The Stack Abstract Datat pe
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ADT 3.1

template <class T>
class Stack
{// A finite ordered list ith ero or more elements.

public:
Stack (int stackCapacit = 10);
//Creates an empt stack 1ith initial capacit of stackCapacit

bool IsEmpt () const;
//If number of elements in the stack is 0, true else false

T& Top() const;
// Return the top element of stack

void Push(const T& item);
// Insert 1tem 1nto the top of the stack

void Pop();
// Delete the top element of the stack.



To implement STACK ADT, we can use
an array

a variable top
Initially top is set to

-1.

So we have the following data members of Stack:

private:
T* stack;
Int top;
Int capacit ;



template <class T>
Stack<T>::Stack(int stackCapacit ): capacit (stackCapacit )
{
If (capacit < 1) throw Stack capacit must be >0 ;
stack = new T[capacit |;
top = -1;
}

template <class T>
Inline bool Stack<T>::IsEmpt () const

{

return(top == -1);

}



template <class T>

Inline T& Stack<T>::Top()

{
If (IsEmpt ) throw Stack is Empt ;
return stack[top];

}

template <class T>
void Stack<T>::Push(const T& )
{
If (top == capacit - 1)
{
ChangeS1 elD(stack, capacit , 2*capacit );
capacit *=2;
}

stack[++top] = ;

}



The template function ChangeSizelD changes the size
of a 1-Dimensional array of type T from oldSize to

newsSize:

template <class T>
void ChangeSi el D(T* a, const int 0ldSi e, const intne Si e¢)

{

If (ne Si e<0)throw Ne length mustbe>=0 ;
T* temp = new T[ne Si1 e];

Int number = min(oldSi e, ne Si e);

cop (a, a + number, temp);

delete [] a;

a = temp,



template <class T>

void Stack<T>::Pop()

{ // Delete top element of stack.
If IsEmpt ()) throw Stack is empt , cannot delete. ;
stack[top--]. T(); // destructor for T

}

Exercises: P138-1, 2
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template <class T>
class Queue
{// A finite ordered list 1th ero or more elements.
public:
Queue (Int queueCapacit = 10);
// Creates an empt queue ith initial capacit of
// queueCapacit

bool IsEmpt



To implement this QUEUE ADT, we can use
an array
two variable front and rear

front being one less than the position of the first
element

So we have the following data members of Queue:

private:
T* queue;
Int front,
rear,
capacit ;
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Array Queue

Possible configuration 1th 3 elements.

2] [3]
A B

[1] C 4]

<
o g



Array Queue

Another possible configuration 1th
elements.

2] [3]

<

C
1 4
[]\/\ ) [4]
B A
0] —L—15]



Use intager ariables front

Array QU

ue

d rear.

front 1s one position cqunterclock 1se from

first element

rear g1 es position of lpst element

2] [3]

A B
rear rear
front

1] \J [4]
[0] (5]

[1]

2] [3]

front

[4]

[0] [5]



4 |

Add |An Element

Mo e rear one clock 1se.

2] [3]
el
rear

front .
[1] C /4]
N\
[0] [5]




4 |

Add |An Element

Mo e rear one clock 1ise.
Then put 1into queug|rear].

2] 3]
ol
front .




Remove An 4Iement

Mo e front one clo¢k 1se.

2] [3]
el
rear

front .
[1] C /4]
N\
[0] [5]




Remove An Element

front [2]

[1] [4]




Moving rear Clockwise
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When a series of adds causes the queue to
become full, front = rear.

So ¢ cannot distinguish bet een a full
queue and an empt queue!
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template <class T>
Queue<T pe>::Queue(int queueCapacit ):

capacit (queueCapacit )
{

If (capacit < 1) throw Queue capacit must>0 ;
queue = new T[capacit |;
front = rear = 0;

}



template <class T>
Inline bool Queue<T>::IsEmpt ()
{ return front==rear },

template <class T>
Inline T& Queue<T>::Front()

{

If IsEmpt ()) throw Quecue is empt . No front element ;
return queue[(front+1)%capacit |;

}

template <class T>

Inline T& Queue<T>::Rear()

{
If (IsEmpt ()) throw Queue is empt . No rear element ;
return queuelrear|;

}



template <class T>
void Queue<T>::Push(const T& )
{//add at rear of queue
If ((rear+1)%capacit == front)
{ // queue full, double capacity
// code to double queue capacit comes here
}
rear = (rear+1)%capacit ;
queue(rear] = ;

}

We can double the capacity of queue in the way as
shown In the next slide:
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This configuration may be obtained as follows:
(1)Create a new array newQueue of twice the capacity:.

(2)Copy the second segment to positions in newQueue
beginning at 0.

(3)Copy the first segment to positions in newQueue
beginning at capacity-front-1.

