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Creating Linked Lists in C++

What is a linked list?

A linked list is a data structure which is built from structures and pointers. It forms a chain of "nodes" with
pointers representing the links of the chain and holding the entire thing together. A linked list can be
represented by a diagram like this one:

Start

=k =

Thislinked list has four nodesin it, each with alink to the next node in the series. The last node has a link
to the special value NULL, which any pointer (whatever its type) can point to, to show that it isthe last link
in the chain. Thereis also another special pointer, called Start, which pointsto the first link in the chain so
that we can keep track of it.

Defining the data structure for a linked list

The key part of alinked list is a structure, which holds the data for each node (the name, address, age or
hatever for theitemsin the list), and, most importantly, a pointer to the next node. Here | have given the

structure of atypical node:

struct node

{ char nane[ 20]; /1l Name of up to 20 letters
I nt age; /1 D.O B. would be better
fl oat height; /1l In netres
node *nxt; /1l Pointer to next node

¥

node *start_ptr = NULL;

The important part of the structure is the line before the closing curly brackets. This gives a pointer to the
next node in the list. Thisisthe only casein C++ where you are allowed to refer to a data type (in this case
node) before you have even finished defining it!
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| have also declared apointer called st art _pt r which will permanently point to the start of thelist. To
start with, there are no nodesin the list, whichiswhy st art _ptr issetto NULL.

Adding a node to the end of the list

The first problem that we face is how to add a node to the list. For simplicity's sake, we will assume that it
has to be added to the end of the list, athough it could be added anywhere in the list (a problem | will deal
ith later on).

Firstly, we declare the space for a pointer item and assign atemporary pointer to it. Thisis done using the
new statement as follows:

temp

!

tenp = new node;

\We can refer to the new node as*t enp, i.e. " the node that temp pointsto” . When the fields of this
structure are referred to, brackets can be put round the * t enp part, as otherwise the compiler will think we
are trying to refer to the fields of the pointer. Alternatively, we can use the new pointer notation that you
learned in the last section. That's what | shall do here.

Having declared the node, we ask the user to fill in the details of the person, i.e. the name, age, address or
hatever:

cout << "Please enter the nane of the person: ";
cin >> tenp->nane;

cout << "Please enter the age of the person : ";
cin >> tenp->age;

cout << "Please enter the height of the person : ";
cin >> tenp->hei ght;

t enp->nxt = NULL;

The last line sets the pointer from this node to the next to NULL, indicating that this node, when it is
inserted in the list, will be the last node. Having set up the information, we have to decide what to do with
the pointers. Of coursg, if thelist is empty to start with, there's no problem - just set the Start pointer to
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point to this node (i.e. set it to the same value as temp):

I f (start_ptr == NULL)
start_ptr = tenp;

It isharder if there are already nodesin the list. In this case, the secret isto declare a second pointer,
t enp2, to step through the list until it finds the last node.

tenp2 = start_ptr,

/1 W know this is not NULL - list not enpty!

while (tenp2->nxt != NULL)
{ tenp2 = tenp2->nxt; /[l Move to next link in chain
}

The loop will terminate whent enp2 points to the last node in the chain, and it knows when this happened
because the nxt pointer in that node will point to NULL. When it has found it, it sets the pointer from that
last node to point to the node we have just declared:

tenp2->nxt = tenp,

start_ptr temp2

==

Thelink t enp2- >nxt inthisdiagram isthe link joining the last two nodes. The full code for adding a
node at the end of the list is shown below, in its own little function:

voi d add_node_at _end ()
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{ node *tenp, *tenp2; [l Tenporary pointers

/'l Reserve space for new node and fill it with data
tenp = new node;

cout << "Please enter the nane of the person: ";
cin >> tenp->naneg;

cout << "Please enter the age of the person : ";
cin >> tenp->age;

cout << "Please enter the height of the person : ";
cin >> tenp->height;

t enp- >nxt = NULL;

[l Set up link to this node
I f (start _ptr == NULL)
start_ptr = tenp;
el se
{ tenp2 = start_ptr;
/1 We know this is not NULL - list not enpty!
while (tenp2->nxt != NULL)
{ tenp2 = tenp2->nxt;
/1l Move to next link in chain
}
tenp2->nxt = tenp;
}
}

Displaying the list of nodes

Having added one or more nodes, we need to display the list of nodes on the screen. Thisis comparatively
easy to do. Here is the method:

Set atemporary pointer to point to the same thing as the start pointer.

