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2EMHFW�2ULHQWHG�'HYHORSPHQW

] 'HYHORSPHQW�SURFHVVHV�HQFRGH�RUJDQL]HG�VWHSV
IRU�GHYHORSLQJ�VRIWZDUH

] 3URFHVVHV�KHOS�SUHVHUYH�TXDOLW\�DWWULEXWHV�RI
LQWHUHVW

\ (�J���DYDLODELOLW\��VHFXULW\��PRGLILDELOLW\��XVDELOLW\

] 2EMHFW�2ULHQWHG�SURFHVVHV�SURYLGH�D�FRPPRQ
QRWDWLRQ�IRU�XQGHUVWDQGLQJ�FRQWH[W�RI�XVH�
GHVLJQ�DQG�LPSOHPHQWDWLRQ

6WHSV�LQ�2EMHFW�2ULHQWHG

'HYHORSPHQW

] 2EMHFW�2ULHQWHG�$QDO\VLV��22$�

\ 8QGHUVWDQGLQJ�SURJUDP¶V�GRPDLQ

[ (�J�� PHGLFDO V\VWHPV� SURGXFWLRQ VFKHGXOLQJ� WUDYHO SODQQLQJ

\ 8QGHUVWDQGLQJ�FRQWH[W�RI�XVH

] 2EMHFW�2ULHQWHG�'HVLJQ��22'�

\ $UFKLWHFWXUH�GHVLJQ

[ 'LYLGLQJ V\VWHP LQWR VHW RI FRPSRQHQWV DQG FRQQHFWRUV

[ (DFK FRPSRQHQW LV D PRGXOH

\ 'DWD�VWUXFWXUH�GHVLJQ

[ )RUPDW RI GDWD ZLWKLQ FRPSRQHQWV� SDVVHG RYHU FRQQHFWRUV

] 2EMHFW�2ULHQWHG�3URJUDPPLQJ��223�

\ 5HDOL]LQJ�22�'HVLJQ�LQ�ODQJXDJH�VXFK�DV�-DYD��&��

2EMHFW�2ULHQWHG�'HYHORSPHQW

] 6PRRWK�IORZ�IURP�DQDO\VLV�WR�GHVLJQ�WR
LPSOHPHQWDWLRQ�PD\

\ KHOS�FRUUHFWQHVV

\ UHGXFH�GHYHORSPHQW�WLPH

\ HQVXUH�UHTXLUHPHQWV�DGGUHVVHG�LQ�LPSOHPHQWDWLRQ

] 22�PHFKDQLVPV�LQ�-DYD�&���KHOS�ZLWK�FRGH
UHXVH

] 'HVLJQ�SDWWHUQV��DUFKLWHFWXUDO�VW\OHV�KHOS�ZLWK
GHVLJQ�UHXVH

\ 5HXVH�VDYHV�WLPH��SURYLGHV�GHEXJJHG�VROXWLRQ�ZKRVH
SURSHUWLHV�DUH�ZHOO�XQGHUVWRRG



0RGXOH�&RQFHSW�LQ�22'

