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$UFKLWHFWXUDO�'HVLJQ

�(VWDEOLVKLQJ�WKH�RYHUDOO�
VWUXFWXUH�RI�D�VRIWZDUH�
V\VWHP

2EMHFWLYHV
� 7R�LQWURGXFH�DUFKLWHFWXUDO�GHVLJQ�DQG�WR�
GLVFXVV�LWV�LPSRUWDQFH

� 7R�H[SODLQ�ZK\�PXOWLSOH�PRGHOV�DUH�
UHTXLUHG�WR�GRFXPHQW�D�VRIWZDUH�
DUFKLWHFWXUH

� 7R�GHVFULEH�W\SHV�RI�DUFKLWHFWXUDO�
PRGHOV�WKDW�PD\�EH�XVHG

� 7R�GLVFXVV�KRZ�GRPDLQ�VSHFLILF�UHIHUHQFH�
PRGHOV�PD\�EH�XVHG�DV�D�EDVLV�IRU�
SURGXFW�OLQHV�DQG�WR�FRPSDUH�VRIWZDUH�
DUFKLWHFWXUHV

7RSLFV�FRYHUHG
� 6\VWHP�VWUXFWXULQJ
� &RQWURO�PRGHOV
� 0RGXODU�GHFRPSRVLWLRQ
� 'RPDLQ�VSHFLILF�DUFKLWHFWXUHV

:KDW�LV�VRIWZDUH�DUFKLWHFWXUH"
� 7KH�GHVLJQ�SURFHVV�IRU�LGHQWLI\LQJ�
WKH�VXE�V\VWHPV�PDNLQJ�XS�D�
V\VWHP�DQG�WKH�IUDPHZRUN�IRU�VXE�
V\VWHP�FRQWURO�DQG�FRPPXQLFDWLRQ�LV�
FDOOHG�DUFKLWHFWXUDO�GHVLJQ

� 7KH�RXWSXW�RI�WKLV�GHVLJQ�SURFHVV�LV�
D�GHVFULSWLRQ�RI�WKH VRIWZDUH�
DUFKLWHFWXUH

$UFKLWHFWXUDO�GHVLJQ
� $Q�HDUO\�VWDJH�RI�WKH�V\VWHP�GHVLJQ�
SURFHVV

� 5HSUHVHQWV�WKH�OLQN�EHWZHHQ�
VSHFLILFDWLRQ�DQG�GHVLJQ�SURFHVVHV

� 2IWHQ�FDUULHG�RXW�LQ�SDUDOOHO�ZLWK�
VRPH�VSHFLILFDWLRQ�DFWLYLWLHV

� ,W�LQYROYHV�LGHQWLI\LQJ�PDMRU�V\VWHP�
FRPSRQHQWV�DQG�WKHLU�
FRPPXQLFDWLRQV

$GYDQWDJHV�RI�H[SOLFLW�
DUFKLWHFWXUH

� 6WDNHKROGHU�FRPPXQLFDWLRQ
² $UFKLWHFWXUH�PD\�EH�XVHG�DV�D�IRFXV�
RI�GLVFXVVLRQ�E\�V\VWHP�VWDNHKROGHUV

� 6\VWHP�DQDO\VLV
² 0HDQV�WKDW�DQDO\VLV�RI�ZKHWKHU�WKH�
V\VWHP�FDQ�PHHW�LWV�QRQ�IXQFWLRQDO�
UHTXLUHPHQWV�LV�SRVVLEOH

� /DUJH�VFDOH�UHXVH
² 7KH�DUFKLWHFWXUH�PD\�EH�UHXVDEOH�
DFURVV�D�UDQJH�RI�V\VWHPV
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$UFKLWHFWXUDO�GHVLJQ�SURFHVV
� 6\VWHP�VWUXFWXULQJ

² 7KH�V\VWHP�LV�GHFRPSRVHG�LQWR�VHYHUDO�
SULQFLSDO�VXE�V\VWHPV�DQG�FRPPXQLFDWLRQV�
EHWZHHQ�WKHVH�VXE�V\VWHPV�DUH�LGHQWLILHG

� &RQWURO�PRGHOOLQJ
² $�PRGHO�RI�WKH�FRQWURO�UHODWLRQVKLSV�EHWZHHQ�
WKH�GLIIHUHQW�SDUWV�RI�WKH�V\VWHP�LV�
HVWDEOLVKHG

� 0RGXODU�GHFRPSRVLWLRQ
² 7KH�LGHQWLILHG�VXE�V\VWHPV�DUH�GHFRPSRVHG�
LQWR�PRGXOHV

6XE�V\VWHPV�DQG�PRGXOHV
� $�VXE�V\VWHP LV�D�V\VWHP�LQ�LWV�RZQ�
ULJKW�ZKRVH�RSHUDWLRQ�LV�
LQGHSHQGHQW�RI�WKH�VHUYLFHV�
SURYLGHG�E\�RWKHU�VXE�V\VWHPV

� $�PRGXOH LV�D�V\VWHP�FRPSRQHQW�
WKDW�SURYLGHV�VHUYLFHV�WR�RWKHU�
FRPSRQHQWV�EXW�ZRXOG�QRW�QRUPDOO\�
EH�FRQVLGHUHG�DV�D�VHSDUDWH�V\VWHP

$UFKLWHFWXUDO�PRGHOV
� 'LIIHUHQW�DUFKLWHFWXUDO�PRGHOV�PD\�
EH�SURGXFHG�GXULQJ�WKH�GHVLJQ�
SURFHVV

� (DFK�PRGHO�SUHVHQWV�GLIIHUHQW�
SHUVSHFWLYHV�RQ�WKH�DUFKLWHFWXUH

$UFKLWHFWXUDO�PRGHOV
� 6WDWLF�VWUXFWXUDO�PRGHO�

² VKRZV�WKH�PDMRU�V\VWHP�FRPSRQHQWV
� '\QDPLF�SURFHVV�PRGHO�

² VKRZV�WKH�SURFHVV�VWUXFWXUH�RI�WKH�
V\VWHP

� ,QWHUIDFH�PRGHO�
² GHILQHV�VXE�V\VWHP�LQWHUIDFHV

� 5HODWLRQVKLSV�PRGHO�
² (�J���GDWD�IORZ�PRGHO

$UFKLWHFWXUDO�VW\OHV
� 7KH�DUFKLWHFWXUDO�PRGHO�RI�D�
V\VWHP�PD\�FRQIRUP�WR�D�JHQHULF�
DUFKLWHFWXUDO�PRGHO�RU�VW\OH

� $Q�DZDUHQHVV�RI�WKHVH�VW\OHV�FDQ�
VLPSOLI\�WKH�SUREOHP�RI�GHILQLQJ�
V\VWHP�DUFKLWHFWXUHV

� +RZHYHU��PRVW�ODUJH�V\VWHPV�DUH�
KHWHURJHQHRXV�DQG�GR�QRW�IROORZ�D�
VLQJOH�DUFKLWHFWXUDO�VW\OH

$UFKLWHFWXUH�DWWULEXWHV
� 3HUIRUPDQFH

² /RFDOL]H�RSHUDWLRQV�WR�PLQLPL]H�VXE�V\VWHP�
FRPPXQLFDWLRQ

� 6HFXULW\
² 8VH�D�OD\HUHG�DUFKLWHFWXUH�ZLWK�FULWLFDO�
DVVHWV�LQ�LQQHU�OD\HUV

� 6DIHW\
² ,VRODWH�VDIHW\�FULWLFDO�FRPSRQHQWV

� $YDLODELOLW\
² ,QFOXGH�UHGXQGDQW�FRPSRQHQWV�LQ�WKH�
DUFKLWHFWXUH

� 0DLQWDLQDELOLW\
² 8VH�ILQH�JUDLQ��VHOI�FRQWDLQHG�FRPSRQHQWV
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6\VWHP�VWUXFWXULQJ
� &RQFHUQHG�ZLWK�GHFRPSRVLQJ�WKH�V\VWHP�LQWR�LQWHUDFWLQJ�VXE�V\VWHPV
� 7KH�DUFKLWHFWXUDO�GHVLJQ�LV�QRUPDOO\�H[SUHVVHG�DV�D�EORFN�GLDJUDP�SUHVHQWLQJ�DQ�RYHUYLHZ�RI�WKH�V\VWHP�VWUXFWXUH
� 0RUH�VSHFLILF�PRGHOV�VKRZLQJ�KRZ�VXE�V\VWHPV�VKDUH�GDWD��DUH�GLVWULEXWHG�DQG�LQWHUIDFH�ZLWK�HDFK�RWKHU�PD\�DOVR�EH�GHYHORSHG

3DFNLQJ�URERW�FRQWURO�V\VWHP
9LVLRQ
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&RQYH\RU
FRQWUROOHU
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$UP
FRQWUROOHU
$UP

