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Aim

This assignment is to completely understand general B-Tree and demonstrate B-Tree for teaching purposes. 
Background

B-Trees were first conceived as appropriate structures for external storage by R. Bayer and E. M. McCreight. Thus it would be allocated one block per node. The B-Trees can multiple keys and sub-trees in one node. For example, 2-3 trees and 2-3-4 trees are special 2-ary and 3-ary B-trees. Split method divide one node into 2 or 3 nodes. However, 2-3 trees need different algorithms for split, because, split can not take place with two keys. Split for 2-3 trees divide one node plus new key into 2 or 3 nodes.  Therefore, split and bind are important method for insertion and deletion. On the way to insert new key, if we meet fully filled nodes, we should split the node to keep the balance. If we would not split in this way, we have to go back to parent. ( if the leaf is fully filled ) In the external storage system, reading back is quite expensive. 
Experimental Method

We divided the program into two groups. The first group was BNode class and BTree class which is implemented by Jung-Ho,Yoo. The other was BTreeAlgThread class which is implemented by Chang-Hwan, Park. The former was difficult, because, it had special characteristics, multiple keys & multiple children. The latter was also difficult, because, class library had a few bugs. To use class library which was provided by professor, we read carefully the java documents. 
::: The part that was modified in your package :::

// AlgAnimFrame class in ‘./ciips/animation’ package

/* declaration of object for new ‘option’ menu */

private Menu optMenu=null;

private CheckboxMenuItem[] optArray;

/************************************************/

/* create object and initialize the menu */
private MenuBar createMenuBar() 

{

……………….

dataMenu.addSeparator();


optMenu=new Menu("Option");


dataMenu.add(optMenu);


optArray=new CheckboxMenuItem[2];


optArray[0]=new CheckboxMenuItem("3-Array BTree");


optArray[1]=new CheckboxMenuItem("4-Array BTree");


optMenu.add(optArray[0]);


optMenu.add(optArray[1]);


optArray[0].setState(true);

……………….

}

/****************************************/
/* control action */
public boolean action(Event e, Object arg)

{
…………….
else if (parent == optMenu)  // About option In Select Menu

{



int index=0;



for (int i = 0; i < optArray.length; i++) 



{




if (target == optArray[i]) 




{





optArray[i].setState(true);





index=i;


    

}




else
optArray[i].setState(false);




alg.optionChanged( index, optArray[index].getState() );



}

    
}


else if (parent == optionsMenu)    // About option in Option menu

{



//MenuItem mk = null;



int index = 0;



for (int k = 0; k < optChoice.length; k++) 



//for (int k = 0; k < optionsMenu.getItemCount(); k++) 



{




//mk = optionsMenu.getItem( k );




//if (target == mk) 




if(target==optChoice[k])




{





optChoice[k].setState(true);





index = k;




} 




else
optChoice[k].setState(false);



}



//if ( mk != null ) 



alg.optionChanged( index, optChoice[index].getState() );


}

......................
}
/********************************************************************************/
I modified your code, because you want to rebuild the select menu to include  ‘n-Array BTree’ option menu. And your original option menu wasn’t reset. If one of the option’s sub menu was selected, the others should be unchecked. The option sub menu. However, wasn’t that. There are two option menu in applet as same contents. The one, in Main menu, I don’t know what is suitable to complete the Option’s contents. So, I complete that same as option in Select menu.

Results

Our animation showed clear demonstration for B-Trees.
Comment

  Our program had a few problem. Delete method sometimes didn’t work. Strange image nodes sometimes appear in the left panel( before panel ).

There are some problems about drawing on the left panel but I think that these problems are concerned with library, in the package. We control just right panel to draw nodes. Left panel is controlled by package’s library class and these methods are declared to private almost. So, we couldn’t access these one, even though use class method, declared to static. I think that our program is first case that the nodes have many keys, may be. So the problems about space on each panels, make some strange images on the left panel during copy the right panel and paste on the left panel.
We also discover some problems about option menu, as mentioned. We, however, solved these problems already as attached modified code.