If the pointer pointsto NULL, display the message "End of list" and stop.

Otherwise, display the details of the node pointed to by the start pointer.

Make the temporary pointer point to the same thing asthe nxt pointer of the nodeit is currently
indicating.

5. Jump back to step 2.

A wbh P

The temporary pointer moves along the list, displaying the details of the nodes it comes across. At each
stage, it can get hold of the next node in the list by using the nxt pointer of the node it is currently pointing
to. Here is the C++ code that does the job:

tenp = start _ptr;
do
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{ 1 f (tenp == NULL)
cout << "End of list" << endl;

el se

{ [// Display details for what tenp points to
cout << "Nane : " << tenp->nane << endl;
cout << "Age : " << tenp->age << endl;
cout << "Height : " << tenp->height << endl;
cout << endl; /1 Blank |ine
/'l Move to next node (if present)
tenp = tenp->nxt;

}

}
while (tenp !'= NULL);

Check through this code, matching it to the method listed above. It helpsif you draw a diagram on paper of
alinked list and work through the code using the diagram.

Deleting a node from the list

\When it comes to deleting nodes, we have three choices: Delete a node from the start of the list, delete one
from the end of thelist, or delete one from somewhere in the middle. For ssmplicity, | shall just deal with
deleting one from the start or from the end - | shall put off the evil day when | have to explain how to delete
one from the middle (by then, | might have worked out how to do it!)

\When a node is deleted, the space that it took up should be reclaimed. Otherwise the computer will
eventually run out of memory space. Thisis done with the del et e instruction:

del ete tenp; /| Rel ease the nmenory pointed to by tenp
However, we can't just delete the nodes willy-nilly asit would break the chain. We need to reassign the
pointers and then delete the node at the last moment. Here is how we go about deleting the first node in the
linked list:

tenp = start _ptr; // Make the tenporary pointer
/1 identical to the start pointer

start_ptr

!
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=Kk

temp

Now that the first node has been safely tagged (so that we can refer to it even when the start pointer has
been reassigned), we can move the start pointer to the next node in the chain:

start_ptr = start_ptr->nxt; /| Second node in chain.

starl - ptr
== K=

temp

del ete tenp; /[l Wpe out original start node

start JJ’[I’

N
S
— POOF! —

D

file:///Cl/Documents and Settings/Arash/Desktop/Creating Linked Listsin C++.htm (6 of 16)2006/09/19 11:15:32 b.U




Creating Linked Listsin C++

I

temp
Here is the function that del etes a node from the start:

void del ete_start node()
{ node *tenp;
tenp = start_ptr;
start_ptr = start_ptr->nxt;
del ete tenp;

}

Deleting a node from the end of thelist is harder, as the temporary pointer must find where the end of the
list is by hopping along from the start. Thisis done using code that is almost identical to that used to insert a
node at the end of thelist. It is necessary to maintain two temporary pointers, t enpl andt enp2. The
pointer t enpl will point to the last nodein the list and t enp2 will point to the previous node. We haveto
keep track of both asit is necessary to delete the last node and immediately afterwards, to set the nxt
pointer of the previous node to NULL (it is now the new last node).

1. Look at the start pointer. If itisNULL, then the list isempty, so print out a"No nodes to delete"
message.

2. Maket enpl point to whatever the start pointer is pointing to.

If the nxt pointer of what templ indicatesis NULL, then we've found the last node of the list, so

jump to step 7.

Make another pointer, t enp2, point to the current node in the list.

Maket enpl point to the next item in the list.

Go to step 3.

