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Taktická hra pre viacej hráčov
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skúma a navrhuje viaceré možnosti ako implementovat’ mód pre viacej hráčov v
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During the recent boom of multiplayer games a question arose of what should a
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Chapter 1
Introduction
During the past few years the gaming industry has tremendously evolved and it
is not only the graphical part which has constantly improved. For example, the
computer networking technologies have progressed rapidly as well. As a result,
the games started offering the multiplayer mode which in these days is highly demanded and for many gamers it is almost a must have criteria on a computer game.
Another area of games which has developed and shaped is the various game genres. Among them the strategy games have also evolved and later on the new genre
of tactics games derived from strategies. Regardless of all the progress, there still
are many areas in gaming industry which are not so advanced and need further
exploration. For example, the multiplayer mode to tactics games. Although at
present there are many successful tactics games on the market, they either do not
have a multiplayer variant or it is not at all entertaining. This thesis closely analyzes the options of implementing a multiplayer mode to a tactical game and
proposes a less common design which should overcome the shortcomings of existing solutions.
This chapter should provide the necessary information for understanding the thesis and its objective. First of all, one has to be familiar with tactics computer
games as well as the pros and cons of the genres derived from them. The tactics
games are introduced in Section 1.1. Furthermore, it is good to have a basic picture of a game series called UFO since the prototype of a game created to support
the thesis is based on UFO. Section 1.2 explains relevant features of UFO.
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Structure of the thesis. Chapter 2 specifies the objective of the thesis as well
as the requirements of the game prototype. Chapter 3 deals with possible time
flow systems for the prototype. The design of the game is briefly examined in
Chapter 4. The most interesting aspects of the implementation from the developer
point of view are introduced in Chapter 5. Chapter 6 is devoted to the achieved
results and information gained during the prototype testing. Finally, the possible
future enhancements as well as the final summary is presented in Chapter 7.
A user manual can be found in Appendix A. The most interesting calculations
like vision and shooting calculations are introduced in in Appendix B. Appendix C
shows the questions of the survey which was part of the testing.

1.1

Tactics games

Nowadays the genre of tactics games is quite popular. However, it is frequently
confused with the genre of strategy games. The essential difference between strategy and tactics gameplay is that the latter focuses above all on the battle itself
rather than production of units and harvest of resources. Thus, the number of
units is often fixed or considerably limited. It is not unusual for a tactics game
to simulate a specific war situation and to implement a realistic or at least believable behavior. This genre can be further divided into real-time tactics (RTT) and
turn-based tactics (TBT).

1.1.1

Real-time tactics

In RTT, as its name suggests, the time flows as in the real world. That means
that at the same time all players can interact with the game and the actions of all
players are executed simultaneously. The actual game is inclined to become a race
in giving out commands and lacks the tactics part.

1.1.2

Turn-based tactics

TBT games are played as chess where the player can interact with the game only
during his own turn. The duration of the turn is usually not limited. However, the
number of actions often is restricted. TBT can be considered a more tactical genre
than RTT since it offers a plenty of time for the actual tactics.
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Multiplayer

RTT and real-time strategies (RTS) have a great potential in multiplayer mode.
Games like Warcraft III and its custom scenario Defense of the Ancients (DotA)
are world-wide sought-after today. What makes the multiplayer so captivating is
the fact that players compete against other humans rather than a form of artificial
intelligence. What’s more, the ability to communicate with other players makes it
a form of a social event. The multiplayer mode in TBT in comparison with RTT
is hardly entertaining. Its greatest disadvantage lies in the turn-based character
itself. Most of the players are annoyed and bored by the non-interactive time
period between two turns.

1.2

What is UFO?

In the context, UFO stands for a series of games from ALTAR Games. It represents three titles, namely UFO: Aftermath, UFO: Aftershock, and UFO: Afterlight. The genre of UFO might be classified as both, real-time strategy and
real-time-tactics. The dual character of the game is caused by its gameplay design
[1] which can be split into strategic and tactical part. The strategic portion is not
discussed here since it is irrelevant to the focus of the thesis.

Figure 1.1: Screenshot from UFO: Afterlight.
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Tactics and RPG in UFO

The tactical part of the game is a simulation of combat where a player is managing
a small squad of human soldiers. Generally, the mission objective is to eliminate
all aliens in the area. A screenshot from the tactical part of the game is shown in
the Figure 1.1.
A soldier is an indispensable unit. The determination of succeeding in a certain
situation is strongly influenced by soldier’s skills. The skills of soldiers are set
up at the beginning by the player and can be increased in the course of game by
gaining experience. This behavior brings in the elements of widely approved RPG
genre.
The implementation of the tactics is not entirely real-time and it brings in some
turn-based features. Specifically, the combat runs in real-time, but the time flow
can be stopped at any moment for as long as the situation requires. Although the
actions of soldiers are suspended during this pause, the player still can assign,
modify, and delete the plans of his units. As soon as the time is resumed the
soldiers start to carry out the planned actions. This option of, possibly infinite,
pause closely resembles the character of turn-based tactics where one can think
over one’s actions as long as one needs.

Chapter 2
Specification
The central focus of the thesis revolves around multiplayer mode in tactics games.
It is closely described in Section 2.1. To support the thesis, a prototype of multiplayer game based on the series UFO (Section 1.2) was created. Section 2.2
concentrates on the functional requirements of the prototype. The last section
(2.3) specifies the path the thesis and the prototype take. It also states how the
thesis and prototype interact with one another.

2.1

Thesis aim

The goal of the project is to explore the numerous options of multiplayer design to
a game like UFO. The most notable feature of UFO for the purpose of the thesis
is the fact that the player can stop the time and assign actions to his soldiers. The
primary question, which is addressed, is how to implement the stoppable time
flow in multiplayer mode. In other words, the multiplayer mode should provide
strong tactics where it is not necessary to immediately react to enemy’s actions.
For example, when a critical situation occurs, for instance the player is attacked,
it is favorable to have a certain amount of time to think out the very next steps.

2.2

Prototype requirements

The design of the prototype should offer several settings which support the tactics
in multiplayer mode. In some aspects the prototype should resemble the tactical
part of the UFO. It should preserve the RPG character of the game. That is to
say, the soldier as a unit should have a few parameters which strongly influence
his abilities like precision in shooting or speed of his movement. Furthermore, the
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actions of the soldiers should be stored in a plan which can be modified at any time
even if the rest of the game is inactive at that moment. Additionally, the prototype
should implement a payment module which will allow the players to tune up their
units and to configure their equipment.
The main objective of the prototype is to test the viability and entertainment
of the introduced multiplayer game design.

2.3

Project course

First of all, the thesis consideres different time flow systems from the tactical point
of view and chooses the most suitable one. Then it introduces further design elements and options which are intended to support the tactics of the multiplayer.
Secondly, the prototype implements the chosen time flow system as well as the
various supportive elements discussed in the thesis. Afterward, the prototype is
tested by a smaller group of people who also take part in a survey, asking questions about the implemented options and the game as a whole. Finally, the thesis
presents the summary of the achieved results.

Chapter 3
Time Flow Systems
In the context, the term time flow system refers to a part of a game design which
specifies the flow of the time in the game.
This chapter considers several time flow systems with respect to multiplayer,
similarity to UFO design and the amount of tactics involved in the game. It lists
their pros and cons and chooses the most appropriate one for the game prototype.
First of all, the real-time and turn-based systems, which were already mentioned in the introduction (Section 1.1.1 and Section 1.1.2), are briefly recapitulated in Section 3.1 and Section 3.2, respectively. Then, two new systems are
introduced which are designed to avoid the negatives of real-time and turn-based
systems and concentrate on mixing together their positives. The first one is described in Section 3.3 and the second one is discussed in Section 3.4. Finally,
there is a brief tabular summary of all the examined time flow systems in Section 3.5. The summary also shows the reasoning behind the choice of the most
suitable system.

3.1

Real-time

It is important to understand that in real-time tactics finishing certain tasks before
the enemy does, is crucial. Therefore, the reflections and speed at managing the
units might suppress the originally tactical character of the game. Additionally,
this puts the more experienced gamers into a significant advantage over novices
[2]. On the other hand, the real-time system is very successful in multiplayer
mode.

12
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Turn-based

The turn-based concept allows the player to plan actions of his units in a deeply
detailed and precise manner. Consequently, the tactical aspect of the game is more
profound than in real-time tactics. However, the multiplayer is quite tedious with
its unbearable slow pace.

3.3

Time flow with two phases

Time flow with two phases is based on switching between planning phase and
execution phase. Only the former one is interactive and allows the players to
assign commands to their units. The time is not running in this phase so the units
are not moving, they are just receiving orders. The execution phase puts the game
into the motion. The time is running during this phase and all the units behave
according to the orders from planning phase.
This time flow system would not suffer so badly in multiplayer as the turnbased one since the players are all kept busy at the same time. It also offers
enough space for the tactics in the planning phase where all the players are granted
a certain amount of time to manage their units.
The weakest point of two phases system lies in the various anomalies caused
by the switching of interactive and non-interactive phases. For example, it is
possible that two enemy units spot one another, then pass one another and then
peacefully disappear because no interaction is allowed in the execution phase.

