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$EVWUDFW

Structuring an interactive system consisting of graphical user interface and problem domain
components is problematic. Both graphical user interfaces and problem domain components
are prone to change –  especially in early system development phases. Attempting to solve this
problem, we supplement current literature on architecture patterns for interactive systems by
reframing two patterns (Model-View-Controller and Presentation-Abstraction-Control) and
delineating two new patterns (Application Facade and Application Adaptor). The patterns are
presented informally (in short narrative form) and formally (using precise specification). Based
on the lesson learnt, we preliminarily discuss relationships, differences, and similarities
between the four patterns
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7DEOH�RI�FRQWHQWV

,1752'8&7,21 �
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3DJH���RI���

7DEOH�RI�ILJXUHV

)LJXUH����/LJKWZHLJKW�DUFKLWHFWXUDO�SDWWHUQ�WHPSODWH��������������������������������������������������������������� �
)LJXUH����6DPSOH�SDFNDJH�GLDJUDP ������������������������������������������������������������������������������������������� �
)LJXUH����7KH�)LQDQFLDO�+LVWRU\�DSSOLFDWLRQ ���������������������������������������������������������������������������� ��
)LJXUH����7KH�SUREOHP�GRPDLQ�PRGHO�������������������������������������������������������������������������������������� ��
)LJXUH����7KH�OLEUDU\�FRGH�IRU�$SSOLFDWLRQ�)DFDGH����������������������������������������������������������������� ��
)LJXUH����7KH�$SSOLFDWLRQ�)DFDGH�IRU�WKH�LQSXW�ZLQGRZ�������������������������������������������������������� ��
)LJXUH����7KH�3UHVHQWDWLRQ�IRU�WKH�LQSXW�ZLQGRZ������������������������������������������������������������������� ��
)LJXUH����7KH�OLEUDU\�FRGH�IRU�09&������������������������������������������������������������������������������������������ ��
)LJXUH����7KH�09&�0RGHO�IRU�)LQDQFLDO�+LVWRU\���������������������������������������������������������������������� ��
)LJXUH�����7KH�09&�9LHZ�IRU�WKH�LQSXW�ZLQGRZ���������������������������������������������������������������������� ��
)LJXUH�����7KH�09&�&RQWUROOHU�IRU�WKH�LQSXW�ZLQGRZ ������������������������������������������������������������ ��
)LJXUH�����7KH�OLEUDU\�FRGH�IRU�3$& ���������������������������������������������������������������������������������������� ��
)LJXUH�����7KH�3$&�KLHUDFK\�IRU�RXU�DSSOLFDWLRQ ������������������������������������������������������������������� ��
)LJXUH�����7KH�WRS�OHYHO�3$&�DJHQW ����������������������������������������������������������������������������������������� ��
)LJXUH�����7KH�EDU&KDUW�3$&�DJHQW ����������������������������������������������������������������������������������������� ��
)LJXUH�����7KH�LQSXW�ZLQGRZ�3$&�DJHQW��������������������������������������������������������������������������������� ��
)LJXUH�����7KH�YLHZ�FRRUGLQDWRU�3$&�DJHQW ��������������������������������������������������������������������������� ��
)LJXUH�����7KH�'DWD,QW�IRU�WKH�LQSXW�ZLQGRZ��������������������������������������������������������������������������� ��
)LJXUH�����7KH�)XQF,QW�IRU�WKH�LQSXW�ZLQGRZ�������������������������������������������������������������������������� ��
)LJXUH�����7KH�$SSOLFDWLRQ�$GDSWRU�IRU�WKH�LQSXW�ZLQGRZ ���������������������������������������������������� ��
)LJXUH�����9LVXDO�QRWDWLRQ�RI�/H386��(GHQ������� ����������������������������������������������������������������� ��
)LJXUH�����3URIHVVRU�DQG�VWXGHQW�FRQVWUDLQW�GLDJUDP����������������������������������������������������������� ��
)LJXUH�����7KUHH�PRGHO�OD\HULQJ�RI�396���������������������������������������������������������������������������������� ��
)LJXUH�����5ROH�PRGHO�RI�D�0RGHO��KDYLQJ�D�VHW�RI�REVHUYHU��QR�DEVWUDFW�RSHUDWLRQV��DQG�D

VHW�RI�DEVWUDFW�LQVWDQFHV��������������������������������������������������������������������������������������������������� ��
)LJXUH�����/H386�VSHFLILFDWLRQ�RI�09& ���������������������������������������������������������������������������������� ��
)LJXUH�����/H386�VSHFLILFDWLRQ�RI�WKH�2EVHUYHU�3DWWHUQ������������������������������������������������������� ��
)LJXUH�����3UHFLVH�9LVXDO�6SHFLILFDWLRQ�RI�09&�UROH�LQYDULDQW ��������������������������������������������� ��
)LJXUH�����3RVVLEOH�VSHFLILFDWLRQ�RI�3$&�������������������������������������������������������������������������������� ��
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3DJH���RI���

7DEOH�RI�$SSHQGLFHV

$SSHQGL[��� 7KH�8VHU�LQWHUIDFH�FRGH �������������������������������������������������������������������������������������� ��
$SSHQGL[��� 7KH�VWUXFWXUH�RI�)DFDGH �������������������������������������������������������������������������������������� ��
$SSHQGL[��� 7KH�VWUXFWXUH�RI�09&������������������������������������������������������������������������������������������� ��
$SSHQGL[��� 7KH�VWUXFWXUH�RI�3$&������������������������������������������������������������������������������������������� ��
$SSHQGL[��� 7KH�VWUXFWXUH�RI�$SSOLFDWLRQ�$GDSWRU ���������������������������������������������������������������� ��
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$UFKLWHFWXUDO�3DWWHUQV�IRU

,QWHUDFWLYH�6\VWHPV
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3DJH���RI���

,QWURGXFWLRQ
$�ODUJH�ERG\�RI�VRIWZDUH�FDQ�EH�UHJDUGHG�DV�LQWHUDFWLYH�²�LW�VXSSRUWV
FRPPXQLFDWLRQ�EHWZHHQ�WKH�XVHU�DQG�WKH�FRPSXWHU�LQ�D�ZD\�ZKHUH�WKH�XVHU
WDNHV�DFWLRQ�DQG�WKH�V\VWHP�UHDFWV�DFFRUGLQJO\��1HZPDQ�DQG�/DPPLQJ��������
,Q�PRVW�PRGHUQ�DSSOLFDWLRQV�WKLV�LQWHUDFWLRQ�LV�PDQLIHVWHG�LQ�D�*UDSKLFDO�8VHU
,QWHUIDFH��*8,���ZKLFK�FRQWDLQV�D�QXPEHU�RI�ZLGJHWV�VXFK�DV�EXWWRQV��OLVWV�DQG
ILHOGV��2IWHQ�WKHVH�*8,·V�DUH�LPSOHPHQWHG�E\�XVLQJ�D�*8,�7RRONLW�OLEUDU\�

:KHQ�LPSOHPHQWLQJ�FRPSXWHU�V\VWHPV�XVLQJ�D�REMHFW�RULHQWHG�ODQJXDJH
DQRWKHU�FRPPRQ�FRPSRQHQW�LV�WKH�3UREOHP�'RPDLQ�&RPSRQHQW�ZKLFK�PRGHOV
WKH�SDUW�RI�WKH�ZRUOG�WKDW�WKH�V\VWHP�VXSSRUWV��0DGVHQ�HW�DO���������

7KLV�UHSRUW�LQYHVWLJDWHV�D�QXPEHU�RI�DUFKLWHFWXUHV�IRU�LQWHUDFWLYH�V\VWHPV��7KH
VWXG\�LV�EDVHG�RQ�OLWHUDWXUH�VWXGLHV�DQG�H[SHULHQFH�IURP�D�UHFHQW�UHVHDUFK
SURMHFW��&KULVWHQVHQ�HW�DO����������5HDOLVLQJ�IURP�WKLV�H[SHULHQFH�WKDW�FXUUHQW
SDWWHUQ�OLWHUDWXUH�RQ�LQWHUDFWLYH�V\VWHPV��H�J��%XVFKPDQQ�HW�DO���������DQG
&ROGHZH\���������ZHUH�SUREOHPDWLF�LQ�WKDW�LW

• GLG�QRW�FRYHU�DOO�XVHG�DQG�XVDEOH�DUFKLWHFWXUHV�IRU�LQWHUDFWLYH�V\VWHPV
• GHVFULEHG�DUFKLWHFWXUDO�SDWWHUQ�YHUERVHO\��DPELJXRXVO\��DQG�LQFRPSOHWHO\
• GLG�QRW�UHODWH�DQG�FRPSDUH�LGHQWLILHG�DUFKLWHFWXUHV�ZHOO

)DFLQJ�WKLV�DUFKLWHFWXUDO�SDWWHUQV�IRU�LQWHUDFWLYH�V\VWHPV�KDYH�EHHQ�LGHQWLILHG�
LPSOHPHQWHG��UHIUDPHG��DQG�WR�VRPH�H[WHQW�IRUPDOLVHG�

&RQFUHWHO\��WKLV�UHSRUW�ZLOO�

• SUHVHQW�WKH�IRXU�DUFKLWHFWXUDO�SDWWHUQV�09&��3$&��$SSOLFDWLRQ�)DFDGH�
DQG�$SSOLFDWLRQ�$GDSWRU�LQ�D�OLJKWZHLJKW�IRUP�

• VKRZ�D�FRQFUHWH�XVDJH�RI�WKH�IRXU�SDWWHUQV�LQ�WKH�FRQVWUXFWLRQ�RI�D�VPDOO
LQWHUDFWLYH�DSSOLFDWLRQ�

• VKRZ�DQ�DSSOLFDWLRQ�RI�WKH�WZR�SDWWHUQ�IRUPDOLVPV�/H386�DQG�3UHFLVH
9LVXDO�6SHFLILFDWLRQ�WRZDUGV�WKH�09&�SDWWHUQ��DQG�IURP�WKLV�GLVFXVV
WKHLU�DSSOLFDELOLW\�WRZDUGV�GHVFULELQJ�SDWWHUQV�

• SURYLGH�D�YHU\�SUHOLPLQDU\�GLVFXVVLRQ�RQ�WKH�UHODWLRQVKLS��GLIIHUHQFHV�
DQG�VLPLODULWLHV�EHWZHHQ�HDFK�RI�WKH�IRXU�DUFKLWHFWXUDO�SDWWHUQV�
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3DJH���RI���

3DWWHUQ�GHVFULSWLRQV
([SHULHQFLQJ�WKDW�WKH�SDWWHUQ�GHVFULSWLRQ�IRUPDW�LQ�%XVFKPDQQ�HW�DO��������
ZDV�WRR�ORQJ�DQG�WKDW�WKH�IRUPDW�LQ�6KDZ�HW�DO��WRR�VKRUW��ZH�KDYH�H[SHULHQFHG
ZLWK�WKH�OHQJWK�DQG�IRUP�RI�DUFKLWHFWXUDO�SDWWHUQ�GHVFULSWLRQV��7KH�IRUPDW�ZH
SUHVHQW�KHUH�PD\�EH�YLHZHG�DV�D�FRQGHQVHG�YHUVLRQ�RI�WKH�IRUPDW�LQ�*DPPD�HW
DO���������RU�DV�D�YDULDWLRQ�RQ�%URZQ�HW�DO�·V�´GHGXFWLYH�PLQL�SDWWHUQµ�WHPSODWH�

)LJXUH����/LJKWZHLJKW�DUFKLWHFWXUDO�SDWWHUQ�WHPSODWH

7KH�VROXWLRQ�VHFWLRQ�DSSOLHV�80/�YHUVLRQ������%RRFK�HW�DO���������DQG
H[WHQVLYHO\�XVH�WKH�JHQHULF�JURXSLQJ�PHFKDQLVP�SDFNDJHV��)LJXUH���EHORZ
LQWURGXFHV�PRVW�RI�WKH�QRWDWLRQ�XVHG�LQ�WKLV�VHFWLRQ��7KH�HOHPHQWV�RI�D
&RQFUHWH�'RPDLQ�SDFNDJH�LQKHULWV�IURP�WKH�HOHPHQWV�RI�D�*HQHULF�'RPDLQ
SDFNDJH��7KH�&RQFUHWH�'RPDLQ�3DFNDJH�GHSHQGV�RQ�D�'DWDEDVH�&RPSRQHQWV
SDFNDJH�DQG�DVVRFLDWHV�D�QXPEHU�RI�8VHU�,QWHUIDFH�SDFNDJHV��)LQDOO\��D�8VHU
,QWHUIDFH�SDFNDJH�DVVRFLDWHV�RQH�&RQFUHWH�'RPDLQ�SDFNDJH��1RWH�WKDW�WKH
GLDJUDP�OHDYHV�WKH�FRQWHQWV�RI�WKH�SDFNHWV�XQVSHFLILHG��FRQWHQWV�PD\�H�J��EH
FODVVHV�RU�RWKHU�SDFNDJHV�

)LJXUH����6DPSOH�SDFNDJH�GLDJUDP

1DPH

:KDW�VKRXOG�WKLV�SDWWHUQ�FRPPRQO\�EH�NQRZQ�DV"

3UREOHP

:KLFK�DUFKLWHFWXUDO�SUREOHP�OHDG�XV�WR�ORRN�IRU�D�SDWWHUQ
VROXWLRQ"�$QG�LQ�ZKLFK�FRQWH[W"

6ROXWLRQ

+RZ�FDQ�WKLV�SUREOHP�EH�HIIHFWLYHO\�VROYHG"

&RQVHTXHQFHV

:KLFK�EHQHILWV�DQG�OLDELOLWLHV�FRPH�ZLWK�DSSO\LQJ�WKH�VXJJHVWHG
VROXWLRQ"

&UHGLWV

1R�SDWWHUQ�LV�LQYHQWHG���

Concrete

Domain

User

Interface

Generic

Domain

1




Database

Components
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3DJH���RI���

$SSOLFDWLRQ�)DFDGH

3UREOHP
+RZ�GRHV�RQH�FRQQHFW�WKH�WZR�PDMRU�SDUWV�RI�DQ�LQWHUDFWLYH�DSSOLFDWLRQ
FRQWDLQLQJ�WKH�SUREOHP�GRPDLQ�UHODWHG�FODVVHV�DQG�WKH�JUDSKLFDO�XVHU
LQWHUIDFH�*8,���LQ�VXFK�D�ZD\�WKDW�WKH�*8,�OLHV�RQ�WKH�RXWVLGH�RI�WKH�V\VWHP
DQG�LV�LQYLVLEOH�WR�WKH�SUREOHP�GRPDLQ�UHODWHG�FODVVHV"

6ROXWLRQ
'LYLGH�WKH�DSSOLFDWLRQ�LQWR�WKH�FRPSRQHQWV�3UHVHQWDWLRQ��7HVWLQJ��$SSOLFDWLRQ
)DFDGH��DQG�'RPDLQ��7KH�3UHVHQWDWLRQ�FRPSRQHQW�LPSOHPHQWV�WKH�XVHU
LQWHUIDFH�DQG�KDQGOHV�ERWK�RXWSXW�WR�WKH�XVHU�DQG�LQSXW�IURP�WKH�XVHU�

7KH�GRPDLQ�FRPSRQHQW�FRQWDLQV�WKH�GRPDLQ�UHODWHG�FODVVHV�DQG�IXQFWLRQV�
DQG�SRVVLEO\�RWKHU�IXQFWLRQDOLW\��,W�LV�LPSOHPHQWHG�LQGHSHQGHQWO\�RI�WKH
3UHVHQWDWLRQ�FRPSRQHQW�

7R�LQWHUIDFH�WKH�WZR�FRPSRQHQWV�DQ�$SSOLFDWLRQ�)DFDGH�FRPSRQHQW�LV
LPSOHPHQWHG��7KLV�FRPSRQHQW�KDV�DQ�LQWHUIDFH�WR�WKH�'RPDLQ�FRPSRQHQW��DQG
WKH�3UHVHQWDWLRQ�FRPSRQHQW�LV�LPSOHPHQWHG�VR�WKDW�LW�FROODERUDWHV�ZLWK�WKH
'RPDLQ�FRPSRQHQW�RQO\�YLD�WKLV�LQWHUIDFH��7KH�$SSOLFDWLRQ�)DFDGH�LV�WKXV
GHSHQGHQW�RQ�WKH�'RPDLQ�FRPSRQHQW�EXW�LQGHSHQGHQW�RI�WKH�3UHVHQWDWLRQ
FRPSRQHQW�

2SWLRQDOO\�DOVR�LPSOHPHQW�D�7HVWLQJ�FRPSRQHQW�WKDW�WHVWV�WKH�'RPDLQ
FRPSRQHQW�YLD�WKH�$SSOLFDWLRQ�)DFDGH�FRPSRQHQW�

+LJK�OHYHO�VWUXFWXUH

&RQVHTXHQFHV
%HQHILWV�

• 7KH�VHSDUDWLRQ�LQWR�3UHVHQWDWLRQ�DQG�$SSOLFDWLRQ�)DFDGH�VXSSRUW
FKDQJH�LQ�WHFKQRORJ\��DV�WKH�3UHVHQWDWLRQ�FRPSRQHQW�FDQ�EH
VXEVWLWXWHG�E\�D�QHZ�3UHVHQWDWLRQ�FRPSRQHQW�ZKHQ�WKH�XVHU�LQWHUIDFH
RI�8,�7RRONLW�FKDQJHV

• 7KH�DUFKLWHFWXUH�IDFLOLWDWHV�WHVWLQJ�ZLWKRXW�XVLQJ�WKH�*8,
• 'HYHORSPHQW�RI�WKH�SDUWV�WKDW�UHTXLUH�GRPDLQ�NQRZOHGJH�DQG�WKH�SDUWV

WKDW�UHTXLUH�8,�7RRONLW�NQRZOHGJH�DUH�VHSDUDWHG

App. Facade

<<facade>>

Testing

Domain

Presentation
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3DJH���RI���

/LDELOLWLHV�
• 0XOWLSOH�YLHZ�FRQVLVWHQF\�LV�QRW�SURYLGHG�IRU��7KH�2EVHUYHU�SDWWHUQ�FDQ

SURYLGH�WKLV��E\�KDYLQJ�WKH�$SSOLFDWLRQ�)DFDGH�DV�VXEMHFW�DQG�VHYHUDO
3UHVHQWDWLRQ�FRPSRQHQWV�DV�2EVHUYHUV�

&UHGLWV
7KH�$SSOLFDWLRQ�)DFDGH�LV�GHVFULEHG�LQ�D�QRQ�SDWWHUQ�IRUPDW�LQ��)RZOHU��������
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3DJH����RI���

0RGHO�9LHZ�&RQWUROOHU��09&�

3UREOHP
+RZ�GRHV�RQH�FRQQHFW�WKH�GRPDLQ�VSHFLILF�SDUW�ZLWK�D�XVHU�LQWHUIDFH�LQ�VXFK�D
ZD\�WKDW�PXOWLSOH�YLHZ�RQ�WKH�VDPH�PRGHO�LV�SRVVLEOH�DQG�LQ�VXFK�D�ZD\�WKDW
KDQGOLQJ�RI�XVHU�LQSXW�LV�VHSDUDWHG�IURP�WKH�SURFHVV�RI�GLVSOD\LQJ�RXWSXW"

6ROXWLRQ
'LYLGH�WKH�LQWHUDFWLYH�DSSOLFDWLRQ�LQWR�WKUHH�FRPSRQHQWV��0RGHO��9LHZ�DQG
&RQWUROOHU��7KH�0RGHO�FRQWDLQV�WKH�FRUH�IXQFWLRQDOLW\�DQG�GDWD�DQG�LPSOHPHQWV
WKH�09&�PRGHO�LQWHUIDFH��7KLV�LQWHUIDFH�DOORZV�LQWHUHVWHG�SDUWLHV�WR�VXEVFULEH
WR�´FKDQJH�PHVVDJHVµ�WKDW�DUH�WR�EH�VHQW�ZKHQ�WKH�0RGHO·V�VWDWH�FKDQJHV��7KH
PRGHO�GRHV�QRW�GHSHQG�RQ�WKH�FRQFUHWH�9LHZV�RU�&RQWUROOHUV��EXW�UDWKHU
FROODERUDWH�ZLWK�WKHVH�WKRXJK�DQ�DEVWUDFW�09&�2EVHUYHU�LQWHUIDFH�

7KH�9LHZV�FRQWDLQ�WKH�XVHU�LQWHUIDFH�WKDW�GLVSOD\V�WKH�V\VWHP·V�VWDWH�WR�WKH
XVHU��DQG�WKH�&RQWUROOHU�KDQGOHV�WKH�SDUW�WKDW�UHFHLYHV�LQSXW�IURP�WKH�XVHU�
7KH�9LHZV�DQG�&RQWUROOHUV�GHSHQG�RQ�WKH�FRQFUHWH�0RGHO��DV�WKH\�PXVW�XSGDWH
WKHP�VHOYHV�ZKHQ�UHFHLYLQJ�WKH�XSGDWH�PHVVDJH��DQG�DV�WKH�&RQWUROOHUV�PXVW
EH�DEOH�WR�H[HFXWH�WKH�IXQFWLRQV�IRXQG�LQ�WKH�0RGHO�

+LJK�OHYHO�VWUXFWXUH

MVC Observer

Model Views

MVC

Model

Controllers
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3DJH����RI���

&RQVHTXHQFHV
%HQHILWV�

• 6HYHUDO�YLHZV�RI�WKH�VDPH�PRGHO�DUH�YHU\�HDVLO\�LPSOHPHQWHG
• 9LHZ�DQG�FRQWUROOHUV�FDQ�HDVLO\�EH�H[FKDQJHG�²�HYHQ�DW�UXQWLPH

/LDELOLWLHV�
• 7KH�XSGDWH�SURSDJDWLRQ�PHFKDQLVP�SRWHQWLDOO\�OHDGV�WR�D�ODUJH�RYHUKHDG
• &KDQJHV�WR�WKH�PRGHO�HDVLO\�SURSDJDWH�DQG�UHTXLUH�FKDQJHV�WR�WKH�UHVW�RI

WKH�V\VWHP

9DULDQWV
2IWHQ�LW�LV�KDUG�RU�LQHIIHFWLYH�WR�LPSOHPHQW�WKH�VWULFW�VHSDUDWLRQ�RI�KDQGOLQJ�RI
LQSXW�DQG�RXWSXW��7KHUHIRUH�WKH�9LHZ�DQG�&RQWUROOHU�FODVVHV�FDQ�LQ�VRPH�FDVHV
EH�MRLQHG��ZKLFK�UHVXOWV�LQ�WKH�'RFXPHQW�9LHZ�YDULDQW�

&UHGLWV
7KH�DUWLFOH��.UDVQHU�DQG�3RSH��������LV�WKH�FODVVLF�GHVFULSWLRQ�RI�09&�LQ
6PDOOWDON���%XVFKPDQQ�HW�DO���������GHVFULEHV�09&�LQ�D�SDWWHUQ�IRUPDW�
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3DJH����RI���

3UHVHQWDWLRQ�$EVWUDFWLRQ�&RQWURO��3$&�

3UREOHP
$Q�LQWHUDFWLYH�V\VWHP�PD\�RIWHQ�EHQHILW�IURP�D�VWUXFWXULQJ�DV�D�VHW�RI
FRRSHUDWLQJ�FRPSRQHQWV��+RZ�GRHV�RQH�VWUXFWXUH�HDFK�FRPSRQHQW�VR�WKDW
LQGLYLGXDO�FRPSRQHQW�FRRSHUDWH�HIIHFWLYHO\�DQG�KRZ�GRHV�RQH�VWUXFWXUH�WKH
FRRSHUDWLRQ�RI�DOO�FRPSRQHQWV"

6ROXWLRQ
'LYLGH�WKH�DSSOLFDWLRQ�LQWR�D�KLHUDUFK\�RI�DJHQWV��+RUL]RQWDOO\��HDFK�DJHQW
SURYLGHV�D�XVHU�LQWHUIDFH��3UHVHQWDWLRQ���D�PRGHO��$EVWUDFWLRQ���DQG�D�PHGLDWRU
EHWZHHQ�WKHVH�SDUWV�DQG�EHWZHHQ�DQ�DJHQW�DQG�RWKHU�DJHQWV��&RQWURO��
9HUWLFDOO\��WKH�DJHQWV�DUH�VWUXFWXUHG�LQ�D�KLHUDUFK\�FRQVLVWLQJ�RI�D�WRS�OHYHO
DJHQW��LQWHUPHGLDWH�OHYHO�DJHQWV��DQG�ERWWRP�OHYHO�DJHQWV�

7KH�WRS�OHYHO�3$&�DJHQW�SURYLGHV�DQ�LQWHUIDFH�WR�D�JOREDO�GRPDLQ�FRPSRQHQW
WKURXJK�LWV�FRQWURO�DQG�FRQWUROV�WKH�KLHUDUFK\�RI�3$&�DJHQWV��%RWWRP�OHYHO�3$&
DJHQWV�LPSOHPHQW�DWRPLF�XQLWV�RI�VHPDQWLF�FRQFHSWV�IURP�WKH�XVH�GRPDLQ�
7KHVH�OHYHOV�DUH�FRRUGLQDWHG�RU�FRPSRVHG�RU�ERWK�E\�LQWHUPHGLDWH�OHYHO�3$&
DJHQWV�

+LJK�OHYHO�VWUXFWXUH

&RQVHTXHQFHV
%HQHILWV�

• 7KH�PDLQ�EHQHILW�RI�WKLV�SDWWHUQ�LV�WKDW�LW�VHSDUDWHV�GLIIHUHQW�VHPDQWLF
HQWLWLHV�RI�WKH�XVH�GRPDLQ�HIIHFWLYHO\��,Q�WKLV�ZD\�VHPDQWLF�HQWLWLHV�PD\
HYROYH�LQGLYLGXDOO\

PAC Agent

- Abstraction- Presentation

+ Control

Intermediate level

PAC Agent

1


Top level

PAC Agent

Bottom level

PAC Agent

Domain

Component

1



1
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3DJH����RI���

• 6LQFH�WKH�3UHVHQWDWLRQ�DQG�$EVWUDFWLRQ�SDUW�RI�D�3$&�DJHQW�LV�KLGGHQ
IURP�RWKHU�3$&�DJHQWV�WKHVH�SDUWV�PD\�EH�H[FKDQJHG�ZLWKRXW�PDMRU
FKDQJHV�WR�RWKHU�DJHQW�

/LDELOLWLHV�

• 7KH�V\VWHP�FRPSOH[LW\�LQFUHDVHV�VLQFH�VHPDQWLF�HQWLWLHV�DUH�LPSOHPHQWHG
HQWLUHO\�E\�3$&�DJHQWV��$OVR�WKH�KLHUDUFKLF�VWUXFWXUH�RI�3$&�DJHQWV�PD\
EH�FRPSOLFDWHG�WR�FRRUGLQDWH�DQG�FRQWURO

• 6LQFH�FRPPXQLFDWLRQ�LQ�EHWZHHQ�WKH�3$&�DJHQWV�PD\�JR�WKURXJK�VHYHUDO
RWKHU�DJHQWV�HIILFLHQF\�RI�WKH�LQWHUDFWLYH�V\VWHP�PD\�EH�DIIHFWHG�E\�WKH
XVH�RI�WKLV�SDWWHUQ�

&UHGLWV
&RXWD]��������GHVFULEHV�WKH�3$&�DUFKLWHFWXUH�LQ�LWV�RULJLQDO�IRUPDW�DQG�D�&
LPSOHPHQWDWLRQ��%XVFKPDQQ�HW�DO���������JLYHV�3$&�D�SDWWHUQ�IRUPDW�
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3DJH����RI���

$SSOLFDWLRQ�$GDSWRU

3UREOHP
+RZ�GRHV�RQH�VWUXFWXUH�DQ�DSSOLFDWLRQ�VR�WKDW�WKH�XVHU�LQWHUIDFH�FRPSRQHQWV
DQG�SUREOHP�GRPDLQ�FRPSRQHQW�FDQ�EH�GHYHORSHG�LQGHSHQGHQWO\�DQG�VR�WKDW
FKDQJHV�WR�WKH�8,�UHTXLUH�PLQLPDO�FKDQJH�WR�WKH�UHVW�RI�WKH�V\VWHP"

6ROXWLRQ
,PSOHPHQW�WKH�'RPDLQ�FRPSRQHQW�DV�D�VHSDUDWH�DQG�LQGHSHQGHQW�FRPSRQHQW�

'LYLGH�WKH�LPSOHPHQWDWLRQ�RI�WKH�XVHU�LQWHUIDFH�LQWR�VHYHUDO�SDUWV��8,��)XQF,QW
DQG�'DWD,QW��7KH�8,�FRQWDLQV�WKH�GHFODUDWLRQV�DQG�LQVWDQWLDWLRQV�RI�WKH
FRQFUHWH�FRQWUROV�ZLGJHWV�IRXQG�LQ�WKH�XVHU�LQWHUIDFH��7KH�'DWD,QWV�FRQWDLQ�D
GDWD�LQWHUIDFH�IRU�HDFK�VFUHHQ��ZKLOH�WKH�)XQF,QWV�FRQWDLQ�D�IXQFWLRQDO
LQWHUIDFH�IRU�HDFK�VFUHHQ�

)LQDOO\�FUHDWH�WKH�$GDSWRUV�ZKLFK�VXEVFULEH�WR�HYHQWV�LQ�WKH�IXQFWLRQDO
LQWHUIDFH�DQG�XSRQ�LQYRFDWLRQ�RI�WKHVH�HYHQWV�H[HFXWH�WKH�DSSURSULDWH
IXQFWLRQV�LQ�WKH�'RPDLQ�FRPSRQHQW�DQG�WUDQVIHU�GDWD�IURP�WR�WKH�'RPDLQ
FRPSRQHQW�WR�IURP�WKH�,QIR�FRPSRQHQWV�

+LJK�OHYHO�VWUXFWXUH

&RQVHTXHQFHV
%HQHILWV�

• 7KH�8,�FODVVHV�DUH�LQGHSHQGHQW�RI�WKH�'RPDLQ��)XQF,QW��DQG�'DWD,QW
FRPSRQHQWV��DQG�FDQ�WKHUHIRUH�EH�FRQVWUXFWHG�DQG�FRPSLOHG�VHSDUDWHO\

• 7KH�'RPDLQ�FODVVHV�DUH�LQGHSHQGHQW�RI�WKH�8,��EXW�KDV�WKH�&RQWUROOHUV�DV
GLUHFW�GHSHQGDQWV��7KH\�FDQ�WKHUHIRUH�WR�VRPH�H[WHQW�EH�FRQVWUXFWHG�DQG
FRPSLOHG�VHSDUDWHO\

