CS 3110 Problem Set 6: Steam Fortress

Assigned: April 14, 2008 Final submission due: May 6, 200BM (no extensions)
Design meetings: April 19, 2008 - April 22, 2008

1 Introduction

In this assignment, you will develop a game calfeam Fortress, which involves two teams fighting for control of
an area using units with a variety of weapons and abilityhEaam will be run as a separate process, communicating
through channels with a game server that executes actiahasrdarces the rules.

You will implement the mechanics for this game in OCaml, a#l agthe code for a team to play the game. We
have provided you with some graphical support that you cartaislisplay the game. Source code for getting started
on this project is available in CMS.

There are few constraints on how you implement this projElets does not mean you can abandon what you have
learned about abstraction, style and modularity; rattés,is an opportunity to demonstrate all three in the creatio
of elegant code.

You start by carefully designing your system, and preserttiis design at aesign meeting partway through the
assignment where you will meet with a course staff membeiigouds your design. You are required to submit a
printed copy of the signatures for each of the modules iredud your design at the design meeting. Part of your
score will be based on the design you present at this meeting.

On May 6, after the problem set is due, there will b&eam Fortress tournament which you are encouraged to
submit your team programs to. There will be lots of free foauall the chance to watch your team perform live. The
winner gets bragging rights and has their name posted o81i2110 Tournament hall of fame

1.1 Reading this document

This writeup refers to a variety of constants, which are alfiiried in the fileconstants.ml. Whenever a con-
stant is mentioned, it's name is mentioned in paranthedeswafrds. For example, you may see a constant like
51 ¢BOARD _LENGTH). This means that the name of the constant as defineshistants .m1 iscBOARD_LENGTH,
and its value is 51. You should write OCaml code using the sfimimames (e.g¢BOARD_LENGTH) instead
of just the current value, because we may tweak the valugeeafdnstants to improve gameplay.
The types referenced in this document that are not defa@tdaml are defined ilefinitions.ml.


http://www.cs.cornell.edu/andru/cs312/tournaments.html

1.2 Updates to Problem Set

Any updates other than minor fixes will be recorded here.
e 4/21: Some typos in the conditions for blue capturing a admioint were fixed
e 4/25: Clarified what control point radius means

e 4/25: Clarified when various actions fail and what shoulddepwhen they do

1.3 Point Breakdown

e Design meeting — 5 pts

e Game — 60 pts

e Team — 20 pts

e Documentation and design — 15 pts

2 Game Rules

Seam Fortress is a two-player game in which each player controls a team @é.uiThe units fight for a sequence
of control points on a rectangular board, with the goal ofisgj control of the entire board. The two teams will be
referred to as the red team and the blue team.

The details of how units communicate with the game servecamnéained in Sectio. You may wish to review
this section again after having read and absorbed the iafitoon communication.

Information on the structure of the code we have providedfeamnaework for implementing the rules described in
this section can be found in Sectién

Seam Fortressis played on a rectangular board of length BBOARD _LENGTH) squares and width
25 ¢(BOARD_HEIGHT) squares. The board is centered@t). As such, a coordinater, y) is on the board if
|z| < 25 and|y| < 12. Only integer-valued coordinates are valid. Moving to theténcreases the-coordinate, and
moving to the north increases thecoordinate.

Each square on the board is designated as high ground, lamdyror a ramp. This is referred to as the elevation
of the square. The elevation of a square has an effect on botement and targeting of abilities; for more details,
see Section&.5and2.10

2.1 Control Points

Five squares on the board are marked as control points, ahdsassigned a number from 0 to 4. Each control point
has a state indicating whether it is controlled by the rethte@ntrolled by the blue team, or neutral.

The red team begins the game controlling points 0 and 1, viiléblue team begins controlling points 3 and 4.
Point 2 begins neutral. Game maps will be structured so thrdtal points 0 and 1 have negativeoordinates, control
point 2 hase-coordinate of), and control points 3 and 4 have positiveoordinates, thus creating a “red side” and
a “blue side” for the board. The “most advanced control gatontrolled by a team refers to the highest-numbered
control point red controls or the lowest-numbered contmhpblue controls.

