Chapter 6

Queues



Topics

» FIFO (firstOin-firstOout) structure

* Implementations: formula-based and linked
classes

* Applications:
— railroad-switching problem

— shortest path for a wire that is to connect
two points

— pixels labeling

— machine shop simulation



Queues
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Figure 6.1 Sample queues



Abstract data type

AbstractDataType Queue {

instances
ordered list of elements; one end 1s
called the front; the other 15 the
rear;

operations:
Create (): Create an empty queue;
IsEmpity (): Retum  true if queve is
empty, return false otherwise;
IsFuli(): Retum true if queve is
full, return false otherwise;
Firsi(): Retum first element of queue;
Lasi(): Return last element of queue;
Add (x): Add element x to the queue;
Delete (x): Delete front element from
queue and put it in x;

ADT 6.1 The abstract data type queue



Queues 1

* location(i) =1i- 1
* add - O(l)
» delete - ©O(n) (need to slide items to front)

frontrear frontrear frontrear

ABICY- -} [B[C] --- ] [B[YD-
[O7[11(2] [O7[1] [01[1][2]
(a) (b) (€)
Figure 6.2 Queues of Figure 6.1 using formula (6.1)
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Queues 2

 location(i) = location(1l) +1i- 1
» add - worst-case O(n) (when buffer is full)
» delete - O(1)

front rear frontrear front rear

T
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Figure 6.3 Queues of figure 6.1 using formula 6.2
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Shifting

when rear=MaxSize-1 and front > (0

front rear front rear

A T T

A|B/CID|E A|B|CID|E) |
(a) Before shift (b) After shift

_______

Figure 6.4 Shifting a queue



Queues 3

* Jocation(i) = (location(1) +i- 1) % MaxSize
* add- ©O(l)
« delete-O(1)

S
(o) wo)-es
o) &) M

(a) Initial  (b) Addition (c) Deletion
Figure 6.5 Circular queues



Empty and full queue

 Empty queue:

e (0
ol queue:can '4»7

only hold up to
MaxSize-1
elements

rear

front

Figure 6.6 A circular queue with MaxSize elements



Formula-based class Queue

template < class T
class [uene {

:z- .E; T b, o -
Ff FilFU objects

public
Quenae{int MaxQueneSize = 10);
~Linked@uene() {delete [] queue;}

bool IsEmpty() const {return front == rear;}
bool IsFnll{) const

{return(((rear+1) % MaxSize == fromnt)71:0);}
T First() comnst ; // return front slement
T Last() comst ; // return last slement
(nene<T>& Add(const T& x):
(nene<T>& Delete(Tk x);
private

int fromt; // one counterclockwise from first
int rear; // last element

int Max8ize; // size of avray gqueune

T *queue; // element array

}s

Frogram 6.1 Formula-based class QQueue 0



Constructor -

®(1) when T is internal; O(MaxStackSize) when T 1s

user-defined

First - ®@r1)

template <class T
Quene<T>>::Quene(int MaxQuenaSize)
// Create an empty queus whome capacity
/7 is MaxBuenefize.
Max3ize = Max(ueneSize + 1;
quene = naw T[MaxSize];

front = rear = Q;

template <{class T
T Quene<T>>::First() const

FF ow o "3 - . . . - g L T
{r- / Return first element of gueune. Throw
F .2." e . - - - LR - = P
Ff UutlfBonnds exception if the quens iz empty.

if (IsEmpty()) throw DutDfBounds () ;
return quene[(front + 1) ¥ Max8ize];

} 11



Last - ©(1)

tamplate < class T>
T Quene<T>»::Last() const

F ¥ e e 1 o __— - - e T e
{// Return last element of queune. Throw
FF f.\h f =R b T - i L PR oy o - - . =
Fi Ut DEBounds SLLePDLION A% Chg quens is %ﬁ};i

if (IsEmpty()) throw OutDfBounds () ;

raeturn queune[rear];

