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/HFWXUH����2FWREHU���������

'DYLG�1RWNLQ
'HSW��RI�&RPSXWHU�6FLHQFH�	�(QJLQHHULQJ

8QLYHUVLW\�RI�:DVKLQJWRQ
ZZZ�FV�ZDVKLQJWRQ�HGX�HGXFDWLRQ�FRXUVHV�����&XUUHQW4WU�

1RWNLQ��F������������ �

'HVLJQ

� )LUVW�OHFWXUH��WRQLJKW�
² %DVLF�LVVXHV�LQ�GHVLJQ��LQFOXGLQJ�VRPH�KLVWRULFDO
EDFNJURXQG

² :HOO�XQGHUVWRRG�WHFKQLTXHV
� ,QIRUPDWLRQ�KLGLQJ��OD\HULQJ��HYHQW�EDVHG�WHFKQLTXHV

� 6HFRQG�OHFWXUH��QH[W�7XHVGD\�����������
² 0RUH�UHFHQW�LVVXHV�LQ�GHVLJQ

² 3UREOHPV�ZLWK�LQIRUPDWLRQ�KLGLQJ��DQG�ZD\V�WR
RYHUFRPH�WKHP�

² $UFKLWHFWXUH��SDWWHUQV��IUDPHZRUNV

1RWNLQ��F������������ �

2XWOLQH

� %DVLF�FRQFHSWV
� ,QIRUPDWLRQ�KLGLQJ
� /D\HUHG�V\VWHPV
� ,Q�VPDOO�JURXSV

² 'HVLJQ�SUREOHPV�\RX�IDFH

� ,PSOLFLW�LQYRFDWLRQ�GHVLJQ

1RWNLQ��F������������ �

9HU\�+LJK�/HYHO�9LHZ

� 5HTXLUHPHQWV�GHILQH
WKH�FOLHQWV·�YLHZ
² :KDW�WKH�V\VWHP�LV
VXSSRVHG�WR�GR

² )RFXVHV�RQ�H[WHUQDO
EHKDYLRU

� 'HVLJQ�FDSWXUHV�WKH
GHYHORSHUV·�YLHZ
² +RZ�WKH�UHTXLUHPHQWV
DUH�UHDOL]HG

² 'HILQHV�WKH�LQWHUQDO
VWUXFWXUH�RI�WKH�VROXWLRQ

Requirements

Design

Implementation

Correspondence

Correspondence
&RUUHVSRQGHQFH

&RUUHVSRQGHQFH

1RWNLQ��F������������ �

&RPSOH[LW\

� ´6RIWZDUH�HQWLWLHV�DUH�PRUH�FRPSOH[�IRU
WKHLU�VL]H�WKDQ�SHUKDSV�DQ\�RWKHU�KXPDQ
FRQVWUXFW��EHFDXVH�QR�WZR�SDUWV�DUH�DOLNH��DW
OHDVW�DERYH�WKH�VWDWHPHQW�OHYHO����,I�WKH\
DUH��ZH�PDNH�WKH�WZR�VLPLODU�SDUWV�LQWR�RQH«
,Q�WKLV�UHVSHFW�VRIWZDUH�V\VWHPV�GLIIHU
SURIRXQGO\�IURP�FRPSXWHUV��EXLOGLQJV��RU
DXWRPRELOHV��ZKHUH�UHSHDWHG�HOHPHQWV
DERXQG�µ�³%URRNV������

1RWNLQ��F������������ �

&RQWLQXRXV�	�LWHUDWLYH

� +LJK�OHYHO��´DUFKLWHFWXUDOµ��GHVLJQ
² :KDW�SLHFHV"

² +RZ�FRQQHFWHG"

� /RZ�OHYHO�GHVLJQ
² 6KRXOG�,�XVH�D�KDVK�WDEOH�RU�ELQDU\�VHDUFK�WUHH"

