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Abstract

Reorganization of the structure of an organization is a crucial issue in multi-agent systems that operate
in an open, dynamic environment. Currently, most coordination mechanisms are imposed upon the
system at design time, and their modification implies the redesign of the system. However, autonomous
agents must be able to evaluate and decide the most appropriate organization given the environment
conditions. That is, there is a need for dynamic reorganization of coordination structures. In this
paper, we propose a classification of reorganization types which considers two layers of reorganization:
behavioral and structural. We further describe how simulations can help to determine whether and how
reorganization should take place. Finally we present a simulation scenario that is used to evaluate the

different reorganization forms.

1 INTRODUCTION

Establishing an organizational structure that specifies
how agents in a system should work together helps
the achievement of effective coordination in MAS
(Barber and Martin, 2001). An organization-oriented
MAS starts from the social dimension of the sys-
tem, and is described in terms of organizational con-
cepts such as roles (or functions, or positions), groups
(or communities), tasks (or activities) and interaction
protocols (or dialogue structure), thus on what relates
the structure of an organization to the externally ob-
servable behavior of its agents.

Environments in which the MAS systems function
are not static. Their characteristics can change, rang-
ing from new communication channels to tasks that
are no longer useful or are new. In such a chang-
ing environment, agents can disappear, be created or
they can migrate. The organizational objectives can
change, or operational behavior can evolve. Models
for MAS must therefore not only cater for adaptive
agents (Jennings et al., 1998) but also be able to de-

scribe dynamically adapting organizations to changes
in the environment. Depending on the type of orga-
nization and on the perceived impact of the changes
in the environment, adaptation is achieved by behav-
ioral changes at agent level, modification of inter-
action agreements, or the adoption of a new social
structure. Even though in most MAS, reorganiza-
tions are currently realized by re-engineering the sys-
tem (i.e. external assessment and modification of a
system), for a MAS to be truly autonomous, mecha-
nisms for dynamic reorganization must be available.
The concept oflynamic adaptatiomefers to modifi-
cations in structure and behavior of a MAS, such as
adding, removing or substituting components, done
while the system is running and without bringing it
down (Valetto et al., 2001). Dynamic adaptation de-
mands that systems can evaluate their own "health”
(i.e. success and other utility parameters) and take
action to preserve or recover it, by performing suit-
able integration and reconfiguration actions. Reorga-
nization of organizations should therefore allow both
for changes of the operational behavior of the orga-



nization, such as admission or departure of agents, as
well as for changes of the social structure of the so-

ciety changes, that is, roles, relationships, norms or
interactions.

In (Dignum et al., 2004), we discuss different types
and motivations for reorganization and the conse-
guences for MAS models of enabling dynamic reor-
ganization at different complexity levels. Not every
change in the environment or an agent will lead to an
organizational change. But when and who will actu-
ally decide upon such a structural change?

When a decision is made to change the organization
it should also be decided what and how the organi-
zation is changed. Are interaction patterns changed,
do we change some roles, some constraints,...? Orga-
nizational success is brought about by the organiza-
tion’s ability to bring all its information and assets to
bear, and the ability to recognize and take advantage
of fleeting opportunities. In this sense, successful re-
organization should lead to an increased utility of the
system. That is, the reorganized instance should per-
form better in some sense than the original situation.

From the perspective of the individual agents, their
participation in an organization also depends on util-
ity factors. Utility is however appreciated differently
from the perspectives of the society and of the agents.
On the one hand, the organization will only admit an
agent, if the overall utility of the society increases
(Glasser and Morignot, 1997). On the other hand,
assuming rational agents, the agent will only join an
organization if its own utility increases.

In this paper, we will first describe a theoretical
framework of the reorganization aspects discussed
above. After that we will discuss how simulations
can be used to discover some properties of the reor-
ganization process. Finally we describe the first steps
in this process, presenting a simulation environment
in which reorganization can be studied.

