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Initially, the swapping problem demonstrated the basic behavior of variables and the assignment operator. The second version made the variables objects, instances of a structure, demonstrating how the assignment operator works with them. The video revisits the swapping problem with the authentic task of implementing a function that swaps the values in its two parameters.



THE PROBLEM
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As in the initial version, the problem begins with two variables, represented by two glasses. The problem is to swap or exchange the contents of the glasses. Significantly, neither glass can hold the contents of both as an intermediate step in the exchange.



Step 3

THE SOLUTION
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The solution requires the addition of a third, temporary glass. The first step pours the contents of the middle glass into the temporary, “freeing” the middle glass. The second step pours the contents of the left glass into the middle glass, “freeing” the left one. Finally, the last step pours the contents of the temporary glass into the left glass. The pouring direction is arbitrary, and could begin with the left glass rather than the middle.



PROGRAMMING THE SOLUTION

GENERAL SOLUTION EXAMPLE
T temp = g2; // step 1 struct student
_ o1 {
gl = temp; // step 3 string name;

double gpa;
}s

student temp = s2;
s2 = sl;
sl = temp;
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The general programming solution works with any data type that supports assignment. If T is an arbitrary data type, the assignment operations are analogous to the three pouring steps required to exchange the contents of the glasses. Writing a working program requires a concrete type, and many of the following examples use a structure named “student.” However, the pattern of assignment operations is independent of the data type or the variable names.



PASSING FUNCTION ARGUMENTS

CHOICES

void swap(T pl, T p2);

Pass-by-value
Pass-by-reference

Pass-by-pointer
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A function can only return one value, but swapping or exchanging variables requires changing two values. Consequently, we make the function’s return type “void,” and focus on changing its parameters. So, we need to consider how to pass the parameters, leaving us three choices: pass-by-value, pass-by-pointer, and pass-by-reference.



PASSING FUNCTION ARGUMENTS

CHOICES REASONING

void swap(T pl, T p2); Function must change two arguments
Argument passing must be INOUT
Pass-by-value Pass-by-value: IN only
Pass-by-reference Pass-by-reference: INOUT
Pass-by-pointer Pass-by-pointer: INOUT
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Changing the parameters implies passing them using an INOUT mechanism, eliminating pass-by-value, which is an IN-only mechanism. Fortunately, pass-by-reference and pass-by-pointer are both INOUT mechanisms that will work.



PASS-BY-REFERENCE

void swap(student& pl, student& p2)

{

temp

pl p2

student temp = p2; s1 52
p2 = pl;
pl = temp;

}

student s1 = { 123, "dilbert", 3.0 };

student s2 = { 987, "alice", 4.0 };

swap(sl, s2);
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C++ implements pass-by-reference by adding ampersands to the function’s parameters. The function call is straightforward and doesn’t require any additional operators. C++ references create aliases - additional names for existing variables - by mapping multiple names to one memory location. The “swap” function call maps the parameter “p1” to the same location as the variable “s1,” and similarly for “p2” and “s2.” The assignment operations copy the contents of the right-hand variable to the left-hand variable, so the variables behave very much like the glasses illustrated previously.



PASS-BY-REFERENCE: FAIL

student& temp = p2;

X
temp temp& = p2 X

pl p2 _
“ < p2 = pl X
pl = temp X

X X X X
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There is one pitfall to avoid when implementing the “swap” function with pass-by-reference. Since the parameters are references, it seems reasonable to also make “temp” a reference. However, doing so causes the function to fail. A picture helps illustrate the problem. Making “temp” a reference causes C++ to map it to the same location as “p2” and “s2,” effectively eliminating the third variable needed for the data exchange.
Viewing the contents of the variables as a table helps show how the values change with each statement. The first row illustrates the initial values at the beginning of the function call before the first statement executes. The second row illustrates assigning or copying the contents of “p2” to “temp.” Although there are two names, there is only one variable, so the assignment copies “p2” to itself rather than saving it.
The second assignment, illustrated in the third row, copies the contents of “p1,” which are the same as the contents of “temp,” to “p1,” overwriting and losing the value initially stored in “p2.” The final assignment copies the contents of “temp,” which are identical to the contents of “p1,” to “p1.”



PASS-BY-POINTER (1)

void swap(student* pl, student* p2)
{

student temp = *p2;

*p2 = *pl;

*pl = temp;
}

student s1 = { 123, "dilbert", 3.0 };
student s2 = { 987, "alice", 4.0 };
swap(&sl, &s2);

sl

pl

s2

p2

dilbert

alice

sl

p2

s2

pl

dilbert

alice
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C++ implements pass-by-pointer by adding asterisks to the function’s parameters, also creating aliases but through the intermediate pointers. Each statement in the function’s body must dereference the pointer to access the pointed-to data. Once the pointers are dereferenced, the assignment operator copies the contents of one memory location to another. In this example, the program creates the “student” objects on the stack, so the function call must find and pass the address of each object. Notice that “temp” is not a pointer. Making it a pointer would cause a failure similar to the pass-by-reference failure explored previously.



PASS-BY-POINTER (2)

void swap(student* pl, student* p2)

{
student temp = *p2;
*p2 = *pl;
*pl = temp;

}

student* sl1 = new student { 123, "dilbert", 3.0 };
student* s2 = new student { 987, "alice", 4.0 };
swap(sl, s2);
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Pass-by-pointer also allows a client program to create objects dynamically on the heap with the “new” operator. This example creates the “student” objects with “new,” and stores their addresses in two pointer variables. The “swap” function doesn’t require the address-of operator because the arguments are already pointers or addresses.
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