
(/(&����

:HHN��

$GPLQLVWUDWLYH�1RWHV

] 0LGWHUP�GDWH�KDV�EHHQ�FKDQJHG�WR�)HE����
����������30�GXH�WR�VFKHGXOLQJ�FRQIOLFW

] 5HFDOO�DVVLJQPHQW���GXH�0RQGD\�-DQXDU\�����LQ
RQH�ZHHN�

$EVWUDFW�'DWD�7\SHV

] 7KH�FODVVHV�ZH�KDYH�EHHQ�FUHDWLQJ�DUH�H[DPSOHV�RI
DEVWUDFW�GDWD�W\SHV��$'7¶V�

] $'7¶V�UHSUHVHQW�D�W\SH�WKDW

\ SURYLGH KLJK�OHYHO RSHUDWLRQV

\ FDQ EH LQVWDQWLDWHG DQ\ QXPEHU RI WLPHV

] (�J���$�SURJUDP�PD\�KDYH�PDQ\�LQVWDQFHV�RI

\ 7LPH9DO YDOXHV

\ &RXUVH/LVW OLVWV RI FRXUVHV

$EVWUDFW�'DWD�7\SHV

] 6WDQGDUG�$'7¶V�LQFOXGH

\ /LVW

\ 7UHH

\ *UDSK

\ 6WDFN

\ 4XHXH

\ «HWF

] &ODVV�OLEUDULHV�XVXDOO\�LQFOXGH�VWDQGDUG�LPSOHPHQWDWLRQV
RI�WKHVH�$'7¶V

\ (�J�� -DYD OLEUDU\� &�� 6WDQGDUG 7HPSODWH /LEUDU\� %RUODQG &��

OLEUDU\� «



([DPSOH�

6WXGHQW�,QIRUPDWLRQ�$'7

] 6WXGHQW�LQIRUPDWLRQ�LV�W\SLFDOO\�DFFHVVHG�YLD�D
VWXGHQW�QXPEHU

] ,Q�D�VWXGHQW�LQIRUPDWLRQ�GDWDEDVH��WKHUHIRUH
ZDQW�RSHUDWLRQV�DOORZLQJ�VWXGHQWV�WR�EH�IRXQG
EDVHG�RQ�VWXGHQW�QXPEHU

] $Q�$'7�SURYLGLQJ�VXFK�D�ORRNXS�VHUYLFH�LV�FDOOHG
D�GLFWLRQDU\

6WXGHQW�,QIRUPDWLRQ

'LFWLRQDU\

public interface StudentDictionary {
// Add a new student to the dictionary
public void addStudent (Student s);

// Remove given student from dictionary
public void removeStudent (Student s);

// Look up a student by student number
public Student findStudent (int studentNumber);

// Print contents of dictionary to display
// (for debugging)
public void dump ();

}

*RRG�,QWHUIDFH�'HVFULSWLRQ

] ,W�VKRXOG�EH�SRVVLEOH�WR�XQGHUVWDQG�DQ�LQWHUIDFH
IURP�LWV�GHVFULSWLRQ

\ ,�H���D�SURJUDPPHU�VKRXOG�EH�DEOH�WR�XVH�DQ�$'7
ZLWKRXW�UHDGLQJ�LWV�FRGH

] ,V�WKLV�WUXH�KHUH"

$GGLQJ�D�VWXGHQW

] :KDW�LI�VWXGHQW�µV¶�LV�DOUHDG\�LQ�WKH�GLFWLRQDU\"

] :KDW�LI�D�VWXGHQW�ZLWK�WKH�VDPH�VWXGHQW�QXPEHU�DV�µV¶�LV
DOUHDG\�LQ�WKH�GLFWLRQDU\"

] :KDW�LI�V  QXOO"

] :KDW�LI�WKH�GLFWLRQDU\�LV�IXOO"

// Add a new student to the dictionary
public void addStudent (Student s);



:KDW�GRHV�RXU�SURJUDP�GR"

] :KDW�LI�VWXGHQW�µV¶�LV�DOUHDG\�LQ�WKH�GLFWLRQDU\"

\ 2SHUDWLRQ KDV QR HIIHFW

] :KDW�LI�D�VWXGHQW�ZLWK�WKH�VDPH�VWXGHQW�QXPEHU�DV�µV¶�LV
DOUHDG\�LQ�WKH�GLFWLRQDU\"

\ 7KH HDUOLHU HQWU\ LV UHSODFHG E\ WKH QHZ HQWU\

] :KDW�LI�V  QXOO"

