F43@] VAT LIZFEHEHES
&SI aL—Y 3 &Y —ERVRTFL - VURDH L]

= 4

H1 B :2010&3 A 11 H(K)
2 B RRIXKFHETF v /(X

SICE.

F &) FHAEBHEESE AT LA-BEHREM
*t H: > A T Ls T =2 EB =

hA2045%&S 10 PG 0004



=¥ © 2010

() FABEBHHMEFS (SICE)
T 113-0033 FIRARSIRX AR 1-35-28-303

HA045EE 10 PG 0004

ZEEIL FHREHFIEERNS
2TWANDT, EAQFERD-H®D
EELUNOEWTEBHEDOESETD—
BELIEEXEFEETT HIHEICIE,
EEEEICHAZROAENEE
BEXZIS L.

F4TH 20103 A 11 H
F17E  tFEAGHAEHHEEHES
DRT L EREF DR TLIREEHS




PAR/ASWN
2010 £ 3 A 11 A (K)
9:50-10:00 BIL ML OB (ERIZAF)

(701 BEZF] F1& : E4K B GEBKRE)
10:00-10:20 1. Efficiency Evaluation of Control Measures on Avian Influenza in
Vietnam Using Agent-Based Simulation= = = = = = = =« « = v v v v v 0w v (1
O Dung Minh Nguyen, Hiroshi Deguchi, Manabu Ichikawa
(Tokyo Institute of Technology)
10:20-10:40 2. BT - 3538 - BEETIL RAN (2 & 2 B SMBMSTHREEEEY 7
LB+ « = = =+ s s m m e e e e e e e e e e e e e e ( 5
O X% BRX, /M Bt (EHDRBHER)
10:40-11:00 3. i AOFHREL T2 L—230DEHDI—cy MEFFE - (1)
O il 1 (ALEXGHRZERNTKERKE) , ES — (REBXZF) |
EH B (BEA@EEN)
11:00-11:20 4. Know-Who £F Z{EHE T DIFMI X T LEED MRS
~EEFAEEHE LT s r v v s om s x nnnm e e e e e ( 15)
O Mk, S EE (ERAXF)
11:20-11:40 5. FLSTEEETHI—Cz Y FETILORYMTMICET 280
-~ ( 21)
OFEH X%, FH #z (BHEIXXF)
11:40-12:00 6. MNERREKMRICEITEIERBRNROHT - - = = = = =« - ( 29)
OF&AB M Wil %, HA sh CREIEXKXF)

(708 %] 8% : BB E# (RRIXKF)
10:00-10:20 7. lERZHEEBLIZEMIY NI —JREFE- - - - -+ v 0 0 - (33
O K% R, EAX =, /MF K—, FTH BH (FEXF)
10:20-10:40 8.mixi ETHA—HYEDIZIa=Ss— a3 VIZEAT SR Y FT—I 8
EEFIDIRE «+ + ¢+ s ¢ s 0 s 0 s 0 st a e e ( 41)
O Big X#, B EE (RRBEXZH)
10:40-11:00 9. 772 ) T—23 D=HDL—=U T 32 L—2RREERSE

Ok fElL, & =, &8 ET (EWRHEXFE)
11:00-11:20 10. #i SNS IZH T 51— DHAEEREZEE L-ERFEDRE - ( 5))
OfetE &, mll %, HA 5k (RERIEKXFE)
11:20-11:40 11. Investigation of Cooperative Behavior among Heterogeneous
AZEntS » = = » * ® = o & & & & st o4 w4 e mn e w e e ( 63
O Manahan Sial lagan, Manabu Ichikawa, Hiroshi Deguchi
(Tokyo Institute of Technology)
11:40-12:00 12. Problem Digestion by Assembly of InterestDriven Agents- - - (71)
OHamed Khandan, Takao Terano (Tokyo Institute of Technology)



12:00-13:30 B& RE

13:30-14:15 && =EEE (BRAXP)

(701 B=] 8% : /MU KAt CEHIEKXRTE)

14:30-14:50 3. T—Cx Y bAR—R T 22 L—23VIc&kdT—Y70—XEFEVRT

LDEF{H » = = =+ = = = s s e e w w e wxaaee e e e aww e aaa s ( 75
O %k BT, WM& Tt (ERBKF) , A O GEEERHFRTRZRKE) |

K 258, & #E, LR BA, EF — (FHAKP)

14:50-15:10 4 T—Cx o b 2alb—Y a3 v ERVVHEREDHRESH---- (83
O #i# B, UHE BE T B FF B ERRIFXKP)

15:10-15:30 15. WELEZOMRFARMEBICESHTET0P Y FERRERESREFHD D

SOAbL—3 gy s s s s s s s s s aaa s s s aaxaaa s aa oo CaP
O Bff F& =1 EE (BEfMEXF)

15:30-15:50 16. HET—</NN—I DIV TV T4 DHHETIVIBE L EHBRIRTEE

“@%:ﬁ/ﬁiiﬁ% ............................. ( 99
OFE Br, K #AE, &K LA, fhE EEF S8 EE (EEXP)

15:50-16:10 17. K EFERNEIRHEICH TSI -z D bR—RETY VI DHE

O/ theT, ™I %, HA 5h (RRIFKF)

(708 =] A& : & & (EMFEVW|ARFBREKE)

14:30-14:50 18 £ HIHZICHE T L2 HIGHES T DO HD NI HIEZ O

<2 T T (113)
OMA £A, F B (KIRFiLXF) , MF I (RERIXKP) ,

FE B (KRMIIKFE) , EF — BFX Fzx (KRFALXF)
14:50-15:10 19. AT A 72V RICE T BLEHBAT D1 —LERREXEDN=H
DUFUADHT = = = v v m a e e e e e e e e e e e e e e e e (119)

O &k &HR, &1 EE (RREEXZF)

O #1u &, % E#t (BXKXFE)
15:30-15:50 21. ffi4& - 4£F - KERABKEZNEALEAIREZECATLOERBIRY
)b?‘I—’)I‘/ R SaAl—gy s = s s s s s s s s e s s e (133)
O itk BE (FEIXKF) , 58 =K (AIFHRIVATLIKAE1)
15:50-16:10 22. SOMAS: an Integrated Framework for Social Simulators on a Grid

Env | ronment ............................... (1 39)
OC. Yang, I. Ono, S. Kurahashi, T. Terano (Tokyo Institute of Technology)
15:50-16:1023. AV EZI VRAR F7DFILFBMEERE - - = = =« = = = (145)

OF uh (HEMBFHRKFERKE)



f Control Measures on

Avian Influenza in Vietnam Using Agent-based

Simulation

Dung Minh Nguyen - Hiroshi Deguchi - Manabu Ichikawa

Department of Computational Intelligence and Systems Science,
Interdisciplinary Graduate School of Science and Engineering, Tokyo
Institute of Technology, Suzukakedai Campus: 4259 Nagatsuta-cho,
Midori-ku, Yokohama 226-8502, Japan

1. Introduction

Poultry industry in Vietnam has undergone a vigorous
development over the last few decades and has become a
major industry in rural areas. However, the outbreak of
avian influenza in 2005 made a major impact on poultry
industry. Up to 140 million poultry are believed to have
died or been killed because of the outbreak [1]. World
Bank has reported that an estimated 45 million poultry
were culled or died during the first large outbreak in
2004 which resulted in a direct loss of approximately 0.1
percentage points of GDP [2]. The current control
measure on avian influenza combines three factors:
culling infected farms, bio-security and movement
control, and large-scale vaccination campaign of domestic
poultry and ducks [2].

In this paper, we develop a basic model of simulation
using agent-based modeling to analyze potential effective
measure to control the outbreak of avian influenza in
poultry. Estimating the impact of the control measures
on the industry, we evaluate the efficiency of the control

measures on avian influenza in the case of Vietnam.

2. SIR Model

Throughout human history, there have been number of
pandemics of infectious diseases. Epidemiology, as "a
branch of medical science that deals with the incidence,
distribution, and control of disease in a population", is
born to study how diseases spread and the effectiveness
of different containment methods, without jeopardizing
human life. In epidemiology, mathematical modeling is
often used to discover the likely outcome of an epidemic.
Most of these mathematical models have the same
concept that the population can be subdivided into three
set of distinct groups: susceptible to be infected group,
infected group and recovered (or removed) group.
Standard convention labels these three compartments S
(for susceptible), I (for infectious) and R (for recovered or
removed). Therefore, this model is called the SIR model
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[3]. Individuals are first in susceptible group. Susceptible
individuals contact with infectious individuals and
become infected. After a period of time (the infectious
period), infected individuals move into the recovered
group or removed group.
Define

S = S(t) is the number of susceptible individuals,

I=1(t) is the number of infected individuals,

R = R(t)is the number of recovered individuals.

N is the total number of the whole population.
Then the characteristic of the SIR model is represented
by the following differential equations:

(ds

— =-S5l
dt p
dl
< E——ﬂSH&I )
R _s1
dt
kS+I+R=N

, where f and ¢ are the global transmission rate and
recovery (or death) rate, respectively.

The basic reproduction number R, of an infectious
disease is the number of mean secondary cases which one
case would produce in a completely susceptible
population. When R; <1, the infection will die out in the
long run. But if R, >1, the infection will be able to spread

in a population. In SIR model (1), R;is calculated by

R, = s (2
o
Values of R, of some well-known infectious diseases are
SARS: 2-5
AIDS: 2-5

Measles: 12-18

Influenza: 2-3

Smallpox: 5-7
(CDC, WHO, 2000) [4].

Compared to the above, value of R;of avian influenza in

poultry is estimated at 2.26- 2.64 [5].
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3. Agent- based Model

3.1  Modeling Approach

We use Boundary Unfolding Methodology [6] to
develop an agent-based model based on SIR model
concept. Let A be a set of total set of agents.
A=A[s;t]JUAL;tJUA[E] Als;t], Ali;t], Alr;t]

denote the set of susceptible agents, infected agents and

where

removed agents at time "t", respectively.

Define S(t), I(t), R(t) as the number of agents with
specific property while s, i, r denote the state of
susceptible, infected and removed, respectively.

S = ‘A[S;Z]| = ‘{a, ae A & state(a) =s }‘

I(H)= ‘A[i;f]‘ = |{a, aec A & state(a) = t}‘

R(t)= |A[r;t]| = |{a,a € A & state(a) = r}‘

Define P[s,i;t](a) = I (t),P[i,r;t](a) =5 as state transition
probability from state of s to state of 1, state of i to state of
r, for each agent a at time t, respectively.

Change in number of agents in state of infected is the
subtraction of number of agents which change their state
from s to 1 and number of agents which change their state

from i to r, which is described as below.
Al(t) =|[={P[s.i;t](a),a € A[s;t] -
[={PIi,r;tl(a),a e A[i;t]] 3
=S(t)BI(t)-51(t)

Then the differential equation of SIR model is achieved
as
A0 pso10-10

3.2

(4)

Simulation Parameter

We wuse Spot Oriented Agent Role Simulator
(SOARS) to develop a simulation model of 1000 agents (1
agent stands for 1 poultry). Simulation replication
number is 100 steps (1 step stands for 1 day). At the first
day of the simulation, 1 agent is assigned to state of
Infected while the others are assigned to state of
Susceptible. Based on literature of avian influenza that
mortality rate reaches 100% within 2 days, parameter §
is estimated at 1/2=0.5. Estimate of transmission rate
parameter S for 2-day infectious period is 1.23 [5].

