
Universitetet i Oslo
Institutt for Informatikk

INF 2220: algorithms and data structures
Høst 2011 16. 09. 2011Series 3

Topic: Map and Hashing

Issued: 16. 09. 2011

Classroom

Exercise 1 Since no order information is stored in a hash table, one has to go through every
element in the table in order to look up a particular element, or the maximum or minimum
element in the table. Thus, the complexity is O(n).

Exercise 2 Usually, we delete an element from a hash table by just marking it as deleted, but
not removing it from the table. This “lazy deletion” allows us to search for an element without
rehashing the whole table. However, if there are too many elements are deleted, we have the
table almost full but unused. This might result in doubling the size of the arrary very often.

Exercise 3

1. Linear probing hash-table

elements: 39 26 67 42 3 57 18 5 13 70
i: 0 1 2 3 4 5 6 7 8 9 10 11 12

2. Separate chaining hash-table

i: 0 1 2 3 4 5 6 7 8 9 10 11 12
List ↓ ↓ ↓ ↓
of 39 67 42 57

elements: ↓ ↓ ↓
13 3 18
↓ ↓
26 5

↓
70

Exercise 4

1. Linear probing hash-table

elements: 9679 4371 1989 1323 6173 4344 4199
i: 0 1 2 3 4 5 6 7 8 9
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2. Quadratic probing hash-table

elements: 9679 4371 1323 6173 4344 1989 4199
i: 0 1 2 3 4 5 6 7 8 9

3. Separate chaining hash-table

i: 0 1 2 3 4 5 6 7 8 9
List ↓ ↓ ↓ ↓
of 4371 1323 4344 4199

elements: ↓ ↓
6173 9679

↓
1989

Exercise 5

1. show the resulting Quadratic probing hash-table

elements: 19 38 78 57 53 25 76 72 91 15 34 56
i: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

2. show the resulting Double probing hash-table. Note that you have to first find the largest
prime number which is smaller than the size of the hash-table.

elements: 19 78 53 25 34 76 91 57 38 15 72 56
i: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Exercise 6 The class BinaryHashMap serves as a basis for the questions in these assignments.
The internal array (of lists) which is used by the BinaryHashMap only contains 2 elements. It
also has a very basic hash-function, which hashes all keys with an even length to 0 and all keys
with an odd length to 1.

All complexity questions should be anwered with big-O notation, both for average case and
worst case.

1. worst case O(n) = n

average case O(n) = (n/2)/2 = n/4

On average, one has to check half the list to find an element.

2. worst case O(n) = n

average case O(n) = (n/2)/2 = n/4

One has two lists with n/2 elements on average, and you have to check half the list on
average to find an element. In the worst case, all elements are sorted in one list, and one
might have to go through the whole list to locate an element.

3. worst case O(n) = n

average case O(n) = n/4

We first have to find the element as before, i.e. the same penalty as before. Updating the
pointer to the new element can be done in constant time and therefore can be ignored.

4. The number of elements in internal lists are distributed perfectly as described is: N / M.

The complexity of finding an element in a list with length N/M is

worst case: N/M

average case: (N/M)/2 = N/2M
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