}

Frogram 6.2 Queue functions using
formula-based representation {(continues)
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Add and Delete - ©(1)

template <class T
Quene<T>& Quene<T>::Add(const T& x)
{ff Add x to the rear of the gueus. Throw
/{ NoMem exception blua if the quene is funll.
if (IsFull{)) throw NoMem();
rear = {(rear + 1) % MaxSize;
quene[rear] = x;
raturn *this ;

}

template <{class T>
Quene<T>& Quene<T>::Delete(Tk x)

FF ™ . E ol R e - - FO T e
{// Delete first elemant and put it inm x. Throw
FFom s R R ey e 3 . S B P G By o - ey o
/{ DutDiBounds SLLE8DULICN 3% the gueus 18 %ﬁizﬁg .

if (IsEmpty()) throw Out0fBounds() ;
front = (front + 1) ¥ MaxSiza;

x = quenel[front];

return *this ;

}

FProgram .3 Queue functions using

formula-based representation {(concludead)} 13



Linked presentation

0
front rear
(a)

0 (= S _
front rear
(b)

Figure 6.7 Linked queues
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Addition

|
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(a) Addition to figure6.7 (a)
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(b) Addition to figure 6.7(b)

Figure 6.8 Addition to a linked queue



Deletion

R — 0O

o |

front rear

front rear

(b) Deletion tfrom figure6.7 (b)

Figure 6.9 Deletion from a linked queue
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Class definition

template <class T>
class LinkedQueune {

FoF it gy S e
4 FArFU DDIeCLE
public

/{constractor
LinkedQuene() {front = rear = 0;}
“Linked(uene(); // destructor
bool IsEmpty() comnst

{return ((fromt) ? false : true);}
bool IsFull{) const ;
T First{) const ; // veturn first element
T Last{) const ; // return last slement
LinkedQuene <T>§ Add{const T& x);
Linked(uene<T»& Daelate(Tk& x);

private

Noda<T> *fromt; // pointer to first nods
Noda<T> *rear; // peinter to last node

}i

Program 6.4 Class definition for a linked queue
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Destructor - @(n)

template <class T>
Linkednene<T>>: :~Linked(uneue ()
{// Quene destructor. Delete all nodes.
Nodae< T > *next,
while (fromt) {
naxt = front->>link;
daelate front;
front = next;

18



IsFull - O(1)

taemplatae < class T
bool Linked(uene< T>::IsFullf{) const
{// Is the guens full?
Node<T> *p;
try {p = new Node<T>;
dalete p;
return false;}

catch (NoMem) {return true;}

}

19



First and Last - ©(1)

template <{class T>
T Linked(ueune<T>::First{) const

:{ X " Ny -'?:-';.'w o Pl 5] W A . . 5] T .-;v: R e
{// Return first element of gueune. Throw
¥ - = C—
f/{ DutDfBounds exception if the queunse is empty.

if (IsEmpty()) throw CutOfBounds() ;
return front->data;

template < class T
T Linkedfuene<T>»>::Last{() const

FOmS e meem § o T e g v : e T .
{// Retuwrn last element of guens. Throw
¥ i ¥ -] oy oy e 5 & % -
// DutDfBounds exception if the quene is empty.

if (IsEmpty()) throw [QutDfBounds () ;
return rear->data;

Frogram 6.5 Linked queus function
implementations (continues) 20



Add - ©(l)

template <class T>
Linkadmlaua{:T}& LinkedQuena<T>: :Add(const T& x)
F Add % to rear of gquene. Do not catch

F e R ¥ BT B
¢ DOEEIDLe NoMam axc G tion

. { .
b
or

TOWD by new .
// create nods for nevw elemant

Noda<T>»> *p = naw Noda<T>>;

p—>data = x;

p—>1link = 0;

// add new mode to rear of queue
Ly Ly — » F i - =1 . e o
if (front) rear->limk = p; // gquene not smpty

— F - o] - - ¥
alse front = p; // queuns supty

rear = p;

return *this ;

21



Delete - ©(1)

templatae <Jclass T>>

Linked(uene<T»& LinkedQuene<T>::Daelete(Tk x)

FF Tym=" . % Ve e el H [ 2o i oy FaS it o G el % Y
{?’ / Deleate first element and PUT 1% 1o X.

