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��3HUVSHFWLYHV

❚ %HKDYLRUDO�

❙ (PSKDVL]HV�DFWLRQV LQ�V\VWHP

❚ 6WUXFWXUDO�

❙ (PSKDVL]HV�UHODWLRQVKLSV�DPRQJ�FRPSRQHQWV

❚ ,QIRUPDWLRQ�

❙ (PSKDVL]HV�UROH�RI�LQIRUPDWLRQ�GDWD�VWDWH�DQG�
KRZ�LW¶V�PDQLSXODWHG
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([DPSOHV�RI�HDFK�

SHUVSHFWLYH�IRU�3URMHFW��

❚ %HKDYLRUDO��DFWLRQV��

❙ 6KDSHV�PRYH

❙ &OLFN�PRXVH�WR�VFRUH

❚ 6WUXFWXUDO��UHODWLRQVKLSV��

❙ &LUFOHV�DQG�6TXDUHV�DUH�NLQGV�RI�VKDSHV

❙ ��ZLQGRZV�FRQWDLQ�VKDSHV����FRQWDLQV�FRQWUROV

❚ ,QIRUPDWLRQ��VWDWH��

❙ :KDW¶V�XVHU¶V�VFRUH"

❙ +RZ�PDQ\�VKDSHV"�

❙ :KDW�DUH�FRORUV��VL]HV��ORFDWLRQV�RI�HDFK�VKDSH"
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%HKDYLRUDO�3HUVSHFWLYH%HKDYLRUDO�3HUVSHFWLYH

&RQVLGHU�VRPH�DFWLRQ�LQ�D�SURJUDP«

:KDW�REMHFW���

❙ LQLWLDWHV�DFWLRQ"

:KDW�REMHFWV���

❙ KHOS�SHUIRUP�DFWLRQ"

❙ DUH�FKDQJHG�E\�DFWLRQ"

❙ DUH�LQWHUURJDWHG�GXULQJ�DFWLRQ"

%HKDYLRUDO�3HUVSHFWLYH%HKDYLRUDO�3HUVSHFWLYH

&RQVLGHU�PRXVH�FOLFN�DFWLRQ

:KDW�REMHFW���

❙ LQLWLDWHV�DFWLRQ"�⇒ 8VHU

:KDW�REMHFWV���

❙ KHOS�SHUIRUP�DFWLRQ"�
⇒ *OREDOV��2Q0RXVH(YHQW�

❙ DUH�FKDQJHG�E\�DFWLRQ"�
⇒ 3RVVLEO\�VRPH�VKDSH

❙ DUH�LQWHUURJDWHG�GXULQJ�DFWLRQ"�
⇒ 6KDSH0DQDJHU��VHHV�LI�PRXVH�OLHV�LQ�DQ\�VKDSH�



%HKDYLRUDO�&ODVVHV%HKDYLRUDO�&ODVVHV

�$FWRU �GRHV�VRPHWKLQJ�
⇒ *DPH�REMHFW�ZLWK�6WDUW���	�6WRS��

�5HDFWRU �V\VWHP�HYHQWV��H[WHUQDO�	�XVHU�HYHQWV�
⇒ PRXVH�FOLFN�UHDFWRU��EXWWRQV

�$JHQW �PHVVHQJHU��VHUYHU��ILQGHU��FRPPXQLFDWRU�
⇒ &RPPXQLFDWRU�OHWV�XVHU�FKRRVH�ILOH�WR�
ORDG�ROG�JDPH

�7UDQVIRUPHU �GDWD�IRUPDWWHU��GDWD�ILOWHU�

6WUXFWXUDO�3HUVSHFWLYH6WUXFWXUDO�3HUVSHFWLYH

❚ :KDW�REMHFWV���

❙ DUH�LQYROYHG�LQ�UHODWLRQVKLS"

❙ DUH�QHFHVVDU\�WR�VXVWDLQ��LPSOHPHQW��UHDOL]H��
PDLQWDLQ��UHODWLRQVKLS"

❚ :KDW�REMHFWV�QRW�LQ�UHODWLRQVKLS���

❙ DUH�DZDUH�RI�DQG�H[SORLW�UHODWLRQVKLS"



6WUXFWXUDO�3HUVSHFWLYH6WUXFWXUDO�3HUVSHFWLYH

³��ZLQGRZV�FRQWDLQ�VKDSHV����FRQWDLQV�FRQWUROV´

❚ :KDW�REMHFWV���

❙ DUH�LQYROYHG�LQ�UHODWLRQVKLS"