Control points can be “captured” by keeping units nearbyldag enough. A point changes control by one step
the red direction (i.e., from blue-controlled to neutraheutral to red-controlled) under the following conditions

e Pointn is currently neutral or controlled by blue
e All points numbered less thanare controlled by red

e The red team controls a majority of the units withinkcPOINT_CAPTURE_RADIUS) squares of point
n (i.e., in the nine squares surrounding the control pointp@H0 cPOINT_CAPTURE_TIME) millisec-
onds



Similarily, a point changes control by one step in the bluedtion (i.e., from red-controlled to neutral, or from
neutral to blue-controlled) under the equivalent condgio

e Pointn is currently neutral or controlled by red
e All points numbered greater thanare controlled by blue

e The blue team controls a majority of the units within dPOINT_CAPTURE_RADIUS) squares of
pointn (i.e., in the nine squares surrounding the control point)5@00 cPOINT_CAPTURE_TIME)
milliseconds

Destroyed units will respawn at the highest-numbered otlatt point for red, and the lowest-numbered controlled
point for blue (see Sectian.7).

2.2 Scoring and Winning

A team wins the game immediately when it controls all five calrpoints.
If no team has won after the time limit of 3000@@IME _LIMIT) milliseconds has been reached, the team
controlling more control points wins. If both teams contralequal number of control points, the game is a draw.

2.3 Units

Each team controls up to sBUNITS_PER_TEAM) units, each of which is one of three classes, and directs the
to perform actions by sending appropriate messages to thergsee Sectioi for more details). Each unit on a team
has an integer id, different from the id of any other unit ia ftame.

A unit may be either living or destroyed. Living units haveadue for their health, a position on the board, and a
direction they are facing.

A unit is destroyed when its health drops below zero (seei@e2t6). A unit that is destroyed is removed from
the board and cannot perform most actions (see Se8t®nA unit may be recreated (possibly changing its class) by
respawning (see Secti@n?).

2.4 Initial Positioning

The initial units for a team are placed at and adjacent torobpbint 1 (for the red team) or control point 3 (for the
blue team). The first unit created is placed on the same sq@gdhe control point; the remaining four units are placed
aribtrarily on the four adjacent squares.

2.5 Movement and Turning

As a result of commands issued by the team that controls itjtacan attempt to move.

When a unit attempts to move, the attempt is either to movedutwin the direction the unit is facing, or to
“strafe” left or right. In either case, whether the move fd=depends on the contents on the new square, and the
elevation of both the old and new square.

A unit that tries to move from high ground to low ground or viegsa fails and remains where they are, as does a
unit that tries to move into a square occupied by another Movement that would go off the edge of the board also
fails.

In other cases, the movement is successful, and the unimediately removed from its current square and placed
in the new square. So a move is successful if both squares gfesame elvation, or if either square is a ramp. Note
that this means that you can effectively “go up” ramps from dinection (think of them as steam jets, if that helps).

The unit is then unable to move or turn again for an amounineé tequal to 20dMOVE_DELAY _SCALE)
times the unit’s speed. The speeds for the the classes efarril9¢SPEED_MEDIC) for medics, 17¢SPEED_PYRO)
for pyros, and 20dSPEED_SOLDIER) for soldiers. (A low speed is better than a high speed).

Similarly, after turning, a unitis unable to move or turn mgar an amount of time equal to sTURN_DELAY _SCALE)
times the unit's speed.



2.6 Health

All units have a health value, which represents how much dentilzey can take before they die. Units start with the
maximum health equal to 1006IEALTH _MEDIC) for medics, 1000dHEALTH_PYRO) for pyros, and
1000 cHEALTH _SOLDIER) for soldiers. Various abilities increase or decrease twdth of affected units. A
unit's health cannot go above the initial health for its sld@éan ability would cause it to do so, the unit's health is
simply set to the proper initial health value.

If a unit’s health becomes zero or below, the unit is destl@amed must respawn. A destroyed unit is removed from
the board, and all actions it attempts fail.

2.7 Respawning

A team may recreate destroyed units by sending a respawrageséfter such a message has been received and
10000 cRESPAWN_TIME) milliseconds have passed since the unit was destroyedy aini¢ of the appropri-
ate class is created at the closest free square to the mastaadl/control point controlled by that unit’'s team (see
Section2.1). The recreated unit keeps the same id as the destroyed unit.

If the team controls no control points, the unitis creatati@tlosest free squarete (cBOARD_LENGTH-1)/2,0)
for red, or((cBOARD_LENGTH-1)/2,0) for blue (i.e., the closest free square to the middle of th@egriate
edge of the board).

Respawned red units should face east. Respawned blue lioitisiSace west.

2.8 Ability Overview

As a result of commands issued by the team that controls ibitacan use various special abilities, in addition to
performing a variety of other actions (see Sectofifor details on the other actions).

