2004Spring               CS146 Study Guide of Midterm 3

Date: Tuesday April 13th 2004

Topics cover:

1. Breadth and depth first searches. 

2. Connectivity algorithms. 
3. Shortest path. 
4. Hamiltonian path and travelling salesperson problems

5. AVL trees
6. B-trees
7. Red-black trees.

8. Heapsort

9. Polynomial reduction. 

10. independent set, 

11. graph coloring

12. Topological sort.

13. Huffman codes

Sample Problems

1. Find the shortest paths from each node to Node 1 in the network below using the Dijkstra’s Algorithm. Use the table (just like in the HW) to give the next-node and distance values at each step. Show your calculations for each step if you want partial credit.
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2. A graph is called bipartite if the set of its vertices can be represented as a union of two disjoint sets such that no two nodes of the same set are connected by an edge. i.e., edges only go from the nodes of one set to the nodes of another. 

(a) Prove that every tree is bipartite graph.

(b) Prove that every bipartite graph is 2-colorable.

3. A greedy heuristic can yield an optimal ordering if the vertices are visited in the correct order. We selected the saturation degree ordering algorithm : selects a node in the graph that has the largest number of differently colored neighbors. 

(a) Give an example that the saturation degree ordering algorithm give the optimal solution.

(b) Give an example that the saturation degree ordering algorithm does not give the optimal solution.

4. (a) Define the term “B-trees  of order m”

Ans. A B-tree of order m is an ordered tree which satisfies the following properties: 

· Every node has at most m children.

· Every node, except the root, has at least m/2 children.

· The root has at least 2 children. 

· All leaves occur on the same level. 

(b) What are the use of B-trees?

Ans. They  are commonly used in large commercial databases to provide quick access to the data.

5. Insert the following letters into what is originally an empty B-tree of order 5: A G F B K D H M J E S I R X C L N T U P. Order 5 means that a node can have a maximum of 5 children and 4 keys. All nodes other than the root must have a minimum of 2 keys.

Ans. 
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[image: image4.png]Inserting D, H, and M proceeds without requiring any splifs





[image: image5.png]Tnserting I reqires a split. Note that T happens to be the median key and so is moved up into the parent node.





[image: image6.png]The letters E, S, I, and R are then added without needing any spli.





[image: image7.png]When X is added, the rightmost leaf must be split. The median item R is moved up into the parent node. Note that by moving
up the median key, the free is kept fairly balanced, with 2 keys in each of the resulting nodes.





[image: image8.png]‘The insertion of C causes the lefimost leaf to be split. C happens to be the median key and so is the one moved up into the
parent node. The letters L, I, T, and U are then added without any need of spliting





[image: image9.png]Fimally, when P 15 added, the node with K, L, M, and I splits sending the median M up to the parent. However, the parent
node is fll, so it splis, sending the median T up to form a new root node. Note how the 3 pointers from the old parent node
stay in the revised node that contains C and F.





6. Suppose you have a B-tree of order 5
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What is the result if you delete P ?

Ans. 
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7. Suppose you have a B-tree of order 5
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You delete C. What is the result of this B-tree?

Ans. We see that the parent node now contains only one key, F. This is not acceptable. If this problem node had a sibling to its immediate left or right that had a spare key, then we would again "borrow" a key. Suppose for the moment that the right sibling (the node with M T) had one more key in it. We would then move J down to the node with too few keys and move the M up where the J had been. However, the left subtree of M would then have to become the right subtree of J. In other words, the K L node would be attached via the pointer field to the right of J's new location. Since in our example we have no way to borrow a key from a sibling, we must again combine with the sibling, and move down the J from the parent. In this case, the tree shrinks in height by one.
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9. Suppose you have a B-tree of order 5
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You want to delete C. What is the final result?

Ans. We begin by finding the immediate succesor, which would be D, and move the D up to replace the C. However, this leaves us with a node with too few keys. 
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Since neither the sibling to the left or right of the node containing E has an extra key, we must combine the node with one of these two siblings. Let's consolidate with the A B node. 
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But now the node containing F does not have enough keys. However, its sibling has an extra key. Thus we borrow the M from the sibling, move it up to the parent, and bring the J down to join the F. Note that the K L node gets reattached to the right of the J. 
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10. Find a vertex cover for the following graph:
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11.Explain why the breadth-first search algorithm apply on a connected graph will produce a spanning tree.

12.(a) Suppose that the root of a Red-Black tree is red.  If we make it black, does the tree remain a Red- Black tree ?

(b) What is the largest possible number of internal nodes in a Red-Black tree with black height k ? 

         What’s the smallest possible number ?

13. Use the depth-first search tree of the following undirected graph. How can you determine the articulation points in this graph?

[image: image19.png]Figure: An undirected graph and its depth-first search free




14.Why is Kruskal's algorithm correct? Hint: Prove the following result:

Theorem: Let G be a weighted graph and let [image: image20.png]&C &



. If E' is contained in a MST T and e is the smallest edge in E-E' which does not create a cycle, [image: image21.png]HuelC T




15.What is the chromatic number of the following graph?
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