20

3.3 Control Measures

Referred to control measures on avian influenza
stipulated by The Department of Animal Health,
Ministry of Agriculture and Rural Development [1], we
simulate four scenarios of control measures.

1. Culling (removing) infected agents: removing 50% of
infected agents when the infected population
account for at least 1% of the total population.

2. Banning on transport of poultry and poultry
products: reducing 50% contact frequency between
infected agents and susceptible agents when the
infected population account for at least 1% of the
total population.

50%

population are prevented from the disease.

3. Giving preventive vaccination: of the
4.  Combining three above measures.

To analyze the impact of control measures on industry,
we calculate the total cost for each strategy.

Define:

M s the set of control measures,

m e M is one of the control measure which is applied,

|, is the cost for agent a € A when control measuremeM

is applied,

vis the state of vaccination, v=0if agent is vaccinated
and v=1if agent is not vaccinated,

c is the cost for 1 dose of vaccine,

p is the mean price of agent at farm-gate,

r is the compensation of the government for each agent
which is culled,

sis the state of agent, s=0if agent is susceptible or
infected, s=1if agent is removed or culled.

Then the cost for one agent is calculated by

lum=CV+(p+r)s (5)

The total cost when a control measure meM 1is applied
is

Lm = Z Ia,m (6)

aeA

Cost for one dose of vaccine is 0.1 USD, price of a
farm-gate poultry is 1 USD, compensation for one culled
poultry is 50% of its price, that is 0.5 USD [2].

We run simulation for 4 different scenarios and calculate

the total cost L for each scenario.



4. Simulation Results

4.1 No Control Measure

Figure 1. Simulation without control measures. S (blue
line), 1 (light blue line), R (black line) curve show the
change in number of Susceptible, Infected and Removed
population. After 100 days of simulation, approximately
92% of the total population are dead (removed) that
implies high mortality of the disease. The I curve reaches
to a climax of about 30% of the population after 12 days.
The cycle of the epidemic is approximately 30 days.

The total cost in this scenario is estimated at 1.=1840

USD.

4.2 Control Measure of Culling

Figure 2. Simulation result of removing of 50% of infected
agents when the infected population account for at least
1% of the total population. No epidemic (large outbreak)
The

population account for 60% of the total population after

is recorded in this scenario. dead (removed)

100 days of simulation. Compared to 92% of dead rate in

no control scenario, the dead rate decreases

approximately 30%.
The total cost in this scenario is estimated at L.=868.5

USD, approximately 52% of decrease.
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4.3 Control Measure of Ban on Transportation

Figure 3. Simulation result of reducing 50% contact
frequency between infected agents and susceptible
agents when the infected population account for at least
1% of the total population. The dead rate drops to 33%,
while a spread of virus in 4% of the total population is
recorded.

The total cost in this scenario is estimated at L=331,
approximately 82% of decrease, compared to no control

scenario.

4.4 Control Measure of Vaccination

Figure 4. Simulation result when 50% of the population
are given preventive vaccination. After 100 days, 15% of
the total population are expected to be dead (removed)
that means mortality rate falls from 92% in no control
scenario to 15% in this scenario. A spread of the disease
in only 2% of the population is calculated.

The total cost in this scenario is estimated at L=202, a
decrease of approximately 90% as compared to no control

scenario.



4.5 Combination of Three Control Measures

Figure 5. Simulation result of combination of three
aforementioned control measures. No epidemic is
expected. The dead rate drops to 0.5% after 100 days of

simulation.

Figure 6. Simulation result of number of infected agents
The

population once account for more than 1% of the total

in comprehensive control measure. infected
population, but sees a sharp drop before coming extinct
after 21 days.

The total cost in this scenario is estimated at L=100, a
decrease of approximately 95% as compared to no control

scenario.

5. Conclusions and Implications

We have developed an agent-based model based on
the concept of SIR model to evaluate the current control
strategies on avian influenza in poultry in Vietnam. The
results imply that that a comprehensive control measure
should be taken promptly to keep the disease under
control and could significantly reduce the loss for the
poultry industry.

Since the model was built simply assuming totally
homogeneous and well mixed of the poultry population,
differences in

the wvarieties in species of poultry,

husbandry habit, or differences in immunity of

40

individuals are not considered. In calculating the cost, we
have ignored labor cost on culling or vaccinating. The
estimated cost only involves in poultry meat production.
The effects on the production of eggs and on the
production of substitute livestock were ignored. In the
model, we included the compensation of the government
to the farmers, which is basically a transfer from
taxpayers to rural households. In this paper, we have
calculated the cost from the perspective of society as a
whole.

The current policy to prevent a new major outbreak of
avian influenza in domestic poultry combines three
factors: culling infected farms, bio-security and
movement control, and large-scale vaccination campaign
of domestic poultry and ducks. The first policy should be
accompanied with a revised compensation framework for
farmers to encourage them to report sick poultry. The
control on bio-security should be taken thoroughly from
farms, slaughterhouses to markets. The third policy is
the easiest one to cost out. The first mass vaccination
program, until the end of November 2005, targets some
60 million birds. Vietnam already imported 120 million
doses of vaccines, and is now in the process of buying an
additional 260 million [2].In the short term, an effective
vaccination campaign may prevent the spreading of the
H5NI1 virus among poultry. However, in the long term, a
comprehensive control measure on avian influenza and a
more thorough restructure of the poultry industry should
be undertaken.
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A growing complex networks design method

OKEF WG, MA 5, /NF pi—, FH BRI (TIERY)
O Haruki Mizuno, Takashi Okamoto, Seiichi Koakutsu, and Hironori Hirata (Chiba University)

Abstract: A complex network design method in which a designer can design its characteristics and
structure arbitrarily can become one of strong tools in large-scale system designs. Conventional complex
network design methods only tackle static networks that is, they do not consider the growth of a target
network.In this study, we propose a new growing complex network design method. Specifically, we
formulate a growing complex network design problem as a multi-objective optimization problem in
order to determine connection targets of a new node using evaluation functions which quantitatively
express desired structures and characteristics with feature quantities. Solving the problem, we grow the
network, then, we obrain desired network. We try to generate networks which have desired clustering
coefficient, average path, and degree distribution concurrently. Through numerical experiments, we
confirmed the proposed method is effective as a growing complex network design method.
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1. INTRODUCTION

In multi-agent learning system, where one agent’s ac-
tion might strongly influence the behavior of the whole
systems, might exhibit cyclic and predicted behaviors.
When agents are playing stationary policies, agents
might learn. But, the environment can also change
to non-stationary, because the other agents are learn-
ing and changing their policies. The situations where
agents have to achieve an agreements to receive the best
outcome is an interesting issue. Self-interested agents
can take advantage from cooperative agents. Many
learning algorithm have been built to overcome this is-
sue in multi-agent learning V"% . All algorithms is in-
tended to improve cooperative behavior among agents
in self-play or agents have same way of learning. In this
paper we interest to make an investigation about learn-
ing algorithm to solve cooperative problem. The inter-
esting situation in learning is that agents have different
learning algorithm, and based on their way of learning
the agents must achieve the best outcome to all agents.
To point out our investigation we use four algorithms
of learning, i.e., Q-Learning, Q-SARSA Learning, PHC
Learning, and WOLF-PHC Learning. Q-Learning and
Q-SARSA Learning has been used widely in multi-agent
systems, but converges only to pure strategies 2>7. On
the other hand, PHC Learning and WOLF-PHC Learn-
ing can learn mixed strategies and WOLF-PHC Learn-
ing is guaranteed to converge to Nash equilibrium of
the repeated game . However, the algorithms work
among homogeneous learners (self-play). We use a
social dilemma game to illustrate the environment in
which cooperative behavior among agents can be ob-
served. The purpose of this investigation is to find a
combination of learning types that can establish coop-
erative behavior among agents. To simplify this search

process, we build a mechanism that can find a combi-
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nation of learning that establishes cooperative behavior
among agents. In section 2, we described about social
dilemma and learning algorithms. In section 3, we do
our analysis to found out what characteristics of the
algorithms, and in section 4, based on our finding, we
purpose a mechanism to improve cooperative behavior
among agents. In section 5, we do a simulation to see
the performance about the mechanism, and section 6,

we discuss our finding and conclude.

2. A SOCIAL DILEMMA AND
LEARNING ALGORITHMS

Multi-agent social dilemma is a game with the same
essential characteristics as the prisoner’s dilemma, but
which allows for multiple agents and action . Consider
a system consisting of N agents. At each time, ev-
ery agent is faced with a decision of allocating M units
of some discrete resource toward two possible goals S;
and G. S; is some purely self-interested goal for agent
i € {l,..,N} and G is some group goal for all agents.
Let a; be the amount contributed by agent ¢ toward the
goal G. Let a = [ay, ..., an] denote the vector of all ac-
tions taken by the agents (joint action). For each agent
there are M + 1 possible value for a; € {0,1,2,..., M }.

The utility to agent i given the actions of all agents is

1 N
N 2jo1 @ — ka;

M(1— k)

(1)

ri(a) =

where % < k < 1is a constant that indicates how much
each agent estimates its contribution toward the selfish
goal. When all agents contribute M units in the group
goal, each agent is rewarded with 1. On the other hand,
if all agents contribute nothing in the group goal, a pay-
off 0 is produced. Let af be an action of agent ¢ at time
t, and a® ; be a vector of all actions taken by the agents
except agent i. With this game, we want to investigate
about cooperative behavior among the agents in which
every agent can learn. We assume at any time, any
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agent can observe the actions chosen by other agents,
but knows neither the intentions of others, nor the re-
ward functions. Thus, an agent’s experience at any time
is characterized not only by its own action and pay-
off but also from all the actions actually executed by
the agents in environment (a;,a_;, ;). Learning agents
might benefit from knowing the history of joint action
7. So, we adopt a particular version of Q-Learning in
which states are represented by joint action®:®.
2.1 Q-Learning

In Q-learning, an agent seeks to learn the true ex-
pected discounted reward @ that it will receive for tak-
ing an action a from a particular joint action a. Let
a = [ay,...,any] € A be a joint action , let a; € A; =
{0,1,2,..., M} be a set of actions available for agent %,
and « € (0,1] be a learning rate. For each agent i:

Algorithm 1 Q-Learning

01. Initialize Q(a,a;), Va € A, a; € A;
02. Choose a random action a?
03. Execute a?
04. Read the joint action a°
05. t<+1
for all step do
1. Choose action af
2. Execute a! and get payoff 7
3. Read the joint action a®
4. Q@i tah) « 1 - @@l Tt ah) + a(r! + yargmasa,; Q(at, a}))
5.t t+1
end for

Q-learners typically learn slowly, they require little
knowledge of their environment. A Q-learner requires
only that it know the actions it can take from each joint
action and the immediate rewards that it receives when
it takes those actions. It does not require a model of its
environment (i.e., reward structure).

