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Abstract

Settlers of Catan is a very popular board game which the whole project
group enjoy. This proposal presents our ideas to develop an AI for a bot,
that can compete with other bots, which will be done using a multi-agent
system implemented in Erlang. The focus will be on using development
cards and to get an AI that not only can win but also get a high average

score over all games.



1 Introduction

1.1 What is the problem you are trying to solve?

To create an AI for a bot that can play the board game Settlers of Catan,
see rules [4], using a multi-agent system written in Erlang. The focus is to
develop an AI that use development cards in a efficient way. The problem
can be split into a number of sub problems:

• Choose start positions that fit the strategy.

• How to expand: Upgrading settlements, build new ones or/and get a
harbor

• When development cards should be bought.

• Utilizing development cards in a way such that their profit is maxi-
mized.

1.2 What results are available in the literature on that prob-
lem?

Saleem and Natiq master’s thesis [1] is about creating a multi-agent bot
for Settlers of Catan. They focus on the trading part of the game and
compares how different parameters affect the bot. It uses a static order of
how development cards should be played, something we won’t use, but still
has good description of how to implement the AI. The paper written by
Branca and Johansson [2] is also about creating a Settlers of Catan bot and
compare it against other bots. In comparison to that paper, this project
will try to implement better use of development cards and more strategies
regarding the largest army. The paper by Johansson [3] has a good general
description on how to implement a multi-agent system[6, ch. 11.4] and how
it competes against different AI:s.

1.3 What tools and programs are already available for the
problem, or for closely related ones?

There exist a game server written in java, jSettlers2 [7], that is perfect for
this problem. It can be modified so that no human player is needed, and it
have a set of bots that we can play against. The communication with the
server is done through TCP sockets and thus any programing language that
supports this can be used to create a bot. This means that less resources is
needed for creation of interface and integration with the server, the messages
for performing an action and reading the environment already exists. The
focus can thus be put in constructing the actual AI.
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2 Key ideas and delimitations

2.1 Why is the problem interesting or significant? What will
a solution achieve?

Settlers is an interesting game that can be played with many different strate-
gies and many things need to be taken into consideration. A decision taken
early will affect the rest of the game. The AI should take care of all the
game phases, from picking starting settlements, expanding with new settle-
ments, upgrading to cities, buying/playing development cards and getting
largest army/longest road. These phases also change during the timeline of
the game, different decisions will change in profit depending on when the
decision is taken. There exist implementations that perform relatively well,
but they only focus on some of the aspects of the game, e.g. [1, 2]. None of
the implementations we have found focused on playing development cards
in the most efficient way. So if the project succeeds we will show how to
implement another aspect of the game which can be used if one want to
combine the existing results to make a complete AI.

2.2 The central idea in your solution

The central idea is to create an AI for Settlers using multi-agents, imple-
mented in Erlang. Erlang is chosen because of its efficient message passing.
The agents cover different parts of the game and together they make deci-
sions depending on the environment, which is obtained from the jSettlers2
server. Since the agents are independent it will be easy to change and opti-
mize a single agent without affecting the others. Also the performance will
be optimized since the calculations is decentralized to all agents. Though
some agents need information from other agents and not only the environ-
ment, e.g. the actuator agent that need information from every other agent
before it decides the appropriate action. The work distribution in the project
group will also be easier with multi-agents.
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2.2.1 Agents

Figure 1 shows all the agents and how they communicate.
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Figure 1: Multi-Agent Architecture

Interface: The agent responsible for the communication with the jSettlers2
server. It forwards the environment and messages from the server to the ac-
tuator. The agent also pass the action taken by the actuator to the server.

Node: There exists 54 node agents that keep information of adjacent hexes,
which actions that is possible and their utility. The node agents returns if it
is possible to build a road, settlement or upgrade to a city. The node agents
should also explore its surroundings to calculate the proper utility for e.g. a
road built in some direction. It must take in consideration which resources
or harbors the AI need and if there is a node in the surroundings that is
worth building towards.

Resource: This agent keep track of the resources the AI has and tells the
actuator agent about possible buys. It also communicates with the trader
agent and include the possible buys, that can be done with trades, to the
actuator agent. The resource agent keeps track of how many resources that
are in play, which is used by the development cards agent to decide if a
monopoly card is worth playing, and what resources the AI need and what
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the probability is that the AI will get certain resources. When a seven is
rolled and the AI holds more than seven resources it’s up to this agent to
choose which of the resources to discard.

Development Cards: This agent will be the focus of the project. It will
keep track of the development cards held by the AI and, depending on the
environment, calculate the profit for playing these cards. It will remember
how many and which development cards that have been played and calcu-
late the probability that certain cards will be drawn. Compared with the
master thesis [2] where the development cards always is played in a specific
order, this project will take many things in consideration.

• The knight cards will be played considering the placement of the rob-
ber, the opportunity to get largest army or to defend the largest army
and the potential of blocking another player.

• The monopoly card will be played considering the need of certain
resources and the opportunity to get many cards of the same resource.
It also communicates with the opponents agent to see if this card can
destroy another players strategy.

• The year of plenty card will be played considering the need of certain
resources.

• The road building card will be played considering the need of roads to
build a new settlement and to get the longest road.

• Victory point cards will be held until the game ends.

Robber: The agent that keep track of the placement of the robber and
calculates which hex that is best to block if the AI rolls a seven or if we play
a knight card. The robber communicates with the actuator, development
cards and opponents agent so it can calculate if we can get a needed resource
or if we need to block an opponent with a high score.

Actuator: The actuator agent is the one taking the final decision on what
action is most appropriate. It passes needed information to all the agents
until it receives all possible actions with weights on them and depending on
the environment it takes the most preferable action.

