

”Self-organiz
ys. Rev. Lett. 6

Unifying wildf
tistical physic
(2009). 
ehaviour of t
model.” New 

w to build and u
science”, Mi

d F. Squazzo
es and mac
dustrial distric

urnal of Artific
on, vol. 7, no. 
/1.html, (2004)
Genre Muddl

ew/feature/4074
g_.php, (2009)
Online games f
www.adobe.co

  
in virtual world
ess intelligenc

m/view/4163, 

’Payment syste
es. Rev. Finan

 

12, 
9). 

es”, 
um, 

ing 
65, 

zed 
69, 

fire 
cs”. 

the 
J. 

use 
ind 

oni, 
cro 
cts: 
cial 

2, 
). 
le’. 

4/ 
). 
for 

om/ 

ds: 
ce’, 

em 
nc. 



AUTH
Saiful

Electri
Unive
resear
Techn
degree
 
Moch

respec
Engin
Sepulu
projec
JICA 
resear
Data 
memb
 
I Ketu

receiv
Curren
Depar
Nopem
in Bio
Minin

OR PROFILE
l Bukhori rec

ical Engineer
rsity since 2
ch areas are A

nology. He is 
e at the ITS. Su

amad Hariad

ctively. Curren
eering Depar
uh Nopember 
ct leader in j
project Japan 
ch interest is i
Mining and 

ber of IEEE, an

ut Eddy Purn

ed PhD degre
ntly, he is the 
rtment of I
mber (ITS), Ind
omedical Engin
ng and Intellige

ES:  
ceived the ba

Electrical E
Brawijaya 
Malang, In
He receive
Computer 
Teknologi 
Nopember 
Indonesia 
respectively

ring Departm
2003. His c

Artificial Intelli
currently pur

urabaya, Indon

di received the
Electrica
Departm
Teknolog
Nopemb
Surabaya
1995. H
MSc. an
in Grad
Informat
Tohoku U
in 200

ntly, he is the s
rtment of In

(ITS), Indon
oint research 
and WINDS p
n Video and Im
Intelligent Sy

nd member of I

nama received
in Electr
Departm
Teknolog
Nopemb
Surabaya
1994. H
degree 
Institute 
(ITB), 
Indonesi

ee in Universit
staff of Electr

Institut Tekn
donesia. His re
neering, Image 
ent System. 

 

chelor degree 
Engineering fr

Universi
ndonesia in 19
ed his Master 

from Insti
Sepu

(ITS), Suraba
in 20

y. He joined  
ment in Jemb
current interes
igence and Ga
rsuing the Ph

nesia since 2008

e B.E. degree
al Engineer

ment of Insti
gi Sepu

ber (IT
a, Indonesia, 

He received b
nd Ph. D. degr
duate School 
tion Scien
University Jap
03 and 20
staff of Electri

nstitut Teknol
esia . He is 
with PREDI

project Japan. H
mage Processi
ystem. He is
IEICE 

d the B.E. deg
rical Engineer

ment of Insti
gi Sepu

ber (IT
a, Indonesia, 

He received M
in Bandu

of Technolo
Bandu

ia in 1999. 
ty of Groning
rical Engineer
nologi Sepu
esearch interes
Processing, D

 

86 
 

in 
om 
ity, 
93. 
of 

itut 
luh 

aya, 
03, 

ber 
st’s 

ame 
h.D. 
8. 

 in 
ing 
itut 
luh 

TS), 
in 

oth 
ees 
of 

nce 
pan, 
006 
ical 
ogi 
the 
CT 
His 
ng, 

s a 

gree 
ing 
itut 
luh 

TS), 
in 

MT 
ung 
ogy 

ung, 
He 

gen. 
ring 
luh 
t is 

Data 

 
Mauri

and ha
interes
electric
manag

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

idhi Heri Pur

as been a Prof
sts include inte
c power syst

gement. He is a

rnomo receive
degree 
Teknolog
Nopemb
Surabaya
1985. H
M.S., an
from 
Universit
Japan i
1997, re
has joine

fessor since 20
elligent system
tems operatio
a Member of IE

ed the bachelo
from Instit

gi Sepulu
er (ITS)
a,  Indonesia 

He received h
nd PhD degree

Osaka Ci
ty, Osak
in 1995, an
espectively. H
ed ITS in 198
004. His curre

m applications a
on, control an
EEE. 

 

or 
tut 
uh 
),, 
in 

his 
es 
ty 

ka, 
nd 
He 
85 
nt 
an 
nd 



 

Probability 
 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

 

Time I

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

 Table 
 

Increase Net 
Worth 

3 
4 

96 
4 
0 
0 
8 
5 

92 
3 
0 
0 

10 
8 

90 
8 
0 
0 

15 
25 
70 
15 
15 
80 
25 
20 
80 
25 
8 

95 
35 
40 
60 
35 
45 
70 
30 
30 
65 
35 
15 
75 
35 
40 
55 
40 
35 
60 
35 
44 
50 
40 
60 
50 

 

87 
 

 
1. Behavior o
              Influ

Decreas
wor

2
94
2
0
0
0
8

92
0
0
0
0

10
90
2
0
0
0

20
70
22
80
80
15
20
75
12
75
80
5

30
60
35
60
45
30
25
65
25
35
80
20
30
60
40
55
55
35
50
48
40
60
40
45

f  agent 
uence of the ag
se Net 

rth 
D

4 

2 

0 
0 

0 
0 
2 
0 
0 
5 
0 
5 
2 
5 
0 

0 
0 
5 
0 
5 
0 
5 
5 
5 
5 
0 
0 
0 
0 
0 
5 
5 
5 
0 
8 
0 
0 
0 
5 

gent ( % ) 
Doesn’t Form

Networ
95 
2 
2 

96 
100 
100 
84 
3 
8 

97 
100 
100 
80 
2 
8 

92 
100 
100 
65 
5 
8 
5 
5 
5 

55 
5 
8 
0 
2 
0 

35 
0 
5 
5 

10 
0 

35 
5 

10 
30 
5 
5 

35 
0 
5 
5 

10 
5 

15 
8 

10 
0 
0 
5 

m Activity 
rk 

 


