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Random Variable

• Sample Space

• Probability distribution

• Expectation of a (numerical) random variable



Expectation

• I toss coin thrice. What is the expected 
number of heads.



Linearity of Expectation

• I toss coin thrice. What is the expected number of heads?



Linearity of Expectation (Example 2)

• m balls are thrown into one of n bins independently and 
uniformly at random. What is expected number of balls in bin j?

If each of n items is present in a set with prob. p, the expected size of the set is np



Linearity of Expectation (Example 3)

• Same question as before. What is the 
expected number of empty bins?



Randomized Algorithms

• A randomized algorithm performs coin tosses (i.e., 
uses random bits) to control its execution

• It contains statements of the type: 
• Its running time depends on the outcomes of the 

coin tosses
• We analyze the expected running time of a 

randomized algorithm under the following 
assumptions:
– the coins are unbiased, and
– the coin tosses are independent

• The worst-case running time of a randomized 
algorithm is often large but has very low 
probability (e.g., it occurs when all the coin tosses 
give “heads”)



Randomized Quicksort

• Pick the pivot uniformly randomly from the array

• Expected Time Complexity of Randomized Qsort?







Sorted Arrays & Linked Lists
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Search Time: Backward Analysis



Search Time: Backward Analysis



Search Time: Backward Analysis



Summary

• Skip Lists are easy to implement

• They have expected complexity of O(log n)

• They have O(n) space