If you get thisfar, then the temporary pointer, t enp1, should point to the last item in the list and the

other temporary pointer, t enp2, should point to the last-but-one item.

8. Delete the node pointedto by t enp1.

9. Mark the nxt pointer of the node pointed to by t enp2 as NULL - it isthe new last node.

w

N o gk

Let'stry it with arough drawing. Thisis always a good ideawhen you are trying to understand an abstract
data type. Suppose we want to delete the last node from this list:

start_ptr

!
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=k o=

Firstly, the start pointer doesn't point to NULL, so we don't have to display a"Empty list, wise guy!"
message. Let's get straight on with step2 - set the pointer t enpl to the same as the start pointer:

start_ptr

==

templ

The nxt pointer from thisnode isn't NULL, so we haven't found the end node. Instead, we set the pointer
t enp2 tothesame nodeast enpl

start_ptr

!
EEEN
ﬁ%ﬂ%ﬂ%ﬂﬁw

temp2 templ
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and then movet enp1l to the next node in the list:

start_ptr

!
1R
=== 2

temp?2 templ

Going back to step 3, we seethat t enp1l still doesn't point to the last node in the list, so we maket enp2
point to what t enpl pointsto

start_ptr

!
EE NN
E%ﬁ%ﬂ%ﬂﬁw

temp2 templ
andt enpl is made to point to the next node along:

start_ptr

!
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=k

temp?2 templ

Eventualy, thisgoes on until t enp1 really is pointing to the last node in the list, with t enp2 pointing to
the penultimate node:

start_ptr

!
EEEE
===2

temp2 templ
Now we have reached step 8. The next thing to do is to delete the node pointed to by t enpl

start _ptr

NV
“'\-\_H —_—
- PDDF'

== K=
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I I

temp?2 templ
and set the nxt pointer of what t enp2 indicatesto NULL.:

start_ptr

== oK=

temp2
| suppose you want some code for all that! All right then ....

voi d del ete_end_node()
{ node *tenpl, *tenp2;
If (start_ptr == NULL)
cout << "The list is enpty!" << endl;
el se
{ tenmpl = start_ptr;
while (tenpl->nxt != NULL)
{ tenp2 = tenpl;
teml tenpl- >nxt;
}

del ete tenpl;
tenp2- >nxt = NULL,;

}

The code seems alot shorter than the explanation!

Now, the sharp-witted amongst you will have spotted a problem. If the list only contains one node, the code
above will malfunction. Thisis because the function goesasfar asthet enpl = start _ptr statement,
but never gets as far as setting up t enp2. The code above has to be adapted so that if the first node is also
the last (hasaNULL nxt pointer), thenitisdeleted andthest art _pt r pointer isassigned to NULL. In
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this case, there is no need for the pointer t enp2:

voi d del ete_end _node()
{ node *tenpl, *tenp2;

I f (start_ptr == NULL)
cout << "The list is enpty!" << endl;
el se
{ tenpl = start_ptr;
i f (tenmpl->nxt == NULL) /'l This part is new

{ delete tenpl;
start_ptr = NULL;

}

el se
{ while (tenpl->nxt != NULL)

{ temp2 = tenpl;
tenmpl = tenpl->nxt;
}

del ete tenpl,
tenp2->nxt = NULL;
}

}
Navigating through the list
One thing you may need to do isto navigate through the list, with a pointer that moves backwards and
forwards through the list, like an index pointer in an array. Thisis certainly necessary when you want to

insert or delete a node from somewhere inside the list, as you will need to specify the position.

| will call the mobile pointer cur r ent . First of al, it isdeclared, and set to the same value as the
start _ptr pointer:

node *current;
current = start_ptr;

Notice that you don't need to set current equal to the address of the start pointer, as they are both pointers.
The statement above makes them both point to the same thing:

Start current

L
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==

It's easy to get the current pointer to point to the next node in thelist (i.e. move from left to right along the
list). If you want to move current along one node, use the nxt field of the node that it is pointing to at the
moment:

current = current->nxt,;