2.2 Sarsa Learning

Like Q-learning, an agent seeks to learn the true ex-
pected discounted reward () that it will receive for tak-
ing an action a from a particular joint action. But in
updating Q value, Sarsa chooses an action based on the
next joint action. Let a = [aj,...,an] € A be a joint
action , let a; € A; = {0,1,2,..., M} be a set of actions
available for agent i, and « € (0, 1] be a learning rate.
For each agent i: (Algorithm 2)

2.3 Policy Hill-Climbing (PHC)

A simple extension of Q-learning to play mixed strate-
gies is policy hill-climbing (PHC). The algorithm, per-
forms hill-climbing in the space of mixed policies. Q-
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Algorithm 2 Sarsa-Learning
[ht] 01. Initialize Q(a,a;), Va € A, a; € A;
02. Choose a random action a?
03. Execute a?
04. Read the joint action a°
05. t«+1
for all step do
1. Choose an action af
2. Execute a! and get payoff 7!
3. Read the joint action a®
4. With joint action a® choose action a!
5. @@ftah) « - Q@ ah) +atr! + 1@t alTh)
6. t<—t+1
end for

+1

Algorithm 3 PHC-Learning

01. Initialize Q(a, a;), Va € A, a; € A;
02. Initialize m(a, a;) < \T1| Va€ A, a; € A;
03. Choose a random action a
04. Execute a?
05. Read the joint action a°
06. t <1
for all step do
. Choose action a! according to mixed strategy m(a®)
. Execute a! and get payoff r!
. Read the joint action a®
s Q@ Tl el « (1 - Q!
. Step 7 to the optimal policy w.r.t Q,
m(a,a;) < m(a,a;) + Asq
while constrained to a legal distribution,
Asq = 6 if al = argmaz,, Q(a*, al),
otherwise
Do = [T
6. t+—t+1
end for

Lal) + a(rl + yargmaza, Q(at, al))

U W N~

values are maintained just as in normal Q-learning. In
addition the algorithm maintains the current mixed pol-
icy. The policy is improved by increasing the probabil-
ity that it selects the highest valued action according
to a learning rate. Let a = [ay,...,an] € A be a joint
action , let a; € A; = {0,1,2,..., M} be a set of actions
available for agent 4, and « € (0,1] and 6 € (0, 00] be a
learning rates. For each agent i: (Algorithm 3)
Notice that when § = 1 the algorithm is equivalent to
Q-learning, since with each step the policy moves to the
greedy policy executing the highest valued action with
probability 1 (modulo exploration) .
2.4 WoLF Policy Hill-Climbing

This algorithm use a variable learning rate and the
WoLF (Win or Learn Fast) principle. The basic idea is
to vary the learning rate used by the algorithm in such
a way as to encourage convergence, without sacrificing



rationality ®. The principle is learn quickly while los-
ing and slowly while winning. The specific method for
determining when the agent is winning is by compar-
ing the current policys expected payoff with that of the
average policy over time. This principle aids in con-
vergence by giving more time for the other players to
adapt to changes in the players strategy that at first
appear beneficial, while allowing the player to adapt
more quickly to other players strategy changes when
they are harmful. The algorithm requires two learning
rate parameters, §jose and Oyin, With djpse > din. The
learning rate that is used to update the policy depends
on whether the agent is currently winning (0., ) or los-
ing (dj0se). Let a = [aq,...,an] € A be a joint action ,
let a; € A; = {0,1,2,..., M} be a set of actions avail-
able for agent i, and « € (0, 1] and &; > d,, be a learning
rates.

For each agent i:

Algorithm 4 WoLF-Learning

01. Initialize Q(a,a;), Va € A, a; € A;

02. Initialize 7(a,a;) \Tlil’ Vae€ A, a; € A;
03. Initialize C(a,a;) < 0, Va € A, a; € A;
04. Choose a random action a?

05. Execute a?

06. Read the joint action a°

07. t+1

for all step do

. Choose action a! according to mixed strategy m(a®)
. Execute a! and get payoff r!

. Read the joint action a®

Q@™ ah) « (1 — m)Qaf Tt al) + a(rt + yargmaza; Q(at, at))

C(at, aﬁ) « C(a, ap +1

. Va; € A, 7(a,al) « (m(a®, al) — 7(a®, al))

C(al,a,’?) i
. Step 7 to the optimal policy w.r.t Q,
w(a®, al) < 7m(a,a;) + Asa
while constrained to a legal distribution,
Asq = 6 if al = argmaz,, Q(a*, al),
otherwise
Ago = =2

A1

where,
8= Sy i Y m(@a)Qaay) > Y w(aa)Qa, a;)
otherwise, ' '
0= 6lost
8. t+—t+1
end for

3. ANALYSIS OF THE ALGO-
RITHMS

In this section we want to simulate the four learning
algorithms to playing social dilemma game. Q-Learning
and Q-SARSA Learning has been used widely in multi-
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Tab. 1 Scenarios of Simulation I

All agents use LA = Q,
LA=S,LA=PHC,
and LA = WoLF.
Each agent use different
algorithm, p1 = @,
p2 =S, ps = PHC,
and py = WoLF.

First scenario

Second scenario

Tab. 2 Parameters of Learning Algorithms

v =0.95
_ 0.1
= (140.01k%))

e = max(0.2 — 0.0006t, 0)
Sarsa v =0.95
o 1

Q — Learning
@

= (170.01%3,)
€ = max(0.2 — 0.0006t, 0)

PHC ~=0.95

0.1
X = TFo0 0162
(1+0.01k3,)

e = max (0.2 — 0.0006t, 0)
6= (100011931_)
WoLF v =0.95
a 1

= {170.01%3,)
e = maz(0.2 — 0.0006t, 0)
. 4
5lost - W
1

o

win = (1000+K5 )

agent systems, but converges only to pure strategies.
On the other hand, PHC Learning and WOLF-PHC
Learning can learn mixed strategies and WOLF-PHC
Learning is guaranteed to converge to Nash equilib-
rium of the repeated game. However, the algorithms
work among homogeneous learners (self-play). Table
1 shows all scenarios that we used. In the first sce-
nario we want to shows performance of each learning
algorithm in homogeneous learners (self-play) and the
second scenario to shows performance of each algorithm
in heterogenous learners. Let P = {p1,p2,ps,ps} be a
set of agent and let LA = {Q, S, PHC,WoLF'} be a set
of learning algorithm. @ stand for Q-Learning, S stand
for Sarsa-Learning, PHC stand for Policy-Hill Climb-
ing, and WoLF stand Win or Learn Fast, respectively.
Table 2 shows all model parameters that we used in this
simulation.

kg, is the number of times that action a; has been
played in joint action a. We use an € -greedy explo-
ration. In the e -greedy exploration, an agent chooses
the action that produces maximum Q value or 7 value
with probability 1 — ¢ and explores other actions ran-
domly with probability e. Parameters of the game are
M =1, each agent can take an action from A = {0,1}
and k = 0.5 (satisfied &+ < k < 1). We set initial



Fig. 1 Self-play learning

Fig. 2 Heterogenous learning

value of Q(a,a?) = 50, the larger of initial value of Q
is better. We run the simulation by 50 trails, and each
trail by 50000 iterations. As we can see from Figures
1, Sarsa and Q learning algorithms perform better then
PHC and WoLF. WoLF is designed to converge to a
best response rather then a Nash Equilibrium. PHC has
a same structure like Q learning, besides PHC played
mixed strategy by d. Actually, when § = 1, PHC is same
like Q learning. Sarsa and Q learning exhibited almost
same behavior and good performance toward coopera-
tive result. However, PHC and WoLF also exhibited
same behavior and not reach good performance toward
cooperative result. It is interesting to see a group with
different kind of learning to promote cooperative be-
havior. The second scenario shows the situation. As we
can see in Figure 2, at the beginning all agents want
to contribute as shown with increasing in average con-
tribution. As time goes on, every agent reduces his
contribution and hence average contribution decreases.
Figure 3 shows dynamics of agent’s action, and we can
see that action a = 1 increases at the beginning and
remains stable with low value. In self-play learning,
agents have same mechanism to learning. Two agents
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Fig. 3 Heterogenous Action

with WoLF learning algorithm tends to play the best
action and its rational and convergent to best response
action ». In heterogeneous-play, agents might found
different response toward an action that he taken. As
we can see in Figure 2, at the beginning all agents are
still searching the best action that he can take. So, ev-
ery agent tends to explore his action space. Exploration
of each agent might make the average contribution in-
crease. Figure 3 shows dynamic of agents action. An
agent at several times might be contribute all his en-
dowment (i.e., @ = 1) and then reduces it, because an-
other agent tends to exploit him. The situation make
the other agent tends to take an action that exploit co-
operative agent. As a result, we can see in Figure 3
, cooperative action (i.e., a = 1) remain stable with
low value. From the above results, we see that PHC
and WoLF learning can make cooperative behavior de-
crease. PHC and WOoLF leaners exploited Q and Sarsa

leaners.

4. A MECHANISM TO IM-
PROVE COOPERATIVE BE-
HAVIOR

Based on the above analysis, we purpose a mechanism
to improve cooperative behavior among heterogeneous
agents. From the above explanation, there is an oppor-
tunity to maintain and improve cooperative behavior
at the beginning. The behavior of the simulation at the
beginning shows the average of contribution increase.
So, there are some agents that contribute all of their
endowment. The mechanism is designed as follow: Let
Gy be a group of N agents, k € {1,2,...,g9}. We assume
that every agent in a group G can move randomly to
group G, k # j. The condition that can make an agent
i to move is if his current payoff (i.e., r;) is lower than



Tab. 3 Scenarios of Simulation IT

G:=1{Q,S,PHC,WoLF}
G»:=1{Q,S, PHC,WoLF}

G = {Q, PHC,WoLF, WoLF}
Ga = {Q, S, PHC, WoLF}
G1:={Q,S,S,WoLF}

Go = {PHC, PHC, WoLF, WoLF}
G = {5, PHC, WoLF, PHC}
Go = {Q,WoLF, PHC, WoLF}

First scenario

Second scenario

Third scenario

Fourth scenario

his previous payoff. This means that the agent do not
want to be exploited by the other agent. Suppose an
agent 7 in group Gy has r! < rf_l and he randomly se-
lect a group G;. Agent ¢ must found an agent m € G;
such that rf, < ri ! and LA; # LA,,, otherwise agent i
stay in his group. This mean that there is an agent in a
group G; that want to move and has different learning
algorithm. After they make replacement, both of them
still use his past experience in learning, i.e., Q , w, or
other variables and parameters he already use. So, all
agents can experienced their action over time, and be-
cause all learning algorithm use joint action as a state
to upgrade their Q) value, this make all agents can have
much time to explore their action.

SIMULATION AND RE-
SULT'S

To simulate the mechanism, we construct two groups

5.

of N people with different model of learning to play so-
cial dilemma game. Each group consist of Ny = Ny =
N = 4 with different learning model. Table 3 shows
all scenarios we use in the simulation. The objective of
all scenarios is to find a composition of learning algo-
rithm that exhibits cooperative behavior through mov-
ing mechanism. In the first scenario, each agent in a
group has different learning algorithm, the first group
of the second scenario consists of non-cooperative learn-
ing (PHC and WoLF) and only one agent has cooper-
ative learning (Q). The second group of the third sce-
nario consists of all non-cooperative learning and each
group only has one agent with cooperative learning in
the fourth scenario. We set the same simulation param-
eters as in Table 2 and the game parameters are also
same as in Section 3. As we can see in Figure 4, aver-
age contribution with moving mechanism can increase
cooperative behavior among agents. Cooperative action
that increases in the second group can be maintained
and improved. As a result, no improvement produced
in the first group. There are no agents want to move to

0
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Fig. 4 Performance of the First Scenario

Fig. 5 Average Action of the First Scenario
(G1)

Fig. 6 Average Action of the First Scenario
(G2)

the first group, because their feel better in the second
group.