3.4

Time flow with limited pause

Time flow with limited pause is basically the same system that is found in UFO.
The idea is that the game runs in real-time but it can be stopped at any time by
any player. However, in this case the pause is limited. A certain amount of time,
which is called pausing time, is assigned to each player at the beginning of the
game. When a player stops the game, his pausing time is running and in a case it
is all used up, the game is automatically resumed.
The time flow with limited pause might not provide as much tactics as the
turn-based system but it is still far more tactical than pure real-time. What’s more,
the multiplayer implementation is free of the deaf period during which only one
player can interact with a game at a time. Thus, it suggests far more entertainment
than the multiplayer of turn-based systems.
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Summary

In order to simplify the task of choosing the most appropriate time flow system, a
unified comparison of discussed systems was created. It is shown in Table 3.1.
Time flow
system

Amount of
tactics

Multiplayer
potential

Resemblance
to UFO

Real-time
Turn-based
Two phases
Limited pause

low
high
high
medium

high
low
medium
high

medium
low
low
high

Table 3.1: Comparison of time flow systems
According to the Table 3.1 it is obvious that the most suitable option for the prototype design is the limited pause time flow system. The strongest arguments in
its favor can be summed up as follows:
• It is closest to the UFO design.
• Its similarity to the real-time system promises a good deal of potential in
multiplayer mode.
• The amount of tactics it offers, is more than satisfactory.

Chapter 4
Game Design
The previous chapter was devoted to the various possible time flow systems and
chose the limited pause system as the most appropriate one. This chapter analyzes
closer the design of the prototype. It discusses several possibilities of implementation of the most important parts of the design and chooses the most suitable
solutions. It also gives a light image of the game to a reader who does not necessarily want to play the game.
First of all, a compact overview of the prototype is provided (Section 4.1).
Secondly, the most significant features of the prototype are discussed (Sections
4.2, 4.3, 4.4, 4.5, 4.6). Finally, the limited pause time flow system (described in
Section 3.4) is examined more deeply and tuned up in Section 4.7.

4.1

Overview

The prototype game is designed for a small group of players who can be divided
into teams. Each player controls a few soldiers. The goal of the game is to eliminate all the enemy teams. The game provides simple 2D graphics with a bird
perspective. It is meant to run primarily on LAN.

4.2

Command execution

There are two possibilities how the commands which player gives to his soldiers
can be executed.
• Instantaneous execution
The first option is that the command is executed immediately. When a new
command is given out while the previous one is not finished yet, the previous command is aborted and the current one takes over. This type of unit
15
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control can be seen in the real-time games. However, it would be a burden
in games where the players do not control their units entirely in real-time.
It would cause that only one command can be assigned to a unit at a time.
That means no planning.
• Delayed execution
Better option for the prototype is to allow the planning. The idea is to
store the commands in a queue and execute them sequentially. This type
of command execution forces the player to think in advance. It creates the
chess like atmosphere where one tries to guess the move of the other and
adjust his strategy according to it.
The delayed execution with planning creates more space for tactics and thus was
chosen for the prototype.

4.3

Squareness of the game

The result of the delayed command execution (planning) is that also the movement is a subject to planning and therefore we have to address the problem of
finding the shortest path from soldier’s current position to new destination. The
algorithm generally used in games for path finding is called A* and it is closely
described in the Section 5.4. The important thing is that any algorithm designed
to find the shortest path must examine each possible position on the map. Lets
suppose that the map has a size of 10 000 × 10 000 imaginary units. That gives us
100 000 000 positions to examine what is quite demanding on the CPU. In order
to reduce the space of possible positions, the square grid is introduced where one
square represents one possible position. One square for instance can have a size
of 20 × 20 imaginary units what diminishes the original 100 000 000 positions to
just 250 000 positions. Due to this reason the game has square character. Also the
most important position of the soldier is his square position and not his real position inside the square. Furthermore, the square coordinates are used in shooting
and vision calculations. The disadvantage of the squareness is that the path and
movement of the soldier seem to be less natural. The example of the soldier path
is depicted in Figure 4.1.

4.4

Metric

In mathematics a metric refers to a function which defines distance between elements of a set. In our case metric would be the way how we measure a distance
between two squares. There are two possible approaches.
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Figure 4.1: Path finding: The picture shows what a path from square A to square
B would look like.
• Euclidean metric
Euclidean metric is the most intuitive kind of metric which defines the distance between two points as the shortest line connecting them. Let’s say we
have two points p1 = (x1 , y1 ) and p2 = (x2 , y2 ). Then the distance between
them would be defined as:
p
(x1 − x2 )2 + (y1 − y2 )2
• Manhattan metric
Although Manhattan metric is little less intuitive than the Euclidean, its
definition is simpler. Again, let us suppose we have two points p1 = (x1 , y1 )
and p2 = (x2 , y2 ). The distance between them in Manhattan metric is defined
as:
|x1 − x2 | + |y1 − y2 |
In order to put the math into words, we can say that if we want to walk
from the point p1 to the point p2 we have to overcome their difference in x
coordinate plus their difference in y coordinate. The main weakness of the
Manhattan metric is illustrated in Figure 4.2.
Judging from the above comparison and from the Figure 4.2, the Euclidean
metric can be considered more natural. As a consequence, it is used in the prototype in most scenarios. However, when it comes to avoiding obstacles we use the
Manhattan metric and prohibit diagonal movement. There are two good reasons
for doing so. Let’s assume that we are using the Euclidean metric and the diagonal
movement is allowed all the time. Then the following odd situations could occur.
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Figure 4.2: Picture shows the difference between Euclidean and Manhattan metric. In the Manhattan metric the length of the Path 1 is equal to the length of the
Path 2 whereas in the Euclidean metric the Path 2 is shorter.
1. When there are two obstacles touching each other at the corners, it would
be possible for the soldier to squeeze through that touching corners point
exactly the same way as it is illustrated in the Figure 4.3a.
2. When the soldier is moving along one side of the obstacle then passes the
corner and continues along the adjacent side of the obstacle, the moment
when he passes the corner would look like as if he is going through the
obstacle. Figure 4.3b demonstrates the situation.
How does the movement along an obstacle look like when the diagonal movement is prohibited is presented in the Figure 4.3c.

4.5

RPG

In order to mix into the prototype the RPG elements the soldier has several parameters which influence his vision, shooting, movement etc. In the prototype there
are three sets of parameters influencing the soldier’s behavior.
• Attributes
There are just a few attributes represented by integers. They are set by the
player at the start of the game. Attributes should make it easier for the player
to decide where to invest his money.
• Skills
The number of skills is approximately two times larger than the number
of attributes. The skills are the values which are actually taken to account
(used in shooting and other calculations). They are not set by the player

CHAPTER 4. GAME DESIGN
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touching obstacles.
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(b) Passing the corner of an obstacle diagonally.

(c) Passing the corner of an obstacle at
right angle.

Figure 4.3: Movement near obstacles.
but are derived from attributes. One skill can be influenced by one or more
attributes. All the skills have the same range. Consequently, they make it
easy for the player to see the stronger and weaker qualities of the soldier.
• Stats
Stats are similar to skills - they are the values used in calculations. For some
skills (e.g. maximum hitpoints) the unified skill range is inappropriate or too
unrealistic. Therefore, there are stats which shift the values of specific skills
to a range more natural to them. For instance, if the skill hitpoints has the
value of 7, the stat hitpoints would have the value of 76.
Of course it would be possible to have just two sets of parameters or one. However, the three sets of parameters make the soldier more realistic and at the same
time easy to set up.
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Vision & Shooting

Although the player controls the game from a bird perspective, he can not see
all the enemy soldiers on the map. The vision of the player is limited to the
vision of his soldiers. The process of deciding whether one soldier sees another or
whether the shot hit the enemy is not a simple one. Such answers are calculated
in a complicated way described in the chapter about in-game calculations (B). In
general, the output of the vision or shooting calculation can have two forms.
• Deterministic
The first possibility is to have a deterministic calculation. In other words, for
two equal situations there is always the same answer. In practice, that means
that the calculation would take a look at soldier’s skills and directly tell
whether they are high enough or not to see an enemy. It’s a little unrealistic
to imagine that at one moment the soldier can’t see his enemy and when he
moves slightly forward suddenly he can see the enemy alright.
• Nondeterministic
Another approach is to have a nondeterministic calculation. This means
that the calculation would not directly yield the result but it would provide a
probability of spotting or hitting the enemy. After calculating the probability a random number is generated. If it is smaller or equal to the probability
the action is successful. Otherwise the action fails. This approach is far
more realistic than the first one. Rather than jumping from yes to no it
offers continuous probability model which is more similar to the real life.
The problem of the probability model is its dependence on random numbers.
Specifically, the handling of random numbers in multiplayer games is not so trivial. However, this problem was successfully solved (the solution can be found in
the developer manual in the Section 5.3.1). Thus, the prototype features nondeterministic calculations with a probability model.

