CS 140a

Homework 2

Due: Monday, October 26

1. A self-adjusting list is like a regular list, except that all insertions are performed at the head of the list, and when an item is accessed through Search(), it is moved to the head of the list without changing the relative order of the other items.  The Search() function returns either TRUE or FALSE based on whether the item was found.  Write the Insert() and Search() functions for a self-adjusting list implemented with an array.  What are the time complexities of the functions?  (Do not take into consideration the type of item in the list, your functions should work the same regardless of the type.)

void Insert(itemtype item)


O(1)

{


if(current_size < max){



L[current_size] = item;



current_size++;


}


else



error - list is full

}

int Search(itemtype key)


O(n)

{


for(int i=0; i<current_size; i++){



if(L[i] == key){




Remove(key);

// remove will essentially shifts the items to right down

Insert(key);

// puts item back at the head of the list

return TRUE;

}

}

return FALSE;

}

2. Show how to implement a queue using two stacks.  Analyze the running time of the queue operations.  You do not have to actually write the code, you may just describe the method (pictures are helpful), but be sure you are clear.

Enqueue(item)
Push item onto Stack 1.

Dequeue()
Pop all items from Stack 1 while pushing onto Stack 2.




Now the top item in Stack 2 is the one to be dequeued (Pop Stack 2).




Pop all remaining items from Stack 2 while pushing onto Stack 1.

Enqueue
O(1)

Dequeue
O(n)

3. Show how to implement a stack using two queues.  Analyze the running time of the queue operations.  You do not have to actually write the code, you may just describe the method (pictures are helpful), but be sure you are clear.

Push(item)
Enqueue item onto Queue 1.

Pop()

Dequeue all items but one from Queue 1 while enqueueing onto Queue 2.




The last item in Queue 1 is what is popped (dequeue Queue 1).




Now think of Queue 2 as Queue 1 and vice versa.

Push
O(1)

Pop
O(n)

4. For each part, specify what type of data structure would best be used for the following situation (list, stack, or queue).

a. Customers at a grocery store wait to pay for their groceries.

QUEUE

b. Hansel and Gretel leave their home and traverse a path dropping breadcrumbs at particular locations on the way.  They then want to use their breadcrumbs to find their way home (using the reverse path).







STACK

c. A bank keeps track of their customer accounts.



LIST

d. A library stores the information about each book that they own.
LIST

e. Students wait at the Registrar to enroll in classes.


QUEUE

5. Write functions for an inefficient queue, where the items are stored in an array in such a way that the queue's head is always at location 0 and the queue's tail is always at location current_size_of queue -1.  Specify the time complexities of your functions.

void Enqueue(itemtype item)


O(1)

{


if (tail >= max)

error - queue full

else{



Q[tail] = item;



tail++;


}

}

itemtype Dequeue()



O(n)

{


if (Empty())




// head and tail are both at position 0



error - queue empty


else{



itemtype data = Q[head];



for(int i=0; i<tail-1; i++)




Q[i] = Q[i+1];



tail--;


}

}

6. Convert the following expressions to postfix notation.

a. (a+b)*(c-d*e)/f


a b + c d e * - * f /

b. a*(b+c/d*e)-f


a b c d / e * + * f -

7. Show the stack at each stage when evaluating the following postfix expression.
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