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1 Introduction

A real-time strategy — or RTS for short — is a type of video game where the player
assumes control over a faction of people and leads them towards victory. It is a game where
one can test their tactical abilities by carefully thinking out their tactics and trying to be one
step ahead of the enemies. Player must also be ready to make fast decisions in the middle of
the battle in order to tip the favor to his or her side. However, if the decision turns out to be a
bad one, the player might lose the battle and ultimately the game.

Nowadays, there are many RTS games, for example StarCraft [1] or Age of Empires [2],
which are excellent games where one can spend many hours of their free time. However
what most of these games have in common is, that the game doesn't really end until all
buildings of the enemies are destroyed. Or, to be more precise, until all buildings that can
ensure that opponent can come back are destroyed. But what we would like to have is an
RTS where the battle is even more intense.

For example, the Age of Empires added a game type, where the objective was to
eliminate the kings of all other enemies while keeping them from killing yours. The king was
not in any way a powerful figure — it was (combat wise) weak unit that was best kept in the
castle surrounded by thick walls. However, if we invert the situation, we might get some
interesting results. Let us make our critical unit a superhero, a person of extraordinary power
which would make him an excellent unit to be thrown into the fray of battle. This concept
was already explored some time ago in the game Populous: The Beginning [3] by adding
such critical unit — a shaman that leads its tribe with strong and powerful spells.

We would like to re-examine the same concept, since there are not many recent games
with this mechanism. Our goal is to make an RTS game where our central unit can call down
a rain of fire on the enemies or summon a big volcano where the vanguard of the enemy
army was just a few seconds ago. A unit with spells that can rise and sink land and allow
armies to cross lakes and seas. But also a unit whose death would mean that comeback will
be really, really difficult.

In the rest of the chapter we will summarize the basic concepts behind our game and in
order to do that, we first have to clarify what the RTS genre actually is and what are its key
components.

1.1 RTS genre

When we look at the name of the genre — real-time strategy, it is clear that the game will
be played out continuously. That means the orders we give will be carried out as soon as
possible (for example, as soon as the building finishes current construction or as soon as the
unit arrives at given position) unlike in turn-based games, where players take turns and the
game won't continue until all players gave the orders to game objects under their control —
until they finish their turn. That means that whatever we do will not only rely on our overall
strategy, but we have to pay attention during the entire game so we will not get unpleasantly
surprised.
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Now let us move to the second part of the name, strategy. The Wikipedia on topic of
strategy says “[a] strategy is a high level plan to achieve one or more goals under conditions
of uncertainty. Strategy is important because the resources available to achieve these goals
are usually limited.” [4] Which perfectly matches what RTS games are. At the start we are
presented with basic building and few units and we are left to make our own plan how to win
the game without knowing anything about the opponents' intentions. And our resources
might be what we find around the map in form of game object, that needs some form of
interaction from our units, or something we will get periodically from the game, but our most
important resource is time, which is generally vital for defeating the opponents.

However, such description of a genre not only matches RTS games, but also few others
which would not necessarily fall under this category. And those games would be for example
simulation games. Let us look at the SimCity [5] series. SimCity games are based on
building a thriving city from scratch. At the start you are lent money and you use them to
build a town which will gradually grow into a big city. Or not, depending on your abilities
and your own goals. But the point is, that the town you are building takes time to grow, so
this is a real-time game. Also, you are deciding what to build, where to build and when to
build, therefore you are making a plan for your city. And finally, your resources are the
money. So, if we used the description we figured out from the name of the RTS genre, we
would have to consider SimCity one of the games of the RTS category. However SimCity, by
conventional understanding of the video-games genres, would be a city-building simulator.
Therefore, we need to specify the genre a bit more.

The problem here is the fact, that while we call these games strategic it's more often
than not a tactical game. Chris Taylor, a game designer who worked on RTS games like Total
Annihilation or Supreme Commander said “/..] realizing that although we call this genre
"Real-Time Strategy," it should have been called "Real-Time Tactics" with a dash of strategy
thrown in.*“ [6] What he meant is that the only way how to defeat the enemy is by attrition —
to wear down the enemies, before they wear us down — one can't win just by diplomatic
means. Players have to build a force with which they will defend themselves from the
opponents and eventually, in order to win, these forces will have to engage one another and
at that point the one with better tactics (or luck) will come out of the conflict victorious.