� 9HU\�ORZ�OHYHO�GHVLJQ
² 9DULDEOH�QDPLQJ��VSHFLILF�FRQWURO�FRQVWUXFWV��HWF�

² $ERXW������GHVLJQ�GHFLVLRQV�DW�YDULRXV�OHYHOV�DUH
PDGH�LQ�SURGXFLQJ�D�VLQJOH�SDJH�RI�FRGH



1RWNLQ��F������������ �

0XOWLSOH�GHVLJQ�FKRLFHV

� 7KHUH�DUH�PXOWLSOH��SHUKDSV�XQERXQGHG�
GHVLJQV�WKDW�VDWLVI\��DW�OHDVW�WKH�IXQFWLRQDO�
DVSHFWV�RI�D�JLYHQ�VHW�RI�UHTXLUHPHQWV

� +RZ�GRHV�RQH�FKRRVH�DPRQJ�WKHVH
DOWHUQDWLYHV"
² +RZ�GRHV�RQH�HYHQ�LGHQWLI\�WKH�DOWHUQDWLYHV"

² +RZ�GRHV�RQH�UHMHFW�PRVW�EDG�FKRLFHV�TXLFNO\"

² :KDW�FULWHULD�GLVWLQJXLVK�JRRG�FKRLFHV�IURP�EDG
FKRLFHV"

1RWNLQ��F������������ �

:KDW�FULWHULD"

� ,Q�JHQHUDO��WKHUH�DUH�WKUHH�KLJK�OHYHO
DQVZHUV�WR�WKLV�TXHVWLRQ
² 7KH\�DUH�YHU\�GLIILFXOW�WR�DQVZHU�SUHFLVHO\

�6DWLVI\LQJ�IXQFWLRQDO�DQG�SHUIRUPDQFH
UHTXLUHPHQWV
² �0D\EH�WKLV�LV�WRR�REYLRXV�WR�LQFOXGH

�0DQDJLQJ�FRPSOH[LW\
�$FFRPPRGDWLQJ�IXWXUH�FKDQJH

1RWNLQ��F������������ �

���0DQDJLQJ�FRPSOH[LW\

� ´7KH�WHFKQLTXH�RI�PDVWHULQJ�FRPSOH[LW\�KDV�EHHQ
NQRZQ�VLQFH�DQFLHQW�WLPHV��'LYLGH�HW�LPSHUD��'LYLGH
DQG�5XOH��µ��³'LMNVWUD������

� ´«DV�VRRQ�DV�WKH�SURJUDPPHU�RQO\�QHHGV�WR
FRQVLGHU�LQWHOOHFWXDOO\�PDQDJHDEOH�SURJUDPV��WKH
DOWHUQDWLYHV�KH�LV�FKRRVLQJ�IURP�DUH�PXFK��PXFK
HDVLHU�WR�FRSH�ZLWK�µ�³'LMNVWUD������

� 7KH�FRPSOH[LW\�RI�WKH�VRIWZDUH�V\VWHPV�ZH�DUH
DVNHG�WR�GHYHORS�LV�LQFUHDVLQJ��\HW�WKHUH�DUH�EDVLF
OLPLWV�XSRQ�RXU�DELOLW\�WR�FRSH�ZLWK�WKLV�FRPSOH[LW\�
+RZ�WKHQ�GR�ZH�UHVROYH�WKLV�SUHGLFDPHQW"µ�³%RRFK�
����

1RWNLQ��F������������ ��

'LYLGH�DQG�FRQTXHU

� :H�KDYH�WR�GHFRPSRVH�ODUJH�V\VWHPV�WR�EH
DEOH�WR�EXLOG�WKHP
² 7KH�´PRGHUQµ�SUREOHP�RI�FRPSRVLQJ�V\VWHPV
IURP�SLHFHV�LV�HTXDOO\�RU�PRUH�LPSRUWDQW

² $QG�FORVHO\�UHODWHG�WR�GHFRPSRVLWLRQ�LQ�PDQ\
ZD\V

� )RU�VRIWZDUH��GHFRPSRVLWLRQ�WHFKQLTXHV�DUH
GLVWLQFW�IURP�WKRVH�XVHG�LQ�SK\VLFDO�V\VWHPV
² )HZHU�FRQVWUDLQWV�DUH�LPSRVHG�E\�WKH�PDWHULDO