Figure 5 and Figure 6 shows the dynamic of aver-
age action of the first group and the second group,
respectively. In the second group, cooperative action
(a

tion (a

1) increase over time and non-cooperative ac-
This situation did not

happened in the first group, cooperative action tends

0) tends to zero.

to zero and non-cooperative action tends to one. The



Fig. 7 Performance of the Second Scenario

Fig. 8 Average Action of the Second Scenario

(G1)

first group becomes worst because after the agents
of the second group feel better in their group, no
agents move. The final composition of learning algo-
rithm for each group in the first scenario is: G; :=
{WoLF,PHC,PHC,WoLF} and Gy := {Q,Q, S, S}.
In a group dominated by non-cooperative learning, co-
operative agent will move to other group. As we can see
in Figure 7, the second group can improve cooperative
behavior after cooperative agent in the first group move
to the second group.

This situation is differing from the first scenario, as
we can see in Figure 8 and 9 cooperative action (a = 1)
does not drastically goes to 1. The final composi-
tion of learning algorithm for each group in the sec-
ond scenario is: Gy := {PHC,WoLF,PHC,WoLF}
and Go := {WoLF,Q,Q,S}. As we can see in the
Figures 10, 11, and 12 of the third scenario exhibits
same behavior with the second scenario. If in the group
there are enough number of cooperative agents, coop-
erative behavior still be developed. The final composi-
tion of learning algorithm for each group in the third
scenario is: Gy := {WoLF, PHC,WoLF,PHC} and
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Fig. 9 Average Action of the Second Scenario
(G2)

Fig. 10 Performance of the Third Scenario

Fig. 11 Average Action of the Third Scenario
(G1)

G2 := {S,Q,WoLF,S}. What happen if in the group
there is not enough number of cooperative agents?

Figures 13, 14, and 15 shows that cooperative behav-
ior cannot be achieve. Non-cooperative learners dom-
inate both groups so that cooperative learners do not
have much opportunity to move.

The mechanism make one group do better but not
to another group. If a group had already do bet-
ter (cooperative behavior), the member of the group



Fig. 12 Average Action of the Third Scenario
(G2)

Fig. 13 Performance of the Fourth Scenario

Fig. 14 Average Action of the Fourth Scenario
(G1)

do not want to move anymore. So, the moving pro-
cess is finished and another group cannot do bet-
ter anymore. The final composition of learning al-
gorithm for each group in the fourth scenario is
iss Gy := {PHC,PHC,WoLF,WoLF} and G5 :=
{S,WoLF,PHC,Q}. Although in the second group
there are two agents with cooperative learning algo-
rithm, the effect of non-cooperative agents is too high
in determines a joint action. We want to shows the
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Fig. 15 Average Action of the Fourth Scenario
(G2)

Fig. 16 Performance

Fig. 17 Average Action (G1)

performance of moving mechanism if the number of ac-
tions is increases. We set the learning algorithm same
as the first scenario. Figures 16, 17, and 18 shows
the results of simulation. Cooperative behavior can
be achieved in the second group. The final compo-
sition of learning algorithm for each group is: G; :=
{WoLF,PHC,WoLF,PHC} and G5 :={S5,Q,Q, S}.



Fig. 18 Average Action (G2)

6. DISCUSSION AND CON-
CLUSION

From the above results, we can found three interest-
ing results about how agents can improve their coopera-
tive behavior by learning. The first one is agents might
have different way of learning. In this situation, agents
have possibility to explore their alternatives. The explo-
ration process can make possibility to find cooperative
action, but can be exploited by the other agent. The
second one is moving mechanism allow an agent to move
from his group and can make the exploiter do not have
chance to exploit another agent. An Agent did not move
if he satisfied with the group response. If an agent feels
the other agents in a group do not want to increases
their contribution, he move to another group. An agent
moves to another group with different way of learning
and with his past experience. So, cooperative agents al-
ways move and keep his cooperative behavior. Because
all agents do exploration in their learning, it is possible
at one time a moving agent with cooperative behavior
will found another agent in a group that behave coop-
eratively (make more contribution) and stay there. The
mechanism also makes joint action vary overtime so that
an agent can learn all of joint action. The third one is by
searching the composition of agent with different way of
learning; we can improve cooperative behavior among
agents. The composition can be achieved with mov-
ing mechanism based on agent’s satisfaction. If in the
group there are enough number of cooperative agents,
cooperative behavior still be developed, and found the
composition. However, the mechanism only makes one
of the group with cooperative behavior, and the other
group with low cooperative behavior. Our simulation
only use two groups with four agents in each group, it

O 7oO

is possible to add the number of groups and the number
of agents. With only two groups, the opportunity for
an agent to move is low and can make one group fail to
establish cooperative behavior because the other group
had already perform better, as a result no agents want
to move. Our future research will discuss about this
issue and a mechanism that will achieve high coopera-
tive behavior among all groups. Based on the discus-
sion above, we conclude that learning in heterogeneous
agent to improve cooperative behavior can be achieve
with moving mechanism based on agent’s satisfaction as
long as the number of cooperative learners are enough
to make non-cooperative learners do cooperative action.
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Abstract higher level authorities over their employees to establish
them the right offreedom, and define a measuregj@f for
them, which is related to their payoff. We observe then, with
less number of agents the problem can be effictively solved
— agood lesson to learn not only by Al community, but also
by corporate managers (More discussion in Section and ).

There exist a number of classic solutions, collectively
known asensemble methods. Although these are not formu-
lated from an agent-based perspective, they can be merely
seen as if they were. These methods including, Bagging
(Breiman 1996), Boosting (Freund 1995), Classification and
Regression Trees (CART) (Bramer 2007), and Hierarchi-
cal Mixture of Experts (HME) (Jordan and Jacobs 1994)
(Bishop and Svensn 2003), put together the outputs of an
. array of problem-solvers to carry out higher quality results.

Introduction In ensemble literature, these problem solvers are calted

Several decades ago, Marvin Minsky introduced the concept perts, but for certain reasons we rather the texmecial-
of agents; and the way these simple agents can work togetherist here. There is a lesson to learn from the simplest one,
to carry out considerably complicated intelligent tasks. To- namely, Bagging, which says the result of joining several
day software agents are widely used for simulation purposes problem-solvers together is just better than any single of
and networking (as mobile agents). In terms of Al, also, them.(Bhimann and Yu 2002) Boosting, yet works better
making so-called intelligent agents are common. But despite than Bagging. HME is generalized decision tree with soft-
the ever increasing popularity of agent-based systems, the switching functionality that identifies the best solvers for
direction of original Minsky's vision is the least regarded. each input. In order to achieve our objective in this paper,
Yet, nothing is more idealistic than the ability of solving ar- we came up with anetaframework that not only covers all
bitrary problems by a computational system; and no other of these ensemble methods, but helps to create newer ones
theory can make such a strong claim, but Minsky’s “Society easily. However, in contrast with these methods, our main
of Mind (Minsky 1988)”. concern will be the specialists rather than the fusion algo-

With its aim in that direction, this report is a part of our re-  rithm.
search called “Trade-Oriented Artificial Social Intelligence” In the next section of this paper (section ) we talk about
or TASI for short. TASI is an effort to establish a “society  the framework just mentioned above. In section , functional
of mind” with a socio-mimicry discipline, assuming coop- behavior of agents is explained. Section describes the plat-
eration of people and organizations via trade, as the model. form we created to implement our solution as well as the
Currently we restrict this research to regression and classifi- practical results. Section concludes this paper with a few
cation problems. Specifically, regression solutions are vital discussions.
for a wide range of intelligent machine control applications;
and we hope to mark an advancement in machine control by
focusing on that topic.

Our discussion here is dedicated to the interest-driven be- Social Roles

It is well understood that an ensemble of problem solvers
works better than any single of them, as a fact that is studied
with Bagging, Boosting and Hierarchical Mixture of Experts.
We bring this power of ensembles to a whole new front by
employing autonomous problem solver agents who engage
in problem solving organizational assemblies, and propose
it as a superior framework for these sorts of problems. The
organization has higher level nodes, namely, agencies, who
keep track of other agents, but do not manage them. Experts
have absolute freedom to choose their parts in the problem at
hand, giving the assembly certain advantages. Implementa-
tion of this idea demonstrates considerable improvement both
in terms of accuracy and speed.

Modular M odel

havior of problem-solver agents. We testify this manage-
ment philosophy that freedom helps productivity and leads
to better results. Therefore, we eliminate the control of

Copyright © 2010, American Association for Artificial Intelli-
gence (wwwaaai.org). All rights reserved.
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In factories or corporations, employees are usually assigned
to a set of tasks such as cleaning the floor or research for
a cure for cancer. We say, these employees are special-
ists in those tasks and call him apecialist agents. The

job of specialists is always production, whether they pro-

PG0004/10/0000-0071 © 2010 SICE
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Figure 1: Product chain model

duce goods or services. Fotample, product of an special-

ist can be the service of clearing the floor. Factories and
corporations and other forms of institutions are not just a
gathering of agents but they provide facilities for them to

Figure 2: Framework for ensemble methods

the set of outputs, the target-spade. classification prob-
lems, the target-space is discreet and countable. If we imag-
ine a classifier or a regressor as an specialist, formulating
an ensemble method is the matter of designing the agency
which is going to combine the products of those specialists
working on the same patterns-space to produce outputs with
higher accuracy.

The function of agency is illustrated with/ specialists

put their products together and produce more sophisticated in Figure 2. First, it feeds training data to the corresponding

products. We apply the termgencyto these institutions.

specialists in a proper manner. Then, customer comes and

Agencies are, in a sense, complex specialist; since they aremakes a query asking a pattern to be solved. The agency

productive in specific fields. So, in the terms of object-
oriented programming, it is fair to calgency as a sub-
classes ofpeci al i st which have references to a collec-

forwards the query to appropriate specialists and each indi-
vidual of them sends back a value in the target space. The
agency uses a function per expert, called the gating func-

tion of other specialists. Specialists (and agencies) bound tion (r,,,) which indicates the trustability of each specialist’s

themselves vigontractswith their respective institution(s),
which, among other things, indicates how they are going to
be rewarded for their productivity. The network of intercon-

results. m,, is sometimes a number which is derived from
overall error of each expert, and sometimes is a function of
patternz, denoted as,,, (x), which determines the trustabil-

nected agents that leads to production of an specific product ity of each expert for each point in the patterns space. Hav-

is called asupply chain. At the top of the supply chain stand
thecustomersvho are the actual payers for the whole chain.
The operation of agents in a supply chain is driven by end
customers (see Figure 1).

Hence, we defined three essential types of agents:

e Specialist — those who implement a specific solution and
focus on a limited portion of the pattern-space.

e Agency — A specialist institution emerged by the gather-
ing of some specialists. The function of agency is (1) to
maintain a record of its members and their performance,
(2) provide members with information about the overall
performance of their group, (3) identify and advertise op-
portunities for higher payoff to its members.

e Customer — A human or machine agent who asks the
system to solve a problem.

Ensemble Framewor k

ing the value ofr,,,, the agency performs a weighted average
on the outputs of experts and provides the customer with the
final result in the target-space.