2 SOCIAL ORGANIZATION

2.1 Organizational utility

One of the main reasons for having organizations,
is to achieve stability. Nevertheless, environment
changes and natural system evolution (e.g. popu-
lation changes), require the adaptation of organiza-
tional structures. Reorganization is the answer to
change in the environment. As reorganization is con-
trary to stability, the question is then: under which

conditions is it better to reorganize, knowing that sta-
bility will be (momentarily) diminished, and when to

maintain stability, even if that means loss of response

success. In order to answer this question, it is neces-
sary to define thatility of an organization. Reorga-
nization is therefore desirable if it leads to increased
utility of the system. That s, the reorganized instance
should perform better in some sense than the original
situation.

Given the assumption of agent autonomy, it is also
necessary to define agent utility, as each agent should,
in principle, be able to determine whether a reorgani-
zation results in increased utility for the agent itself.
Utility is thus evaluated differently from the perspec-
tives of the society and of the agents.

Society Utility We define the utility of an organiza-
tion based on organization properties:

e Interaction successhow often do interac-
tions result in the desired aim.

e Role success how often do enacting
agents realize role goals.

e Structure successhow well are global
objectives achieved in an organizational
structure.

For example, a given combination of structure
and population is said to be successful if the
overall success of the organization is higher in
that situation than for others. Society utility
depends also on the cost of the reorganization.
That is, any function to measure organization
utility must take in account both the success of
a given structure, and the cost of any change
needed to achieve that structure from the current
situation (Glasser and Morignot, 1997).

Agent Utility is different for each agent, taking in
account issues such as its own goals, resource
production and consumption. Basically, we can
assume that rational agents will participate in a
society only if, in their own perception, their in-
dividual utility increases. Furthermore, differ-
ent social attitudes will result in different eval-
uations of individual utility. That is, the utility
function of a social agent may take on account
some measure of society utility, whereas for a
selfish agent only individual concerns matter.

2.2 Organizational Change

Change is a result of observation of the environment.
Making sense of a situation begins by identifying rel-
evant patterns and access current response possibil-
ities. Sense-making is however more than sharing
information and identifying patterns. It involves the



ability to generate options, predict outcomes and un-
derstand the effect of particular courses of action.
Such sense-making activities require to keep some
sort of system history, also across different role enac-
tors. These are capabilities that few software agents
are endowed with. Hence, enabling dynamic reor-
ganization has consequences for the capabilities re-
quired from the agents involved. Therefore makes
sense to, firstly, identify which organization type is
most appropriate for a given situation, , secondly,
what is then needed to adapt the current organization
to the one with the highest utility, and, finally, what is
required from the individual agents to enable them to
realize the reorganization.

A characteristic of reorganizationtisnelinessthat
is adequate response at the appropriate time (not to be
confused with speed). This implies the need to assess
when and how often, and at which level to change.
When change occurs too often and too quickly, the
predictability of the system will decrease, but too
slow and too late changes result in rigidness of the
system. Both situations are usually not desirable.
The characteristic to aim at issiliency that is, flex-
ible but durable and consistent with the (meta) norms
and objectives of the organization. An interesting
study presented in (Carley et al., 2002), explores the
resiliency of organizations by studying their perfor-
mance when key leaders were removed . Different
domains will have different appreciations of timeli-
ness and resiliency. For instance, in rescue opera-
tions, timeliness is often directly related to speedy re-
sponse. That is, a quick, even if sub-optimal, adapta-
tion will be preferred over the optimal solution if that
one only arrives after it is too late (e.g the house has
already burned down). On the other hand, in institu-
tions (such as an university department), timeliness is
often related to consensus. That is, the good time to
change is when all parties are conscious of the need
to change and agree on the changed model.