\ 7KLV LV DQ HUURU � SURJUDP EHKDYLRXU XQVSHFLILHG

] :KDW�LI�WKH�GLFWLRQDU\�LV�IXOO"

\ 3URJUDP PD\ FUDVK �RXFK�� � EHWWHU WR SURYLGH D UHWXUQ YDOXH
LQGLFDWLQJ VXFFHVV�

// Add a new student to the dictionary
public void addStudent (Student s);

3RVVLEOH�,PSOHPHQWDWLRQV�IRU

6WXGHQW�'LFWLRQDU\

] $UUD\�9HFWRU

] /LQNHG�/LVW

] %LQDU\�6HDUFK�7UHH

] +DVK�7DEOH

] «

3URSHUWLHV�RI�,PSOHPHQWDWLRQV

] $UUD\�OLQNHG�OLVW�LPSOHPHQWDWLRQV

\ 'LFWLRQDU\�ORRNXS�LV�VORZ

[ (�J�� DW 4XHHQ¶V 8QLYHUVLW\� WKHUH DUH DSSUR[LPDWHO\ ������

VWXGHQWV FXUUHQWO\ HQUROOHG

[ 7R ILQG D VWXGHQW E\ VWXGHQW QXPEHU� PD\ QHHG WR VHDUFK DOO

������ HQWULHV

[ *HWV ZRUVH LI ZH LQFOXGH VWXGHQWV QR ORQJHU HQUROOHG

\ 6SHFLILFDOO\��GLFWLRQDU\�ORRNXS�LV�2�Q���ZKHUH�Q
UHSUHVHQWV�WKH�VL]H�RI�WKH�GLFWLRQDU\��L�H���QXPEHU�RI
VWXGHQWV�

[ 5HFDOO� $Q DOJRULWKP LV 2�H� IRU H[SUHVVLRQ H LQYROYLQJ Q LI

WKHUH H[LVWV VRPH FRQVWDQW F VXFK WKDW DV Q JURZV� WKH

QXPEHU RI RSHUDWLRQV LQ WKH DOJRULWKP LV ERXQGHG E\ F
H

// Look up a student by student number
public Student findStudent (int studentNumber);

3URSHUWLHV�RI

,PSOHPHQWDWLRQV

] :H�VKDOO�VHH�KRZ�ZH�FDQ�LPSURYH�WKLV�E\�XVLQJ
D�ELQDU\�VHDUFK�WUHH��%67�

\ ,I�WKH�WUHH�LV�EDODQFHG��D�VHDUFK�LV�2�ORJ��Q�

Q ORJ��Q

����� ��

��������� ��

������������� ��



7UHHV

6WXGHQW

1XPEHU

1DPH

� $QGUHZ

� 'DYLG

� 'HORUHV

� 'LDQH

� +RVVDP

� 1LFN

� 3DW

] $VVXPH�WKH�GLFWLRQDU\
FRQWDLQV�WKHVH
VWXGHQWV

] 1RWH�LW�LV�DFFLGHQWDO
WKDW�WKH�VWXGHQWV
QDPHV�DUH
DOSKDEHWLFDO���WKLV�ZLOO
PDNH�RXU�GUDZLQJV
VLPSOHU��EXW�LQ
JHQHUDO�LV�QRW�WUXH

7UHHV

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

7UHHV

] $�WUHH�FRQVLVWV�RI�D�VHW�RI
QRGHV

\ +HUH��QRGHV�UHSUHVHQW�VWXGHQWV
�QDPH��VWXGHQW�QXPEHU�

\ (DFK�QRGH�KDV�D�VHW�RI���RU
PRUH�FKLOGUHQ

\ 7KH�PD[LPXP�QXPEHU�RI
FKLOGUHQ�LQ�D�WUHH�LV�WKH�WUHHV
DULW\

\ $�ELQDU\�WUHH�KDV�DULW\��

\ 7KH�FKLOGUHQ�RI�D�ELQDU\�WUHH�DUH
FDOOHG�WKH�OHIW�DQG�ULJKW�FKLOG

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

7UHHV

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

height = 3

root

leaf



7UHH�6HDUFK

] *LYHQ�D�VWXGHQW�QXPEHU�VQ��ILQG�WKH
FRUUHVSRQGLQJ�QDPH

\ 6WDUW�DW�URRW�RI�WUHH

[ ,I WKLV QRGH KDV VWXGHQW QXPEHU VQ

� 5HWXUQ WKLV QRGH¶V QDPH

[ HOVH

� 5HFXUVLYHO\ VHDUFK WKH OHIW VXEWUHH IRU VQ

� 5HFXUVLYHO\ VHDUFK WKH ULJKW VXEWUHH IRU VQ

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

(J��VHDUFK�IRU�VQ �

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

(J��VHDUFK�IRU�VQ �

Visit “Diane” node;
student num=4 

start here...

