Trees

In CS1, you already covered Binary Search Trees in depth. I won't cover them in this class, but I will post some code on the course web page that shows an implementation of a binary search tree in Java.

For today's class, I'd like to discuss a three other applications of trees, going through one of these examples in greater detail.

A general tree can have any number of links from each node to subtrees. A quadtree, for example has four links to subtrees from each node. Here is an example of a quadtree:
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Incidentally, a quadtree is often used to store an image. The quadtree above stores the black-white (1=black, 0=white) image shown below:
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To interpret the quadtree, simply note that the first link denotes the upper-left quadrant of the image, the second link the upper-right quadrant, the third link the lower-left quadrant and the last link the lower-right quadrant.

Note how this representation saves space over the 2-D array representation if a chunk of nodes are all colored the same. Also, note the recursive structure of the quadtree can make certain operations easier to code.

Another example of using a tree would be a file system. Each directory can itself contain a variable number of directories. One way we could represent this in code would be to have each node contain a linked list of files as well as a linked list of directories!

Here's a picture of a simple file system:

Think about the type of data structure you would use to store something like this.

Now, we get to our detailed example: Storing a dictionary in an "alphatree." (This isn't a real word, I made it up =))

We can think of storing words in a tree structure where each node can link to the next letter in a word. The root node "stands" for the "null" word, and each node has a possible 26 links, one for each letter. In addition to storing 26 links to similar nodes, a node will store a boolean indicating whether or not that node corresponds to the end of a valid word. Here's a sample tree storing the words can, car, cat and cry.
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But, even better than the way this picture is drawn, if each node stores an array that can indexed, then, we don't even NEED to store any letters at a node, but rather a true and a false. Something like this:

In the code example in front of you, an alphatree is implemented. The code reads in words from a file into the alphatree structure, then allows the user to check to see if a word is valid or not.

The key method that takes care of inserting a word into the tree is addWordHelp, which works recursively.

The method that determines whether or not a word is stored in the tree is search. I chose to write this iteratively to illustrate that both an iterative and recursive technique can work in writing code for this data structure.