Table 1 summarizes how we can fit all types of ensemble
methods inside this framework. It can be seen how it was
easy for us to propose a better ensemble method. And it
shall be easy for others as well.

Now, although this framework is very useful, our real in-
tention was not to formulate the agency, but to put them
aside with peace of mind, and open up a space for the spe-
cialists to show up. This will be the topic of the next section.

Functional Model

We believe providing employees with enough information

and letting them to be free to choose what they want to do,
will enhance their performance. We put this idea into test
here. We want specialists to be free to choose their part in

Here, three types of agents introduced above are used to esthe work at hand, rather than to be chosen by agencies. In

tablish a framework for ensemble methods. These frame-

work is essential for future topics.
A regression or classification problem is about the map-

fact, the specialists (1) shall create their higher-level agen-
cies, and (2) shall decide which part of the problem they
want to solve. The following sub-sections describe the func-

ping between a set of inputs or patterns to a set of output tionality of agencies, and the personal and social aspects of
or targets. We call the set of inputs, the pattern-space, and the functionality of specialists.

o720



Gating Training Query
Bagging T = ﬁ Bootstrap Send to all
Boosting Tm = g(1 — €m) Wm,n = J(@m—1(zn)) Send to all
Decision Tree Tm € {0,1} Send to all Tahe best
HME mm(x) = % Send to all Send to all
Ours Mixture of Gaussians Interest agents Eligible agents
Your's

Table 1: Summary of ensemble methods

Functionality of Agencies

In fact, the importantapability of higher level agents is not
their potential to give orders to the others, but their broader
knowledge of the problem space and meta parameters. That
means, it doesn't heart to eliminate management privilege
from agencies to set specialists free. Instead, an agency can
provide its knowledge to it member agents a service. Hence,
we define agency as an agent providing the following ser-
vices:

e Provision of training data for the area of its coverage.
e Storing and providing meta-information of its member

agents.
e Calculation and publication of the ensemble error profile Figure 3: Inheritance graph for Sarv/TASI class library bun-
of its under-cover agents. dle :

¢ |dentification of potential places with higher payoff.

Per sonal Functionality of Specialists farther continue their collaboration. If thgoblem is hard
A specialist should be able to decide which part of the ©€nough, or wide enough, that agency may employ more spe-

pattern-space it wants to focus on, and they make that deci- Cilists later. o ,
sion based on their sense of “joy”. We call thise pattern- Please notice this interesting phenomena of bottom-up as-

space allocation problems. Basically, joy is a measure of Sembly of the organization, which is very rare in compu-
satisfaction. One can imagine many interpretations for joy tational intelligence, but very common in the real business

as well as many approaches to pattern-space allocation. WeWorld: _ _ _

explain only a simple one of them here. In this work, the The bottom-up approach in formation of the social assem-

satisfaction is determined with respect to the amount of con- Ply comes up with an interesting property of self-healing,

tribution of an individual in the reduction of ensemble error.  from within its very nature. If an agency fails for any reason,
The pattern-space allocation problem can be discussed _replac_ement will be gengrated by specialists. And if spgual-

with two parameter: the center of focus, and the area of fo- ists fail, replacements will be'also generated b_y agencies. If

cus. As of the center, we implement a sort of steepest as- It Was top-down approach, higher level agencies which are

cend, that can also be compared with sugar-scape problem.More vital, could not be replaced.

An agent, first asks its agency for information about ensem- .

ble error profile. Then, with the help of agency, it identifies Implementation and Results

the nearest and steepest way up and moves in that direction.\we created a class library calléEASI in Java in order

The movement paste is proportional to the attractiveness of to make a development platform for interest-driven trade-

the target point. For the focus range, the expert can employ oriented agents. Because existing agent-development plat-

recursive least squares to determine whether to shrink or ex- forms were not sufficient for our purposes, we also devel-

pand its coverage, and to converge to a appropriate amountoped a general-purposed agent-development with the de-

of coverage. sired properties and called 8arv. Figure 3 shows the
. . . - Sarv/TASI platform bundle at one glance. We also made a
Social Functionality of Specialists basic GUI to observe the performance of TASI-based agents.

When a specialist finds a problem hard to solve, it advertises  In TASI platform, TASI Agent implements “Contract-
that opportunity for other specialists. Perhaps, one may be Net” protocol (Smith 1980) for interaction between agents.
interested to make profit out of that problem and replies to Regr essi onAgent implements the interest-driven be-
the advertisement of that agent. Two agents, then, establishhavior explained above, arldegr essi onAgency is a

an agency together in order to produce ensemble results andsub-class oRegr essi onAgent , as expected.
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Figure 4: Evaluation result — Upper parts show the output of indivisuals and the ensemble w&h@dots whos the error.
The left set of images show the system after one step, and the right set of images shows it after 10 steps.

The figure 4 shows the test we conducted with this sys-  As of the future,we will continue this trend. We plan
tem. The target function is a period of sine function, and to implement heterogeneous specialists and let this system
specialists are single Gaussian bell-shaped function who fit solve more sophisticated problems. Also an economical sys-
themselves to the portion of the problem under their cover- tem is missing in our design which will be designed and im-
age using simple IR-LS algorithm (Bishop 2036)t can be plemented.
seen that in the second step, the experts move towards two
high “hills” marked in the picture. As of the third step, the References
estimation already makes sense, and it takes about 10 steps Bishop, C. M., and Svensn, M. 2003. Bayesian hierar-

for the system to converge to an acceptable estimation. chical mixtures of experts. In Kjaerulff, U., and Meek, C.,

While usually a linear regression solution needs about gqs. Proceedings Nineteenth Conference on Uncertainty in
25 instances of basis function (Bishop 2066we could Avrtificial Intelligence, 5764. Morgan Kaufmann.

achieve with only a few, by implementing our solution. Al- . . .
though in training phase, this system has high message cost Blshop, C. M'. 2006. Pattern Recognition and Machine
Learning. Springer Science.

and may wast more time for interaction between agents, it is o o ]
obviously faster and more accurate in evaluation phase and Bramer, M. 2007.Principles of Data Mining. Springer
is expected to demonstrate an enormous degree of adaptabil- London.
ity. Breiman, L. 1996. Bagging predictorslachine Learning
24(2):123-140.
Conclusion and Future Works Bhimann, P., and Yu, B. 2002. Analyzing baggifgnals

The innovations and experiences reported in this paper was of Statlst|0530(4).927—96'1. ) )

made to revive the theory of “Society of Mind” with a new  Freund, Y. 1995. Boosting a weak learning algorithm by
discipline of socio-mimicry. Our work in that respect, is to ~ majority. Information and Computatioh21(2):256 — 285.
use business as a model and design three basic types of soft- Jordan, M. |., and Jacobs, R. A. 1994. Hierarchical mix-
ware agents, namely, specialists, agencies, and customers, tures of experts and the em algorithReural Computation
with certain properties and behaviors to establish an institu- 6(2):181-214.

tionalized society accordingly. We are also constantly work-  \insky, M. 1988.The Society of Mind. Simon & Schuster.
ing to develop a software platform to make it easy to create Smith, R. 1980. The contract net protocol: High-level

these agent. communication and control in a distributed problem solver.

We focus on regression problem, designingadaptable : ) a
ensemble meta architecture, and programming a number of Computers, IEEE Transactions @29(12):1104-1113.

simple agents for that purpose. Giving the agents the right of
“freedom” and feeling of “joy” we observe that the ensemble
becomes far more productive than known ensemble method,
producing better results by consuming less resources. It can
also be argued that a social assembly generated by these
interest-driven agents demonstrates the capability of self-
healing.

1Section 4.3.3
2See figure 3.5
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How many teachers are necessary in education systems?
— An Agent-Based Simulation Analysis —
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Abstract: Recently, it became an attractive topic to make a prior assessment for the education policies. We
propose an agent-based modeling in order to evaluate an educational policy, which is to determine the
number of teachers necessary in educational system. The proposed model focuses on improvements in
the academic achievements of each individual as well as an age-group as a whole. As a result of this study,
major findings are, 1) the effective strategy for the below-average students is to raise the ratio of teachers placed in the
compulsory education; and 2) the effective strategy for excellent students is to reduce the ratio of teachers placed in the

primary education.
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DITHE, V7 —~ /3= 7 2RO~ 7 a2 5 B ORI
BIFHEEE LT, BEHROT —< =7 TRETWS
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ROfGEE B E LT 2728, middle range model % H
WABZENFRATH 2N, RN—7 RSO & &2 &5
LR ZHmar 28101%, (L4257 —~ =T HNOD
R % FBL L 7= facsimile model 25T 2 BERNH 5.

AL TIIR AT 4 A=—2—CIFTDS) & x5 & LT,
BRI REE O RICOVWTHED T —~ 13— 212k
J BB OV TREEERITV, 28— 7 FHLE I L TR
BRI RBOROEADOBBRERIITIBRE 5252 &% H
METH. ZDEDIZTDS DT bF 7 ¥ a VEBESLALE
BEEAZFHR Lz, BUREEREROHWHE L 720 52 &
9 73 facsimile model DFEH LTS5 . £ O LT, MR
REREZ BN LIZBEOEIZONTY I a b— a3 V&AT
VY, BUR DR ORI ROV TRET 21T 5 .

2. F—TIN—DETFI

TN —=T T, TRITVvay -2 =54
AV kiR - KBS — b 4 DOEHEE ) —REL,
%) —REorh BRIV 7T DRy NI—2 T TT L
LTRBTS., /— FOREIXZTDS ZBEEL TS, T—
YR =J ETVOMEIIR LICTRT LB THD.

21 7 h39vay

7Ty arohair A=fafi=12--,26) cHEE
n, iIZBEOT bF 7 v ara TR, —E R
i st,, ¥ 5MEIinterval,, #% A%t waiting,, #f
HATHI Y A b waiting _list;, #FEHOZ—T = FY R b
riding _list;, B2 L Cuv 2@ adjacent_ road; 4 #7.

AN C T N7 7 v ava BNINETH NEERT.
F—EREEH St ==Y 3T TS va v g i
BINDIR ORI Z R, RS 5 M interval; 137
hF7vavalio—Yxr NERET DR OMEZ £
T HRT 4 A==y =T, BREO~ Y U BBEL T
WBT hTTa B HET S, ZORD, KETATY
COEIBRRNERBTHEDICHERIE L MR
intervidy—re xE# st, L —HEHLR2NWT T 7 v a v
HLIFET 5. FHIT41Y A b waiting _list, 1%, 7 FF 2>
a VOHEBITAHERL, T 77y avilBELE—Y
= MEFEBITHIY 2 |k waiting _list, DRAEICA D, TR
Hoxz—v = Y A Rriding_list, ix7 b7 7 va i
BRLTVWDITZ—V=2 FDOY R NERT. BERPT—
= b U A briding _list, NO=—Y = M, — B AR
[ st; #Rid % (C R = — = > b U 2 b riding _list; 725
HIBR S4v, BEPZ LT %i@i adjacent_road, ~R Y, kD
TRITT v a U ERETD.