FRQWUROOHU
*ULSSHU
FRQWUROOHU
*ULSSHU
FRQWUROOHU

3DFNDJLQJ
VHOHFWLRQ
V\VWHP

3DFNDJLQJ
VHOHFWLRQ
V\VWHP

3DFNLQJ
V\VWHP
3DFNLQJ
V\VWHP

7KH�UHSRVLWRU\�PRGHO
� 6XE�V\VWHPV�PXVW�H[FKDQJH�GDWD��7KLV�
PD\�EH�GRQH�LQ�WZR�ZD\V�
² 6KDUHG�GDWD�LV�KHOG�LQ�D�FHQWUDO�GDWDEDVH�RU�
UHSRVLWRU\�DQG�PD\�EH�DFFHVVHG�E\�DOO�VXE�
V\VWHPV

² (DFK�VXE�V\VWHP�PDLQWDLQV�LWV�RZQ�GDWDEDVH�
DQG�SDVVHV�GDWD�H[SOLFLWO\�WR�RWKHU�VXE�
V\VWHPV

� :KHQ�ODUJH�DPRXQWV�RI�GDWD�DUH�WR�EH�
VKDUHG��WKH�UHSRVLWRU\�PRGHO�RI�VKDULQJ�
LV�PRVW�FRPPRQO\�XVHG

&$6(�WRROVHW�DUFKLWHFWXUH
'HVLJQ
(GLWRU
'HVLJQ
(GLWRU

&RGH
*HQHUDWRU
&RGH

*HQHUDWRU

'HVLJQ
7UDQVODWRU
'HVLJQ

7UDQVODWRU
3URJUDP
(GLWRU

3URJUDP
(GLWRU

'HVLJQ
$QDO\]HU
'HVLJQ
$QDO\]HU

5HSRUW
*HQHUDWRU
5HSRUW

*HQHUDWRU

3URMHFW
5HSRVLWRU\
3URMHFW

5HSRVLWRU\

5HSRVLWRU\�PRGHO�
FKDUDFWHULVWLFV

� $GYDQWDJHV
² (IILFLHQW�ZD\�WR�VKDUH�ODUJH�DPRXQWV�RI�GDWD
² 6XE�V\VWHPV�QHHG�QRW�EH�FRQFHUQHG�ZLWK�KRZ�
GDWD�LV�PDQDJHG�

² &HQWUDOL]HG�PDQDJHPHQW�H�J��EDFNXS��
VHFXULW\��HWF�

� 'LVDGYDQWDJHV
² 6XE�V\VWHPV�PXVW�DJUHH�RQ�D�UHSRVLWRU\�GDWD�
PRGHO��,QHYLWDEO\�D�FRPSURPLVH

² 'DWD�HYROXWLRQ�LV�GLIILFXOW�DQG�H[SHQVLYH
² 'LIILFXOW�WR�GLVWULEXWH�HIILFLHQWO\

&OLHQW�VHUYHU�DUFKLWHFWXUH
� 'LVWULEXWHG�V\VWHP�PRGHO�ZKLFK�VKRZV�
KRZ�GDWD�DQG�SURFHVVLQJ�LV�GLVWULEXWHG�
DFURVV�D�UDQJH�RI�FRPSRQHQWV

� 6HW�RI�VWDQG�DORQH�VHUYHUV�ZKLFK�SURYLGH�
VSHFLILF�VHUYLFHV�VXFK�DV�SULQWLQJ��GDWD�
PDQDJHPHQW��HWF�

� 6HW�RI�FOLHQWV�ZKLFK�FDOO�RQ�WKHVH�
VHUYLFHV

� 1HWZRUN�ZKLFK�DOORZV�FOLHQWV�WR�DFFHVV�
VHUYHUV
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)LOP�DQG�SLFWXUH�OLEUDU\
&OLHQW��&OLHQW��

&DWDORJ
VHUYHU
&DWDORJ
VHUYHU

&DWDORJ&DWDORJ

&OLHQW��&OLHQW��

9LGHR
VHUYHU
9LGHR
VHUYHU

)LOP�FOLS
ILOHV

)LOP�FOLS
ILOHV

&OLHQW��&OLHQW��

3LFWXUH
VHUYHU
3LFWXUH
VHUYHU

'LJLWL]HG
SKRWRJUDSKV
'LJLWL]HG

SKRWRJUDSKV

&OLHQW��&OLHQW��

+\SHUWH[W
VHUYHU

+\SHUWH[W
VHUYHU

+\SHUWH[W
ZHE

+\SHUWH[W
ZHE

:LGH�EDQGZLGWK�1HWZRUN:LGH�EDQGZLGWK�1HWZRUN

&OLHQW�VHUYHU�FKDUDFWHULVWLFV
� $GYDQWDJHV

² 'LVWULEXWLRQ�RI�GDWD�LV�VWUDLJKWIRUZDUG
² 0DNHV�HIIHFWLYH�XVH�RI�QHWZRUNHG�V\VWHPV��
0D\�UHTXLUH�FKHDSHU�KDUGZDUH

² (DV\�WR�DGG�QHZ�VHUYHUV�RU�XSJUDGH�H[LVWLQJ�
VHUYHUV

� 'LVDGYDQWDJHV
² 1R�VKDUHG�GDWD�PRGHO�VR�VXE�V\VWHPV�XVH�
GLIIHUHQW�GDWD�RUJDQL]DWLRQ

² 'DWD�LQWHUFKDQJH�PD\�EH�LQHIILFLHQW
² 5HGXQGDQW�PDQDJHPHQW�LQ�HDFK�VHUYHU
² 1R�FHQWUDO�UHJLVWHU�RI�QDPHV�DQG�VHUYLFHV��
LW�PD\�EH�GLIILFXOW�WR�ILQG�RXW�ZKDW�VHUYHUV�
DQG�VHUYLFHV�DUH�DYDLODEOH

$EVWUDFW�PDFKLQH�PRGHO
� 8VHG�WR�PRGHO�WKH�LQWHUIDFLQJ�RI�VXE�
V\VWHPV

� 2UJDQL]HV�WKH�V\VWHP�LQWR�D�VHW�RI�
OD\HUV��RU�DEVWUDFW�PDFKLQHV��HDFK�RI�
ZKLFK�SURYLGH�D�VHW�RI�VHUYLFHV

� 6XSSRUWV�WKH�LQFUHPHQWDO�GHYHORSPHQW�RI�
VXE�V\VWHPV�LQ�GLIIHUHQW�OD\HUV��:KHQ�D�
OD\HU�LQWHUIDFH�FKDQJHV��RQO\�WKH�
DGMDFHQW�OD\HU�LV�DIIHFWHG

� +RZHYHU��RIWHQ�GLIILFXOW�WR�VWUXFWXUH�
V\VWHPV�LQ�WKLV�ZD\

9HUVLRQ�PDQDJHPHQW�V\VWHP
9HUVLRQ�PDQDJHPHQW9HUVLRQ�PDQDJHPHQW

2EMHFW�PDQDJHPHQW2EMHFW�PDQDJHPHQW

'DWDEDVH�V\VWHP'DWDEDVH�V\VWHP

2SHUDWLQJ�V\VWHP2SHUDWLQJ�V\VWHP

&RQWURO�PRGHOV
� $UH�FRQFHUQHG�ZLWK�WKH�FRQWURO�IORZ�
EHWZHHQ�VXE�V\VWHPV��'LVWLQFW�IURP�WKH�
V\VWHP�GHFRPSRVLWLRQ�PRGHO

� &HQWUDOL]HG�FRQWURO
² 2QH�VXE�V\VWHP�KDV�RYHUDOO�UHVSRQVLELOLW\�IRU�
FRQWURO�DQG�VWDUWV�DQG�VWRSV�RWKHU�VXE�
V\VWHPV

� (YHQW�EDVHG�FRQWURO
² (DFK�VXE�V\VWHP�FDQ�UHVSRQG�WR�H[WHUQDOO\�
JHQHUDWHG�HYHQWV�IURP�RWKHU�VXE�V\VWHPV�RU�
WKH�V\VWHP·V�HQYLURQPHQW

&HQWUDOL]HG�FRQWURO
� $�FRQWURO�VXE�V\VWHP�WDNHV�UHVSRQVLELOLW\�
IRU�PDQDJLQJ�WKH�H[HFXWLRQ�RI�RWKHU�
VXE�V\VWHPV

� &DOO�UHWXUQ�PRGHO
² 7RS�GRZQ�VXEURXWLQH�PRGHO�ZKHUH�FRQWURO�
VWDUWV�DW�WKH�WRS�RI�D�VXEURXWLQH�KLHUDUFK\�
DQG�PRYHV�GRZQZDUGV��$SSOLFDEOH�WR�
VHTXHQWLDO�V\VWHPV

� 0DQDJHU�PRGHO
² 2QH�V\VWHP�FRPSRQHQW�FRQWUROV�WKH�VWRSSLQJ��
VWDUWLQJ�DQG�FRRUGLQDWLRQ�RI�RWKHU�V\VWHP�
SURFHVVHV��&DQ�EH�LPSOHPHQWHG�LQ�VHTXHQWLDO�
V\VWHPV�DV�D�FDVH�VWDWHPHQW��$SSOLFDEOH�WR�
FRQFXUUHQW�V\VWHPV��
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(YHQW�GULYHQ�V\VWHPV
� 'ULYHQ�E\�H[WHUQDOO\�JHQHUDWHG�HYHQWV�
� 7ZR�SULQFLSDO�HYHQW�GULYHQ�PRGHOV

