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Abstract: This document is for the assignment report for the DAA course. | have created the
problem statement on my own for a board game that I play with my family. Settles of Catan is an
award-winning multiplayer board game developed by Klaus Teuber, it was released in 1995 in
Germany. It was named the game of the century at GamesCon, Vegas in 2015. It can be played
by four players in the normal version and six players by using an extension pack. It is a very
interesting and intense game. An average game lasts for about an hour. The game is played on a
board which consists of 19 different hexagonal tiles arranged in a random order. The game is set
in the village of Catan where the players compete to build settlements and earn points. The first
player to reach 10 points is declared the winner. You get a point for each of your settlements, and
you can also gain additional points by different ways. First thing to do is to setup the board by
placing the hexes randomly, then each hex is given a token randomly. There are 6 different types
of hexes, namely ore, wheat, brick, wood, wool, and desert. These are the commodities in the
game except the desert. The players use these commaodities to trade with each other and from the
bank to build settlements and roads. There are 4 hexes of wheat, wood, and wool each, 3 hexes
of ore and brick and 1 hex for the desert. Each player takes turn rolling the two dices to get a
number. Now the 18 tokens are used to specify each number that can come up on rolling the
dices. There are 2 tokens each for the numbers 3, 4,5, 6, 8, 9, 10 and 11, and 1 token each for 2
and 12. The number 7 has a special use which I will explain later. So, to begin the game each
player takes turn to place their starting two settlements and roads. You can place settlements only
on the vertices of the hexes and roads on the edges. There needs to be at least two roads in
between two settlements. Now while placing the settlements the players need to strategize as to
on which hexes to place their settlements taking into consideration the probability of the numbers
that come more often on the dices. The highest probability is of the numbers 8 and 6 after 7.
Then 9 and 5, then 10 and 4, then 11 and 3, then 12 and 2. When the dices are rolled, the players
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get commodity cards of the resources on which they have placed their settlements, this is the
most basic way to progress in the game, to place settlements on good hexes(high probability
hexes), get more resources and use them to build and trade. When a 7 is rolled on the dices, the
robber comes into play who resides on the desert hex. The player who has rolled a 7 gets to move
the robber to any hex of his choice to block players from getting the resource on that hex when
its token number is rolled.

Figure 1: Settlers of Catan

Another aspect of the game are the development cards which are like action cards having special
abilities. These cards will help you progress faster and get ahead of your opponents. One of the
most important development cards is the knight card. When a player uses the knight card they
get to move the robber to any hex of their choice. You can also get victory points as a
development card which is just an extra point. For building settlements, roads, cities and buying
development cards you need to give specific resources to the bank. Like to build a settlement you
need to give a wood, a brick, a wool and a wheat. During a players’ turn they can trade with



other players to exchange resources as per their needs. If no one wants to trade with you, you can
do maritime trading with the bank which means that you can give 4 of the same resource cards to
the bank and get in exchange one card of your choice. To make maritime trading a little less
costly, there are trading ports on the board on the outer hexes, which you can use by placing your
settlements on those vertices. There are 18 vertices that are connected to a port. There are 2 ports
each for all 5 types of commodities and there are extra 8 ports for all types of resource trading.
When you get to a port you can do maritime trading by just giving 3 cards of the commodity
mentioned on the port. You can also upgrade your settlements to cities, which are worth two
points. Each player has 5 settlements and 4 cities. There are also 2 special cards worth 2 points
each for building the longest road and largest army for playing the most knight cards.

Problem definition: I have been playing Catan with my family for over two years now and it
is our favorite thing to do when we all are together. The most tedious part of the game is placing
the first two settlements, and who gets to place them first. The figuring out part is difficult as you
need to consider which commodities are important for your strategy and which hexes have the
highest probabilities. So, to make that part easy | decided to develop an algorithm which will
generate a random board with hexes placed and tokens assigned to each one of them. The
algorithm will also rank all the 54 vertices in descending order of preference. People have done a
lot of research on the game and found out scores for the resources and tokens. | will use those
scored to determine the rank of the vertices. | will use the A* shortest path search algorithm as a
basis to come up with a solution for the problem. The factors to consider will be that there needs
to at least a gap of two edges between two settlements and as the players start to place
settlements those vertices become unavailable for other players. It is also not allowed to place
settlements at the ports in the beginning. The board can be considered as a map and each vertex
will be a state. The A* algorithm is used to find the shortest path between an initial and final
state. Its space complexity is O(bY).

