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Suggestions for solutions are printed in italics below each question

Q1 The RoboCup Rescue web site gives the following summary description of the domain:

RoboCupRescue is a new practical domain of RoboCup. Its main purpose is to pro-
vide emergency decision support by integration of disaster information, prediction,
planning, and human interface. A generic urban disaster simulation environment
is constructed on network computers. Heterogeneous intelligent agents such as fire
fighters, commanders, victims, volunteers, etc. conduct search and rescue activities
in this virtual disaster world. Real-world interfaces such as helicopter image synchro-
nizes the virtuality and the reality by sensing data. Mission-critical human interfaces
such as PDA support disaster managers, disaster relief brigades, residents and volun-
teers to decide their action to minimize the disaster damage.

The (publicly available RoboCupRescue Simulator) prototype includes four disaster sim-
ulator components:

1. A building collapse simulator based on real earthquake data of relation of ground
surface acceleration, structure and age with destruction level.

2. A road blockage simulator using real data about relation the of seismic scale and
street width with the probability of road obstruction.

3. A fire spread simulator using complex models to simulate combustion, propaga-
tion, ignition and extinguishing process models.

4. A traffic simulator which uses a rule-based micro-simulation method of complex
systems considering road width, number of lanes, footpath width, traffic signals,
etc.

Using basic sensing (see, hear, listen (for broadcasts)) and action (move, say, tell, ex-
tinguish, stretch, rescue, load/unload, clear) abilities, the following class of agents are
provided by the simulator:

1. Moving agents: civilian, fire-fighter, rescuer, police

2. Static agents: fire station, police station, hospital, refuge, etc.

Consider the RoboCup Rescue MAS and the problem of designing global coordination
mechanisms, which would you suggest for each type of inter-group/inter-agent interac-
tion from the following list (under which circumstances):
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– Teamwork-based cooperative distributed problem-solving based on joint intentions

– Generalised Partial Global Planning with blackboard-based communication

– Norms and social laws, enforced by (trustable, empowered) external authorities

– Mutual modelling supported by learning to improve models of others

Explain how you would use the suggested method in a concrete way, and discuss its
advantages and disadvantages.

Solution suggestions: Issues related to the design of the individual agents may be dis-
cussed before looking into the different coordinations mechanisms. There are many possi-
ble answers to the main question here. The general guidelines for the use of these different
mechanisms are as follows:

– Teamwork-based CDPS: important for truly decentralised multiagent planning among
basically cooperative agents (in our scenario, probably most useful for coordination
between the different units of one authority or between the different authorities). The
technique is most suitable when activities have to be flexibly coordinated during run-
time, both in the deliberation as in the planning and execution phase, and if the
parties involved have to behave responsibly towards joint goals. However, it is a very
complex and time-consuming activity (communication and reasoning-intensive, recall
joint intentions model requirements), not suitable to create real-time behaviour and
only worthwhile if the coordination requirements are not clear at design time.

– (G)PGP is best to integrate different viewpoints to get a better global view of the prob-
lem. In the rescue domain, this can be very helpful to aggregate data from different
sources of information (e.g. fire fighters and police agents in different locations). Like
teamwork-based CDPS it is a complex, knowledge-rich activity, but it is necessary to
achieve long-term coordinated behaviour. The focus here, though, is less on delibera-
tion, planning, and execution, but more on reaching mutually compatible knowledge
states.

– Norms and social laws are computationally very simple to follow, but they can only be
used if the desired agent behaviour can be formulated through simple behavioural con-
straints (e.g. by (dis)allowing certain actions in certain states). They are best used in
situations in which there is no time to reason about appropriate interaction behaviour
(i.e. especially in real-time situations) or when there is absolute certainty that some
rules have to be obeyed under any circumstances. Of course, these advantages are
often rather theoretical given that it is hard to design appropriate norms/social laws
for all but the simplest systems at design time, and emergent social norms cannot be
relied on.