² %URDGFDVW�PRGHOV��$Q�HYHQW�LV�EURDGFDVW�WR�
DOO�VXE�V\VWHPV��$Q\�VXE�V\VWHP�WKDW�FDQ��
KDQGOH�WKH�HYHQW�PD\�GR�VR

² ,QWHUUXSW�GULYHQ�PRGHOV��8VHG�LQ�UHDO�WLPH�
V\VWHPV�ZKHUH�LQWHUUXSWV�DUH�GHWHFWHG�E\�DQ�
LQWHUUXSW�KDQGOHU�DQG�SDVVHG�WR�VRPH�RWKHU�
FRPSRQHQW�IRU�SURFHVVLQJ

� 2WKHU�HYHQW�GULYHQ�PRGHOV�LQFOXGH�
VSUHDGVKHHWV�DQG�SURGXFWLRQ�V\VWHPV

%URDGFDVW�PRGHO
� (IIHFWLYH�LQ�LQWHJUDWLQJ�VXE�V\VWHPV�RQ�
GLIIHUHQW�FRPSXWHUV�LQ�D�QHWZRUN

� 6XE�V\VWHPV�UHJLVWHU�DQ�LQWHUHVW�LQ�
VSHFLILF�HYHQWV��:KHQ�WKHVH�RFFXU��
FRQWURO�LV�WUDQVIHUUHG�WR�WKH�VXE�V\VWHP�
WKDW�FDQ�KDQGOH�WKH�HYHQW

� &RQWURO�SROLF\�LV�QRW�HPEHGGHG�LQ�WKH�
HYHQW�DQG�PHVVDJH�KDQGOHU��6XE�V\VWHPV�
GHFLGH�RQ�HYHQWV�RI�LQWHUHVW�WR�WKHP

� +RZHYHU��VXE�V\VWHPV�GRQ·W�NQRZ�LI�RU�
ZKHQ�DQ�HYHQW�ZLOO�EH�KDQGOHG

6HOHFWLYH�EURDGFDVWLQJ

6XE�V\VWHP
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(YHQW�DQG�PHVVDJH�KDQGOHU(YHQW�DQG�PHVVDJH�KDQGOHU

,QWHUUXSW�GULYHQ�V\VWHPV
� 8VHG�LQ�UHDO�WLPH�V\VWHPV�ZKHUH�IDVW�
UHVSRQVH�WR�DQ�HYHQW�LV�HVVHQWLDO

� 7KHUH�DUH�NQRZQ�LQWHUUXSW�W\SHV�ZLWK�D�
KDQGOHU�GHILQHG�IRU�HDFK�W\SH

� (DFK�W\SH�LV�DVVRFLDWHG�ZLWK�D�PHPRU\�
ORFDWLRQ�DQG�D�KDUGZDUH�VZLWFK�FDXVHV�
WUDQVIHU�WR�LWV�KDQGOHU

� $OORZV�IDVW�UHVSRQVH�EXW�FRPSOH[�WR�
SURJUDP�DQG�GLIILFXOW�WR�YDOLGDWH
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,QWHUUXSW
YHFWRU

0RGXODU�GHFRPSRVLWLRQ
� $QRWKHU�VWUXFWXUDO�OHYHO�ZKHUH�VXE�
V\VWHPV�DUH�GHFRPSRVHG�LQWR�PRGXOHV

� 7ZR�PRGXODU�GHFRPSRVLWLRQ�PRGHOV
² $Q�REMHFW�PRGHO�ZKHUH�WKH�V\VWHP�LV�
GHFRPSRVHG�LQWR�LQWHUDFWLQJ�REMHFWV

² $�GDWD�IORZ�PRGHO�ZKHUH�WKH�V\VWHP�LV�
GHFRPSRVHG�LQWR�IXQFWLRQDO�PRGXOHV�WKDW�
WUDQVIRUP�LQSXWV�WR�RXWSXWV��$OVR�NQRZQ�DV�
WKH�SLSHOLQH�PRGHO

� ,I�SRVVLEOH��GHFLVLRQV�DERXW�FRQFXUUHQF\�
VKRXOG�EH�GHOD\HG�XQWLO�PRGXOHV�DUH�
LPSOHPHQWHG

2EMHFW�PRGHOV
� 6WUXFWXUH�WKH�V\VWHP�LQWR�D�VHW�RI�
ORRVHO\�FRXSOHG�REMHFWV�ZLWK�ZHOO�GHILQHG�
LQWHUIDFHV

� 2EMHFW�RULHQWHG�GHFRPSRVLWLRQ�LV�
FRQFHUQHG�ZLWK�LGHQWLI\LQJ�REMHFW�
FODVVHV��WKHLU�DWWULEXWHV�DQG�RSHUDWLRQV

� :KHQ�LPSOHPHQWHG��REMHFWV�DUH�FUHDWHG�
IURP�WKHVH�FODVVHV�DQG�VRPH�FRQWURO�
PRGHO�XVHG�WR�FRRUGLQDWH�REMHFW�
RSHUDWLRQV

,QYRLFH�SURFHVVLQJ�V\VWHP
&XVWRPHU&XVWRPHU
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'DWD�IORZ�PRGHOV
� )XQFWLRQDO�WUDQVIRUPDWLRQV�SURFHVV�WKHLU�
LQSXWV�WR�SURGXFH�RXWSXWV

� 0D\�EH�UHIHUUHG�WR�DV�D�SLSH�DQG�ILOWHU�
PRGHO��DV�LQ�81,;�VKHOO�

� 9DULDQWV�RI�WKLV�DSSURDFK�DUH�YHU\�
FRPPRQ��:KHQ�WUDQVIRUPDWLRQV�DUH�
VHTXHQWLDO��WKLV�LV�D�EDWFK�VHTXHQWLDO�
PRGHO�WKDW�LV�H[WHQVLYHO\�XVHG�LQ�GDWD�
SURFHVVLQJ�V\VWHPV

� 1RW�UHDOO\�VXLWDEOH�IRU�LQWHUDFWLYH�
V\VWHPV

,QYRLFH�SURFHVVLQJ�V\VWHP
5HFHLSWV5HFHLSWV

5HDG�LVVXHG
LQYRLFHV

5HDG�LVVXHG
LQYRLFHV

,GHQWLI\
SD\PHQWV
,GHQWLI\
SD\PHQWV

,VVXH
UHFHLSWV
,VVXH

UHFHLSWV

,QYRLFHV,QYRLFHV 3D\PHQWV3D\PHQWV

)LQG
SD\PHQWV

GXH

)LQG
SD\PHQWV

GXH

,VVXH
SD\PHQW
UHPLQGHU

,VVXH
SD\PHQW
UHPLQGHU

5HPLQGHUV5HPLQGHUV
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'RPDLQ�VSHFLILF�DUFKLWHFWXUHV
� $UFKLWHFWXUDO�PRGHOV�WKDW�DUH�VSHFLILF�WR�
VRPH�DSSOLFDWLRQ�GRPDLQ

� 7ZR�W\SHV�RI�GRPDLQ�VSHFLILF�PRGHOV
² *HQHULF�PRGHOV�WKDW�DUH�DEVWUDFWLRQV�RI�D�
QXPEHU�RI�UHDO�V\VWHPV�DQG�WKDW�HQFDSVXODWH�
WKH�SULQFLSDO�FKDUDFWHULVWLFV�RI�WKHVH�V\VWHPV

² 5HIHUHQFH�PRGHOV�WKDW�DUH�PRUH�DEVWUDFW��
LGHDOL]HG�PRGHOV��3URYLGH�D�PHDQV�RI�
LQIRUPDWLRQ�DERXW�WKDW�FODVV�RI�V\VWHP�DQG�
RI�FRPSDULQJ�GLIIHUHQW�DUFKLWHFWXUHV

� *HQHULF�PRGHOV�DUH�XVXDOO\�ERWWRP�XS�
PRGHOV��5HIHUHQFH�PRGHOV�DUH�WRS�GRZQ�
PRGHOV

*HQHULF�PRGHOV
� &RPSLOHU�PRGHO�LV�D�ZHOO�NQRZQ�H[DPSOH�
DOWKRXJK�RWKHU�PRGHOV�H[LVW�LQ�PRUH�
VSHFLDOL]HG�DSSOLFDWLRQ�GRPDLQV
² /H[LFDO�DQDO\VHU
² 6\PERO�WDEOH
² 6\QWD[�DQDO\VHU
² 6\QWD[�WUHH
² 6HPDQWLF�DQDO\VHU
² &RGH�JHQHUDWRU