/LDELOLWLHV�

• 7KH�LQWHUIDFH�WR�WKH�8,�UHSUHVHQWHG�E\�WKH�)XQF,QW�DQG�'DWD,QW�WDNHV
VRPH�WLPH�WR�GHYHORS�DQG�PDLQWDLQ

• 7KH�DUFKLWHFWXUH�SURYLGHV�QR�PHFKDQLVP�IRU�PXOWLSOH�YLHZ�FRQVLVWHQF\
SHU�VH

Application

Adaptor

<<facade>>

DataInt

Domain

<<facade>>

 FuncInt

UI
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3DJH����RI���

&UHGLWV
7KH�$SSOLFDWLRQ�$GDSWRU�SDWWHUQ�KDV�EHHQ�XVHG�LQ�VHYHUDO�SURMHFWV�DW
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�$DUKXV��0RVW�UHFHQWO\�LV�KDV
EHHQ�XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�D�ODUJH�V\VWHP�LQ�WKH�'UDJRQ�SURMHFW
�&KULVWHQVHQ�HW�DO����������/HQQHUW�6ORWK�VXJJHVWHG�LWV�XVH�LQ�WKDW�SURMHFW�
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3DJH����RI���

$�VDPSOH�DSSOLFDWLRQ
,Q�RUGHU�WR�LQYHVWLJDWH�WKH�SDWWHUQV�D�VLPSOH�LQWHUDFWLYH�V\VWHP�KDV�EHHQ
GHYHORSHG�XVLQJ�WKH�0M¡OQHU�6\VWHP��.QXGVHQ�HW�DO���������LPSOHPHQWHG�LQ
%HWD��0DGVHQ�HW�DO����������7KH�IRXU�SDWWHUQV�09&��3$&��$SSOLFDWLRQ�)DFDGH
DQG�$SSOLFDWLRQ�$GDSWRU�KDYH�EHHQ�XVHG�

7KH�V\VWHP�LPSOHPHQWV�D�VLPSOH�ILQDQFLDO�KLVWRU\�IRU�NHHSLQJ�WUDFN�RI
H[SHQVHV��7KH�DSSOLFDWLRQ�KDV�WKUHH�YLHZV�DV�VKRZQ�LQ�)LJXUH����$�YLHZ�IRU
DGGLQJ�DQG�GHOHWLQJ�GDWD��D�YLHZ�VKRZLQJ�WKH�ILQDQFLDO�LQIRUPDWLRQ�DV�D�SLH
FKDUW��DQG�D�YLHZ�VKRZLQJ�WKH�ILQDQFLDO�LQIRUPDWLRQ�DV�D�EDU�FKDUW�

)LJXUH����7KH�)LQDQFLDO�+LVWRU\�DSSOLFDWLRQ

6KDUHG�LPSOHPHQWDWLRQ
7R�HDVH�WKH�LPSOHPHQWDWLRQ�WKH�IRXU�DSSOLFDWLRQV�KDYH�EHHQ�LPSOHPHQWHG�VXFK
WKDW�WKH�DOO�VKDUH�WKH�VDPH�SUREOHP�GRPDLQ�PRGHO�FRGH�DQG�WKH�VDPH�XVHU
LQWHUIDFH�FRGH�

3UREOHP�GRPDLQ�PRGHO
7KH�SUREOHP�GRPDLQ�PRGHO�FRQVLVWV�RI�IRXU�VLPSOH�FODVVHV��3HUVRQ�
)LQDQFLDO+LVWRU\��)LQDQFLDO(OHPHQW�DQG�4XDQWLW\�
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3DJH����RI���

3HUVRQ�PRGHOV�DQ�LQGLYLGXDO�DQG�WKH�FODVV�LV�DVVRFLDWHG�WR�RQH�RU�PRUH
ILQDQFLDO�KLVWRULHV�

$�ILQDQFLDO�KLVWRU\�PRGHOV�D�VSHFLILF�KLVWRU\�RI�H[SHQVHV��DQG�LW�FRQWDLQV�D
GHVFULSWLRQ�DQG�LV�DVVRFLDWHG�WR�RQH�RU�PRUH�ILQDQFLDO�HOHPHQWV�

$�ILQDQFLDO�HOHPHQW�PRGHOV�RQH�H[SHQVH��DQG�FRQWDLQV�D�GHVFULSWLRQ��DQ
DPRXQW�DQG�D�W\SH�

7KH�PRGHO�LV�VKRZQ�LQ�80/�FODVV�GLDJUDP�QRWDWLRQ�EHORZ�

)LJXUH����7KH�SUREOHP�GRPDLQ�PRGHO

8VHU�LQWHUIDFH
7KH�XVHU�LQWHUIDFH�FRQVLVWV�RI�WKH�WKUHH�VFUHHQV�VKRZQ�LQ�WKH�EHJLQQLQJ�RI�WKLV
VHFWLRQ�

$OO�WKUHH�VFUHHQV�KDYH�EHHQ�FRQVWUXFWHG�XVLQJ�WKH�0M¡OQHU�*8,�%XLOGHU��7KH
JHQHUDWHG�FRGH�LV�VKRZQ�LQ�$SSHQGL[���

person

name: @ text

ssn: @ text

financialHistories

financialHistory

elements

description: @ text

sum:integerValue()  ...

total:integerValue()  ...

Quantity

Qty: @ integer

Unit: @ text

asString() {virtual}  ...

1

financialElement

description: @ text

amount
1

type: @ text
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3DJH����RI���

$SSOLFDWLRQ�)DFDGH
7KH�$SSOLFDWLRQ�)DFDGH�DUFKLWHFWXUDO�SDWWHUQ�KDV�IRXU�PDLQ�FRPSRQHQWV�
'RPDLQ��$SSOLFDWLRQ�)DFDGH��3UHVHQWDWLRQ�DQG�7HVWLQJ��7KH�LPSOHPHQWDWLRQ�RI
WKH�SDWWHUQ�JRHV�LQ�IRXU�PDMRU�VWHSV��DQG�XVHV�WKH�OLEUDU\�FRGH�VKRZQ�LQ
)LJXUH����,W�VKRXOG�EH�QRWHG�WKDW�WKHVH�VWHSV�FDQQRW�DQG�VKRXOG�QRW�EH�WDNHQ
VHTXHQWLDOO\�EXW�UDWKHU�EH�WKH�EDVLV�RI�DQ�LWHUDWLYH�GHYHORSPHQW�

)LJXUH����7KH�OLEUDU\�FRGH�IRU�$SSOLFDWLRQ�)DFDGH

��� ,PSOHPHQW�WKH�SUREOHP�GRPDLQ�PRGHO

)RU�WKH�SUREOHP�PRGHO�ZH�ZLOO�XVH�WKH�VKDUHG�LPSOHPHQWDWLRQ�GHVFULEHG�RQ
SDJH����

���,PSOHPHQW�WKH�$SSOLFDWLRQ�)DFDGH

7KH�$SSOLFDWLRQ�)DFDGH�DFWV�DV�D�IDFDGH�WR�WKH�SUREOHP�GRPDLQ�PRGHO��,W
VKRXOG�WKHUHIRUH�EH�SRVVLEOH�WR�FDOO�DOO�IXQFWLRQV�RI�LQWHUHVW�IURP�WKH
$SSOLFDWLRQ�)DFDGH�DQG�DOO�LQWHUHVWLQJ�VWDWH�VKRXOG�DOVR�EH�YLVLEOH��)LJXUH��
VKRZV�WKH�$SSOLFDWLRQ�)DFDGH�IRU�WKH�LQSXW�ZLQGRZ��WKH�WRSPRVW�ZLQGRZV�RI
WKH�ZLQGRZV�VKRZQ�RQ�SDJH������+HUH�WKH�IXQFWLRQV�¶VFDQ·��¶GHOHWH·�DQG�¶DGG·
DUH�DYDLODEOH�DV�ZHOO�DV�WKH�VWDWH�¶QDPH·��¶WRWDO·�DQG�¶VXP·�

facade:
  (#
     subjectType:< object;
     theSubject: ^subjectType;
     load:< (#  do INNER #);
     save:< object
  #);
presentation:
  (#
     facadeType:< facade;
     theFacade: ^facadeType;
     init:< (#  enter theFacade[] do INNER ; load #);
     load:< object

#)

financialFacade: facade
  (#
     name: ^text;
     subjectType:: financialHistory;
     total: integerValue (#  do ... #);
     sum: integerValue (# type: ^text enter type[] do ... #);
     scan:
       (#
          currentAmount: ^text;
          currentType: ^text;
          currentDescription: ^text;
          currentObject: ^object
       do theSubject.elements.scan (#  ... #)
       #);
     delete: (# theObject: ^object enter theObject[] do ... #);
     add:
       (#
          description: ^text;
          amount: ^text;
          type: ^text;
          elm: ^financialElement
       enter (description[],amount[],type[])
       do ...
       #)
  #)
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3DJH����RI���

)LJXUH����7KH�$SSOLFDWLRQ�)DFDGH�IRU�WKH�LQSXW�ZLQGRZ

)XUWKHUPRUH�DOO�$SSOLFDWLRQ�)DFDGHV�²�DV�VKRZQ�LQ�)LJXUH���DOVR�FRQWDLQ�WKH
PHWKRGV�¶LQLW·��¶ORDG·�DQG�¶VDYH·��¶,QLW·�SHUIRUPV�DOO�UHOHYDQW�LQLWLDOLVDWLRQ��¶ORDG·
IHWFKHV�VWDWH�IURP�WKH�SUREOHP�GRPDLQ�PRGHO�DQG�PDNHV�LV�DFFHVVLEOH�IURP
WKH�$SSOLFDWLRQ�)DFDGH�DQG�¶VDYH·�VDYHV�WKH�LQWHUQDO�VWDWH�LQ�WKH�)DFDGH�LQ�WKH
SUREOHP�GRPDLQ�PRGHO�

��� ,PSOHPHQW�WKH�3UHVHQWDWLRQ�FRPSRQHQW��HLWKHU�DV�D�ZUDSSHU�DURXQG
H[LVWLQJ�XVHU�LQWHUIDFH�FRGH�RU�IURP�VFUDWFK�

$V�GHVFULEHG�DERYH�ZH�DOUHDG\�KDYH�PRVW�RI�WKH�XVHU�LQWHUIDFH�JHQHUDWHG�IURP
WKH�*8,�EXLOGHU��:H�ZLOO�XVH�WKLV�FRGH�WR�FUHDWH�WKH�SUHVHQWDWLRQ�FRPSRQHQWV�

7KH�SUHVHQWDWLRQ�IRU�WKH�LQSXW�ZLQGRZ��VHH�)LJXUH����LV�LPSOHPHQWHG�DV�D
VXEFODVV�RI�WKH�SUHVHQWDWLRQ�OLEUDU\�FODVV��7KLV�VXEFODVV�KROGV�DQ�LQVWDQFH�RI
WKH�LQSXW�ZLQGRZ�DV�GHILQHG�E\�WKH�FRGH�JHQHUDWHG�E\�WKH�*8,�EXLOGHU��,W
IXUWKHUPRUH�LPSOHPHQWV�WKH�YLUWXDO�IXQFWLRQV�¶ORDG·�DQG�¶LQLW·��¶/RDG·�LV�ERXQG
WR�FDOO�¶ORDG·�LQ�WKH�XVHU�LQWHUIDFH�DQG�¶LQLW·�LV�ERXQG�WR�RSHQ�WKH�ZLQGRZ�

)XUWKHUPRUH�D�QXPEHU�RI�HYHQWV�DUH�VXEVFULEHG�WR�LQ�WKH�VSHFLDOLVDWLRQ�RI�WKH
ZLQGRZ��,Q�WKHVH�HYHQWV�WKH�DFWXDO�IXQFWLRQDOLW\�LV�FDOOHG��7DNH�DV�DQ�H[DPSOH
WKH�¶DGG�EXWWRQ·�HYHQW��)LUVW�DQ�H[SHQVH�LV�DGGHG�WR�WKH�)DFDGH��WKHQ�WKH�VWDWH
RI�WKH�)DFDGH�LV�VDYHG�DQG�ILQDOO\�WKH�3UHVHQWDWLRQ�LV�ORDGHG�ZLWK�WKH�QHZ�VWDWH
IURP�WKH�)DFDGH�

)LJXUH����7KH�3UHVHQWDWLRQ�IRU�WKH�LQSXW�ZLQGRZ

theInputPresentation: @presentation
(#
   ui: @inputView
     (#
        addAction: addPushButton.mouseUpAction
          (#
          do
             (descEditText.contents,amountEditText.contents,
              typeOptionButton.currentLabel)->theFacade.add;
             theFacade.save;
             load
          #);
        deleteAction: deletePushButton.mouseUpAction ...;
        quitAction: quitPushButton.mouseUpAction ...;
        barChartAction: showBarChartCheckBox.stateChangedAction ...;
        pieChartAction: showPieChartCheckBox.stateChangedAction ...;
        open::  ...;
        load:
          (#
          do
             financesListView.clear;
             theFacade.scan
               (#
               do
                  (currentDescription[],currentAmount[],currentType[],
                   currentObject[])->financesListView.new
               #);
             theBarChartPresentation.load;
             thePieChartPresentation.load
          #)
     #);
   facadeType:: financialFacade;
   load::  ...;
   init::  (#  do ui.open #)
#);
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3DJH����RI���

��� 2SWLRQDOO\�LPSOHPHQW�WKH�7HVWLQJ�FRPSRQHQW

)RU�HIIHFWLYH�WHVWLQJ�LPSOHPHQW�D�SURJUDP�WKDW�V\VWHPDWLFDOO\�FDOOV�DOO�PHWKRGV
LQ�WKH�)DFDGH�DQG�DIWHU�HDFK�FDOO�WHVW�ZKHWKHU�WKH�VWDWH�RI�WKH�)DFDGH�LV�DV
H[SHFWHG�

7KH�WHVWLQJ�FRPSRQHQW�KDV�QRW�EHHQ�LPSOHPHQWHG�LQ�RXU�VDPSOH�DSSOLFDWLRQ�

)LQDO�VWUXFWXUH
7KH�UHVXOWLQJ�VWUXFWXUH�RI�WKH�PDLQ�SURJUDP�VWUXFWXUHG�DFFRUGLQJ�WR�WKH
$SSOLFDWLRQ�)DFDGH�DUFKLWHFWXUDO�SDWWHUQ�LV�VKRZQ�LQ�D�80/�&ODVV�GLDJUDP�LQ
$SSHQGL[���
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3DJH����RI���

0RGHO�9LHZ�&RQWUROOHU��09&�
7KH�09&�SDWWHUQ�PD\�EH�LPSOHQWHG�XVLQJ�D�IUDPHZRUN�FRQVLVWLQJ�RI�DQ
DEVWUDFW�PRGHO��DQ�DEVWUDFW�REVHUYHU��DQG�FRQFUHWH�YLHZV�DQG�FRQWUROOHUV�DV
VNHWFKHG�LQ�WKH�OLEUDU\�FRGH�RI