3 ATYPOLOGY OF REORGA-
NIZATION

In early work in reorganization, restructuring was
only possible in the initialization phase of the sys-
tem. During the actual problem solving phase, the
structure was fixed. Currently, most dynamic ap-
proaches to reorganization consider only the behav-
ioral aspects, that is reorganization only affects the
current population of agents in the system, both at
the social (i.e. interactions and relationships) (Car-
ley and Gasser, 1999), as well as individual level

(Hannebauer, 2002). Existing implementations of
organizational adaptation include approaches based
on load balancing or dynamic task allocation. The
later is often the case in organizational self-design
in emergent systems that, for example, include com-
position and decomposition primitives that allow
for dynamic variation of the organizational struc-
ture (macro-architecture) while the system population
(micro-architecture) remains the same (So and Dur-
fee). Another common approach is dynamic partici-
pation. In this case, agent interaction with the orga-
nization is modelled as the enactment of some roles,
and adaptation occurs as agent move in and out of
those roles (Dignum, 2004; Glasser and Morignot,
1997; Tambe, 1997). However, few of these systems
allow agents to change the problem-solving frame-
work of the system itself (Barber and Martin, 2001).

Based on the above considerations, we identify the
following reorganization situations:

Behavioral change: Change at behavior level, that
is, organizational structure remains the same,
but behavior of agents enacting organizational
roles change. Examples are when agents join
or leave the society, or when their characteris-
tics change (e,g. more or less consumption or
production of some resources) It does not affect
future enactments and therefore there is no need
for organizational memory.

Structural change: Aims at accommodating long-
term changes, such as new situations or objec-
tives. Structural change influences the behavior
of the current but also of future society instantia-
tions. Examples of structural change are adding,
deleting or modifying structural elements (e.g.
roles, dependencies, norms, ontologies, commu-
nication primitives) Change at social level im-
plies a need for society level learning. That is,
by keeping an organizational memory, the soci-
ety itself can reflect on the difference between
desired and actual behavior and decide on social
level changes (roles, norms, etc.).

Another perspective on reorganization, concerns
the ways the reorganization decision is taken. Con-
siderable work has been done analyzing the advan-
tages and disadvantages of centralized and distributed
problem-solving structures. In centralized situations,
decisions are taken by one role in the organization.
It corresponds to a master/slave relationship between
agents acting at different levels of autonomy. Roles
empowered with decision-making authoritglirect
change of other roles. In distributed decision-making
situations that (all) roles are collectively responsible



for a change decision.
by collaboration or consensus. In (Barber and Mar-
tin, 2001) three types of decision-making styles are
identified, that relate to centralized and distributed
decision-making situations:

e Command-driventhe agent does not make any
decisions on how to pursue its (role) goals, and
some other agent has authority over it (child in a
hierarchical relation)

e True consensug\gent works as a team member,
sharing decision making control equally with
other agents. (network relation)

e Locally autonomous/mastefThe agent makes
decisions alone and may or not have control over
other agents (parent or root in a hierarchical re-
lation).

Related to the above, is work on the application of
the military notions of Command, Control and Com-
munications (C3) to MAS focuses on the authority
to effect changes at different levels (Tidhar and So-
nenberg, 2003YCommandefers to the authority and
responsibility to determine the objectives of the orga-
nization and update the social structure of the organi-
zation accordinglyControl refers to the authority to
specify and modify detailed plans for achieving ob-
jectives, that is, the authority to modify interactions
and behaviorCommunicationsefer to sharing infor-
mation about the environment, the state of the orga-
nization, the state of the achievement of objectives,
and the state of execution of the plans. Figure 1 de-
picts the relations between the different perspectives
on reorganization.

Behavior Structural
change change
TO )
@ S Collaborative/ Shared Shared
g3 consensus control command
)
o
58
So . Role-based | Role-based
23 Directive/
S Master-driven control command
Control Command

Change authority
(Tidhar, Sonenberg)

Figure 1:Dimensions of change.
In directive situations, agents enacting directive

roles (ordirectorg, must be able to monitor and eval-
uate the overall behavior of the system, according to

Changes are thus achieved some success factors and determine what adaptation

is required. The need for communications is reduced
as the directive agent forms its decisions indepen-
dently from the information it receives from others.
The director communicates, or otherwise enforces,
changes in interaction or behavior to the other agents,
but can only assume that the others will in reality re-
alize those changes (because it cannot access inter-
nal behavior and motivations leading other agents’
actions).