If we were to sum up the key components, we would get following list:
(C1) The game plays out in real time.
(C2) The game features resources players have to acquire and utilize.

(C3) The game requires player to build and maintain control of a force that will bring
down enemies. This includes dealing with the issue of having diverse army,
staying within population limit and being able to use abilities of special units at
correct times.

(C4) There is a condition that will declare one of the player or team a winner of the
game.

Additionally, RTS games might include following features:

(C5) Player can progress and upgrade his or her forces throughout the game. It might
be enabling additional build orders or improving of existing units that occurs
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once player builds certain building or spends a resources on a “research.”
Additionally, another form of a progress is idea of unit getting stronger after
each battle.

(C6) Introduction of a concept of a base, where different types of buildings are being
constructed and the possibility of expanding the base.

Now we will go through these components (C1) — (C6) individually.
1.1.1 Real-time play

The real time aspect of the game (C1) ensures the players will play simultaneously. That
means, as mentioned earlier, all unit orders are carried out immediately. Only way a
command can be delayed is by the execution of queued earlier actions and by the timeouts
that are there to prevent from continuous stream of the same actions and are simulating the
time unit or building needs to prepare for the ordeal.

1.1.2 Resource gathering

Resource management (C2) is another important aspect of an RTS. Rule of thumb is
that players should aim for getting as much resources as they can, because the entire
economy is based on them. Without resources you will not be able to build or research
anything and usually the player that is able to gather more resources will have higher chance
of success.

The resources are usually represented as objects on a map which have to be collected by
special type of unit and the same unit will then bring the resource back to the gathering point.
The resource can be either permanent source which will never deplete or it can have a limit
how many times it can be harvested before vanishing. This mechanism will add the need for
looking for another resources to keep player's economy running.

For example, let us consider wood as a resource — a lumberjack (the special unit) first
has to go to the forest (the resource), then over some time cuts down the tree (collecting the
resource) and then brings it back to the sawmill (gathering point). We might consider that a
new tree will grow immediately after we cut the old one down (simulating permanent
resource) or that once the tree is cut it will not reappear (a resource that will vanish after set
amount of collections).

The economy also doesn't have to be restricted only to one resource — there might be as
many resources and types of their sources as the developer desires. The problem here is,
however, that more resources adds to the complexity of the game. Having too many kinds of
resources might lead to confusion of the player, not to mention that they will have to be
placed somewhere on the map, which will make it more cluttered.

Additionally, one might consider time as a resource as well. The main reason is that
everything you build or research usually have a timer that will start when player gives order
and the requested order is available once the timer runs out.

In our game we will consider two resources randomly spread on the map that will be
gathered by a base unit and will be depleted after given amount of collections and will force
players to seek out new grounds for their bases and will eventually introduce more conflicts.
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1.1.3 Unit management

Unit control (C3) is a core mechanism of an RTS. Units won't do much without player's
interaction, safe for self defense when they are attacked. Players have to give them orders in
order to utilize them and this is where the tactics comes into play.

It's important to keep army diverse in order to ensure the best efficiency. Different types
of units have their advantages and disadvantages against other kinds of units. For example,
an archer would be perfect against slow warrior, since the archer can pick warrior off before
he comes close. However, archer will not be as successful when attacking shield-bearer or
fast unit like cavalry. Therefore, if army consists only of one type of unit, it's easy to produce
a counter unit, defeating the entire force with ease.

The diversification also goes in hand with the population limit. The goal of population
limit concept simulates limited amount of personnel available at a time and exists to keep
armies to reasonable size. Otherwise, at some point it might seem easier to build an absurd
amount of units which would “roll over” just anything.

Unit management becomes even more difficult when we add one or more abilities to
units, that have to be activated manually by player. Also, it makes the potential skill ceiling
very high as it becomes more and more difficult to handle all units and their abilities in
combat.

Our goal is to have several types of units and with exception of the basic unit they will
have bonuses and disadvantages against certain other types of units and attacks. Some types
of units will have special abilities that couldn't be controlled by player and shaman — the
central unit will be able to use spells controlled and directed by player.

We will have two kinds of population limits. First one will be dynamic limit that will be
directly dependent on number of house buildings. These buildings will increase the limit
when they are built and decrease it when they are destroyed. If the population limit has not
been reached yet (the number of current units is lower than the limit) a house buildings will
start producing basic unit until the limit is reached.