Each unit has multiple abilities that it can use, which eitligsist its team or damage the opposing teams. What
abilities are available to a unit is determined by whethés & Medic, Pyro, or Soldier. After using an ability, a unit
is unable to use other abilities for an amount of time (thddg® dependent on what ability was used. Abilities also
have a “cooldown”, which is a length of time during which atfadilities may be used normally, but the ability on
cooldown may not be used.

All three classes have two abilities, one labeled “primamd the other labeled “secondary”, to enable us to simply
refer to the primary or secondary ability of the unit.

2.8.1 Medic Abilities

e Medigun (primary) — The medigun restores the health of aéfiigtarget at short range.
e Steam Pistol (secondary) — The steam pistol deals a smallisned damage to a target at medium range by
hitting them with a dense packet of steam.

2.8.2  Pyro Abilities

e Steamthrower (primary) — The steamthrower deals a largeiatod damage to all enemy units within a medium
range cone by blasting them with scalding steam.

e Steam Axe (secondary) — The steam axe deals a great deal afjdamenemies in front of the Pyro by hitting
them with an axe made of steam.

2.8.3 Soldier Abilities

e Steam Rifle (primary) — The rifle deals moderate damage to amgiat medium to long range by hitting them
with a precision burst of steam.



e Steam Rocket (secondary) — The steam rocket deals good anfademage to all units within a circular burst
at long range by shooting exploding steam.

2.9 Ability Details

The following table presents the details of the abilitieSteam Fortress. Delay is the amount of time (in milliseconds)
afterwards in which no abilities may be used. Cooldown isatm®unt of time (in milliseconds) afterwards in which
that particular ability cannot be used. The values for gbilielay, cooldown, damage, and range are defined in
constants.ml ascMEDIGUN_DELAY, c MEDIGUN_COOLDOWN, etc.

Ability Delay Cooldown Damage Targeting Range

Medigun 400 0 -125 Square 3 Only affects allies, heals

Steam Pistol 400 0 50 Square 5

Steamthrower 400 0 125 Cone 4

Steam Axe 400 0 250 Melee -

Steam Rifle 400 0 100 Square 7

Steam Rocket 400 10000 125 Square 8 Deals 125 extra damage to thegnares

within one square of the point of impact (in-
cluding the square hit by the normal damage)

2.10 Ability Targeting and Range
2.10.1 Square Targeting

Most abilities target a square. Abilities that target a squiallow a path from the unit using the ability to the targeit
square, and may hit other units or obstacles in that pathrdeéaching the targetted square. See the ability details
above for which abilities target a square.

Shots are modeled as projectiles taking a straight-lind, petarting from the center of the unit's square and
ending at the center of the targeted square. The squareththahot goes through on its path is determined by
Bresenham'’s Line Algorithima description of which can be found at Wikipedia.

All abilities that target a square have a limited range. IBaility is given a target square farther from the unit’s
square (in Euclidean distance) than the range of the ghffieyability goes a distance up to its range in the direction
of the target square, then stops. Note that the range of &ty abay be affected by the elevation of the unit using the
ability and the targetting square, as outlined below. Whemtiojectile reaches the target square, it stops and affects
any unit at that position.

Other units or changes in elevation along the path a prtgdetkes may cause the projectile to hit an intervening
object and stop, depending on the elevation of the targeirsgand the elevation the shot was fired from. For all
purposes related to targeting by square and projectilergptramps are treated as high ground. Given that, there are
four cases for what happens to objects along the path of teqtile:

e Unit low, target low: A unit on low ground on the path to thegetris hit by the projectile. A square of high
ground on the path to the target causes the projectile toostdpe square before.

e Unit low, target high: A unit on high ground on the path to theget is hit by the projectile. The range of the
projectile is modified by -1{LOW_RANGE_BONUS).

e Unit high, target low: A unit on high ground on the path to thgget is hit by the projectile. The range of the
projectile is modified by 1l{HIGH_RANGE_BONUS).

e Unit high, target high: A unit on high ground on the path to thget is hit by the projectile.