In collaborative situations, all agents need high
meta reasoning and communicative capabilities in or-
der to assess changed situation, communicate with
others about its observations, and negotiate how the
group should adapt to it. The need for commu-
nications is high as change decisions can only be
achieved by negotiation between all agents, which
form their own decisions based on their own evalua-
tion of the environment, possibly benefiting commu-
nications with the others.

4 Objectives for Simulation of
Reorganization

In the previous sections we have brought forward a
number of aspects and ideas that play a role in the re-
organization of MAS. In this section we will explain
how we use simulations to substantiate the theory.
First of all we have to point out that a theory on re-
organization brings together a number of aspects on
different levels of the MAS that cannot be studied all
in the same simulation. Therefore we have to divide
the process in a number of steps, each building on the
previous one. The main complicating factor is that
we assume that the behavior of an agent in a MAS
does not only depend on its own internal state and
the state of the environment, but that it also depends
on the organizational structure of the MAS in which
it operates. Important point is that we cannot assume
the organization to be just another part of the environ-
ment, because it cannot be changed in the same way
as other parts of the environment by a single agent
(we recognize that this is not a very strict distinction,
but the important part is that the organization does
have a special status when we take into account ex-
plicit reorganizations).

The first step in the exploration of the reorganiza-
tion process is thus to find out exactly what is the in-
fluence of the organization form on the behavior of
the MAS in a certain environment. In order to make
this more precise we have to indicate which are the
elements of the organizational form that we consider.



Without claiming completeness, we consider the fol-
lowing aspects to be the most important ones:

e The type of goal of the organization. Is it a very
simple, unrestrictive goal or a hard to achieve,
very limiting goal.

e Which are the roles to be distinguished. I.e. how
are the organizational goals divided over roles.
Inthe extreme cases all agents play the same role
or all play a different role.

e Related to the previous point is how the roles are
instantiated with agents. How many agents play
the same role.

e The interaction between the agents playing
roles. This concerns both the interaction pat-
terns (communication protocols) as well as role
dependencies (does a role have power over re-
sources, task allocation, etc. and can thus steer
other roles).

Given a certain environment and agents with fixed
capabilities we can use simulations with differently
organized MAS to find out which of the organizations
performs "best” in such an environment. In such a
way it will be possible to make a match between or-
ganizational form and type of environment. The re-
search question here is thus "Which type of organiza-
tion structure performs best given a certain environ-
ment and organizational objectives?”

The next step in the exploration process is about
the actual reorganization itself. In this step we want
to find out how an organization should be reorganized
from one form to another to best suit an environment
that changed (drastically). So, in this step we actu-
ally explore the possibilities for reorganization given
in the previous section. Aspects that will be impor-
tant here are how quick an organization can react to a
changing environment and how big are the "costs” of
the reorganization. If a certain mechanism takes too
much time the MAS might not recover in time to sur-
vive. On the other hand, the costs of a reorganization
can be so big that it is better to quit the organization
and start all over from scratch. The aim of this step is
thus to evaluate the different possibilities for chang-
ing into a more adequate structure given a change of
environment characteristics.

In the previous we assumed that all agents within
the organization somehow will know that the envi-
ronment changed and a certain type of reorganization
has to be performed. In the last step we will look at
cases where certain agents will discover that the en-
vironment changes and the reorganization has to be

initiated through communication. This is a very typi-
cal scenario for crisis management in which teams of
agents have to react to changing circumstances that
are detected by one or more members of the team.
Especially in this last step we will look at the reason-
ing and communication capabilities of the agents in
the MAS and the influence this has on the reorgani-
zation possibilities.

In summary, the three steps in the reorganization
simulation process are as follows:

1. Identify the match of organizational structure or
behavior to environment characteristics

2. Reorganization of system to adapt to (drastic)
changes. Also, evaluate the advantages and dis-
advantages of structural and behavioral change,
role-directed or collaborative.

3. Investigate the communicative requirements to
reason about change. Also, evaluate the influ-
ence of reasoning with limited knowledge.