Fio, —MOT KT varkE Ty A MRAREET BT
s v 5 FASTPASS At=fali=48111215171822f & L

0980

TEHL, FEEREHICEERICHEREEL D7 7 A RS
ADREFEATD . 0B, 77 A MR RADOFREIFTBEEE R
adjacent_road; T179. a; € FASTPASS At O35&, &
HIC7 7 A b S AHESE A$ FASTPASS _ride _ number, 7
7 A M AFEBHATHI Y A~ FASTPASS _ waiting _list, ®
ToD0EHEFH S, 77 A MAAZIHEFE ALK
FASTPASS _ride_number (X7 7 2 hRZAFFHA7H Y 2
I FASTPASS _ waiting _ list; 7> & B JE /12 #5 5 AT fE 72 —
—V = FDOET, a, e FASTPASS At D&, 77 A b
RAFEBATHI Y A~ FASTPASS waiting_ list, & Sz 7
b7 7 A SR EEF NS FASTPASS _ride _ number 43 @
TV hEHERPOZ—V 2 b 2 | riding_list,
~AN, FRD OANE =R BATS Y A b waiting _list; 225
BRFPOE— 2 bY R Friding _list; ~AN 5.
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a—7R L, EDOKH DAY —EAEITI bOERT. k&
AT Z2—7A A ke (ZEFDOINE N C, , y—ER
WFfH st, , MipZim# adjacent_road, , BlE T HOT—Y =
U Z | seeing _list, & +§2.

BEPOT— = MU R b seeing _list, IEEND =
=V FOBPBENEC TR DETIE, =¥ —FA
Avbe llifflLicm—Y =y MNIBEPOZ—Y = b
U = kseeing _list, 120z i, AN C T LTZSA
FBETE RV, = E XA st #Riltk, BlEToOT
—Y = MY R b seeing _list, Nox=—T = MEY R B
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Bt L T\ 5@ adjacent_road, , Mi#ELC\WAT hF 2
v a v adjacent_at,, 7 FT7 7 v a v a ORMERW,
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LTWa7 b7 7 vara ORMRESRSERESE
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—T A A ke ~OFTERH en_time,, W@ r ~OPTE
ffi road _time,, bREDERTH D, ok, BEEL TV
57 877 v ar~OBBOBEOFERMIT 0 A7 v 7L
T 5. B CIERE LT 5 sl adjacent_road, I2&
27 NF 7 v a v a ORMFEHEW, BIRSATEY, B
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at_congestionateDfEiz L > TEWT 502 9 hhdik
F 5. #B7~K Infomation_board, 13487~ DL E O %
# L, Infomation_board, =1 D& 121X R R AL E X
N, BTOT T 7 a v ORMESRNSBATREL /2 5.

adjacent_at, e FASTPASS At &1L 7 7 A h/3A
DIFJFEATI. TOLETBPERITANTA—FLLTT 7 R
kS 2% A8 FASTPASS release,, 7 7 A h /S A%
T E A # FASTPASS _max, , 7 7 A k8 2 F| I
FASTPASS _available,, 7 7 A /<25 F g ] 5 BB
FASTPASS _updatg # &2, 77 A hSARREHRIND T
LIZT 7 A PR AFEHAE FASTPASS releasg 25+1 &
, 77 A MRAREETEKSE FASTPASS _may, &5 L <
725 & TREIMTONS. FASTPASS _update 4y 03578
T4 % 12 FASTPASS _available #+5 4 %.
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N7 — b Enix, —EDNL—IESHWTABRT ST
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Fio. AE 1 AT v S TOREEOEHRIERE KT
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EBRLULIEHEEOBBETHET VERKIHE L LD TH
L. ZOETATIIEEESE [—27 AGRICHERT S
CEEBEICANDT NT v a vy 0ES], BIRESE
[R—=7 NORIME IS, 7T hT7 7 a VBROERSTE
BENET I 7 arofEs] LEXRTD.

hFxHBOTZ—Y = by idEZ 22 b segment &7 b
Z 7 va ofHltEA at_evoked _set,, =X —T A A

0990

MMEEEE A en_evoked _set,, T hT 7 v ViRIES
at_choice_set,, @& L7=7 k77 v a v a; OIRMEEHR
congestion_infoy,; , #R&HMEIZx 4% B fE thresholdy; , 7 7
A hSRPTRIE G FASTPASS _ possess;, 7 7 A h/S2D
TERZ] FASTPASS _timey, =>4 —F7A A e, DT
JEREZ) entertainment _time,, , 7 7 27 a2 aj OEA O
RETIPE oy, BEEE - IRMECHT DU =4 b Bl B2, &FF
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n, B A FOEISHIS LT FT 7 v a VIRERES
at_evoked _set, L = ¥ —F 14 A v MERES
en_evoked _set,, fFHIRHICK % BfE thresholdy;, 7
NZ U va v a OEA O ay, HHE - RMECKTT S
YA kBl B2, NEZBNE. T—Y = MIE 2O
T u—ZRNo TITEIZIT D .
3.1 EHMIFHRORM

BEWDIEH T (28T, Information _board, =1 0%
AT RIS RS IB_watch _rate, (Z)&s U T, £ L4t
DEEITEEE GBI D, BELTWLT F I 7 a0
TRHENS 2 e == at _ congestion _ rate, 12/t U CIRAMER
EAFETH. 2O, T T/ aya ORMERE AT
L7Haix, 7 hT77 v aya ORMEBRRBMOHE
awareness,; # 1 £ L, ZHLSDEHEIT0&T 5.

w8k E S at_evoked _set, MICEENET KT 7 v
a O T awareness, =0 D7 F 77 va LIZBITD
congestion_info,; D HEEi %47 5. Wt; = congestion_info,;
Ll B4, (DU X v congestion_info,; D EHTA1T 5 .

congestion_info,; = congestion_info,; x 4, (1

L = Zi/ni (> awareness,; = 0)
> awareness,;
W, L
i . # congestion_info,;
A, = { congestion_info,; W g infon)
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32 HEEEMOEBRES~ADRYLAH

7 b7 U va sERES at _choice_set, i, 7 N7
va VRS at_evoked _set, oG, FBEIL T N—
JADRBITIE C TR AR ZATH Z L TSNS, &
ViAL&1T OB, a, € FASTPASS _aware, Th o856 L%
ITRWEEEZXHILT, UFDOLS /A —LTITH.
(1) a; € FASTPASS _aware, D354, LLFD 3 % iili/l=4 7
N7 va v BNRIRERICEEND.

O FASTPASS _blank, =0.

@a; e FASTPASS _ possess,, (j=12,---,26 j#i),

FASTPASS_time; > congestion_infoy;

+st; +at_time; +at _time;
@ e, een_evoked _set, (k=12,---,9),
entertainment _ time,, > congestion_info,
+st; +at_time; +en_time,

(2) 3, # FASTPASS _aware,, & L <{iZ(1)THMAZE- S
WA, UTOZRMEEZMTZTT F 77 v a v a BNEIRES
WCEEND.

@' threshold,; > congestion_info,.
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@ LFE® & [RIER D A
33 7hr30va ER

T va MEROEE, ==Y MET TV ve
VBPUES at_choice_set, IZEENBT T v avic
%t LC, congestion_info,, L@ 67 T2 v a vy
F CopTEiF# at _time, 225 @FC KV AEAFE L L,
@XDZHRr Yy PETAEZMWTHERMIZT T 7=
YEEBIRL, BEIETTD.

U(i) =ay + p1, -at _time,;

2)
+p2, -(1-9,)-congestion_info,;

s _[1 (f a<cFASTPASS Ay
"o (otherwise)

. expU(i)
PO= S expu(n)

T I va YRPULEKE - SBEBT 5 EICThN
% . BlFE%, RHEE B W, 2N RHE X 2 B threshold,; &
DINSWHAICRIRT T 7 v a VB RS 5. ME
threshold,; % L[l , &, € FASTPASS At O¥&1X7 7
A MRADFEEEZITD.
3.4 BERIFERO-HDS U LBE

7 N7 v a ERES at _choice_set, =¢ L7225
B, BOIEZWT RT3 a0l LT, 77 A RSA
R =T A A MO D70y, 23— NORIRZE A
BT HET/R—=INET X NIBIT S, 5058 O

(a, eat_choice_ set,) (3)

O

100 O

Whbzim ik 4 4 adjacent _road, IC& N2 WEOH D T
YE DTN L, £ OMlEE~BEIT 5. E7- threshold,,
& explore_time, #+19%.7 b7 27 v a VIR or =
B—T A A NEEET 5 L threshold 1T T OEICR 5.
EMERIETER

ABFTETH D IR M IR BORIE, ORMIE TRE S
N IRMEE A TR L 0 B SRR A, 8
WCRLE SN TR TIRRT 280 bOTH .
41 BAERMBERIET

BERMEFRIE R — Y = v b AMERE SR LR
TORBIHTHSD. 7T b7 7 v a v a OBERMEEHR
nW, (2R AN e, , I & 5 [l interval,, 7 H A%k
waiting; # iV T@WXD L 5 IR EN 5.
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nW,; = waiting; x
42 WHIEEHFEHRIET
IERMEE® &1L, BWMSRET»OT b T2 v a i
FET D ETOR/RBITII~DEM ALK inc,; & BD A%
dec; 12 & A HIEE T 7= BT, BIETIC L V%D
WEEI 23725, @I IS8T DT 77 v a v a; OFIER
HERSE AW 1 @RS L VB SRS.

interval,

Mt = (waiting; +inc, —dec; ) x @

Wb Ndec 1X7 b7 7 v a v a; OIUE NS, WA
SE5MiEinterval;, B¥L 267 FF 7 v aa, £TO
FTE R at _time; Z W TGRO L Y IR ENS

G

interval

ec,; =

xat_time, (5)

HMASnC; 1%, L FOZSORMGIEEZHNS.
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ANZREIZ X DMIERMEFE SR, Kt — 2 &Rl Li=T
co7 7 arOANREIZELY, 7773 arOffbRHE
WCHEEZNMTDEVNIBLOTHE. NKDOT hF 7 v a v
WFERMELOTVWEE X, HFHLIFMEZ LV EAES.
IANEIne IZ#En K07 b7 7 va v IGEWEEKO
ANBOoOHEMobj_num; &7 F7 7 v ara; OANRE
at_ pop; # AnC@AXTrREhD. AREat_ pop, D%
EILTDS DEERMLTH RS AV = Z LT R
DO LR ORMET — & 2 I T 7.

at_ pop;

_ )
2.at_ pop;

inc,, =obj_ num; x



WE L LT T 7 v a v a £ T O KR
at_time; LW EHWVEEKIZWDS T — Y = MO HEEE
obj_numy i, BUEWDEK L K0T h T /v ara £T
EWETICWD 2=V = RREICESZ &RV L
L, FEEICWDIT—V s hOBITHE LV EW I REE
®iz, =702 A bal_num&EEKET T 79 TO
RO, IAANE, @R 0T~ 77 v a v g~
WS near _r, 3, (A THHEND.
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422 JIAOFEVETIVIZLDMIERHIER

T ouE U ET ML, ARERBROAE T a0 R
H=RLERBR L7 DT, @I TER Sk e 7
BHCICHEN TV LD THD. ZOHEA, BKORZHE
BEHNU L MNTLZETREMICY s m e 2 ARSI,
EHENFET7 2 oB ARV TRMSEREZZ NS, 88
ANEinc 27 N7 vava Bt bA 7 amErE

F(t,a) ZHVTOXD LS ICEHENS.
inc,, =obj_num, XM (®
ZF(ta)

WL NS T T 7 v a e £TOHERRN
at_time; KV EVIERKICWD T —Y = MROHEE K
obj_numy i, BUEWDEK Y K0T hF /v ara £T
HWGFNCNWD ==V MRS S idRn ek,
B zmECEFEL) BZVEEBITFIAT 2 ARZVH
MIZHY, SHBFERTHD EWVSFEND, WE 1 O
ZxrEUVEFEL) AAWTOXTHERS.
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W
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(rjXat_time,; <at_time, i)

5. Y2alL—Y3rvnEFE
51 T—IN—VICETENTA—2DEE

RETINVTRHHERT 4 A=—— 2B D EREDIRD
FRELTYIab—varaz2frH. ZoRE, 55—
EFEOBRMENBEAET DR TH S.