The dialog that was concerned with the menu of action, doesn’t closed. We try to modify program many times but we couldn’t. It takes very long time to analyze the library.

Tool      : Java 2 SDK, SE v1.4.2_04

    Edit plus text editor v2.11

Reference : Jae-Gyu, Lee “Algorithms in C” ( code reference )
            Cormen, Leiserson and Rivest, “Introduction to Algorithms”
            Robert Lafore, “Data structures & Algorithms in Java”
            Frank M. Carrano, “ Data structures and abstractions with Java ”
            Bo-Won, Seo, “ Java programming ”
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BNode
All Implemented Interfaces: 

ciips.animation.DrawingObj 



public class BNode 

extends ciips.animation.tree.TreeNode



	Field Summary

	protected  java.awt.Font
	bigFont 
           

	protected  BNode[]
	child 
          sub-tree array

	protected  int
	height 
          height of node

	protected  java.awt.Color
	highlightColor 
           

	protected  java.awt.Font
	hugeFont 
           

	protected  int[]
	key 
          key array

	protected  java.awt.Color
	labelColor 
           

	protected  int
	max_children 
          maximum number of children

	protected  int
	max_key 
          maximum number of key

	protected  java.awt.Color
	nodeColor 
           

	protected static Nodespace
	nodespace 
           


  

	Fields inherited from class ciips.animation.tree.TreeNode

	DEF_TREENODE_COL, depth, highlightLeft, highlightRight, last_dx, last_dy, left, right, weight


  

	Fields inherited from class ciips.animation.Drawable

	colour, DEFAULT_START, grey, highlight, label, x, y


  

	Constructor Summary

	BNode(int max_key) 
          Create a new leaf node with multiple weight and children.
	

	BNode(int weight, int max_key) 
          Create a new node with multiple weight and children with weight to insert
	


  

	Method Summary

	 void
	appendKey(int newkey) 
          Adds a new key in appropriate position

	 void
	deleteKey(int index) 
          Delete specific key(at index) return current key count

	 void
	draw(java.awt.Graphics g) 
          This method draws the node on the corresponding graphical context normally passed in from the drawing panel.

	 void
	drawEdge(java.awt.Graphics g, BNode child) 
           

	 void
	expandSize(float factor) 
          Adjust the node size by a factor

	 int
	findChildPosition(int specifickey) 
          find child position which has spechfic key

	 int
	findKey(int specifickey) 
          Find specific key in this Node Return founded position(index) return -1, if didn't find

	 java.lang.String
	getAllKeyString() 
          return all key as string

	 BNode
	getChild(int index) 
          return child at index

	 int
	getChildCount() 
          return actual child number

	 java.awt.Color
	getColour() 
           

	 java.awt.Dimension
	getEdgeXY(BNode child) 
           

	 int
	getFilledkeywidth() 
          return actual node size which was filled by inserted key

	 java.awt.Dimension
	getHeadXY() 
           

	 int
	getHeight() 
          return height in the tree

	 int
	getKey(int index) 
          return key at index

	 int
	getKeyCount() 
          return actual key number

	 java.lang.String
	getLabel() 
           

	 int
	getMaxKey() 
          Get Maximum key in this Node

	 java.awt.Dimension
	getNodesize() 
          return maximum node size

	 void
	initColors(java.awt.Color nodeColor) 
          Set the color of the node.

	 void
	initFonts(java.awt.Font hugeFont, java.awt.Font bigFont) 
          Assign some font instances to reduce initialization over during redraw.

	 void
	insertKey(int specifickey, BNode left, BNode right) 
          insert specifickey and set two children on the left of weight and right of weight.

	 boolean
	isLeaf() 
          return true if it is leaf

	 boolean
	isSentinel(int index) 
          return true if child is null at index

	 void
	move(int x, int y) 
          Move the node and all its branches based on the parameters.

	 void
	moveTreeNode(int dx, int dy) 
          Move the tree starting with node dx pixels to the right and dy pixels down.

