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A common sub-problem
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Now that we know about variables and data types let’s use that understanding to solve a simple problem: swapping the values stored in two different variables. We usually don’t see this problem in the simple form shown here, but it forms a sub-task to more complex and common problems. It also allows us to introduce a technique of using metaphors to help understand programming problems.


THE PROBLEM
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To understand the swapping problem, we imagine the variables whose values we want to swap as two glasses filled with different liquids. We’ll draw the glasses differently to help us distinguish them, but we’ll assume that they have the same capacity. The problem begins with green liquid in the tall glass and blue liquid in the wide glass. When done, we want the liquids swapped so that the blue liquid in the tall glass and the green liquid in the wide glass.


A FAILED SOLUTION
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Our first attempt fails, both in the metaphor and in the code. It also shows how metaphors and problems aren’t always the same. Labeling our tall and wide glasses allows us to write a couple of lines of pseudocode, which assigns the contents of one glass or variable to the other. If we think of the assignment operation as pouring liquid from one glass to another, pouring green liquid from the tall glass to the wide glass would mix the two liquids and overflow the wide glass. But code is a little different.

A variable can only hold one value at a time. The assignment operation copies a value from one place to another, and it overwrites or replaces the value stored in the destination, “w” in this example. The picture illustrates what takes place in the code: The first line “copies” the green liquid from the tall to the wide glass, and the second line “copies” the liquid from the wide glass, which is now green, to the tall glass.
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Although the variable-as-a-glass metaphor isn’t completely accurate, it can help us see the correct solution. What we need is a temporary glass. We can pour the blue liquid from the wide glass into the temporary glass. Now, the wide glass is empty and ready for the next step. Suppose we are looking at actual variables instead of glasses. In that case, the wide-glass variable is only logically empty – it still contains the original value. Still, we have saved that value in the temporary variable, so it is not lost when we overwrite the wide glass contents.
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With the blue liquid saved in the temporary glass, we may pour the green liquid from the tall glass to the wide glass. The tall glass is now empty. As before, the tall-glass variable is “logically” empty in the sense that the original value is copied and saved in the wide-glass variable.
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In the final step, we pour the blue liquid from the temporary glass into the wide glass. We’ve solved the original problem: the contents of the two glasses are now swapped from their original state. The temporary glass is no longer needed and can be discarded or ignored.


SWAPPING VARIABLES:
A PROGRAMMING SOLUTION

SETUP SOLUTION

T x1 = ..; T temp = x1; // step 1
T x2 = ..; x1l = x2; // step 2

x2 = temp; // step 3
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Now, let’s look at the same problem but expressed as a programming problem represented with pseudo code. We begin with two variables instead of two glasses. We’ll use a capital “T” to represent a general data type for two reasons. First, this solution is independent of the data type; that is, it will work with all kinds of data. Second, to emphasize the requirement that the temporary variable must be the same data type as the two variables whose content we want to swap. We use ellipses to represent code that is not significant to the problem or its solution.
Just as we needed a temporary glass in the metaphor version of the problem, we need a temporary variable for the programming solution. Step one includes two operations: it defines a variable named “temp” and initializes temp by copying the value stored in x1. It’s possible but not necessary to break step 1 into two steps.
x1 is now free, so we copy the value stored in x2 to x1.
Now, x2 is free, and we copy the value saved in temp to x2.
At the end of step 3, we’ve solved the problem of swapping the contents of two variables.
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