The second population limit will be maximum amount of units a player can have and
can only be changed when the game is being created. Reason for this threshold is the absence
of any limit on the number of house buildings increasing the dynamic limit, which would
defeat the original purpose of the population limit.

1.1.4 Victory conditions

As we mentioned earlier, the victory conditions (C4) revolve around military
domination over the game battlefield, but while the best way is to destroy all enemies there
can still be variance in the conditions to some extend.

The first and most straightforward way would be, as we just said, to eliminate everyone
else simply by destroying all of their buildings. That is the most usual victory condition.
Another way how to win can be a building race to special building like the wonder
construction in Age of Empires 2, where the goal is to build this expensive wonder that takes
very long time to construct. And while one might argue for this to be very non-military
strategy, we have to consider that usual counter-move is to take the army and simply march
on and destroy this very construction.
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Next example of victory condition is named King of the hill (which is also featured in
Age of Empires 2) and the goal here is to control given areas for specified amount of time.
And as the last but not the least example we have the Assassinate the king game mode, where
the game is won by killing a special unit of each enemy while keeping your special unit
alive.

Our game will be revolving around the idea of a central unit — a shaman. Every player
will have one shaman that will be available from the start and if player doesn't have shaman,
one will be produced in central building. The goal of the game is eliminate all shamans of the
opponents and the means of their recreation.

1.1.5 Progression

The idea of progression (C5) goes in hand with the base building. The motivation is that
as the game plays out, the game should progress, effectively delaying the pace of the game.
At first there will be basic buildings and weak general purpose units. Later, after certain
requirements are met (usually in form of constructed building or a research in the building)
another set of build orders is available for player, allowing the construction of better
buildings and specialized units.

However, it's important to mention that it doesn't mean that the conflicts are postponed
to the later stages of the game. Example might be a surprise early attack which itself
introduces a problem if the opponent is either underestimated or overestimated, which would
lead to significant economical throwback.

Another form of progression is unit upgrading. Most common ways of doing that are by
research and by combat experience. Researching an upgrade in a building usually applies
upgrade to all existing and future units of given type. It might be in a form of boosting base
attribute like health or attack strength, or in a form of additional abilities. Such upgrades
aren't very cheap but they can ensure that early game units can stay relevant in the game for
longer time.

Other way of improving unit is via its experience in combat. The more enemies the unit
dispatches, the better it gets. Making individual units more powerful will make player
treasure these experienced units and add another layer of complexity for unit management.

1.1.6 Base building

The concept of base building (C6) is based on having a central point — a headquarters if
you will, from where we will expand and control our mission. It is a place where we
concentrate our production and research facilities, and as such needs to have good defense,
since these buildings are usually expensive.

Not all RTS games have the base building part, for example Command & Conquer 4:
Tiberian Twilight [7] introduced a super-unit, that would serve as a self-powered production
facility that requires no resource. While some might argue that the unit is the base itself, it
still lacks many aspects of the traditional base like the entire concept of resource gathering
and the build order of the buildings.

Base building is usually where the first major deciding takes place. We have to decide
which buildings we need the most at the moment and will build them first and which
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buildings can be delayed. In following sub-chapter we will describe four main types of
buildings available to players with specific abilities that are most common in RTS games.

Building types
* Resource gathering buildings either produce resources or serve as gathering
points, where resources needs to be carried to. Both cases make these buildings
one of the most important, since if player loses control of them it will throw back
his or her economy giving the opponents an edge and if the player loses all of
these buildings, they most likely lost the game, since the entire economy will
lose the influx of resources and they won't be able to produce anything,.

*  Production buildings, as the name suggest, is used to create products, in this case
new units. These will build your army and it's important to strike the right
number of these buildings, because one's economy might have limited put-
through. If player builds much more production facilities than the economy can
efficiently support, it would mean that player has wasted the resources they have
spent on the construction of this building.

* Research buildings are core to the development of your base and units, they
allow you to upgrade their abilities, basic attributes or provides you with
additional build options. While in short run these buildings are usually
expensive, in the long run the bonuses they provide usually decide the battles.

*  The defensive structures helps in the defense of the base and are important for
holding off enemies until defender's units reach the site and supporting them.
Additionally they might provide better sight radius — an area around the
structures/units that is revealed. Well placed tower might reveal sneak attack
early and rises defender's chance of fending off the attack.