] *RRG�SURJUDP�GHVLJQ�UHOLHV�RQ�VSOLWWLQJ�SURJUDP
IXQFWLRQ�LQWR�D�VHW�RI�LQGHSHQGHQW�XQLWV
�PRGXOHV�

] (DFK�PRGXOH�KLGHV�GHWDLOV�RI�LWV�LPSOHPHQWDWLRQ

\ $OORZV�LPSOHPHQWDWLRQ�WR�EH�FKDQJHG�ZLWKRXW
LPSDFWLQJ�UHVW�RI�SURJUDP

\ 6LPSOLILHV�FRGH�LQ�UHVW�RI�SURJUDP

] ,Q�22�ODQJXDJHV��LQWHUIDFHV�DQG�FODVVHV�XVHG�WR
LPSOHPHQW�PRGXOHV

([DPSOH��,PSOHPHQWDWLRQ�RI�D

7LPH9DO�FODVV

] 0DQ\�DSSOLFDWLRQV�UHTXLUH�WLPHV�WR�EH�UHSUHVHQWHG

] (�J���D�FDOHQGDU�DSSOLFDWLRQ�QHHGV�WR�UHSUHVHQW�WKH�WLPHV
RI�DSSRLQWPHQWV

] 7LPHV�PLJKW�EH�UHSUHVHQWHG�LQ�PDQ\�GLIIHUHQW�ZD\V�
(�J��

\ $ ���KRXU IRUPDW VWULQJ �³�����´� ³�����´�

\ $ ���KRXU IRUPDW VWULQJ �³����� $0´� ³����� 30´�

\ 7ZR LQWHJHUV IRU KRXUV�PLQXWHV � %RROHDQ IODJ IRU $0�30

[ ����� �� IDOVH!� ���� ��� WUXH!�

\ ,QWHJHU UHSUHVHQWLQJ QXPEHU RI PLQXWHV VLQFH PLGQLJKW

[ ����� �����

2SHUDWLRQV�RQ�7LPH�9DOXHV

] 0DQ\�RSHUDWLRQV�DUH�SRVVLEOH

\ 7XUQ�WLPH�LQWR�IRUPDW�VXLWDEOH�IRU�SULQWLQJ�YLHZLQJ

[ FRQYHUW WLPH WR VWULQJ UHSUHVHQWDWLRQ LQ �� KRXU FORFN

[ FRQYHUW WLPH WR VWULQJ UHSUHVHQWDWLRQ LQ �� KRXU FORFN

\ $GG�PLQXWHV�WR�WLPH�VXEWUDFW�PLQXWHV�IURP�WLPH

[ �H�J�� PRYLQJ DQ DSSRLQWPHQW WR �� PLQXWHV ODWHU�

\ 6XEWUDFW�WZR�WLPHV

[ �H�J�� FDOFXODWLQJ KRZ ORQJ DQ DSSRLQWPHQW LV E\ VXEWUDFWLQJ

VWDUW WLPH IURP HQG WLPH�

\ &RPSDULQJ�WLPHV

\ (WF�

*RDO�LQ�0RGXODU�'HVLJQ

] 'HWHUPLQH�LQWHUQDO
UHSUHVHQWDWLRQ�IRU�GDWD

\ +LGGHQ LQVLGH PRGXOH

\ 0RGXOH¶V GDWD VWUXFWXUH

] 'HWHUPLQH�VHW�RI
RSHUDWLRQV�RYHU�GDWD

\ 3XEOLFO\ DYDLODEOH WR XVHUV

RI GDWD

\ 0RGXOH¶V LQWHUIDFH

Internal representation
of time value
• E.g. Minutes since
midnight
• E.g. Integer
representation of hour,
minute

setTime

toString

addTime

addTimes

…



*RDO�LQ�0RGXODU�'HVLJQ

] &OLHQWV�RI�PRGXOH�XVH�WKH
PRGXOH¶V�LQWHUIDFH�WR�DFFHVV
LWV�LQWHUQDO�VWDWH

\ ,�H�� SDUWV RI SURJUDP WKDW ZDQW

WR PDQLSXODWH WLPHV LQYRNH

RSHUDWLRQV VHW7LPH� DGG7LPH�

HWF� UDWKHU WKDQ UHIHUULQJ WR GDWD

VWUXFWXUH GLUHFWO\

] &RQVHTXHQFH

\ ,PSURYHV PRGLILDELOLW\� VLQFH LI

ZH FKDQJH LQWHUQDO GDWD VWDWH�

LPSDFW OLPLWHG WR PRGXOH LWVHOI

\ 2WKHU SDUWV RI SURJUDP GRQ¶W

GHSHQG RQ GDWD VWUXFWXUH
GHFLVLRQ ZLWKLQ PRGXOH

Internal representation
of time value
• E.g. Minutes since
midnight
• E.g. Integer
representation of hour,
minute

setTime

toString

addTime

addTimes

…

Module’s data
structure - private
state

Module’s interface
-- public

0RGXODU�'HVLJQ�LQ�-DYD

] interface �FRQVWUXFW�XVHG�WR�GHILQH�LQWHUIDFHV

��WKH�VHW�RI�RSHUDWLRQV�YLVLEOH�WR�WKH�UHVW�RI�WKH
SURJUDP

] class �FRQVWUXFW�XVHG�WR�GHILQH�WKH

LPSOHPHQWDWLRQV�RI�PRGXOHV���WKH�GDWD�VWUXFWXUH
DQG�WKH�LPSOHPHQWDWLRQ�RI�RSHUDWLRQV�LQ�WKH
LQWHUIDFH

] new�FRQVWUXFW�XVHG�WR�FUHDWH�LQVWDQFHV�RI
PRGXOHV��FDOOHG�REMHFWV�

Interface name
(TimeVal)