The code 1s In the next slide:



// allocate an arra  ith t 1ice the capacit
T* newQueue = new T[2*capacit |;

// cop from queue to ne Queue
Int start = (front+1)%capacit ;
If (start < 2)
//no rap around
cop (queuetstart, queuetstart+capacit -1, ne Queue);
else
{// queue raps around
cop (queuetstart, queuetcapacit , ne Queue);
cop (queue, queuetreart+1, ne Queuetcapacit -start);

}

//'s 1tchtone Queue

front = 2*capacit -1; rear = capacit -2; capacit *= 2;
delete [] queue;

queue =ne Queue;



template <class T>

void Queue<T>::Pop()

{ // Delete front elemnet from queue
If (IsEmpt ()) throw Queue is empt . Cannot delete ;
front = (front+1)%capacit ;
queue[front]. T);

}

For the circular representation, the worst-case add and
delete times (assuming no array resizing Is needed) are
O(1).



E ercises: P147-1, 3.
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To Do: A Mazing Problem

Problem: find a path from the entrance to the exit of a
maze.
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Representation:

maze[i][j], 1=si=m,1=<])=<p.

1--- blocked, 0 --- open.

the entrance: maze[1][1], the exit: maze[m][p].
current point: [1][j].

boarder of 1’s, so a maze[m+2][p+2].

8 possible moves: N, NE, E, SE, S, SW, W and NW.
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To pred Ves:

struct of

{

Int a,b;
};
enum directions {N, NE, §, SE, S, SW, W, NW},

offsets mo ¢[8];




q mo e[q]l.a mo e[q].b
N -1 0
NE -1 1
E 0 1
SE 1 1
S 1 0
SW 1 -1
)} 0 -1
NW -1 -1

Table of mo es

Thus, from [i][j] to [g][h] In SW direction:
g=I+move[SW].a;
h=j+move[SW].b;



The basic idea:

Given current position [i][j] and 8 directions to go, we
pick one direction d, get the new position [g][h].

If [g][h] Is the goal, success.

If [g][h] Is a legal position, save [i][j] and d+1 In a stack
In case we take a false path and need to try another

direction, and [g][h] becomes the new current position.

Repeat until either success or every possibility is tried.



In order to prevent us from going down the same path
twice:
use another array mark|[m+2][p+2], which is initially O.

Mark]i][}] is set to 1 once the position Is visited.



First pass:

Initiali e stack to the ma e es angl direction east;

while (stack is not empt )

{

(i, j, dir)=coordinates and directi@ftrom {op of sfack;

pop the stack;
while (there are more mo es from (i, j))

{

(g, h)= coordinates of ne tmo ¢ ;
If (g=11kf3cm BT 24 (;) Tj [ TTETW.2(s)-01 001 0 (s)-06/B




If (!ma e[g][h]) && ('mark[g][h])) // legal and not isited

{
mark[g][h]=1;
dir=ne t direction to tr ;
push (1, j, dir) to stack;
(1, J, dir) = (g, h, N);

}
}

cout << No path inma e. <<endl;
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void path(const int m, const int p)
{ //Output a path (if an ) in the ma e; ma ¢[0][i] = ma e[m+1][i]
//=ma e[j][0] =ma ¢[j][p+1]=1,0=<i=p+]l,0 =] =m+l].
// start at (1,1)
mark[1][1]=1;
Stack<Items> stack(m™p);
Items temp(1, 1, E);
stack.Push(temp);
while (!stack.IsEmpt ())
{
temp= stack.Top();
Stack.Pop();
Int i=temp. ; Int j=temp. ; INnt d=temp.dir;



y |\’
while (d<§) |
{

Int g=1+mo e[d].a; int h=j+mo e[d].b;
If ((g==m) && (h==p)) { //|reached ¢ it
// output path

cout <<stack;
CoUt << i<< << << k<d<<endl; // last

cout <<m<< <<p<<endl; // pointp

return;




If (!ma e[g][h]) && ('m
mark[g][h]=1;
temp. =i; temp. =j; terhp.dir=d+1;
stack.Push(temp);
1=g ; j=h ; d=N; //mo e to (g, h)

}

else d++; //tr ne tdirection

g|[h])) {//n¢ position

}

cout << No path inma e. <<endl,;

}




The operator << is overloaded for both Stack and Items
as:

template <class T>
ostream& operator<<(ostreamé& os, Stack<T>& s)

{

0s << top= <<s.top<< endl;

for (int 1=0;i<=s.top;i++);
0s<<i<< : <<s.stack[i]<< end];

return os;

}

We assume << can access the private data member of
Stack through the friend declaration.



ostream& operator<<(ostreamé& os,Items& item)

{

return os<<item. << , <<item. << , <<item.dir-1;

// note 1item.dir 1s the ne t direction to go so the current
// direction 1s item.dir-1.