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

(J��VHDUFK�IRU�VQ �

Visit “Diane” node;
student num=4 

Visit “David” node;
student num=2 

start here...



Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

(J��VHDUFK�IRU�VQ �

Visit “Diane” node;
student num=4 

Visit “David” node;
student num=2 

Visit “Andrew” node;
student num=1 

start here...

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

(J��VHDUFK�IRU�VQ �

Visit “Diane” node;
student num=4 

Visit “David” node;
student num=2 

Visit “Andrew” node;
student num=1 

Visit “Delores” node;
student num=3 

start here...

80/�'HVFULSWLRQ�RI�7UHH 5HILQLQJ�'HVFULSWLRQ



)LUVW�,PSOHPHQWDWLRQ

public class StudentTree {
    private Student s;

    public static final int leftChild = 0;
    public static final int rightChild = 1;
    private StudentTree [] children = new StudentTree [2];

    public StudentTree getChild (int n) {...}

    public void setChild (int n, StudentTree t) {...}

    public void setStudent (Student s) {...}

    public Student getStudent () {...}

    public Student findStudent (int studentNumber) {...}
}

class StudentTree {
private Student s;
private StudentTree [] children;
...

public Student findStudent (int studentNumber) {
// check if the student is this node
if (s.getStudentNumber() = studentNumber) {

return s;
} else {

// search for student in any children
for (int i=0; i<children.length; i++) {

if (children[i] != null) {
    Student foundStudent =

children[i].findStudent (studentNumber);
    if (foundStudent != null) {
        return foundStudent;
    }
}

}
}

// Student was not found
return null;

}
}

&RPSOH[LW\�RI�6HDUFKLQJ�LQ�D

7UHH

] 7UHH�VHDUFK�LV�2�Q�

\ ,Q�ZRUVW�FDVH��QHHG�WR�YLVLW�DOO�Q�QRGHV

] &DQ�LPSURYH�ZLWK�ELQDU\�VHDUFK�WUHH

%LQDU\�6HDUFK�7UHH��%67�

] $UUDQJH�WUHH�ZLWK�SURSHUW\
WKDW�IRU�DQ\�QRGH

\ $OO�HOHPHQWV�WR�OHIW�RI�QRGH
SUHFHGH�WKDW�QRGH
QXPHULFDOO\

\ $OO�HOHPHQWV�WR�ULJKW�RI�QRGH
IROORZ�WKDW�QRGH�QXPHULFDOO\

\ (�J���VWXGHQW�QXPEHUV
^�����`�DSSHDU�WR�OHIW�RI
³'LDQH´�QRGH��VWXGHQW
QXPEHUV�^�����`�DSSHDU�WR
ULJKW�RI�³'LDQH´�QRGH

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right



%67�6HDUFK

] *LYHQ�D�VWXGHQW�QXPEHU�VQ��ILQG�WKH
FRUUHVSRQGLQJ�QDPH

\ 6WDUW�DW�URRW�RI�WUHH

[ ,I WKLV QRGH KDV VWXGHQW QXPEHU VQ

� 5HWXUQ WKLV QRGH¶V QDPH

[ HOVH LI VQ � WKLV QRGHV VWXGHQW QXPEHU

� 5HFXUVLYHO\ VHDUFK WKH OHIW VXEWUHH IRU VQ

[ HOVH �PXVW EH WKDW VQ ! WKLV QRGHV VWXGHQW QXPEHU�

� 5HFXUVLYHO\ VHDUFK WKH ULJKW VXEWUHH IRU VQ

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

(J��VHDUFK�IRU�VQ �

Visit “Diane” node;
student num=4 

Visit “David” node;
student num=2 

Visit “Delores” node;
student num=3 

start here...