In fact, we had better check that it isn't pointing to the last item in the list. If it is, then there is no next node
to moveto:

I f (current->nxt == NULL)

cout << "You are at the end of the list." << endl;
el se

current = current->nxt;

Moving the current pointer back one step is alittle harder. Thisis because we have no way of moving back
a step automatically from the current node. The only way to find the node before the current one isto start
at the beginning, work our way through and stop when we find the node before the one we are considering
the moment. We can tell when this happens, asthe nxt pointer from that node will point to exactly the
same place in memory as the current pointer (i.e. the current node).

currett

First of all, we had better check to seeif the current node is also first the one. If it is, then thereis no
"previous' node to point to. If not, check through all the nodes in turn until we detect that we are just behind
the current one (Like a pantomime - "behind you!")

If (current == start _ptr)
cout << "You are at the start of the list" << endl;
el se
{ node *previous; /'l Declare the pointer
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previous = start_ptr;

whil e (previous->nxt != current)
{ previ ous = previous->nxt;
}

current = previous;

}

The else clause trand ates as follows. Declare atemporary pointer (for use in this else clause only). Set it
equal to the start pointer. All the time that it is not pointing to the node before the current node, move it
along the line. Once the previous node has been found, the current pointer is set to that node - i.e. it moves
back along the list.

Now that you have the facility to move back and forth, you need to do something with it. Firstly, let's see if
e can alter the details for that particular node in the list:

cout << "Please enter the new nane of the person: ";
cin >> current->nane;
cout << "Please enter the new age of the person : ";
cin >> current->age;
cout << "Please enter the new height of the person : ";
cin >> current->hei ght;

The next easiest thing to do is to delete a node from the list directly after the current position. We have to
use atemporary pointer to point to the node to be deleted. Once this node has been "anchored", the pointers
to the remaining nodes can be readjusted before the node on death row is deleted. Here is the sequence of
actions:

1. Firstly, the temporary pointer is assigned to the node after the current one. Thisis the node to be
del eted:

current

2. Now the pointer from the current node is made to |eap-frog the next node and point to the one after
that:
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curtent

3. Thelast step isto delete the node pointed to by t enp.

Here isthe code for deleting the node. It includes atest at the start to test whether the current node is the last
oneinthelist:

I f (current->nxt == NULL)
cout << "There is no node after current" << endl;
el se
{ node *tenp;
tenp = current->nxt;
current->nxt = tenp->nxt; /1 Coul d be NULL
del ete tenp;
}

Here is the code to add a node after the current one. Thisis done similarly, but | haven't illustrated it with
diagrams:

I f (current->nxt == NULL)
add _node _at end();
el se
{ node *tenp;

new tenp;

get detail s(tenp);

/[l Make the new node point to the sane thing as
/1 the current node

t enp- >nxt = current->nxt;

/1 Make the current node point to the new link
/1 in the chain

current->nxt = tenp;

}

| have assumed that the function add_node_at _end() isthe routine for adding the node to the end of
the list that we created near the top of this section. Thisroutineis called if the current pointer is the last one
in the list so the new one would be added on to the end.

Similarly, theroutineget _t enp(t enp) isaroutine that reads in the details for the new node similar to

file:///C|/Documents and Settings/Arash/Desktop/Creating Linked Listsin C++.htm (15 of 16)2006/09/19 11:15:32 p.U




Creating Linked Listsin C++

the one defined just above.

...and so ...

By now, we have afair number of routines for setting up and manipulating alinked list. What you should
do now is string them altogether to form a coherent program. | will leave that to you. Here are some other
routines that you might like to write and include in your program:

. Deleting the current node in the list.
. Saving the contents of alinked list to afile.
. Loading the contents of alinked list from afile and reconstructing it.

Rather than putting in an icon at the bottom of the screen, | have decided to put in alink that lets you
download an example program directly as a.CPP file. Thisimplements some (most) of the the items
explained in this section, but leaves some of them for you to implement.

Click here for the example program
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