COS 423


Simulating Queues and Deques with Stacks
Spring 2004



from 2/4 lecture

Amortized 
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situation of a queue Q via two stacks, I (input) and P (output). 
Q=P&IR (stack P catenated with I reversed). To push an element on Q, push it on I. To pop an element from Q, pop it from P, unless P is empty. In this case, first repeatedly pop elements from I and push them onto P until I is empty. Then pop from P.

Exercise: Prove the correctness of this simulation.

Amortized analysis: Let 
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 Then moving elements from I to P takes zero amortized time. A push takes 3 units of amortized time.  A pop takes 1 unit of amortized time (doesn’t change 
[image: image3.wmf]).
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Exercise: Fill in the details of this analysis.

Amortized 
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 simulation of a deque D via three stacks, F (front), B (back) and T (temporary).
D=F&BR; T is empty except when F and B are restructured. To simulate an operation on D, perform it as a stack operation on F or B as appropriate, unless the operation is a pop on an empty F or B. The two cases are symmetric.  Suppose we want to pop from an empty F.  First, move the first half of B onto T by pops from B and pushes onto T.  Then move the rest of B onto F by pops from B and pushes onto F. Finally, move the contents of T to B by pushes and pops. Then pop from F. (one pop and one push can be saved by popping the last element of B directly to the output and then moving T to B.) 

Amortized analysis: let 
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 for an appropriate constant factor c. Then pushes and pops from either end of D take O(1) amortized time.
Exercise: Fill in the details of the amortized analysis, choosing c to minimize the amortized time of a deque operation.

Exercise: Show that, for any data structure supporting addition and deletion of elements in O(1) amortized time per operation, the amortized time of the deletions can be reduced to zero while increasing the amortized time of the insertions by only a constant factor.

Exercise: Show that two stacks cannot be used to simulate a deque in O(1) amortized time per deque operation. Obtain the largest lower bound you can as a function of 
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for the simulation of 
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deque operations using two stacks.
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