4.4 Circular lists
Why circular list?
check whether a pointer current points to the last node
check for (current->link == first)
circular list를 사용하는 이유: Figure 4.13(section 4.7.3: circular list representation of polynomials)
ensure that the link of the last node points to the first node of the list

insert a new node at the front of the list
[image: fig 4]
have to change the link data member of the node x3
have to move down the entire length of a list until the last node

point to the last node rather than to the first 
[image: fig 4]

to insert x at the front
[image: prog 4]
assume the existence of class CircList
contain the private data member last that points to the last node
· list, circular list, doubly linked list에 대한 ADT, class, representation를 정의할 수 있을 것


have to handle the empty list as a special case
introduce a dummy head node into each circular list
[image: fig 4]
4.5 Available Space Lists
the destructors for chains and circular lists take time linear
Let av be a static class member of CircularList<T>
available space list or av list = the chain of deleted nodes
Program 4.15: GetNode( )
Program 4.16: RetNode( )
Program 4.17: ~CircularList( ) – assume Figure 4.15 for last
Figure 4.17: the link changes involved in deleting a circular list

4.6 Linked stacks and queues
when several stacks and queues coexist
no efficient way to represent them sequentially
[image: fig 4]

a collection of m stacks and n queues
no need to shift stacks or queues around to make space
a collection of m stacks and n queues is obtained:
Stack *stack = new Stack[m];
Queue *queue = new Queue[n];
[image: prog 4]

[image: prog 4]

[image: prog 4]

· the n-stack, m-queue problem
· the solution of linked stacks and queues
· both computationally and conceptually simple
· stack과 queue는 다른 응용에서 재사용되는 중요한 데이타 구조임
· implement stacks and queues directly to make them as efficient as possible

4.7 Polynomials(구판 내용이 더 논리적)
illustrate how class Polynomial can be implemented by using the linked list class
4.7.1 Polynomial representation
be able to represent any number of different polynomials within main memory

define a Polynomial class to implement polynomials
polynomials is-implemented-by List
declare List as a data member of the Polynomial
make the linked list object poly a data member of Polynomial
use struct rather than class to define Term
make the data members of Term public
any function that has access to a Term object also has access to its data members
do not violate data encapsulation for Polynomial
[image: prog 4]

4.7.2 Adding polynomials
to add two polynimials a and b, use the list iterators Aiter and Biter

[image: fig 4]
 Figure 4.20 
assume that a and b have m and n terms
the total number of terms : m + n
the computing time: O(m+n)
iterator object를 사용하는 방법을 공부할 것
Program 4.24:Adding two polynomials

4.7.3 Erasing polynomials

d(x) = a(x) * b(x) + c(x)

viod func( )
{
	polynomial a, b, c, d, t;
	cin >> a; // read and create polynomials
	cin >> b;
	cin >> c;
	t = a * b
	d = t + c;
	cout << d;
}

after function func has been exited
need to return the memory occupied by a, b, c, t, d
delete only the polynomial class objects and the List<Term> objects by destructor
ListNode<Term> objects are not deleted
not possible to access ListNode objects
the memory ListNode objects occupy is lost
[image: fig 4]

have to define a destructor to delete all objects that are conceptually part of a class

[image: prog 4]
4.7.4 Circular list representation of polynomials
possible to free all the nodes in a list more efficiently by employing a circular list
an efficient erase algorithm for circular lists
maintain a chain of nodes(av list, available-space list) that have been "deleted"
if av list is empty, then need to use command new to create a new node
let av be a static class member of CircList<Type> of type ListNode<Type>
use the functions CircList::GetNode and CircList::RetNode  instead of new and delete
[image: prog 4]

[image: prog 4]

erase a circular list by function CircList<Type>::~CircList
[image: prog 4]
· the variable first points to the last node like Figure 4.15

have to handle the zero 
introduce a head node into each polynomial as a special case during addition and deletion
[image: fig 4]
remove the test for first == 0 from ~CircList( )
the exp field of the head node is set to -1
no need for additional code to copy the remaining terms as in operator+( )

[image: prog 4]

4.8 Equivalence classes
4.3.4 Reusing a Class절에서 언급한 내용
“there are some scenarios where one should not attempt to reuse a class”
the operations required by the application are complex and specialized

1) x = x : reflexive
2) x = y, y = x  : symmetric
3) x = y, y = z, x = z : transitive

Def) a relation  over a set S is an equivalence relation over S iff it is symmetric, reflexive, transitive over S
partition the set S into equivalence classes

the algorithm to determine equivalence classes
1) 1st phase
read and store the equivalence pairs (i, j)
2) 2nd phase
begin at 0 and find all pairs of the form (0, j)
by transitively, all pairs of the form (j, k) is in the same class as 0
[image: prog 4]

how to implement the data structures for holding pairs
1) using array pairs[n][n]
pairs[i][j] = TRUE iff i and j are paired
wasteful of space
require O(n**2) time, to initialize the array