4.7

Pausing support

The limited pause time flow system has one concealed flaw. It enables the players
to play the game in a pure real-time way. Thus, the player can avoid the tactics
at all if he wishes so. In the single player mode implemented in UFO there is an
easy solution to this problem. The authors made sure to create the combat situation complex enough so that it is impossible to accomplish the mission without
pausing. However, in multiplayer the complexity of combat situation can not be
influenced by the developer. What’s more, if all the players are comfortable with
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real-time games and have have no or only little experience with tactics games,
it is very likely that they will not use the advantages of pausing. Of course the
experienced tactics gamers might be lured into the real-time trap as well. In order
to solve this problem, the prototype provides various game options which support
or force pausing.
• Auto-pause
The idea of this option is to pause the game automatically on certain important events. For example, the game can be paused when a player’s soldier is
under attack or when he spots an enemy.
• Restricted planning
Another way how to enforce the players to use the pausing is to prohibit
the planning of particular actions in moments when the time is running. In
other words, the game can be set up in a way where the player can plan a
specific action (e.g. shooting) only when the game is paused.
• Skill bonus or heal
The skill bonus option is designed to benefit the player each time he pauses
the game. It enables the player to choose a favorable skill for each of his
soldiers. Consequently, when the option is turned on and the game is paused
the soldier’s skills increase slightly. The heal option works exactly the same
way but instead of increasing the skill of a soldier the soldier is healed a little. Both these options can be easily abused to pause the game in moments
when there is nothing going on. Therefore, they can be limited to work
on a soldier only when a significant game event relevant to that soldier occurred recently. For instance, a direct confrontation with an enemy can be
considered to be a significant event.

Chapter 5
Implementation
This chapter is devoted to the implementation matters of the prototype. It discusses the most interesting and challenging issues. First of all, the XNA game
framework is introduced in Section 5.1. Secondly, an explanation of game loop
and brief overview of the core game classes is provided in the Section 5.2. Afterward, Section 5.3 explains how the network synchronization is achieved and how
networking fits into the prototype design. Rest of the chapter is devoted to the
problem of path finding (Section 5.4) and the history of prototype’s graphical user
interface (Section 5.5).

5.1

XNA

Microsoft XNA framework (XNA is not an acronym) is a .Net library for game
developers. It wraps load of code often found in the game development. The main
relevant features of XNA can be summed up as follows.
• Game loop
XNA creates and manages the game loop automatically. It provides the developer with numerous options to control the loop and to obtain information
about the loop. The developer does not need to worry about implementing
a timer since XNA provides a Time class through which it is possible to get
the necessary information about time. The instance of Time class contains
the total time from the start of the game, as well as the elapsed time from
the last game update. XNA allows to set the length of the game loop and
choose whether the length should be static or dynamic. What’s more XNA
provides us with two separate game loops. One serves to update the logic
of the game, whereas the second does all the drawing. Such a distinction
is useful when the processor can not keep up with the desired game loop
length due to the computational complexity of the logic update loop. If this
22
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happens, XNA automatically postpones the drawing loop in order to let the
logic update loop finish and at the same time keep the desired game loop
length. XNA even lets the game know that the processor is having difficulties to keep up through a property IsRunningSlowly. Consequently, the
game can react to this fact and restrict the logic update loop.
• Drawing
XNA uses DirectX for drawing. However, the programing with DirectX
remains hidden to the developer thanks to the many wrappers around the
DirectX which make one’s life easier. XNA also wraps the work with textures and content handling.
• Helper classes
XNA contains many helper classes such as Point or Vector2D. It also contains the MathHelper class which is a useful extension to the .Net Math
class.
• Portability
Since XNA runs on .Net it is to a certain degree platform independent.
Therefore, the developer does not have to bother with different computer
architectures and can concentrate solely on the game itself.
As a result of the mentioned advantages of XNA we chose XNA and C# as
the most appropriate for the game prototype. Another possibility would be to
use C++ and one of its countless game libraries. However, C# simplicity and
increasing popularity as well as the idea of having a managed code with garbage
collection, outnumbered the pros of the rather old but in gaming industry widely
approved C++. Of course Java is a good match for C# but after taking a look at
the game libraries for Java, C# and XNA seemed to be a more suitable solution
for our purpose.

5.2

Game loop and prototype structure

The general idea of the game loop was already presented in the previous section.
Now is the right time to explore how the automatic game loop provided by XNA
is incorporated into the prototype structure.
The most important classes of the prototype are shown in the Figure 5.1. As
we can see the MyGame class is the top level class. It groups together the various game components. From the point of game loop the most essential class is
the ScreenManager. It inherits from XNA class DrawableGameComponent. Furthermore, it is registered as a game component at the GameComponentCollection.
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Figure 5.1: Simplified UML diagram of the most important classes.
Therefore, the game loop automatically created by XNA calls the ScreenManager’s Update and Draw method. Another function of the ScreenManager is to
collect the input through the InputHelper class. Classes which are beneath the
SoldierManager in the Figure 5.1 usually implement the following methods:
• Update
Update method updates the logic of the object. For example, if the object
is moving, each time the Update method is called, it calculates the new
position of the object according to the object’s velocity and elapsed time.
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• HandleInput
The HandleInput method reacts to the input and according to it changes the
state of the object.
• Draw
The Draw method draws the object onto the game screen.
It is not necessary to implement all three of the above methods. For example, the
GameInfoScreen which only shows help and additional informations implements
just the Draw and HandleInput methods. These methods are called in a chain-like
manner. That means that the Update method of ScreenManager calls the Update
method of the GamePlay which calls the Update method of the PlayerManager
and so forth.

5.3

Networking

One of the greatest challenges was without doubt the network synchronization and
design. The prototype has the client-server network architecture. The communication is implemented using non-blocking TCP/IP sockets.
In the gaming industry the word tick is often used interchangeably with the
word game loop and we will be using it too.

5.3.1

Synchronization

The network synchronization is achieved through a synchronized game tick. That
means that if an action happens in the tick x on the server machine, it must happen in the tick x on all the client machines as well. This is accomplished in the
following way. The server resends a new game tick each 40 milliseconds together
with the input of all the players and the clients update their world according to the
tick and input from the server.
It is important to know that when a player, other than the one on the server
machine, submits some input, it is not processed right away on the local machine.
It is first sent to the server. Then the server resends the input with the current
tick to all other players as well as to the one from which it received the input.
Finally, when the input is received from the server (together with the tick) it can
be processed. The whole procedure of handling an input of client machine is
shown in the Figure 5.2. If the input of a player was processed instantly as it is
submitted, there would be no guarantee that it would be received by the server in
that same tick and thus there is a good chance of synchronization failure.
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Figure 5.2: The picture shows how the input of a client is handled at a local
machine. It is first sent to the server (gray arrows) and then it is resent to all the
clients (blue arrows).
The described synchronization method is not ideal. On slower connections
there might be problems with server response time to client input as well as problem with jitter which might cause an uneven, choppy movement of the units. On
the other hand this implementation is very easy and provides a 100 % synchronization. Even the random numbers can be synchronized by making the tick the
seed for the random generator. What’s more, one does not have to send and receive the information about the whole world. The only thing needed is the input
of other players and tick. Therefore, each client can simulate the world on his
own.

5.3.2

Design

The design of the network communication is quite simple. The basic idea is to
make as few differences as possible between server machine and client. Therefore,
the logic of the game is the same at both machines. The classes which update the
world and players are identical. The Figure 5.3 depicts how the network is built
into the game. The Network class manages all the network communication. It is
divided into NetworkClient, which runs at the client machine and NetworkServer,
which runs at the server machine. All the differences between client program and
server program are hidden in these classes. The GamePlayData is class holding
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Figure 5.3: Network integration.
the actual tick and all the input from all the players. It serves as a communication
channel between GamePlay and Network.

5.4

Path finding

The path of the soldier is found using A* algorithm which is very similar to Dijkstra’s algorithm. A* uses a heuristic which promises to search the squares with
higher chance of being in the path first. In the course of the algorithm we distinguish three sets of squares. The first set contains those squares which were
already visited by the algorithm and they will never be visited again. The second
set consists of possible candidates or squares which are right next to the visited
squares and can be visited in the next iteration of the algorithm. The rest of the
squares make up the third set. The most essential part of the A* algorithm is the
way how it chooses among the candidates the one which will be visited in the
next iteration. A* always chooses the candidate with the best evaluation function
f which is defined as follows:
f (x) = g(x) + h(x)
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g(x) - shortest path from the start to x
h(x) - estimated path from x to the destination
There are numerous ways how to choose the heuristic function h. In the prototype we compute h(x) as an Euclidean air distance between x and the destination
square. It is important to apprehend that the heuristic function h calculates only
hypothetical distance since there might be some obstacles in the way whereas the
g function gives us a true distance. The difference between A* and Dijkstra is that
Dijkstra’s evaluation function consists of just the g function. In another words, Dijkstra’s algorithm is not trying to get closer to the destination. It always visits the
nearest square and if the path exists the algorithm will eventually find it. On the
other hand, A* is trying with each step to get closer to the destination and in most
cases runs considerably faster. A more detailed description of A* is presented in
the Algorithm 5.1.