Trader: This agent calculates which trades that is possible, though only
with bank and harbor due to limitations of the project.

Opponents: The opponents agent keeps track of the opponents resource
cards, development cards, victory points, possible moves and so on. With
use of this information we are able to make better decisions, e.g. we won’t
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start building roads towards a potential expansion settlement when there is
a high chance that the opponent will build there first.

2.2.2 Strategy

Since we focus on utilizing development cards it’s natural to use the card
playing strategy [5], which is a strategy where ore and grain is the most
important resources when placing the initial settlements. Starting with a
high chance to get ore and grain will lead to two fast upgrades and then the
resources can be spent on buying development cards. The downside of this
strategy is that it often lead to one or two resources are unavailable so it
can be hard to expand with another settlement.

Since we won’t implement trade with other players we will have to do 4:1
trades with the bank in the beginning. Because of this we need to plan
ahead so we know which type of resources we need in the future. Another
way to get resources that is unavailable to us is to make good use of the rob-
ber, so we need to keep track of which resources each player receives, so we
can steal them. In [1] when someone roll a seven and they have more than
seven resources they use a round robin selection to choose which resources
to discard. This selection strategy is never good since at any point in the
game some type of resources is more important than others and especially if
some of them are only available with trades. Therefore we will decide which
resources we will need in the near future and discard the others. This again
means that it’s important to plan ahead.

2.2.3 Utilities

Utilities are used to describe how desirable a location is for a certain purpose.

Utilities for the initial settlements: Ore will have the highest util-
ity since three ore are needed for an upgrade and grain will have the second
highest. The other resources will have the same utility but we will penalize
the AI for each resource that isn’t available. Moreover we will penalize the
AI more if both wood and clay are unavailable because that will severely
lower our chances for an expansion settlement. Harbors will add utility to a
placement depending on how useful it can be. E.g. if we have two or three
hexes with ore that have high probabilities adjacent to our settlements the
ore harbor can be worth starting with.

Utilities for expansion settlements: Resources that are unavailable to
the AI will have higher utilities than if they were available to us so we will
get a more variety of resources. In this phase the overall utilities for harbors
is higher than in the previous phase, but they are still dependent on which
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resources we get, because harbors will play an important role when not trad-
ing with other players. 2:1 or 3:1 trades instead of the normal 4:1 trades will
net more resources and increase the chance of winning. The biggest differ-
ence between placing the initial settlements and choosing where to expand
to is that the distance from already built roads to the node have to be con-
sidered. The further away the expansion node is, the lower the utility will be.

Utilities for building roads: Utilities for building roads will depend on
three things:

• The utility of a possible expansion settlement that the road leads to

• The possibility to get the longest road

• The need to secure some location, e.g. if both we and an opponent is
competing for a spot we can build one extra road to block the opponent
from building on that spot.

2.2.4 Why do you think it will work?

With our literature we can see that multi-agent systems is a good way of
implementing an AI for board games [3]. There are also several bots that
uses Multi-agent system for Settlers of Catan, with good results [1, 2]. De-
velopment cards might not always be the best route to go, but it is a valid
strategy that can be combined with the ore/grain strategy[5].

2.3 Define an instance of the problem. How will you measure
the performance of your program?

There exist two built in bots to jSettlers2 so we will measure the performance
by letting the AI play against them and see how often it win and how many
victory points it has on average. We will also keep track of some other
statistics to evaluate our AI, for instance what kind of victory points it
received and how often it had the largest army or longest road. Also, there
exists bots from earlier projects in this course that would be interesting to
compete with in the end.

2.4 The scope of your work

This project will be limited in the way that it doesn’t handle all phases of the
game with the same priority. The placement and expanding of settlements
and cities will be implemented but the focus will be on utilizing development
cards efficiently and make use of the largest army. To make the most of this
we will use the card builder strategy that is described in [5]. Since we
will only use one single strategy we will limit us to only play against other
bots. A human player would most likely see through our strategy and take
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advantage of it. Trading with players will not be implemented, just trading
with harbors and the bank.

3 First results

Pseudocode for playing development cards

i f we got knight card
i f the robber b locks our node/nodes

get hex va lue s
i f ( robber hex value <= max hex value

OR we can get l a r g e s t army
OR we need to defend l a r g e s t army)

get r e s ou r c e s we need
send proposa l ( play knight , p l ace at max hex value ,

draw from opponent with r e s ou r c e we need )
else

get hex va lue s
i f ( robber hex value < max hex value

OR we w i l l s t e a l c e r t a i n r e sou r c e we want
OR we can get l a r g e s t army
OR we need to defend l a r g e s t army)

get r e s ou r c e s we need
send proposa l ( play knight , p l ace at max hex value ,

draw from opponent with r e s ou r c e we need )

i f we got monopoly card
for each r e sou r c e type , r

get how many cards we w i l l get when p lay ing monopoly
generate a l l p o s s i b l e hands with t rad ing
send proposa l ( play monopoly , r , [ a l l p o s s i b l e hands ] )

i f we got year o f p lenty card
generate a l l p o s s i b l e hands we can get with two f r e e r e s ou r c e s
send proposa l ( play year o f plenty , [ a l l p o s s i b l e hands ] )

i f we got road bu i l d i ng card
send proposa l ( play road bu i l d i ng )
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3.1 Formula for calculating hex value for robber placement

HexV alue =
∑6

n=1 Bn ∗R ∗On ∗D

Bn =


2 if city in node n
1 if settlement in node n
0 else

R = Weight of resource in hex

On =
{

−2 if we own the city/settlement in node n
1 else

D = Probability of the hex
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