	 void
	setChild(BNode newnode) 
          Adds a new node

	 void
	setChild(int index, BNode newnode) 
          Adds a new node at index

	 void
	setColour(java.awt.Color x) 
           

	 void
	setHighlight(java.awt.Graphics g) 
           

	 void
	setKey(int index, int newkey) 
          Adds a new key at index

	 void
	setKeyCount(int key_cnt) 
          set actual key number

	 void
	setLabel(java.lang.String label) 
           

	 void
	setLabelColour(java.awt.Color x) 
           

	 void
	setNodespace(Nodespace nodespace) 
           

	 void
	setPosition(int x, int y, int dx, int dy) 
          Start at a node and set the positions for the sub-tree elements

	 void
	setPosition(int x, int y, int dx, int dy, int height) 
          Start at a node and set the positions for the sub-tree elements

	 java.lang.String
	toString() 
          return all key and height as string

	 void
	Unhighlight_Node() 
           


  

	Methods inherited from class ciips.animation.tree.TreeNode

	getDepth, getLeft, getLeftTreeNode, getRight, getRightTreeNode, getWeight, setDepth, setLeft, setLeftTreeNode, setRight, setRightTreeNode, setWeight


  

	Methods inherited from class ciips.animation.Drawable

	getCurrentColour, getX, getY, setGrey, setHighlight, setText


  

	Methods inherited from class java.lang.Object

	clone, equals, finalize, getClass, hashCode, notify, notifyAll, wait, wait, wait


  

	Field Detail


key

protected int[] key
key array 



child

protected BNode[] child
subtree array 



max_children

protected int max_children
maximum number of children 



max_key

protected int max_key
maximum number of key 



height

protected int height
height of node 



nodespace

protected static Nodespace nodespace


nodeColor

protected java.awt.Color nodeColor


labelColor

protected java.awt.Color labelColor


highlightColor

protected java.awt.Color highlightColor


hugeFont

protected java.awt.Font hugeFont


bigFont

protected java.awt.Font bigFont
	Constructor Detail


BNode

public BNode(int max_key)

Create a new leaf node with multiple weight and children. 



BNode

public BNode(int weight,

             int max_key)

Create a new node with multiple weight and children with weight to insert 

	Method Detail


insertKey

public void insertKey(int specifickey,

                      BNode left,

                      BNode right)

insert specifickey and set two children on the left of weight and right of weight. 



setKey

public void setKey(int index,

                   int newkey)

Adds a new key at index 



appendKey

public void appendKey(int newkey)

Adds a new key in appropriate position 



setNodespace

public void setNodespace(Nodespace nodespace)



setChild

public void setChild(BNode newnode)

Adds a new node 



setChild

public void setChild(int index,

                     BNode newnode)

Adds a new node at index 



getLabel

public java.lang.String getLabel()



getNodeSize

public java.awt.Dimension getNodeSize()



getMaxKey

public int getMaxKey()

Get Maximum key in this Node 



findKey

public int findKey(int specifickey)

Find specific key in this Node Return founded position(index) return -1, if didn't find 



findChildPosition

public int findChildPosition(int specifickey)

find child position which has spechfic key 



deleteKey

public void deleteKey(int index)

Delete specific key(at index) return current key count 



getChildCount

public int getChildCount()

return actual child number 



getChild

public BNode getChild(int index)

return child at index 



getKeyCount

public int getKeyCount()

return actual key number 



setKeyCount

public void setKeyCount(int key_cnt)

set actual key number 



isLeaf

public boolean isLeaf()

return true if it is leaf 



isSentinel

public boolean isSentinel(int index)

return true if child is null at index 



getNodesize

public java.awt.Dimension getNodesize()

return maximum node size 



getFilledkeywidth

public int getFilledkeywidth()

return actual node size which was filled by inserted key 



getHeight

public int getHeight()

return height in the tree 



getAllKeyString

public java.lang.String getAllKeyString()

return all key as string 



toString

public java.lang.String toString()

return all key and height as string 



getKey

public int getKey(int index)

return key at index 



setPosition

public void setPosition(int x,

                        int y,

                        int dx,

                        int dy)

Start at a node and set the positions for the sub-tree elements 



setPosition

public void setPosition(int x,

                        int y,

                        int dx,

                        int dy,

                        int height)

Start at a node and set the positions for the sub-tree elements 



move

public void move(int x,

                 int y)

Move the node and all its branches based on the parameters. 