)LJXUH���

)LJXUH����7KH�OLEUDU\�FRGH�IRU�09&

��� ,PSOHPHQW�WKH�09&�0RGHO

7KH�09&�PRGHO�FRQWDLQV�WKH�GDWD�DQG�IXQFWLRQDOLW\��8VLQJ�RXU�OLEUDU\�FRGH�ZH
FUHDWH�D�VXEFODVV�RI�WKH�09&�0RGHO�FODVV��DQG�LQVLGH�WKLV�FODVV�DGG�D�SRLQWHU
WR�DQ�HQWU\�SRLQW�LQ�WKH�SUREOHP�GRPDLQ�PRGHO��%\�DQ�HQWU\�SRLQW�ZH�GHQRWH�D
FHQWUDO�REMHFW�RI�LQWHUHVW�IURP�ZKLFK�RWKHU�DVVRFLDWHG�REMHFWV�FDQ�EH�UHDFKHG�
,Q�RXU�DSSOLFDWLRQ�ZH�FKRRVH�WKH�¶ILQDQFLDO�KLVWRU\·�FODVV�DV�WKH�HQWU\�SRLQW�DV
RXU�PDLQ�ZLQGRZ�GLVSOD\V�RQH�ILQDQFLDO�KLVWRU\�DW�WKH�WLPH��DQG�DOO�RWKHU
LQIRUPDWLRQ�GLVSOD\HG�LQ�WKH�ZLQGRZ�FDQ�EH�UHDFKHG�IURP�LW��7KLV�UHVXOWV�LQ
WKH�VLPSOH�09&�0RGHO�VKRZQ�LQ�)LJXUH���

MVCmodel:
  (#
     private: @ (# dependents: @list (# element:: MVCobserver #) #);
     addDependent: (# anObserver: ^MVCobserver enter anObserver[] do ... #);
     removeDependent: (# anObserver: ^MVCobserver enter anObserver[] do ... #);
     changed: (#  do private.dependents.scan (#  do current.update #) #)
  #);
MVCobserver:
  (#
     update:< (#  do INNER #);
     myModel: ^modelType;
     modelType:< MVCmodel
  #);
MVCview: MVCobserver
  (#
     myController: ^MVCcontroller;
     controllerType:< MVCcontroller;
     init:<
       (# theModel: ^modelType
       enter theModel[]
       do
          (if theModel[] <> none then
              theModel[]->myModel[];
              THIS(MVCview)[]->theModel.addDependent;
              &controllerType[]->myController[];
              (theModel[],THIS(MVCview)[])->myController.init
          if);
          INNER
       #)
  #);
MVCcontroller: MVCobserver
  (#
     myView: ^viewType;
     viewType:< MVCview;
     init:< (#  enter (myModel[],myView[]) do INNER #)
  #)
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3DJH����RI���

)LJXUH����7KH�09&�0RGHO�IRU�)LQDQFLDO�+LVWRU\

��� )RU�HDFK�ZLQGRZ�LPSOHPHQW�WKH�09&�9LHZ

7KH�QH[W�VWHS�LQYROYHV�FUHDWLQJ�D�09&�9LHZ�IRU�HDFK�ZLQGRZ�YLHZ�LQ�WKH
DSSOLFDWLRQ��$V�RXU�DSSOLFDWLRQ�KDV�WKUHH�ZLQGRZV�ZH�PXVW�LPSOHPHQW�WKUHH
09&�9LHZV�

7KHVH�DUH�FRQVWUXFWHG�DV�VSHFLDOLVDWLRQV�RI�WKH�09&�9LHZ�OLEUDU\�FODVV��

)LJXUH�����,Q�WKH�VSHFLDOLVDWLRQ�WKH�HPSW\�YLUWXDO�PHWKRGV�LQLW�DQG�XSGDWH
VKRXOG�EH�GHILQHG��DQG�D�09&�&RQWUROOHU�VKRXOG�EH�VXSSOLHG��VHH�VWHS�����

7DNH�DJDLQ�DV�H[DPSOH�WKH�LQSXW�ZLQGRZ��IRU�ZKLFK�WKH�LPSOHPHQWHG�09&
9LHZ�LV�VKRZQ�LQ�)LJXUH�����7KLV�FRQFUHWH�9LHZ�LPSOHPHQWV�WKH�LQLW�PHWKRG�WR
VLPSO\�RSHQ�WKH�ZLQGRZ�ZKLFK�WKH�9LHZ�LV�QHVWHG�LQVLGH��)XUWKHUPRUH�WKH
¶XSGDWH·�PHWKRG�LV�LPSOHPHQWHG�WR�FOHDU�WKH�OLVWER[�RQ�WKH�VFUHHQ�DQG�WKHQ
UHILOO�LW�ZLWK�WKH�FXUUHQW�H[SHQVHV�IRXQG�LQ�WKH�FXUUHQW�ILQDQFLDO�KLVWRU\�
)LQDOO\�WKH�FRQFUHWH�FRQWUROOHU�LV�ERXQG�DV�H[SODLQHG�LQ�VWHS���EHORZ�

)LJXUH�����7KH�09&�9LHZ�IRU�WKH�LQSXW�ZLQGRZ

financialModel: MVCmodel
  (#
     theFinancialHistory: ^financialHistory;
     getHistory:
       (# personName: ^text
       enter personName[]
       do
          personName[]->db.getFinancialHistory->theFinancialHistory[];
          changed
       #)
  #);

theInputView: @inputView
  (#
     theController: MVCcontroller (# ... #);
     theView: @MVCview
       (#
          modelType:: financialModel;
          controllerType:: theController;
          update::
            (#
            do
               financesListView.clear;
               myModel.theFinancialHistory.elements.scan
                 (#
                 do
                    (current.description[],current.amount.asString,
                     current.type[],current[])->financesListView.new
                 #)
            #);
          init::  (#  do open #)
       #)
  #);
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3DJH����RI���

��� )RU�HDFK�09&�9LHZ�ZKLFK�UHFHLYHV�LQSXW��LPSOHPHQW�WKH�FRUUHVSRQGLQJ
09&�&RQWUROOHU

09&�&RQWUROOHUV�KDQGOH�WKH�LQSXW�IURP�WKH�XVHU��DQG�WKXV�LW�LV�RQO\�ZLQGRZV
ZKLFK�FRQWDLQ�LQWHUDFWLYH�HOHPHQWV�WKDW�QHHG�FRQWUROOHUV��,Q�RXU�DSSOLFDWLRQ
WKLV�OHDYHV�XV�RQO\�WKH�LQSXW�ZLQGRZ�

7KH�FRQFUHWH�&RQWUROOHUV�DUH�UHTXLUHG�WR�LPSOHPHQW�WKH�LQLW�DQG�XSGDWH
PHWKRGV�IURP�WKH�LQWHUIDFH��7KH�¶LQLW·�PHWKRG�LQLWLDOLVHV�WKH�&RQWUROOHU�DQG�WKH
¶XSGDWH·�PHWKRG�LV�XVHG�ZKHQ�WKH�UHDFWLRQV�WR�WKH�LQSXW�VKRXOG�FKDQJH
GHSHQGLQJ�RQ�WKH�FXUUHQW�VWDWH�RI�WKH�0RGHO��H�J��VLWXDWLRQV�VXFK�DV�RQO\
DOORZLQJ�GHOHWLQJ�ZKHQ�WKHUH�LV�VRPHWKLQJ�WR�GHOHWH��

,Q�RXU�FDVH�WKH�FRQFUHWH�LQSXW�&RQWUROOHU�KDV�EHHQ�LPSOHPHQWHG�DV�LQ�)LJXUH
����7KH�LPSOHPHQWDWLRQ�LV�TXLWH�VLPSOH��,W�GHILQHV�D�QXPEHU�RI�*8,�HYHQW
DFWLRQV��DQG�WKH�LQLW�PHWKRG�WKHQ�DGGV�WKHVH�DFWLRQV�WR�WKH�*8,�HYHQW�KDQGOHU�
7KH�XSGDWH�PHWKRG�LV�QRW�UHILQHG��DV�WKLV�ZLQGRZ�GRHV�QRW�KDYH�DQ\
IXQFWLRQDOLW\�WKDW�GHSHQGV�RQ�WKH�VWDWH�RI�WKH�0RGHO�

)LJXUH�����7KH�09&�&RQWUROOHU�IRU�WKH�LQSXW�ZLQGRZ

)LQDO�VWUXFWXUH
7KH�UHVXOWLQJ�VWUXFWXUH�RI�WKH�PDLQ�SURJUDP�VWUXFWXUHG�DFFRUGLQJ�WR�WKH�09&
DUFKLWHFWXUDO�SDWWHUQ�LV�VKRZQ�LQ�D�80/�&ODVV�GLDJUDP�LQ�$SSHQGL[���

theController: MVCcontroller
  (#
     addAction: addpushButton.mouseUpAction ...;
     deleteAction: deletePushButton.mouseUpAction ...;
     quitAction: quitPushButton.mouseUpAction ...;
     barChartAction: showBarChartCheckBox.stateChangedAction ...;
     pieChartAction: showPieChartCheckBox.stateChangedAction ...;
     enableAddAction: descEditText.basicEventAction ...;
     enableDeleteAction: financesListView.basicEventAction ...;
     modelType:: financialModel;
     init::
       (#
       do
          &addAction[]->addPushButton.appendAction;
          &deleteAction[]->deletePushButton.appendAction;
          &quitAction[]->quitPushButton.appendAction;
          &barChartAction[]->showBarChartCheckBox.appendAction;
          &pieChartAction[]->showPieChartCheckBox.appendAction;
          &enableAddAction[]->descEditText.appendAction;
          &enableDeleteAction[]->financesListView.appendAction;
          addPushButton.disable;
          deletePushButton.disable
       #)
  #);
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3DJH����RI���

3UHVHQWDWLRQ�$EVWUDFWLRQ�&RQWURO��3$&�
7KH�SDWWHUQ�KDV�DV�WKH�RQO\�FRPSRQHQWV�WKH�3$&�DJHQW�ZKLFK�KDV�WKUHH�SDUWV�
3UHVHQWDWLRQ��$EVWUDFWLRQ�DQG�&RQWURO��7KH�LPSOHPHQWHULQJ�IROORZV�LQ���PDLQ
VWHSV��7KH�LPSOHPHQWDWLRQ�XVHV�WKH�3$&�OLEUDU\�FRGH�DV�VKRZQ�)LJXUH����

)LJXUH�����7KH�OLEUDU\�FRGH�IRU�3$&

��� ,PSOHPHQW�WKH�SUREOHP�GRPDLQ�PRGHO

:H�ZLOO�XVH�WKH�VKDUHG�LPSOHPHQWDWLRQ�RI�WKH�SUREOHP�GRPDLQ�PRGHO��,W�ZLOO�LQ
VWHS����EH�PDGH�SDUW�RI�WKH�WRS�OHYHO�DJHQW�

��� 'HILQH�D�VWUDWHJ\�IRU�RUJDQL]LQJ�WKH�3$&�KLHUDFK\

PACAgent:
  (#
     topLevel: ^PACAgent;
     presentation:< (# init:< object #);
     abstraction:< (# init:< object #);
     control:< (# init:< object #);
     thePresentation: @presentation;
     theAbstraction: @abstraction;
     theControl: @control;
     upperType:< PACAgent;
     upper: ^upperType;
     lowerType:< PACAgent;
     lower: @list (# element:: lowerType #);
     init:<
       (#
       enter upper[]
       do
          lower.init;
          theAbstraction.init;
          theControl.init;
          thePresentation.init;
          INNER
       #)
  #)

repository:

PACagent

inputView:

PACagent

viewCoordinator:

PACagent

barChartView:

PACagent

pieChartView:

PACagent
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3DJH����RI���

)LJXUH�����7KH�3$&�KLHUDFK\�IRU�RXU�DSSOLFDWLRQ

��� ,PSOHPHQW�WKH�WRS�OHYHO�3$&�DJHQW

7KH�WRS�OHYHO�DJHQW�UHSUHVHQWV�WKH�IXQFWLRQDO�FRUH�RI�WKH�V\VWHP��,W�VKRXOG
WKHUHIRUH�FRQWDLQ�DQ�LQWHUIDFH�WR�WKH�SUREOHP�GRPDLQ�PRGHO�WKDW�ZDV�FUHDWHG
LQ�VWHS����)XUWKHUPRUH�WKH�WRS�OHYHO�DJHQW�LQLWDOLVHV�WKH�DJHQWV�EHORZ�LW�

,Q�)LJXUH����RXU�WRS�OHYHO�DJHQW�LV�VKRZQ��7KH�VHYHQ�PHWKRGV�DW�WKH�ERWWRP
UHSUHVHQW�WKH�LQWHUIDFH�WR�WKH�SUREOHP�GRPDLQ�PRGHO��DQG�WKH�LQLWLDOLVDWLRQ
PHWKRG�FUHDWHV�WKH�LQSXW�DJHQW�DQG�WKH�YLHZ�FRRUGLQDWRU�DJHQW�

)LJXUH�����7KH�WRS�OHYHO�3$&�DJHQW

��� ,PSOHPHQW�ERWWRP�OHYHO�3$&�DJHQWV

7KH�ERWWRP�OHYHO�DJHQWV�UHSUHVHQW�VHOI�FRQWDLQHG�VHPDQWLF�FRQFHSWV��%RWWRP�
OHYHO�DJHQWV�KDYH�QR�ORZHU�DJHQWV�E\�GHILQLWLRQ�

,Q�RXU�DSSOLFDWLRQ�ZH�FKRRVH�WKDW�HDFK�RI�WKH�WKUHH�ZLQGRZV�HDFK�UHSUHVHQW�D
VHOI�FRQWDLQHG�FRQFHSW��VR�IRU�HDFK�RI�WKHVH�DQ�DJHQW�LV�LPSOHPHQWHG�

)LJXUH����VKRZV�WKH�DJHQW�FRQWDLQLQJ�WKH�´EDU�FKDUWµ�ZLQGRZ�DQG�)LJXUH���
VKRZV�WKH�DJHQW�FRQWDLQLQJ�WKH�´LQSXWµ�ZLQGRZ��%RWK�DJHQWV�LPSOHPHQW�WKH
SUHVHQWDWLRQ�SDUW��ZKLFK�KROGV�WKH�DFWXDO�ZLQGRZ�FRQWHQWV��7KH
LPSOHPHQWDWLRQ�LV�VLPSOH��H�J��WKH�´EDU�FKDUWµ�SUHVHQWDWLRQ�FUHDWHV�DQ�LQVWDQFH
RI�WKH�EDU&KDUW�ZLQGRZ��GHVFULEHG�RQ�SDJH������DQG�WKH�VLPSO\�SURYLGHV�D
PHWKRG�¶VHW'DWD·�ZKLFK�DVNV�WKH�WRS�OHYHO�DJHQW�IRU�WKH�FXUUHQW�VWDWH�DQG�WKHQ
VHWV�WKH�ZLQGRZ�DFFRUGLQJO\�

repository: PACAgent
       (#
          theInput: ^input;
          theViewCoordinator: ^viewCoordinator;
          init::
            (#
            do
               &input[]->theInput[]->lower.append;
               &viewCoordinator[]->theViewCoordinator[]->lower.append;
               lower.scan
                 (#  do THIS(repository)[]->current.init #)
            #);
          abstraction::
            (#
               fh: ^financialHistory;
               db: @database;
               init::  (#  do db.getFinancialHistory->fh[] #)
            #);
          terminate: ...;
          addElement:
            (# elm: ^financialElement enter elm[] do ...; ... #);
          removeElement:
            (# elm: ^financialElement enter elm[] do ...; ... #);
          sum: integerValue ...;
          total: integerValue ...;
          scanDistribution: ...;
          scanElements: ...;
          showBarChart: ...
       #);
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3DJH����RI���

7KH�LQSXW�DJHQW�IXUWKHUPRUH�LPSOHPHQWV�WKH�FRQWURO�SDUW�WR�SURFHVV�WKH�LQSXW
WKDW�LV�UHFHLYHV�IURP�WKH�XVHU��)RU�HDFK�HYHQW�LQ�WKH�XVHU�LQWHUIDFH�D�PHWKRG�LV
LPSOHPHQWHG��ZKLFK�UHSUHVHQWV�WKH�IXQFWLRQDOLW\�WR�EH�H[HFXWHG�XSRQ�WKH
HYHQW�

