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JavaScript Data Structures
Arraysof Records
Thereisno separatest r uct typein JavaScript.

But we can think of a structure (or record) as a methodless object.

Example
Here we create an array of instances of the top-level object, Cbj ect .

Each object inthe array hasnanme and age properties (“fields’).
We'll sort the array on the age field of the records using insertion sort.

We first initialize the array ar to contain only the sentinel, with an
age valuelessthan any valid age.

Function i nput Array prompts for nane-age pairs, adding
each pair asarecord to the end of the array.

The prompt for the name isin the condition of thewhi | e loop.

When the user clicks the cancel button, pr onpt returns
undef i ned, which countsasf al se.

This gives aconvenient way to exit the loop.
Functioni nsert Sort isastandard insertion sort.

Function out put Arr ay outputs the records one at a time, both
field valuesenclosedin{...}'s.
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var ar = [ { nane: "Sentinel", age: -1} ];

i nput Array( ar );
insertSort( ar );
outputArray( ar );

function inputArray( arr )

{

var nane, age,

while ( name =
wi ndow. pr onpt (

“"Nane\nQick 'cancel' to exit." ) )
age = parselnt( w ndow. pronpt( "Age" ) );
arr[ arr.length ] =

{ name: nane, age: age };

}
}
function insertSort( arr )
{
var tenp;
for (var i =2; i <arr.length; i++ ) {
tenp = arr[ 1 ];
var | = i;
while ( arr[ j-1].age > tenp.age ) {
arr[ j ] =arr[ j-11;
j--
}
arr[ jJ ] = tenp;
}
}

Continued next page

{
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Continued from previous page

function outputArray( arr )

{

docunent.witel n( "<p>The sorted array: <br>" );

for (var i =1; i <arr.length; i++)
docunent. witeln( "{" + arr[i].name + ",
+ arr[i].age + "} " );

docunent.witeln( "</ p>" );

}

This code is the entire contents of the JavaScript filesort Array. | s.

The HTML file that is loaded to execute this program has little
morethana scri pt element with a sr ¢ attribute whose value
Isthe name of thisfile:

<htm >

<head>

<title>Sorting an Array</title>
<script type = "text/javascript"

src = "sortArray.js">

</script>

</ head>

</htm >

We supplied the following pairs of valuesin the order listed:
John 35

Bill 25
Sue 27
Ed 24
Al 30
Therendering :

' The sorted array:
. {Ed, 24} {Bill, 25} {Sue, 27} {Al, 30} {John, 35}

_________________________________________________________________________________
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Using instances of Qbj ect for records requires little overhead in code.

But it's advantageous to define our own object type when there are
certain operations naturally performed on the records.

Example

This is jug like the previous example except that we define a
Recor d constructor.

When invoked with no arguments, it produces the sentinel record.

It's normally invoked with two arguments. name and age.

Recor d has one method, t oSt r i ng, which outputs fields within

{..}'s
We can now dispense with the outputArray function.

When an array occurs in a position where a string is expected,
its elements are output in sequence, using their t oSt ri ng
methods.

The price we pay is that the sentinel (the first record) is also output.
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var ar = [ new Record() ];

I nput Array( ar );

insertSort( ar );

docunent.witel n( "<p>The sorted array: <br>"
+ ar + "</ p>" );

function Record( nane, age )

{

this.nane = nane || "Sentinel";
this.age = age || -1;
this.toString =
function()
{ return "{" + this.nanme + ",
+ this.age + "} "; };

}

function inputArray( arr )

{

var nane, age;

while ( name =
wi ndow. pr onpt (
“"Nane\ndick 'cancel' to exit." )
age = parselnt( w ndow. pronpt( "Age" ) );
arr[ arr.length ] = new Record( nane, age );

}

) A

}

Continued next page
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Continued from previous page

function insertSort( arr )
{
var tenp;
for (var i =2; i <arr.length; i++ ) {
tenp = arr[ i ];
var j = i;
while ( arr[ j-1].age > tenp.age ) {
arr[ j ] = arr[ j-11;
j--;
}
arr[ j ] = tenp;
}
}