5.5

Graphical user interface

There were three possible solutions to the question of choosing a graphical user
interface (GUI) for the prototype.
• Windows forms
The first idea was to use windows forms. However, a day of research revealed that using windows forms from within XNA 1.0 (the version of XNA
used at the time when the first GUI was implemented) is a very thorny path
to take.
• GUI for XNA
Another option was to use one of the existing GUI libraries designed for
XNA. On the one hand they look better than windows forms and some of
them have even customizable look and feel, but on the other hand their
functionality is much weaker.
• New GUI
The last option was to implement our own GUI. This option was right away
out of question since it would be extremely time consuming and distracting.
At first, the option of using one of the GUI libraries for XNA seemed as the
most promising way to take. As a result, the first GUI was created in one of the
existing libraries. Initially it was satisfactory but as the GUI of the game grew it
turned out to be lacking some of the critical GUI features like support for copy
and paste. Finally, with the new versions of XNA 2.0 and 3.0 the integration of
windows forms became a little easier and therefore, the whole GUI was remade
using the windows forms.
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Algorithm 5.1: A*
input : start - start square, destination - destination square
output: p - array of predecessors
begin
foreach x in all squares do f [x] B ∞
Insert(candidates, start)
g[start] B 0
f [start] B ComputeH(start, destination)
p[start] B nil
while candidates , ∅ do
{ Select the square with minimum f function. }
u B ExtractMin(candidates, f )
if u = destination then
return p
end
Insert(visited, u)
foreach x in Neighbors(u) and 2 x not in visited and x not on
obstacle do
hx B ComputeH(x, destination)
newG B g[u] + Distance(u, x)
newF B newG + hx
if not x in candidates then
Insert(candidates, x)
end
if newF < f [x] then
g[x] B newG
f [x] B newF
p[x] B u
end
end
end
return nil
end
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Chapter 6
Results
This thesis introduces multiplayer design which in its principles closely resembles the UFO games. In UFO the player’s enemy is artificial intelligence and it is
strong enough to force the player to pause the game and to think over his following
actions. However, we assumed that in multiplayer the players would easily fall for
the real time way of playing and would not use the pausing at all. Therefore, we
created three options whose main goal is to prevent the players from playing real
time and use the advantage of pausing. In order to verify the effectiveness of the
options which support pausing and to prove the viability of the design, the prototype was tested by a smaller group of people. Section 6.1 describes the course of
the testing. Afterward, we present the results of the survey (Section 6.2). Then,
few observations gathered during the testing are discussed in the Section 6.3. Finally, last section (6.4) points out the most important thoughts inferred from the
survey and testing.

6.1

Testing background

All together there were about 15 people who actually played the game for more
than one hour. However, only 9 of them lasted long enough to take part in the
survey which is included in Appendix C. Each of these people played the game at
least for three hours. The age of the testers varied from 16 to 24. Approximately
half of the testers were below 18 while the other half was above 20. As far as the
experience of the players go, about half of them plays tactics games from time to
time. However, most of the players play more often strategy games than tactics.
The players tested the three game options which support the pausing as well as the
setup with no pausing support at all. Consequently, they took part in the survey.
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Survey

The main goal of the survey is to get a general opinion about the implemented
options which support the pausing and planning in the game (see Section 4.7).
The remarks of the testers to the three options are summarized in the following
list.
• Auto-pause
Surprisingly, the auto-pause option turned out to be the least popular and
most annoying. Its main weakness is that the players who are not involved
in the event which fired the auto-pause are victims of often unnecessary
pause and have to wait. As a consequence, the pace of the game is rather
slow. However, this shortcoming was significantly reduced by limiting the
auto-pause to be fired just on the enemy spotted event and by decreasing the
pause. The advantage of auto-pause is that it gives the players some extra
space for planning when they do not have to use their own pausing time.
• Restricted planning
The restricted planning option proved to be the most unconventional and
for most testers it took a while to comprehend what it actually does. Nevertheless, in the end it successfully forced even those most resistant, to pause
the game. The survey shows that the popularity of this option is quite neutral. The most prominent disadvantage might be the fact that one must be
careful with his pausing time since once it is gone, the affected commands
(commands which can be planned only when the game is paused) can not
be planned.
• Skill bonus or heal
The skill bonus or heal option was in general the most favorite option. People especially liked the idea of having their soldiers healed during the pause.
However, few testers objected that it slows down the whole game; especially, when the players pause the game for a long time just to heal their
soldiers.
The survey also asks the players how often they paused the game and how
would they rate the pace of the game at the various setups. By the term pace of
the game we mean how thrilling is the game or on the other hand how tedious it is.
Figure 6.1 shows the average values of answers to these questions. The original
answers were in the range from 1 to 5 where 1 means the least and 5 means the
most. A little surprisingly, the players used the pausing most often during the skill
bonus option and not during the restricted planning option as one would expect.
This just means that the players are more likely to use the pausing when they
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are encouraged to do so but not forced to. However, the frequent pausing during
skill bonus option also caused that the pace of the game was not the fastest. The
low usage of pausing and low pace of the game during the auto-pause option
suggests that this option paused the game too often and resulted in a slow and
boring gameplay. Finally, as we can see the pace of the game was fastest when
there was no support for pausing at all. At the same time, the amount of pausing
was above average and even close to the amount of pausing during the restricted
planning option what suggests that the players actually used the pausing even
when they were not forced nor encouraged to do so.

6.3

Observations

The actual testing and playing the game revealed few minor points presented in
the list below.
• The players who frequently play the real time games at first used the pausing
far less often than the players more familiar with turn-based games. What’s
more their pausing was even rarer than the pausing by players who do not
have much experience with computer games.
• The longer the players played the game, the more they paused the game.
Especially, when they played with more tactical players who paused the
game often.
• The restricted planning option turned out to be a great learning option; especially, for the players from the world of real time games. Although, they
did not like it first, it taught them to pause the game and made them more
comfortable with a new time flow system. However, in the end it was quite
useless since the players paused the game anyway. (A good setup for this
option is to prohibit the planning of shooting when the game is not paused.)
• From the player’s point of view there was not a big difference among the
various options for pausing support. For example, when the restricted planning or skill bonus options were turned on, the players did not pause the
game significantly more often than they did during the setup with no pausing support.
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Summary

The outcome of the testing and survey indicates that the options designed to support the pausing do not have as strong influence as we originally expected. The
most influential factor when it comes to pausing the game stays the same as in
the single-player mode implemented in the UFO series i.e. the complexity of the
situation. Surprisingly, the numerous situations which occurred during the testing
were complex enough to force the player to pause the game. Particularly, when
two players met in a gunfire. Furthermore, it is important to state that the game
design itself must be complex enough to provide a good tactics environment. For
instance, when shooting from a gun does occur instantaneously and the magazine
of the gun has about 20 bullets, then twenty clicks of the mouse are enough to kill
the enemy very fast. A better approach is to put just 5 bullets into the weapon’s
magazine and to make the shooting last longer e.g. 1 second. Then the enemy
soldier can not be killed so fast; consequently, the player has to pause the game
and come up with a plan.
Finally, the prototype proved to be quite enjoyable and successfully managed
to awake the spirit of the gamer in most of the people who volunteered to test the
game.
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(a) Average values which show how much the players used the pausing at different game setups. 1 means almost never and 5 means frequently.

(b) Average values of the pace of the game at different setups. 1 means very
slow and 5 means super fast.

Figure 6.1: Comparison of different game setups.
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Chapter 7
Conclusion
In these days there are multiple popular tactics games. Most of these games only
offer a single-player mode or if they have a multiplayer it is by far not so entertaining as the single-player. This project analyzes various options of implementing a
multiplayer to a tactical game. The proposed design is to a certain degree similar
to the UFO games. A prototype was created in order to test the viability of the
design. The most important feature of the prototype is that the player can plan the
actions of his soldiers while the game is paused. In order to support the pausing
the prototype introduces several options which are designed to force or motivate
the player to use the pausing. The prototype as a whole was subject to testing.
Consequently, the results of testing are discussed in this thesis.
In the end the options designed to support pausing turned out not to be as
much influential as expected. However, they either help the players to grasp the
basic idea of the game, what benefits the pausing of time provides, or they made
the game more interesting. On the other hand, the players did not need to be
pushed into the use of pausing. Soon enough they discovered that without using
the advantage of pausing they do not stand a chance against the other players who
frequently paused the game. The need for pausing is a result of the complexity of
scenarios that arise in the prototype which offers plenty of tactical possibilities of
how to approach and eliminate the enemy. Furthermore, the proposed time flow
system did not restrict the entertaining character of the game and at the same time,
it kept the tactics of the game at a high level.
There are multiple alternatives how to extend and improve the whole project
in the future. A further severe testing might be done to tune the options designed
to support the pausing. There is plenty of space where one can improve the tactics
of the game. One can spend months examining the parameters of the weapons
and the calculations trying to balance the game, so that there are not two or three
soldier setups which are apparently better than others. Even though it is just a
prototype of a game, it would be nice to have a more appealing graphics (it can
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even be 2D) and some simple sounds. They would at least attract more volunteers
for testing. Another idea which can help to get the opinion of a large number of
different people is to put the project on an open source hosting facility like Google
Code or SourceForge. It would not only help to bring new ideas into the project
but also the actual implementation would improve.
In conclusion, the objective of this thesis was successfully met. First of all,
we managed to create a prototype of tactical multiplayer game similar to the UFO
series. Furthermore, as the testing suggested the gameplay is interesting and enjoyable enough to promise a viable game design.