� *HQHULF�FRPSLOHU�PRGHO�PD\�EH�RUJDQL]HG�
DFFRUGLQJ�WR�GLIIHUHQW�DUFKLWHFWXUDO�
PRGHOV

&RPSLOHU�PRGHO

6\PERO
WDEOH

6\PERO
WDEOH

/H[LFDO
DQDO\VLV
/H[LFDO
DQDO\VLV

6WDWLF
DQDO\VLV
6WDWLF
DQDO\VLV

6HPDQWLF
DQDO\VLV

6HPDQWLF
DQDO\VLV

&RGH
*HQHUDWLRQ
&RGH

*HQHUDWLRQ

5HIHUHQFH�DUFKLWHFWXUHV
� 5HIHUHQFH�PRGHOV�DUH�GHULYHG�IURP�D�VWXG\�RI�WKH�DSSOLFDWLRQ�GRPDLQ�UDWKHU�WKDQ�IURP�H[LVWLQJ�V\VWHPV
� 0D\�EH�XVHG�DV�D�EDVLV�IRU�V\VWHP�LPSOHPHQWDWLRQ�RU�WR�FRPSDUH�GLIIHUHQW�V\VWHPV��,W�DFWV�DV�D�VWDQGDUG�DJDLQVW�ZKLFK�V\VWHPV�FDQ�EH�HYDOXDWHG
� 26,�PRGHO�LV�D�OD\HUHG�PRGHO�IRU�FRPPXQLFDWLRQ�V\VWHPV

$SSOLFDWLRQ$SSOLFDWLRQ

3UHVHQWDWLRQ3UHVHQWDWLRQ

6HVVLRQ6HVVLRQ

7UDQVSRUW7UDQVSRUW

1HWZRUN1HWZRUN

'DWD�/LQN'DWD�/LQN

3K\VLFDO3K\VLFDO

26,�UHIHUHQFH�PRGHO
$SSOLFDWLRQ$SSOLFDWLRQ

3UHVHQWDWLRQ3UHVHQWDWLRQ

6HVVLRQ6HVVLRQ

7UDQVSRUW7UDQVSRUW

1HWZRUN1HWZRUN

'DWD�/LQN'DWD�/LQN

3K\VLFDO3K\VLFDO

1HWZRUN1HWZRUN

'DWD�/LQN'DWD�/LQN

3K\VLFDO3K\VLFDO

&RPPXQLFDWLRQV�PHGLXP&RPPXQLFDWLRQV�PHGLXP

�

�

�

�

�

�

�

2EMHFW�RULHQWHG�'HVLJQ

'HVLJQLQJ�V\VWHPV�XVLQJ�
VHOI�FRQWDLQHG�REMHFWV�
DQG�REMHFW�FODVVHV
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&KDUDFWHULVWLFV�RI�22'
� 2EMHFWV�DUH�DEVWUDFWLRQV�RI�UHDO�ZRUOG�
HQWLWLHV

� 2EMHFWV�DUH�LQGHSHQGHQW�DQG�HQFDSVXODWH�
VWDWH�DQG�UHSUHVHQWDWLRQ�LQIRUPDWLRQ

� 6\VWHP�IXQFWLRQDOLW\�LV�H[SUHVVHG�LQ�
WHUPV�RI�REMHFW�VHUYLFHV

� 6KDUHG�GDWD�DUHDV�DUH�HOLPLQDWHG
� 2EMHFWV�FRPPXQLFDWH�E\�PHVVDJH�SDVVLQJ
� 2EMHFWV�PD\�EH�GLVWULEXWHG�DQG�PD\�
H[HFXWH�VHTXHQWLDOO\�RU�LQ�SDUDOOHO

,QWHUDFWLQJ�REMHFWV
2EM���&ODVV�2EM���&ODVV�

6WDWH�2EM�6WDWH�2EM�

2SV���2SV���

2EM���&ODVV�2EM���&ODVV�

6WDWH�2EM�6WDWH�2EM�

2SV���2SV���

2EM���&ODVV�2EM���&ODVV�

6WDWH�2EM�6WDWH�2EM�

2SV���2SV���

2EM���&ODVV�2EM���&ODVV�

6WDWH�2EM�6WDWH�2EM�

2SV���2SV���

2EM���&ODVV�2EM���&ODVV�

6WDWH�2EM�6WDWH�2EM�

2SV���2SV���

2EM���&ODVV�2EM���&ODVV�

6WDWH�2EM�6WDWH�2EM�

2SV���2SV���

$GYDQWDJHV�RI�22'
� (DVLHU�PDLQWHQDQFH��2EMHFWV�PD\�
EH�XQGHUVWRRG�DV�VWDQG�DORQH�
HQWLWLHV

� 2EMHFWV�DUH�DSSURSULDWH�UHXVDEOH�
FRPSRQHQWV

� )RU�VRPH�V\VWHPV��WKHUH�PD\�EH�DQ�
REYLRXV�PDSSLQJ�IURP�UHDO�ZRUOG�
HQWLWLHV�WR�V\VWHP�REMHFWV

2EMHFW�RULHQWHG�GHYHORSPHQW
� 2EMHFW�RULHQWHG�DQDO\VLV��GHVLJQ�DQG�
SURJUDPPLQJ�DUH�UHODWHG�EXW�GLVWLQFW

� 22$�LV�FRQFHUQHG�ZLWK�GHYHORSLQJ�DQ�
REMHFW�PRGHO�RI�WKH�DSSOLFDWLRQ�GRPDLQ

� 22'�LV�FRQFHUQHG�ZLWK�GHYHORSLQJ�DQ�
REMHFW�RULHQWHG�V\VWHP�PRGHO�WR�
LPSOHPHQW�UHTXLUHPHQWV

� 223�LV�FRQFHUQHG�ZLWK�UHDOL]LQJ�DQ�22'�
XVLQJ�DQ�22�SURJUDPPLQJ�ODQJXDJH�VXFK�
DV�-DYD�RU�&��

2EMHFWV�DQG�REMHFW�FODVVHV�
� 2EMHFWV�DUH�HQWLWLHV�LQ�D�VRIWZDUH�
V\VWHP�WKDW�UHSUHVHQW�LQVWDQFHV�RI�
UHDO�ZRUOG�DQG�V\VWHP�HQWLWLHV

� 2EMHFW�FODVVHV�DUH�WHPSODWHV�IRU�
REMHFWV��7KH\�PD\�EH�XVHG�WR�
FUHDWH�REMHFWV

� 2EMHFW�FODVVHV�PD\�LQKHULW�
DWWULEXWHV�DQG�VHUYLFHV�IURP�RWKHU�
REMHFW�FODVVHV

2EMHFWV
An object is an entity that has a state and a defined set of 
operations which operate on that state. The state is 
represented as a set of object attributes. The operations 
associated with the object provide services to other 
objects (clients) which request these services when some 
computation is required. 

Objects are created according to some object class
definition. An object class definition serves as a template 
for objects. It includes declarations of all the attributes 
and services which should be associated with an object of 
that class.



�

7KH�8QLILHG�0RGHOOLQJ�/DQJXDJH
� 6HYHUDO�GLIIHUHQW�QRWDWLRQV�IRU�
GHVFULELQJ�REMHFW�RULHQWHG�GHVLJQV�ZHUH�
SURSRVHG�LQ�WKH�����V�DQG�����V�

� 7KH�8QLILHG�0RGHOOLQJ�/DQJXDJH�LV�DQ�
LQWHJUDWLRQ�RI�WKHVH�QRWDWLRQV

� ,W�GHVFULEHV�QRWDWLRQV�IRU�D�QXPEHU�RI�
GLIIHUHQW�PRGHOV�WKDW�PD\�EH�SURGXFHG�
GXULQJ�22�DQDO\VLV�DQG�GHVLJQ

� ,W�LV�QRZ�D�GH�IDFWR VWDQGDUG�IRU�22�
PRGHOOLQJ

(PSOR\HH�REMHFW�FODVV��80/�
(PSOR\HH(PSOR\HH

1DPH��VWULQJ
$GGUHVV��VWULQJ
GDWH2I%LUWK��'DWH
HPSOR\HH1R��LQWHJHU
VRFLDO6HFXUL\1R��VWULQJ
'HSDUWPHQW��'HSW
0DQDJHU��(PSOR\HH
6DODU\��LQWHJHU
6WDWXV��^FXUUHQW�OHIW��UHWLUHG`
WD[&RGH��LQWHJHU

1DPH��VWULQJ
$GGUHVV��VWULQJ
GDWH2I%LUWK��'DWH
HPSOR\HH1R��LQWHJHU
VRFLDO6HFXUL\1R��VWULQJ
'HSDUWPHQW��'HSW
0DQDJHU��(PSOR\HH
6DODU\��LQWHJHU
6WDWXV��^FXUUHQW�OHIW��UHWLUHG`
WD[&RGH��LQWHJHU

-RLQ��
/HDYH��
UHWLUH��
FKDQJH'HWDLOV��

-RLQ��
/HDYH��
UHWLUH��
FKDQJH'HWDLOV��

2EMHFW�FRPPXQLFDWLRQ
� &RQFHSWXDOO\��REMHFWV�FRPPXQLFDWH�XVLQJ�
PHVVDJHV

� 0HVVDJHV
² 7KH�QDPH�RI�WKH�VHUYLFH�UHTXHVWHG�E\�WKH�
FDOOLQJ�REMHFW

² &RSLHV�RI�WKH�LQIRUPDWLRQ�UHTXLUHG�WR�H[HFXWH�
WKH�VHUYLFH�DQG�WKH�QDPH�RI�D�KROGHU�IRU�WKH�
UHVXOW�RI�WKH�VHUYLFH

� ,Q�SUDFWLFH��PHVVDJHV�DUH�RIWHQ�
LPSOHPHQWHG�E\�SURFHGXUH�FDOOV
² 1DPH� �SURFHGXUH�QDPH�
² ,QIRUPDWLRQ� �SDUDPHWHU�OLVW�

0HVVDJH�H[DPSOHV
//Call a method associated with a buffer 
//object that returns the next value 
//in the buffer

v = circularBuffer.Get() ;

//Call the method associated with a
//thermostat object that sets the 
//temperature to be maintained

thermostat.setTemp (20) ;

*HQHUDOL]DWLRQ�DQG�LQKHULWDQFH
� 2EMHFWV�DUH�PHPEHUV�RI�FODVVHV�WKDW�
GHILQH�DWWULEXWH�W\SHV�DQG�RSHUDWLRQV

� &ODVVHV�PD\�EH�DUUDQJHG�LQ�D�FODVV�
KLHUDUFK\�ZKHUH�RQH�FODVV��D�VXSHU�FODVV��
LV�D�JHQHUDOL]DWLRQ�RI�RQH�RU�PRUH�RWKHU�
FODVVHV��VXE�FODVVHV�

� $�VXE�FODVV�LQKHULWV�WKH�DWWULEXWHV�DQG�
RSHUDWLRQV�IURP�LWV�VXSHU�FODVV�DQG�PD\�
DGG�QHZ�PHWKRGV�RU�DWWULEXWHV�RI�LWV�
RZQ

� *HQHUDOL]DWLRQ�LQ�WKH�80/�LV�LPSOHPHQWHG�
DV�LQKHULWDQFH�LQ�22�SURJUDPPLQJ�
ODQJXDJHV

$�JHQHUDOL]DWLRQ�KLHUDUFK\

0DQDJHU0DQDJHU

EXGJHWV&RQWUROOHG
GDWH$SSRLQWHG
EXGJHWV&RQWUROOHG
GDWH$SSRLQWHG

3URJUDPPHU3URJUDPPHU

SURMHFW
SURJ/DQJXDJH
SURMHFW
SURJ/DQJXDJH

3URMHFW
0DQDJHU
3URMHFW
0DQDJHU

SURMHFWVSURMHFWV

'HSDUWPHQW
0DQDJHU

'HSDUWPHQW
0DQDJHU

GHSDUWPHQWGHSDUWPHQW

6WUDWHJLF
0DQDJHU
6WUDWHJLF
0DQDJHU

UHVSRQVLELOLWLHVUHVSRQVLELOLWLHV

(PSOR\HH(PSOR\HH
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$GYDQWDJHV�RI�LQKHULWDQFH
� ,W�LV�DQ�DEVWUDFWLRQ�PHFKDQLVP�WKDW�
PD\�EH�XVHG�WR�FODVVLI\�HQWLWLHV

� ,W�LV�D�UHXVH�PHFKDQLVP�DW�ERWK�
WKH�GHVLJQ�DQG�WKH�SURJUDPPLQJ�
OHYHO

� 7KH�LQKHULWDQFH�JUDSK�LV�D�VRXUFH�
RI�RUJDQL]DWLRQDO�NQRZOHGJH�DERXW�
GRPDLQV�DQG�V\VWHPV

3UREOHPV�ZLWK�LQKHULWDQFH
� 2EMHFW�FODVVHV�DUH�QRW�VHOI�
FRQWDLQHG��WKH\�FDQQRW�EH�
XQGHUVWRRG�ZLWKRXW�UHIHUHQFH�WR�
WKHLU�VXSHU�FODVVHV

� 'HVLJQHUV�KDYH�D�WHQGHQF\�WR�UHXVH�
WKH�LQKHULWDQFH�JUDSK�FUHDWHG�
GXULQJ�DQDO\VLV��&DQ�OHDG�WR�
VLJQLILFDQW�LQHIILFLHQF\

,QKHULWDQFH�DQG�22'
� 7KHUH�DUH�GLIIHULQJ�YLHZV�DV�WR�ZKHWKHU�
LQKHULWDQFH�LV�IXQGDPHQWDO�WR�22'�
² 9LHZ����,GHQWLI\LQJ�WKH�LQKHULWDQFH�KLHUDUFK\�
RU�QHWZRUN�LV�D�IXQGDPHQWDO�SDUW�RI�REMHFW�
RULHQWHG�GHVLJQ��2EYLRXVO\�WKLV�FDQ�RQO\�EH�
LPSOHPHQWHG�XVLQJ�DQ�223/�

² 9LHZ����,QKHULWDQFH�LV�D�XVHIXO�
LPSOHPHQWDWLRQ�FRQFHSW�ZKLFK�DOORZV�UHXVH�RI�
DWWULEXWH�DQG�RSHUDWLRQ�GHILQLWLRQV��
,GHQWLI\LQJ�DQ�LQKHULWDQFH�KLHUDUFK\�DW�WKH�
GHVLJQ�VWDJH�SODFHV�XQQHFHVVDU\�UHVWULFWLRQV�
RQ�WKH�LPSOHPHQWDWLRQ

� ,QKHULWDQFH�LQWURGXFHV�FRPSOH[LW\�WKDW�LV�
XQGHVLUDEOH��HVSHFLDOO\�LQ�FULWLFDO�V\VWHPV

80/�DVVRFLDWLRQV
� 2EMHFWV�DQG�REMHFW�FODVVHV�SDUWLFLSDWH�LQ�
UHODWLRQVKLSV�ZLWK�RWKHU�REMHFWV�DQG�
REMHFW�FODVVHV

� ,Q�WKH�80/��D�JHQHUDOL]HG�UHODWLRQVKLS�LV�
LQGLFDWHG�E\�DQ�DVVRFLDWLRQ

� $VVRFLDWLRQV�PD\�EH�DQQRWDWHG�ZLWK�
LQIRUPDWLRQ�WKDW�GHVFULEHV�WKH�
DVVRFLDWLRQ

� $VVRFLDWLRQV�DUH�JHQHUDO�EXW�PD\�LQGLFDWH�
WKDW�DQ�DWWULEXWH�RI�DQ�REMHFW�LV�DQ�
DVVRFLDWHG�REMHFW�RU�WKDW�D�PHWKRG�
UHOLHV�RQ�DQ�DVVRFLDWHG�REMHFW

$Q�DVVRFLDWLRQ�PRGHO

(PSOR\HH(PSOR\HH 'HSDUWPHQW'HSDUWPHQW

0DQDJHU0DQDJHU

LV�PHPEHU�RI

LV�PDQDJHG�E\

PDQDJHV

&RQFXUUHQW�REMHFWV
� 7KH�QDWXUH�RI�REMHFWV�DV�VHOI�
FRQWDLQHG�HQWLWLHV�PDNH�WKHP�
VXLWDEOH�IRU�FRQFXUUHQW�
LPSOHPHQWDWLRQ

� 7KH�PHVVDJH�SDVVLQJ�PRGHO�RI�
REMHFW�FRPPXQLFDWLRQ�FDQ�EH�
LPSOHPHQWHG�GLUHFWO\�LI�REMHFWV�DUH�
H[HFXWLQJ�RQ�VHSDUDWH�SURFHVVRUV�LQ�
D�GLVWULEXWHG�V\VWHP
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6HUYHUV�DQG�DFWLYH�REMHFWV
� 6HUYHUV

² 7KH�REMHFW�LV�LPSOHPHQWHG�DV�D�SDUDOOHO�
SURFHVV��VHUYHU��ZLWK�HQWU\�SRLQWV�
FRUUHVSRQGLQJ�WR�REMHFW�RSHUDWLRQV��,I�QR�
FDOOV�DUH�PDGH�WR�LW��WKH�REMHFW�VXVSHQGV�
LWVHOI�DQG�ZDLWV�IRU�IXUWKHU�UHTXHVWV�IRU�
VHUYLFH

� $FWLYH�REMHFWV
² 2EMHFWV�DUH�LPSOHPHQWHG�DV�SDUDOOHO�
SURFHVVHV�DQG�WKH�LQWHUQDO�REMHFW�VWDWH�PD\�
EH�FKDQJHG�E\�
� WKH�REMHFW�LWVHOI��DQG�
� H[WHUQDO�FDOOV

$FWLYH�REMHFWV
� $FWLYH�REMHFWV�PD\�KDYH�WKHLU�DWWULEXWHV�
PRGLILHG�E\�RSHUDWLRQV�EXW�PD\�DOVR�
XSGDWH�WKHP�DXWRQRPRXVO\�XVLQJ�LQWHUQDO�
RSHUDWLRQV

� ([DPSOH
² 7UDQVSRQGHU�REMHFW�EURDGFDVWV�DQ�DLUFUDIW·V�
SRVLWLRQ��7KH�SRVLWLRQ�PD\�EH�XSGDWHG�XVLQJ�D�
VDWHOOLWH�SRVLWLRQLQJ�V\VWHP��7KH�REMHFW�
SHULRGLFDOO\�XSGDWH�WKH�SRVLWLRQ�E\�
WULDQJXODWLRQ�IURP�VDWHOOLWHV