'HVFULSWLRQ�RI�&ODVVHV�DQG

,QWHUIDFHV�LQ�80/

Class name
(TimeValImpl)

Realization relation
specifies that class
TimeValImpl  implements
interface TimeVal

Private state based on a
single integer (time)

Operations implemented by
TimeValImpl  (superset of
operations in TimeVal  interface)

Operations in
interface

&ODVVHV�DQG�,QWHUIDFHV

] $Q�LQWHUIDFH�LV�D
VSHFLILFDWLRQ�RI�WKH
RSHUDWLRQV�WR�EH�SURYLGHG
E\�D�PRGXOH

] $�FODVV�LV�XVHG�WR
LPSOHPHQW�WKH�LQWHUIDFH



interface TimeVal {
// Sets the time (24 hr string format)
public void setTime (String t);

// Returns the time in 24 hr string format
public String toString ();

// Adds numberOfMinutes  to the time
public void addTime (int numberOfMinutes);

}

class TimeValImpl implements TimeVal {

    private int time;

    private static int minutesPerHour = 60;
    private static int hoursPerDay = 24;

    private int stringToInt (String s) { ... }

    public void setTime (String t) { ... }

    public String toString () { ... }

    public void addTime (int numberOfMinutes) { ... }
}

Private data and
operations used in
implementation -- not
visible outside class

Implementations
of public
operations, as
specified in
interface

class TimeValImpl implements TimeVal {

// Represents time as the number of minutes since
// midnight. Therefore ranges from 0 (12:00 AM)
// to 1439 (11:59 PM)

    private int time;

    private static int minutesPerHour = 60;
    private static int hoursPerDay = 24;

// Converts a string representation of an integer
// into an integer. This method is private - not
// visible outside this class.

    private int stringToInt (String s) {
int i=0;
try {
    i = Integer.parseInt (s);
} catch (NumberFormatException e) {
    System.err.println ("String not an integer");
    System.exit (1);
}
return i;

    }
    ...
}

Hint: This method uses operations built into the Java library classes java.lang.String and
java.lang.Integer -- details on these operations can be found at

http://www.javasoft.com/products/jdk/1.1/docs/api/packages.html

class TimeValImpl implements TimeVal {
    ...
    public void setTime (String t) {

// Find in the string where the ":" character appears
int sep = t.indexOf (':');
if (sep == -1) {
    System.err.println ("Attempt to set time to " + t);
    System.exit (1);
}

// Extract the part of the string for the hours and the
// part for the minutes
int hours = stringToInt (t.substring (0, sep));
int minutes = stringToInt (t.substring (sep+1));

// Check for errors
if (hours < 0 || hours > 23 || minutes < 0 || minutes > 59) {
    System.err.println (t + " is an illegal time");
    System.exit (1);
}

// Set the time in minutes since midnight
time = hours*minutesPerHour + minutes;

    }
    ...
}



class TimeValImpl implements TimeVal {
    ...
    public String toString () {

// Converts the integer representation of the time to
// string form.

String hour = Integer.toString (time / minutesPerHour);

String minute = Integer.toString (time % minutesPerHour);
if (minute.length() == 1) {
    minute = "0" + minute;
}

return hour + ":" + minute;
    }

    public void addTime (int numberOfMinutes) {
if (numberOfMinutes < 0) {
    System.err.println ("Parameter to addTime must be positive");
    System.exit (1);
}

time += numberOfMinutes;

// Wrap around if we've gone past midnight
time = time % (hoursPerDay * minutesPerHour);

    }
}

class Main {
    public static void main (String[] args) {

// Test the TimeValImpl class

// Create a time, add time, and print its value
TimeVal t = new TimeValImpl();
t.setTime ("3:00");
t.addTime (70);

// Correct output is 4:10
System.out.println ("Time = " + t);