Objectives:

1. To develop an algorithm to place the first two settlements for each player on the
board taking into consideration all the limiting factors mentioned in the problem
definition.

2. To understand the working of the A* search algorithm and to use it as a basis for
coming up with the solution.

3. To assign random positions to all the hexes and give them tokens.
4. To analyze the time complexity and space complexity of the algorithm developed.

5. To implement the algorithm using the PyCharm IDE.
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Implementation and Analysis: I implemented this project using the Python programming
language. The algorithm was not very complex as the problem can be easily solved. | created
four different python files, main.py, board_generator.py, util.py and constants.py. The constants
file contains all the declarations for different variables used in the project. It has all the details
regarding the hex scores, connected vertices, port vertices, connected hexes, token values, token
scores, colors, and the names for all the hexes. The util file contains functions which help us to
find distances between vertices, coordinates of the vertices and hexes for the vertices. The
board_generator file is the place where the algorithm gets executed. It contains two classes
Boarder and VertRanker. In the Boarder class, the first function assigns the hex numbers and
token numbers along with the desert hex. The second function randomizes the hex numbers.
Then the _set_tokens() function randomly assigns tokens to the hexes for the sixes and eights,
then the rest of the tokens and excludes the desert hex number. Then to make the highest
probability numbers i.e., six and eight, separate from each other, so the board gets evenly
distributed we check the distance between them using a function from the util file. Then the next
function is for assigning ranks to the vertices. The ranking function from the other class is used
for this. Then the last function is for placing the settlements on the best vertices. First it checks if
port vertices and single vertices are allowed, then it removes the desert vertex from the ranking
list. Then it shuffles all the players randomly and starts assigning settlements according to their
ranks in descending order. Then comes the second class VertRanker. The _get_hex_rank()
function calculates the hexes’ ranks by multiplying the hex scores stored in the constants file
with the token assigned to that hex. The _get_vert_rank() function calculates the rank of the
vertex by adding its hexes’ rank with the port distance rank calculated in the following function.
The get port distance rank() function calculates the vertexes’ by taking the sum of all the port
scores divided by the distance between the vertex and all the port vertices. The final rankings are
assigned by the _generate_normalized_ranking() function taking in account that no two values
get normalized to the same value. Then the main file is where we execute the algorithm and get
the output. The output is saved in a text file, and the time taken for the execution is also printed
using the time library.

For the analysis of the algorithm, the average case time complexity of an A* search algorithm is
O(b?), where b is the branching factor, which is the average number of successors per state and d
is the shortest path. In our case, regarding the hexes, all of them are connected to either 3, 4 or 6
of the other hexes. By calculation, the value of b comes out to be 4.4211. This algorithm has
good heuristics which helps it to prune away many of the b nodes. There are 11 for loops
including all the files. 9 out of the 11 loops have logarithmic time as they reduce the size of input
in each step, the remaining 2 loops have linear time as they iterate through the complete lists.
Therefore, the total time complexity for the algorithm is O(b? + log(n) + n).



Architecture diagram: I have implemented the A* search algorithm for this project.
Following is the architecture of this algorithm.
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Figure 2: A-star algorithm
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Figure 3: Flow chart for the A-star algorithm



Results and conclusion: In this project we have implemented the A-star algorithm for
generating a random board for the game Settlers of Catan. The algorithm was not that complex,
and the execution was very fast. The time complexity for the algorithm came out to be O(b? +
log(n) + n). The space complexity is like other graphing algorithms. It was found over 10 epochs,
that the average time for complete execution was 0.1249. The algorithm had good heuristics
which helped in pruning some nodes and improving the execution time. We can conclude that
the A-star algorithm is very efficient for graphing problems when the heuristics are good. This
was a small project having low complexity, so the algorithm was very precise and accurate.
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