Note that the Soldier’s rocket uses square targeting, batddals damage to units in squares adjacent to the square
it stops at. It does not matter what elevation those squaessta

2.10.2 Self Targeting

Units with abilities that use square targeting cannot tatigeir own square. A unit that fires a rocket can still be
affected by the extra damage the rocket deals to units attjéa¢he rocket’s point of impact.


http://en.wikipedia.org/wiki/Bresenham%27s_line_algorithm

2.10.3 Cone Targeting

The Pyro’s steamthrower hits everything in a cone in frorthefPyro. The cone affects all units within

4 (<(THROWER_RANGE) squares of the Pyro (using Euclidean distance) in a 90 deqein the direction the
Pyro is facing, emanating from the Pyro. If the Pyro is on aganmits at all elevations are affected. Otherwise, only
units at the same elevation as the Pyro and units on rampdfected. The steamthrower does not affect the Pyro’s
own square.

2.10.4 Melee Targeting

The Pyro’s steam axe hits only the squares immediately tiréing front left, and front right of the Pyro (hitting three
squares total). If the Pyro is on a ramp, units at all elevatare affected. Otherwise, only units at the same elevation
as the Pyro and units on ramps are affected.

3 Communication
3.1 Client-Server Framework

Seam Fortress makes use of a client-server framework. Under this framkywihie game server is responsible for
keeping track of the game state, applying the game ruless@od. Clients (i.e., teams) are run as an entirely separate
process and can keep track of whatever information they vimntneed to send messages to the server to perform
game actions or receive information.

Teams communicate with the game server by sending infoomatver channels. The protocol for messages is
defined by the type commanddrfinitions.ml.

There are three types of messages defined in the protocol:

e control messages, which deal with starting and ending theega
e action messages, which always come with an id and causetap&sform various actions
e result messages, which always come with an id and returnmation requested by an action

See the sections below for details on the three types of messa

3.2 Communication as a client

When your team first starts, it should open a connection toghesusing the included Connection module, and send
a GameRequest message. The server will then respond witto& linit ids. Each Action message sent by a unit must
include this id to uniquely identify the given unit. Once youain team thread has received this list, for all but one
of these ids, a new thread should be spawned using Threatkceach of which will be responsible for controlling
a different unit on your team. Then, your main team threadilshtake the unassigned id, and begin controlling that
unit. Each thread must be responsible for controlling alsingit, however units may communicate using shared data
structures.

Before the game can start, each unit must open their own ctinndo the server using the Connection module,
and send a Respawn message, providing the class that usiitesitio spawn as. Once the server has received such a
request from each unit, then it will send a GameStarted ngesseevery unit that is still connected (however, it isn’t
guaranteed that each unit will always receive this messagée connection could close unexpectedly). After the
game has started, each unit interacts with the game woddgfhrits connection to the server.

3.3  Control Messages

Control messages are exchanged between the team clietiteaselrt’er to manage the beginning and end of the game.



3.3.1 Control Quick Reference

GameRequest Request to start a game.

Units Response to GameRequest, provides list of unit ids to use.
GameStart Informs the client that the game has started.
GameEnd Informs the client that the game has ended and whether tet'slteam won.

3.4 Action Messages

Action messages are sent by the team client to the servetehititke server to have a particular unit perform the given
action. The possible actions are defined&finitions.ml as theaction type. All action messages come with an
id indicating which unit is attempting the action.

For some actions, the unit performing the action is unabjeetéorm certain other actions until a certain amount
of time has past. In particular, after moving or turning awannot move or turn again for some time; after using any
ability a unit cannot use any ability for some time; and aft&ing some specific abilities, a unit cannot use that ability
again for some time.

Note that the effects and delay for certain actions are digrgron the type of the unit performing the action.

3.4.1 Action Quick Reference

Move Move one square forward, left, or right.
Turn Turns to the left or right.
PrimaryAbility Uses the units primary ability.
SecondaryAbility Uses the units secondary ability.

Scan Returns a list of all units within a certain range.

Inspect Returns the elevation, unit data, and control point datasufiare.
MyStatus Returns the position, health, and facing direction of thi& un
GameStatus Returns the remaining time and a list of control points.
Respawn Has a destroyed unit respawn.

Talk Outputs a string to the chat area.

3.4.2 Action Specification

The following table describes the effects of the possibteas. There are some general cases in which things work
differently, as noted here:

e If a unitis destroyed, the move, turn, and ability actionseatically return Failed. AdditionaliMyStatus
returns a health of zero (and arbitrary values for the othéa)d

e If a unitis not destroyed, thRespawn action automatically returns Failed.

e If invalid arguments are provided for any action (e.g., lméfard positions for the square-targeting abilities or
inspect), it should return Failed. A unit targeting its owquare with a square-targeting ability counts as an
invalid argument.

e If the action being performed is too soon after an action pinavents it from being used for a time, it should
return Failed.

e If an action, move, or turn returns Failed, no delay shouldjaied.