&RPSOH[LW\�RI�%67�6HDUFK

Diane (4)

Nick (6)

David (2)

Delores(3)

Andrew(1)

Pat (7)Hossam (5)

left

left

left

left

right

right

In worst case, tree devolves to a list,
so complexity remains O(n)

$9/�7UHH

] %DODQFHG�ELQDU\�VHDUFK
WUHHV�DUH�FDOOHG�$9/�WUHHV

\ 7KH�OHQJWKV�RI�DQ\�WZR
SDWKV�IURP�URRW�WR�OHDI�GLIIHU
E\�QR�PRUH�WKDQ��

\ &RPSOH[LW\�RI�VHDUFK�WKHQ
EHFRPHV�2�ORJ��Q�

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right



,PSOHPHQWLQJ�WKH�6WXGHQW

'LFWLRQDU\�DV�D�%67

] 6WXGHQW'LFWLRQDU\
LQWHUIDFH�GHILQHV
GLFWLRQDU\�RSHUDWLRQV

] 7UHH'LFWLRQDU\
LPSOHPHQWV�WKHVH
RSHUDWLRQV�LQ�WHUPV�RI
D�ELQDU\�VHDUFK�WUHH

\ VWXGHQWV�LPSOHPHQWHG
YLD�D�7UHH5HI�REMHFW

,PSOHPHQWLQJ�WKH�6WXGHQW

'LFWLRQDU\�DV�D�%67

] 6WXGHQW7UHH

\ LPSOHPHQWV WKH WUHH LWVHOI

\ FKLOGUHQ LPSOHPHQWHG DV DUUD\ RI

WZR HOHPHQWV

[ OHIW&KLOG  �

[ ULJKW&KLOG  �

\ FRQWDLQV D VWXGHQW HOHPHQW V

\ RSHUDWLRQV

[ JHW&KLOG� UHWXUQ OHIW�ULJKW FKLOG

[ VHW&KLOG� VHW YDOXH RI OHIW�ULJKW FKLOG

[ JHW6WXGHQW� JHW VWXGHQW DVVRFLDWHG

ZLWK WKLV QRGH

[ GXPS� GLVSOD\ FRQWHQWV RI WUHH

,PSOHPHQWLQJ�WKH�6WXGHQW

'LFWLRQDU\�DV�D�%67
] 7UHH5HI

\ LPSOHPHQWV PHFKDQLVPV WR WUDYHUVH

WUHH� PRGLI\ WUHH VWUXFWXUH

\ SURYLGHV UHIHUHQFH WR D QRGH YLD

[ D UHIHUHQFH WR LWV SDUHQW

[ WKH FKLOG QXPEHU RI WKH QRGH

�OHIW&KLOG RU ULJKW&KLOG�

\ FRQWDLQV D VWXGHQW HOHPHQW V

\ RSHUDWLRQV

[ JHW1RGH� UHWXUQ OHIW�ULJKW FKLOG

[ VHW1RGH� VHW YDOXH RI OHIW�ULJKW FKLOG

[ DGG7UHH� JHW VWXGHQW DVVRFLDWHG

ZLWK WKLV QRGH

[ GHOHWH1RGH� GHOHWHV QRGH IURP WUHH

[ ILQG� ILQG WKH VWXGHQW ZLWK WKH JLYHQ

VWXGHQW QXPEHU

,PSOHPHQWLQJ�WKH�6WXGHQW

'LFWLRQDU\�DV�D�%67



7UHH5HI·V

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

Type StudentTree

Each node in the tree
is of type StudentTree
• contains a Student
object (name, student
number)
• contains references
to its children (0..2)

7UHH5HI·V

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Pat (7)Hossam (5)

left

left left right

right

right

childNumber = rightChild
parentNode = 

Node of type TreeRef, referring to “Pat” node
• I.e., the “Pat” node is the right child of “Nick”

refers to

6HDUFKLQJ

] 1HZ�YHUVLRQ�RI�ILQG�EDVHG�RQ�7UHH5HI

\ ,QYRNH�RQ�UHIHUHQFH�WR�URRW�RI�WUHH

\ 5HWXUQV�UHIHUHQFH�WR�WUHH�QRGH�ZLWK�WKLV�VWXGHQW

] 6HHPV�PRUH�FRPSOLFDWHG�WKDQ�ODVW�YHUVLRQ�

\ :LOO�KHOS�ZLWK�LPSOHPHQWDWLRQ�RI�DGG7UHH��GHOHWH1RGH

class TreeRef {
...
TreeRef find (int studentNumber) {...}
...