$Q�DFWLYH�WUDQVSRQGHU�REMHFW
class Transponder extends Thread {

Position currentPosition ;
Coords c1, c2 ;
Satellite sat1, sat2 ;
Navigator theNavigator ;

public Position givePosition () 
{

return currentPosition ;
} 

public void run () 
{

while (true) 
{

c1 = sat1.position () ;
c2 = sat2.position () ;
currentPosition = theNavigator.compute (c1, c2) ;

}
} 

} //Transponder

-DYD�WKUHDGV
� 7KUHDGV�LQ�-DYD�DUH�D�VLPSOH�
FRQVWUXFW�IRU�LPSOHPHQWLQJ�
FRQFXUUHQW�REMHFWV

� 7KUHDGV�PXVW�LQFOXGH�D�PHWKRG�
FDOOHG�UXQ���DQG�WKLV�LV�VWDUWHG�XS�
E\�WKH�-DYD�UXQ�WLPH�V\VWHP

� $FWLYH�REMHFWV�W\SLFDOO\�LQFOXGH�DQ�
LQILQLWH�ORRS�VR�WKDW�WKH\�DUH�
DOZD\V�FDUU\LQJ�RXW�WKH�FRPSXWDWLRQ

$Q�REMHFW�RULHQWHG�GHVLJQ�SURFHVV
� 'HILQH�WKH�FRQWH[W�DQG�PRGHV�RI�
XVH�RI�WKH�V\VWHP

� 'HVLJQ�WKH�V\VWHP�DUFKLWHFWXUH
� ,GHQWLI\�WKH�SULQFLSDO�V\VWHP�
REMHFWV

� 'HYHORS�GHVLJQ�PRGHOV
� 6SHFLI\�REMHFW�LQWHUIDFHV

(;$03/(
:HDWKHU�V\VWHP�GHVFULSWLRQ

A weather data collection system is required to generate 
weather maps on a regular basis using data collected from 
remote, unattended weather stations and other data sources 
such as weather observers, balloons and satellites. Weather 
stations transmit their data to the area computer in 
response to a request from that machine.

The area computer validates the collected data and 
integrates it with the data from different sources. The 
integrated data is archived and, using data from this 
archive and a digitized map database  a set of local weather 
maps is created. Maps may be printed for distribution on a 
special-purpose map printer or may be displayed in a 
number of different formats.
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:HDWKHU�VWDWLRQ�GHVFULSWLRQ
A weather station is a package of software controlled 
instruments which collects data, performs some data 
processing and transmits this data for further processing. The 
instruments include air and ground thermometers, an 
anemometer, a wind vane, a barometer and a rain gauge. Data 
is collected every five minutes. 

When a command is issued to transmit the weather data, the 
weather station processes and summarizes the collected data. 
The summarized data is transmitted to the mapping computer 
when a request is received.

/D\HUHG�DUFKLWHFWXUH
��VXEV\VWHP!!
'DWD�GLVSOD\
��VXEV\VWHP!!
'DWD�GLVSOD\

��VXEV\VWHP!!
'DWD�DUFKLYLQJ
��VXEV\VWHP!!
'DWD�DUFKLYLQJ

��VXEV\VWHP!!
'DWD�SURFHVVLQJ
��VXEV\VWHP!!
'DWD�SURFHVVLQJ

��VXEV\VWHP!!
'DWD�FROOHFWLRQ
��VXEV\VWHP!!
'DWD�FROOHFWLRQ

'DWD�GLVSOD\�OD\HU�ZKHUH�REMHFWV��DUH�
FRQFHUQHG�ZLWK�SUHSDULQJ�DQG�SUHVHQWLQJ�WKH�
GDWD�LQ�KXPDQ�UHDGDEOH�IRUP

'DWD�DUFKLYLQJ�OD\HU�ZKHUH�REMHFWV�DUH�
FRQFHUQHG�ZLWK�VWRULQJ�WKH�GDWD�IRU�IXWXUH�
SURFHVVLQJ

'DWD�SURFHVVLQJ�OD\HU�ZKHUH�REMHFWV�DUH��
FRQFHUQHG�ZLWK�FKHFNLQJ�DQG�LQWHJUDWLQJ�WKH�
FROOHFWHG�GDWD

'DWD�FROOHFWLRQ�OD\HU�ZKHUH�REMHFWV�DUH��
FRQFHUQHG�ZLWK�DFTXLULQJ�GDWD�IURP�UHPRWH�
VRXUFHV

6\VWHP�FRQWH[W�DQG�PRGHOV�RI�XVH
� 'HYHORS�DQ�XQGHUVWDQGLQJ�RI�WKH�
UHODWLRQVKLSV�EHWZHHQ�WKH�VRIWZDUH�EHLQJ�
GHVLJQHG�DQG�LWV�H[WHUQDO�HQYLURQPHQW

� 6\VWHP�FRQWH[W
² $�VWDWLF�PRGHO�WKDW�GHVFULEHV�RWKHU�V\VWHPV�
LQ�WKH�HQYLURQPHQW��8VH�D�VXEV\VWHP�PRGHO�
WR�VKRZ�RWKHU�V\VWHPV��)ROORZLQJ�VOLGH�VKRZV�
WKH�V\VWHPV�DURXQG�WKH�ZHDWKHU�VWDWLRQ�
V\VWHP�

� 0RGHO�RI�V\VWHP�XVH
² $�G\QDPLF�PRGHO�WKDW�GHVFULEHV�KRZ�WKH�
V\VWHP�LQWHUDFWV�ZLWK�LWV�HQYLURQPHQW��8VH�
XVH�FDVHV�WR�VKRZ�LQWHUDFWLRQV

��VXEV\VWHP!!
'DWD�FROOHFWLRQ
��VXEV\VWHP!!
'DWD�FROOHFWLRQ

6XEV\VWHPV�LQ�WKH�ZHDWKHU�PDSSLQJ�V\VWHP

REVHUYHUREVHUYHU

:HDWKHU
VWDWLRQ
:HDWKHU
VWDWLRQ

&RPPV�&RPPV�

6DWHOOLWH6DWHOOLWH

%DOORRQ%DOORRQ

��VXEV\VWHP!!
'DWD�GLVSOD\

��VXEV\VWHP!!
'DWD�GLVSOD\

0DS0DS

8VHU
LQWHUIDFH
8VHU
LQWHUIDFH

0DS
GLVSOD\
0DS
GLVSOD\

0DS
SULQWHU
0DS
SULQWHU

��VXEV\VWHP!!
'DWD�SURFHVVLQJ
��VXEV\VWHP!!
'DWD�SURFHVVLQJ

'DWD
FKHFNLQJ
'DWD
FKHFNLQJ 'DWD

LQWHJUDWLRQ
'DWD
LQWHJUDWLRQ

��VXEV\VWHP!!
'DWD�DUFKLYLQJ
��VXEV\VWHP!!
'DWD�DUFKLYLQJ

0DS�VWRUH0DS�VWRUH

'DWD
VWRUDJH
'DWD
VWRUDJH

'DWD
VWRUH
'DWD
VWRUH

8VH�FDVHV�IRU�WKH�ZHDWKHU�VWDWLRQ
6WDUWXS6WDUWXS

6KXWGRZQ6KXWGRZQ

5HSRUW5HSRUW

&DOLEUDWH&DOLEUDWH

7HVW7HVW

8VH�FDVH�GHVFULSWLRQ
•System 

– Weather station

•Use-case
– Report

•Actors
– Weather data collection system, Weather station

•Data
– The weather station sends a summary of the weather data that has been collected from 
the instruments in the collection period to the weather data collection system. The data 
sent are the maximum minimum and average ground and air temperatures, the 
maximum, minimum and average air pressures, the maximum, minimum and average 
wind speeds, the total rainfall and the wind direction as sampled at 5 minute intervals.

•Stimulus
– The weather data collection system establishes a modem link with the weather station 
and requests transmission of the data.

