
CSCE 210 HOMEWORK EXERCISES AND TEST 2 STUDY

GUIDE

DR. GODFREY MUGANDA

1. Graphs

1. What do we mean when we say that a graph is sparse?

2. What do we mean when we say that a graph is dense?

3. In general, what is the preferred way to represent a sparse graph? Why?

4. In general, what is the preferred way to represent a dense graph? Why?

2. Dikstra’s Algorithm

Consider the following graph:

Suppose that we were to run Dijkstra’s algorithm (as studied in class) to determine
shortest paths from vertex 0, the source vertex, to all other vertices.

Use a set K to keep track of all vertices v for which we know a shortest path from
the source vertex to v.

Use a set F to keep track of the fringe vertices, which are the vertices that can be
reached from a known vertex (vertex in K) by traversing a single edge.

Also maintain two arrays P [0..n] and D[0..n] where n is the highest numbered
vertex:

For a vertex v in K, the array entry P [v] is the predecessor of v along a shortest
path from the source to v.

For a vertex v in K, the array entry D[v] is the length of a shortest path from the
source to v.
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For a vertex v in F , the array entry P [v] is the predecessor of v along a shortest
path that goes from the source vertex, passes only through vertices in K, and then
goes from the last known vertex in the path to v via a single edge.

For a vertex v in F , the array entry D[v] is the length of the shortest path from
the source vertex, passes only through vertices in K, and then goes from the last
known vertex in the path to v via a single edge.

1. If you add the source vertex 0 to K and then perform the initialization loop of
Dijkstra’s algorithm, what will be

(a) The vertices in K?
(b) The vertices in F?
(c) The values of P [v] for each vertex in F?
(d) The values of D[v] for each vertex in F?

2. In Dijkstra’s algorithm, there is a main loop that follows the initialization loop.
In the example of this graph, how many iterations of that main loop are required
to find the shortest paths to all vertices in the graph?

3. After the first iteration of the main loop referred to in Question 2, what will be

(a) The vertices in K?
(b) The vertices in F?
(c) The values of P [v] for each vertex in K?
(d) The values of D[v] for each vertex in K?
(e) The values of P [v] for each vertex in F?
(f) The values of D[v] for each vertex in F?

4. After the second iteration of the main loop referred to in Question 2, what will
be

(a) The vertices in K?
(b) The vertices in F?
(c) The values of P [v] for each vertex in K?
(d) The values of D[v] for each vertex in K?
(e) The values of P [v] for each vertex in F?
(f) The values of D[v] for each vertex in F?

5. After the third iteration of the main loop referred to in Question 2, what will be

(a) The vertices in K?
(b) The vertices in F?
(c) The values of P [v] for each vertex in K?
(d) The values of D[v] for each vertex in K?
(e) The values of P [v] for each vertex in F?
(f) The values of D[v] for each vertex in F?

6. After the fourth iteration of the main loop referred to in Question 2, what will
be

(a) The vertices in K?
(b) The vertices in F?
(c) The values of P [v] for each vertex in K?
(d) The values of D[v] for each vertex in K?
(e) The values of P [v] for each vertex in F?
(f) The values of D[v] for each vertex in F?
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3. Heaps and HeapSort

1. Suppose that a complete binary tree T has height 4.

(a) How many nodes does T have at level 0?
(b) How many nodes does T have at level 1?
(c) How many nodes does T have at level 2?
(d) How many nodes does T have at level 3?

2. In Question 1, are there any levels at which the number of nodes can vary? If
so, state the minimum and maximum number of nodes at that level.

3. State the property that a complete binary tree must satisfy in order to be a
heap.

4. In lecture, we looked at a simple method for constructing a binary tree that is a
heap by starting with an empty binary tree and successively adding values as they
are given to us. The values are added to the heap in the order given.

(a) Using this method, build a heap that holds the following 8 values, showing
the resulting heap after adding each value:

24 52 26 10 5 55 41 53
(b) Using this method, build a heap that holds the following 8 values, showing

the resulting heap after adding each value:
66 3 31 92 20 37 58 16

5. Suppose that n values of a complete binary tree are stored in successive positions
of an array a[1..n] by storing node values in increasing order of levels, and within
each level, storing the node values in left to right order.

(a) What is the array index of the root node?
(b) If the value of a node X is stored at array position k, at what positions

will the left and right children of X be stored, and at what position will
the parent of X be stored?

(c) If a node X is stored at position k in the array, how can you tell if node X
has a parent? has a left child? has a right child?

(d) If a node X is stored at position k in the array, how can you tell if node X
is a leaf? has only one child? has two children?

6. If we already have a heap and we add a new value at the deepest level and as
far left as possible, the newly added value may violate the heap property. Describe
in English, as precisely as you can, the sift-up procedure that has to be performed
to restore the heap property.

7. If we already have a heap in an array a[1..(k − 1)] and we add a new value at
position k, the newly added value may violate the heap property. Write a Java
procedure

void siftUp(int [ ] a, int k)

that performs the sift-up procedure you described in Question 6.

8. If we already have a heap and we remove the root value, and then remove the
deepest right-most leaf and make it the new root of the remaining binary tree,
the resulting binary tree, although still complete, may violate the heap property.
Describe in English, as precisely as you can, the sift-down procedure that has to be
performed to restore the heap property.
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9. If we are using an array a[1..k] to represent the heap of Question 8, write a Java
procedure

void siftDown(int [ ] a, int k)

that performs the sift-down procedure. Here we assume that a[1..k] holds the values
of the heap, and that only the value a[1] currently violates the heap property.

4. AVL Trees

1. State the balance condition that every AVL tree needs to satisfy.

2. In lecture, we looked at a simple method for constructing an AVL tree by starting
with an empty binary tree and successively adding values as they are given to us,
and then performing rotations as needed. The values are added to the AVL tree in
the order given.

(a) Using this method, build an AVL tree that holds the following 8 values,
showing the resulting tree after adding each value:

24 52 26 10 5 55 41 53
(b) Using this method, build an AVL tree that holds the following 8 values,

showing the resulting tree after adding each value:
66 3 31 92 20 37 58 16

3. You should be able to perform the procedure for correcting all four types of
imbalances that can occur in an AVL tree after the addition of new value