1RWNLQ��F������������ ��

&RPSRVLWLRQ

� ´'LYLGH�DQG�FRQTXHU���6HSDUDWH�\RXU�FRQFHUQV���<HV�
%XW�VRPHWLPHV�WKH�FRQTXHUHG�WULEHV�PXVW�EH
UHXQLWHG�XQGHU�WKH�FRQTXHULQJ�UXOHU��DQG�WKH
VHSDUDWHG�FRQFHUQV�PXVW�EH�FRPELQHG�WR�VHUYH�D
VLQJOH�SXUSRVH�µ��³-DFNVRQ������

� -DFNVRQ�VXJJHVWV�WKDW�PDQ\�DSSURDFKHV�WR
GHFRPSRVLWLRQ�QHJOHFW�WR�DGGUHVV�FRPSRVLWLRQ
² +H�WKLQNV�LW�VKRXOG�EH�WKRXJKW�RI�OLNH�IRXU�FRORU�SULQWLQJ
DIWHU�FRORU�VHSDUDWLRQ�LV�GRQH

� &RPSRVLWLRQ�LQ�SURJUDPV�LV�QRW�DV�HDV\�DV
FRQMXQFWLRQ�LQ�ORJLF

1RWNLQ��F������������ ��

%HQHILWV�RI�GHFRPSRVLWLRQ

� 'HFUHDVH�VL]H�RI�WDVNV

� 6XSSRUW�LQGHSHQGHQW
WHVWLQJ�DQG�DQDO\VLV

� 6HSDUDWH�ZRUN
DVVLJQPHQWV

� (DVH�XQGHUVWDQGLQJ

� &DQ�VLJQLILFDQWO\�UHGXFH
SDWKV�WR�FRQVLGHU�E\
LQWURGXFLQJ�RQH�LQWHUIDFH



1RWNLQ��F������������ ��

:KLFK�GHFRPSRVLWLRQ"

� +RZ�GR�ZH�VHOHFW�D�GHFRPSRVLWLRQ"
² :H�GHWHUPLQH�WKH�GHVLUHG�FULWHULD

² :H�VHOHFW�D�GHFRPSRVLWLRQ��GHVLJQ��WKDW�ZLOO
DFKLHYH�WKRVH�FULWHULD

� ,Q�WKHRU\��WKDW�LV��LQ�SUDFWLFH��LW·V�KDUG�WR
² 'HWHUPLQH�WKH�GHVLUHG�FULWHULD�ZLWK�SUHFLVLRQ

² 7UDGHRII�DPRQJ�YDULRXV�FRQIOLFWLQJ�FULWHULD

² )LJXUH�RXW�LI�D�GHVLJQ�VDWLVILHV�JLYHQ�FULWHULD

² )LQG�D�EHWWHU�RQH�WKDW�VDWLVILHV�PRUH�FULWHULD

1RWNLQ��F������������ ��

6WUXFWXUH

� 7KH�IRFXV�RI�PRVW�GHVLJQ�DSSURDFKHV�LV
VWUXFWXUH

� :KDW�DUH�WKH�FRPSRQHQWV�DQG�KRZ�DUH�WKH\
SXW�WRJHWKHU"

� %HKDYLRU�LV�LPSRUWDQW��EXW�ODUJHO\�LQGLUHFWO\
�6DWLVI\LQJ�IXQFWLRQDO�DQG�SHUIRUPDQFH
UHTXLUHPHQWV

1RWNLQ��F������������ ��

6R�ZKDW�KDSSHQV"

� 3HRSOH�RIWHQ�EX\�LQWR�D�SDUWLFXODU�DSSURDFK
RU�PHWKRGRORJ\
² ([��VWUXFWXUHG�DQDO\VLV�DQG�GHVLJQ��REMHFW�RULHQWHG
GHVLJQ��-6'��+DWOH\�3LUEDL��HWF�

� ´%HZDUH�D�PHWKRGRORJLVW�ZKR�LV�PRUH
LQWHUHVWHG�LQ�KLV�PHWKRGRORJ\�WKDQ�LQ�\RXU
SUREOHP�µ��³-DFNVRQ

1RWNLQ��F������������ ��

&RQFHSWXDO�LQWHJULW\

� %URRNV�DQG�RWKHUV�DVVHUW�WKDW�FRQFHSWXDO
LQWHJULW\�LV�D�FULWLFDO�FULWHULRQ�LQ�GHVLJQ
² ´,W�LV�EHWWHU�WR�KDYH�D�V\VWHP�RPLW�FHUWDLQ
DQRPDORXV�IHDWXUHV�DQG�LPSURYHPHQWV��EXW�WR
UHIOHFW�RQH�VHW�RI�GHVLJQ�LGHDV��WKDQ�WR�KDYH�RQH
WKDW�FRQWDLQV�PDQ\�JRRG�EXW�LQGHSHQGHQW�DQG
XQFRRUGLQDWHG�LGHDV�µ�³%URRNV��000

� 6XFK�D�GHVLJQ�RIWHQ�PDNHV�LW�IDU�HDVLHU�WR�GHFLGH
ZKDW�LV�HDV\�DQG�UHDVRQDEOH�WR�GR�DV�RSSRVHG�WR
ZKDW�LV�KDUG�DQG�OHVV�UHDVRQDEOH�WR�GR

1RWNLQ��F������������ ��

���$FFRPPRGDWLQJ�FKDQJH

� ´«DFFHSW�WKH�IDFW�RI�FKDQJH�DV�D�ZD\�RI�OLIH�
UDWKHU�WKDQ�DQ�XQWRZDUG�DQG�DQQR\LQJ
H[FHSWLRQ�µ�³%URRNV������

� 6RIWZDUH�WKDW�GRHV�QRW�FKDQJH�EHFRPHV
XVHOHVV�RYHU�WLPH��³%HODG\�DQG�/HKPDQ

� ,QWHUQHW�WLPH�PDNHV�WKH�QHHG�WR
DFFRPPRGDWH�FKDQJH�HYHQ�PRUH�DSSDUHQW

1RWNLQ��F������������ ��

$QWLFLSDWLQJ�FKDQJH

� ,W�LV�JHQHUDOO\�EHOLHYHG�WKDW�WR�DFFRPPRGDWH
FKDQJH�RQH�PXVW�DQWLFLSDWH�SRVVLEOH�FKDQJHV

� %\�DQWLFLSDWLQJ��DQG�SHUKDSV�SULRULWL]LQJ�
FKDQJHV��RQH�GHILQHV�DGGLWLRQDO�FULWHULD�IRU
JXLGLQJ�WKH�GHVLJQ�DFWLYLW\

� ,W�LV�QRW�SRVVLEOH�WR�DQWLFLSDWH�DOO�FKDQJHV



1RWNLQ��F������������ ��

5DWLRQDOLVP�YV��HPSLULFLVP

��%URRNV·������WDON
´7KH�'HVLJQ�RI�'HVLJQµ

� UDWLRQDOLVP����WKH�GRFWULQH�WKDW�NQRZOHGJH�LV
DFTXLUHG�E\�UHDVRQ�ZLWKRXW�UHVRUW�WR
H[SHULHQFH�>:RUG1HW@

� HPSLULFLVP����WKH�GRFWULQH�WKDW�NQRZOHGJH
GHULYHV�IURP�H[SHULHQFH�>:RUG1HW@

1RWNLQ��F������������ ��

([DPSOHV

� /LIH
² $ULVWRWOH�YV��*DOLOHR

² )UDQFH�YV��%ULWDLQ

² 'HVFDUWHV�YV��+XPH

² 5RPDQ�ODZ�YV��$QJOR�
6D[RQ�ODZ

� 6RIWZDUH��:HJQHU�

² 3URORJ�YV��/LVS

² $OJRO�YV��3DVFDO

² 'LMNVWUD�YV��.QXWK

² 3URYLQJ�SURJUDPV�YV�
WHVWLQJ�SURJUDPV

1RWNLQ��F������������ ��

%URRNV·�YLHZ

� %URRNV�VD\V�KH�LV�D�´WKRURXJKJRLQJ��GLHG�LQ�
WKH�ZRRO�HPSLULFLVW�

� ´2XU�GHVLJQV�DUH�VR�FRPSOH[�WKHUH�LV�QR�KRSH
RI�JHWWLQJ�WKHP�ULJKW�ILUVW�WLPH�E\�SXUH
WKRXJKW���7R�H[SHFW�WR�LV�DUURJDQW�

� ´6R��ZH�PXVW�DGRSW�GHVLJQ�EXLOG�SURFHVVHV
WKDW�LQFRUSRUDWH�HYROXWLRQDU\�JURZWK�«
² ´,WHUDWLRQ��DQG�UHVWDUW�LI�QHFHVVDU\

² ´(DUO\�SURWRW\SLQJ�DQG�WHVWLQJ�ZLWK�UHDO�XVHUVµ

1RWNLQ��F������������ ��

3URSHUWLHV�RI�GHVLJQ

� &RKHVLRQ
� &RXSOLQJ
� &RPSOH[LW\
� &RUUHFWQHVV
� &RUUHVSRQGHQFH

� 0DNHV�GHVLJQV�´EHWWHUµ��RQH�SUHVXPHV
� :RUWK�SD\LQJ�DWWHQWLRQ�WR

1RWNLQ��F������������ ��

&RKHVLRQ

� 7KH�UHDVRQ�WKDW�HOHPHQWV�DUH�IRXQG
WRJHWKHU�LQ�D�PRGXOH
² ([��FRLQFLGHQWDO��WHPSRUDO��IXQFWLRQDO��«

� 7KH�GHWDLOV�DUHQ·W�FULWLFDO��EXW�WKH�LQWHQW�LV
XVHIXO

� 'XULQJ�PDLQWHQDQFH��RQH�RI�WKH�PDMRU
VWUXFWXUDO�GHJUDGDWLRQV�LV�LQ�FRKHVLRQ
² 1HHG�IRU�´ORJLFDO�UHPRGXODUL]DWLRQµ

1RWNLQ��F������������ ��

&RXSOLQJ
� 6WUHQJWK�RI�LQWHUFRQQHFWLRQ�EHWZHHQ
PRGXOHV

� +LHUDUFKLHV�DUH�WRXWHG�DV�D�ZRQGHUIXO
FRXSOLQJ�VWUXFWXUH��OLPLWLQJ�LQWHUFRQQHFWLRQV
² %XW�GRQ·W�IRUJHW�DERXW�FRPSRVLWLRQ��ZKLFK
UHTXLUHV�VRPH�NLQG�RI�FRXSOLQJ