T RX—=J T BT A= HIZOWTIE, BHXEtE
F VU ZNT KD D ORMET — 2 2 TDS TOHMFHA
REFRFKIZT N T v a v OIENESRY — AR R &
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WIRT 4 A= — 3 —IZBT 2RI ZRBELITX 5 X9
#£ 3 DIIIEREEIT-T-. 2B, KvI=al—vza T
F1AT v TE 15525,
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R1 FrSUYavnRTA—4
Th303y H—EXEHE WNEBAHK ERSUEIMME TR IRIRBAHK
1 12 16 1

2 12 24 2
3 3 49 3
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5 12 49 2
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8 18 122 9 98
9 2 24 1
10 3 44 3
1 4 48 2 38
12 2 36 2 29
13 6 49 2
14 10 24 1
15 25 320 25 256
16 3 190 3
17 3 15 1 12
18 5 12 1 10
19 1 32 1
20 2 30 2
21 1 4 1
22 20 700 20 560
23 1 10 1
24 2 32 2
25 2 24 2
26 5 20 1

£2 T7RMSRANTA—4
BB 7R ARETERE JT7AF A RBEEERRE

4 2904 22
8 1789 14
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12 2376 18
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22 4620 35
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T EHABEL
35000

BMAESSRER

Y3al—avaTvd

BT RS9 3 N FASTPASS At Eh st
1 08

780

52 I—CzVbDNFTA—RERE

Tz FOFFONRT A= I TDS ICHRMRBROH 5
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1-540RFv 7 0325 0.364 0312 0 0 0 0
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Development of an Artificial Market System

for Analysis of Institutional Issues in Financial Markets
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Abstract

In this paper, we first discuss the notion that artificial market systems should meet the

requirements of fidelity, transparency, reproducibility, and traceability. Next, we introduce history
of development of the artificial market system named U-Mart system that meet the requirements
well, which have been developed by the U-Mart project. Next, we propose a novel U-Mart system
called "U-Mart system version 3.0” to solve problems of conventional U-Mart systems. The com-
putational experiments are carried out taking a market simulation where the futures price affects
the spot price to show the effectiveness of U-Mart system version 3.0.
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Abstract :

Multi-Agent Simulation is widely used in recent years to analyze the macroscopic behavior of social systems or
financial systems. Previous research works on the macroscopic economic system, on the other hand, are not so many,
although many of the social problems relate to an economical aspect. This study presents a multi-agent model of fund
circulation in an artificial economic system which is composed of producers, consumers and a bank and involves self-
adjusting mechanism of price, production and investment, in order to construct an artificial economic system with
realistic behavior. As a result, it was revealed that characteristic behaviors of a real economic system such as
equilibrium of market price, fund circulation among agents and business cycle etc. can be obtained as a result of the

simulation based on the microscopic rules of acts of each agent and the interaction among them.
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SOMAS: an Integrated Framework for Social Simulators on a
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1. Introduction

Social simulation is a research method by which
researchers construct artificial societies in their
computer to solve problems in social science’. In the
literature, agent-based simulation (ABS) has become a
powerful computational modeling paradigm, which
conducts social simulation of a bottom-up type.

ABS  approximately  represents members  of
organizations, corporations or societies as autonomous
agents, and builds a model of social system as
interactions among agents along their learning,
adaption, and evolutionary process?. Statistical methods
set up social simulation models based on the real
dataset, which show the relationship of parameters
within a model but fail to clarify the causations. Because
ABS builds the simulation model in a bottom-up type,
through which, we are able to explain the causations
from micro-level conditions to a macro-level behavior,
and then wunderstand the corresponding social
phenomena?.

However, on the other hand, ABS explores an
enormous parameter space, and it is generally difficult
to choose an appropriate parameter set and determine
their influence degrees in the simulation model. In
addition, it is also difficult to decide whether a
combination of parameter values works well to achieve
the desired objectives. Therefore, we propose an
integrated framework from a viewpoint of the model
complexity and the parameter design to solve the above
mentioned problems, based on a classification of
conventional ABS experimental methods.

The rest of this paper is organized as follows: Section 2
makes a brief classification of conventional ABS
experimental methods. Section 3 proposes and
implements SOMAS. Section 4 evaluates the
effectiveness of SOMAS by an application of history
simulation domain. Finally, Section 5 concludes the

paper and proposes some ideas for future work.
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2. Experimental Methods of ABS

There are many types of experimental methods to
implement ABS models, for instance, conventional ways
execute the simulation steps in a straightforward way:
all micro-level parameters and initial conditions are
firstly set, then the simulation steps are executed, and
finally the macro-level results are observed as outputs.
Such a process is called "forward simulation" in this
paper. By changing the parameter values, forward
simulation collects sets of results and uses them for
sensitivity analysis or landscape prediction.

When using forward simulation method, plural trials
are always executed to examine stochastic variations of
outcomes by operating sets of parameter values, such as
the Axelrod Cultural Model (ACM)¥. In ACM, Axelrod
represented a culture as a list of features. By changing
the values of two important parameters in the culture
dissemination process as the number of features and the
number of alternative traits per each feature, Axelrod
collected sets of results and through which analyzed the
relation  between  two micro-parameters and
macro-outcomes. Other examples can be found in® 97,

In contrast, inverse techniques execute the simulation
steps in the reverse order by means of solving "inverse
problem": a macro-level objective function is firstly set,
the simulated worlds are then evolved to fit to the
objectives, and finally the micro-level agent parameters
are optimized®. In "inverse simulation", optimization
algorithms are employed to obtain the optimal
parameter values through multiple executions of
evaluations of the simulation model, examples can be
found in Kurahashi and Yang’s research works?19. They
developed ABS models to analyze a particular family line
which continued to produce successful candidates in civil
service examination in imperial China over five hundred
years, and finally inferred the successful family
strategies by systematic parameter optimization by

inverse simulations. Other contributions can be found
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iniv,

However, there always comes the request to coordinate
the complexity of a model structure when applies inverse
simulation to analyze complex social phenomena. That
is, we want to find a simper and more accurate model
structure among those models which reproduce the real
social phenomena. A framework that intended for such a
model selection is therefore necessary.

Unlike similar concepts and methods in statistical
multivariable analysis which selects a statistical model
to describe the given data, in our implementation, the
model selection means to obtain subset of variables as
features to find simple and more accurate models to
explain the simulated problem. We implement model
selection by wusing feature selection in machine
learning!?. When we apply model selection to ABS field,
each parameter of the ABS model is managed as a
feature, and each model structure is determined based
on a subset of selected variables as features. The model
is evaluated by how precise the subset of selected
variables as features is able to reproduce the desired
result as macro outcome. The complexity of the model is

decided based on the evaluation results.

Fig.1 Experimental methods of social simulation

Fig.1 summarizes and compares the different
execution processes of three types of experimental
methods. As shown in Fig.1, a lot of simulation trials are
necessary when applying the three types of experimental
methods to conduct ABSs. Most ABS applications reduce
the number and range of parameters in the simulations
in order to finish the experiments within a limited
evaluation time. While a meta-level problem of how to
decide a reasonable execution time for evaluation occurs.
Grid computing is therefore employed as a solution to
speed up the execution of multiple runs of ABSs,

benefiting from a parallelism.

3. Proposal of SOMAS

This paper propose an integrated framework, Social
Macro Scope (SOMAS), in order to (1) provide functional
components to execute ABSs automatically on a grid

environment, through various experimental methods, (2)
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implement a common programming interface for easy
and smooth execution of ABSs through various
experimental methods, without necessary to modify the
ABS source code. Such an integrated framework is
especially beneficial for those social scientists who are
not familiar with recent computer usages, because, using
the framework, they do not need to modify their own
simulators but only prepare sets of parameter files to
run.
3.1 Design of SOMAS

SOMAS is designed as a java-based framework, which
employs grid technologies to execute multiple runs of
social simulations in parallel on a grid environment.

Grid technologies connect computational nodes such as
geographically dispersed PC clusters over Internet in
order to obtain the simulation results within a short
CPU time, benefiting from a parallelism!®. Of the works,
Ono et al. has proposed grid-oriented genetic algorithm
framework 2 (GOGA 2) for solving large-scale genetic
algorithm (GA) optimization problems on a grid
environment, and has confirmed its practicability on a
grid test bed!¥. GOGA 2 is a java-based framework,
which has implemented a set of java libraries to satisfy

the requirements of grid operations and GA operations.

SOMAS

SOMAS Companents

* Farward simulation component

* The social simulation
madel such as agent-

* The common

GoGaz (|-
and user program

implemented by user * First-layes optimization

{ = 0

* Grid Libraries
* GA Libraries

*Second-layer optimization

Fig.2 The constitution of SOMAS

SOMAS extends GOGA 2, by implementing SOMAS
components and SOMAS core. As described in Fig.2,
SOMAS  components include three functional
components as forward-, inverse-simulation and model
selection components, which are designed to execute
ABS experiments through forward-, inverse-simulation
and the first-layer optimization of model selection to
select a subset of parameters as features. SOMAS core is
the common programming interface, which connects
GOGA 2 and user program. User program can be any
type of social simulation models such as ABS models,
determined and implemented by the users. GOGA 2
controls grid environment and provides GA libraries
which are employed in inverse simulation and the

second-layer optimization of model selection.



In the following, we will give the implementation of
SOMAS, including the forward-/inverse-simulation
component and model selection component as well as the
common programming interface.

3.2 Implementation of SOMAS

SOMAS uses master-worker structure of GOGA 2 to
implement multiple runs of ABSs on a grid environment
automatically, through forward-, inverse-simulation and
model selection, respectively, shown in Fig.3, Fig.4 and
Fig.5. These pictures consist two parts: the user terminal
and the cluster. The user terminal is a node which
invokes a SOMAS task. SOMAS master on the user
terminal manages the main processes of trails
generation and assignment, communicates with worker
nodes in the cluster. The cluster consists of plural worker
nodes for parallel computations, which performs
differently when employing various experimental
methods such as forward-, inverse-simulation and model
selection. Although there is only one node acts as the
user terminal, we can control the number of
computational nodes in the clusters by setting the values
of arguments of the grid property file (explain in 3.3).

(1) Implementation of forward simulation component

Fig.3 describes the constitution of computational nodes
and the process of implementation of forward simulation
component. In forward simulation, plural worker nodes
carry out simulation models based on the parameter sets
received from SOMAS master, and return the simulation
results to SOMAS master. SOMAS master summarizes

the results and we obtain sets of results as output.