4

if (IsEmpty{)) throw DutDfBounds() ;

,2‘" '\.-- A i B . 4 SR - ]
F ,,-'; gave alemant in first nods

X = front—->data;

/7 delete first node
Node<T> *p = front;
front = front->1link;
delete p;

return *this ;

Frogram 6.6 Linked queue function
implementations (concluded)

F - -3+ R g, e - L. = £ J—— * A
// UntlfBounds exception if the queune is empty.
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Wire-Routing Problem

Need to route wires from A to B using the
shortest-path.

Routing region can be represented with a
orid: an nxm matrix of squares

wire runs midpoint of one square to
midpoint of another making only right-
angles.

Grid squares that already have wires 1n
them are blocked.

23



Wire-Routing Problem

11

a|

AT

)

1

gl (b A wire betwesn o and D

.11 Wire-routing example
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Wire-Routing Problem

Begin at source a

label 1ts reachable neighbors with 1

next the reachable

squares are labeled

neighbors of distance 1
2.

Continue labeling

processing until either

reach destination b or have no more
reachable neighbors.

If b 1s reached, label 1t with 1ts distance.

25



Wire-Routing Problem

To construct shortest path,

 Start from b and move to anyone of 1ts
neighbors labeled 1 less than b's label.

* From the neighbor found 1n previous step,
move to one of 1ts neighbors whose label 1s
1 less

* repeat until square a 1s reached

The sequence of neighbors collected forms the
shortest path.

26



Wire-Routing Problem

i

i

] I.' 5
EIEANAE:
JNEE:

(a} Dnstance labeling (b} Wire path

Frgure 6,12 Wire routing
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bool FindPathi(Position start, Position finish,
int & Pathlen, Position * &path)
{// Find a pazh from start <o finish.
J4 Remurn Trus 1if successful, falss if dmposs=inbl
J4 Throw NoMem exception if inadeguate sgace,

if ((start.row == finish.row) EE
(start.co] == finish.col))
{Pathlen = O;return true;} /star"=finish

J4 dndzialize wall of blocks around grid
for (int i = 0; i <= mt+l; i++) {

Jd bowmom B op

gridl0] [1] = grid[m+1][il
Jf 1ef= B righ=

grid[i] [0] = grid[i] [m+1]

I
(B
LTRN

|
[BSL
LT
LS

28



Jf Inizislize cffss=s

Position offser [4];

offset [0] .xow = 0; offset[0].col = 1; J/ Tigh=
offset [1] .xvow = 1; offset[l].col = 0; J/down
offset [2] .row = 0; offsex[2].col = =-1; //1=df~
offset [3] .xrow = =1; offset[3].col = 0; SSup

int NumfNbrs = 4;//mneighbors of a grid posizion
Fosition here, nbr;
herea.row = Start .Tow;

here.col = start.col;
grid[start .row] [start.col] = 2; // block

Frogram 6.9 Find a wire route
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Railroad Car Rearrangement

I'"E'];"'I
[581742963] : p3 | [987654321]
input track E-"-""i output track

L--E—i__-l

Figure 6.10 A three-track example
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Rules

* Reserve Hk for moving cars directly from
the 1put track to the output track

* Move car c¢ to a holding track that contains
only cars with a smaller label; 1f there are
several such tracks, select one with largest
label at 1ts left end; otherwise, select an
empty track (1f one remains)

31



Output

void Output{int & minH, int & minQ,
LinkedQuene< int > H[], int k, int n)
{// Move from hold to output and update minH

and minf.