)LJXUH�����7KH�EDU&KDUW�3$&�DJHQW

)LJXUH�����7KH�LQSXW�ZLQGRZ�3$&�DJHQW

��� ,QSOHPHQW�WKH�LQWHUPHGLDWH�OHYHO�3$&�DJHQWV

7KH�LQWHUPHGLDWH�OHYHO�DJHQWV�DUH�DJHQWV�ZKLFK�SHUIRUP�FRRUGLQDWLQJ�DFWLYLWLHV�
,Q�RXU�DSSOLFDWLRQ�ZH�QHHG�DQ�DJHQW�WR�SURYLGH�VWDWH�FRQVLVWHQF\�EHWZHHQ�RXU
WKUHH�YLHZV��7KLV�LV�GRQH�E\�WKH�´YLHZ�FRRUGLQDWRUµ�DJHQW�VKRZQ�LQ�)LJXUH����

7KH�LPSOHPHQWDWLRQ�LV�VLPSOH��:KHQ�LW�UHFHLYHV�WKH�¶FKDQJHG·�PHVVDJH�LW
VLPSO\�IRUZDUGV�WKLV�PHVVDJH�WR�LWV�ORZHU�YLHZV�

)LJXUH�����7KH�YLHZ�FRRUGLQDWRU�3$&�DJHQW

barChart: viewAgent
  (#
     presentation::
       (#
          theBarChartView: @barChartView
            (# setData: (#  ... #) #);
          init::
            (#
            do
               theBarChartView.open;
               theBarChartView.setData;
               theBarChartView.hide
            #);
          show::  (#  do theBarChartView.show #);
          hide::  (#  do theBarChartView.hide #)
       #);
     control::  ...
  #);

viewCoordinator: PACAgent
  (#
     init::  ...;
     upperType:: repository;
     lowerType:: viewAgent;
     showView: (# viewType: ##viewAgent enter viewType## do ... #);
     hideView: (# viewType: ##viewAgent enter viewType## do ... #);
     sum: integerValue ...;
     total: integerValue ...;
     changed: (#  do lower.scan (#  do current.changed #) #)
  #);

input: PACAgent
  (#
     upperType:: repository;
     presentation::  ...;
     control::
       (#
          scanElements: (# current: ^financialElement do ... #);
          addElement: upper.addElement (#  #);
          removeElement: upper.removeElement (#  #);
          showBarChart: (# value: @boolean enter value do ... #)
       #)
  #);
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3DJH����RI���

)LQDO�VWUXFWXUH
7KH�UHVXOWLQJ�VWUXFWXUH�RI�WKH�PDLQ�SURJUDP�VWUXFWXUHG�DFFRUGLQJ�WR�WKH�3$&
DUFKLWHFWXUDO�SDWWHUQ�LV�VKRZQ�LQ�D�80/�&ODVV�GLDJUDP�LQ�$SSHQGL[��
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3DJH����RI���

$SSOLFDWLRQ�$GDSWRU
$V�GHVFULEHG�LQ�WKH�SDWWHUQ�VHFWLRQ��WKH�$SSOLFDWLRQ�$GDSWRU�KDV�ILYH�PDLQ
FRPSRQHQWV��8,��)XQF,QW��'DWD,QW��$GDSWRU�DQG�'RPDLQ��7KH�IRXU�VWHSV�LQ
LPSOHPHQWLQJ�WKLV�SDWWHUQ�DUH�

���,PSOHPHQW�WKH�SUREOHP�GRPDLQ�PRGHO�DQG�XVHU�LQWHUIDFH

)RU�ERWK�WKH�SUREOHP�PRGHO�DQG�WKH�XVHU�LQWHUIDFH�ZH�ZLOO�XVH�WKH�VKDUHG
LPSOHPHQWDWLRQ�GHVFULEHG�RQ�SDJH����

���,PSOHPHQW�WKH�GDWD,QW

7KH�'DWD,QW�SURYLGHV�D�GDWD�LQWHUIDFH��ZKLFK�UHIOHFWV�WKH�GDWD�WKDW�LV�GLVSOD\HG
LQ�WKH�XVHU�LQWHUIDFH��,Q�)LJXUH����WKH�GDWD�LQWHUIDFH�IRU�WKH�LQSXW�ZLQGRZ�LV
VKRZQ��,W�FRQVLVWV�RI�D�VLPSOH�DWWULEXWH�IRU�HDFK�GDWD�HOHPHQW�LQ�WKH�XVHU
LQWHUIDFH��$V�VHHQ�H�J��WKH�´6KRZ�SLH�FKDUWµ�FKHFNPDUN�LV�UHSUHVHQWHG�E\�D
ERROHDQ�DQG�WKH�OLVWER[�ZLWK�WKH�H[SHQVHV�LV�UHSUHVHQWHG�E\�D�OLVW�RI�LWHPV�
ZKLFK�HDFK�KDV�D�WH[W�IRU�WKH�GHVFULSWLRQ��DQ�LQWHJHU�IRU�WKH�DPRXQW�DQG�D�WH[W
IRU�WKH�W\SH�

)LJXUH�����7KH�'DWD,QW�IRU�WKH�LQSXW�ZLQGRZ

���,PSOHPHQW�WKH�IXQF,QW

7KH�)XQF,QW�SURYLGHV�D�IXQFWLRQDO�LQWHUIDFH��FRQVLVWLQJ�RI�D�QXPEHU�RI�HPSW\
YLUWXDO�IXQFWLRQV�²�RQH�IXQFWLRQ�IRU�HDFK�HYHQW�RI�LQWHUHVW�LQ�WKH�XVHU�LQWHUIDFH�
)LJXUH����VKRZV�WKH�IXQFWLRQDO�LQWHUIDFH�IRU�WKH�LQSXW�ZLQGRZ��(�J��WKH�HYHQW
WKDW�WKH�´$GGµ�EXWWRQ�ZDV�FOLFNHG�LV�UHSUHVHQWHG�E\�D�YLUWXDO�PHWKRG�QDPHG
¶RQ$GG·�

)XUWKHUPRUH�WKH�)XQF,QW�VKRXOG�FUHDWH�DQ�LQVWDQFH�RI�WKH�GDWD�LQWHUIDFH��KHUH
WKH�LQVWDQFH�LV�FDOOHG�WKH,QIR���DQG�LW�VKRXOG�LPSOHPHQW�WZR�PHWKRGV��VHW9,HZ
DQG�JHW9LHZ�

%RWK�WKH�VHW9LHZ�DQG�WKH�JHW9LHZ�PHWKRGV�PDS�GDWD�EHWZHHQ�WKH�GDWD
LQWHUIDFH�DQG�WKH�XVHU�LQWHUIDFH��VHW9LHZ�VHW�WKH�FRQWHQWV�RI�WKH�XVHU�LQWHUIDFH
WR�WKH�FRQWHQWV�RI�WKH�GDWD�LQWHUIDFH�DQG�JHW9LHZ�GRHV�WKH�RSSRVLWH�

financialInputInfo:
  (#
     showBarChart: @boolean;
     showPieChart: @boolean;
     descText: @text;
     amountText: @integer;
     typeText: @text;
     itemsList: @list
       (#
          element:: itemInfo;
          remove:
            (# theElm: ^element enter theElm[] do theElm[]->at->delete #)
       #);
     itemsCurrentSelection: ^itemInfo;
     itemInfo: (# desc: @text; amount: @integer; type: @text #)
  #)
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3DJH����RI���

)LJXUH�����7KH�)XQF,QW�IRU�WKH�LQSXW�ZLQGRZ

���,PSOHPHQW�WKH�$GDSWRU

7KH�$GDSWRU�LV�VRPHZKDW�PRUH�FRPSOH[�DV�LW�FRQQHFWV�WKH�RWKHU�FRPSRQHQWV�
*HQHUDOO\�WKH�LPSOHPHQWDWLRQ�RI�WKH�$GDSWRU�VKRXOG�

• $GG�SUHVHQW0RGHO�XSGDWH0RGHO�PHWKRGV��ZKLFK�PDS�GDWD�IURP�WKH
SUREOHP�GRPDLQ�PRGHO�WR�WKH�GDWD�LQWHUIDFH��SUHVHQW0RGHO��DQG�IURP�WKH
GDWD�LQWHUIDFH�WR�WKH�SUREOHP�GRPDLQ�PRGHO��XSGDWH0RGHO��

• 2YHUULGH�UHILQH�WKRVH�YLUWXDO�PHWKRGV�LQ�WKH�)XQF,QW��ZKLFK�UHSUHVHQW
HYHQWV�RI�LQWHUHVW

• ,PSOHPHQW�WKH�JHQHUDO�DSSOLFDWLRQ�IXQFWLRQDOLW\�LQVLGH�WKH�DSSURSULDWH
HYHQW�PHWKRGV

• ,PSOHPHQW�PXOWLSOH�YLHZ�FRQVLVWHQF\�LI�QHHGHG

7KH�$GDSWRU�IRU�WKH�LQSXW�ZLQGRZ�LV�VKRZQ�LQ�)LJXUH�����,Q�WKLV
LPSOHPHQWDWLRQ�WKH�$GDSWRU�IRU�WKH�LQSXW�YLHZ�UHILQHV�DOO�ILYH�YLUWXDO�HYHQW
PHWKRGV�IURP�WKH�IXQFWLRQDO�LQWHUIDFH�

7DNH�DV�H[DPSOH�WKH�´RQ$GGµ�HYHQW��WKDW�LPSOHPHQWV�WKH�IXQFWLRQDOLW\�UHTXLUHG
ZKHQ�WKH�XVHU�SUHVVHV�WKH�¶$GG·�EXWWRQ�WR�DGG�D�QHZ�H[SHQVH��7KH
LPSOHPHQWDWLRQ�ILUVW�FDOO�JHW9LHZ�WR�KDYH�WKH�VWDWH�RI�WKH�8,�FRSLHG�LQWR�WKH
GDWD�LQWHUIDFH��,W�WKHQ�UHDGV�WKH�VWDWH�RI�WKH�GDWD�LQWHUIDFH�DQG�FUHDWHV�D�QHZ
PRGHO�REMHFW�DQG�DSSHQGV�WKLV�REMHFW�WR�WKH�SUREOHP�GRPDLQ�PRGHO��$IWHU�WKLV
LW�FDOOV�XSGDWH�ZKLFK�DJDLQ�FDOOV�SUHVHQW0RGHO�WR�KDYH�WKH�VWDWH�RI�WKH�GRPDLQ
PRGHO�FRSLHG�LQWR�WKH�GDWD�LQWHUIDFH��WKHQ�FDOOV�VHW9LHZ�WR�FRS\�WKLV�VWDWH�LQWR
WKH�XVHU�LQWHUIDFH�DQG�ILQDOO\�FDOOV�XSGDWH�RQ�WKH�WZR�RWKHU�YLHZV�

financialInputView:
  (#
     theInfo: @financialInputInfo;
     setView:< ...;
     getView:< ...;
     private: @ (# theView: @inputView #);
     init:< ...;
     open:< (#  do init; private.theView.open; INNER #);
     close:< (#  do INNER ; private.theView.close #);
     onAdd:< (#  do INNER #);
     onDelete:< (#  do INNER #);
     onQuit:< (#  do INNER #);
     onShowBarChart:< (#  do INNER #);
     onShowPieChart:< (#  do INNER #)
  #)
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3DJH����RI���

)LJXUH�����7KH�$SSOLFDWLRQ�$GDSWRU�IRU�WKH�LQSXW�ZLQGRZ

)LQDO�VWUXFWXUH
7KH�UHVXOWLQJ�VWUXFWXUH�RI�WKH�PDLQ�SURJUDP�VWUXFWXUHG�DFFRUGLQJ�WR�WKH
$SSOLFDWLRQ�$GDSWRU�DUFKLWHFWXUDO�SDWWHUQ�LV�VKRZQ�LQ�D�80/�&ODVV�GLDJUDP�LQ
$SSHQGL[��

(#
   db: @database;
   ui: @guienv
     (#
        financialInput: @financialInputView
          (#
             update:
               (#
               do
                  theHistory[]->presentModel;
                  setView;
                  financialBarChart.update;
                  financialPieChart.update
               #);
             presentModel: ...;
             onAdd::
               (# newElm: ^financialElement
               do
                  getView;
                  &financialElement[]->newElm[];
                  theInfo.descText->newElm.description;
                  theInfo.amountText->newElm.amount.qty;
                  theInfo.typeText->newElm.type;
                  newElm[]->theHistory.elements.add;
                  update
               #);
             onDelete::  ...;
             onQuit::  ...;
             onShowBarChart::  ...;
             onShowPieChart::  ...;
             open::  ...
          #);
        financialBarChart: @financialBarChartView ...;
        financialPieChart: @financialPieChartView ...;
        theHistory: ^financialHistory;
        onStartApplication::  ...
     #)
do ui
#)
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3DJH����RI���

)RUPDO�6SHFLILFDWLRQ�RI�$UFKLWHFWXUDO
3DWWHUQV
&XUUHQW�VSHFLILFDWLRQV��H�J��6KDZ��������DQG�%XVFKPDQQ�HW�DO����������RI
DUFKLWHFWXUDO�SDWWHUQV�DUH�SUREOHPDWLF��*HQHUDOO\�VSHDNLQJ��WKH�GHVFULSWLRQV
DUH�IX]]\�RU�DPELJXRXV��LW�LV�KDUG�WR�VHH�KRZ�WR�JHW�IURP�VSHFLILFDWLRQ�WR
LPSOHPHQWDWLRQ��DQG�HTXDOO\�KDUG�WR�GHFLGH�ZKHWKHU�D�JLYHQ�LPSOHPHQWDWLRQ
LPSOHPHQWV�D�JLYHQ�SDWWHUQ�

*LYHQ�WKDW�DUFKLWHFWXUDO�SDWWHUQV�GHVFULEH�VROXWLRQV�WR�UHFXUUHQW�DUFKLWHFWXUDO
SUREOHPV�WZR�ZD\V�RI�XVLQJ�FRQWHPSRUDU\�PHDQV�RI�IRUPDOLVDWLRQ�DUH�REYLRXV
WKHQ��QDPHO\�XVLQJ

• DQ�$UFKLWHFWXUH�'HVFULSWLRQ�/DQJXDJH��$'/��VXFK�DV�:ULJKW��$OOHQ�������
WR�GHVFULEH�WKH�DUFKLWHFWXUDO�VROXWLRQ�RI�WKH�SDWWHUQ

• D�VSHFLILFDWLRQ�WHFKQLTXH�IRU�GHVLJQ�SDWWHUQV�QRWLQJ�WKH�VLPLODULWLHV
EHWZHHQ�DUFKLWHFWXUDO�DQG�GHVLJQ�SDWWHUQV�

,Q�WKLV�FRQWH[W�ZH�KDYH�FKRVHQ�WKH�VHFRQG�DSSURDFK�IRU�WZR�UHDVRQV��)LUVW�
FXUUHQW�GHVFULSWLRQV�RI�DUFKLWHFWXUDO�SDWWHUQV�DUH�PRVWO\�UHIHUHQFH
DUFKLWHFWXUHV��%DVV�HW�DO���������LQ�WKH�VHQVH�WKH\�PDS�D�GLYLVLRQ�RI
IXQFWLRQDOLW\�WRJHWKHU�ZLWK�GDWD�IORZ�EHWZHHQ�SLHFHV�RQWR�VRIWZDUH�FRPSRQHQWV
DQG�WKH�GDWD�IORZV�EHWZHHQ�WKH�FRPSRQHQWV��$UFKLWHFWXUHV�GHVFULEH�VWUXFWXUHV
RI�FRQFUHWH�V\VWHPV�DQG�PD\�WKXV�EH�LQVWDQWLDWLRQV�RI�UHIHUHQFH�DUFKLWHFWXUHV�
&XUUHQW�$'/V�GR�QRW�IRFXV�RQ�WKH�GHVFULSWLRQ�RI�UHIHUHQFH�DUFKLWHFWXUHV�
6HFRQG��DUFKLWHFWXUDO�SDWWHUQV�DUH�VSHFLILHG�DV�SDWWHUQV�DQG�VKDUH�PDQ\
PRWLIV��(GHQ�HW�DO���������ZLWK�GHVLJQ�SDWWHUQV�

:H�KDYH�DSSOLHG�WZR�GHVLJQ�SDWWHUQ�VSHFLILFDWLRQ�ODQJXJHV��QDPHO\�/H386
��(GHQ�HW�DO���������DQG��(GHQ�HW�DO���������DQG�WKH�SUHFLVH�YLVXDO�VSHFLILFDWLRQ
ODQJXDJH�RI�/DXGHU�HW�DO���������

/DQJXDJ(�IRU�3DWWHUQ�8QLIRUP�6SHFLILFDWLRQ��/H386�
/H386�EXLOGV�RQ�WKH�REVHUYDWLRQV�RI�UHJXODULWLHV�²�PRWLIV�²�LQ�GHVLJQ�SDWWHUQV�
6XFK�DEVWUDFWLRQV�LQFOXGH�IXQFWLRQV��PHWKRGV��UHODWLRQV�EHWZHHQ�IXQFWLRQV�DQG

PHWKRGV��DQG�XQLIRUP�VHWV��'HVLJQ�SDWWHUQV�DUH�VSHFLILHG�DV�D�IRUPXOD�LQ
KLJKHU�RUGHU�PRQDGLF�ORJLF�WKDW�VSHFLILHV�WKH�VR�FDOOHG�ODWWLFH��L�H��VWUXFWXUH�DQG
FROODERUDWLRQ��RI�WKH�GHVLJQ�SDWWHUQ��7KH�/H386�IRUPDOLVP�LV�GHVFULEHG�LQ
GHWDLO�LQ��(GHQ���������+HUH�ZH�ZLOO�SULPDULO\�XVH�WKH�HTXLYDOHQW�YLVXDO
QRWDWLRQ��)LJXUH����EHORZ��RI�/H386�DQG�H[SODLQ�WKH�GLDJUDPV�ZKHQHYHU
QHFHVVDU\�

UHODWLRQV[[\FODVVHVIXQFWLRQV[\\[[
LQLLLLLQ

M
L

Q
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3DJH����RI���

$UJXPHQW-1
and

5HWXUQ�7\SH

IXQFWLRQ�(DUJ)
→ UHWXUQ�W\SH

*URXQG��7RWDO��DQG�+�WRWDO�5HODWLRQV�

,QKHULWDQFH

,QYRFDWLRQ

&UHDWLRQ

3URGXFWLRQ

$VVLJQPHQW

)RUZDUGLQJ

5HIHUHQFH�7R�
2QH

5HIHUHQFH�7R�
0DQ\

*HQHUDOL]DWLRQV�

(exclamation)�([FOXVLYH�

(double arrow)�7UDQVLWLYH

(thick line)�5HJXODU

5HJXODU
5HWXUQ�7\SH

IXQFWLRQ

⇒ UHWXUQ�W\SH

5HJXODU
$UJXPHQW-1 IXQFWLRQ�(DUJ)

)LJXUH�����9LVXDO�QRWDWLRQ�RI�/H386��(GHQ�������

,Q�RUGHU�WR�XVH�/H386�DV�D�VSHFLILFDWLRQ�ODQJXDJH�IRU�D�FHUWDLQ�W\SH�RI�SDWWHUQ
RQH�PXVW�LQ�SULQFLSOH�GHWHUPLQH�WKH�PRWLIV�RI�WKDW�W\SH�RI�SDWWHUQV��L�H�

• 'HWHUPLQH�WKH�JURXQG�HQWLWLHV�RI�WKH�VSHFLILF�SDWWHUQV
• 'HWHUPLQH�WKH�FKDUDFWHULVWLF�UHODWLRQV�EHWZHHQ�WKHVH

6LQFH�ZH��DW�OHDVW�IRU�WKH�SDWWHUQV�LQ�%XVFKPDQQ�HW�DO����������KDYH�VHHQ�PDQ\
RI�WKH�VDPH�PRWLIV�DV�GHVFULEHG�E\�(GHQ�HW�DO���������LQ�GHVLJQ�SDWWHUQV
�*DPPD�HW�DO���������ZH�KDYH�FKRVHQ�WR�XVH�WKH�/H386�IRUPDOLVP�´DV�LVµ�

3UHFLVH�9LVXDO�6SHFLILFDWLRQ��396�
396�H[WHQGV�FRQVWUDLQW�GLDJUDPV�DV�LQWURGXFHG�E\�.HQW���������&RQVWUDLQW
'LDJUDPV�RIIHUV�DV�DQ�H[WHQVLRQ�RI�WKH�80/�D�YLVXDO�QRWDWLRQ�IRU�H[SUHVVLQJ
LQYDULDQW�FRQVWUDLQW�RQ�FODVV�PRGHOV��7KH�&RQVWUDLQW�'LDJUDPV�XVH�D�YDULDQW
RI�WKH�9HQQ�QRWDWLRQ�IRU�VSHFLI\LQJ�LQVWDQFHV�RI�FODVVHV��7KDW�D�SURIHVVRU�KDV
PDQ\�VWXGHQWV�DQG�WKDW�WKHVH�VWXGHQWV�KDYH�WKH�SURIHVVRU�DV�RQH�RI�WKHLU
SURIHVVRUV�PD\�H�J��EH�VSHFLILHG�DV�VKRZQ�LQ�)LJXUH����EHORZ�

)LJXUH�����3URIHVVRU�DQG�VWXGHQW�FRQVWUDLQW�GLDJUDP

Professor Student
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5HDOLVLQJ�WKDW�FXUUHQW�SDWWHUQ�VSHFLILFDWLRQV�VXFK�DV�*DPPD�HW�DO���������DQG
%XVFKDQQ�HW�DO���������DUH�EDVHG�RQ�VSHFLILF�LPSOHPHQWDWLRQV�RI�SDWWHUQV�
/DXGHU�HW�DO���������LQWURGXFH�D�OD\HUHG�WKUHH�PRGHO�VSHFLILFDWLRQ�RI�GHVLJQ
SDWWHUQV��6KRZQ�DV�D�80/�PHWD�PRGHO�LQ�)LJXUH�����

)LJXUH�����7KUHH�PRGHO�OD\HULQJ�RI�396

(DFK�OD\HU�VSHFLILHV�H[SUHVVHV�D�SDWWHUQ�DW�D�FHUWDLQ�OHYHO�RI�DEVWUDFWQHVV��IURP
FRQFUHWH�VWDWH�DQG�VHPDQWLFV��FODVV�OD\HU��RYHU�DSSOLFDWLRQ�GRPDLQ�VSHFLILF
DEVWUDFW�VWDWH�DQG�VHPDQWLFV��W\SH�OD\HU��WR�DEVWUDFW�VWDWH�DQG�VHPDQWLFV��UROH
OD\HU���(DFK�OD\HU�LV�SUHVHQWHG�DV�80/�FODVV�GLDJUDPV�ZLWK�DQ�H[WUD
FRPSDUWPHQW�DGGHG�WR�WKH�FODVV�WKLQJ�VKRZLQJ��DEVWUDFW��VWDWH��2Q�HDFK�OHYHO
9HQQ�GLDJUDPV�DUH�XVHG�WR�UHSUHVHQW�DUELWUDU\�VHWV�

)LJXUH�����5ROH�PRGHO�RI�D�0RGHO��KDYLQJ�D�VHW�RI�REVHUYHU��QR�DEVWUDFW
RSHUDWLRQV��DQG�D�VHW�RI�DEVWUDFW�LQVWDQFHV

<<role>>
5ROH1DPH

<<type>>
7\SH1DPH

<<class>>
&ODVV1DPH

<<refines>>

<<implements>>

<<role>>
0RGHO

setOfObservers
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3DJH����RI���

3UHFLVH�6SHFLILFDWLRQ�RI�0RGHO�9LHZ�&RQWUROOHU��09&�
$V�DQ�H[SHULPHQW�09&�DV�SUHVHQWHG�LQ�%XVFKPDQQ�HW�DO���������KDV�EHHQ
VSHFLILHG�LQ�ERWK�/H386�DQG�396�

/H386�6SHFLILFDWLRQ
$�/H386�YLVXDO�VSHFLILFDWLRQ�RI�09&�LV�VKRZQ�LQ�)LJXUH����EHORZ�

)LJXUH�����/H386�VSHFLILFDWLRQ�RI�09&

1RWH��KRZHYHU��WKDW�DQ�HTXLYDOHQW�/H386�IRUPXOD�PD\�EH�ZULWWHQ�GRZQ�
DOWKRXJK�WKLV�LV�QRW�GRQH�KHUH��WKH�YLVXDO�QRWDWLRQ�VHHPV�PRUH�LQWXLWLYH�DQG
HDVLHU�WR�KDQGOH��)URP�WKH�GLDJUDP�LW�PD\�H�J��EH�GHGXFHG�WKDW

• 7KHUH�H[LVWV�DUH�KLHUDUFK\�RI�REVHUYHUV�ZLWK�DQ�DEVWUDFW�REVHUYHU�EDVH
FODVV��7KH�VXEFODVVHV�DUH�GLYLGHG�LQWR�WZR�GLIIHUHQW�VHWV�RI�FODVVHV�
&RQWUROOHUV�DQG�2EVHUYHUV��7KH�REVHUYHU�FODVV�GHILQHV�DQ�XSGDWH�IXQFWLRQ
WKDW�LWV�VXEFODVVHV�RYHUULGH�

• 7KHUH�H[LVWV�D�PRGHO�FODVV�ZLWK�IRXU�IXQFWLRQV��DWWDFK��GHWDFK��QRWLI\�
JHW'DWD��DQG�D�VHW�RI�IXQFWLRQV�6HUYLFHV��7KH�PRGHO�KDV�UHIHUHQFHV�WR�D
QXPEHU�RI�REVHUYHUV��7KHVH�REVHUYHU�UHIHUHQFHV�DUH�DVVLJQHG�E\�WKH
DWWDFK�PHWKRG�WKDW�LV�FDOOHG�IURP�LQLWLDOL]H�RQ�9LHZV�DQG�&RQWUROOHUV�

model

attach(Observers)

detach(Observers)

notify

getData

Services

observer

update

Views

initialize(model)

activate

display

update

Controllers

initialize(model,Views)

update

HandleEvents

$
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• $�&RQWUROOHU�KDV�D�UHIHUHQFH�WR�D�9LHZ�DQG�D�&RQWUROOHU�LV�UHIHUHQFHG�IURP
D�&RQWUROOHU��7KHVH�UHIHUHQFHV�FRPPXWH��QRW�VKRZQ�LQ�WKH�GLDJUDP���L�H��D
&RQWUROOHU·V�9LHZ·V�&RQWUROOHU�LV�WKH�RULJLQDO�FRQWUROOHU�DQG�YLFH�YHUVD�

• $�9LHZ�SURGXFHV�DQG�LQLWLDOL]HV�D�FRQWUROOHU�
• 6HUYLFH�UHTXHVWV�WR�WKH�PRGHO�\LHOGV�QRWLILFDWLRQV�ZKLFK�LQ�WXUQ�\LHOGV

XSGDWH�RQ�9LHZV�DQG�&RQWUROOHUV��7KLV�PHDQV�WKDW�&RQWUROOHUV�DQG�9LHZV
DIWHU�D�FDOO�WR�D�VHUYLFH�UHDGV�GDWD�YLD�JHW'DWD�IURP�WKH�PRGHO�

$OWKRXJK�WKH�DERYH�GLDJUDP�ORRNV�VXFFLQFW�D�IHZ�SUREOHPV�LQ�WKH�VSHFLILFDWLRQ
PD\�EH�QRWHG��7KH�FXUUHQW�QRWDWLRQ�LV�H�J��QRW�FDSDEOH�RI�VWDWLQJ�WKH�G\QDPLF
SURSHUW\�WKDW�PRGHO��9LHZV��DQG�&RQWUROOHUV�DUH�V\QFURQL]HG�LQ�VWDWH�DIWHU�D
QRWLI\�FDOO��/H386·V�IRFXV�RQ�VWDWLF�SURSHUWLHV�LV�KRZHYHU�DOVR�RQH�RI�LWV
VWUHQJWKV��7KH�GLDJUDPV�YLVXDOLVDWLRQ�LV�UHVWULFWHG��+RZHYHU��FHUWDLQ�G\QDPLF
SURSHUWLHV�PLJKW�EH�VSHFLILHG�E\�DGGLQJ�DGGLWLRQDO�DVVRFLDWLRQ�W\SHV��7ZR
H[DPSOHV�RI�WKLV�LV�VHTXHQFH�DV�LQ�WKH�LQLWLDOL]H�IXQFWLRQ�RI�WKH�9LHZV�DQG
VHOHFWLRQ�LQ�WKH�KDQGOH(YHQW�IXQFWLRQ�RI�WKH�FRQWUROOHUV�

$VVXPLQJ�WKH�VSHFLILFDWLRQ�RI�WKH�2EVHUYHU�3DWWHUQ�LQ��(GHQ�HW�DO��������)LJXUH
���EHORZ��DQG�WKH�VSHFLILFDWLRQ�RI�09&�DUH�DGHTXDWH��WKH�WZR�VSHFLILFDWLRQV
VKDUH�PDQ\�FRPPRQDOLWLHV��,Q�IDFW�WKH�RQO\�GLIIHUHQFHV�DUH�WKDW�09&�GRHV�QRW
VSHFLI\�DQ�DEVWUDFW�PRGHO�DQG�WKDW�2EVHUYHU�GRHV�QRW�HODERUDWH�RQ�WKH
2EVHUYHUV�KLHUDUFK\��,I��KRZHYHU��D�GHVFULSWLRQ�RI�09&�GRHV�VSHFLI\�WKH
H[LVWHQFH�RI�DQ�DEVWUDFW�PRGHO��DV�RXU�SUHVHQWDWLRQ�LQGHHG�GRHV��WKHQ�WKH
UHVXOWLQJ�09&�SDWWHUQ�VSHFLILFDWLRQ�ZRXOG��LQWHUHVWLQJO\��EH�D�UHILQHPHQW�RI�WKH
2EVHUYHU�3DWWHUQ��$�SUHVHQWDWLRQ�RI�09&�ZRXOG�LQGHHG�EHQHILW�IURP�XVLQJ�WKLV
IDFW�

VXEMHFW

��������������2EVHUYHUV

8SGDWH
(VXEMHFW )

DWWDFK
(REVHUYHUV )

GHWDFK
(REVHUYHUV )

QRWLI\

FRQFUHWH�VXEMHFW

JHW�VWDWH

6HW�6WDWH

)LJXUH�����/H386�VSHFLILFDWLRQ�RI�WKH�2EVHUYHU�3DWWHUQ
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3DJH����RI���

396�6SHFLILFDWLRQ

)LJXUH����EHORZ�VKRZV�D�WHQWDWLYH�SUHFLVH�YLVXDO�VSHFLILDFWLRQ�RI�DQ�09&�UROH
PRGHO��1RWH�WKDW�LQ�RUGHU�WR�XVH�WKLV�SDWWHUQ�WKH�UROH�PRGHO�PXVW�EH�UHILQHG
LQWR�D�W\SH�PRGHO�WKDW�PXVW�WKHQ�EH�UHILQHG�LQWR�D�FODVV�PRGHO��7KLV�SURFHVV�LV
QRW�VKRZQ�KHUH��/DXHGHU�HW�DO���������PD\�EH�FRQVXOWHG�IRU�VSHFLILFV��

)LJXUH�����3UHFLVH�9LVXDO�6SHFLILFDWLRQ�RI�09&�UROH�LQYDULDQW

7KH�VSHFLILFDWLRQ�SURYLGHG�E\�396�RQ�WKLV�OHYHO�LV�SXUHO\�DERXW�DEVWUDFW�GDWD
DQG�FRQVWUDLQWV�RQ�WKDW��1R�SURFHVVLQJ�LV�VSHFLILHG��7KH�SDWWHUQ�LV�VKRZQ�DV�D
SDFNDJH�GLDJUDP�VWHUHRW\SHG���SDWWHUQ!!��&RPSDULQJ�WKH�VSHFLILFDWLRQ�WR�WKDW
PDGH�LQ�/H386�RQH�VHHV�WKDW�LW�VSHFLILHV�DW�OHDVW�WKH�VDPH�VWDWLF�FRQVWUDLQWV
DOEHLW�RQ�D�PRUH�DEVWUDFW�OHYHO��2EVHUYHUV�KDV�DQ�DVVRFLDWLRQ�WR�D�PRGHO��D
PRGHO�DVVRFLDWHV�D�VHW�RI�2EVHUYHUV��9LHZV�DQG�&RQWUROOHUV�DUH�D�SDUWLWLRQLQJ
RI�2EVHUYHUV��DQG�9LHZV�DQG�&RQWUROOHUV�DVVRFLDWH�HDFK�RWKHU�V\PPHWULFDOO\�
)XUWKHUPRUH�LW�LV�VSHFLILHG�WKDW�FRQFUHWH�&RQWUROOHUV��9LHZV��DQG�0RGHOV

<<role>>
State

<<role>>
0RGHO

setOfObservers

<<role>>

coreData

Concrete
Models

<<refines>>

isa

<<role>>
2EVHUYHU

myModel

<<role>>
9LHZ

myController

<<role>>

viewData

Concrete
Views

<<refines>>

isa

<<role>>
&RQWUROOHU

myView

Concrete
Controllers

<<role>>

controllerData

<<refines>>

isa

<<refines>> <<refines>>

<<pattern>>
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DVVRFLDWH�DEVWUDFW�LQVWDQFHV�RI�WKH�VDPH�6WDWH�UROH��7KHVH�LQVWDQFHV�PD\�RU
PD\�QRW�EH�WKH�VDPH�DW�D�JLYHQ�WLPH�

1RWLFH��WKDW�WKH�QRWDWLRQ�LV�UDWKHU�YHUERVH�HYHQ�IRU�WKH�UROH�LQYDULDQW�GLDJUDP�
7KH�HODERUDWLRQ�RI�WKLV�GLDJUDP�LQWR�D�UROH�PRGHO�VHTXHQFH�GLDJUDP��QH[W�SDJH�
PDNHV�WKH�YHUERVLW\�HYHQ�PRUH�HYLGHQW��7KHVH�VHTXHQFH�GLDJUDPV�JHQHUDOLVHV
WKH�QRWLRQ�RI�RSHUDWLRQV�DV�DEVWUDFWV�VHWV�ZLWK�FRQVWUDLQW�LQWR�FRQVWUDLQW�RQ
EHKDYLRXUDO�VHPDQWLFV��7KXV�WKH�GLDJUDP�RQ�WKH�QH[W�SDJH�FRQVWUDLQV�WKH
SDWWHUQ�IXUWKHU�E\�JLYLQJ�WR�UROH�PRGHO�GLDJUDPV�WKDW�DUH�VDWLVILHG�EHIRUH�DQG
DIWHU�D�VHTXHQFH�RI�RSHUDWLRQV�FRUUHVSRQGLQJ�WR�SUH��DQG�SRVW�FRQGLWLRQV�LQ
SURJUDPPLQJ�ODQJXDJHV�

7KH�H[DPSOH�VKRZV��IROORZLQJ�%XVFKPDQQ�HW�DO����������WKH�VHTXHQFH�RI
DFWLRQV�IROORZLQJ�DQ�HYHQW�KDQGOHG�E\�D�FRQWUROOHU��,Q�WKLV�ZD\�LW�LV�KHUH
SRVVLEOH�WR�VSHFLI\�WKDW�XSGDWH�LV�LQYRNHG�RQ�DOO�REVHUYHUV�IROORZLQJ�D�QRWLI\
DQG�WKDW�0RGHO�DQG�DVVRFLDWHG�&RQWUROOHUV�DQG�9,HZV�DEVWUDFWO\�VKDUH�WKH
VDPH�6WDWH�DIWHU�QRWLI\�KDV�UHWXUQHG��$W�OHDVW�LQ�WKLV�VHTXHQFH�RI�RSHUDWLRQV�
6R�KHUH�OLHV�D�SRVVLEOH�GLOHPPD�LQ�WKLV�VSHFLILFDWLRQ�IRUP��7KH�FRQVWUDLQWV�RQ
VHTXHQFHV�RQO\�DSSOLHV�WR�WKDW�FHUWDLQ�VHTXHQFH�ZKLOH�WKH�UROH�PRGHO�DLPV�DW
EHLQJ�DV�DEVWUDFW�DV�SRVVLEOH�
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<<role>>
State

coreData

3UH

<<role>>

<update>
<display>

viewData

<<role>>

<handleEvent>
<update>

controllerData

<<role>>
&RQWUROOHU

myView

<<role>>
2EVHUYHU

Concrete
Views

<<refines>>

Concrete
Controllers

<<refines>>

isa

<<refines>> <<refines>>

<<role>>
9LHZ

myController

<<role>>
0RGHO

setOfObservers

Concrete
Models

<<refines>>

isa

myModel

isa

<<role>>

<service>
          <notify>

<getData>

<<invokes>>

<<invokes>>

3RVW
<<role>>

State
<<role>>

         viewData

<<role>>

  controllerData
<<role>>

         coreData

<<invokes>>

<<invokes>>

<<returns>>

<<invokes>>

<<returns>>

<<invokes>>

<<invokes>>
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3DJH����RI���

'LVFXVVLRQ�RI�3UHFLVH�6SHFLILFDWLRQ
7KH�LQLWLDO�H[SHULPHQWV�ZLWK�IRUPDOLVLQJ�DUFKLWHFWXUDO�SDWWHUQV�VKRZV�WKDW�LW
PD\�LQGHHG�EH�ZRUWKZKLOH�IXUWKHU�LQYHVWLJDWLRQ��(VSHFLDOO\�/H386�SURYLGHG�DQ
LQWHUHVWLQJ�UHVXOW��DQG�ERWK�VSHFLILFDWLRQ�ODQJXDJHV�IRUFH�WKH�DSSOLFDQW�WR
FRQVLGHU�LQ�GHSWK�HVVHQWLDO�DQ�QRQ�HVVHQWLDO�HOHPHQWV�RI�SDWWHUQV�

+RZHYHU��WKHUH�DUH�HOHPHQWV�RI�VRIWZDUH�DUFKLWHFXWUH�WKDW�FDQQRW��GLUHFWO\��EH
VSHFLILHG�LQ�HLWKHU�ODQJXDJHV��)ROORZLQJ�%DVV�HW�DO���������ZH�UHJDUG�D�VRIWZDUH
DUFKLWHFWXUH�DV�WKH�VWUXFWXUHV�RI�D�V\VWHP��FRPSULVLQJ�VRIWZDUH�FRPSRQHQWV�
WKHLU�YLVLEOH�SURSHUWLHV��DQG�WKHLU�UHODWLRQVKLSV��,Q�WKLV�ZD\�RWKHU�YLHZV�RQ�D
VRIWZDUH�DUFKLWHFWXUH�WKDQ�FDOO�VWUXFWXUH�DQG�FODVV�DQG�LQVWDQFH
UHODWLRQVVKLSV�VXFK�DV�PRGXOH�VWUXFWXUH��SK\VLFDO�VWUXFWXUH��SURFHVV�VWUXFWXUH
DQG�PRUH�EHFRPHV�UHOHYDQW��:H�WKHUHIRUH�EHOLHYH�WKDW�D�IRUPDOLVP�IRU
FDSWXULQJ�DUFKLWHFWXUDO�SDWWHUQ�SUHFLVHO\�DQG�SXUHO\�QHHGV�WR�LQFRUSRUDWH�RWKHU
DEVWUDFWLRQV�WKDQ�WKH�WZR�XVHG�LQ�WKLV�UHSRUW�GR��6SHFLILFDOO\��H[SHULPHQWV
ZLWK�WKH�VSHFLILFDWLRQ�RI�WKH�WKUHH�RWKHU�SDWWHUQV�²�WKDW�DUH�LQ�PDQ\�ZD\V
´IX]]LHUµ�WKDQ�09&�LQ�WKHLU�LQIRUPDO�VSHFLILFDWLRQ�²�VKRZV�WKDW�WKH�DEVWUDFWLRQ
RI�/H386�DQG�3UHFLVH�9LVXDO�6SHFLILFDWLRQ�PD\�QRW�EH�DGHTXDWH�IRU�SUHFLVHO\
VSHFLI\LQJ�DUFKLWHFWXUDO�SDWWHUQV�

,QWHUHVWLQJO\��KRZHYHU��3UHFLVH�9LVXDO�6SHFLILFDWLRQ�H[WHQGV�WKH�80/�DQG�WKH
80/�KDV�SURSRVHG�QRWDWLRQV�IRU�GHVFULELQJ�VRIWZDUH�DUFKLWHFWXUHV�HVSHFLDOO\
IRFXVLQJ�RQ�.UXFKWHQ·V�����YLHZ�RI�VRIWZDUH�DUFKLWHFWXUH��.UXFKWHQ��������
,QLWLDOO\�RQH�FRXOG�FRQVLGHU�VSHFLILFDWLRQ�VXFK�DV�EHORZQ��1RWH�WKDW�WKLV�ILJXUH
YHU\�PXFK�UHOLHV�RQ�DQ�LQIRUPDO�VHPDQWLFV�RI�DEVWUDFW�VWDWH�DQG�LQVWDQFH�RI
SDFNDJHV�

)LJXUH�����3RVVLEOH�VSHFLILFDWLRQ�RI�3$&

PAC Agent

<<role>
- present.

<<role>
+ control

<<role>
- abstraction

Domain Component

Top Level PAC Agent

Intermediate Level PAC Agent

Lower Level PAC Agent
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3DJH����RI���

&RQFOXVLRQV
7KH�ZRUN�SUHVHQWHG�LQ�WKLV�UHSRUW�KDV�EHHQ�LQLWLDWHG�E\�D�GLVVDWLVIDFWLRQ�ZLWK
FXUUHQW�VSHFLILFDWLRQV�RI�DUFKLWHFWXUDO�SDWWHUQV�²�DQG�HVSHFLDOO\�DUFKLWHFWXUDO
SDWWHUQV�IRU�WKH�FRQVWUXFWLRQ�RI�LQWHUDFWLYH�V\VWHPV��7KLV�KDV�OHG�WKH�SURMHFW
GRZQ��WZR�SDWKV��D�IRUPDO�DQG�DQ�LQIRUPDO�

,QIRUPDOO\��ZH�KDYH�WULHG�WR�GHOLQHDWH�D�VSDFH�RI�LQWHQGHG�UHDGHUV�IRU�SDWWHUQ
GHVFULSWLRQV��:H�GR�QRW�EHOLHYH�WKDW�SDWWHUQV�FDQ�EH�OHDUQHG�RU�LQWHUQDOL]HG�E\
UHDGLQJ�D�WH[W��,QVWHDG�RQO\�XVDJH��LPSOHPHQDWLRQ��RU�VSHFLILFDWLRQ
�IRUPDOLVDWLRQ��SURYLGH�D�VROLG�EDVLV�IRU�SDWWHUQ�XQGHUVWDQGLQJ��7KXV�ZH�KDYH
GLYLGHG�RXU�GHVFULSWLRQV�LQWR�WZR�GLVWLQFW�IRUP��D�VKRUW�QDUUDWLYH�IRUP�DQG�D
SUHVHQWDWLRQ�RI�LPSOHPHQWDWLRQV�VKDULQJ�D�FRPPRQ�EDVH��LQ�WKLV�FDVH�D
JUDSKLFDO�XVHU�LQWHUIDFH�DQG�D�SUREOHP�GRPDLQ�PRGHO��,Q�GRLQJ�WKLV�ZH�KDYH
IRXQG�SDFNDJH�GLDJUDPV�PXFK�PRUH�XVHIXO�WKDQ�80/�FODVV�GLDJUDPV��RU�207
GLDJUDPV��LQ�VSHFLI\LQJ�DUFKLWHFWXUDO�SDWWHUQV��WKH�JHQHUDO�JURXSLQJ�DQG
DVVRFLDWLRQ�PHFKDQLVK�RI�SDFNDJHV�LV�PRUH�WXQHG�WRZDUGV�DUFKLWHFWXUDO
VSHFLILFDWLRQV�WKDQ�DUH�FRQFUHWH��RU�DEVWUDFW��FODVVHV�

)RUPDOO\��ZH�KDYH�MXVW�LQLWLDWHG�DQ�LQYHVWLJDWLRQ�RI�SUHFLVH�VSHFLILFDWLRQ�RI
DUFKLWHFWXUDO�SDWWHUQV��$OWKRXJK�RXU�FXUUHQW�LQYHVWLJDWLRQV�KDYH�XVHG
FRQWHPSRUDU\�PHDQV�RI�GHVLJQ�SDWWHUQ�VSHFLILFDWLRQ�WKLV�H[HUFLVH�KDYH
QHYHUWKHOHVV�EHHQ�TXLWH�XVHIXO��LW�KDV�KLJKOLJKWHG�FHUWDLQ�FRPPRQDOLWLHV
EHWZHHQ�SDWWHUQV��H�J��?09&�UHILQHV�WKH�2EVHUYHU�SDWWHUQ��$SSOLFDWLRQ�)DFDGH
PD\�UHILQH�WKH�$SSOLFDWLRQ�SDWWHUQ���$OVR��WKH�DQDO\WLFDO�DSSURDFK�HPSOR\HG�LQ
SUHFLVH�VSHFLILFDWLRQV�KDV�VSXUUHG�D�QXPEHU�RI�TXHVWLRQV��:KDW�LV�WKH
VLJQLILFDQFH�RI�GLIIHULQJ�GLUHFWLRQ�RI�GHSHQGHQFLHV�LQ�HVSHFLDOO\�$SSOLFDWLRQ
)DFDGH�DQG�$SSOLFDWLRQ�$GDSWRU��KRZ�LPSRUWDQW�LV�WKH�HQFDSVXODWLRQ�RI�WKH
SUREOHP�GRPDLQ�PRGHO��09&�KDV�QRQH���KRZ�PDQ\�´PRGHOVµ�DUH�JHQHUDOO\
XVHG��ZKLFK�OHYHOV�RI�GHVFULSWLRQ�GRHV�RQH�DSSO\�ZKHQ�VSHFLI\LQJ�DUFKLWHFWXUDO
SDWWHUQV��DQG�PRUH�

:H�WKXV�IHHO�WKDW�WKHUH�LV�D�JUHDW�GHDO�PRUH�WR�FKRRVLQJ�DQ�DUFKLWHFWXUH�IRU�DQ
LQWHUDFWLYH�V\VWHP�WKDQ�SLFNLQJ�RQH�RI�D�QXPEHU�RI�DUFKLWHFWXUH�SDWWHUQV��,Q
SDUWLFXODU�ZH�ZRXOG�OLNH�WR�FRPELQH�XQLW�RSHUDWLRQV��%DVV�HW�DO��������IRU
GHULYLQJ�VRIWZDUH�DUFKLWHFWXUHV�ZLWK�WKH�SDWWHUQV�ZH�KDYH�ORRNLQJ�DW�LQ�RUGHU�WR
DWWHPSW�WR�FUHDWH�DQ�DSSOLFDEOH�SDWWHUQ�ODQJXDJH�IRU�VRIWZDUH�DUFKLWHFWXUH�RI
LQWHUDFWLYH�V\VWHPV��$OVR�WKH�URXWH�RI�SUHFLVH�VSHFLILFDWLRQ�RI�DUFKLWHFWXUDO
SDWWHUQV�VHHPV�IUXLWIXO�
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3DJH����RI���

5HIHUHQFHV
�$OOHQ��������$OOHQ��5�-��$�)RUPDO�$SSURDFK�WR�6RIWZDUH�$UFKLWHFWXUH��3K�'�

WKHVLV��6FKRRO�RI�&RPSXWHU�6FLHQFH��&DUQHJLH�0HOORQ�8QLYHUVLW\�
3LWWVEXUJK�������

�%DVV�HW�DO���������%DVV��/���&OHPHQWV��3���.D]PDQ��5���6RIWZDUH�$UFKLWHFWXUH�LQ
3UDFWLFH��$GGLVRQ�:HVOH\�������

�%URZQ�HW�DO����������%URZQ��:�-���0DOYHDX��5�&���0F&RUPLFN�,,,��+�:��
0RZEUD\��7�-��$QWL3DWWHUQV��5HIDFWRULQJ�6RIWZDUH��$UFKLWHFWXUHV�DQG
3URMHFWV�LQ�&ULVLV��-RKQ�:LOH\�	�6RQV�

�%RRFK�HW�DO���������%RRFK��*���5XPEDXJK��-���-DFREVRQ��,��7KH�8QLILHG
0RGHOLQJ�/DQJXDJH�8VHU�*XLGH��$GGLVRQ�:HVOH\�������

�%XVFKPDQQ�HW�DO���������%XVFKPDQQ��)���0HXQLHU��5���5RKQHUW��+��
6RPPHUODG��3���6WDO��0���3DWWHUQ�2ULHQWHG�6RIWZDUH�$UFKLWHFWXUH��$�6\VWHP
RI�3DWWHUQV��:LOH\�������

�&KULVWHQVHQ�HW�DO����������&KULVWHQVHQ��0���&UDEWUHH��$���'DPP��&�+��
+DQVHQ��.ODXV��0�+���0DGVHQ��2�/���0DUTYDUGVHQ��3���0RJHQVHQ��3��
6DQGYDG��(���6ORWK��/���7KRPVHQ��0��7KH�0�$�'��([SHULHQFH�
0XOWLSHUVSHFWLYH�$SSOLFDWLRQ�'HYHORSPHQW�LQ�HYROXWLRQDU\�SURWRW\SLQJ��,Q
3URFHHGLQJV�RI�(&223�
����6SULQJHU�9HUODJ�

�&ROGHZH\�������&ROGHZH\��-��8VHU�,QWHUIDFH�6RIWZDUH��,Q�(OHFWURQLF
3URFHHGLQJV�RI�3/R3·���

�&RXWD]��������&RXWD]��-��3$&��DQ�2EMHFW�2ULHQWHG�0RGHO�IRU�'LDORJ�'HVLJQ��,Q
%XOOLQJHU��+��-���6KDFNHO��(GV���3URFHHGLQJV�RI�,17(5$&7·����(OVHYLHU
6FLHQFH�3XEOLVKHUV�%�9��������

�(GHQ��������(GHQ��$�+��3UHFLVH�6SHFLILFDWLRQ�RI�'HVLJQ�3DWWHUQV�DQG�7RRO
6XSSRUW�LQ�WKHLU�$SSOLFDWLRQ��3K�'��'LVVHUWDLRQ�'UDIW��7HO�$YLY�8QLYHUVLW\�
http://www.math.tau.ac.il/~eden/dissertation.doc.zip�

�(GHQ�HW�DO���������(GHQ��$�+���+LUVKIHOG��<���<HKXGDL��$��/H386�²�$�'HFODUDWLYH
3DWWHUQ�6SHFLILFDWLRQ�/DQJXDJH��7HFKQLFDO�5HSRUW���������'HSDUWPHQW�RI
&RPSXWHU�6FLHQFH��7HO�$YLY�8QLYHUVLW\��7HO�$YLY��,VUDHO�

�(GHQ�HW�DO���������(GHQ��$�+���+LUVKIHOG��<���<HKXGDL��$��7RZDUGV�D
0DWKHPDWLFDO�)RXQGDWLRQ�IRU�'HVLJQ�3DWWHUQV��,Q�SUHSDUDWLRQ�
http://www.math.tau.ac.il/~eden/bibliography.html#ecoop99�

�)RZOHU��������)RZOHU��0��$QDO\VLV�3DWWHUQV��$GGLVRQ�:HVOH\�������

�*DPPD�HW�DO���������*DPPD��(���+HOP��5���-RKQVRQ��5���9OLVVLGHV��-��'HVLJQ
3DWWHUQV��(OHPHQWV�RI�5HXVDEOH�2EMHFW�2ULHQWHG�6RIWZDUH��$GGLVRQ�:HVOH\�
�����

�.HQW��������.HQW��6��&RQVWUDLQW�'LDJUDPV��9LVXDOL]LQJ�,QYDULDQWV�LQ�2EMHFW�
2ULHQWHG�0RGHOV��3URFHHGLQJV�RI�2236/$·����$&0�3UHVV�

�.QXGVHQ�HW�DO���������.QXGVHQ��-�/���/|IJUHQ��0���0DGVHQ��2�/���0DJQXVVRQ�
%��2EMHFW�2ULHQWHG�(QYLURQPHQWV��7KH�0M¡OQHU�$SSURDFK��3UHQWLFH�+DOO�
�����
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3DJH����RI���

�.UDVQHU�DQG�3RSH��������.UDVQHU��*�(���3RSH��6�7��$�&RRNERRN�IRU�8VLQJ�WKH
0RGHO�9LHZ�&RQWUROOHU�8VHU�,QWHUIDFH�3DUDGLJP�LQ�6PDOOWDON�����-223�
9ROXPH�������$XJXVW�6HSWHPEHU������

�.UXFKWHQ��������.UXFKWHQ��3��7KH�����9LHZ�0RGHO�RI�$UFKLWHFWXUH��,(((
6RIWZDUH��1RYHPEHU������

�/DXGHU�HW�DO���������/DXGHU��$���.HQW��6��3UHFLVH�9LVXDO�6SHFLILFDWLRQ�RI�'HVLJQ
3DWWHUQV��3URFHHGLQJV�RI�(&223·����6SULQJHU�9HUODJ�

�0DGVHQ�HW�DO���������0DGVHQ��2�/���0¡OOHU�3HGHUVHQ��%���1\JDDUG��.���2EMHFW�
2ULHQWHG�3URJUDPPLQJ�LQ�WKH�%HWD�/DQJXDJH��$GGLVRQ�:HVOH\�������

�1HZPDQ�DQG�/DPPLQJ���������1HZPDQ��:�0���/DPPLQJ��0�*��,QWHUDFWLYH
6\VWHP�'HVLJQ��$GGLVRQ�:HVOH\�������

�6KDZ��������6KDZ��0��6RPH�3DWWHUQV�IRU�6RIWZDUH�$UFKLWHFWXUHV��,Q�9OLVVLGHV
HW�DO�������

��9OLVVLGHV�HW�DO���������9OLVVLGHV��-�0���&RSOLHQ��-�2���.HUWK��1�/���(GV���3DWWHUQ
/DQJXDJHV�RI�3URJUDP�'HVLJQ����$GGLVRQ�:HVOH\�������
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$SSHQGLFHV
$SSHQGL[���� 7KH�8VHU�LQWHUIDFH�FRGH
-- guienvLib: Attributes --
inputView: window
  (#
     financesListView: @listView ...;
     addPushButton: @pushbutton ...;
     deletePushButton: @pushbutton ...;
     descStaticText: @statictext ...;
     descEditText: @edittext ...;
     amountStaticText: @statictext ...;
     amountEditText: @edittext ...;
     typeOptionButton: @optionbutton ...;
     quitPushButton: @pushbutton ...;
     showBarChartCheckBox: @checkbox ...;
     showPieChartCheckbox: @checkbox ...;
     open::<  ...;
     eventHandler::<  ...
  #);
barChartView: window
  (#
     maxBar: ...;
     chart: canvas ...;
     books: @chart ...;
     clothes: @chart ...;
     drinks: @chart ...;
     food: @chart ...;
     other: @chart ...;
     booksStatictext: @statictext ...;
     clothesStatictext: @statictext ...;
     drinksStatictext: @statictext ...;
     foodStaticText: @statictext ...;
     otherStatictext: @statictext ...;
     open::<  ...;
     eventHandler::<  ...
  #);
pieChartView: window
  (#
     myRect: canvas ...;
     booksRect: @myRect ...;
     clothesRect: @myRect ...;
     drinksRect: @myRect ...;
     foodRect: @myRect ...;
     otherRect: @myRect ...;
     booksStatictext: @statictext ...;
     clothesStatictext: @statictext ...;
     drinksStatictext: @statictext ...;
     foodStatictext: @statictext ...;
     otherStatictext: @statictext ...;
     chart: @canvas ...;
     open::<  ...;
     eventHandler::<  ...
  #)
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$SSHQGL[���� 7KH�VWUXFWXUH�RI�)DFDGH

facade

theSubject

load() {virtual}  ...

subjectType:object:() {virtual}  ...

save:object:() {virtual}  ...

financialFacade

name

total:integerValue()  ...

sum:integerValue()  ...

scan()  ...

delete()  ...

add()  ...

subjectType:financialHistory:() {final}  ...

presentation

theFacade: ^ facadeType

init() {virtual}  ...

load() {virtual}  ...

facadeType:facade:() {virtual}  ...

barChartPresentation

load() {final}  ...

init() {final}  ...

facadeType:financialFacade:() {final}  ...

inputPresentation

load() {final}  ...

init() {final}  ...

facadeType:financialFacade:() {final}  ...

pieChartPresentation

load() {final}  ...

init() {final}  ...

facadeType:financialFacade:() {final}  ...

main-program

db: @ database

ui

ui

theInputView: @ inputView ...

theBarChartView: @ barChartView ...

onStartApplication() {final}  ...

thePieChartView

theFinancialFacade

theInputView

addAction()  ...

deleteAction()  ...

quitAction()  ...

barChartAction()  ...

pieChartAction()  ...

thePresentation

inputPresentation:presentation()  ...

theBarChartView

thePresentation

barChartPresentation:presentation()  ...

thePieChartView

thePresentation

pieChartPresentation:presentation()  ...
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3DJH����RI���

$SSHQGL[���� 7KH�VWUXFWXUH�RI�09&

main-program

db: @ database

ui

ui

theInputView

theBarChartView

thePieChartView

onStartApplication() {final}  ...

financialModel:MVCmodel()  ...

theInputView

theView: @ MVCview ...

theController:MVCcontroller()  ... theController

addAction()  ...

deleteAction()  ...

quitAction()  ...

barChartAction()  ...

pieChartAction()  ...

enableAddAction()  ...

enableDeleteAction()  ...

init() {final}  ...

modelType:financialModel:() {final}  ...

theView

update() {final}  ...

init() {final}  ...

modelType:financialModel:() {final}  ...

controllerType:theController:() {final}  ...

theBarChartView

theView

theView

update() {final}  ...

init() {final}  ...

modelType:financialModel:() {final}  ...

thePieChartView

theView

theView

update() {final}  ...

init() {final}  ...

modelType:financialModel:() {final}  ...

financialModel

theFinancialHistory: ^ financialHistory
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$SSHQGL[���� 7KH�VWUXFWXUH�RI�3$&

PACAgent

topLevel: ^ PACAgent

thePresentation: @ presentation

theAbstraction: @ abstraction

theControl: @ control

upper: ^ upperType

lower: @ list ...

init() {virtual}  ...

presentation() {virtual}  ...

abstraction() {virtual}  ...

control() {virtual}  ...

upperType:PACAgent:() {virtual}  ...

lowerType:PACAgent:() {virtual}  ...

1

repository

theInput
1

theViewCoordinator
1

init() {final}  ...

terminate()  ...

addElement()  ...

removeElement()  ...

sum:integerValue()  ...

total:integerValue()  ...

scanDistribution()  ...

scanElements()  ...

showBarChart()  ...

abstraction() {final}  ...

viewCoordinator

init() {final}  ...

showView()  ...

hideView()  ...

sum:integerValue()  ...

total:integerValue()  ...

changed()  ...

upperType:repository:() {final}  ...

lowerType:viewAgent:() {final}  ...

1

viewAgent

show()  ...

hide()  ...

changed()  ...

upperType:viewCoordinator:() {final}  ...

control() {binding}  ...

presentation() {binding}  ...

barChart

presentation() {final}  ...

control() {final}  ...

input

upperType:repository:() {final}  ...

presentation() {final}  ...

control() {final}  ...

1

presentation

init:object:() {virtual}  ...

abstraction

init:object:() {virtual}  ...

control

init:object:() {virtual}  ...

main-program

topLevel
1

repository:PACAgent()  ...

input:PACAgent()  ...

viewCoordinator:PACAgent()  ...

viewAgent:PACAgent()  ...

barChart:viewAgent()  ...
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main-program

db: @ database

ui ui

financialInput: @ financialInputView ...

financialBarChart: @ financialBarChartView ...

financialPieChart: @ financialPieChartView ...

theHistory: ^ financialHistory

onStartApplication() {final}  ...

financialBarChartView

theInfo: @ chartInfo
1

private

setView() {virtual}  ...

init() {virtual}  ...

open() {virtual}  ...

close() {virtual}  ...

show() {virtual}  ...

hide() {virtual}  ...

visible()  ...

financialBarChart

update()  ...

presentModel()  ...

show() {final}  ...

financialPieChartView

theInfo: @ chartInfo
1

private

setView() {virtual}  ...

init() {virtual}  ...

open() {virtual}  ...

close() {virtual}  ...

show() {virtual}  ...

hide() {virtual}  ...

visible()  ...

financialPieChart

update()  ...

presentModel()  ...

show() {final}  ...

financialInputView

theInfo: @ financialInputInfo
1

private

setView() {virtual}  ...

getView() {virtual}  ...

init() {virtual}  ...

open() {virtual}  ...

close() {virtual}  ...

onAdd() {virtual}  ...

onDelete() {virtual}  ...

onQuit() {virtual}  ...

onShowBarChart() {virtual}  ...

onShowPieChart() {virtual}  ...

financialInput

update()  ...

presentModel()  ...

onAdd() {final}  ...

onDelete() {final}  ...

onQuit() {final}  ...

onShowBarChart() {final}  ...

onShowPieChart() {final}  ...

open() {final}  ...

financialInputInfo

showBarChart

showPieChart

descText

amountText

typeText

itemsList

itemsCurrentSelection

itemInfo()  ...

chartInfo

booksAmount

clothesAmount

drinksAmount

foodAmount

otherAmount

totalAmount