⇒ )UDPHV��6KDSHV��&RQWUROV

❙ DUH�QHFHVVDU\�WR�UHDOL]H�UHODWLRQVKLS"

⇒ 6KDSH0DQDJHU��PDSV�VKDSHV�WR�IUDPHV�
&RQWURO$UHD��KROGV�EXWWRQV��VOLGHUV��«�

❚ :KDW�REMHFWV�QRW�LQ�UHODWLRQVKLS���

❙ DUH�DZDUH�RI�DQG�H[SORLW�UHODWLRQVKLS"

⇒ &ORFN�DVVRFLDWHV�ZLWK�6KDSH0DQDJHU���
ZKLFK�GLVWULEXWHV�WLFNV�WR�DOO�6KDSHV

6WUXFWXUDO�&ODVVHV6WUXFWXUDO�&ODVVHV

❚ $FTXDLQWDQFH �V\PPHWULF��DV\PPHWULF�

❙ 6KDSH0DQDJHU�PLJKW�EH�DV\PPHWULF
�LW�NQRZV�DERXW�VKDSHV�DQG�IUDPHV��EXW�
IUDPHV�VKDSHV�DUH�XQDZDUH�RI�6KDSH0DQDJHU�

❚ &RQWDLQPHQW �FROODERUDWRU��FRQWUROOHU�

❙ &RQWURO$UHD�FODVV�FRQWDLQV�EXWWRQV��WH[WER[HV����

❚ &ROOHFWLRQ �SHHU��LWHUDWRU��FRRUGLQDWRU�

❙ 6KDSH0DQDJHU�PLJKW�KDYH�LWHUDWRU�VR�H[WHUQDO�
XVHU�FDQ�WUDYHUVH�DOO�VKDSHV



,QIRUPDWLRQ�3HUVSHFWLYH,QIRUPDWLRQ�3HUVSHFWLYH

:KDW�REMHFWV���

❚ UHSUHVHQW�WKH�GDWD�RU�VWDWH"

❚ UHDG�GDWD�RU�LQWHUURJDWH�VWDWH"

❚ ZULWH�GDWD�RU�XSGDWH�VWDWH"

'DWD�9HUVXV�6WDWH'DWD�9HUVXV�6WDWH

�'HILQLWLRQ�

,QIR�SURFHVVHG�E\�

V\VWHP�

�([DPSOH�

7H[W�\RX�W\SH�LQWR�D�

ZRUG�SURFHVVRU

'DWD 6WDWH

�'HILQLWLRQ�

,QIR�XVHG�E\�V\VWHP�WR�

SHUIRUP�SURFHVVLQJ�

�([DPSOH�

9DULDEOHV�VSHFLI\LQJ�IRQW��

VL]H��ZLGWK



,QIRUPDWLRQ�3HUVSHFWLYH,QIRUPDWLRQ�3HUVSHFWLYH

:KDW�REMHFWV���

❚ UHSUHVHQW�WKH�VWDWH"

⇒ &LUFOH��5HFWDQJOH�JLYH�FRORU��VL]H��ORFDWLRQ

❚ UHDG�GDWD�RU�LQWHUURJDWH�VWDWH"

⇒ 6KDSH0DQDJHU�PLJKW�DVN�6KDSH�LI�LW���

FRQWDLQV�[�\�PRXVH�FRRUGLQDWH

❚ ZULWH�GDWD�RU�XSGDWH�VWDWH"