5

As described in the previous section, the aim of our
research is to develop a simulation tool that enables
the study of the effects of reorganization strategies
on the performance of societies consisting of multi-
ple agents. We are interested in investigating both the
properties of systems that exhibit reorganization pos-
sibilities and the degree of complexity necessary to
build agents that are able to reason about social reor-
ganization. The development of the simulation game,
VILLA, follows the three steps described in the pre-
vious section, and was further designed to meet the
following requirements:

Initial Simulation Setup

e The system must be simple enough to enable
empirical evaluation of the results.

e The system must be complex enough to emulate
situations where reorganization really matters.

VILLA simulates a community inhabited by num-
ber of Creatures, divided into three groups: the Gath-
erers, the Hunters, and the Others. The unique goal
of the community is to survive. All creatures must
eat in order to survive. When creatures don't eat,
their health decreases, until health is 0, when they die.
Gatherers and Hunters are responsible to keep the
food stack supplied. Gatherers and Hunters should
eat more than Others to allow for the effort of col-
lect food. Furthermore, the health of Gatherers and
Hunters determines how much food they can collect.



That s, the healthier a Hunter or Gatherer is the more
food it can collect. However, food collection is not al-
ways guaranteed and Gatherers or Hunters may only
sporadically be successful. The probability of suc-
cess of Gatherers is higher than that of Hunters. On
the other hand, when successful, Hunters can collect
more food than Gatherers. Gatherers find food on
their own but Hunters must hunt in groups (two or
more). Therefore, Hunters must be able to move in
order to find other Hunters with whom they can hunt.
The hunting capability increases with the size of the

group. Other Creatures can be seen as the elderly and

children of the society, they only eat and are not in
state of contributing to the food collection effort. For-
mally, a VILLA community can be defined as:

Villa = {C,G,H,FS,F0,E,T,mE, ME, R},
where:

el {¢ : ¢ ({health, food —
intake}, {eat}, {O(eat|food > 0)})} , are the
creatures. The obligation indicates that all crea-
tures must eat if there is food available.

G C CG = {¢g : g =
({health, foodintake, gatherpower, gather-
probability}, {eat, gather}, {t <

E,O(g, gather(g,t))}}, is the subset of
Gatherers. The obligation indicates that gath-
erers are obliged to gather food in each run.
How much food is gathered is a function of its
gather-power and the gather probability.

e H C C,HNG o, H {h
h = ({health, foodintake, hunt-
power, position}, {eat, gather, observe, move},
{t < E,O(h,hunt V move))}}, is the subset
of creatures that can hunt food. The obligation
indicates that hunters are obliged either to hunt
or to move in each run. How much food is
hunted is a function of the number of Hunters
in a group, and the combined gather-power and
gather probability.

FS = ({food},{},{}) is the food stack agent,
describing the amount of food available at any
moment

Iy € Int, is the value of the initial food stack

E € Int, is the number of runs

T € Int, is the number of ticks per run

mpg € Int,mg =< num(C), minimal number
of creatures at time E

My € Int, maximal amount of food at time

e R = {rl,r2,r3,} are the society rules, defined
as follows

Rl Ve € C\Vi < E, eat(c,i) — food(i)
food(i — 1) — foodintake(c)

R2 Vg € G,Vi < E,gather(g,i) — food(i) =

food(i — 1) + gatherpower(g,t) x gather-

probability(g, t)

R3 hunt — group(p) = hi,,h, < Vhg, h, €
p, adjacentposition(hy, hy)

R4 Vp huntgroup,¥i < E, hunt(p,i) —
food(i) = food(i—1)+ hunters(p) x ((hunt-
power(h,t) x huntprobability(h,t))

R5 Ve € C, (food(i) = 0) — eat(c, i)

R6 V¢ € C,noteat(c,i)
health(c,i—1) — 1

—  health(c,1)

R7 Ve € C, health(c,i) = 0 — dead(c)

R8 Vg € G,Vi

f(health(g, ))
(i.e. gatherpower is a function of health)

