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 3. This question involves reasoning about the code from the Marine Biology Case Study. A copy of the code is 
provided as part of this exam. 

 
  Consider modifying fish so they have a direction based on their last move, and move only in a forward direction:  

either straight ahead or diagonally ahead to the right or left. You will be asked to write three functions for this 
question:  

 
(a) a Position member function that returns the position to the northeast of the current position,  

(b) a Fish member function that returns a neighborhood of positions representing the forward moves that a 
fish can make, and  

(c) a Position member function that returns the direction from this Position to an adjacent 
Position. 

 
  For this question, Potential Movement Locations are positions that are: 
 (1) adjacent to the current fish position, 
 (2) in the direction the fish is moving, myDir, or 45 degrees to the right or left of myDir, and 
 (3) empty and in the environment env. 
 
  The diagram below shows three fish, represented by arrows showing their current directions. The Potential 

Movement Locations for each fish are shaded. For example, for the fish at position (2,1) in the diagram with 
myDir equal "E" (as indicated by the arrow), Potential Movement Locations would be those positions to 
the northeast, east, and southeast that are empty. For the fish at position (2,9) with myDir equal "SW", 
Potential Movement Locations would be those positions to the west, southwest and south that are empty. 

 

Potential Movement Locations 

 0 1 2 3 4 5 6 7 8 9 10 11 

0     NW N NE      

1 NW N NE  W � E  NW N NE  

2 W � E  SW S SE  W � E  

3 SW S SE      SW S SE  

4             
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  The Fish class is modified to include an additional private data member to hold the direction in which the 
fish is moving and a private member function to determine the positions of legal forward moves for the fish. 
The modifications to the Fish class are shown below.  

 
class Fish 
{ 
  public: 
    // ... member functions as in the original version 
 
  private: 
    // ... private data as in the original version 
 
    apstring myDir; // "N" for north, "E" for east, 
                    // "S" for south, "W" for west, 
                    // "NE" for northeast, "SE" for southeast, 
                    // "NW" for northwest, "SW" for southwest 
 
    Neighborhood ForwardNbrs(const Environment & env) const; 
    // postcondition: returns empty neighbors in a forward direction  
     //                from myDir - straight ahead and diagonally ahead 
    //                to the right or left 
 
}; 

 
  Four new public member functions are added to the Position class: Northeast(), Southeast(), 

Northwest(), and Southwest(), each of which returns the neighboring Position in the specified 
direction. Functions North, East, South, and West are unchanged. The modifications to the 
Position class are shown below. 

 
class Position 
{ 
  public: 
    // ... member functions as in the original version 
 
    Position Northeast() const; 
      // postcondition: returns Position northeast of this position 
    Position Southeast() const; 
      // postcondition: returns Position southeast of this position 
    Position Northwest() const; 
      // postcondition: returns Position northwest of this position 
    Position Southwest() const; 
      // postcondition: returns Position southwest of this position 
 
    apstring DirectionTo(const Position & other) const; 
    // precondition:  other is adjacent to this Position 
    // postcondition: returns the string representation of the direction 
    //                from this Position to other 
 
  private: 
    // ... private data as in the original version 
 
}; 
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(a) You will write the Position member function Northeast, which is described as follows. 
Northeast should return the position in the environment to the northeast of the current position. In the 
diagram shown above, if pos1 is the position (2, 1), the call pos1.Northeast() returns the position 
(1, 2), and if pos2 is the position (2, 9), the call pos2.Northeast() returns the position (1, 10). 

 
 Complete function Northeast below. 

 
Position Position::Northeast() const 
// postcondition: returns Position northeast of this position 

 
(b) You will write the Fish member function ForwardNbrs, which is described as follows.  

ForwardNbrs should return a neighborhood consisting of those positions that meet the requirements for 
Potential Movement Locations.  

 In writing ForwardNbrs, you may use any of the Fish and Position member functions. Assume 
that these functions, including Position::Northeast, work as specified, regardless of what you 
wrote in part (a). 

 An implementation of this function distinguishes among multiple cases based on direction. In writing your 
code, you must show the code for the two specific cases, north and northeast. You may write " ... " to 
indicate where the remaining cases should be. All statements other than these remaining cases must be 
shown. 

 Complete function ForwardNbrs below. 

Neighborhood Fish::ForwardNbrs(const Environment & env) const 
// postcondition: returns empty neighbors in a forward direction from   
//                myDir - straight ahead and diagonally ahead to the  
//                right or left 

 
(c) You will write the Position member function DirectionTo, which returns the direction from this 

Position to Position other. 

 An implementation of this function distinguishes among multiple cases based on direction. In writing your 
code, you must show the code for the two specific cases, north and northeast. You may write " ... " to 
indicate where the remaining cases should be. All statements other than these remaining cases must be 
shown. 

 Complete function DirectionTo below. 

apstring Position::DirectionTo(const Position & other) const 
// precondition:  other is adjacent to this Position 
// postcondition: returns the string representation of the direction 
//                from this Position to other 
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 4. Consider the problem of assigning passengers to seats on airline flights. Three types of information are needed 
—passenger information, seat information, and flight information. Three classes will be used to represent this 
information, respectively: Passenger, Seat, and Flight. 

  You will write three member functions for the Flight class:  
(a)  EmptySeatCount that returns the number of empty seats of a specified type,  

(b)  FindBlock that returns information about the location of an empty block of seats, and  

(c)  AssignGroup that attempts to assign a group of passengers to adjacent seats. 

 
  Passenger information is abstracted by a class and includes a name and other information. A default passenger, 

used to indicate “no passenger” in a seat, has the empty string "" as its name. The declaration for class 
Passenger is as follows. 

 
class Passenger 
{ 
  public: 
    Passenger();    // default passenger with name "" 
 
    apstring GetName() const;   
    // postcondition: returns passenger’s name 
 
    // ... other public and private members not shown 
}; 

 
  Seat information includes the passenger assigned to the seat and the type of the seat (“window”, “aisle”, 

“middle”). The Seat function GetPassenger returns the passenger assigned to the seat; if the seat is 
empty, GetPassenger returns a default passenger. The declaration for the class Seat is as follows. 

 
class Seat 
{ 
  public: 
    Passenger GetPassenger() const; 
    // postcondition: returns passenger in this seat 
 
    apstring GetType() const; 
    // postcondition: returns the type of this seat 
 
    void SetPassenger(const Passenger & p); 
    // postcondition: assigns p to this seat (i.e., GetPassenger() == p) 
 
    // ... constructors and other public and private members not shown 
}; 

 