� &RXSOLQJ�DOVR�GHJUDGHV�RYHU�WLPH
² ´,�MXVW�QHHG�RQH�IXQFWLRQ�IURP�WKDW�PRGXOH«µ

² /RZ�FRXSOLQJ�YV��QR�FRXSOLQJ



1RWNLQ��F������������ ��

8QQHFHVVDU\�FRXSOLQJ�KXUWV

� 3URSDJDWHV�HIIHFWV�RI�FKDQJHV�PRUH�ZLGHO\
� +DUGHU�WR�XQGHUVWDQG�LQWHUIDFHV
�LQWHUDFWLRQV�

� +DUGHU�WR�XQGHUVWDQG�WKH�GHVLJQ
� &RPSOLFDWHV�PDQDJHULDO�WDVNV
� &RPSOLFDWHV�RU�SUHFOXGHV�UHXVH

1RWNLQ��F������������ ��

,W·V�HDV\�WR���

� ���UHGXFH�FRXSOLQJ�E\�FDOOLQJ�D�V\VWHP�D�VLQJOH
PRGXOH

� «LQFUHDVH�FRKHVLRQ�E\�FDOOLQJ�D�V\VWHP�D
VLQJOH�PRGXOH

⇒1R�VDWLVIDFWRU\�PHDVXUH�RI�FRXSOLQJ
² (LWKHU�DFURVV�PRGXOHV�RU�DFURVV�D�V\VWHP

1RWNLQ��F������������ ��

&RPSOH[LW\

� :HOO��\HDK��VLPSOHU�GHVLJQV�DUH�EHWWHU��DOO
HOVH�EHLQJ�HTXDO

� %XW��DJDLQ��QR�XVHIXO�PHDVXUHV�RI
GHVLJQ�SURJUDP�FRPSOH[LW\�H[LVW
² $OWKRXJK�WKHUH�DUH�GR]HQV�RI�VXFK�PHDVXUHV

² 0\�XQGHUVWDQGLQJ�LV�WKDW��WR�WKH�ILUVW�RUGHU�
PRVW�RI�WKHVH�PHDVXUHV�DUH�OLQHDUO\�UHODWHG�WR
´OLQHV�RI�FRGHµ

1RWNLQ��F������������ ��

&RUUHFWQHVV

� :HOO��\HDK
� (YHQ�LI�\RX�´SURYHµ�PRGXOHV�DUH�FRUUHFW�
FRPSRVLQJ�WKH�PRGXOHV·�EHKDYLRUV�WR
GHWHUPLQH�WKH�V\VWHP·V�EHKDYLRU�LV�KDUG

� $QG�WKRVH�RI�\RX�WDNLQJ�/HYHVRQ·V�VDIHW\
FODVV�NQRZ�DOUHDG\�WKDW�D�V\VWHP�FDQ�IDLO
HYHQ�ZKHQ�HDFK�RI�WKH�SLHFHV�ZRUN�SURSHUO\
² 0DQ\�V\VWHPV�KDYH�´HPHUJHQWµ�SURSHUWLHV

1RWNLQ��F������������ ��

&RUUHVSRQGHQFH

� ´3UREOHP�SURJUDP
PDSSLQJµ

� 7KH�ZD\�LQ�ZKLFK�WKH
GHVLJQ�LV�DVVRFLDWHG
ZLWK�WKH�UHTXLUHPHQWV

� 7KH�LGHD�LV�WKDW�WKH
VLPSOHU�WKH�PDSSLQJ�
WKH�HDVLHU�LW�ZLOO�EH�WR
DFFRPPRGDWH�FKDQJH�LQ
WKH�GHVLJQ�ZKHQ�WKH
UHTXLUHPHQWV�FKDQJH

Requirements

Design

Implementation

1RWNLQ��F������������ ��

)XQFWLRQDO�GHFRPSRVLWLRQ

� 'LYLGH�DQG�FRQTXHU�EDVHG�RQ�IXQFWLRQV
input;

compute;

output

� 7KHQ�SURFHHG�WR�GHFRPSRVH�compute

� 7KLV�LV�VWHSZLVH�UHILQHPHQW��:LUWK�������

� 7KHUH�LV�DQ�HQRUPRXV�ERG\�RI�ZRUN�LQ�WKLV�DUHD�
LQFOXGLQJ�PDQ\�IRUPDO�FDOFXOL�WR�VXSSRUW�WKH
DSSURDFK

� 0RUH�HIIHFWLYH�LQ�WKH�IDFH�RI�VWDEOH�UHTXLUHPHQWV



1RWNLQ��F������������ ��

4XHVWLRQ

� 7R�ZKDW�GHJUHH�GR�\RX�FRQVLGHU�\RXU
V\VWHPV
² DV�KDYLQJ�PRGXOHV"

² DV�FRQVLVWLQJ�RI�D�VHW�RI�ILOHV"

1RWNLQ��F������������ ��

3K\VLFDO�VWUXFWXUH

� $OPRVW�DOO�WKH�OLWHUDWXUH�IRFXVHV�RQ�ORJLFDO
VWUXFWXUHV�LQ�GHVLJQ

� %XW�SK\VLFDO�VWUXFWXUH�SOD\V�D�ELJ�UROH�LQ
SUDFWLFH
² 6KDULQJ

² 6HSDUDWLQJ�ZRUN�DVVLJQPHQWV

² 'HJUDGDWLRQ�RYHU�WLPH

� :K\�VR�OLWWOH�DWWHQWLRQ�SDLG�WR�WKLV"