}

,QVWDQWLDWLQJ�D�FODVV

,QVWDQWLDWLQJ�&ODVVHV

] 0DLQ�SURJUDP�FUHDWHV�D
UHIHUHQFH�WR�D�7LPH9DO
FDOOHG�W

] W�PD\�EH�DVVLJQHG�DQ\
REMHFW�WKDW�LPSOHPHQWV
WKH�LQWHUIDFH�7LPH9DO

] 7KH�7LPH9DO,PSO�FODVV
LPSOHPHQWV�7LPH9DO��VR�LW
LV�OHJDO�WR�DVVLJQ�DQ�REMHFW
RI�W\SH�7LPH9DO,PSO�WR�W

] :H�FUHDWH�DQ�REMHFW�RI
W\SH�7LPH9DO,PSO�XVLQJ
WKH�QHZ�RSHUDWLRQ

class Main {
  public static void main (
                  String[] args) {

    TimeVal t = new TimeValImpl();

    t.setTime ("3:00");
    t.addTime (70);
    System.out.println (
                 "Time = "+t);
}

,QVWDQWLDWLQJ�&ODVVHV

] :H�FUHDWH�DQ�REMHFW�RI
W\SH�7LPH9DO,PSO�XVLQJ
WKH�QHZ�RSHUDWLRQ

] :KHQ�ZH�LQYRNH
RSHUDWLRQV�RQ�W��ZH�DUH
DFWXDOO\�FDOOLQJ�WKH
RSHUDWLRQV�GHILQHG�LQ�WKH
7LPH9DO,PSO�FODVV

class Main {
  public static void main (
                  String[] args) {

    TimeVal t = new TimeValImpl();

    t.setTime ("3:00");
    t.addTime (70);
    System.out.println (
                 "Time = "+t);
}



,QVWDQWLDWLQJ�&ODVVHV

] ,Q�-DYD��SULQWLQJ�DQ�REMHFW
�XVLQJ�println ��LQYRNHV
WKH�REMHFW¶V�toString
PHWKRG�WR�FRQYHUW�WKH
REMHFW�LQWR�VWULQJ�IRUP

] 7KHUHIRUH��LI�\RX�ZDQW�DQ
REMHFW�WR�EH�SULQWDEOH��\RX
QHHG�WR�SURYLGH�D
toString �PHWKRG�LQ�LWV

FODVV�GHILQLWLRQ

class Main {
  public static void main (
                  String[] args) {

    TimeVal t = new TimeValImpl();

    t.setTime ("3:00");
    t.addTime (70);
    System.out.println (
                 "Time = "+t);
}

$OWHUQDWLYH�,PSOHPHQWDWLRQV

] 7R�SURYLGH�D�GLIIHUHQW�LPSOHPHQWDWLRQ
\ &UHDWH�D�QHZ�FODVV��H�J���TimeValOtherImpl �

\ 7KDW�FODVV�PXVW�LPSOHPHQW�WKH�TimeVal �LQWHUIDFH

$OWHUQDWLYH�,PSOHPHQWDWLRQV

class Main {
    public static void main (String[] args) {

// Test the TimeValImpl class

// Create a time, add time, and print its value
TimeVal t = new TimeValOtherImpl();
t.setTime ("3:00");
t.addTime (70);

// Correct output is 4:10
System.out.println ("Time = " + t);

}

&KDQJLQJ�WKH�0DLQ�SURJUDP

Code using t does not change even when
alternative implementation used.