When thisis executed with the same pairs of values, we get:

The sorted array:
{Sentlnel -1} {Ed, 24} ,{Bill, 25} {Sue, 27} {Al, 30} ,{John, 35}

___________________________________________________________________________________
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Reference Types and Garbage Collection
JavaScript types are divided into two groups.

primitive type numbers, boolean values, and the nul | and
undef i ned types

reference types: objects, arrays, and functions
A primitive type has afixed size in memory.

Reference types do not have afixed size.

The variable stores areference (some form of pointer) to the value.

Consider the following code fragment:

var a =[1, 2, 3]; // Initialize ‘a to refer
/1 to an array.

var b = a; // Copy that reference into ‘b’.
a[0] = 4; /1l NModify the array via ‘a’.
alert(b); /1l Display the nodified array
/1 [4,2,3] via ‘b'.
Here no copy is made of the array.
The assignment in the second line copied only the reference.

Thereafter, the same array is accessed or modified via either a or b.

Strings are actually immutabl e reference types.
Once created, they can’t be modified.

So there’' s no analogue of the above example.
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Thereisno syntax for pointersin JavaScript.

When we talk about an identifier for an object, that identifier is
really areference (pointer) variable.

Thisissimilar to the situation with arraysin C and C++.

Since reference types haven't a fixed size, memory must be
allocated dynamically for the values referenced.

This memory for a value is freed automatically when JavaScript
determines that there is no program variable that referstoit.

Thisis garbage collection.

This is in contrast to C and C++, where memory must be freed
manualy.
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Linked Lists

To implement linked lists, we have two prototypes.
Li st Node and Li st .

A Li st Node hastwo instance variables. dat a and next .

If the constructor is invoked with fewer than two arguments,
next defaultstonul | .

If the constructor is invoked with no arguments, dat a has the
vaueundef i ned.

As a generd rule, we define get and set methods for each
instance variable.

These are used by everything except instances of the prototype.

We dso define a toString method, which invokes the
t oSt ri ng method of thedataval ue.

function ListNode( data, nextNode )
{
this.data = dat a;
this.next = nextNode || null;
this.getdata =
function() { return this.data; };
this.setdata =
function( data ) { this.data = data; };
this.getnext =
function() { return this.next; };
this.setnext =
function( nextNode ) { this.next = nextNode; };

this.toString =
function() { return this.data.toString();};
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Thefollowingisthefileusedtotest Li st Node.

Notethat nodend?2 isthevaueof nodendl’snext fied.

var nd2 = new Li st Node( 2 ),
ndl new Li st Node( 3, nd2 );

docunent.witeln( "<p>" + ndl + " "
+ ndl. next + "</p>" );

ndl. setdata( 4 );
ndl. setnext ( new ListNode( 5 ) );

docunent.witeln( "<p>" + ndl.getdata() + " "
+ ndl.getnext().getdata() + "</ p>" );

Thefollowing isthe HTML file that executes both these files.
Therearetwo separatescr i pt elementswith sr ¢ attributes.
Filenode. j s containstheLi st Node constructor.

Filet est Node. | s containsthe test code.

<htm >

<head>

<title>Tests</title>

<script type = "text/javascript" src
</script>

<script type = "text/javascript" src
</script>

</ head>

</htm >

"node.js">

"test Node.js">

Thefollowing is the rendering:

___________________________________________________________
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A Li st isasequenceof Li st Nodeslinked by their next fields.

Thereis no dummy head or tail node.
A Li st hasinstancevariablesnane, fi r st Node, and| ast Node.

The constructor has one argument, for the nane, which defaults to
“a |ist” if thisargumentisn't supplied.

When congtructed, aLi st isempty:
first Node andl ast Node arebothnul | .

We define get and set methods for name but not for
firstNode orl ast Node.