Parameters: 

x - The horizontal destination position of this node. 

y - The vertical destination position of this node.



moveTreeNode

public void moveTreeNode(int dx,

                         int dy)

Move the tree starting with node dx pixels to the right and dy pixels down. 

Parameters: 

dx - The change in x direction. 

dy - The change in y direction.



initFonts

public void initFonts(java.awt.Font hugeFont,

                      java.awt.Font bigFont)

Assign some font instances to reduce initialization over during redraw. 



initColors

public void initColors(java.awt.Color nodeColor)

Set the color of the node. 

Parameters: 

nodeColor - new color of the node.



setLabel

public void setLabel(java.lang.String label)



setColour

public void setColour(java.awt.Color x)



getColour

public java.awt.Color getColour()



setLabelColour

public void setLabelColour(java.awt.Color x)



setHighlight

public void setHighlight(java.awt.Graphics g)



Unhighlight_Node

public void Unhighlight_Node()



expandSize

public void expandSize(float factor)

Adjust the node size by a factor 

Parameters: 

factor - - expansion factor: factor > 1.0 => expansion, factor < 1.0 => shrinkage



drawEdge
public void drawEdge(java.awt.Graphics g,

                     BNode child)



getHeadXY
public java.awt.Dimension getHeadXY()



getEdgeXY
public java.awt.Dimension getEdgeXY(BNode child)



draw
public void draw(java.awt.Graphics g)

This method draws the node on the corresponding graphical context normally passed in from the drawing panel. 




		Package   
	 Class 
	Tree 
	Deprecated 
	Index 
	Help 


	
	

	 PREV CLASS   NEXT CLASS
	FRAMES    NO FRAMES     [image: image5.png]


All Classes All Classes 
	
	

	SUMMARY: NESTED | FIELD | CONSTR | METHOD
	DETAIL: FIELD | CONSTR | METHOD
	
	





		Package   
	 Class 
	Tree 
	Deprecated 
	Index 
	Help 


	
	

	 PREV CLASS   NEXT CLASS
	FRAMES    NO FRAMES     [image: image6.png]


All Classes All Classes 
	
	

	SUMMARY: NESTED | FIELD | CONSTR | METHOD
	DETAIL: FIELD | CONSTR | METHOD
	
	




Class BTreeEdge
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BTreeEdge
All Implemented Interfaces: 

ciips.animation.DrawingObj 



public class BTreeEdge 

extends ciips.animation.Drawable

A drawable object connecting two TreeNode's 



	Field Summary


  

	Fields inherited from class ciips.animation.Drawable

	colour, DEFAULT_START, grey, highlight, label, x, y


  

	Constructor Summary

	BTreeEdge(ciips.animation.tree.TreeNode start, ciips.animation.tree.TreeNode end) 
          Constructor in which offset is set to (0,0)
	

	BTreeEdge(ciips.animation.tree.TreeNode start, ciips.animation.tree.TreeNode end, java.awt.Dimension startoffset, java.awt.Dimension endoffset) 
          Create a new edge joining start and end
	


  

	Method Summary

	 void
	draw(java.awt.Graphics g) 
          Draw the edge

	 boolean
	equals(ciips.animation.tree.TreeNode s, ciips.animation.tree.TreeNode end) 
          Match an edge

	 ciips.animation.tree.TreeNode
	getEnd() 
           

	 ciips.animation.tree.TreeNode
	getStart() 
           

	 void
	setColour(java.awt.Color c) 
           

	 void
	setEnd(ciips.animation.tree.TreeNode e) 
           

	 void
	setendOffset(java.awt.Dimension endoffset) 
           

	 void
	setStart(ciips.animation.tree.TreeNode s) 
           

	 void
	setstartOffset(java.awt.Dimension startoffset) 
          Changes the offset to the arc start and end points .. 