}

 public TreeRef find (int studentNumber) {
StudentTree t = getNode();

if (t == null) {
    // No children - therefore cannot find this student
    return this;
} else if (t.getStudent().getStudentNumber() == studentNumber) {
    // This node represents the student - return the
    // tree reference to this node
    return this;

} else if (studentNumber < t.getStudent().getStudentNumber()) {
    // The student must be in the left subtree
    // Create a tree reference for the left child
    TreeRef leftRef

= new TreeRef (t, StudentTree.leftChild);
    return leftRef.find (studentNumber);
} else {
    // The student must be in the right subtree
    // Create a tree reference for the right child
    TreeRef rightRef

= new TreeRef (t, StudentTree.rightChild);
    return rightRef.find (studentNumber);
}

    }

In class TreeRef
• Invoke with reference to root



$GGLQJ�D�QHZ�QRGH�WR�WKH�WUHH

] )LQG�D�UHIHUHQFH�WR�ZKHUH�WKDW�QRGH�ZRXOG�EH
IRXQG�LI�LW�ZHUH�LQ�WKH�WUHH

] $VVLJQ�WKH�QRGH�WR�WKDW�SRVLWLRQ�LQ�WKH�SDUHQW

$GGLQJ�D�1RGH

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Hossam (5)

left

left left

right

right

childNumber = rightChild
parentNode = 

Wish to add
“Pat” into tree

Pat (7)

Step 1: Find where
“Pat” node would
appear if it were in the
tree
• Answer - as right
child of “Nick” node

$GGLQJ�D�1RGH

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Hossam (5)

left

left left

right

right

childNumber = rightChild
parentNode = 

Pat (7)

Step 2: Assign “Pat” to
right child of “Nick”

right

$GGLQJ�D�1RGH�WR�D�7UHH

class TreeRef {
...
public void addTree (StudentTree t) {

// Traverse the tree to find the location to insert t.
// Do this by finding the tree ref to the parent where
// this tree should be inserted.
int studentNumber = t.getStudent().getStudentNumber();
TreeRef r = find (studentNumber);   // step 1
r.setNode (t);   // step 2

}
...

}

Note: doesn’t keep tree balanced! Can you
construct an example showing why not?



'HOHWLQJ�D�QRGH�IURP�WKH�WUHH

] )LQG�D�UHIHUHQFH�WR�WKH�QRGH�LQ�WKH�WUHH

] 5HPRYH�WKDW�QRGH�IURP�WKH�WUHH

] )LQG�DSSURSULDWH�SODFHV�IRU�WKH�QRGH¶V�FKLOGUHQ

\ (�J���VLPSOH�DSSURDFK�

[ 3XW OHIW VXEWUHH ZKHUH GHOHWHG QRGH ZDV

[ $GG ULJKW VXEWUHH LQWR OHIW VXEWUHH

[ «7KLV DSSURDFK ZRUNV� EXW OHDGV WR YHU\ LPEDODQFHG WUHHV

'HOHWLQJ�D�1RGH

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Hossam (5)

left

left

right

right

childNumber = rightChild
parentNode = 

Wish to delete
“Nick” from tree

Pat (7)

Step 1: find reference
to node to be deleted
• Answer: “Nick” node
is right child of “Diane”
node

'HOHWLQJ�D�1RGH

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Hossam (5)

left

left

right

right

childNumber = rightChild
parentNode = 

Wish to delete
“Nick” from tree

Pat (7)

Step 2: right child of
parent node becomes
left child of deleted
node

'HOHWLQJ�D�1RGH

Diane (4)

Nick (6)David (2)

Delores(3)Andrew(1) Hossam (5)

left

left

right

right

childNumber = rightChild
parentNode = 

Wish to delete
“Nick” from tree

Pat (7)

Step 3: right child of
deleted node is added
into new right child of
parent

right



'HOHWLQJ�D�1RGH

Diane (4)

David (2)

Delores(3)Andrew(1)

Hossam (5)

left

left

right

right

childNumber = rightChild
parentNode = 

Pat (7)

right

This approach always leaves
the tree as a BST (assuming it
started as one.) Can you prove
this?

$GGLQJ�D�1RGH�WR�D�7UHH

class TreeRef {
...
public void deleteNode (TreeRef r) {

StudentTree t = getNode();
Util.assert (t != null,
             "Attempt to delete null tree element");

// To delete the node, replace it by its left subtree, 
// then add its right subtree
StudentTree leftTree = t.getChild (StudentTree.leftChild);
r.setNode (leftTree);  // step 2
r.addTree (t.getChild (StudentTree.rightChild)); // step 3

}
...

}

Note: doesn’t keep tree balanced! Can you
construct an example showing why not?