•Response
– The summarized data is sent to the weather data collection system

•Comments
– Weather stations are usually asked to report once per hour but this frequency may 
differ from one station to the other and may be modified in future.
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$UFKLWHFWXUDO�GHVLJQ
� 2QFH�LQWHUDFWLRQV�EHWZHHQ�WKH�V\VWHP�
DQG�LWV�HQYLURQPHQW�KDYH�EHHQ�
XQGHUVWRRG��ZH�XVH�WKLV�LQIRUPDWLRQ�IRU�
GHVLJQLQJ�WKH�V\VWHP�DUFKLWHFWXUH

� /D\HUHG�DUFKLWHFWXUH�LV�DSSURSULDWH�IRU�
WKH�ZHDWKHU�VWDWLRQ
² ,QWHUIDFH�OD\HU�IRU�KDQGOLQJ�FRPPXQLFDWLRQV
² 'DWD�FROOHFWLRQ�OD\HU�IRU�PDQDJLQJ�
LQVWUXPHQWV

² ,QVWUXPHQWV�OD\HU�IRU�FROOHFWLQJ�GDWD
� 7KHUH�VKRXOG�EH�QR�PRUH�WKDQ���HQWLWLHV�
LQ�DQ�DUFKLWHFWXUDO�PRGHO

:HDWKHU�VWDWLRQ�DUFKLWHFWXUH
:HDWKHU�VWDWLRQ:HDWKHU�VWDWLRQ

��VXEV\VWHP!!
,QWHUIDFH
��VXEV\VWHP!!
,QWHUIDFH

��VXEV\VWHP!!
'DWD�FROOHFWLRQ
��VXEV\VWHP!!
'DWD�FROOHFWLRQ

��VXEV\VWHP!!
,QVWUXPHQWV
��VXEV\VWHP!!
,QVWUXPHQWV

0DQDJHV�DOO�
H[WHUQDO�FRPPXQLFDWLRQV
0DQDJHV�DOO�
H[WHUQDO�FRPPXQLFDWLRQV

&ROOHFWV�DQG�VXPPDUL]HV�
ZHDWKHU�GDWD
&ROOHFWV�DQG�VXPPDUL]HV�
ZHDWKHU�GDWD

3DFNDJH�RI�LQVWUXPHQWV�
IRU�UDZ�GDWD�FROOHFWLRQV
3DFNDJH�RI�LQVWUXPHQWV�
IRU�UDZ�GDWD�FROOHFWLRQV

2EMHFW�LGHQWLILFDWLRQ
� ,GHQWLI\LQJ�REMHFWV��RU�REMHFW�FODVVHV��LV�WKH�PRVW�GLIILFXOW�SDUW�RI�REMHFW�RULHQWHG�GHVLJQ
� 7KHUH�LV�QR�
PDJLF�IRUPXOD
�IRU�REMHFW�LGHQWLILFDWLRQ��,W�UHOLHV�RQ�WKH�VNLOO��H[SHULHQFH�DQG�GRPDLQ�NQRZOHGJH�RI�V\VWHP�GHVLJQHUV
� 2EMHFW�LGHQWLILFDWLRQ�LV�DQ�LWHUDWLYH�SURFHVV��8QOLNHO\�WR�JHW�LW�ULJKW�ILUVW�WLPH

$SSURDFKHV�WR�LGHQWLILFDWLRQ
� %DVH�WKH�LGHQWLILFDWLRQ�RQ�WDQJLEOH�
WKLQJV�LQ�WKH�DSSOLFDWLRQ�GRPDLQ

� 8VH�D�EHKDYLRXUDO�DSSURDFK�DQG�
LGHQWLI\�REMHFWV�EDVHG�RQ�ZKDW�
SDUWLFLSDWHV�LQ�ZKDW�EHKDYLRXU

� 8VH�D�VFHQDULR�EDVHG�DQDO\VLV���7KH�
REMHFWV��DWWULEXWHV�DQG�PHWKRGV�LQ�
HDFK�VFHQDULR�DUH�LGHQWLILHG

:HDWKHU�VWDWLRQ�REMHFW�FODVVHV
� *URXQG�WKHUPRPHWHU��%DURPHWHU

² $SSOLFDWLRQ�GRPDLQ�REMHFWV�WKDW�DUH�
¶KDUGZDUH·�REMHFWV�UHODWHG�WR�WKH�LQVWUXPHQWV�
LQ�WKH�V\VWHP

� :HDWKHU�VWDWLRQ
² 7KH�EDVLF�LQWHUIDFH�RI�WKH�ZHDWKHU�VWDWLRQ�
WR�LWV�HQYLURQPHQW��,W�UHIOHFWV�WKH�
LQWHUDFWLRQV�LGHQWLILHG�LQ�WKH�XVH�FDVH�PRGHO

� :HDWKHU�GDWD
² (QFDSVXODWHV�WKH�VXPPDUL]HG�GDWD�IURP�WKH�
LQVWUXPHQWV

:HDWKHU�VWDWLRQ�REMHFW�FODVVHV
:HDWKHU6WDWLRQ:HDWKHU6WDWLRQ

LGHQWLILHULGHQWLILHU

UHSRUW:HDWKHU��
FDOLEUDWH�LQVWUXPHQWV�
WHVW��
VWDUWXS�LQVWUXPHQWV�
VKXWGRZQ�LQVWUXPHQWV�

UHSRUW:HDWKHU��
FDOLEUDWH�LQVWUXPHQWV�
WHVW��
VWDUWXS�LQVWUXPHQWV�
VKXWGRZQ�LQVWUXPHQWV�

:HDWKHU'DWD:HDWKHU'DWD
DLU7HPSHUDWXUHV
JURXQG7HPSHUDWXUHV
ZLQG6SHHGV
ZLQG'LUHFWLRQV
SUHVVXUH
UDLQIDOO

DLU7HPSHUDWXUHV
JURXQG7HPSHUDWXUHV
ZLQG6SHHGV
ZLQG'LUHFWLRQV
SUHVVXUH
UDLQIDOO

FROOHFW��
VXPPDUL]H�LQVWUXPHQWV�
FROOHFW��
VXPPDUL]H�LQVWUXPHQWV�

*URXQG
7KHUPRPHWHU

*URXQG
7KHUPRPHWHU
WHPSHUDWXUHWHPSHUDWXUH

WHVW��
FDOLEUDWH��
WHVW��
FDOLEUDWH��

%DURPHWHU%DURPHWHU
SUHVVXUH
KHLJKW
SUHVVXUH
KHLJKW

WHVW��
FDOLEUDWH��
WHVW��
FDOLEUDWH��

$QHPRPHWHU$QHPRPHWHU
ZLQG6SHHG
ZLQG'LUHFWLRQ
ZLQG6SHHG
ZLQG'LUHFWLRQ

WHVW��WHVW��
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)XUWKHU�REMHFWV�DQG�REMHFW�UHILQHPHQW
� 8VH�GRPDLQ�NQRZOHGJH�WR�LGHQWLI\�PRUH�
REMHFWV�DQG�RSHUDWLRQV
² :HDWKHU�VWDWLRQV�VKRXOG�KDYH�D�XQLTXH�
LGHQWLILHU

² :HDWKHU�VWDWLRQV�DUH�UHPRWHO\�VLWXDWHG�VR�
LQVWUXPHQW�IDLOXUHV�KDYH�WR�EH�UHSRUWHG�
DXWRPDWLFDOO\��7KHUHIRUH�DWWULEXWHV�DQG�
RSHUDWLRQV�IRU�VHOI�FKHFNLQJ�DUH�UHTXLUHG

� $FWLYH�RU�SDVVLYH�REMHFWV
² ,Q�WKLV�FDVH��REMHFWV�DUH�SDVVLYH�DQG�FROOHFW�
GDWD�RQ�UHTXHVW�UDWKHU�WKDQ�DXWRQRPRXVO\��
7KLV�LQWURGXFHV�IOH[LELOLW\�DW�WKH�H[SHQVH�RI�
FRQWUROOHU�SURFHVVLQJ�WLPH

'HVLJQ�PRGHOV
� 'HVLJQ�PRGHOV�VKRZ�WKH�REMHFWV�DQG�
REMHFW�FODVVHV�DQG�UHODWLRQVKLSV�
EHWZHHQ�WKHVH�HQWLWLHV

� 6WDWLF�PRGHOV�GHVFULEH�WKH�VWDWLF�
VWUXFWXUH�RI�WKH�V\VWHP�LQ�WHUPV�RI�
REMHFW�FODVVHV�DQG�UHODWLRQVKLSV

� '\QDPLF�PRGHOV�GHVFULEH�WKH�
G\QDPLF�LQWHUDFWLRQV�EHWZHHQ�
REMHFWV

([DPSOHV�RI�GHVLJQ�PRGHOV
� 6XE�V\VWHP�PRGHOV�WKDW�VKRZ�ORJLFDO�
JURXSLQJV�RI�REMHFWV�LQWR�FRKHUHQW�
VXEV\VWHPV

� 6HTXHQFH�PRGHOV�WKDW�VKRZ�WKH�VHTXHQFH�
RI�REMHFW�LQWHUDFWLRQV

� 6WDWH�PDFKLQH�PRGHOV�WKDW�VKRZ�KRZ�
LQGLYLGXDO�REMHFWV�FKDQJH�WKHLU�VWDWH�LQ�
UHVSRQVH�WR�HYHQWV

� 2WKHU�PRGHOV�LQFOXGH�XVH�FDVH�PRGHOV��
DJJUHJDWLRQ�PRGHOV��JHQHUDOL]DWLRQ�
PRGHOV�HWF�

6XEV\VWHP�PRGHOV
� 6KRZV�KRZ�WKH�GHVLJQ�LV�RUJDQL]HG�
LQWR�ORJLFDOO\�UHODWHG�JURXSV�RI�
REMHFWV

� ,Q�WKH�80/��WKHVH�DUH�VKRZQ�XVLQJ�
SDFNDJHV�� DQ�HQFDSVXODWLRQ�
FRQVWUXFW��7KLV�LV�D�ORJLFDO�PRGHO��
7KH�DFWXDO�RUJDQL]DWLRQ�RI�REMHFWV�
LQ�WKH�V\VWHP�PD\�EH�GLIIHUHQW�

:HDWKHU�VWDWLRQ�VXEV\VWHPV
��VXEV\VWHP!!