	 java.lang.String
	toString() 
           


  

	Methods inherited from class ciips.animation.Drawable

	getCurrentColour, getX, getY, move, setGrey, setHighlight, setText


  

	Methods inherited from class java.lang.Object

	clone, equals, finalize, getClass, hashCode, notify, notifyAll, wait, wait, wait


  

	Constructor Detail


BTreeEdge

public BTreeEdge(ciips.animation.tree.TreeNode start,

                 ciips.animation.tree.TreeNode end,

                 java.awt.Dimension startoffset,

                 java.awt.Dimension endoffset)

Create a new edge joining start and end 



BTreeEdge

public BTreeEdge(ciips.animation.tree.TreeNode start,

                 ciips.animation.tree.TreeNode end)

Constructor in which offset is set to (0,0) 

	Method Detail


setStart

public void setStart(ciips.animation.tree.TreeNode s)



setEnd

public void setEnd(ciips.animation.tree.TreeNode e)



getStart

public ciips.animation.tree.TreeNode getStart()



getEnd

public ciips.animation.tree.TreeNode getEnd()



setstartOffset

public void setstartOffset(java.awt.Dimension startoffset)

Changes the offset to the arc start and end points .. used if the node size shrinks or expands, eg because a tree became larger or the panel changed size 



setendOffset

public void setendOffset(java.awt.Dimension endoffset)



setColour

public void setColour(java.awt.Color c)



equals

public boolean equals(ciips.animation.tree.TreeNode s,

                      ciips.animation.tree.TreeNode end)

Match an edge 



draw

public void draw(java.awt.Graphics g)

Draw the edge 



toString

public java.lang.String toString()
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BTree


public class BTree 

extends java.lang.Object



	Constructor Summary

	BTree(int max_key) 
          Construct max_key ary BTree
	


  

	Method Summary

	 void
	addComNear(ciips.animation.DrawingObj z, java.lang.String s) 
           

	 void
	addLabel(ciips.animation.ShadowLabel label) 
           

	 void
	addLabelNear(ciips.animation.ShadowLabel label, ciips.animation.DrawingObj z) 
           

	 int
	deleteNode(int key, ciips.animation.AlgAnimFrame frame) 
          Delete data in BTree

	 void
	drawBTree() 
           

	 BNode
	FindNode(int key) 
          Find Node containding data

	 BNode
	FindNode(int key, ciips.animation.Trajectory t) 
          Find Node containding data and add trajectory

	 boolean
	insertNode(int data) 
          Insert data in BTree

	 void
	PrintNode(BNode x) 
           

	 void
	removeLabel(ciips.animation.ShadowLabel label) 
           

	 void
	setBTDisplay(boolean bt_display) 
           

	 void
	setEdges(ciips.animation.tree.TreeEdgeList tel) 
           

	 void
	setPanel(ciips.animation.DrawingPanel dp) 
           


  

	Methods inherited from class java.lang.Object

	clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait


  

	Constructor Detail


BTree

public BTree(int max_key)

Construct max_key ary BTree 

	Method Detail


FindNode

public BNode FindNode(int key,

                      ciips.animation.Trajectory t)

Find Node containding data and add trajectory 



FindNode

public BNode FindNode(int key)

Find Node containding data 



insertNode

public boolean insertNode(int data)

Insert data in BTree 



deleteNode

public int deleteNode(int key,

                      ciips.animation.AlgAnimFrame frame)

Delete data in BTree 



setPanel

public void setPanel(ciips.animation.DrawingPanel dp)



drawBTree

public void drawBTree()