- g e o
int c; 7/ caY indgsx

Fi 1 o d . . T e i . F ey B e — %
£ f delete samallest car minH from gusiie DRIUY

H[minR].Deleta{c);
cont < "Move car" <« minH
<« "from holding track"
< minQ} € " to output" <« endl;
/7 find new minH and min)
/# by checking front of all queunes
minH = n + 2;
for (int 1 = 1; i <= k; i++)
if ('H[i] .IsEmpty{) &&
(¢ = H[i] .First()) < minH) {
minH = c;
\ minQ = i;}

Program 6.7 Rearranging cars using gqueues
{continues) 32



Hold

bool Hold{int ¢, int & minH, int &min{),
Linkadmlaua{int > H[], int k)

{ff Add car ¢ to a holding trac

T e

L. : ¥ Y R I e e
f Retnrn false 4if no femsible Lﬁ“%ﬁ tTacy

Pro - N

:':.3:-\.

F ooy e % % Sy ® B W ey e e ]
,,-;;s" Phrow NoMem axo ,ﬁz ion it no Giglie DA .

F ¥ el - =, ]
A/ Betnrn trie othearvise.

FF &=z
'?':.: [ -

-g-':-\..-: H

. g § g8 ey e e -
o Dast ﬂim.i&iﬁ%‘f track foxr car o

i?&

- - - . - .
& g . . %
i/ iAnitialize

Es
LS

int BestTrack = (, // bast track so far
BastLast

L
L™ ]
i
Tt
=i

:-'

=

41
g

£

”?3
4
Pateg
-

“? el - -
Xy // a car index
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Hold (continue)

// scan holding tracks
for (int i = 1; i <= k; iH+)
if ('H[i].IsEmpty()) {// track i not empty
= H[i] .Last();
if (¢ > x && x > BestLast) {
// track i has bigger car at end
BastLast = x;
BastTrack = i,

}

Fd _,a-' - ol .
elsa ;// track i alpLy

.........

if ('BestTrack) BestTrack = i;

- - . — . -
if (!BastTrack) 7/ no track available

return false;
34



Hold (continue)

F{ add ¢ to bast track

H[BaestTrack] .Add(c) ;

cout € "Move car " &« ¢ &« " from input "
<« "to holding track " <« BestTrack
< andl,;

// update minH and minf} if nesded
if (¢ < minH) {minH = c;
min} = BestTrack;}

raturn true;

Frogram 6.7 Rearranging cars using gueues
(concluded)



Output without using queue

void Dutput(int NowOut, int Track, int & Last)
{// Move car Nowlut from hold to output,
//update Last.

cont € "Move car " <€ NowDut
% " from holding track "

€ Track € " to output" « endl;
if (NowQut == Last) Last = 0

}

beol Hold(int ¢, int last([]1,

int track[],int k)

{// Kdd car ¢ to a holding track.

i

fa

%

se 1%

Nv-:

no faasibles holding track.

o
FoF T .

i f Beturn true otharwise.

ind best holding track for car ¢
F "'{""h

& F &;;3 ﬂiﬁaz&.ﬁ&

- — §f i T v
int BestTrack = (Q, // bhast

BestLast = 0

= E
rack so far

3 - - = % . %
A4 Llast car in BeastTrack
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Output without using queue
(continue)

/{ scan holding tracks
for (int i = 1; i <= k; i+H) // find hest track
if (last[i]) {// track i not empty
if {c > last[i] && last[i] > BEE'I:LaE'I:){
// track i has bigger car at end
BestLast = last[i];
BestTrack = i;}
}
else // track i empty
if (!'BastTrack) BestTrack = i:

37



Output without using queue
(continue)

if (!BestTrack) // no track available

return false;

/{ add ¢ to best track

track[c] = BestTrack;

last [BestTrack] = c;

cout € "Move car " &€ ¢ & " from input "
<« "to holding track " <« BestTrack
< andl;

return true;

}

Frogram 6.8 Rearranging cars without the use
of a queue (continues)
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Railroad without using queue -
O(nlogk)

bool Railrocad{int p[, int n, int k)

{// k& track rearrangement of cax order pli:n].
/7 Return true if successful, false if impossible.
/7 Throw NolMem exception if inadequate space.