,QWHUIDFH
��VXEV\VWHP!!

,QWHUIDFH

&RPPV&RQWUROOHU&RPPV&RQWUROOHU

:HDWKHU6WDWLRQ:HDWKHU6WDWLRQ

��VXEV\VWHP!!
'DWD�FROOHFWLRQ
��VXEV\VWHP!!
'DWD�FROOHFWLRQ

:HDWKHU'DWD:HDWKHU'DWD

,QVWUXPHQW6WDWXV,QVWUXPHQW6WDWXV

��VXEV\VWHP!!
'DWD�FROOHFWLRQ
��VXEV\VWHP!!
'DWD�FROOHFWLRQ

$LU7KHUPRPHWHU$LU7KHUPRPHWHU

*URXQG7KHUPRPHWHU*URXQG7KHUPRPHWHU

5DLQ*DXJH5DLQ*DXJH

%DURPHWHU%DURPHWHU

$QHPRPHWHU$QHPRPHWHU

:LQG9DQH:LQG9DQH

6HTXHQFH�PRGHOV
� 6HTXHQFH�PRGHOV�VKRZ�WKH�VHTXHQFH�RI�
REMHFW�LQWHUDFWLRQV�WKDW�WDNH�SODFH
² 2EMHFWV�DUH�DUUDQJHG�KRUL]RQWDOO\�DFURVV�WKH�
WRS

² 7LPH�LV�UHSUHVHQWHG�YHUWLFDOO\�VR�PRGHOV�DUH�
UHDG�WRS�WR�ERWWRP

² ,QWHUDFWLRQV�DUH�UHSUHVHQWHG�E\�ODEHOOHG�
DUURZV��'LIIHUHQW�VW\OHV�RI�DUURZ�UHSUHVHQW�
GLIIHUHQW�W\SHV�RI�LQWHUDFWLRQ

² $�WKLQ�UHFWDQJOH�LQ�DQ�REMHFW�OLIHOLQH�
UHSUHVHQWV�WKH�WLPH�ZKHQ�WKH�REMHFW�LV�WKH�
FRQWUROOLQJ�REMHFW�LQ�WKH�V\VWHP



��

'DWD�FROOHFWLRQ�VHTXHQFH
:HDWKHU6WDWLRQ:HDWKHU6WDWLRQ :HDWKHU'DWD:HDWKHU'DWD&RPPV&RQWUROOHU&RPPV&RQWUROOHU

UHTXHVW�UHSRUW�

DFNQRZOHGJH��

UHSO\�UHSRUW�

DFNQRZOHGJH��

UHSRUW��

VHQG�UHSRUW�

VXPPDUL]H��

6WDWHFKDUWV
� 6KRZ�KRZ�REMHFWV�UHVSRQG�WR�GLIIHUHQW�
VHUYLFH�UHTXHVWV�DQG�WKH�VWDWH�
WUDQVLWLRQV�WULJJHUHG�E\�WKHVH�UHTXHVWV
² ,I�REMHFW�VWDWH�LV�6KXWGRZQ WKHQ�LW�UHVSRQGV�
WR�D�6WDUWXS���PHVVDJH

² ,Q�WKH�ZDLWLQJ VWDWH�WKH�REMHFW�LV�ZDLWLQJ�IRU�
IXUWKHU�PHVVDJHV

² ,I�UHSRUW:HDWKHU���WKHQ�V\VWHP�PRYHV�WR�
VXPPDUL]LQJ VWDWH

² ,I�FDOLEUDWH���WKH�V\VWHP�PRYHV�WR�D�
FDOLEUDWLQJ VWDWH

² $�FROOHFWLQJ VWDWH�LV�HQWHUHG�ZKHQ�D�FORFN�
VLJQDO�LV�UHFHLYHG

2SHUDWLRQ

:HDWKHU�VWDWLRQ�VWDWH�GLDJUDP
&DOLEUDWLQJ&DOLEUDWLQJ

7HVWLQJ7HVWLQJ

7UDQVPLWWLQJ7UDQVPLWWLQJ

:DLWLQJ:DLWLQJ

6XPPDUL]LQJ6XPPDUL]LQJ&ROOHFWLQJ&ROOHFWLQJ

6KXWGRZQ6KXWGRZQ VWDUWXS��

VKXWGRZQ��

FDOLEUDWH��

WHVW��

WUDQVPLVVLRQ
GRQH

UHSRUW:HDWKHU��

FORFN

FROOHFWLRQ
GRQH

:HDWKHU�VXPPDU\
FRPSOHWH

WHVW
FRPSOHWH

&DOLEUDWLRQ
2.

2EMHFW�LQWHUIDFH�VSHFLILFDWLRQ
� 2EMHFW�LQWHUIDFHV�KDYH�WR�EH�VSHFLILHG�
VR�WKDW�WKH�REMHFWV�DQG�RWKHU�
FRPSRQHQWV�FDQ�EH�GHVLJQHG�LQ�SDUDOOHO

� 'HVLJQHUV�VKRXOG�DYRLG�GHVLJQLQJ�WKH�
LQWHUIDFH�UHSUHVHQWDWLRQ�EXW�VKRXOG�KLGH�
WKLV�LQ�WKH�REMHFW�LWVHOI

� 2EMHFWV�PD\�KDYH�VHYHUDO�LQWHUIDFHV�
ZKLFK�DUH�YLHZSRLQWV�RQ�WKH�PHWKRGV�
SURYLGHG

� 7KH�80/�XVHV�FODVV�GLDJUDPV�IRU�
LQWHUIDFH�VSHFLILFDWLRQ�EXW�-DYD�PD\�DOVR�
EH�XVHG

:HDWKHU�VWDWLRQ�LQWHUIDFH
interface WeatherStation {

public void WeatherStation () ;

public void startup () ;
public void startup (Instrument i) ;

public void shutdown () ;
public void shutdown (Instrument i) ;

public void reportWeather ( ) ;

public void test () ;
public void test ( Instrument i ) ;

public void calibrate ( Instrument i) ;

public int getID () ;

} //WeatherStation

'HVLJQ�HYROXWLRQ
� +LGLQJ�LQIRUPDWLRQ�LQVLGH�REMHFWV�PHDQV�
WKDW�FKDQJHV�PDGH�WR�DQ�REMHFW�GR�QRW�
DIIHFW�RWKHU�REMHFWV�LQ�DQ�XQSUHGLFWDEOH�
ZD\

� $VVXPH�SROOXWLRQ�PRQLWRULQJ�IDFLOLWLHV�DUH�
WR�EH�DGGHG�WR�ZHDWKHU�VWDWLRQV��7KHVH�
VDPSOH�WKH�DLU�DQG�FRPSXWH�WKH�DPRXQW�
RI�GLIIHUHQW�SROOXWDQWV�LQ�WKH�DWPRVSKHUH

� 3ROOXWLRQ�UHDGLQJV�DUH�WUDQVPLWWHG�ZLWK�
ZHDWKHU�GDWD
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&KDQJHV�UHTXLUHG
� $GG�DQ�REMHFW�FODVV�FDOOHG�¶$LU�
TXDOLW\·�DV�SDUW�RI�:HDWKHU6WDWLRQ

� $GG�DQ�RSHUDWLRQ�UHSRUW$LU4XDOLW\�
WR�:HDWKHU6WDWLRQ��0RGLI\�WKH�
FRQWURO�VRIWZDUH�WR�FROOHFW�SROOXWLRQ�
UHDGLQJV

� $GG�REMHFWV�UHSUHVHQWLQJ�SROOXWLRQ�
PRQLWRULQJ�LQVWUXPHQWV

3ROOXWLRQ�PRQLWRULQJ
:HDWKHU6WDWLRQ:HDWKHU6WDWLRQ

LGHQWLILHULGHQWLILHU

UHSRUW:HDWKHU��
UHSRUW$LU4XDOLW\��
FDOLEUDWH�LQVWUXPHQWV�
WHVW��
VWDUWXS�LQVWUXPHQWV�
VKXWGRZQ�LQVWUXPHQWV�

UHSRUW:HDWKHU��
UHSRUW$LU4XDOLW\��
FDOLEUDWH�LQVWUXPHQWV�
WHVW��
VWDUWXS�LQVWUXPHQWV�
VKXWGRZQ�LQVWUXPHQWV�

$LU�4XDOLW\$LU�4XDOLW\
12�'DWD
VPRNH'DWD
EHQ]HQH'DWD

12�'DWD
VPRNH'DWD
EHQ]HQH'DWD

FROOHFW��
VXPPDUL]H��
FROOHFW��
VXPPDUL]H��

3ROOXWLRQ�0RQLWRULQJ�,QVWUXPHQWV3ROOXWLRQ�0RQLWRULQJ�,QVWUXPHQWV

%HQ]HQH0HWHU%HQ]HQH0HWHU12�PHWHU12�PHWHU 6PRNH0HWHU6PRNH0HWHU