2) consider a linked list to represent each row
still need random access to the ith row
seq[n] can be used as the head node of the n lists

need a mechanism that tells us whether or not object i is yet to be printed
out[n]
[image: prog 4]

seq[i] points to a list of nodes that contains every number directly equivalent to i
create a stack of nodes, to process the remaining lists which, by transitivity, belong in the same class as i
accomplished by changing the link data members
[image: prog 4]
while(x) {//process the list
	j = x->data;
	if (out[j] == FALSE) {
		cout<<”,”<<j;
		out[j] = TRUE;
		ListNode *y = x->link;
		x->link = top;
		top = x;
		x = y;
	}
	else x = x->link;
} //end of while(x)
if (!top) break;
else {
	x = seq[top->data];
	top = top->link;//unstack
}

4.10 Doubly linked lists
difficulty with singly linked lists
difficult to find the node that precedes p
deletion of an arbitrary node requires knowing the preceding node

a doubly linked circular list
[image: fig 4]

empty doubly linked list with head node

[image: fig 4]
p == pllinkrlink == prlinkllink
one can go back and forth with equal ease
the class definition of a doubly linked list
[image: prog 4]

insertion into and deletion from a doubly linked circular list
[image: prog 4]
[image: prog 4]
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template <class Type>
void CircList ::InsertFront( ListNode <Type > #x)
/ Insert the node pointed at by x at the *“front”* of the circular
/ list this, where /ast points to the last node in the list.
{
if (! Jasry { // empty list
last = x ; x —link =x3
}
else {
x—link = last—>link 5 last—link = x 3
}
}

Program 4.14: Inserting at the front




image4.png
Jfirst

I L L —'\H&AT‘} '(EAT ! 'FI;ATH o 'WE

(b)

Figure 4.16: A circular list with a head node
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Figure 4.17: Linked stack and queue




image6.png
class Stack ; // forward declaration

class StackNode {
friend class Stack ;
private:
int data 5
StackNode *link 3
StackNode(int d = 0, StackNode +1 = 0) : data(d), link() { }; /#/ constructor
b

class Stack {
public:
Stack () { top=0 3}; // constructor
void Add{(const int) ;
intx Delete(int&) 3
private:
StackNode =top 3
void StackEmpty () ;
b

Program 4.15: Stack class definition
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void Stack ::Add(const int y) {
top = new StackNode(y, fop) ;

}

Program 4.16: Adding to a linked stack
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int * Stack ::Delete(int& retvalue)
// Delete top nede from stack and return a pointer to its data
{
if (top == 0) {StackEmpty () ; return 0 ;} / return null pointer constant
StackNode +delnode = top ;
retvalue = top —data ; I/ get data field of top node
1op = 1op —link 5 // remove top node
delete delnode 5 /! free the node
return &refvalue 5 /f return pointer to data

}

Program 4.17: Deleting from a linked stack
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struct Term
/1 all members of Term are public by defauit
{

int coef ; /I coctficient

int exp 5 // exponent

void [nif(int ¢, int €) { coef = ¢ exp=e

b

class Polynomial
{
friend Polynomial eperator+(const Polynomiai&, const Polynomial&) ;
private:
List <Term > poly 5

b

Program 4.20: Polynomial class definition




image10.png
6] 8 14 :.;13 T IO\rj——,;rl() 6 | OJ

clijio”
ypoexp==goexp

a 3 E’»—ELS =fr]o 0

(i) p —exp >qg—exp

Figure 4.19: Generating the first three terms of ¢ =a + b
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Figure 4.20: (a) and (b), respectively, show a polynomial object before and after it goes

out of scope.
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template <class Type>
List <Type >::"List ()
// Free all nodes in the chain
{
ListNode <Type >* next 5
for (; first ; first = next) {
next = first —link 3
delete first §
}
}

Program 4.22: Erasing a polynomial
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template <class Type>
ListNode <Type >* CircList ::GetNode()
// Provide a node for use.
{
ListNode <Type >* x ;
if (av) x = new ListNode <Type > ;
else {x =av;av =av—link 3 }
return x ;

}

Program 4.23: Getting a node
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template <class Type>

void CircList <Type >::RetNode(ListNode <Tupe >* x)
/f Free the node pointed to by x.

x=link = av;
av =X

}

Program 4.24: Returning a node
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template <class KeyType>
void CircList <Tvpe > CircList )
J/ Erase the circular list pointed by first.