Command

Args

Delay Returns

Move

Turn

PrimaryAbility

SecondaryAbility

Scan

Inspect

MyStatus

GameStatus

Respawn

Talk

hand optiom.o

handh

positionp

positionp

intn

positionp

None

None

unitClasse

string s

Speed *20 Success or Failed,
appropriate

Success or Failed,
appropriate

Speed *5

Depends Success or Failed,
appropriate
Depends  Success or Failed,
appropriate
None ScanDatd)
None
None MyDataf, hp, d)
None GameData()
None
recreated as class,
Failed otherwise
None Success

adf ho is None, the unit moves
one square straight ahead. hlé
is Somef), the unit moves side-
ways one square according to
Returns Failed if for any reason
the unit remains in its original
square at the end of handling the
action

asTurns a unit 90 degrees in the
direction h indicates. Returns
failed if for any reason the unit
remains facing the original direc-
tion at the end of handling the ac-
tion

as’erforms the unit's primary abil-
ity; see Section2.8 for details.
Returns Failed only in the case of
invalid arguments or the unit still
being delayed

as’erforms the unit's secondary
ability; see Sectior2.8 for de-
tails. Returns Failed only in the
case of invalid arguments or the
unit still being delayed
wherel is a list with oneclass
* health * position *
bool pair for each unit within
n squares (using Euclidean
distance), where the boolean
value is true for allies and false
for enemies

InspectData( uo, no, bo)wheree is a the elevation ap,

wo is an option that contains the
class of the unit ap, its current
health, and &oo1 thatis true if it
is an ally,no is an int option that
contains the number of the con-
trol point atp, andbo is a bool
option that is None if there is no
control point or the control point
is neutral, true if the unit’s team
controls it, and false otherwise
where p, d, hp are the position,
current health, and facing direc-
tion of the unit, respectively
Wheret is the remaining time in
milliseconds and is a list with
one position * int * bool
option tuple for each control
point, where the bool option is
None if the control point is neu-
tral, true if the unit's team con-
trols it, and false otherwise

Success if the unit was See Section2.7 for details on

respawning, and Sectioh 1 for
its use at the start of the game

Outputs the stringo the chat
area




3.5 Result Messages

Result messages are sent by the server to the team cliergponge to action messages. The possible results are
defined indefinitions.ml as theresult type. All result messages come with an id indicating whictt isrgetting
the action.

Every action message is responded to with some result meshbémst actions simply get back a result of either
Success or Failed, but actions dealing with informatiorerecthe requested data as the result. Further details are
contained in the action specification above, including wteereturn the various result messages and what data to
include.

3.5.1 Result Quick Reference

Success The action was successful.
Failed The action failed.
ScanData Result of a Scan action.
InspectData Result of an Inspect action.
MyData Result of a MyStatus action.

GameData Result of a GameStatus action.

4  Maps

Games ofteam Fortress may be played on a variety of maps. Maps are stored in text fitesthe server loads a map
file at the start to use for the current game by first using thetfan Game.loadBoard to parse the map file into a 2D
character array, and then passing that to Game.initGame.

Inamap file, each square is represented by a character,enthfhas a whole represented aséBQARD _HEIGHT)
lines of 51 ¢cBOARD _LENGTH) characters each. A map file is invalid if there are duplicatetrol points of the
same number, less than five control points, not enough linekaracters, or unrecognized characters.

The following characters have a recognized meaning in meg: fil

Character Meaning

I Low ground

r A ramp

h High ground

0-4 Control point of the given number on low ground

5-9 Control point of the given number minus five on high ground

Maps are expected to satisfy the following constraints:

e The left and right halves of the map are symmetrical

e Lower-numbered control points have lessaroordinate than higher-numbered control points
e Control points 0 and 1 have negativeoordinate

e Control point 2 hag:-coordinate 0

e Control points 3 and 4 have positivecoordinate

e Any control point is reachable by a unit starting at any ottartrol point

e A unit standing on the control point can successfully movang direction (assuming no other unit is in the
way)

These properties give maps a consistent baseline strughileestill allowing for variety.



5 GUI
51 GUI Client

In order to view the game, you will have to set up a GUI clierdgsam. The client has been coded for you, and is
located in theclient directory. The game server is responsible for sending gecapbpdate messages to the GUI,

as described below. Importantly, the game server will try @nnect to the GUI and exit if no client is found after a

certain period of time, so be sure to run a client when you aur gerver.

