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Question 1. (4 points)
The given pseudo-code below takes an array A = {1, 2, 3, 6, 3, 5, 2, 1, 5, 6, 11, 2, 4, 2} of n positive integers (n = 14 in this example) as input and uses an initially empty stack S as an internal variable.

t ← 0

for (i=0; i<n; i++) do  {
	if (A[i] mod 2) = 1 then
S.push(A[i])
}

while S.size() > 0 do { 	 
k = S.pop()
t ← t + k 
}

print t


a) (2 points) What is the output of the above algorithm for the given input ?

The output of the above algorithm is 29, which is the value of the variable t. What the code does is take the input array A and for each element that is an odd number, it adds that number to a secondary stack S. After running the for loop, stack S would contain {1,3,3,5,1,5,11}. Then the while loop is run which removes each value from the stack and adds it to a running total t. It essentially adds up the odd numbers in the stack S, which in this case adds up to 29.

b) (2 points) What is the big-Oh running time of the above algorithm in terms of n, the number of integers in a non-empty array A? You can give the answer without justification.
The Big-O running time for this algorithm is n, or O(n), where n is the size of the input array. The most the whole algorithm can run is 2*n as, if all the numbers in the initial array are odd, then stack S would have n elements, and n+n = 2n, but for Big-O notation, constant multiples of n still result in a runtime of n.



Question 2. (6 points)

A Pizzeria offers M different kinds of pizzas (let’s assume that the pizza kind is a number between 0 and M-1). In order to serve its clients quickly, the pizzeria cooks pizzas in advance. Let’s say that at a given moment, the pizzeria has N pizzas ready of different kinds, with N>>M. When a client orders a pizza of a given kind, it receives the pizza of that kind that has been cooked since the longest time (to avoid wasting pizzas). A client has also the possibility of ordering a surprise pizza, that is the client does not choose the kind of pizza but gets the pizza at a lower price. In that case, the pizzeria gives to the client the oldest pizza of all pizzas prepared. 

Write an algorithm, for each of the following operations:

To implement this, I’ll use the ArrayList structure Java has and make an M x N Array where M represents the different types of pizzas and N represents the amount of that type of pizza cooked

addPizza(kind)
getPizza(kind)
getSurprisePizza()

//note variable kind is an integer that represents which kind of pizza, analogous to the list //number; M=0 is the list of pizzas of type 0, etc.

import java.util.*;
//use ArrayList of ArrayList
//M is number of lists needed
ArrayList<ArrayList<Pizza>> pizzaList = new ArrayList<ArrayList<Pizza>> (M);

addPizza(int kind)
{
Pizza tempPizza; 
tempPizza = new Pizza();
tempPizza.setKind(kind);
tempPizza.setTime( system.currentTimeMillis() );
pizzaList.get(kind).add(Pizza);
}
//note, we don’t know what the constructor Pizza requires, if we do, then we add in the details
//such as the toppings
//note if we need to add a new Pizza type, we can simply add another ArrayList<Pizza> to the master list of Pizzas
//I’m assuming that the setters for the Kind and Time are already implemented


getPizza(int kind)
{
//since we are using an ArrayList of ArrayLists, we simply remove the first element of that //ArrayList
pizzaList.get(kind).remove(0);
} 

getSurprisePizza()
{
//here we can simply compare the first Pizza in each List, worst runtime will be determined by //the number of Pizza types M
int i=0;
int tempTime = 0;
while( i<pizzaList.size() )
	{
		if ( tempTime == 0 || pizzaList.get(i).get(0).getTime() <= tempTime ) 
		{
			tempTime = pizzaList.get(i).get(0).getTime();
		}
	i=i+1;
	}
for (int i=0; i<pizzaList.size();i++)
{
	if ( pizzaList.get(i).get(0).getTime().equals(tempTime) )
	{
	Pizza pizza = pizzaList.get(i).remove(0);
	return pizza;
	}
}
}
Determine the Big Oh running time for each implementation of these operations.

Notes: 
For full points the time of each operation should not depend on the total number of pizzas N; otherwise, the maximum will be 4 points.
You may use other data structures seen in class to implement your data structure.
You can write your algorithms in pseudocode or Java-like code.
You may call system.currentTime() when you create a pizza.
You may assume the existence of a class Pizza with the following methods:
getKind()
getTime()

Both addPizza(kind) and getPizza(kind) both run in constant time O(1) as we aren’t looping through elements to get to them. The getSurprisePizza() method takes M linear time O(M) where M represents the different varieties of pizzas. For example, if there are pepperoni, cheese, and mixed meat pizzas, with 20 of each cooked, M would be 3 as there are only 3 types of pizzas. In the worst case, the code would do 2*M operations if the surprise Pizza would be the pizza from the last ArrayList, so in this example 6 operations. Big-O Notation removes constant multiples, so O(M) is the final answer for the surprisePizza.
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