⇒ 6KDSH0DQDJHU�PLJKW�WHOO�6KDSHV�WR�PRYH

6XPPDU\

❚ 7U\�FUHDWLQJ�7DEOH�����IRU�3URMHFW���



%HKDYLRUDO�3HUVSHFWLYH

❚ $FWRUV�� ,QWHUIDFH0DQDJHU

❚ 5HDFWRUV���'LVSOD\0DQDJHU��(YHQW0DQDJHU

❚ $JHQW�

❙ 6HUYHUV��)LOH5HDGHU

❙ &RPPXQLFDWRU��&KHFN%R[�6OLGHU��7H[W%R[��
%XWWRQ

%HKDYLRUDO�3HUVSHFWLYH

❚ 7UDQVIRUPHU�

❙ )LOWHU� )LOWHU

❙ )RUPDWWHU� 3ORWWHU



6WUXFWXUDO�3HUVSHFWLYH

❚ $FTXDLQWDQFH��

❙ 6\PPHWULF��

❘ 1RQH

❙ $V\PPHWULF��

❘ (YHQW0DQDJHU�ZLWK�)LOH5HDGHU��7LPHU��
'LVSOD\0DQDJHU�

❘ ,QWHUIDFH0DQDJHU�ZLWK�'LVSOD\0DQDJHU

❘ 'LVSOD\0DQDJHU�ZLWK�)LOH5HDGHU

6WUXFWXUDO�3HUVSHFWLYH

❚ &RQWDLQPHQW��

❙ &ROODERUDWRU�

❘ 8VHU�0DQDJHU�FRQWDLQV�)UDPH��3DQHO��6OLGHUV��
&KHFN%R[��7H[W%R[��%XWWRQV

❘ 'LVSOD\0DQDJHU�FRQWDLQV�&DQYDV��&RORU��
6\PERO��3ORWWHU��)LOWHU

❙ &RQWUROOHU��(YHQW0DQDJHU�FRQWUROV�
'LVSOD\0DQDJHU�DQG�,QWHUIDFH0DQDJHU

❚ 1R�FROOHFWLRQ�REMHFWV



,QIRUPDWLRQ�3HUVSHFWLYH

❚ 'DWD�

❙ 6RXUFH��)LOH5HDGHU

❙ 6LQN��3ORWWHU

❙ 5HVXOW��/RFDWLRQ

❙ 6\QFKURQL]HUV��7LPHU��(YHQW0DQDJHU

❚ 6WDWH�

❙ 7KHUH�DUH�LV�UHDO�VWDWH�LQIRUPDWLRQ�VWRUHG

Event Manager
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Timer
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Frame
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(YDOXDWLQJ�D�&ODVV�'HVLJQ�

❚ (YDOXDWLRQ�QHHGHG�WR�DFFHSW��UHYLVH�RU�
UHMHFW�D�FODVV�GHVLJQ

❚ )LYH�DVSHFWV�WR�EH�HYDOXDWHG�

❙ $EVWUDFWLRQ�� XVHIXO"

❙ 5HVSRQVLELOLWLHV�� UHDVRQDEOH"

❙ ,QWHUIDFH�� FOHDQ��VLPSOH"

❙ 8VDJH� ³ULJKW´�VHW�RI�PHWKRGV"

❙ ,PSOHPHQWDWLRQ� UHDVRQDEOH"

Section 9.2, page 389:

7HVWV�WR�GHWHUPLQH�DGHTXDF\�RI

$EVWUDFWLRQ

❚ ,GHQWLW\��
$UH�FODVV�	�PHWKRG�QDPHV�VLPSOH�	�VXJJHVWLYH"

❚ &ODULW\��
&DQ�SXUSRVH�RI�FODVV�EH�JLYHQ�LQ�EULHI��GLFWLRQDU\�
VW\OH�GHILQLWLRQ"

❚ 8QLIRUPLW\��
'R�RSHUDWLRQV�KDYH�XQLIRUP�OHYHO�RI�DEVWUDFWLRQ"



*RRG�RU�%DG�$EVWUDFWLRQV"

❚ FODVV�'DWH�

'DWH�UHSUHVHQWV�D�VSHFLILF�LQVWDQW�LQ�WLPH��ZLWK�
PLOOLVHFRQG�SUHFLVLRQ�

❚ FODVV�7LPH=RQH�

❙ 7LPH=RQH�UHSUHVHQWV�D�WLPH�]RQH�RIIVHW��DQG�
DOVR�ILJXUHV�RXW�GD\OLJKW�VDYLQJV�

7HVWV�WR�GHWHUPLQH�DGHTXDF\�RI

5HVSRQVLELOLWLHV

❚ &OHDU��
'RHV�FODVV�KDYH�VSHFLILF�UHVSRQVLELOLWLHV"

❚ /LPLWHG��'R�UHVSRQVLELOLWLHV�VKRXOG�ILW�DEVWUDFWLRQ�
�QR�PRUH�OHVV�"

❚ &RKHUHQW��
'R�UHVSRQVLELOLWLHV�PDNH�VHQVH�DV�D�ZKROH"

❚ &RPSOHWH���
'RHV�FODVV�FRPSOHWHO\�FDSWXUH�DEVWUDFWLRQ"



7HVWV�WR�GHWHUPLQH�DGHTXDF\�RI

,QWHUIDFH

❚ 1DPLQJ��
'R�QDPHV�FOHDUO\�H[SUHVV�LQWHQGHG�HIIHFW"

❚ 6\PPHWU\��$UH�QDPHV�	�HIIHFWV�RI�SDLUV�RI�
LQYHUVH�RSHUDWLRQV�FOHDU"