5.2 Building the GUI Client

To build the GUI client, run eithebuildClientWin.bat Or buildClientUnix.sh depending on your operating
system. The GUI client uses SDL, a cross-platform two-disiwmal graphics library, in order to present the graphics
of the game. In order to run the game, you will have to have e @ls installed on your machine. We have provided
the development libraries and precompiled the c stub filegda, so as long as the SDL runtime library is installed
on your machine, you will be able to view the graphics. Mofferimation about SDL, as well as a download link, can
be found atttp:///www.libsdl.org Once you have built the GUI client, you can run the progtdriient . exe port,
whereport is the port on which the GUI should listen for graphical updat

5.3 Sending messages to the GUI

We have provided a simple module called Netgraphics witletions to send graphical updates. The functions are
specified ilmetgraphics.ml. Note that the init function is called by the Server moduled aendUpdates is called
reguarly by the Server module.

5.4  Graphics Commands

Arguments Meaning
InitGraphics - Tell the GUI client to initialize the graphics
DisplayString color * string
Display a string to the GUI as said by a team
SetElevation position * elevation Set the elevation of a position in the GUI
SpawnUnit id * color * position  Display a new unit at a position with the giv

* direction * health properties in the GUI
* unitClass

UpdateUnit id * position * Update the propeties of a unit in the GUI
direction * health
RemoveUnit id Remove a unit in the GUI
AddControlPoint int * position * Display a new control point in the GUI
color option
UpdateControlPoint int * color option Update who controls a control point in the GUI
GameOver color option Tell the GUI the game is over and the given te
won

6 Provided source code

Many files are provided for this assignment. Most of them ydunet need to edit at all. In fact, you should only edit
and/or create new files in thme andtean directories (plus any edits you need to make to the compnagcripts).

The files are split between two zips on CME6.zip, which contains the code for the game server and team, and
gui.zip, which contains the code for the GUI client. Here is a list btlze files included in the release and their
contents.
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6.1

build*.bat
game/constants.ml
game/definitions.ml
game/game .mli
game/game .ml
game/state.mli
game/state.ml
game/util.mli
game/util.ml
game/netgraphics.mli
game/netgraphics.ml
game/server.ml
team/connection.mli
team/connection.ml
team/team.ml
client/*
client/graphics.ml
client/client.mli
client/client.ml
boards/*

data/*

Code Structure

Build files for the game server, teams, and GUI client (se¢i@et)
Definitions of game constants

Definitions of game datatypes

Signature file for handling actions, time, rules, and the gatate
Stub file for actions, rules, and time

Partial signature for the game state

Stub file for the game state

Signature file for utility functions

Implementation of utility functions

Signature file for sending updates to the GUI client
Implementation of sending updates to the GUI

Starts the game server and deals with communication
Signature file for connection helper module

Implementation of connection helper module

Sample team that demonstrates how to start a game and sentbact
Files for the GUI client (see Sectidi)

Implementation of graphics module, based on SDL library
Signature file for GUI client module

Implementation of GUI client module

Various sample boards, from the simplistic to the complee (Sec-
tion 4)

Graphics files for the GUI

To understand how to implement the game, you must first utatetshow the code we have provided you operates.
The crucial aspect to understand is the relation betweeSeher module and the Game module. The server module
deals primarily with receiving connections from the teamnsd calls the Game module for all issues related to the
game rulesYou do not need to modify the Server module, graphics commands, or GUI client. Your modifications and
additions will take place in the Game module, State modund,aay other modules you choose to add.

6.2

Server

At a high level,server .m1 does the following things:

1.

2
3
4
5.
6
7
8

Calls Netgraphics.init

. Calls Game.loadBoard

. Calls Game.initGame with the result of Game.loadBoard

. Waits until two teams have requested a game and all uniessswbmitted a desired class

Calls Game.initTeam once for each team

message it receives

. Calls Game.startGame and sends GameStart messagestitsall
. Spawns a thread that regularly calls Game.handleTintethét current time

. Enters a loop that catches messages from the teams, sgavttiread that calls handleAction for each action

You will need to think carefully about how to structure yowstgn of the game and your implementation of these
functions to meet the Server module’s expectations. Nogaiticular that the way Server spawns a different thread
for handling each action creates concurrency issues foGmae module (and that the code we have provided you
does nothing to account for concurrency). For more on whedisiéo go into your design, see Sectih
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6.3 Game

All the functions in the Game module referred to above areifipd in game.m1i. The function loadBoard is im-
plemented for you, and most of the other functions are lefinptemented. However, to give you more of an idea
of how to start, we have provided an initial definition of tlype game, and partial implementations of initGame,
handleAction, and two subfunctions of handleAction (irt@ed move).