Base expansion

In order to prevent the players from building structures anywhere they want (like in the
middle of the enemy base) and to simulate logistics within the base a restriction has to be
implemented. One way is to simulate the logistics directly. This can be illustrated in the
Settlers [8] game series where a path has to be built between buildings and resources are
carried by people following this path. A different and more common way is by setting a
restriction allowing new buildings to be built only in given radius around a central building.
This approach to the problem will force players to think carefully where to place it and how
to organize the buildings they want to build inside their bases and the defenses. Alternatively,
the game might limit the buildings only partially and only restrict key buildings like resource
gathering structures.

Both these attempts will ensure, that players will have to expand their primary base if
they want to be more efficient. That means the player will have to build a special structure —
an outpost or a new center, that will serve as a heart of a new secondary base and will allow
for constructing new buildings nearby or serve as a new gathering point for resources.

In order to build these expansions player must dedicate substantial amount of resources
to afford the new base. And because of the new base's cost it's important to secure it, which
means that the player now has two bases to defend from potential attacks bringing many
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problems with the unit distribution between these bases and increased need for defensive
structures. What this means is it is best to build the expansions near to the primary base.

However, there are few reasons why to consider remote expansion. Depending on the
map design, there might be places on the map, that are either in the middle of everyone's
sight or are very distant, that offer rich resource fields. Such expansion would then be both
high risk and high reward endeavor. Other case would be a distant advanced base near
enemy, which if kept undetected will allow for gaining upper hand by the possibility of
surprise attack from this position.

For our game we will have a central building that would define the radius of our base
where we will be able to place new buildings. The central building will also allow re-
spawning of our critical unit and will also serve as a gathering point for resources. In order to
keep its exclusivity, we will have an outpost building that will have same function except for
the re-spawning part, so that we can expand, but keep the importance of the primary base.

Next base building will be a house, which will increase population limit and where new
basic units are produced if the limit is not reached. We will have training buildings that will
allow specialization of the units. We will have research building that once built will enable
abilities and additional buildings.

1.2 Our goals
In this chapter we summarize what we will try to accomplish in this project.

1.2.1 Game elements
Here we will go over the main elements of the game that are interacting with the
players.

(G1) Victory condition

The game will revolve around the central unit — a shaman. Every player can have only
one such unit and a central building that will allow for this shaman to respawn after a while.
If both the building and the unit are destroyed, player loses the game. The last player in game
is victorious.

(G2) Map

Our game will play out on a two dimensional map. The areas on the map will have
certain height which will determine whether it's a land or water and depending on the
surroundings cliffs or very steep slopes may occur. These obstacles will separate players and
will require terraforming abilities that will allow changing heights.

Units will be able to walk across the map on the land and will not be able to step into
the water or into steep slopes. Buildings can be placed on a flat land terrain.

(G3) Resources

Our resources will be placed on the map and will be gathered by units. Every resource
on the map will have counter how many times it can be collected and once the counter
reaches zero, the resource will be depleted.

Unit will have to come to the resource in order to collect it and then will have to return
with it to the collection point — a central building or outpost. Also, after resource is collected,
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it will have a cooldown before next collection can happen. This will encourage gathering
from more sources.

(G4) Buildings

The buildings in this game have to be constructed on flat land terrain. First, a unit will
initiate a construction, provided player have sufficient amount of resources, and then player
has to order a unit or more to spend time building this structure. The building can not be used
until it is constructed.

The game will have following buildings:

* The central building will serve as a resource gathering center and will respawn
central unit — a shaman after given delay.

*  The house will increase current population limit. It will produce basic units until
the limit is reached.

* The stockpile building will have only function - to serve as a resource gathering
point, but will be cheaper compared to the central building.

*  Training buildings will allow specialization of units. Once a unit will enter the
structure it will re-emerge as different type of unit after a delay. This process will
cost resources.

(G5) Units

The basic unit is automatically produced in the houses until the population limit is
reached. These unit can do most tasks like resource gathering and building other buildings.
This unit can be then upgraded in the training buildings for given resource price.

Various types of units will have bonuses against other types of units forcing the players
to diversify their armies.

(G6) Shaman unit

The shaman unit behaves as regular unit with exception that it can cast spells. Once
killed, it will start re-spawning in the central building. If there is no central building and the
shaman is killed, the player loses the game.

