2003 AP® COMPUTER SCIENCE A FREE-RESPONSE QUESTIONS

This question is based on the 2003 AP Computer Science Free-Response Questions. The AP
guestions are copyright © 2003 College Entrance Examination Board. This version is not endorsed
by the College Board.

This question involves reasoning about the code from the Marine Biology Case Study. Please reference a copy of the
code.

The marine biologists want to study a species of fish that eatsalgae. Any position in the environment grid can contain
zero or more units of algae. If thereisany algae at afish’slocation, the fish eats one unit of algae and does not move;
otherwise, the fish does not eat. If thisisthe third consecutive step in which the fish has not eaten, then the fish dies and
isremoved from the environment. If the fish does not eat and does not die, it moves to a position among its empty
neighbors that contains the most algae.

We represent the algae by adding a matrix of integersto the private data of the BoundedEnv class. This matrix isthe
same size asnmyWor | d, and each entry represents the number of units of algae at that location. We addtwo public
methods to the Envi r onnment interface, as well as modifying the BoundedEnv constructor to initialize ny Al gae.

/1 Added t hese methods to the Environment interface
public int numAl gaeAt (Location |oc)
/] precondition: loc is a valid Location in the environnent
[l postcondition: returns the nunmber of units of algae at |oc
public void renoveAl gae(Location loc, int numlnits)
[/ precondition: al gae at Location | oc exceeds nunnits
[l postcondition: algae at Location |loc has been reduced by nunlnits

I/ Added this data nenber to the BoundedEnv cl ass

private int[][] myAl gae;
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We modify the Fi sh class by adding a private data member to keep track of how long since the fish ate any algae. We
also modify public method act so that it encapsulates all of the actions of afish for one step of the simulation, and we
modify thenove function so that the fish moves to the position among its empty neighbors that has the most algae. In
order to do thiswe add private method nost Al gae totheFi sh class.

/1 Added this nethod to the Fish class

private Location nostAl gae(ArrayLi st nbrs)

/I precondi tion: nbrs.size() > 0, this Fish is in Environment
/1 envi ronment ()
[l postcondition: returns a Location fromnbrs that contains the
/1 nost al gae.

/1 Modi fied these functions in the Fish class (changes are in bold)

public void act()

/I precondi tion: this Fish is stored in environment() at |ocation()
/I postcondition: if there was algae at location(), this fish

/1 has not nmoved and one unit of al gae has been

/11l renoved fromlocation(); otherwise, if this was
/1 the third consecutive step that this Fish did not
/1 eat, then this fish has been renmoved from

11 environnment (); otherw se, this Fish noved.

/1 my St epsSi nceFed has been updat ed.

private void nove()
[l postcondition: this Fish tried to nove to the adjacent space to

/1 location() with the greatest nunber of algae in
/1 envi ronnent ().
/1 Added this data nenmber to the Fish class

private int nyStepsSinceFed; // steps since this fish |ast ate
(a) Writethe BoundedEnv method numAl gaeAt , whichisdescribed asfollows.
numAl gaeAt should retun the number of units of algae at Location| oc.
Complete the function numAl gaeAt below.

public int numAl gaeAt (Location |oc)

/'l precondition: loc is a valid Location in the environnent
[l postcondition: returns the nunber of units of algae at |oc
{
}
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(b) Writethe Fi sh method nost Al gae, which isdescribed asfollows. most Al gae should return a
Locat i on fromnbr s that contains the most algae. If more than one position contains the maximum amount,
any of those positions may be returned.

In writing most Al gae, you may use any of the Envi r onrrent public methods, including numAl gaeAt .
Assume that numAl gaeAt works as specified, regardless of what you wrote in part (a).

Complete the function most Al gae below.

private Location nostAl gae(ArrayLi st nbrs)

/I precondition: nbrs.size() > 0, this Fish is in Environment
/1 envi ronment ()
[l postcondition: returns a Location fromnbrs that contains the
/1 nost al gae.
{
}
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Rewritethe Fi sh method act , which isdescribed asfollows. If thereisagae at the fish’s current Location,
the fish should eat one unit of algae and not move. If thereisno algae and thisisthe third consecutive stepin
which the fish has not eaten, act will cause thefish to die by calling the Envi r onnent method r enove. If
the fish does not eat and does not die, then the fish should move to a neighboring location with the most algae.
act should update the state of the Envi r onment and the state of the Fi sh appropriately.

Inwritingact , you may use any method from the Marine Biology Simulation Case Study, including those added

at the beginning of the question. Assume that the Fi sh method nove has been modified to work correctly and that
the Envi r onment method numAl gaeAt andthe Fi sh method nost Al gae work as specified, regardless

of what you wrotein parts (a) and (b).

Complete functionact below.

public void act()
[/ precondition:
/] postcondition:
11

11

I

I

I

I

{

this Fish is stored in environment() at |ocation()
if there was algae at location(), this fish

has not noved and one unit of al gae has been
renoved fromlocation(); otherwise, if this was
the third consecutive step that this Fish did not
eat, then this fish has been removed from
environnent (); otherw se, this Fish noved.

my St epsSi nceFed has been updat ed.
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