Depending on your design, you may need to add to or modifyythe tleclaration and these functions, but what
we have given you is a start down one viable path.

6.4 State

We have also provided a partially specified but completelynpiemented State module, with just enough specified in
util.mli for the partial implementations of the functions in Game ¢ovhlid. The functions currently specified do
basic lookups by either unit ID or board position, both of g¥hshould be efficient. We have not defined the associated
state type or implemented any of the functions.

We strongly suggest that you keep something like the Statlulaan your final design, as the distinction between
game rules and game state is significant.

6.5 Util

We have provided a utility module with a number of minor fuacs you may find useful. This module also includes
an implementation of Bresenham’s line algorithm. The fions are specified intil.mli.

6.6 Netgraphics

We have provided a simple module that provides functiongtal graphical updates. Initialization and connection is
done from the Server module. The functions are specifie@#graphics.ml.

7 Running the game

To run the game, you will need to download the release filas f@MS. Once you have that, to run a game on the
local machine, you must:

1. RunbuildGameServer.bat to creategzameServer.exe

2. RunbuildTeam.bat to createteam.exe

3. Build and run the GUI client as described in Sectiqand leave it running)
4

. RungameServer.exe, providing a port number to listen on, a map file to use, thér@se to connect to for
the GUI, and the port to connect to for the GUI (and leave ining)

5. Run two instances ofeam.exe, providing the address of the game server to connect to (@aek|them
running)

The two teams will now play out a game. Note that with the @hitiode you are given, the server will immediately
shut down with a Failure exception due to unimplemented code

8 Your tasks

There are several parts to the implementation of this ptojdake sure you spend time thinking about each part before
starting. Start on this projeetrly. There are many things you will have to take into consideratvhen designing the
code for each section.
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8.1 Design meeting

Your first task is to create a design for yddieam Fortress implementation and meet with the course staff to review it.
Each group will use CMS to sign up for a meeting, which willdglace between April 19 and April 22. If you are
unable to sign up for any of the available time slots on CM$&tact the course staff, and we will try to accommodate
you.

At the meeting, you are expected to explain the design of ggsitem, explain what data structures you will use to
implement the design, and hand in a printed copy of the sigeator each of the modules in your design. You are also
expected to explain your initial thoughts about stratefpesyour team. In designing module interfaces, think about
what functionality needs to go into each module, how therfates can be made as simple and narrow as possible,
and what information needs to be kept track of by each modiueryone in the group should be prepared to discuss
the design and explain why the module signatures are thelvegyare. We will give you feedback on your design.

8.2 Implementing the game

Your second task is to implement tBeam Fortress game in the filgzame /game .m1, and any files you choose to add.
Note that you should add files only to theme andteam directories. You must implement the rules as described in
Section2 and handling of actions as described in Sec8oh You must also make sure that the actions units take are
rendered in the graphic display using the interface detaileSection5. You can use the sample team program we
provide to test your game, but for full testing coverage ydluveed to write your own tests.

8.3 Designing a team

Your third task is to implement a team to play the game. Yoantés required to have a thread for each unit that is
responsible for sending action messages and receivinfi resssages for that unit. A very weak team that you can
use as a basis for your team code is provided.

There are many different strategies for building a good te@aamsider, for instance, that your units can communi-
cate and share memory that the opposing team cannot acas#.tb)your advantage to coordinate your maneuvers.

Your team will be graded on multiple criteria, focusing anperformance against a variety of test teams, strategic
sophistication, and general effectiveness.

We will provide a server running our implementation of thengathat you will be able to connect to, allowing you
to see the game in action, test that your team works correxttytry your team against other people’s teams. We may
also provide some staff teams to test against, at our disoret

Further information on the server will be provided soon.

8.4 Documentation

Your final task is to submit design overview documeftr this project, just like the ones for the previous assignta.
Since this project is both large and quite open-ended ragatide way one may choose to implement it, documentation
becomes even more important. Your design overview showldgily be as long or longer than your design overviews
for the previous assignments.

Your design overview document should covmth your implementation of the game itself and the team you
created. In discussing your team, you should make note ofymwdealt with concurrency, how you dealt with
communication between units, what strategies you expeitiadewith, and what you found to be most effective.