,PSOHPHQWLQJ�WKH�'LFWLRQDU\

] 7KH�GLFWLRQDU\�LQWHUIDFH�LV�LPSOHPHQWHG�E\�D
FODVV�7UHH'LFWLRQDU\

] 7KLV�FODVV�FRQWDLQV�D�7UHH5HI�UHSUHVHQWLQJ�WKH
URRW�RI�WKH�WUHH�FRQWDLQLQJ�WKH�VWXGHQWV

] 2SHUDWLRQV�LQ�GLFWLRQDU\�DUH�PDSSHG�WR�WUHH
RSHUDWLRQV

\ DGG6WXGHQW���LPSOHPHQWHG�E\�DGG7UHH��

\ UHPRYH6WXGHQW���LPSOHPHQWHG�E\�GHOHWH1RGH��

\ «HWF�

public class TreeDictionary implements StudentDictionary {
    // The tree containing the students
    private TreeRef students =

       new TreeRef (new StudentTree(null),StudentTree.leftChild);

    public void addStudent (Student s) {
// Create a tree node for this student and add it into the tree.
StudentTree t = new StudentTree (s);
students.addTree (t);

    }

    public void removeStudent (Student s) {
students.deleteNode (students.find (s.getStudentNumber()));

    }

    public Student findStudent (int studentNumber) {
// Look up the student with this student number
TreeRef r = students.find (studentNumber);

// Get the actual tree node. If this is null, there is no
// such student. Otherwise, return the student.
StudentTree t = r.getNode();
if (t == null) {
    return null;
} else {
    return t.getStudent();
}

    }
}



5HFDOO�VWUXFWXUH�RI

DSSOLFDWLRQ« 6HTXHQFH�'LDJUDPV

] 5HODWLRQVKLSV�EHWZHHQ�FODVVHV�FDQ�EH�LOOXVWUDWHG
E\�VHTXHQFH�GLDJUDPV

\ VKRZ�VFHQDULRV�RI�KRZ�REMHFWV�FRPPXQLFDWH

\ H�J���VFHQDULR�RI�DGGLQJ�D�VWXGHQW�LQWR�WKH�WUHH�
VFHQDULR�RI�ILQGLQJ�D�VWXGHQW

�7UHH'LFWLRQDU\ VWXGHQWV �7UHH5HI SDUHQW1RGH�6WXGHQW7UHH

DGG6WXGHQW �V�

DGG7UHH �W�

V�6WXGHQW

VHW1RGH �W�

VHW&KLOG �FKLOG1XPEHU� W�

U

W�6WXGHQW7UHH U�7UHH5HI
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$�QRWH�RQ�W\SLQJ«

] 7KH�GLFWLRQDU\�LV�GHILQHG
RYHU�REMHFWV�RI�W\SH
6WXGHQW

] %XW�ZH�ZDQW�WR�XVH�LW�IRU
DOO�NLQGV�RI�VWXGHQWV��
LQFOXGLQJ
8QGHUJUDGXDWH6WXGHQW
DQG�*UDGXDWH6WXGHQW

$�QRWH�RQ

W\SLQJ«

] ,Q�JHQHUDO��FDQ�DOZD\V�DVVLJQ�XS�WKH�FODVV�KLHUDUFK\
Student s = new GraduateStudent (“Fred”, 123,

“Comparative Analysis of Soap Operas”)

] 7R�DVVLJQ�GRZQ�WKH�FODVV�KLHUDUFK\��PXVW�H[SOLFLWO\�FDVW
WKH�REMHFW�WR�WKH�GHVLUHG�W\SH
GraduateStudent g = (GraduateStudent s);

\ 2QO\ ZRUNV LI V DFWXDOO\ LV D *UDGXDWH6WXGHQW

] &DQ�WHVW�WR�VHH�ZKDW�FODVV�DQ�REMHFW�UHDOO\�EHORQJV�WR
if (s instanceof GraduateStudent) {

   System.out.println (“Got a grad student!”);

}

6XPPDU\

] 8VH�RI�7UHH�FODVV�DOORZV�XV�WR�HIILFLHQWO\
LPSOHPHQW�VWXGHQW�GLFWLRQDU\

] .H\�WR�LPSOHPHQWDWLRQ�LV�VSOLW�RI�6WXGHQW7UHH
DQG�7UHH5HI�W\SHV

] 6LQJOH�PHWKRG�ILQG6WXGHQW�XVHG�WR�ILQG��DGG�DQG
GHOHWH�QRGHV

] &RPSOH[LW\�RI�DOJRULWKP�FRQWDLQHG�LQ�WKLV
PHWKRG��RWKHU�PHWKRGV�VLPSOH