– Mutual modelling is most suitable if strategic behaviour of others has to be taken into
account (some kind of mutual modelling is necessary for any kind of multiagent plan-
ning, but if all agents can be assumed to have a common goal they can be trusted to
forward reliable information about what they will do, we don’t always have to reason
about their abilities, beliefs, and goals ourselves). This is not very likely to occur in
the emergency rescue scenario in an “ideal world”, but in a more realistic world, it
might be the case, for example, that the ambulance would be more willing to rescue
injured people from an affluent residential area (knowing that the percentage of pri-
vate patients will be hight) than in a poor part of the city. However, the “learning”
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aspect might be useful even in a cooperative domain, as experience about particular
agents’ performance can be used to improve the quality of future decision making.

The applicability of these methods should be discussed here for the different groups of agents
and the interactions between them individually.

Q2 Define formally the concept of mixed-strategy Nash equilibria for n-player normal-form
games.

Solution suggestions: This is very straightforward, the question just appears because the
formal definition does not appear in the lecture slides. The definition for pure strategies is:
a joint pure strategy s ∈ S = ×n

i=1Si is said to be in (pure-strategy) Nash equilibrium, iff

∀i ∈ {1, . . . n}∀s′i ∈ Si ui(si, s−i) ≥ ui(s′i, s−i)

To replace pure strategies by mixed strategies in this definition, we formulate it as follows:
a joint mixed strategy s ∈ Σ = ×n

i=1Σi is said to be in mixed-strategy Nash equilibrium iff

∀i ∈ {1, . . . n}∀σ′i ∈ Σi E[ui(σi, σ−i)] ≥ E[ui(σ
′
i, σ−i)]

In this definition,

Σi = {σi : Si → [0 : 1]|
n∑

j=1

σi(sj) = 1 ∧ ∀sj ∈ Si.σi(sj) ≥ 0}

is the space of mixed strategies of agent i, σ−1 is defined as the “remaining agents’ strategy”
in the same way as this was done for pure strategies, and

E[ui(σ)] =
∑
s∈S

ui(s)

(
n∏

i=1

σi(si)

)

is the expected utility agent i receives under the joint mixed strategy sigma and si is the ith
component of s.

Q3 You are given the following payoff matrices for two-player normal-form (matrix) games:

G1 2 D C
1

D (3,3) (2,4)
C (1,1) (4,2)

G2 2 D C
1

D (-1,-1) (1,2)
C (2,1) (-1,-1)

G3 2 D C
1

D (3,3) (0,2)
C (2,0) (2,2)

G4 2 D C
1

D (2,-2) (-1,1)
C (-1,1) (3,-3)

For each of these games
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1. describe the nature of the decision problem represented by it,

2. identify best-response and dominant strategies for both players,

3. try to determine its dominant-strategy/Nash equilibria.

Solution suggestions: We present best-response mappings for all four games (using a sim-
plified syntax BR(a) = s where a is the action of the opponent and s is the best response to
that action). Dominant strategies and Nash equilibria should be easy to identify using these
(we only consider pure strategies here). The exercise is mostly about looking for solutions
in such games in a principled way. You can of course also use it to analyse the problems of
each decision situation informally.
G1: This game is not symmetric so we have to consider two cases for player 1 (BR(D) = D,
BR(C) = C) and player 2 (BR(D) = C, BR(C) = C). Thus, for 2 C is dominant, and
the (only) NE is (C,C).
G2: BR(C,D) = (C,D) and BR(D,C) = (D,C) these are the two Nash equilibria.
You can draw arrows between the matrix squares to show how the equilibria “attract” the
agents away from the other two joint actions.
G3: BR(D) = D, BR(C) = C, therefore BR(D,D) = (D,D) and BR(C,C) = (C,C)
are the two equilibria of the game. Compare this game to the Prisoner’s Dilemma and
discuss what the main problem is here (selecting the Pareto efficient equilibrium).
G4: For player 1, BR(D) = D, BR(C) = C; for player 2, we have BR(D) = C and
BR(C) = D. This is a zero-sum game without any equilibria.
Finally you may want to discuss that the Nash equilibria of a game are the fixed points of
the best-reponse mapping of joint strategies.
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