2EMHFW�2ULHQWHG�0RGHOLQJ

] 'HVLJQ�RI�SURJUDP�LV�DLGHG�E\�DQ�XQGHUVWDQGLQJ
RI�WKH�GRPDLQ�WR�ZKLFK�LW�LV�WR�EH�DSSOLHG

] )LUVW�PRGHO�DSSOLFDWLRQ�GRPDLQ��22$�

] 7KHQ�WUDQVIRUP�WKLV�PRGHO�WR�DQ�LPSOHPHQWDWLRQ
GHVLJQ��22'�

] 7KHQ�LPSOHPHQW�LW�LQ�-DYD�&���«��223�

([DPSOH��6WXGHQW�'DWD�%DVH

] :LVK�WR�GHYHORS�D�V\VWHP�WKDW�FKHFNV�WKH�LQWHJULW\�RI
VWXGHQW�HQUROPHQWV�LQ�FRXUVHV

] ,I�HQUROPHQW�SUREOHPV�IRXQG��ZLVK�WR�LQIRUP
VWXGHQWV�DGPLQLVWUDWLRQ�VR�WKH\�FDQ�FKDQJH�WKHLU
VHOHFWLRQV

] 5XOHV�

\ (DFK FRXUVH PXVW KDYH DW OHDVW � VWXGHQWV HQUROOHG

\ 6WXGHQWV PD\ QRW EH HQUROOHG LQ ERWK &,6& ��� DQG &,6& ���

\ 6WXGHQWV PD\ WDNH DW PRVW � FRXUVHV

8QGHUVWDQGLQJ�WKH�'RPDLQ
0RGHOLQJ�6WXGHQWV

] ,GHQWLI\�HQWLWLHV�LQ�DSSOLFDWLRQ�GRPDLQ

\ (�J�� D VWXGHQW GDWD EDVH UHTXLUHV NQRZOHGJH RI VWXGHQWV

] ,GHQWLI\�UHODWLRQV�DPRQJVW�HQWLWLHV

\ (�J�� VWXGHQWV KDYH QDPHV �ZKLFK DUH VWULQJV�� DQG VWXGHQW

QXPEHUV �ZKLFK DUH LQWHJHUV�



0RGHOLQJ�6WXGHQWV

] ,Q�80/��HQWLWLHV��RU�FODVVHV��DUH�GUDZQ�DV�ER[HV

] 5HODWLRQV�EHWZHHQ�FODVVHV�DUH�GUDZQ�DV�DUFV�EHWZHHQ
WKH�ER[HV

\ VWDQGV IRU DJJUHJDWLRQ� UHDG DV ³KDV�D´

\ (�J�� UHDG ³$ VWXGHQW KDV D QDPH� ZKLFK LV D 6WULQJ´

0RGHOLQJ�6WXGHQWV

] $OWHUQDWLYHO\��FDQ�H[SUHVV�KDV�D�UHODWLRQ�E\�VSHFLI\LQJ
DWWULEXWHV�RI�FODVV

0XOWLSOLFLWLHV

] 5HODWLRQV�FDQ�FRQYH\�FDUGLQDOLW\�LQIRUPDWLRQ��FDOOHG
PXOWLSOLFLW\�RI�UHODWLRQ�

] (�J���VWXGHQW�QXPEHUV�DUH�XQLTXH

\ $W PRVW RQH VWXGHQW KDV D JLYHQ VWXGHQW QXPEHU

] (�J���VWXGHQW�QDPHV�DUH�QRW�XQLTXH

\ =HUR RU PRUH VWXGHQWV PLJKW KDYH D JLYHQ QDPH

0XOWLSOLFLWLHV

] 0XOWLSOLFLWLHV�PD\�EH

\ Q���VRPH�FRQVWDQW�Q≥�
\ �������]HUR�RU�RQH

\ ���
���]HUR�RU�PRUH��DOWHUQDWLYHO\�MXVW�
�

\ ���
���RQH�RU�PRUH

] 0D\�DSSHDU�DW�HLWKHU�HQG�RI�DJJUHJDWLRQ�DUF

] 'HIDXOW�PXOWLSOLFLW\�LV�PDQ\�WR�RQH

\ ���
�DW�DUF�VRXUFH����DW�DUF�WDUJHW



0RGHOLQJ�6WXGHQWV

] 7KHUH�DUH�GLIIHUHQW�NLQGV�RI�VWXGHQWV

\ *UDGXDWH�VWXGHQWV�ZRUN�RQ�D�WKHVLV

\ 8QGHUJUDGXDWH�VWXGHQWV�DUH�HQUROOHG�LQ�D�VHW�RI
FRXUVHV

0RGHOLQJ�6WXGHQWV

0RGHOLQJ�6WXGHQWV

Inheritance relation
(is-a / specialization)

Note multiplicity - student
has 0 or more courses

,QKHULWDQFH

] 6RPHWLPHV�FDOOHG�VSHFLDOL]DWLRQ

] 5HDG�DV�³LV�D´����³$Q�XQGHUJUDGXDWH�VWXGHQW�LV�D
VWXGHQW´

] 8QGHUJUDGXDWH6WXGHQW�DQG�*UDGXDWH6WXGHQW�DUH
VXE�FODVVHV�RI�6WXGHQW

] 6XE�FODVVHV�LQKHULW�DOO�WKH�DWWULEXWHV�DQG
RSHUDWLRQV�RI�WKH�SDUHQW�FODVV��RU�VXSHU�FODVV�

] ,�H���XQGHUJUDGXDWH�VWXGHQWV�KDYH�D�VWXGHQW
QXPEHU��D�QDPH�DQG�D�VHW�RI�FRXUVHV��JUDGXDWH
VWXGHQWV�KDYH�D�VWXGHQW�QXPEHU��D�QDPH�DQG�D
WKHVLV�WLWOH