8.5 Things to keep in mind
Here are some issues to keep in mind when designing and ireptérg the game:

e You need to make a good designThis project is both large and complicated; without spegdime on making
a design that is both solid and complete, yailli very quickly get bogged down when you go to implement
things. The importance of design cannot be overemphasizgihg to write code before your have your design
is a recipe for disaster on a project of this magnitude.
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8.6

Before writing any code, you should have a very clear ideallaff the following:

— What concurrency issues exist and how to deal with them

— What information needs to be kept track of to fully represbetgame

— How that information will be stored and accessed efficiently

— What the interface between your modules will be

— What invariants will hold between your modules

— Which modules will enforce those invariants
Think carefully about how to break up your program into loosely coupled modules.The program will be
complex and difficult to debug unless you can develop modhksencapsulate important aspects of the game.

Design the interfaces to these modules carefully so thatgouvork effectively with your partner and can do
unit testing of the modules as you implement.

Make sure that what is going on in the game matches what is goingn in the graphics. Updating one does
not automatically update the other. If you are watching timeg and something seems to go wrong, remember,
it could just be the code controlling the output to the scrédoreover, just because the graphics look correct
doesn’'t mean the game is acting properly. It would behoovwetganaintain some sort of invariant between the
status of the game and the status of the graphics.

Problems in the game might actually be problems with the tears. If you are using your own teams to test
the actions and something seems wrong, the teams couldsjesisily be at fault.

Implement and test the actions one at a timeDon't try to implement all of the actions and test them with
one single team. Start with easier actions and work up to éinéeln ones. For example, start with getting the
already-writterMyStatus to work, then try another simple action likéameStatus.

Final submission

You will submit:

1. A zip file of all files in yourps6 directory, including those you did not edit. We should beeabl unzip this

and run thebuildGameServer.bat script to compile your game code, and fhaildTeam.bat script to
compile your team code (i.e., you should modify the scriptstiude all necessary files). This should include:

e your game implementation
e your team, nametleam.ml in theteam directory along with any files it needs to build and run

It is very important that you organize your files in this manme it greatly simplifies grading.

2. Your documentation file, inpdf format.

Although you will submit the entir@s6 directory, you should only add new files to tgame andteam folders; the
other folders should remain unchanged. If you add newvor .m1i files, you should add them to the compilation
scripts. Note again that we expect to be able to unzip youmssgion and run thé&uildToplevel.bat script in
the newly created directory to compile your code withoubesror warnings.Submissions that do not meet this
criterion will be docked points.

9 Tournament

On Wednesday, May 6, after the problem set is due, there el 3ieam Fortress tournament which you are encour-
aged to submit your team programs to. There will be lots of faod, and the chance to watch your team perform
live. The winner gets bragging rights and has their namesplosh the312/3110 Tournament hall of fame
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10 Karma Problem

For karma, you may do this problem about amortized complexit submit it on CMS akarma.pdf.

A sorted array (or vector) is an appealing data structurstfming ordered data, because it offers the sé@xtign)
lookup time as a balanced binary tree but has a compact eet®n and a good asymptotic constant factor. Unfor-
tunately it doesn’t support fast insertion.

Duran Prometheus Howland has an idea for a mutable orderetisteaction that will be fast for small Instead
of storing all the elements in the sorted array, Howland mediintain a separate short linked list of upfto:) elements,
wheref(n) is some function yet to be determined.

type set = {sorted: element array ref, recent: element list ref}

When the data structure is searched, both thedisént and the arragorted (of lengthn) are traversed. When
an element is added to the data structure, it is appendee tsthn constant time. If theecent list becomes longer
than or equal tgf (n) elements, the¢'(n) elements are sorted using mergesort and then merged in timeawith the
n elements, which are already in order.

a. What is the complexity of a single lookup on this data stmetexpressed as a functionffn) andn? To achieve
complexityO(lgn), as with a balanced binary tree, what should Howland éej to?

b. The goal with this structure was to make inserts cheapgfa Ainction off (n) andn, what is the complexity of
f(n) inserts into this structure, starting from an empéygent list? (This should cause exactly one sort and merge).

c. We can reduce both insert and lookup to an amortized coditytef O(1/n). Your goal is to prove this bound using
potential functions. Recall that the amortized compledityof an operation changing structuseo s’ is defined
as the actual cost of operati@hplusA® = d(s") — d(s).

Provide a® and a definition off (n) such that the complexity of one lookupX/n) and the amortized complexity
of one insert i<D(y/n), and prove both of those facts. (Hint: Chodsearefully, keeping in mind that amortized
complexity is closely related ta®.)
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