E8

FOF e L e o

// inmitialize arrays last and track
int *last = new int [k + 1];
int *track = new int [n + 1];

39



Railroad without using queue

(continue)

for {(int i = 1; i <= k; i++)
lagt[i] = 0; 7/ track 1 is asmpty
for {(int i = 1; i <= n; i++)
track[i] = 0; // car 4 is on no track
+

& - E - - -
k—; 7/ kaap track k opsn for direct moves

/7 initialize index of next car
/{ that goss to outpnt
int NowOut = 1;
// output cars in order
for {(int i = 1; i <= n; i++)
if (pl[i]l == NowDut) {ff sand straight to output
cont <« "Move car " <« plil
<« "from input to output" <« endl;

NowOnt++;

L

40



Railroad without using queue (continue)

// output from holding tracks

vhile (Nowlut <= n && track[NowOut]) {
Dutput(NowDut, track[Nowlut], last[NowDutl);
NowDut++:

}
}

else {// put car plil in a holding track
if (!'Hold(p[il, last, track, k))

return false;}
return true;

Program 6.8 Rearranging cars without the use

of a queue {concluded) 41



Image-Component labeling

1 2
11 212
' 3
1 33
| | | 4 3 5
11111 1 41414 5
11111 11 41414 5[5

(a) A7 x71mage  (b)Labeled components

Figure 6.13 Image-component labeling



Offset

move direction offset [move] .row offset [move] .col

D s =

right 0 1
down 1 0
left O —1
up —1 O

Figure 5.18 Table of offsets
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Wall of blank pixels (0)

change 1 to 0

Note

1171111111111

— —
ol i i
ol el
— —
—
— —
-
-
-
—
ol i i
— —

100010100001
101010101101

101010101001
101110101011
101000101011

101011101001

—
=
=
— —
= i
= i
=
=
=
=
— o
— —

111111111111

Figure 5.15 Maze of figure 5.8 with wall of ones

around it
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Component labeling

void Label()

{// Label image components.
F P dmddeg ol 4. % oy o e e}
/7 dnitialize wall of é pixels

for (imt i = 0; i <= m+1; iH) {

pixel[0] [i] = plxean+1][1] = 0;

"l:.l
=
H
[11]
'—I
—
i
| ]
E
)
'S
M
1]
'—I
—
[
el
+
('Y
el
]
P

i dnitialize offsets
Position offsaet[4];

offset [0].row = 0; offset[0].col = 1; // right
offset[1].row = 1; offset[1].col = Q; // down
offset[2] .Tow = Q; offset[2].col = -1; // left

offset [3].row = -1; offset[3].col = Q; // un

int NumQfNbrs = 4;//neighbors of a pixel position
Linked(Quene< Position>> [:

int id = 1; // componsut id

Position here, nbr; 45



Component labeling (continue)

//scan all pixels labeling components
for {int r = 1: r <=m; r+H) 7/ row v of image
L) L &
for (int ¢ = 1; ¢ <= m; cH) // column ¢
3 L
if (pizxel[r][c] == 1) {// new component}
pixel[r][c] = ++id; // get next id
hare.row = r; here.col = c;

do {// find west of component

for (int i = 0; i <« NumDfNbrs; i+) {
// check all neighbors of heve
nbr.row = haera.row + offset[i].row;
nbr.col = here.col + offset[i].col;
if (pizel[nbr.row] [nbr.cel] == 1) {
pixel [nbr.row] [nbr.col] = id;
R.Add(nbr) ;}} // end of if and for

FF ) P . . : . . e T
4 any unaxplored PiZels 10 COmponent:

if (Q.IsEmpty()) break ;
Q.Deletelhere); //a component pizxel
} while (true);
}} 7/ end if, for ¢, for v, and Label
FProgram 6.10 Component labelling being the
use of a queue

46



Evaluation

Initialize the wall - @(m)

Initialize offsets - ©(1)

1dentifying and labeling pixels of one
component - &(# of pixels in component)

identifying and labeling nonseed component
- O(# of pixels in component pixels in
image) = O(m?)

Overall complexity - O(m?)
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End of Chapter 6