(G7) Spells

The spells are effects that may affect building, units and terrain in specific way. They
might change certain properties of the objects, damage or heal them, they might rise or lower
the terrain. They will have large impact on the game and will be available only to the shaman
unit.

Players will be able to “unlock™ various spells throughout the game in order to limit
their power in order to delay the game progress.

1.2.2 Under the hood

This chapter will summarize the concepts which aren't directly related to the game
design.

(G8) Multiplayer
The game is a multiplayer game — more players will be able to concurrently control
their units and buildings and interact with other players in the game.
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(G9) Extendability of the game

The game will be modifiable without the need to recompile the entire game. It will be
possible to add, change or remove units, buildings, spell or parts of them through editation of
external files.

(G10) Programmed in C#
The game will be programmed in the C# language with use of the Microsoft .NET
Framework.
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2 Problem analysis

Now, that we established our goals and expectations we have to look over their possible
realizations and implementation details. We split the problems into two categories. In the
first category there are the gameplay-related problems, where we describe problems
concerning the game objects (units, buildings and resources), the map and the spell system.
Second category is about the technical issues that are not directly related to the gameplay like
network communication, graphics an extendability of the project.

2.1 Gameplay design

In this sub-chapter we will look at the game design details and possible issues that
might occur. We will take a look at how the map will be represented and how will be
generated, as mentioned in goal (G2). Then, we consider our options for the representation of
the spells — goal (G7). After that, we analyze what information we need to store about the
map (G2), the spells (G7) and the objects (goals (G3) through (G6)). And at last we will take
a look at the victory conditions (G1).

2.1.1 Map representation

We have to decide how we are going to the represent our game-board. What we know
from goal (G2) is that our game-board will be a map where the game objects will be placed
and interact with each other. The goal specifies that the map shall be two-dimensional and
should support elevation. However, if we are to implement our map, we will need more
details about the map. Specifically, we will have to decide how the map will be restricted and
how the elevation of the map regions will be handled.

Restriction of the map
A map may or may not be restricted and by restriction we mean that the map will have
given width, height and depth.

An unrestricted map is a map where the size is virtually boundless. We say virtually,
because we will always be subject to the limitation of the data representation or computer
storage, but for all rational intents and purposes it is safe to assume that the world does not
have a limit. The map is not created completely at the start, but is procedurally generated as
the players explore the world. However, this style of map representation is not very suitable
for a competitive strategy as the layout of the map does not allow to completely contain the
players. It is more suited, as we already hinted, for an exploration or building games where
the space restriction limits the creativity. Example of a game with limitless map can be
Minecraft [9].

The other way of map representation is a restricted map, which has its size determined
at the start of the game and nothing can be built or moved beyond this boundary. It allows to
contain the gameplay in one area and ensures the tension and conflicts between the players.
The limit on the dimensions allows us to create the map at the start of the game and allows
us to use less dynamic data structures for representation of the map. In case of restricted map
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we can chose to implement a map-wrapping which allows to simulate a globe by
“connecting” the ends on one axis of the mapboard.

Considering our goal (G1) about victory by elimination of opponents meaning that
players have to engage one another to win, and the goal (G3) saying the resources are
limited, we will pick the second approach which is limited in both available space and
number of resources.

Terrain elevation

Our game has to allow terraforming (goals (G6) and (G7)), therefore we have to
represent an elevation of the terrain. We have to consider that we will need several elevation
levels for the terraforming spells and that we will need to check for an elevation differences
for building placement or for determining accessibility mentioned in goal (G2).

* One way of simulating elevation is through impassable game objects that will
represent the obstacles that occur in real elevation maps, like for example cliffs or
coastal areas. While the areas on both sides are at the same level as the elevation
information isn't stored anywhere, the obstacle can make an illusion of elevated
terrain on one side. We can find example of this implementation in the game Age of
Empires I, where water and land tiles are on the level and the inaccessible cliff only
makes an illusion of the elevation.

* A different implementation is to assign the elevation value to every point on the map,
which allows for better representation of small height differences on the map. The
resulting array of values is called elevation map. An example is on the figure 1
where on the left side the elevation value is represented by shade of gray, on the right
side is the rendered terrain. This approach makes the transitions between levels
smooth, h