< E, gatherpower(g,1)

R9 Vh € H,Vi < E, hunt
int — power(h,i) = f(health(h,1))
(i.e. huntpower is a function of health)

R1IOVhR € H\Vi <  E,move(h,i)
position(h,i) # position(h,i — 1)

R11 Ve € C,dead(c) — num(C) = num(C) — 1

R12 success(village, R) — num(C,R) > mpgr A
food(R) =< Mg

The VILLA simulation game consists of a fixed
number of runs. During each run, Gatherers and
Hunters will gather food, and as many Creatures will
eat as the food stack allows. Each run consists of
a number of 'ticks’. Each agent can use each tick
either to act or to reason (not both simultaneously).
The objective is to have as many as possible creatures
surviving at as low possible cost. We have imple-
mented the VILLA simulation game using the RePast
simulation environment (Collier, 2003).

1In a possible future extension, the success probability of hunt-
groups can be made to increase/decrease in function of the indi-
vidual probabilities (good hunters together have more chance than
bad hunters together).



5.1 Simulation without reorganization

The specification above describes the basic simula-
tion setting. In this simple version without reorgani-
zation, simulation starts with a fixed number of crea-
tures of the three groups and a initial amount of avail-
able food (possibly 0). In each step of the simulation,
all Creatures eat, Gatherers and Hunters try to catch
some food to replenish the common food stack. Fur-
thermore, Hunters need to move around the field in
order to became adjacent to other hunters and there-
fore be able to hunt. All other agents (Gatherers and
Others) either gather food and/or eat in their own
block.

Figure 2 shows the initial settings of the simula-
tion. Since Hunters can only start hunting after they
have found at least another hunter, it is easy to see
that in the first runs of the simulation only Gatherers
are able of providing food to the community’s stack,
while all creatures are eating. Without reorganiza-
tion, the chances of survival of the community are
dependent on the initial food stack and on the prob-
ability of Gatherers to find food. In this situation,

1=k
Parameters I Custam Ac‘tionsl Repast Actionsl

Model Parameters

GathererFoodintake™'slue:
GathererFaoodlimit'alue:

3.0

[100.0
GathererHeslthDecreassalus: [1.0
GathererHealthinitialvalue:

Gathererhumber: 5

[100.0
GathererPoweryalue: 500
20.0
5.0

GathererSuccessProbability:
HurterFoodintakey alue:
HurterFoodLimitslue: 100.0
HurterHeathDecreazeialue: 1.0
HurterHeatthinitialslue: 100.0

Hurterfumber: 4

40.0
30.0

HurterPoweriialue:
HurterSuccessProbability:
InitislDate:

InitizIF ooc:

M1 00:00:00
2p0 0

20

10

CihersFoodintakey slue:

CthersHealthDecrease'alue:
CihersHealthlntialvalus: 0.0
Cihershumber: 5
Kz 60
e 50

Figure 2:Initial simulation settings.

the community needs 40 units of food per step, and if
only the Gatherers are collecting food in average only

18 units are collected per stép This setting is thus
an example of a organization structure with low util-
ity given the aim of survival of as many Creatures as
possible, By setting up many different possible orga-
nizational settings (e.g. varying number of Creatures,
Gatherers and Hunters, collect probabilities and col-
lect power, and initial food stack) we can empirically
evaluate which organization is more successful given
an environment situation.

In the example above, reorganization decisions
should lead to the determination that if the food stack
decreases below a certain amount, then, for example,
either the Gatherers should be able to gather more
food (behavioral reorganization) or some of the Oth-
ers or of the Hunters should be given Gatherer capa-
bilities in order to increase the number of Gatherers
(structural reorganization). In the following section,
we describe how we have extended the simulation en-
vironment to simulate such reorganization strategies.