}

Since no position is visited twice, the worst case
computing time is O(m*p).

Exercises: P157-2, 3
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] start pin

end pin

Label all reachable squares 1 unit from start.






T**08F/-*31 +8#* -

] start pin

end pin

Label all reachable unlabeled squares 3 units
from start.



T**08F/-*31 +8#* -

] start pin

end pin

Label all reachable unlabeled squares 4 units
from start.



T**08F/-*31 +8#* -

] start pin

end pin

Label all reachable unlabeled squares 5 units
from start.
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] start pin

end pin

Label all reachable unlabeled squares 6 units
from start.






A expression Is made of operands, operators, and
delimiters. For instance,

Infixx.: A/B-C+D*E-A*C
postfix: AB/C-DE*+ AC *-—

Infix: operators come in-between operands (unary
operators precede their operand).

Postfix: each operator appears after its operands.



the order in which the operations are carried out must
be uniquely defined.

to fix the order, each operator is assigned a priority.

within any pair of parentheses, operators with highest
priority will be evaluated first.

evaluation of operators of the same priority will
proceed left to right.

Innermost parenthesized expression will be evaluated
first.

The next slide shows a set of sample priorities from C
++,
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Problem:

ho toe al ate an e pression?



postfix: AB/C-DE*+ AC *-—

Every time we compute a value, we store it In the
temporary location T,, iz1. Read the postfix left to
right to evaluate it:



AB/C DE*+ AC *

T Is the res |t.

94



Virtues of postfix:
no need for parentheses
the priority of the operators is no longer relevant

Idea:

v'make a left to right scan

v'store operands

v'evaluate operators whenever occurred



What data structure
should be used?



void E al(
{// e aluate

// last toke {#
// the ne t from
Stack<Toln> stack

for (Tokgn =
If ( 1s an operal
else { // operatc
remo e the c(
from stack; p

(if an ) onto 1

}

r
DI'TS

erf
he

ssion €. It 1s assumed that the

| A fupction Ne tToken is used to get
e. Usp stack.

; //initial1 e stack
'Tokdgn(e); !=# ; =Ne tToken(e))

nd) stack.Push( );

ect ngmber of operands for operator
orm tfhe operation and store the result
stack;







Idea: note the order of the operands in both infi
and postfi

infi: A/B C+D*E A*C
postfi :AB/C DE*+ AC *
the same!

immediatel passing an operands totheo tp t

store the operators in a Stack ntil the right time.

e.g.
A*(B+C)*D > ABC+*D*



A*(B+C)*D
>ABC+*D*

| <




From the example, we can see the left parenthesis
behaves as an operator with high priority when its not
In the stack, whereas once it get in, it behaves as one

with low priority.
ISp (In-stack priority)
Icp (In-coming priority)
the isp and icp of all operators in Fig. 3.15 remain
unchanged
Isp(*(*)=8, 1cp(*(*)=0, Isp(*#’)=8




Hence the r le:

Operators are taken o t of stack as long as their
isp is n mericall less than or eq al to the icp of

the ne operator.



void Postfi (E pression ¢)

{ // output the postfi of the infi e pression e. It is assumed
// that the last token in e is # . Also, # 1is used at the bottom
// of the stack.

Stack<Token> stack; //initiali e stack
stack.Push( # );



for (Token =Ne tToken(e); !'=#; =Ne tToken(e))
If ( is an operand) cout<< ;
elseif ( ==))
{ // unstack until (
for (; stackTop()!= ( ; stack.Pop())
cout<<stack.Top();
stack.Pop(); // unstack (
}
else { / is an operator
for (; isp(stack.Top()) <= 1cp( ); stack.Pop())
cout<<stack.Top();
stack.Push( );

}

// end of e pression, empt the stack
for (; Istack.IsEmpt ()); cout<<stack.Top(), stack.Pop());
cout << endl;

}



Analysis:
Computing time: one pass across the input with n
tokens, O(n).

The stack will not be deeper than 1 (‘#’) + the number
of operators in e.

E ercises: P165-1,2

Can ee al ateinfi e pressions directl ?

infi: A/B C+D*E A*C



RL7]7]

1 2 3 4 5 6 7

0

122

1

0

1

1

1
1

1

000 0]

010

1
—

0,0 0/0]0(0 O




void MapColor (int R[n][n], int s[n]) {
s[O0]=1; /[ 00 1
i=1; Jj=1; Il J
while (i<n) {
while ((j] 4) && (i<n)) {

k=0; Il K
while ((k<1) && (s[k]* R[1][k]!=])) k++;
/]
If (k<i1) j++; /] J+1
else {
sfi+t]=];1=1;
I/
}
it (J>4) {J=s[--1]+1; };
/]

}
}
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