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buffer of fixed
capacity

a circular queue

A queue can be linear or circular.
Applications for circular queues:

e waiting room with fixed #seats,
¢ buffer to process data.
We first use an array to implement a queue
@ two indices, to front and back element,

® update: (index + 1) modulo array size.
— modulo capacity, indices only increase
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buffer of fixed

s #ifndef MCS360_Cl RCULAR FI XED_BUFFER_H
#def i ne MCS360_Cl RCULAR_FI XED_BUFFER_H

nanespace nts360 circul ar_fixed_buffer
{

tenpl ate <typenane T>

cl ass Queue

{ .
private:
T +dat a;
size_t capacity; // capacity of buffer
int current; /1 index to front of queue
i nt back; /1 index to end of queue

size_t nunber; /1 nunber of elenents
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buffer of fixed
capaci

i - public:

o et Queue( int c );

/] creates an enpty queue
void push( Titem);

/1 pushes the itemat the end

bool empty();

/] return true if queue is enpty
T front();

/'l returns the front el enent
voi d pop();

/'l renoves the front el enent
}
}
#i ncl ude "ncs360 _circular_fixed buffer.tc”
#endi f
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#i ncl ude "ncs360 circular _fixed buffer.h"
e oo #i ncl ude <i ostreanr
e

improvement an namespace ncs360_circul ar_fixed_buffer

tenpl ate <typenane T>
Queue<T>:: Queue( int c )
{

capacity = c; dat

a new'ﬂc]
current = -1; back

nurmber = 0

}

tenpl ate <typenane T>
voi d Queue<T>::push( T item)

{
t hi s- >back
= (this->back + 1) %this->capacity;
thi s->data[this->back] = item

t hi s->nunber = this->nunber + 1
if(this->current < 0) this->current = 0;
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buter o ed tenpl ate <typename T>

e .. bool Queue<T>::enpty()

e ‘

return (this->nunber == 0);
}
tenmpl ate <typenane T>
T Queue<T>::front()
{

}

tenpl ate <typenane T>
voi d Queue<T>:: pop()
{

return dataf[this->current];

t hi s->current
= (this->current + 1) %this->capacity;
t hi s->nunber = this->nunber - 1;
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#i ncl ude <i ostreanr
. #i ncl ude "nts360_circul ar_fixed_buffer.h"
usi ng namespace nts360_circul ar_fixed_buffer;
usi ng nanespace std;

int main()
{
Queue<i nt> q(10);

for(int i=1; i<6; i++) g.push(i);
for(; !'q.enmpty(); g.pop())

cout << g.front() << endl;
for(int i=6; i<12; i++) q.push(i);
for(; !'q.enpty(); g.pop())

cout << g.front() << endl;
for(int i=12; i<18; i++) q.push(i);
for(; !'q.enmpty(); g.pop())

cout << g.front() << endl;
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The implementation is simple and efficient:
e management of indices straightforward,
o efficient if queue size ~ capacity.

All operations have cost O(1).

Suggestions for improvement:

o throw exceptions for when pop empty
or push to full queue;

¢ enlarge capacity when full.
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queue as double
inked circular list

the Deque

A deque is a double ended queue:
we can pop from the front or the end,
and push to front or to the end.

Methods of STL deque, on deque<T> q:

e Q.
g.

o o 9~

push_back(t) : append to queue at end
push_front(t):insertto queue at front

= (. back() : return last element of queue
g. front () : return first element of queue

. pop_back() : remove last element of queue
. pop_front () :remove first element of queue
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queue as double
linked circular list

implementing a deque

We adapt our nts360_doubl e_Iist:: List,
using the Node definition of nts360_doubl e_node. h.
The goal is to implement a deque:

e circular: we can circulate

e doubly linked: move forward & backward.