2SHUDWLRQV

] JHW�VHW�DWWULEXWHV�RI�6WXGHQW��8QGHUJUDGXDWH6WXGHQW�
*UDGXDWH6WXGHQW�FODVVHV

] 7HVW�ZKHWKHU�WZR�VWXGHQWV�DUH�WKH�VDPH��,�H��KDYH�WKH
VDPH�VWXGHQW�QXPEHU�

] 7XUQ�WKH�VWXGHQW¶V�LQIRUPDWLRQ�LQWR�D�VWULQJ
UHSUHVHQWDWLRQ�IRU�GLVSOD\

Operations
for attributes
defined in
subclass

Overriding earlier
definition of toString

5HILQLQJ�IURP�22$�WR�22'

] 22$�LGHQWLILHV�GRPDLQ�FRQFHSWV

\ 2IWHQ�DEVWUDFWV�GHVLJQ�GHFLVLRQV�VXFK�DV�GHWDLOV�RI
GDWDVWUXFWXUHV�LPSOHPHQWLQJ�UHODWLRQVKLSV�EHWZHHQ
GRPDLQ�HQWLWLHV

] 22'�UHILQHV�22$�WR�SLQ�GRZQ�GHVLJQ�GHFLVLRQV

\ $GG�H[SOLFLW�RSHUDWLRQV�WR�FODVVHV

\ 6SHFLI\�DWWULEXWHV�XVHG�WR�LPSOHPHQW�UHODWLRQV

[ (�J�� LQ 6WXGHQW FODVV� VWXGHQW1XPEHU DWWULEXWH LV

LPSOHPHQWHG YLD D SULYDWH DWWULEXWH VWXGHQW1XPEHU RI W\SH

LQW



5HFDOO�RXU�0RGHO�RI�6WXGHQWV��� 5HILQLQJ�WKH�FRXUVHV�UHODWLRQ

] 6SHFLILHV�WKDW�HDFK�VWXGHQW�KDV�WKUHH�RU�PRUH
FRXUVHV

] 1HHG�WR�GHFLGH�KRZ�WR�LPSOHPHQW�WKLV�UHODWLRQ

] ,PSOHPHQWDWLRQV�ZLOO�WUDGH�RII�HIILFLHQF\��HDVH�RI
LPSOHPHQWDWLRQ��HDVH�RI�PRGLILFDWLRQ

5HILQLQJ�WKH�FRXUVHV�UHODWLRQ

] 6RPH�FKRLFHV

\ 8VH�DQ�DUUD\�LQ�8QGHUJUDGXDWH6WXGHQW

\ 8VH�WKH�-DYD�9HFWRU�FODVV

\ 8VH�D�OLQNHG�OLVW

\ &UHDWH�D�&RXUVH/LVW�FODVV

[ +LGHV LPSOHPHQWDWLRQ RI OLVW

[ ,WVHOI XVHV DUUD\ RU 9HFWRU RU OLQNHG OLVW RU «

$UUD\�DQG�9HFWRU�6ROXWLRQV

class UndergraduateStudent extends Student {
…
private Course[] courses;
…

}

import java.util.Vector;
class UndergraduateStudent extends Student {

…
private Vector courses;
…

}



&RXUVH�/LVW�6ROXWLRQ

] +LGHV�LPSOHPHQWDWLRQ�GHFLVLRQ�ZLWKLQ�D�QHZ�&RXUVH/LVW
FODVV

] &RXUVH/LVW�PXVW�LWVHOI�EH�UHILQHG�WR�DQ�LPSOHPHQWDWLRQ

&KRLFHV�IRU�UHILQLQJ

LPSOHPHQWDWLRQ�RI�&RXUVH/LVW

] /LQNHG�OLVW

\ (DFK�FRXUVH�OLVW�KDV
UHIHUHQFH�WR�ILUVW�HOHPHQW
LQ�OLVW��DQG�WR�DQRWKHU
FRXUVH�OLVW�FRQWDLQLQJ�WKH
UHPDLQLQJ�HOHPHQWV

] $UUD\

\ 7KH�FRXUVHV�DUH
UHSUHVHQWHG�LQ�SRVLWLRQV
���PD[(OHPHQWV���RI�DQ
DUUD\

2SHUDWLRQV�LQ�&RXUVH/LVW

] +LGH�LPSOHPHQWDWLRQ
GHFLVLRQ�RI�&RXUVH/LVW
WKURXJK�XVH�RI�DQ
LQWHUIDFH��VHSDUDWH
LPSOHPHQWDWLRQ�V�

] &RXOG�KDYH�RQH�DUUD\�
EDVHG�LPSOHPHQWDWLRQ�
DQRWKHU�EDVHG�RQ�D
OLQNHG�OLVW

] 2SHUDWLRQV

\ QXP(OHPHQWV � UHWXUQV QXPEHU RI