5.2 Reorganization Simulation

In the VILLA simulation scenario, the utility of the
organization is described by the success of the com-
munity to survive. That is, a successful VILLA com-
munity is that which makes possible for as many as
possible creatures to survive with as high as possi-
ble health. In order to be successful, communities
must make sure that at any step there is enough food
in the common food stack to feed the whole group.
This can be influenced in several ways, e.g., either
more food is collected (by augmenting the power of
collection of Hunters and/or Gatherers, or by having
more creatures hunting and/or gathering) or less food
in consumed (in which case health still decreases but
slower than when there is no food at all) Our objective
is to use the reorganization environment described
above to implement the 4 reorganization strategies
described in section 3, as follows:

1. VILLAL - Role-based control: a new role (the
community Head) is introduced that can evalu-
ate the overall utility of the society at any time
and decide on behavior alterations for the next
run (that is, food-intake and gather-power can
be changed, number of creatures, and gatherers
remains fixed)

2. VILLA2 - Role-based command the role
Head is introduced, as VILLA1, which can de-
cide, based on its evaluation of the society util-

ity, to increase or decrease the number of hunters

2Since hunters must hunt in groups and thus first have to find
each other, in the beginning hunters will not be collecting no food.



and/or gatherers, by giving some of the other
creatures Hunter or Gatherer capabilities in or-
der to increase the number of Hunters and/or
Gatherers.

. VILLAS3 - Shared control : Gatherers, Hunters
and Others must all be able to evaluate the over-
all health of the society and communicate their
solution to the others. A agreement strategy
must be chosen using a (fixed) negotiation strat-
egy (i.e. majority, unanimity). Decisions in-
volve behavior changes (that is, food-intake and
gather-power)

. VILLA4 - Shared command: as VILLA3 all
roles must be able to evaluate the society util-
ity and achieve by common agreement a reor-
ganization decision, involving structural change,
that is, about increase or decrease the number of
Hunters and/or Gatherers, by changing the capa-
bilities of other creatures.

The current version of the simulation environment
enables the user first to determine the change au-
thority (shared or role-based) and then the focus of
the reorganization (behavior or structure). For role-
based reorganization strategies a new role is added
to the community, that of Head, which is responsible
to reason about the performance of the community
and implement the required reorganization actions.
In shared reorganization strategies, all roles must be
extended to incorporate reasoning about the perfor-
mance and the capabilities to modify the community.
The current version of the tool supports the reorgani-
zation strategies VILLAL and VILLA2. The shared
reorganization options VILLA3 and VILLA4 are cur-
rently under construction.

In the case of a behavior-based reorganization, the
user can describe which parameters should trigger the
reasoning (e.g health or food stack are below a cer-
tain value) and what changes of behavior should be
triggered (e.g increase collect power, decrease food
intake). The reorganization settings window for this
case is depicted in figure 3. In the same way, the user
can also determine the triggers and effects (e.g in-
crease/decrease the number of Gatherers or Hunters)
of a structure-based reorganization simulation. The
reorganization settings window for this case is de-
scribed in figure 4.

In total, the simulation environment will imple-
ment different reorganization strategies. The follow-
ing, are a few possibilities we consider for the reason-
ing capabilities on the different versions:

e In the case of role-based decision situations
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Figure 3:Parameters for behavior-based reorganiza-
tion.
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Figure 4:Parameters for structure-based reorganiza-
tion.

(VILLAZ, VILLA?2), different reasoning strate-
gies are possible, depending on what the Head
can observe. If the Head has total information
and is endowed of algorithms that determine the
optimal organization structure given a certain
environment, the Head can achieve optimal de-
cision. However, in more realistic situations, the
Head has neither complete information nor com-
plete knowledge.

In shared decision situations (VILLAS3,
VILLA4) all agents have only knowledge about
themselves. Different versions will include
cooperative agents (comply to change requests
from others) or uncooperative ones, or mixed.

e In structural reorganization strategies, Others
can be asked to become Hunters or Gatherers,
Hunters can become Gatherers (e.g. if hunt-
probability very low, or unable to join a hunt

group), and Gatherers can become Hunters (e.g.

if adjacent to a high probability hunt-group).

