IMPLEMENTING THE
POURING PUZZLE

Transforming a problem solution into a functional program

Delroy A. Brinkerhoff
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Presentation Notes
The previous video demonstrated how a software developer can solve a problem using pictures, diagrams, and pseudocode. The current video demonstrates how to transform the solution into a functional program divided into three files: Glass.h, Glass.cpp, and game.cpp.



AUTHENTICALLY DEMONSTRATES

static or class features
static class variable
static getter function
Noncommutative binary member function
Commutative,a © b = b ©) a vs. noncommutative,a © bz b © a
a.pour(b) #b.pour(a)

Changes both arguments
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To help focus attention on a specific concept or syntax, programming examples are often contrived, oversimplified, and decontextualized. Although this approach is a helpful starting point, exploring concepts in a realistic context promotes proficiency and deepens our understanding. The pouring puzzle provides an authentic context while remaining relatively small and straightforward.
The puzzle's use of a static variable and a function is authentic, allowing it to accomplish a task while still maintaining encapsulation. The pour function demonstrates a noncommutative operation. A commutative operation allows its arguments to move or commute, meaning the order of the arguments doesn't affect the result. Addition and multiplication are familiar examples. In a noncommutative operation, changing the argument order does change the result. Subtraction and division, for example. Furthermore, the pour function changes both arguments, so the program must pass them using an INOUT mechanism.



Glass VARIABLES

class Glass T
{
private: >pace
static int pours;
volume
int volume; T
int amount; amount
}s l



Presenter
Presentation Notes
Glass.h contains the class specification. Three quantities characterize a glass: volume, amount, and space, as illustrated. The Glass class maintains two of these values and calculates the third when it is needed. Each Glass object has its own copy of these variables. Conversely, the static pours variable "belongs" to the Glass class rather than individual objects. Programs have one instance of this variable, which all Glass objects share.



Glass FUNCTIONS

class Glass
{
public:
Glass(int a_volume, int a_amount)
: volume(a_volume), amount(a_amount) {}
int getVolume() { return volume; }
int getAmount() { return amount; }
void display() { cout << amount << " / " << volume << endl; }
static int getPours() { return pours; }

void pour(Glass& source);
//void pour(Glass* source);

I
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Most of the Glass functions are straightforward and short enough to implement inline. Making the getPours function static has two effects. First, it changes the way a program calls it, as demonstrated later in the video. Second, it precludes the function from accessing non-static variables or calling non-static functions.
To pass the source Glass as an INOUT argument, programmers can choose to pass it by reference or by pointer. The choice doesn't affect the function's logic; it only affects the member selection operator the program uses to access the class's features. The video demonstrates pass-by-reference, but the text also demonstrates pass-by-pointer.



POURING WATER FROM
ONE GLASS TO ANOTHER

int Glass::pours = 0;

void Glass::pour(Glass& source)

{

pours++;
int space = volume - amount;
int transfer = min(space, source.amount);

amount += transfer;
source.amount -= transfer;
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Glass.cpp defines the static variable and the pour function. Programs initialize member variables in the class specification or a constructor. However, all instances of a class share static variables, so initializing them this way would reset the stored value whenever a new object is instantiated. Furthermore, C++ requires the initialization to occur in a source code file, but maintains encapsulation by binding the variable to its class with the scope resolution operator.
Whenever it's called, the pour function increments the static counter; the game's goal is to solve the puzzle with the fewest pouring operations. It calculates the third Glass characteristic value and the amount of water to pour from the source to the destination glass. The operation changes the amount of water in both glasses. The client program passes the source argument by reference, allowing the change. The destination argument is the implicit "this" object that is always passed by pointer, also allowing the change.



INSTANTIATING THE Glass OBJECTS

int main()

{
Glass glasses[3] { Glass(3,0), Glass(5,0), Glass(8,8) };
//Glass* glasses[] { new Glass(3,0), new Glass(5,0), new Glass(8,8) };

return 0;


Presenter
Presentation Notes
glass.cpp, the final file, represents the client program. We'll explore its operations in logical groups. It defines an array of Glass objects consistent with the two possible passing mechanisms. The first supports pass-by-reference, while the second is appropriate for pass-by-pointer. The program logically represents each glass as an integer and uses it to index into the array to locate the corresponding array element.



IMPLEMENTING THE GAME RULES:
ENDING THE GAME

while (glasses[1l].getAmount() != 4 && glasses[2].getAmount() != 4)

//while (glasses[1l]->getAmount() != 4 && glasses[2]->getAmount() != 4)
{

}
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Representing the source and destination glasses as integers allows the program to work with the Glass objects by indexing the array. Object 1 is the 5-oz. glass, and object 2 is the 8-oz. glass. The while-loop continues the game until at least one glass contains exactly 4 ounces of water. The test doesn't include the object at position 0 because it can only hold 3 ounces.



DISPLAYING THE CURRENT STATE

for (int i = @; i < 3; i++)

{
cout << "Glass " << i+l << ": ";
glasses[i].display();
//glasses[i]->display();
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The program displays the game's state at the top of each loop to help players make their next move. The state consists of the current amount of water each glass currently contains. The program also displays the game's final state when the player solves the puzzle.



CHOOSING A GLASS

int destination;

cout << "Pour TO glass: <1, 2, or 3; or enter 4 to quit>: ";
cin >> destination;

if (destination == 4)
exit(9);
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The program prompts the user to enter the destination class as an integer. It's convenient to allow the player to use counting numbers to represent the glasses. Later, the program will offset the entered number by one to obtain a valid array index. The player can end the game early by entering 4 at the prompt. 4 is entirely arbitrary, and we could use any value except 1, 2, or 3. The input code for the source object is similar.



VALIDATING USER INPUT AND
POURING THE WATER

if (source > O && source <= 3 && destination > @ && destination <= 3)
glasses[destination - 1].pour(glasses[source - 1]);
//glasses[destination - 1]->pour(glasses[source - 1]);

else
cout << "@ < destination <= 3 AND © < source <= 3

<< endl;
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Indexing an array out of bounds is an error. If a program calculates an erroneous index, programmers are responsible for detecting and correcting it. However, programmers can't prevent users from entering invalid data. So, they must validate user input. Validation is essential when the input is used as an array index.
If the input data is valid, the program calls the pour function. The dot or arrow operator binds the destination object to the function, which passes the source object as an explicit argument.



PRINTING THE “SCORE:”
CALLING A STATIC FUNCTION

cout << "\n\nYou solved the puzzle in " <«
Glass::getPours() << " pours" << endl;
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If the player solves the puzzle, the program displays the number of pours made as a score. The challenge is minimizing the number of pouring steps.
The output statement demonstrates the preferred way to call a static function. While it is syntactically correct to call a static function with an object, using the class name and the scope resolution operator conveys more information to a reader because programs can only call static functions with this notation.
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