Appendix A
User manual
This chapter covers the necessary information for playing and configuring the
game. Section A.1 introduces the game in a few sentences. The prerequisites
are mentioned in the Section A.2. Afterward, simple installation guidelines are
provided in the Section A.3. Section A.4 explains how to create a game or join an
existing game. Section A.5 covers various game options. Section A.6 presents the
details about soldiers. All the weapons and other game items are described in the
Section A.7. An overview of all the information which is available through the
course of playing is in the Section A.8. The Section A.9 explains how to create a
custom map. Finally, the last section (A.10) lists all the controls.

A.1

About the game

First of all, it is important to state that the game is more of a prototype than a
full-fledged game. Therefore, in many aspects it might seem incomplete. It is
designed to test the viability of tactics games similar to UFO from Altar GAMES
in multiplayer mode.
The game can be classified as a tactics multiplayer game with some RPG elements. It features simple 2D graphics with a bird perspective and is intended to
run mainly on LAN. There can be up to eight players. Each player controls a few
soldiers (from one to four). Furthermore, players can be grouped in a team and
fight together against other team. The tactical character of the game lies in the fact
that the game can be paused at any time during which you can assign commands
to your soldiers. The goal of the game is to eliminate all the enemy teams.
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Prerequisites

• Software
The game was tested primarily on Windows XP, but it might run on other
versions of windows as well. Other software prerequisites are .Net 2.0 SP1,
DirectX 9.0c and XNA Framework Redistributable 3.0. However, these are
included as a part of the installer, so you don’t have to worry about them. If
you don’t have them the installer will automatically install them.
• Hardware
The game requires a graphics card with pixel shader support 1.1 or higher.

A.3

Installation

In order to install the game just run the TMGSetup.msi. The installer installs the
following components:
• .Net 2.0 SP1
• DirectX 9.0c
• XNA Framework Redistributable 3.0
• game executables
If you want to uninstall the game just navigate to the Control panel/Add or
remove and click the Remove button at the Tactical Multiplayer Game field.

A.4

Quick Start

You can launch the game either by navigating to the game’s installation directory
and running the file TMG.exe or through the start menu by running the Tactical
Multiplyer Game entry.
At the beginning you can choose to either create a game or join an existing
game. In general, one player creates a game and all the other players must join
that game, so they can play together.
If you decide to create the game, the Game options window will be displayed
(hint: window name is displayed in the application’s title area). In this section we
will focus just on the General tab, which can be seen in the Figure A.1. Here you
can set your name as a player, number of soldiers that each player can command,
port at which the server runs and desired map.
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Figure A.1: Create game window - General tab.
If you decide to join an existing game the Join game window will appear, as
shown in the Figure A.2. Here you can again set your name as a player. Then you
have to specify IP address or name of the server and port to which you want to
connect.

Figure A.2: Join game window.
The next window is Player setup window. It does not matter whether you
joined a game or created one the Player setup window is the same for both scenarios. There are two or more tabs in this window. The most important one is
the Connected players tab, which is displayed in the Figure A.3. First of all you
can see here a table with information about all the connected players. You see
the name, state, team and color of the player. The state of the player signalizes
whether he is ready to play or whether he is still buying some equipment for his
soldiers. You can also buy or sell your pausing time in the Player setup window.
Pausing time is a special amount of time which can be used to freeze the soldiers
and plan their actions while the game is paused. The rest of the tabs handle the
soldiers setup. For now, you can use the advantage of predefined soldiers and load
them from the Soldiers directory located in the game’s installation directory.
Don’t bother with details of soldier tab right now, they will be explained later in
the Section A.6. Once you are ready to start just press the Ready button. Notice that the button changes to Shop. If you change your mind and decide to buy
some more stuff, just press the Shop button. As soon as all the players are ready
the game starts. Once in the game, use the left button of your mouse to move
your soldiers and the right button to use their weapons. For more information on
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controls either press F1 when in the game or see Section A.10.

Figure A.3: Player setup window - Connected players tab.

A.5

How to set up the game

There are various game options which can be set right before the game is created in
the Create game window. They are divided into two major groups: Time options
and other options. They are described in sections A.5.1 and A.5.2. The options
can also be saved or load with Save options and Load options buttons.

A.5.1

Time options

The time options are in the Time tab of Create game window. They group together
multiple sets of options, as illustrated in Figure A.4.
The first set of options are basic pausing time options. Here you can set for
how long can each player pause the game or whether the pausing time should be
rechargeable. When the pausing time is rechargeable it is recharged slowly as the
game runs in real time. The recharge factor tells us at what rate the pausing time
is recharged. When it is set to 0.1 it means that with each second spent in real
time 0.1 second of pausing time is recharged.
The Plan when paused options enable to restrict commands to be planned only
when the game is paused.
The Automatic time stop options determine at which events and for how long
should the game pause itself.
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Figure A.4: Create game window - Time options tab.
The last set of options (Skill bonus options) is about applying bonus to a chosen skill when the game is paused. First of all, you can decide whether to allow
such behavior or not. The next option Bonus magnitude tells us in percents how
the skill should be updated. Apply bonus after option determines the interval at
which the bonus is applied. In order to avoid pausing the game in a state when
nothing is going on just to gain the bonus, one can choose the bonus to be applied
only when some kind of important event recently took place.
Pause registering
Registering for a pause is a useful and important feature of pausing. It works in
the following way. When the game is paused by somebody else or it is paused
automatically you can press the pause button to ensure that the game is not resumed in the most inconvenient moment for you. By pressing the pause button
during the pause you register for a pause and when the owner of the current pause
(the player who paused the game) tries to resume the game it is not resumed right
away. First the game checks whether there is anybody registered for a pause and if
that is the case the pause continues on the account of the first registered player. If
there is nobody in the queue of players registered for pause, the game is resumed.
When you are registered for a pause a large PR sign is displayed in the right upper
corner.

APPENDIX A. USER MANUAL

A.5.2

42

Other options

The Others tab of the Create game window unites options for vision, events and
money. It is presented in Figure A.5.

Figure A.5: Create game window - Other options tab.
The first set of options describes how much should the player see. The most
limited setting is that the player can only see his soldiers and the visibility of teammate soldiers and enemy soldiers is calculated. A little less constrained setting is
that the player can see his soldiers and the teammate soldiers but the visibility of
enemy soldiers is calculated per player. That means that you can’t see the enemy
which is seen by your teammate. The least limiting setting is one that includes
previous two plus the ability to see the enemy soldiers which are seen by your
teammate.
The second set of options controls the two main in-game events. Since the
options of one event are very similar to the options of the other event we will
focus just on one of the two events. The first option is Interesting vision target or
Interesting attacker. It determines when the event is fired. It can be fired when
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we spot an enemy soldier or an enemy player or an enemy team. For example, we
set the Interesting vision target to the player. We spot a first soldier of an enemy
player and the enemy spotted event is fired. Then we spot another soldier of that
same player but since we are interested in the player and we already see the first
soldier the event is not fired again. The second option is Enemy spotted duration
or Under attack duration. This option addresses the following problem. Imagine
that you spot an enemy and the enemy spotted event is fired but then the enemy
hides himself behind an obstacle and a moment later he appears again. In this
situation we don’t want the enemy spotted event to be fired again. Therefore, we
set the Enemy spotted duration option to for example 5 seconds and that means
that we can lose the enemy for 5 seconds from sight and if he reappears in those
five seconds the enemy spotted event is not fired.
The last set of options are payment module options. You can choose how much
money should each player have and how much can he spend on soldier attributes.
The amount of money player can spend on soldier attributes applies per soldier.
Value -1 means that there is no limit on how much money can be spent on soldier
attributes.

A.6

Soldier

Soldier is the only unit you have. He can not be reproduced, substituted, resurrected or re-spawned. That means that if the soldier dies he is gone for good.

A.6.1

Attributes, Skills and Stats

Soldier’s abilities are described by three characteristics: attributes, skills and stats.
You can only manipulate with the attributes and then watch how it changes soldier’s skills and stats. In the game itself only the skills and stats are taken into
account. To fully grasp the reasoning behind three sets of characteristics see Section 4.5.

A.6.2

Inventory

Soldier’s inventory contains four slots or storage places. There are active item and
passive item slots where you can place a weapon or first-aid-kit. The soldier can
use the item placed in active item slot. If you intend to use soldier’s passive item,
you have to first switch it with the active one so the passive item becomes active.
Then there is a slot for soldier’s armor. The last slot is Ammo Belt and it serves as
storage place for magazines. Also when the soldier is reloading, the ammo belt is
the place where the soldier looks for the additional ammunition.
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Each item in the inventory has it’s weight and when the inventory is too heavy
the soldier moves slower. Especially, if the weight of the inventory exceeds the
soldier’s stat capacity.

A.6.3

Soldier setup

Now that you learned something about your soldiers it is the right time to take
a look at the soldier tabs in Player setup window which enables you to set up
the soldiers. The example of a soldier tab is illustrated in Figure A.6. You can
specify here a name of the soldier, buy some equipment or train the soldier (buy
attributes). We recommend to read the tooltips shown above the labels to get the
general idea about the different options you can set up. It is also possible to save
or load your soldier providing that you have enough money.

