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1. Introduction

1.1 Purpose

Thi s docunent describes the approach team Core-Dunp is
taking to inplenent an intelligent gane playing agent. It
details the nethods used to play a successful gane of
Battl eshi p-471. Success, in this context, refers to the
game playing agent's (hereafter referred to sinply as
“player”) ability to maxim ze utility through a series of
peeks, shoots, and bl ocks. The reader is expected to have
an under st andi ng of Lisp programm ng, data structures, and
rudi mentary understandi ng of A l.

1.2 Scope

For this project two separate software conponents are
utilized. The first is the game-board generator which has
been provided and is described in the project description.
This generator builds the boards, infornms the user of board
paraneters, and acts as a gane master. The second
conponent of this project is the player inplenentation.

The “player” will receive a general description of a gane-
board fromthe generator discussed previously. The player
will enter either a one-player or two-player node. Actions
are then taken by the player that will be either: peek,

shoot, or block. In the one-player node the goal of the
agent is to maximze utility. 1In the two-player node the
goal is slightly nodified. Wile the player naxim zes its
own utility it will try to minimze the utility of it's

opponent. The exact sequence of actions depends on a

conbi nation the current gane-state, the type of gane (one
or two player), and the type of intelligence the player is
utilizing at any given point. Team Core-Dunp's agent w ||
utilize Bayesian reasoning, planning, and |earning to reach
t he goal described above. The player will |earn the gane-
board generator by playing many ganes before the
tournanent. During gane play the agent will attenpt to

| earn about its opponent. The information |learned will be
stored in a Bayes net. The benefits of inplenenting a

| earni ng agent utilizing a Bayes net far outweigh the costs
in inplementation and runtine. The drawback to

i mpl enmenting is learning agent is that it relies on
predictability. |f the game-board generator was not



predi ctabl e or the opponent played in a random fashion this
i npl enentation would not fair as well.

1. 3 References

Proj ect Description:
- www. ¢s. unbc. edu/ cour ses/ under graduat e/ 471/ f al | 04/ hw/ proj ect. ht m

Web Materi al :

- www. ¢s. unbc. edu/ cour ses/ under graduat e/ 471/ fal |1 04/ sl i des/
- Www. ai ma. eecs. ber kel ey. edu/ sl i des- pdf/

Text books:
- Russel, Stuart and Norvig, Peter.
“Artificial Intelligence: A nodern Approach.”
- Graham Paul .
“ANSI Common Lisp.”

1.4 Overvi ew

The rest of this docunment will be dedicated to
clarifying the statenents made in section 1.2 above
(Scope). Specifically, a nore descriptive overview w || be

presented foll owed by a discussion of the architecture and
data design. Finally this docunent will briefly discuss
the human interface, testing, and tine |ine.

1.5 Constraints

The agent is only inforned about a few details such as
t he gane-board size, ships, and the actions taken by an
opponent. The agent will not be nmade aware of the result
of actions taken by an opponent. The ultimte human goa
of this inplenentation is to win a tournanent against other
pl ayers. The agent goal is to maximze utility points this
Is to aid in wnning a tournanment agai nst other possibly
intelligent agents. This constrains what we can i npl enent
mnimally (in order to be successful in a tournanent) and
the tinme limt inposed could limt the conplexity.

2. System Overvi ew



The aimof this project is to develop a agent that is
able to play a nodified version of Battleship. The
artificial intelligence class has split into groups and
each group is responsi ble for devel opi ng an agent to play
this ganme in an upcom ng class w de tournanent in Decenber
The descriptionis witten to allow teans to control the
devel opnment of their own agents. The systemthat will be
I npl enmented by team Core-Dunp will use a conbination of
Bayesi an reasoning, planning, and learning. This wll
result in a wnning conbination for playing Battleship 471
agai nst the agents witten by other teans.