5. Simulation based on
the

Worker
)
5. Simulation based on

the or

1. Readthe settings of
forward simulation
R. Gener:

pucl (AB, C, ...
Property SOMAS
File Qaster
B. Assign parameter sets

7. Su ize the

i

Worker
t Node

5. Simul on
the or
Worker

Cluster

g

Sets of results

User terminal

Fig.3 The implementation of forward simulation

Forward simulation is carried out as follows: (1)
SOMAS master reads the experimental settings of
forward simulation based on the property files, (2)
According to the experimental settings, SOMAS master
generates various parameter sets such as (A, B, C, ...),
and then (3) SOMAS master finds worker nodes

available for computational tasks in the cluster and
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assigns parameter sets to them, (4) Next, SOMAS
master sends parameter sets to worker nodes, (5) Worker
nodes execute simulations based on the received
parameter sets, (6) When simulations finish, worker
nodes return the simulation results to SOMAS master,
the workflow from step (3) to step (6) is repeated until all
the parameter sets are handled, (7)Finally, SOMAS
master summarizes the simulation results and we obtain
sets of result by forward simulation.
(2) Implementation of inverse simulation component
Fig. 4 gives the constitution of computational nodes
and the process of implementation of inverse simulation
component. We employ GAs for optimizations. In inverse
simulation, the cluster consists of GA masters and
worker nodes for parallel computations. GA masters
manage the GA operations other than evaluation tasks.
Worker nodes execute simulation models based on the
received parameter values and return the simulation
results to GA master. The ABS models are executed

similar to the forward simulation.
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Fig.4 The implementation of inverse simulation

Inverse simulation is carried out as follows: (1)
SOMAS master reads the settings of inverse simulation
based on the property files, and then (2) SOMAS master
finds GA masters available for computational tasks in
the cluster, assigns trials of inverse simulations, (3)
SOMAS master sends trials of inverse simulations to GA
masters with parameter settings, (4) Each GA master
manages GA operators of one trial of inverse simulation,
when the evaluation of an individual is necessary by a
process of GA, GA master finds worker nodes which are
available for computational tasks in the cluster, and (5)
Assigns the evaluation tasks to the worker nodes, (6) GA
masters send the evaluation tasks with parameter sets
to the worker nodes, (7) Each worker node executes the
simulation based on the parameter values of the
individual, and evaluates the individual, (8) As a result

of simulation, the evaluation value which expresses how



well the desired objectives are able to be achieved is
returned to GA master, the workflow from step (4) to
step (8) are repeated until inverse simulation is finished,
then (9) The simulation result is returned to SOMAS
master, (10) Finally, the optimal parameter values are
obtained by the returned simulation result. Through
such a procedure, we obtain a model structure by
systematic parameter optimization through inverse
simulation, which represents the desired objectives.
(3) Implementation of model selection component

Fig. 5 shows the constitution of computational nodes
and the process of implementation of model selection
component. Model selection is implemented through a
two-layer optimization mode: the first-layer optimization
selects a subset of variables as features and the
second-layer optimization employs it as input variables
to execute the inverse simulation. In model selection,
SOMAS master on the user terminal manages GA
operations of feature selection; GA masters and worker
nodes in the cluster execute inverse simulation based on
the selected subset of parameters. The results of
objective function of inverse simulations are used as
external criterions to evaluate the efficiency of selected
subsets of parameters. Finally, the model will be
evaluated by how precise the selected subset of variables
as features is able to reproduce the desired result as a
macro outcome. Through such a process, we obtain a
simple and more accurate model structure based on the

selected subset of parameters by model selection.
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Fig.5 The implementation of model selection

Model selection is carried out as follows: (1) SOMAS
master reads the settings of model selection based on the
property files, (2) SOMAS master executes the first-layer
GA for feature selection, (3) Each subset of parameters is
expressed as an individual of GA, SOMAS master
searches for GA masters which are available for
computational tasks and assigns the subset of
parameters, (4) Next, SOMAS master sends the subset of
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parameters to GA masters, from step (5) to (9) inverse
simulation is executed based on the subset of parameters,
(10) The optimal evaluation results obtained from
inverse simulations based on the subset of parameters
are returned to the SOMAS master, (11) Finally, the
optimal model structure with subset of parameters is
achieved by feature selection.

For GA operations on SOMAS, some individuals have
same gene characteristics when they are generated by
crossover operator. This tendency becomes obvious in the
latter half of GA when GA begins to converge. However,
it is not preferable to evaluate the same individual many
times. Therefore, we use a hash table to register the
gene characteristics of an individual and its evaluation
value in a GA application. An individual that has been
evaluated once is assigned the evaluation value from the
hash table directly. At the same time, for those child
individuals have same gene characteristics, only one of
them is performed by inverse simulation, the evaluation
value is registered to the hash table. Other individuals
are directly assigned the evaluation value from the hash
table. Through such a technique, we greatly reduce the
execution time of ABS by model selection.

(4) The common programming interface

Moreover, a common java programming interface is
offered by SOMAS to provide a convenient mechanism to
execute ABS through three types of experimental
methods. This function is presented by the class diagram
shown in Fig. 6, where the left part shows the classes of
implementation of forward simulation method, and the
right part is the classes employed by GA operations of

inverse simulation.
<>

F------z===-=-=2 fm—m—m e — - \

ForwardSimulation TGaParallelExecutordob
ParallelExecutorJob S
[TsingleGAJob | [ TParallel GAJob |
<> <>

<Interface>>
1Problem

___________

L A 1
! <Interface>> 1
' ISimulation !
Forward | e \ Inverse
Simulation ! ! Simulation
: '
.

Fig.6 The class diagram of SOMAS
As shown in Fig. 6, ISimulation is defined as the

common java interface, through which we develop both
forward- and inverse-simulation with the same ABS
model by implementing related java abstract classes
respectively. Model selection is developed similar to the

inverse simulation.



3.3 Property files of SOMAS

Three types of property files are prepared to use
SOMAS: (1) grid property file, (2) SOMAS property file,
and (3) simulation property file.

Grid property file is a shell file which determines a
grid environment and the total number of computational
nodes on a grid environment. This file is made based on
the settings of the cluster side to use. Once the grid
property file is set up based on the PC clusters, no
modification is necessary during the simulation process.

SOMAS property file sets the experimental method
and the constitution of computing nodes in the cluster.
For the experimental methods, forward simulation,
inverse simulation or model selection can be chosen.

Simulation property file is implemented as forward
simulation property file, inverse simulation property file,
or model selection property file (which consists of feature
selection property file and inverse simulation property
file), depending on the experimental method chosen to
conduct the simulation models. Forward simulation
property file sets the configurations to generate plural
combinations of parameter values from a predefined
data file and based on these parameter values to conduct
simulations. Inverse simulation property file sets the
operators of GA. The feature selection property file of
model selection property file sets the GA operations for
feature selection, and the inverse simulation property
file of model selection property file is set up as same in
inverse simulation.

3.4 Procedure of using SOMAS

To conduct ABS on a grid environment, (1) First, we
build the ABS model by implementing the common java
programming interface Isimulation, (2) Second, we set
grid property file to determine the sitemap and the
number of computational nodes on a grid environment,
and then (3) We set SOMAS property file to decide
experimental method as forward-, inverse-simulation or
model selection to conduct ABSs and the constitution of
computational nodes in the clusters, (4) Under each case,
we set configurations and parameters required by each
simulation property file, and (5) Finally, we implement
ABS experiments through forward-, inverse-simulation

or model selection method, respectively.
4. Evaluation of SOMAS

This paper then reports an application of history
simulation domain to evaluate a performance of SOMAS.

We build a grid test bed with its computational nodes
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from two PC clusters: DIS cluster in Suzukakedai
campus, and TSUBAME cluster!® in Ookayama campus,
both located at Tokyo Institute of Technology. When a
user terminal starts the SOMAS manager through
Internet, one of the nodes in DIS cluster is triggered as
the master, and plural nodes of both clusters will act as
workers.

In this study, following our previous work, we develop
history simulation through inverse simulation method,
where inverse simulation uses real-coded GA to search
for the optimal parameter values which indicated a
successful family strategy in civil service examination in
imperial Chinal®,

For GA operators in the experiments, we employ
Parallel Minimal Generation Gap model (PMGG) 1© as
the basic generation-alternation model and Unimodal
Normal Distribution Crossover (UNDX) !7 for the
crossover operator. The experimental parameters of GA
operators are set as follows: selection is by best and
rank-based roulette, crossovers of PMGG 1is 100, the
number of child per each generation of PMGG is 200,
alpha of UNDX is 0.5, beta of UNDX is 0.35, the number
of initial population size is defined as 50, and the
maximum generation is set to 50, where the value of
alpha and beta in UNDX were set according to the

suggestion in!®.

Fig.7 The result of evaluation of SOMAS

Because heterogeneous computational nodes on the
grid test bed vary in their computational capabilities, we
select the longest time consumption of one trial of
history simulation as a standard unit time, and then
evaluate all execution times again bases on this
standard unit time for normalization. Fig.7 shows the
normalized results of history simulation on SOMAS,
which has demonstrated and confirmed that the time for
calculation is shortened obviously by increasing the
number of nodes to the grid test bed, and the rate of
speed up is almost linear for up to 100 CPUs.

We also conducted ABS experiments of history



simulation through forward-, inverse-simulation and
model selection method. We obtained the simulation
results within a short CPU time, which suggest that
SOMAS is a capable environment for executing large
experiments and works well for the application of history

simulations.
5. Conclusion

This paper has proposed and implemented a new
integrated framework from a viewpoint of parameter
design, in order to solve the problems of using ABS to
analyze complex social systems. SOMAS supports
parallel execution of multiple runs of ABSs on a grid
environment. Based on GOGA 2, SOMAS implements
the following functions by operating computational
nodes in the clusters: (1) parallel execution of forward
simulation on a grid environment and obtain sets of
results for sensitivity analysis or landscape prediction
within a short CPU time, (2) parallel execution of
inverse simulation on a grid environment and obtain
optimal parameter values within a short CPU time, (3)
parallel execution of model selection on a grid
environment and find an optimal model structure with
subset of parameters as features within a short CPU
time, (4) a common programming interface for smooth
execution of three types of experimental methods of ABS
(forward- , inverse-simulation and model selection).

The experimental results of an application of history
simulation domain have confirmed the practicability and
effectiveness of SOMAS, where multiple runs of ABSs
through various experimental methods have been
finished within a short CPU time.

Our future work is to develop more popular libraries
and more case studies on SOMAS, to confirm its
robustness and maximize its usability. We are also going
to implement convenient libraries for automatic data
analysis of simulation results. Moreover, we plan to
import other Java-based projects to SOMAS, in order to
facilitate those who use such ABS toolkits as Repast,
SOARS, NetLogo and so on.
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Chilled Food Abandonment Problem of Convenience Store

An Agent-Based Simulation Analysis

* H. Lee (The Kyoto College of Graduate Studies for Informatics)

Abstract— It has been predicted that the average food abandonment of convenience stores in Japan is 5 mil-
lion yen/30 tons a year. The food abandonment cost is a big factor to reduce the profit of convenience store
manager, and improvements are requested by the low ratio of Japan's food self-sufficiency and the world-wide
food shortage problem. In this study, we construct a multi-agent simulation model of convenience store market
to verify the effect of abandonment discount strategy on the earnings improvement, and the effect of reducing

the value of food abandonment.

Key Words: agent-based simulation, convenience store, food abandonment, abandonment discount
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