Figure A.6: Player Setup window - Soldier options tab.
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What does the Skill bonus option do?
The Skill bonus option allows you to choose a skill which should be increased
when the game is paused. This only works in the case that the Skill bonus game
option is turned on. You can either choose one of the skills or you can choose the
heal option which means that your soldier slowly heals when the game is paused.
Buying equipment
In the box labeled as Game items you can see all the items you can buy. Next to
each item there is a price of the item and there might be some additional useful
information. For example, behind the magazine price you can see how many
bullets are in the magazine or near the armor is also shown the information about
armor’s class. Although when you are buying a weapon you are buying it loaded
(there is a magazine inside it), it is recommended to buy additional magazines
because once the game starts you can not buy further equipment. You can buy an
item just by clicking on it.
Buying attributes
For the same money you buy the equipment with you can also buy attributes in
order for your soldier to become faster, stronger, better. It is up to you how you use
your money. However, there might be some additional limitation on how much
money you can spend on attributes. In order to find out into which attributes invest
see the hints of attributes, skills and stats which appear when you move the cursor
over the name of attribute skill or stat. If you are interested how are the skills and
stats calculated from the attributes see Section B.1.

A.6.4

Stance

Your soldier can either be in stance walk or in stance run. When in the latter stance
he moves faster, but on the other hand his shooting abilities are impaired.

A.6.5

Commands

You control your soldiers by giving them commands. The commands are added
to soldier’s plan in the order in which you give them out and are executed sequentially. The soldier can do only one thing at a time. That means for example
that he can’t shoot while he is moving. Most of the commands are not executed
immediately but it takes some time to execute them. We will refer to this time as
command’s execution time. There are following soldier commands:
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• Cancel Plan
The Cancel Plan command erases all the actions in soldier’s plan. It’s execution time is zero and it is the only command which is not placed at the
end of the soldier’s plan but it is done right away.
• Change Orientation
The Change Orientation command turns the soldier around. It execution
time is zero.
• Change Stance
The Change Stance command switches the stance of the soldier. The soldier
can either be in a stance walk or in a stance run. If the soldier is in the stance
run he moves faster. The execution time is calculated from soldier’s skill
speed.
• Move
Soldier is moving at a speed which is calculated from soldier’s stat speed
and soldier’s stance.
• Reload
The execution time of the Reload command is calculated from the weapon’s
reload time and from the soldier’s skill in the type of the weapon he is
reloading.
• Switch Active and Passive Item
The execution time of the Switch Active and Passive Item command is calculated from soldier’s speed skill.
• Switch to Burst-Fire Mode
The Switch to Burst-Fire Mode command allows to switch the behavior of
rifles which can shoot either a single shot or a burst. The execution time of
this command is influenced by soldier’s skill and the weapon itself similarly
as with the Reload command.
• Use Active Item
The Use Active Item command fires from a weapon or uses the first-aid-kit.
The execution time depends on soldier’s skill in the type of the item he is
using and the item’s characteristics.
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Game items

In the game you can come across four types of game items: Weapons, ammunition, armors and first-aid kits.

A.7.1

Weapons & Ammunition

From the shooting point of view there are two main groups of weapons. There are
ranged weapons which take a specific soldier as a target. When using a ranged
weapon there is always a probability calculation and a random roll which determines whether the target is hit or not. The second group of weapons are area
damage weapons. The target of the area damage weapon does not need to be a
soldier. It can be any point on the map except an obstacle. Although the target
square you click on has the highest probability of being hit, it is not guaranteed
to be hit. When firing from an area damage weapon there always is some kind of
potential maximum deviation which increases with the distance over which you
are launching. The area damage weapons effect not only the square they hit but
also a couple of nearby squares. The maximum damage applies to the square that
is hit. Then the damage decreases with the distance from the square of explosion.
The damage is applied automatically to the square hit, but there is a probability
calculation for the nearby squares.
Another, more granular, classification of the weapons distinguishes four types
of weapons: Handguns, shotguns, rifles and grenade launchers. The first three
are ranged weapons whereas the last belongs to area damage weapons. Each type
of weapon is further divided into light weapon and heavy weapon. For example,
there is Light Shotgun and Heavy Shotgun. To every single weapon there is a
corresponding type of magazine and none of the other magazines would work
with the given weapon. For instance the Sniper Rifle takes only the Sniper Rifle
Magazine.
A very important parameters of the ranged weapons are their range and accuracy. Basically, the accuracy defines a precision of a weapon whereas the range
defines how fast is the weapon loosing its precision. For an exact definition of
these quantities see Section B.3.1.
The area damage weapons (launchers) are different from the ranged weapons
and they do not have any accuracy. Although they do have a range, its meaning is
different. The range of an area damage weapon determines how is the maximum
deviation of a launcher changing over the distance. For a detailed explanation of
range see Section B.3.3.
If you are wondering what the differences are among the numerous weapons,
the Table A.1 should help you out.
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Name

Damage

Price ($)

Bullets

Weight (kg)

Accuracy

Range

LP
HP
LS
HS
LR
HR
SR
LGL
HGL

10
15
20
25
12
14
20
12
16

10
15
15
18
20
25
25
30
35

8
7
6
5
10
10
5
3
3

5
7
9
10
10
14
14
18
22

18
14
10
8
18
14
30
-

28
22
14
12
28
22
50
19
16

LP - Light Pistol
HP - Heavy Pistol
LS - Light Shotgun
HS - Heavy Shotgun
LR - Light Rifle
HR - Heavy Rifle
LGL - Light Grenade Launcher
HGL - Heavy Grenade Launcher
SR - Sniper Rifle
Bullets - number of bullets in weapon’s magazine
Table A.1: Weapon comparison

A.7.2

Armors

Armor is a piece of clothing which reduces damage done to the soldier. Each
armor is specified by its armor class. The higher the armor class, the better the
armor is. Altogether there are three types of armor: Light Armor, Medium Armor
and Heavy Armor. The armor class, price and weight increases from the light one
to the heavy one.

A.7.3

First-aid kits

First-aid kits are opposites of weapons. They can restore the hitpoints of a soldier.
In order to use a first-aid kit of one soldier on another soldier, the soldiers have
to be near each other. A first-aid kit is characterized by the number of shots it
contains. How much does a single shot heal depends on the first-aid skill of the
user. There are three kinds of first-aid kits: Small First-aid Kit, Medium First-aid
Kit and Large First-aid Kit. Similarly as with the armors the number of shots,
price and weight increases from the small one to the large one.
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What you see in the game

During the game you are provided with several information, as shown in the Figure A.7. The various groups of information presented in the Figure are explained
in the following list.

Figure A.7: Game

• Quick soldier information When you move your cursor above the soldier
a quick soldier information is displayed. The first two pieces of information
are soldier’s name and his hitpoints. The third information varies according
to the weapon of your currently selected soldier. If your currently selected
soldier has a ranged weapon in his hands, the third information displays the
probability with which you can fire at the soldier whose quick info you see.
It is important to state that all the probabilities shown in the game are values
between 0 and 1. Therefore, a 5% probability is written as 0.05. However, if
your soldier has an area damage weapon in his hands, the third information
is the maximum deviation in squares.
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• Soldier information stripe
On the soldier information stripe one can seen the most basic and at the same
time the most significant soldier information. The rectangle with inverted
colors marks the soldier with focus. The stripe shows the soldier’s name,
hit points, stance, the complete plan of the soldier and weapon information.
The commands in the plan are written abbreviated. The letters representing
the commands are the following:
B: Switch Weapon Behavior
L: Change Orientation
M: Move
P: Switch Active and Passive Items
R: Reload
S: Change Stance
U: Use Active Item
The last part of the weapon information is again a single letter representing
the type of the shot the weapon fires. The meaning of the letter can be one
of the following:
B (burst-fire): Drawn when the active item is rifle and the burst-fire mode
is turned on.
H (heal): Drawn when the active item is first-aid kit.
L (launch): Drawn when the active item is grenade launcher.
N (normal): Drawn when the active item is a ranged weapon with either
no burst-fire mode or turned off burst-fire mode.
• Time information
In the time information part of the game window you can see total elapsed
time and your remaining pausing time. When the game is paused, the red
Pause notice is shown. There might even be another green PR notice which
signalizes that you are registered for a pause.
• Event log
The event log displays information about various in-game events. It reports
the shooting, item usage failures, spotted enemies, attacking enemies, etc.
• Additional soldier information
The additional soldier information part of the window displays soldier skills,
stats, inventory and other useful facts.
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• Map border
A dark red line at the edge of the visible part of the map denotes that you
have hit the border of the map.

A.9

How to create a map

Since all the maps are loaded from an xml file, it is easy to define a custom map.
However, before doing so one must be familiar with the process of positioning
the soldiers of players around the map. Otherwise, you can put an obstacle on
a square where a soldier can be spawned what would result in an invalid map.
Consequently, the game would refuse to load the map and would show an error
message. At the game startup each player can be assigned one of the following
positions: north, north-east, east, south-east, south, south-west, west and northwest. The player’s position also determines the position of his soldiers which are
all placed closely together. The Figure A.8 shows all possible ways of positioning
a soldier on the map. Another restriction on map requires the size of the map to
be at least 40 × 25 squares.