PrintNode

public void PrintNode(BNode x)



setBTDisplay

public void setBTDisplay(boolean bt_display)



setEdges

public void setEdges(ciips.animation.tree.TreeEdgeList tel)



addLabel

public void addLabel(ciips.animation.ShadowLabel label)



addComNear

public void addComNear(ciips.animation.DrawingObj z,

                       java.lang.String s)



addLabelNear

public void addLabelNear(ciips.animation.ShadowLabel label,

                         ciips.animation.DrawingObj z)



removeLabel

public void removeLabel(ciips.animation.ShadowLabel label)
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Class BTreeAlgThread

java.lang.Object
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BTreeAlgThread
All Implemented Interfaces: 

java.awt.event.ActionListener, java.util.EventListener, ciips.animation.InputCompleteListener, java.awt.event.ItemListener, java.lang.Runnable 



public class BTreeAlgThread 

extends ciips.animation.AlgThread 

implements java.awt.event.ItemListener, java.awt.event.ActionListener, ciips.animation.InputCompleteListener

The BTreeAlgThread class contol the menu of Applet and it generates the data. Its parent class is AlgThread and it implements ItemListener,ActionListener and InputCompleteListener interface. 

See Also: 

AlgThread


	Field Summary


  

	Fields inherited from class ciips.animation.AlgThread

	d_panel, frame


  

	Fields inherited from class java.lang.Thread

	MAX_PRIORITY, MIN_PRIORITY, NORM_PRIORITY


  

	Constructor Summary

	BTreeAlgThread(ciips.animation.AlgAnimFrame frame) 
          Creates and call the setParms() in the AlgThread class.
	


  

	Method Summary

	 void
	actionPerformed(java.awt.event.ActionEvent e) 
           

	 java.awt.Menu
	getActionMenu() 
           

	 java.lang.String[]
	getOptions() 
           

	 void
	inputComplete(ciips.animation.InputDialogEvent e) 
           

	 void
	itemStateChanged(java.awt.event.ItemEvent e) 
           

	 boolean
	loadData(int choice) 
          Implements the loadData method in abstract class of AlgThread.

	 void
	optionChanged(int index, boolean new_state) 
          Call the optionAction method.

	 void
	run() 
           


  

	Methods inherited from class ciips.animation.AlgThread

	generateData, getDataPanelCount, restoreDrawingPanel, setDelay, setParms, setParms, setParms, shuffleDown, waitSkip


  

	Methods inherited from class java.lang.Thread

	activeCount, checkAccess, countStackFrames, currentThread, destroy, dumpStack, enumerate, getContextClassLoader, getName, getPriority, getThreadGroup, holdsLock, interrupt, interrupted, isAlive, isDaemon, isInterrupted, join, join, join, resume, setContextClassLoader, setDaemon, setName, setPriority, sleep, sleep, start, stop, stop, suspend, toString, yield


  

	Methods inherited from class java.lang.Object

	clone, equals, finalize, getClass, hashCode, notify, notifyAll, wait, wait, wait


  

	Constructor Detail


BTreeAlgThread

public BTreeAlgThread(ciips.animation.AlgAnimFrame frame)

Creates and call the setParms() in the AlgThread class. 

Parameters: 

frame - The AlgAnimFrame object. 

See Also: 

AlgAnimFrame, AlgThread
	Method Detail


loadData

public boolean loadData(int choice)

Implements the loadData method in abstract class of AlgThread. 



run

public void run()

Specified by: 

run in interface java.lang.Runnable


optionChanged

public void optionChanged(int index,

                          boolean new_state)

Call the optionAction method. 

Parameters: 

index - About the index of selected item in the option menu. 

new_state - About the state of seleced item in the option menu.



itemStateChanged

public void itemStateChanged(java.awt.event.ItemEvent e)

Specified by: 

itemStateChanged in interface java.awt.event.ItemListener


getOptions

public java.lang.String[] getOptions()



getActionMenu

public java.awt.Menu getActionMenu()



actionPerformed

public void actionPerformed(java.awt.event.ActionEvent e)

Specified by: 

actionPerformed in interface java.awt.event.ActionListener


inputComplete

public void inputComplete(ciips.animation.InputDialogEvent e)

Specified by: 

inputComplete in interface ciips.animation.InputCompleteListener
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