These are not meant to be accessed by instances of other prototypes.

Thisimplementation uses standard techniques
to determine whether thelist isempty (method i sEnpt y),
toinsert anode at the front or back, and

to remove a node from the front or back, returning its dat a
value.

The t oSt ri ng method returns the concatenation of the string
representations of the list nodes.

The i sEnpty property is assigned an anonymous function in the
constructor.

The properties corresponding to the other methods are set as properties
of theLi st . pr ot ot ype property outside the constructor.

They are assigned the appropriate functions defined inthisfile.
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function List( nane )

{ this.nane = nane || "a list";
this.firstNode = this.lastNode = null;
this. getnane =
function() { return this.nane; };
this.setnane =
function( nanme ) { this.nane = nane; },;
this.isEnpty =
function() { return this.firstNode == null; };
}

function List_insertAtFront( insertltem)
{
If ( this.isEnmpty() )
this.firstNode = this.|astNode
new Li st Node( insertlitem);

el se

this.firstNode
= new Li st Node( insertltem this.firstNode );

}

function List_insertAtBack( insertltem)
{
If ( this.isEnmpty() )
this.firstNode = this.|astNode
new Li st Node( insertlitem);

el se {
t hi s. | ast Node. set next (
new Li st Node( insertlitem) );
this.last Node = this.|astNode. getnext();

}

Continued next page
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Continued from previous page

function List_renoveFronfront ()

{
if ( this.isEmty() )
return null;

var renoveltem = this.firstNode. getdata();

If ( this.firstNode == this.|astNode )
this.firstNode = this.|lastNode = null;
el se
this.firstNode = this.firstNode.getnext();

return renoveltem

}

function List_renoveFronBack()

if ( this.isEnmpty() )
return null;

var renoveltem = this.|astNode. getdata();

If ( this.firstNode == this.|astNode )
this.firstNode = this.lastNode = null;
el se {
var p = this.firstNode;

while ( p.getnext() !'= this.|astNode )
p = p.getnext();

this. |l ast Node = p;
p.setnext( null );

}

return renoveltem

Continued next page
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Continued from previous page

function List _toString()

{
var p this.firstNode,

str ="";

while (( p) {
str +=p + " ",
p = p.next;

}

return str;

}

Li st. prototype.insertAt Front
= List_insertAtFront;

Li st. prototype.insert At Back
= Li st _insert At Back;

Li st. prot ot ype. r enoveFr onfr ont
= Li st_renoveFronfront;

Li st. prot ot ype. renoveFr onBack
= Li st _renoveFr onBack;

Li st. prototype.toString
= List _toString;

Thefollowing isatest file for thisimplementation:

var Ist = new List( "test" );

| st.insertAtFront( 2 );

| st.insertAtBack( 3 );

| st.insertAtFront( 1 );
docurment.witeln( "<p>" + Ist + "</p>"

| st.renmoveFronftront ();
| st. renmoveFr onBack();
docurment.witeln( "<p>" + Ist + "</p>"
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Thefollowing isthe HTML file that executes thesefiles.
Filel i st. ] s containstheLi st definition.

Filet est Li st. | s containsthetest code.

Weadsoincludenode. j s sinceli st usesLi st Node.

<htm >

<head>

<title>List Tests</title>

<script type = "text/javascript" src
</script>

<script type = "text/javascript" src
</script>
<script type
</script>

</ head>
</htm >

"node. j s">

"list.js">

"text/javascript" src "testList.js">

Thefollowing is the rendering:

_______________________________________________________________________
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It' s obvious how to implement stacks and queues as linked lists.

In fact, stacks and queues can be implemented easily using array
operationsthat we'll look at later.

Arraysin JavaScript, aswe'll see, aessentialy lists.

One can aso use standard techniques to implement sorted lists.

But, in many of the situations where we'd use a sorted list (e.qg.,
quick updates and searches), an associative array is a better
choice.
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