Figure A.8: Soldier positioning
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Now that we know what we can’t do when creating a map, we can move on to
the actual map creation. The easiest way to make your own map is to follow the
steps below.
1. Copy the XML Example A.1 into the install dir/Maps (the name of the
file also determines the name of the map).
2. Open the file in your favorite text editor.
3. Change the Width and Height attributes of the Map element to the desired
size (but keep in mind the size restriction).
4. Create additional Obstacle elements inside the Map element. Currently
there are only three kinds of obstacles.
SmallBox: the smallest obstacle with the size of one square
MediumBox: the medium obstacle with the size of 2 × 2 squares
LargeBox: the largest obstacle with the size of 3 × 3 squares
To place the obstacle on a desired spot edit the X and Y attributes of the
Obstacle element. The top left square of the obstacle will be placed at the
specified X and Y position.
XML A.1 Example of map definition
<?xml version="1.0" encoding="utf-8" ?>
<Map Name="Map1" BackgroundTextureName="BlankMapBackground"
Width="42" Height="42">
<Obstacle Name="SmallBox" X="10" Y="10" />
<Obstacle Name="MediumBox" X="11" Y="11" />
<Obstacle Name="LargeBox" X="13" Y="13" />
</Map>
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Controls

Move: left mouse button
Use active item: right mouse button
Switch soldiers: tab or left mouse button used on local soldier
Pause/resume/register for pause: space
Cancel plan: C
Move the view: W,S,A,D
Change stance: E
Switch active and passive items: Q
Reload: R
Turn on/off the burst-fire mode of a weapon: F
Change orientation: left mouse button + left control
Movement in the event log: scrolling wheel or Page Up and Page Down
Show/hide menu: escape
Show/hide grid: G
Show/hide controls: F1
Show/hide additional soldier information: F5
Show/hide cursor information: F2
Show/hide additional player information: F4
Show/hide additional game information: F3
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Appendix B
Calculations
Whereas the previous chapter introduced the basic behavior and management of
the game, this chapter concentrates on various in-game calculations.
We did not come up with the complex calculations introduced in this chapter
on our own. Most of them are taken from the UFO series. We adjusted few of the
calculations to better meet our needs.
The attributes, skills and stats of a soldier were already introduced in sections
4.5 and A.6.1. In the Section B.1 we discover how exactly do they interact with
one another.
In many calculations we need to get an influence of a certain skill. In order to
make the skill influence consistent in all calculations we introduce an exponential
λ function defined as:
λ(skill, b) = b(skill−AVG)
Where AVG is the average skill value. The base b determines the magnitude of the
influence. It can have one of the following values.
• low: 1.125
• medium: 1.25
• high: 1.5
In the course of the chapter we will use L, M and H as the abbreviations for low,
medium and high respectively.
In this chapter there will be many formulas. Therefore, it is helpful to introduce a naming convention which would help to clarify the used symbols and
words. We decided to write all the variables in lowercase font while all the constants are written in the uppercase font.
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Skills and stats

The skills of the soldier are values which express various soldier qualities. Each
skill is either used in shooting or vision calculation or it has a direct effect on one
of the soldier’s stats. The soldier’s stats closely characterize the soldier. They
determine soldier’s speed, hitpoints and capacity.

B.1.1

Skill calculation

Each of the eleven skills depends on one or more attributes. The skill is calculated
as weighed average of the attributes which influence it.
P
Ai ∗ wi
skill = P
wi
Ai is the value of the attribute while wi is the weight of the attribute. The Table B.1
shows for each skill which attributes have an impact on it.
Skill

Attributes and their weights

Hitpoints
Speed
Strength
Observer

Endurance 1
Dexterity 1
Strength 1
Perception 1

Handguns
Shotguns
Rifles
Launchers

Precision 3, Dexterity 2
Precision 3, Endurance 2
Precision 3, Perception 2
Precision 3, Strength 2

First-aid
Stealth
Dodge

Endurance 1
Perception 1
Dexterity 1
Table B.1: Attributes influence on skills

B.1.2

Skill effect

The following list provides a general idea about each skill’s impact on the game.
A more detailed explanations with exact formulas can be found in the sections
about vision and shooting calculations (Section B.2, Section B.3).
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• Hitpoints
The stat hitpoints is directly calculated from the hitpoints skill and is then
used to represent the health of a soldier.
• Speed
From the speed skill is directly calculated the stat speed what is the maximum speed the soldier can achieve.
• Strength
From the skill strength is directly calculated the stat capacity which determines how much can a soldier carry without any speed penalty. Strength
also slightly increases the damage.
• Observer
The observer skill influences the vision of the soldier.
• Handguns
The handguns skill influences shooting from a handgun.
• Shotguns
The shotguns skill influences shooting from a shotgun.
• Rifles
The rifles skill influences shooting from a rifle.
• Launchers
The launchers skill influences shooting from a launcher.
• First-aid
The skill first-aid determines the probability of succeeding when using the
first-aid kit.
• Stealth
The skill stealth makes the soldier harder to spot.
• Dodge
The skill dodge decreases the probability of being hit by a range weapon.

B.1.3

Stat calculations

Since the stats serve to shift the range of some of the soldier’s skills into a more
realistic range (see Section 4.5 for further information on stats and their function),
they can not be all calculated like skills with a single formula. However, the
formulas for all three stats are very similar as the list below suggests. In fact, they
only differ in the used constant.
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• Hitpoints are calculated as:
HP0 ∗ λ(skill, L)
HP0 is a constant; skill is the hitpoint skill and L is the base of the λ function
as described at the beginning of the chapter.
• Speed is calculated as:
S0 ∗ λ(skill, L)
Again, S0 is a constant and skill is the speed skill of the soldier.
• Capacity is calculated as:
C0 ∗ λ(skill, L)
Skill stands here for the skill strength.

B.2

Vision

The question of whether we see an enemy soldier or not depends on the capabilities of our soldiers and the terrain they are in. An important thing is that we
can not see soldiers which are behind obstacles. That means that we can only
see those enemy soldiers whose position is visible from the position of one of our
soldiers. However, even if we can see the position of an enemy soldier because
it is not behind an obstacle, it does not necessarily mean that we can also see the
enemy soldier. The vision of our soldiers and thus the vision of us as a player is
always calculated as a probability of spotting an enemy.
First of all, we calculate a quantity called cover. It determines how well the target
is protected by the terrain. We cast several rays from the observer’s square (OS) to
the target square (TS). More specifically, we pick up n spots on the OS and cast m
rays to the TS. Then we calculate the intersection with obstacles on the map. This
will give us 0 or 1 for each ray. Afterward, for each one of the n spots we average
the values of rays cast from it. As a result, we obtain an n-tuple of numbers from
interval [0 − 1]. From these we chose the highest one. The idea behind this is that
the observer can move slightly in his square while the target can not. The observer
naturally picks the best spot for him.
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Secondly, we calculate the influence of observer skill, stealth skill and distance. Let’s call the final influence osdi (observer, stealth, and distance influence).

1






osdi = 

falloff




d − range

if d ≤ range + falloff
if d > range + falloff

Where range and falloff are calculated as:
λ(observ, M)
λ(stealth, L)
λ(observ, L)
falloff = F0
λ(stealth, M)
range = R0

The physical interpretation of these formulas is that we see everything within
a certain range and also a little behind it (falloff ). The falloff also specifies how
fast the probability of spotting decreases with increasing distance. Note that in the
range the observer skill plays a more important role than the stealth skill whereas
in the falloff it is vice-versa.
The next thing we take into account when calculating probability, is the speed
of the observer as well as the speed of the target. To get their influence we use the
following formula:
speed
1−C
MAX
Here speed is the actual speed. It is either the speed of target or the speed of the
observer depending on which influence we are calculating. MAX is the theoretical
maximum speed a soldier can achieve and C is a constant. However, it is different
for each calculation. The basic idea behind the different C is that the chance
of spotting the enemy when the observer is moving and the target is stationary
is smaller than the chance of vice-versa scenario (observer is stationary and the
target is moving). Thus C is greater for the observer speed influence calculation.
The last thing taken into account is the angle between direction the observer
faces and target’s position. We get the influence of this angle as:
!
1
1 − K ∗ sin angle
2
K is just a constant which makes the effect of the sin function less apparent.
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Finally, the probability of spotting is:
prob = cover ∗ osdi ∗ osi ∗ tsi ∗ ai
Osi and tsi are the observer and target speed influence and ai is the influence of
the angle.
Now let say that we have tested and adjusted our spotting calculations to work
realistically when we are performing the checks each t0 seconds. Suddenly, we
discovered that in practice it is more convenient for us to do the checks each
t seconds. However, we can not just perform the checks at different intervals
since that would also change our probability and therefore we have to enrich our
calculations a little further. When t0 is the original period and t the new calculation
period, we will do n = t0 /t checks instead of the original one check. The new
probability must ensure that the final probability of n checks is the same as the
original one. In another words, the probability of failure in n checks must be the
same as the original probability of failure in a single check, or:
(1 − p)n = 1 − prob
Here p is the new probability we are trying to find and prob is the original probability. After applying few rules for logarithms and substituting t0 /t for n, we
obtain the final formula:


t
t0 ln(1−prob)
p=1−e
If the check is successful the observer spots the target and starts tracking it.
We calculate the tracking period as:
track = T 0 ∗ λ(observ, L)
T 0 is some basic tracking period. During the tracking period only the cover of
the target is calculated. If it becomes 0, the observer loses the track of the target.
Otherwise, the observer will be able to see the target no matter what the actual
probability of spotting is. On the end of the tracking period the normal check is
repeated.