We are currently implementing the settings to en-
able the above experimentations. In this work we
concentrate on the effects of the reorganization strat-



egy, in terms of effectiveness (how well does the de-
cision achieve its aims), complexity (both of the rea-

soning process of agents and of the communication
needs), and timeliness (how long does it take to reach
a reorganization decision).

5.3 Evaluation of the VILLA Environ-
ment

We are currently setting up the empirical experimen-
tation that will allow for the rigorous evaluation of the
different reorganization strategies described above,
and how they compare to the situation where no re-
organization occurs. No statistical significant results
are as yet available, but we already present a few ex-
amples of simulation runs that show the different be-
haviors related to the reorganization strategy chosen.
All examples have a length of 200 runs and start from
the same initial settings: 17 creatures (6 Gatherers, 6
Hunters, 5 Others) with 50% initial health; Gatherers
have a success probability of 9% with gather power
of 20 and Hunters have a success probability of 10%
with gather power of 30; total food needed in each run
is 58 4 units for each gatherer or hunter and 2 units
for others; initial food stack is 500 units. Each Gath-

Average Health

—(O] x|
Time X Necessary Food
0

Figure 5:Simulation with no reorganization.

erer will collect 2,7 units in average and each Hunter
3 units (increased by the size of the hunting group).
While Hunters are not hunting, the average collected
food is thus 16.4 units. That is, even if Hunters start
hunting, the community will most likely have trouble
collecting enough food to keep all creatures healthy
and alive. Figure 5 refers to the simulation with no
reorganization. As expected, this community was not
able to keep all creatures alive, and after consuming
the initial food stack, they were hardly able to keep
any food reserves. All creatures were dead by the end
of the 200 runs.

The first reorganization example concerns a behav-
ioral reorganization. In this case, depicted in figure 6,

when the food stack drops below 250 units, the Head
will increase the gather power of Gatherers by 1. In

this way, the community manages to keep healthy and
maintain food reserves. However, because food stack
stayed under 250 for many runs, the gather power in-
creased from the initial 20 to almost 100, which can

be argued to be not very realistic. Figures 7 and 8 re-
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Figure 6: Behavioral reorganization: Gather power
increases by 1 if food stack reaches below 250.

fer to structural reorganization strategies. In the sim-
ulation depicted in figure 7, if the food stack drops
below 250 units, then a Gatherer was added (that is,
an Other creature was given Gatherer capabilities),
while in the simulation depicted in figure 7 a Hunter
was added. In both cases food needs per run increase
to 68 units, due to the fact that collecting creatures
need more food that Others. In the case Gatherers
were added, the average collecting power of all 11
gatherers is 30 and therefore not enough to keep the
community alive, but still better in average than the
case of no reorganization. In the second case, Hunters
were added. Because there are more Hunters in the
field, the probability they find each other increases,
as in the case depicted. Once Hunters start collecting
food, because of their larger power and higher col-
lecting probability, in average more food will be col-
lected and as such the community survives. In situa-
tions were Hunters do not manage to find each other,
the behavior of the simulations tends to resemble the
no reorganization case.

6 CONCLUSIONS

Reorganization of the structure of an organization is
a crucial issue in multi-agent systems that operate in
an open, dynamic environment. In this paper, we pre-
sented a classification of reorganization types which
considers two layers of reorganization: behavioral
and structural. We further described how simulations
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Figure 7:Structural reorganization: Gatherer added
if food stack reaches below 250.
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Figure 8:Structural reorganization: Hunter added if
food stack reaches below 250.

can help to determine whether and how reorganiza-
tion should take place. Finally, we presented current
work on the development of a simulation scenario
that is used to evaluate the different reorganization
forms.

Our current research on the development of a sim-
ulation tool for reorganization experimentation will
enable to identify conditions and requirements for
change, ways to incorporate changes in (running) sys-
tems, how to determine when and what change is
needed, and how to communicate about changes. We
are currently setting up empirical experimentations
to this effect. Another important future research di-
rection (following the simulation work), is the devel-
opment of conceptual formal models that enable the
specification of dynamic reorganization of agent so-
cieties.
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