3. System Architecture

3.1 Architectural Design D agram
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3.2 Architectural Alternatives

O her alternatives that were consi dered by team Core-
Dunp consi st of mainly know edge based agents. The
probl ens that we have with know edge based agents is that
they will have |large anmobunts of data with no direct ability
to assess probabilities of ships. It will be
conputationally nore efficient to hold all probabilities in
a two di nensi onal array and nake deci sions based on that.
Wth a purely knowl edge based agent and an opponent based
on uni nforned searches our agent is likely to perform
poorly. W also discussed the use of LISP vs. C++. W
t hought of ways we could code this problemin C++ and how
the problem woul d be solved with a functional |anguage. W
found that C++ would provide the sane abilities as LI SP,
and we are nmuch nore famliar and partial to C than LI SP.
The advantage with LISP is it is easy to do increnental
desi gn and easy to design using bottom up programm ng.

3.3 Design Rationale

We chose a Bayes net to hold all of the current
information in the ganme to sinplify all decisions on
shooti ng and peeking. This allows us to collect all
informati on on the gane board and hold it in a sinple data

structure. |If we only used the Bayes net, we would not be
able to store the information on the histories of the
previ ous ganes, so we will be storing this data outside of

t he Bayes net and then analyzing it and incorporating the
data into the Bayes net at the begi nning of every gane.
This mnimzes the data anal ysis during the actual gane
pl ay, making our agent run faster.

4. Data Design
4.1 Server Required Functions:

(get -board board- hei ght board-w dt h shi ps)

Description: This function is called by the server to
transfer board information to our player when the gane



is set up. This function will create the gane-board

needed for our agent. It will initialize probabilities
used for Bayesi an reasoni ng based on | earned data
stored externally. This will be done by calling (I oad)

and altering probabilities based on the history of gane
boar ds gener at ed.

(one-round opponent -acti on)

Description: This function is called by the server to

| et our programplay for one step in each round. In
this step, our programw ||, evaluate any noves nade the
opponent, update our Bayes net accordingly, draw
concl usi ons based on the information represented by the
Bayes net, and take actions based on those concl usi ons.
To performthis task it will call the (update-opponent
round) and (update-core-dunp round results) which are
descri bed below. To actually deci de which nove to nmake
this function will call (calcul ate-npbve) and take
actions returned by this function.

4.2 Additional Functions:

(updat e- opponent round)

Description: This function wll| update our Bayes net
used to plan our agent's noves based on the opposing

player. It will take an agents nove (defined in “one-
round”) as an argunent. This function will nmaintain a
hi story of opponent noves and wi Il update probabilities

based on what type of action trend the opposing agent
is taking. For instance, if the agent peeks in one nove

and shoots during the next nove our agent wl| adj ust the
probabilities of that location and it's sur roundi ng
squares.

Ret urns: not hi ng
(updat e-core-dunp round results)
Description: This is the friendly version of the

function described above. It will track the noves nmade
by team Core-Dunp's agent and will buffer the results
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of those noves. Shots will not be taken imediately based

on these results for two reasons. Qur agent wll avoi d
the type of predictability we are utilizing in (updat e-
opponent) to learn from our enem es noves. Al so by
buffering the results of our noves we wl| al | ow our
Bayesi an net to contain nore reliable data before
shooting. Peek trends will be followed nore cl osely

since an intelligent agent will not weigh peeks too
heavi ly since peeks nmay be inaccurate.

Ret urns: not hi ng

(cal cul at e- nove bayes- net)

Description: calls the (next-????) function famly to
deci de which noves to make. This will also responsible
for managi ng the shoot buffer. Any shots returned by
(next-shot) will be buffered along with a nunber
indicating the priority of the shot. This priority wil |
be returned by (next-shoot) along with the square to
target. Later we may decide to ignore shots under a
certain priority to avoid wasting utility.

Returns: |ist of noves to pass to server
(next - peek bayes-net)

Description: Use the Bayes net to plan the best place
to peek.