{
if (first) {
ListNode second = first— link; If second node
Sfirst— link J/ first node linked to av
av = second. flsecond node of list becomes front of av list
Sirst =0
}
}

Program 4.25: Erasing a circular list
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Figure 4.23: Example polynomials
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Polynomial operator+(const Polynomial& a, const Polynomial& b)

{
Term *p, *q, temp;
CircListiterator <Term > Aiter (a.poly) ; CircListlterator <Term > Biter (h.polv) ;

Polynomial ¢4 // assume the constructor creates a head node with exp=—1
P = Aiter.First () ; g = Biter. First () 3

while (1)
switch (compare (p—exp.g —exp)) {
case '=":
if (p —exp -Dreturnc;
else {

int sum = p —coef + g —coef ;
if (sum) {
temp.Init(sum, g —exp);
c.poly.Attach (temp) 3
H
p = Aiter.Next () 3
g = Biter.Next () 3
}
break;
case ’<’;
temp.init(q —coef, g —exp);
c.poly.Antach (temp) 3
q = Biter.Next () }
break;
case ">';
temp.nit(p —coef, p—exp) 3
c.poly.Aitach (temp) 3
p=Aiter.Next () ;
} // end of switch and while

)

Program 4.26: Adding circularly represented polynomials
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void equivalence ()
{
initialize;
while more pairs
{
read the next pair (/,/):
process this pair;
}
initialize for output;
for (cach object not yet output)
output the equivalence class that contains this object;
}#/ end of equivalence

Program 4.27: First pass at equivalence algorithm
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void equivalence ()
{
read n; // read in number of objects
initialize seq to 0 and out to FALSE;
while more pairs // input pairs
{
read the next pair (i,f);
put j on the seq (i ] list;
put i on the seq [ ] list;
)
for(i=03i<nii+t)
if (our (i} == FALSE) {
out[i]=TRUE;
output the equivalence class that contains object i

}

Y/t end of equivalence

Program 4.28: A more detailed version of equivalence algorithm
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enum Boolean { FALSE, TRUE };

class ListNode {
friend void equivalence () ;
private:
int data ;
ListNode *iink 5
ListNode(int) ;
I

typedef ListNode =ListNodePtr 5
/f 50 we can create an array of pointers using new

ListNode ::ListNode(int d)
(

data=d;

link=0;
b

void equivalence ()
// Input the equivalence pairs and output the equivalence classes

{

ifstream infile( "equiv.in", i0s::in) 3 // "equiv.in" is the input file

iftinFile) {
cerr << "Cannot open input file " << endl ;
return;
1
inti jn;
inFile >> n 3 // read number of objects
/initialize seq and out
ListNodePtr ¥seq = new ListNodePir[n] 5
Boolean *out = new Boolean [n];
for i=03i<n;i++){
seqli]=0;
out [{] =FALSE ;
}

// Phase 1: input equivalence pairs

infile >>i>>f3

while (inFile.good ()) { / check end of file
ListNode *x = new ListNode () 5 x —link = seq |1 ] ; seq [i
LisiNode *y = new ListNode (i} ; y >link = seq |j ] 5 seq [j
inFile >>i>>j;

}

s/ add jto seq i)
vy addito seqlj)

// Phase 2: ontput equivalence classes
for (i=03i<n;i++)
if (out [i 1 == FALSE) { // needs to be output
cout << endl << "A new class: " << /;
out{i1=TRUE ;
ListNode *x = seq (i) ; ListNode *top = 0 3 // init stack
while (1) { // find rest of class
while (x) { // process the list
Jj=x—data;
if (our [§)
cout <<
out[jl=
ListNode =y = x —link ;
x—link =10p ;
op=x;

}

else x =x —link ;
} #/ end of while(x)
if (!70p) break ;
else {
X =seq [top —~data

top = top —link 3 // unstack
}
}/ end of while(1)
} /1 end of if(our [i } == FALSE)
for (i=0; i <n;i++)
while (seq[i]) {
ListNode *delnode = seqlil;
seqli] = delnode—link;
delete deinode;
}
delete [ ] seg; delete [ ] our;
} /i end of equivalence

Program 4.29: Algorithm to find equivalence classes
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Figure 4.29: Doubly linked circular list with head node
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Figure 4.30: Empty doubly linked circular list with head node
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class DbilList ;

class DblListNode {
friend class DbiList ;
private:

int data ;

DblListNode *llink, *riink 3
k

class DbiList {
publie:
/f List manipulation operations

private:
DblListNode *first 3 // points to head node
h

Program 4.33: Class definition of a doubly linked list
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void DbiList ::Delete{DblListNode *x)

{
if (x == firsf) cerr << "Deletion of head node not permitted” << end] ;
else {
x —llink —rlink = x >rlink 3
x—rlink Slilink = x >ilink 3
delete x ;
}
}

Program 4.34: Deletion from a doubly linked circular list
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voiad DbiList ::Insert(DbiListNode *p, DbIListNode *x)
/ insert node p to the right of node x
{

p—link = x 5 p —rlink = x —rlink 5

x —rlink ilink = p 5 x=rlink=p 3

}

Program 4.35: Insertion into a doubly linked circular list
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Figure 4.14: Example of a circular list





image2.png
X = xy 1 =l xy [ 1 fe—last
data link

Figure 4.15: Pointing to the last node of a circular list