B.2.1

Summary

Chance to spot hitherto unseen enemy depends on the following quantities.
• The protectiveness of the terrain (cover).
• Distance between observer and target.
• Observer skill of the observer.
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• Stealth skill of the target.
• Speed of the observer.
• Speed of the target.
• Angle between the direction the observer faces and the target.

B.3

Shooting

First of all, it is important to state that shooting from a ranged weapon and area
damage weapon are two separate, very different things. In order to recapitulate the
basic differences between ranged and area damage weapons see the Section A.7.1.
This section focuses on the actual calculations connected with shooting from either type of the weapon.

B.3.1

Ranged attack probability

There are multiple factors which influence the probability of a ranged shot. The
two most basic factors are the weapon and the angle α at which our soldier sees
the target. The proper calculation of α would be tan(s/d) where s is the size of
the target and d is the distance. However, the approximation s/d is in most cases
close enough to the proper method since s is always 1 and d is about 10. In
our calculations the influence of weapon is characterized by two parameters. The
first one is a basic weapon precision A. The second parameter describes how the
weapon loses its precision over distance and we will refer to this parameter as k.
The influence of angle and weapon can be seen in the following formula which
we use as a basis for our calculation.
1−

1
A α e−k d

+1

(B.1)

In order to be able to balance the game more effectively we introduce two new
parameters of weapon which are more intuitive than A and k. We define accuracy
a as the distance with probability of hit equal to 50% when shooting at a target of
size 1 and range r as the distance with 10% chance to hit. In order to obtain A and
k we use the following equations.
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rPr (1 − Pa )
1
ln
a − r aPa (1 − Pr )

(B.2)

aPa ka
e
1 − Pa

(B.3)

A=
where

Pr = 0.5

Pa = 0.1

The skill of the soldier which determines how good the soldier is in handling
the weapon also enters the calculations. We use this skill to modify the k. Thus,
we can say that the weapon loses its precision more slowly in the hands of soldier.
The actual used formula is:
k0 =

k
1 + L ∗ (skill − AVG)

(B.4)

Here L is a constant and AVG is the average skill value. We do not use the standard
λ function here since an exponential function would make the effect of the skill
too pronounced.
All the defensive quantities which should decrease the final probability are
applied by decreasing the actual size of the target. In other words they make the
target look smaller. The final size is calculated as:
s0 = s ∗ tdi ∗ tsi ∗ ssi ∗ cover

(B.5)

In the size formula tdi is the influence of target’s dodge; tsi is the influence of
target’s speed; ssi stands for shooter’s stance influence and cover is the quantity
which was already introduced in the previous section. The formula for tdi is:
tdi =

s
λ(dodge, M)

Here s is the original size of the target i.e. 1. The influence of target’s speed tsi is
calculated as:
speed
tsi = 1 − S
MAX
S is just a constant which adjusts the impact of the fraction; speed is the actual
speed of the soldier and MAX is the theoretical maximum speed. The influence of
shooter’s stance ssi is either 1, when the stance of the soldier is walk, or 0.8 when
the stance is run.
Finally, we use s0 from the Formula (B.5) and k0 from the Formula (B.4) in our
basic shooting Equation (B.1) to get the definite probability of the ranged shot.

APPENDIX B. CALCULATIONS

62

Burst-fire mode
When the soldier fires several shots at once (without aiming), the accuracy decrease quickly. This is characterized by the recoil parameter of the rifle (other
weapons do not have the burst-fire mode). The probability of the first shot is calculated as normal. However, in order to get the probability of the second and third
shot we modify the accuracy and range of the weapon as follows:
a0 = a (1 − 0.05 recoil)
r0 = r (1 − 0.05 recoil)
That means that a recoil of 1 decreases accuracy and range by 5%. The reduction
is then applied again to the third shot, etc. For example, a weapon with range of
100 and recoil 4 will have its range reduced to 64 for the third shot.
When we look at the way the A and k variables are calculated (equations (B.2)
and (B.3)) we can see that we do not have to undergo the complex calculations
again. We obtain them by applying recoil directly:
k0 = k/(1 − 0.05 recoil)
A0 = A (1 − 0.05 recoil)
Summary
The chance of hitting a target when shooting from a ranged weapon depends on
the following quantities.
• Distance between shooter and its target.
• Accuracy and range of the weapon.
• The skill of the shooter which influences the weapon, the soldier is shooting
from.
• Dodge skill of the target.
• Speed of the target.
• Stance of the shooter.
• Cover.
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Applying damage

When we successfully hit the target the damage is applied according to the following formula:
si ∗ ai ∗ pdmg
Here si stands for strength influence; ai is the influence of target’s armor and pdmg
is the actual damage of the projectile. The equations for si and ai are:
strength
MAXS

si = 1 + S

ac
MAXAC
S and A are constants which adjust the outcome of the fractions behind them;
strength is the skill of the shooter while MAXS is the maximum possible strength;
ac is the armor class of target’s armor (the higher, the better) and MAXAC is the
maximum possible armor class. We did not use the standard λ function to get the
influence of the strength since again it would have a too deadly effect.
ai = 1 − A

B.3.3

Ground attack

Any attack with an area damage weapon is a ground attack and it targets a spot
instead of a soldier. Therefore, we have to first determine where the projectile
lands. To do so we find the maximum possible deviation maxd from the intended
target square. In order to put some logic into our formula we assume that the ratio
of maxd to the distance d over which we are launching the projectile is the same
as the ratio of distance to the range r of the weapon (launcher).
d
maxd
=c
d
r
And thus:
maxd = c

distance2
range

Here c is a variable through which we introduce influence of other quantities on
the calculation of maximum deviation. It is calculated as:
c=S

1
λ(launch, L)

S is a constant which depends on the stance of the shooter. It has a lower value
for walk and higher value for run. Variable launch is the launchers skill of the
shooter. It is important to state that the range is again parameter of the weapon;
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however, it has a completely different meaning than the range from ranged attack.
In the ground attack the parameter range represents the real range of the weapon.
That means that if the distance over which we are launching is smaller than the
range the maximum deviation is relatively small.
Finally, the actual deviation is calculated as:
maxd ∗ (1 −

√

p)

Here p is a random number from 0 to 1. We use the square root of p since we
assume that the intended target square is the square with the highest probability
of hit and that the probability decreases with distance.
After we obtained the final deviation we choose a random angle at which the
deviation will be applied and calculate the actual target square.

B.3.4

Area damage

When shooting from an area damage weapon (launcher) the damage is directly
applied only on the actual target square. Elsewhere we calculate the chance to
hit as in the ranged attack (B.3.1). We use the quantities rmin and rmax , which
are further parameters of the area damage weapons, as accuracy and range. This
calculation is not influenced by any skills, speed, stance nor cover.
The damage dealt to the square is calculated as described in the Subsection B.3.2. However, this is only true for the squares between the actual target
square and rmin . For all the squares between rmin and rmax the damage decreases
linearly. The squares whose distance from the actual target square is greater than
rmax are not effected.

Appendix C
Survey
Please, take a little time and try to answer the following questions.
BEFORE YOU START:
• Some questions require a rating or choosing from a given set. In that case
there is a set of possible answers behind the question in round brackets.
• If there is nothing in round brackets behind the question you are free to
answer in your own words.
• In all rating questions 1 means the least and 5 means the most. For example,
when the question asks How often, 1 means never and 5 means always.
When the question asks How fast, 1 means very slow and 5 means very fast.
1. How often do you play tactics games? (1 - 5)
2. Do you play more tactics games or strategies? (tactics / fifty-fifty / strategies)
3. When you play tactics games do you play more real-time tactics or turnbased tactics? (real-time / fifty-fifty / turn-based)
4. When there was no support for pausing set up did you use the pausing anyway?
5. What kind of pausing support did you like the most and why?
(a) restricted planning
(b) auto pause
(c) skill bonus
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6. What kind of pausing support did you like the least and why?
(a) restricted planning
(b) auto pause
(c) skill bonus
7. How often did you pause the game at different game setups? (1 - 5)
(a) no planning support
(b) restricted planning
(c) auto pause
(d) skill bonus
8. How would you rate the pace of the game at different game setups? (1 - 5)
(a) no planning support
(b) restricted planning
(c) auto pause
(d) skill bonus
9. What do you think about the user-friendliness of the graphical user interface
(GUI)? (1 - 5)
10. What bothered you the most about the GUI?
11. How would you rate the controls in the game? In another words, was the
management of the soldiers and the game comfortable? (1 - 5)
12. What annoyed you the most about the game controls?
13. If you omit the graphical point of view, was the game enjoyable for you?
14. Comments
I appreciate the time and effort which you dedicated into testing the game and
consequently filling out the survey.
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