Returns: list of position (x, y) or ni
(next -shoot bayes-net)
Description: Use the Bayes net to predict the next

pl ace to shoot but additionally calculate a priority for
t he shot based on the Bayes net. This priority wll

i ndi cate how “strong” the shot is. Since the agent w |
buffer shots we nust provide a nechani sm for firing
shots that are likely to result in a higher return

first. Using this nethod we don't run the risk of the
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opponent firing on that |ocation before we can renove the
shot from our buffer.

Returns: list of position/priority (x, y, pri) or nil,

(next - bl ock bayes-net)
Description: Decide the next place to block. This wll
al ways return a location since it has no utility. This
will be based on what we have | earned of our opponent.
Returns: list of position (x, y)

(save gane-state)
Description: Saves a game-board filled in with results
of a ganes worth of turns. This should indicate ships
| ocati ons based on our end Bayes net from each gane.
Ret urns: not hi ng

(1 oad gane- st ate)

Description: Load our previous history of gane stats

Returns: A list of previous game-boards

5. Interface Design

The only functional interfaces that the Pl ayer agent
can access are the three functions provided by the gane
board generator. These three functions are “Peek,”
“Block,” and “Shoot.” During the course of a gane, the
Pl ayer agent will nmnake an educated deci sion on what the
next turn will entail. Inbedded in the “play gane”
functionality of the Player agent, an interaction with the
ganme board generator will occur when these three functions
are called. The function prototypes of these functions are
as follows.

5.1 “Peek” Interface

(peek x-co y-co cost)
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Description: The functions take’'s three argunents.

A “x-co0” represents the x coordinate of the gane

board plain. A “y-co” represents the y coordinate of
the gane board plain. And the desired “cost” a nunber
between 1 and 5; which represents the desired val ue of
peek.

Returns: The function returns a data type. The data
type is a “ship-nanme”, which represents the name

of the ship, if one is present. If the data type is equal
to “nil” than there is no ship. And if the data type is
equal to “-1", than the peek was invalid.

5.2 “Block” Interface
Prot ot ype: (bl ockxy x-co y-co)

Description: The function take’ s two argunents.

A “Xx-co0” represents the x coordinate of the gane board

plain. And “y-co” represents the y coordinate of the
gane board plain.

Returns: The function returns a data type. |If the data
type variable is equal to “t”, than the desired

| ocati on was successfully blocked. And if its
equal to “-1", then the block was invalid.

5.3 “Shoot” Interface
Prot otype: (shoot x-co y-co)
Description: The function take's two argunent.
A “Xx-co0” represents the x coordinate of the gane board
plain. An “y-co” represents the y coordinate of the
ganme board pl ain.
Returns: The function returns a data type which

contai ns data which states the percent destroyed of a
ship, the type of ship, or “-1" represents a invalid shot.

6. Testing
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By using Lisp we will be able to build this project
usi ng the “bottom up” design nethodology. W wll build
our code in blocks and test each conponent separately.

Bef ore the tournament gane play begins we will pit our
agent against itself and take notes on it's performance.
This performance netric could be used to establish a
baseline for conparison in |ater tests against other
agents. There are also opportunities to test our agent in
si mul ated tournanment runs where we should be able to
nonitor it's performance against a variety of other agents.
By conparing it's performance in this sinulated tournanments
to the original nmetric we should be able to draw sone
concl usi ons about what aspects we need to dedicate our
attention to in the tinme renmaining before the tournanent.
Since a large portion of our project is using probability
and Bayes nets we nay have to adjust the probability
calculations to nore accurately reflect tournanent play.

7. Tine line

Released: . ... ... ... ... .. . . . i Tue. Sept. 28
Design conplete:....... .. ... .. .. ... ..... Thu. Nov. 4

I mpl enmentation test 1:.................. Tue. Nov. 16

I mpl ementation test 2:.................. Tue. Dec. 7
Debug and fine tuning:.................. Nov. 16 — Dec. 7
Tournament: . ........... ... ... Tue. Dec. 14
Completion:......... ... .. .. ... Tue. Dec. 21
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