❚ )OH[LELOLW\��
$UH�PHWKRGV�DGHTXDWHO\�RYHUORDGHG"

❚ &RQYHQLHQFH��
$UH�GHIDXOW�YDOXHV�XVHG�ZKHQ�SRVVLEOH"

([DPSOH�RI�3RRU�1DPLQJ�

FODVV�,WHP/LVW�

^�«

SXEOLF�

YRLG�'HOHWH�,WHP�LWHP��

�� WDNH ,WHP¶V QRGH RXW RI OLVW DQG GHOHWH ,WHP

YRLG�5HPRYH�,WHP�LWHP��

��WDNH ,WHP¶V QRGH RXW RI WKH OLVW EXW GR QRW GHOHWH ,WHP

YRLG�(UDVH�,WHP�LWHP��

��NHHS ,WHP¶V QRGH LQ /LVW� EXW ZLWK QR LQIRUPDWLRQ

`�



7HVWV�WR�GHWHUPLQH�DGHTXDF\�RI

8VDJH

❚ ([DPLQH�KRZ�REMHFWV�RI�WKH�FODVV�DUH�XVHG�
LQ�GLIIHUHQW�FRQWH[WV��VHH�QH[W�VOLGH«�

❚ ,QFRUSRUDWH�DOO�RSHUDWLRQV�WKDW�PD\�EH�
XVHIXO�LQ�WKHVH�FRQWH[WV�

2ULJLQDO�/RFDWLRQ�&ODVV�

FODVV /RFDWLRQ ^

SULYDWH�

LQW [&RRUG� \&RRUG� ��FRRUGLQDWHV

SXEOLF�

/RFDWLRQ�LQW [� LQW \��

LQW [&RRUG��� ��UHWXUQ [&RRUG YDOXH

LQW \&RRUG��� ��UHWXUQ \&RRUG YDOXH

`�

��XVDJH

/RFDWLRQ SRLQW����������

«�

SRLQW  /RFDWLRQ� SRLQW�[&RRUG����� SRLQW�\&RRUG����� �� ��VKLIW SRLQW



FODVV /RFDWLRQ ^

SULYDWH�

LQW [&RRUG� \&RRUG� ��FRRUGLQDWHV

SXEOLF�

/RFDWLRQ�LQW [� LQW \��

LQW ;&RRUG��� ��UHWXUQ [&RRUG YDOXH

LQW <&RRUG��� ��UHWXUQ \&RRUG YDOXH

YRLG 6KLIW%\�LQW G[� LQW G\�� �� VKLIW E\ UHODWLYH FRRUGLQDWHV

`�

��XVDJH

/RFDWLRQ SRLQW����������

«�

SRLQW�6KLIW%\��� ���� ��VKLIW SRLQW

5HYLVHG�/RFDWLRQ�&ODVV�

,PSOHPHQWDWLRQ

❚ /HDVW�LPSRUWDQW��PRVWO\�HDVLO\�FKDQJHG�
DVSHFW�WR�EH�HYDOXDWHG

❚ &RPSOH[�LPSOHPHQWDWLRQ�PD\�PHDQ

❙ &ODVV�QRW�ZHOO�FRQFHLYHG�

❙ &ODVV�KDV�EHHQ�JLYHQ�WRR�PXFK�UHVSRQVLELOLW\



$�0RUH�&RPSOH[�6WDWLF�$JJUHJDWLRQ$�0RUH�&RPSOH[�6WDWLF�$JJUHJDWLRQ

&RQVLGHU�REMHFW�ZLWK�D�IL[HG�QXPEHU�RI�
PRUH�FRPSOLFDWHG�LQWHUQDO�SDUWV�

Section 4.6:

6WRS:DWFK�&ODVV�,QWHUIDFH6WRS:DWFK�&ODVV�,QWHUIDFH

FODVV�6WRS:DWFK^

SULYDWH�

%XWWRQ�� VWDUW%XWWRQ�

%XWWRQ����VWRS%XWWRQ��

&ORFN������FORFN�

&RXQWHU��FORFN&RXQW�

0HVVDJH�FORFN'LVSOD\�

3DQHO�����EXWWRQ3DQHO�

&DQYDV���FDQYDV�

SXEOLF�

6WRS:DWFK�)UDPH	�IUDPH��
/RFDWLRQ�ZKHUH��
LQW�LQWHUYDO� �������

YRLG�%XWWRQ3XVKHG�FKDU
�

EXWWRQ1DPH��

YRLG�7LFN���

LQW�(ODSVHG7LPH���

a6WRS:DWFK���

`�



6WRS:DWFK�&ODVV�,PSOHPHQWDWLRQ6WRS:DWFK�&ODVV�,PSOHPHQWDWLRQ

YRLG�6WRS:DWFK��%XWWRQ3XVKHG�FKDU
�EXWWRQ1DPH�
^�LI��VWDUW%XWWRQ�,V1DPHG�EXWWRQ1DPH��

FORFN�6WDUW���
HOVH�LI��VWRS%XWWRQ�,V1DPHG�EXWWRQ1DPH��

FORFN�6WRS���
`

YRLG�6WRS:DWFK��7LFN��^�FORFN&RXQW�1H[W���`

LQW�6WRS:DWFK��(ODSVHG7LPH���^�UHWXUQ�FORFN&RXQW�9DOXH����`

6WRS:DWFK��a6WRS:DWFK���^`

6XEREMHFW &RQVWUXFWLRQ

Section 4.6, page 165:



/D/D\\RXWRXW RRI WI WKKH 6WH 6WRRS:DS:DWWFK 8FK 8VVHUHU/D/D\\RXWRXW RRI WI WKKH 6WH 6WRRS:DS:DWWFK 8FK 8VVHUHU����,QWHU,QWHUIIDDFFHH 66XXEEREMREMHHFWVFWV,QWHU,QWHUIIDDFFHH 66XXEEREMREMHHFWVFWV

3ODFHPHQW�RI3ODFHPHQW�RI

8VHU�,QWHUIDFH�6XEREMHFWV8VHU�,QWHUIDFH�6XEREMHFWV

/HW [ ZKHUH�;FRRUG�� DQG \ ZKHUH�<FRRUG���

0HVVDJH� /RFDWLRQ������� LQ &DQYDV

�VKDSH VHW DXWRPDWLFDOO\�

6WDUW%XWWRQ� /RFDWLRQ������� LQ 3DQHO

6KDSH�������

6WRS%XWWRQ� /RFDWLRQ������� LQ 3DQHO

6KDSH�������

&DQYDV� /RFDWLRQ�Z���� \���� LQ )UDPH

6KDSH����� ���

3DQHO� /RFDWLRQ�[���� \���� LQ )UDPH

6KDSH����� ���



&RQVWUXFWRU�IRUP

JOREDO�REMHFWV�

&ODVV1DPH��&ODVV1DPH�DUJV���

FRQVWUXFWRU�DUJV��

FRQVWUXFWRU�DUJV��

«

^�FRQVWUXFWRU�ERG\�`

6WRS:DWFK�&RQVWUXFWRU����RI���6WRS:DWFK�&RQVWUXFWRU����RI���

//StopWatch Class Constructor

Location StartButtonLocn  = Location( 10,10);
Shape    StartButtonShape = Shape   ( 50,20);
Location StopButtonLocn   = Location( 70,10);
Shape    StopButtonShape  = Shape   ( 50,20);
Location ButtonPanelLocn  = Location( 10,60);
Shape    ButtonPanelShape = Shape   (130,40);
Location CanvasLocn       = Location( 10,20);
Shape    CanvasShape      = Shape   (130,30);
Location ClockDisplayLocn = Location( 60,10); 



6WRS:DWFK�&RQVWUXFWRU����RI���6WRS:DWFK�&RQVWUXFWRU����RI���

StopWatch::StopWatch(Frame& frame, Location where,
int interval): 

// sub-object constructor list

counter(0),

clock("StopWatchClock", interval),

buttonPanel( frame,  "ButtonPanel",                         
Location(where.Xcoord()+ButtonPanelLocn.Xcoord(), 

where.Ycoord()+ButtonPanelLocn.Ycoord()),        
ButtonPanelShape),

startButton("Start", StartButtonLocn, StartButtonShape),

stopButton ("Stop",  StopButtonLocn,  StopButtonShape),

6WRS:DWFK�&RQVWUXFWRU����RI��6WRS:DWFK�&RQVWUXFWRU����RI���

canvas   ( frame, "StopWatchCanvas", 
Location(where.Xcoord() + CanvasLocn.Xcoord(),

where.Ycoord() + CanvasLocn.Ycoord()),
CanvasShape),

clockDisplay( "0", ClockDisplayLocn)

{ 
// constructor body
buttonPanel.Add(stopButton);
buttonPanel.Add(startButton);
canvas.Clear();
clockCount.ConnectTo(clockDisplay);
clockDisplay.DisplayIn(canvas);
clock.Start();

}