If we allow to push and pop to the front and end of the
gueue, the queue is double ended, or a deque.
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#i f ndef MCS360_Cl RCULAR_DOUBLE_RI NG_H
#def i ne MCS360_Cl RCULAR_DOUBLE_RI NG_H

he double ended

que #define NULL O

queue as double
linked circular list

nanespace nts360 circul ar_doubl e ring
{

tenpl ate <typenane T>

cl ass Queue

{

private:

#i ncl ude "nts360_doubl e_node. h"
Node *current; // pointer to current node
int nunber; // nunber of elenents
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From lecture 12: nts360_doubl e_node. h:

#i f ndef DNODE_H
#defi ne DNODE H

he double ended

- struct Node

queue as double
linked circular list {

T data; // T is tenplate paraneter
Node *next; // pointer to next node
Node *prev; // pointer to previous node

Node(const T& item
Node* next ptr = NULL,
Node* prev_ptr = NULL)
data(item, next(next_ptr), prev(prev_ptr) {}

#endi f
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public:

Queue(); // returns an enpty queue

the double ended
queu
queue as double

linked circular list bOOI e n-pt y ( ) :
[l true if queue enpty, false otherw se
int size();
/'l returns the size of the queue
T front();

/1 returns the itemat front of queue

voi d nmove_front _forward();
/1 makes next element front of queue
voi d nove_front _backward();
/1l makes previous itemfront of queue
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void push front(T item;
/1 inserts itemin front of queue
he double ended voi d push_back(T iten);

S /1 appends itemto the end

qf
linked circular list

void pop front();

/!l renpoves the elenment at front
voi d pop_back();

/1l renoves the el enment at end

s
}

#i ncl ude "ncs360 _circul ar_double ring.tc"
#endi f

Notice the grouping of the methods.



MCS 360 L-17

10012010 first group of methods

nanmespace ncs360 _circul ar_doubl e_ring

{

tenpl ate <typenane T>
Queue<T>: : Queue()

‘L ::‘:\‘ uble ended {

queue as double

linked aircular st current = NULL;
nunber = 0;
}

tenpl ate <typenane T>
bool Queue<T>::enpty()
{

}

tenpl ate <typenane T>
i nt Queue<T>::size()

{
}

return (current == NULL);

return nunber;
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tenpl ate <typenane T>
T Queue<T>::front()
{

he double ended

. return current->data
ke crutar ot }

tenpl ate <typenane T>
voi d Queue<T>::nove_front_ forward()

{

current = current->next;

}

tenpl ate <typenane T>
voi d Queue<T>:: nove_front_ backward()

{
}

current = current->prev,
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Appending’ d’ to a queue thatstores’a’ ,’ b’ ,’ ¢’ :

| ast current

e ceouta it l l
Node Node Node
next: * next: * next: *
prev: * prev: * prev: *
data: 'a data: b’ data: 'c
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appending to the queue

Appending’ d’ to a queue thatstores’a’ ,’ b’ ,’ ¢’ :

| ast current
Node f* Node f* Node
next: * ] next: *—| next: *
prev: * prev: * prev: *
data: 'a data: b’ data: 'c
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appending to the queue

Appending’ d’ to a queuethatstores’a’,’ b’ ,’ ¢’ :

| ast current

| Node = Node = Node
next: *— | next: *—[ next: *
prev: *—T prev: *—T prev: *—|
data: 'a data: b’ data: 'c
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tenmpl ate <typenane T>
voi d Queue<T>:: push_back(T iten)

{
i f(current == NULL)
o gt s {
ke croar o current = new Node(iten);
current->next = current;
current->prev = current;
}
el se
{
Node x|l ast = current->prev;
current->prev
= new Node(item current, current->prev);
| ast->next = current->prev;
}

nunber = nunber + 1;
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tenmpl ate <typenane T>
voi d Queue<T>::pop_front()

{
if(current !'= NULL) {
P i f(current->prev == current->next)

queu
queue as double {
linked circular list

del ete current;
current = NULL; number = O;

}

el se {
Node =l ast = current->prev;
| ast - >next = current->next;
current->next->prev = | ast;
del ete current;
current = | ast->next;
nunber = nunber - 1;

}
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More on Chapter 6 on queue implementations.

Assignments:

he double ended

woe @ Use the STL list in a templated class to implement a
Inked cctar st gueue. Define an exception class Queue_Enpt y and
illustrate how to operate your queue implementation

with a test program.

® Give code for push_f ront on our circular doubly
linked list implementation for a deque.
Make a drawing to illustrate the logic of the code.

® Give code for pop_back on our circular doubly linked
list implementation for a deque.
Make a drawing to illustrate the logic of the code.



