APCS Lecture: Stacks, Queues and Priority Queues

A stack is a data structure that holds items in a sequence (like an array or linked list), except it can only add or remove items from the end (the top of the stack). 

Create a stack of books on the desk. The only operations are add and remove. Add and remove some books. Only use the top of the stack. See how stacks work?

If we create a stack in Java, and we want methods to add and remove, which method would need an argument? Would there be any need to send an argument to the remove method?

The Stack class used in AP Comp Sci has the following methods:

push (needs an Object argument to “push” on top of the stack)

pop (no argument received – but stack must be non-empty; returns the popped Object)

peekTop (returns the Object which is on top of the stack)

isEmpty (returns a boolean, true if empty)

Stack is an interface, meaning that there is no code written for the methods. Instead, we need to instantiate it with a class. The AP gives us ArrayStack as our class. Look at both Stack.java and ArrayStack.java, and see how the class implements the interface. One of your assignments is to write a different class (using linked lists) to implement the Stack interface.

Assuming that we start with an empty stack, tell the result of:

Stack myStack = new ArrayStack();

myStack.push(“A”);

myStack.push(“B”);

myStack.push(“C”);

myStack.push(“X”);

myStack.push(“Y”);

c.println(myStack.peekTop().toString());

Object myObject =myStack.pop();

c.println(myStack.peekTop().toString());

myObject=myStack.pop();

myStack.push(“Z”);

What does the stack now look like?

How can we print everything in the stack as we remove it all from the stack?

Applications for stacks: hiring (last hired, first fired)

Checking for correct bracket matching in expressions like:


[3+(2-7)*{8+(6-5)}*11]

How could we use stacks to check to see if the brackets/braces/parentheses are placed in a possible manner?

(code is on page 918)

Note: the pop method requires that the stack be non-empty. What if the programmer ignores that warning? Is a run-time error better, or a program that gives incorrect answers?

We can cause a run-time error by “throwing an exception.”

inside pop, that is done:

public Object pop()

{

 
if (isEmpty()==0)



throw new NoSuchElementException(“Stack Is Empty”);


return list.removeLast()

}

After the throw command, we need some-throwable-object (descends from the Throwable class). In the AP course, we may use two:

IllegalStateException (wrong time to call the method)

NoSuchElementException (element does not exist – found in java.util)

We need to instantiate one of these class objects, which have constructors which expect a String argument. See code above.

Stacks are not wise choices for some applications, such as processing people in a line at the movies. If we use a stack, then the most recent person to get in line is the first person served. Why is this bad?

What is a better method of running the ticket line?

A queue is another data structure which holds a list-like structure, and elements are added to the tail of the queue and removed from the head of the queue.

Show the result of starting with an empty queue, and doing the following add/removes:

add(“A”)

add(“B”)

add(“C”)

remove() //what gets removed?

remove() //what gets removed?

queue is an interface, which can be instantiated with the class ListQueue

methods are:

enqueue (needs an Object argument)

peekFront (returns the Object at the front)

dequeue (returns the removed Object)

isEmpty (returns boolean)

The BankSim program uses queues in realistic, useful simulation of teller lines at a bank. Each customer will be saved as an object of the Customer class. The goal of the simulation is to monitor waiting times to make sure they don’t get too long. What data do we want to keep for each customer?

See page 929 for the Customer class the book uses. Read page 930 for explanations.

The BankSim class runs a simulation of a bank (P 931). Note the constructor and the arguments it takes. Trace the constructor, paying attention to the private data of the class. 

notes: 

chanceNewCustomer is a double (from 0 to 1) which is the probability of getting at least one customer each simulation unit (second, minute, etc). More than one customer may arrive each time unit.

comments is a queue containing info that can be read after a simulation (for debugging, getting more run-time info)

customerInfoQueue contains a queue of all customers that have entered the bank (some there, some gone)

customerQueue contains a queue of all waiting customers

tellers is an array of all customers currently being served

So the way the simulation works is:

Let’s make the simulation unit a second. Thus, each second, it is randomly determined whether a customer arrives then. If one does, it is put in two queues: the customerQueue, and the customerInfoQueue (the first is to run the sim while the second is more like for archival storage). Then the program checks to see if there are any empty tellers and waiting customers. If so, it puts the customers at the empty teller windows, and serves the customers currently at the windows.

Let’s assume that we have two tellers, and want to simulate an hour of bank time. Make newChanceCustomers = 1/120 (about one customer each 5 minutes). Let’s trace part of this simulation.

How does it get determined how long each customer will need?

assume that we get customers arriving with the following numbers, arrival times and service times:

number
arrival time
service time

1

20

120

2

55

180

3

80

300

4

125

320

5

400

60

6

450

100

7

1200

150

Trace the program with the above data. The program to test is on page 937-38. It’s a cool program!

APCS Classwork – Queues (modifying the bank simulation) 

Start with a partner

1.
Modify the bank simulation program so that a person who waits 10 minutes or more may leave the line at that time. The chances of that person leaving is:

0.05 +.04*(minutes waiting beyond 10 minutes).

For example, if the wait time is 15 minutes, the probability that the person left before getting waited upon is .05+(0.04*5)=.25.

2.
Introduce gender to the simulation. The simulation should use a probability for the chance of a customer being a man or woman. Each gender has a different tolerance for a wait. For the man’s formula, use the one from #1. For women, make if 0.04+0.03*(minutes beyond 10).

3. Some customers will leave the bank if the line looks too long. Assume that if there are more than 4 customers per teller waiting in line, then 1/10 customers never get in line. If there are more than 5 customers per teller in line, than 1/8 customers never get in line. If there are more than 6, then 1/6 never get in line. If there is more than 9 per teller, then only 10% of customers will actually enter a line then. Make sure that these quitting customers are put in the information queues, and data from them is printed.
4. Assume that 80% of the people with service times of less than 2 minutes have one transaction only. Make one of the teller lines an “express line” for customers with one transaction only. See if it reduces average wait time. There are three ways to do this: 
a. have all customers with only one item automatically enter a separate express line, and just use that teller

b. have customers with one item be allowed to step out of the line prematurely in order to be served by the express teller

c. give all customers with one item the option of either going in the express line or the regular one. Have them “guess” what line will be shortest in a realistic way. 
Individual Assignment:

pages 949-950 #1 (if it doesn’t already exist, otherwise do #6), 3, 4, 8
In addition, complete as many of the options from the partner/classwork that was assigned.
A priority queue is a third data structure that holds items in a sequence. Items have a priority associated with them and are removed according to that priority. Two items that have the same priority are removed in normal “queue” fashion. 

If you have three priority categories, with top priority 1, then 2, and last 3, then it is like having three queues, and you only remove from #2 after #1 is empty, and you only remove from #3 when #2 is empty.

See the interface on page 942. Tell the result of:

add(“A”,2); //value is “A”, priority is 2

add(“B”,1);

add(“C”,1);

add(“D”,2);

what is you peekMin() here?

what if you remove here?

Because PriorityQueue is an interface, we implement it with a class called ArrayPriorityQueue. Note - these priority classes and interfaces are not part of the Java class library, so they must be put in the folder of your application.

For priority assessing, it uses the compareTo() method. That method is actually written in the implementation class..

Note, these too are interfaces. The Objects we use in priority queues need to be compared in a special way, and we usually use PriorityString objects. If we use the PriorityString class (page 943), the compareTo() just compares the priority string, while toString() stingizes the data string. See the top of page 944.

Trace the very simple example of a priority class on page 944-946.

