Advanced Data Structures, Test 2
SOLUTIONS

1. (10 pts) Demonstrate the insertion of keys 5, 28, 19, 15,,288, 12, 17, 10 into a hash
table with collisions resolved by chaining. Let the hash tdb have 7 slots, and let the
hash function beh(k) = k mod 7.
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2. (8 pts) Consider the following potential red-black treegwith the keys left out). Recall
that we represent black nodes by hashed lines and red nodesioyhashed lines. Which
of the following are valid red-black trees? For each which st a valid red-black tree,
give a reason why it is not a red-black tree.
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Solution: Only Il. and IV. are red-black trees.

l. is not a red-black tree because the path from the root to theil[T] by going right
twice goes through only 1 black non-nil node, but the other phas (for example going
left 3 times) go through 2 black non-nil nodes.

[1l. is not a red-black tree because the root is not black.
V. is not a red-black tree since there is a red node with a red itdh

3. (6 pts) Consider the following red-black treel. What does the tree look like upon
performing RB-Delete(T’; z)? You must show intermediate steps.

Solution: Sincez is a leaf (except for the NIL's under it), the initial deletion is
straightforward. Then proceed



4. (6 pts) Consider the following red-black treel. What does the tree look like upon
performing RB-Insert(T;z) for z a new node with key value 12? You must show
intermediate steps.




Solution: The initial insertion puts z as a red left child node of the node with key
value 13. Sincep[z] is red, proceed

5. (3 pts) Suppose we have numbers between 1 and 1000 in a byjnsearch tree and we
want to search for the number 502. Can the following sequenbe a sequence of nodes

examined? Why or why not?

723123 207,510 315 490 503 495 499 502

Solution: This is a valid sequence of nodes, because, as we can see bétmwtree
formed by going from the root 723 down to 502 is a valid binaryearch tree.



6. (10 pts) Consider the following binary search tre@ .

(a) What is Tree-Successoif(; ¢)?

Solution: 1.
(b) What is Tree-Successoi; h)?
Solution: b.

(c) Put the keys 1,2,3,4,5,6,7,8,9,10 into the nodes @f so that T remains a binary
search tree. (In other words, put these numbers intd in the order of an inorder
tree walk.)

Solution:



(d) Write down an order of inserting, using Tree-Insert, thenumbers 1,2,3,4,5,6,7,8,9,10

into an initially empty binary search tree so that the resultis the binary search
tree from the previous part (c).

Solution: The idea is to work from the root down, since the root is inseed
rst into an initially empty binary search tree, and then it cannot move from the
root (since the subsequent nodes are all inserted as leaveSp, for example, the
sequence $4;7;2;5;9; 1; 3; 8; 10 works.

7. (10 pts)

(a) If his the hash function from the positive integers td 0;1;2;3;:::;99 (som =

(b)

(€)

100), using the multiplication method for constantA = :7329, computeh(423)
and h(13). Show your work.

Solution: h(423) = bm((423A) mod 1)c = b100(3100167 mod 1§ = bl100(0167k =
bl:67c=1:

h(13) = bm((13 A) mod 1)c = bl00(25277 mod 1§ = b100(5277k = b5277c =

52

Let h% U !'f 0;1;2;:::;306y (som = 307) be an auxiliary hash function de ned
by hqk) = k mod 307. Leth(k;i) be the hash function withm = 307 made from
h%using linear probing. Computeh(503Q 0) and h(306; 15). Show your work.
Solution:  h(k;i) = (hqk) + i) mod m. So h(503Q0) = h%5030) = 5030
mod 307 = 118. Note that 5030 mod 307 can be computed on a ca#tor
asb(5030=307) mod t 307.

h(306; 15) = (hY306) + 15) mod 307 = (306 + 15) mod 307 = 321 mod 307 =
14.

What is primary clustering and why does linear probing ted to su er from it?

Solution: In linear probing, collisions in the hash table are resolveldy moving
to the next available slot in order. So if all the slots 7 throgh 18 are lled, then
the item will be put in slot 19 for any auxiliary hash valuehqk) between 7 and
18. So there is a large chance that the cluster from 7 to 18 wgtow by taking up
the value 19. This phenomenon is calledrimary clustering. Primary clustering
is problematic, since if the clusters are large, then it tergdto take a long time to
nd an open space in the hash table.



