
1 // Demonstrate use of Templates to make a linked list.
2 // ECE3090 - Spring 2012
3 // George F. Riley, Georgia Tech, Spring 2012
4
5 #include <iostream>
6
7 using namespace std;
8
9 template <typename T> class List;

10
11 // Define a templated class that contains the user’s data
12 // and a "next" pointer.
13 template <typename T> class ListNode
14 {
15 public:
16 ListNode(const T& e) : next(0), element(e) {}
17 public:
18 ListNode<T>* next;
19 T element; // The user’s data
20 };
21
22 template <typename T> class ListIterator
23 { // Define an "iterator" to access list elements
24 public:
25 ListIterator() : current(0) {}
26 ListIterator(ListNode<T>* b) : current(b) {}
27
28 // Define not equal operator
29 bool operator !=(const ListIterator & rhs)
30 {
31 return current != rhs.current;
32 }
33
34 ListIterator operator++(int) // Postfix increment
35 { // Postfix increment
36 // Create a temporary to return the value prior to advance
37 ListIterator tmp(*this);
38 if (current) current = current->next;
39 return tmp;
40 }
41
42 ListIterator operator++() // Prefix increment
43 { // Prefix increment
44 if (current) current = current->next;
45 return *this;
46 }
47
48 T& operator*() const // Dereference operator
49 {
50 return current->element;
51 }
52 private:
53 ListNode<T>* current;
54 friend class List<T>;
55 };
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56 // Now define the "List" class
57 template <typename T> class List {
58 public:
59 List() : head(0), tail(0) {}
60 void PushBack(const T& e)
61 { // Add to end
62 ListNode<T>* n = new ListNode<T>(e); // Make a new node
63 if (!head) head = n; // If list is empty, n is new head
64 else tail->next = n; // Otherwise, old tail -> next is n
65 tail = n; // n is always new tail
66 }
67
68 void PushFront(const T& e)
69 { // Add to beginning
70 ListNode<T>* n = new ListNode<T>(e); // Make a new node
71 n->next = head; // New element next is old head
72 if (!tail) tail = n; // List was empty, n is new tail
73 head = n; // n is always new head
74 }
75
76 void Insert(const ListIterator<T>& i, const T& e)
77 { // Insert an element after specified iterator
78 ListNode<T>* n = new ListNode<T>(e);
79 n->next = i.current->next;
80 i.current->next = n;
81 if (i.current == tail) tail = n;
82 }
83
84
85 // For illustration, this is an implementation of "erase"
86 // for a doubly linked list. It is not possible to efficiently
87 // erase an element in a singly linked list. THis is commented out
88 // since we do not have a "prior" pointer in the singly-linked list.
89 // void Erase(ListIterator<T> it)
90 // {
91 // ListNode<T>* p = it.current->prior;
92 // ListNode<T>* n = it.current->next;
93 // if (p)
94 // { // Prior exists
95 // p->next = n; // Prior->next points to current->next
96 // }
97 // else
98 // { // The erased object is the old head, advance head
99 // head = n;

100 // }
101 // if (n)
102 // { // Next exists
103 // n->prior = p;
104 // }
105 // else
106 // { // The erased object is old tail, back up tail
107 // tail = p;
108 // }
109 // (*it.current).~ListNode<T>(); // Call the destructor for erased object
110 // }
111
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112 ListIterator<T> Begin()
113 { // Return an iterator starting at the first element
114 return ListIterator<T>(head);
115 }
116
117 ListIterator<T> End()
118 { // Return an iterator representing one beyond end
119 return ListIterator<T>(0);
120 }
121
122 private:
123 ListNode<T>* head;
124 ListNode<T>* tail;
125 };
126
127 int main()
128 {
129 List<int> l;
130 for (int i = 0; i < 10; ++i) l.PushBack(i);
131 for (int i = 100; i < 110; ++i) l.PushFront(i);
132 ListIterator<int> it = l.Begin();
133 ListIterator<int> i1; // For inserting after specified element
134
135 for (ListIterator<int> i = l.Begin(); i != l.End(); ++i)
136 {
137 cout << "List item is " << *i << endl;
138 if ((*i) == 5) i1 = i; // Save this to insert after later
139 }
140 l.Insert(i1, 15);
141 cout << "After insert" << endl;
142 // Print the list again
143 for (ListIterator<int> i = l.Begin(); i != l.End(); ++i)
144 {
145 cout << "List item is " << *i << endl;
146 }
147 }
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