HOHPHQWV LQ WKH OLVW

\ LQ/LVW � GHWHUPLQHV ZKHWKHU JLYHQ FRXUVH

LV LQ WKH OLVW

\ UHPRYH � UHPRYHV WKH HOHPHQW DW LQGH[ Q

LQ WKH OLVW �LQGH[ � LV WKH ILUVW HOHPHQW�

\ LV(PSW\ � WHVWV ZKHWKHU WKH OLVW LV HPSW\

\ JHW � UHWXUQV FRXUVH DW LQGH[ Q

��≤Q�QXP(OHPHQWV�

\ ILUVW � UHWXUQV ILUVW FRXUVH LQ OLVW

\ UHVW � UHWXUQV QHZ OLVW ZLWK DOO HOHPHQWV

IROORZLQJ WKH ILUVW RQH

\ DGG � DGGV WKH JLYHQ FRXUVH LQWR WKH OLVW

\ WR6WULQJ � UHWXUQV D VWULQJ UHSUHVHQWDWLRQ

RI WKH FRQWHQWV RI WKH OLVW



2SHUDWLRQV

] $Q\�LPSOHPHQWDWLRQ�FKRLFH�WUDGHV�RII�HIILFLHQF\
RI�VRPH�RSHUDWLRQV�YHUVXV�RWKHUV

\ (�J���DUUD\�LPSOHPHQWDWLRQ�DOORZV�HIILFLHQW
LPSOHPHQWDWLRQ�RI�JHW�RSHUDWLRQ

\ (�J���OLQNHG�OLVW�LPSOHPHQWDWLRQ�DOORZV�HIILFLHQW
LPSOHPHQWDWLRQ�RI�UHVW�RSHUDWLRQ

] ,Q�DVVLJQPHQW����\RX�ZLOO�H[DPLQH�ZK\

5HILQLQJ�WR�&RGH

] 2EMHFW�RULHQWHG�GHVLJQ�H[SRVHV�LPSOHPHQWDWLRQ
GHFLVLRQV

\ &ODVVHV�LQWHUIDFHV�PDS�WR�-DYD�FODVVHV�LQWHUIDFHV

\ $WWULEXWHV�PDS�WR�ILHOGV

\ 2SHUDWLRQV�PDS�WR�PHWKRGV

class CourseListImpl implements CourseList {
private int lastElement;
private Object [] elements;
ooo

public Course get (int n) {
Util.assert (n >= 0 && n < numElements(),

"getElement out of bounds");
return elements [n];

}
ooo

public void remove (int n) {
Util.assert (n >= 0 && n < numElements(),

"getElement out of bounds");
// Move all elements following n down one position. Ie,
// elements [n] = elements [n+1];
// elements [n+1] = elements [n+2];
// etc.
for (int i=n; i<lastElement; i++) {
    elements [i] = elements [i+1];
}
lastElement--;

    }
ooo

}

3RO\PRUSKLVP

] 6XEFODVVHV�PD\�RYHUULGH
PHWKRGV�RI�VXSHUFODVV

] :KHQ�FDOOLQJ�PHWKRG�LQ
DQ\�RI�WKHVH�FODVVHV��WKH
PHWKRG�EHORQJLQJ�WR�WKH
DFWXDO�REMHFW�LV�FDOOHG

\ HYHQ LI REMHFW LV FXUUHQWO\

W\SHG DV WKH VXSHUFODVV

] 7KLV�SURFHVV�LV�FDOOHG
SRO\PRUSKLVP�RU�G\QDPLF
ELQGLQJ



3RO\PRUSKLVP

Student g = new GraduateStudent(“Diane”,123,“Medieval Basket Weaving”);
CourseList nicksCourses = … ;
Student u = new UndergraduateStudent (“Nick”, 456, nicksCourses);

// invokes toString in GraduateStudent class
System.out.println (g);

// invokes toString in UndergraduateStudent class
System.out.println (u);