1RWNLQ��F������������ ��

,QIRUPDWLRQ�KLGLQJ
� ,QIRUPDWLRQ�KLGLQJ�>3DUQDV�����@�LV�SHUKDSV�WKH
PRVW�LPSRUWDQW�LQWHOOHFWXDO�WRRO�GHYHORSHG�WR
VXSSRUW�VRIWZDUH�GHVLJQ
² 0DNHV�WKH�DQWLFLSDWLRQ�RI�FKDQJH�D�FHQWHUSLHFH
LQ�GHFRPSRVLWLRQ�LQWR�PRGXOHV

� 3URYLGHV�WKH�IXQGDPHQWDO�PRWLYDWLRQ�IRU
DEVWUDFW�GDWD�W\SH��$'7��ODQJXDJHV
² $QG�WKXV�D�NH\�LGHD�LQ�WKH�22�ZRUOG��WRR

� 7KH�FRQFHSWXDO�EDVLV�LV�NH\

1RWNLQ��F������������ ��

%DVLFV�RI�LQIRUPDWLRQ�KLGLQJ

� 0RGXODUL]H�EDVHG�RQ�DQWLFLSDWHG�FKDQJH
² )XQGDPHQWDOO\�GLIIHUHQW�IURP�%URRNV·�DSSURDFK
LQ�26������VHH�ROG�DQG�QHZ�000�

� 6HSDUDWH�LQWHUIDFHV�IURP�LPSOHPHQWDWLRQV
² ,PSOHPHQWDWLRQV�FDSWXUH�GHFLVLRQV�OLNHO\�WR
FKDQJH

² ,QWHUIDFHV�FDSWXUH�GHFLVLRQV�XQOLNHO\�WR�FKDQJH

² &OLHQWV�NQRZ�RQO\�LQWHUIDFH��QRW�LPSOHPHQWDWLRQ

² ,PSOHPHQWDWLRQV�NQRZ�RQO\�LQWHUIDFH��QRW�FOLHQWV

� 0RGXOHV�DUH�DOVR�ZRUN�DVVLJQPHQWV

1RWNLQ��F������������ ��

$QWLFLSDWHG�FKDQJHV

� 7KH�PRVW�FRPPRQ�DQWLFLSDWHG�FKDQJH�LV
´FKDQJH�RI�UHSUHVHQWDWLRQµ
² $QWLFLSDWLQJ�FKDQJLQJ�WKH�UHSUHVHQWDWLRQ�RI�GDWD
DQG�DVVRFLDWHG�IXQFWLRQV��RU�MXVW�IXQFWLRQV�

² $JDLQ��D�NH\�QRWLRQ�EHKLQG�DEVWUDFW�GDWD�W\SHV

� ([�
² &DUWHVLDQ�YV��SRODU�FRRUGLQDWHV��VWDFNV�DV�OLQNHG
OLVWV�YV��DUUD\V��SDFNHG�YV��XQSDFNHG�VWULQJV

1RWNLQ��F������������ ��

&ODLP

� :H�OHVV�IUHTXHQWO\�FKDQJH�UHSUHVHQWDWLRQV
WKDQ�ZH�XVHG�WR
² :H�KDYH�VLJQLILFDQWO\�PRUH�NQRZOHGJH�DERXW�GDWD
VWUXFWXUH�GHVLJQ�WKDQ�ZH�GLG����\HDUV�DJR

² 0HPRU\�LV�OHVV�RIWHQ�D�SUREOHP�WKDQ�LW�ZDV
SUHYLRXVO\��VLQFH�LW·V�PXFK�OHVV�H[SHQVLYH

� 7KHUHIRUH��ZH�VKRXOG�WKLQN�WZLFH�DERXW
DQWLFLSDWLQJ�WKDW�UHSUHVHQWDWLRQV�ZLOO�FKDQJH
² 7KLV�LV�LPSRUWDQW��VLQFH�ZH�FDQ·W�VLPXOWDQHRXVO\
DQWLFLSDWH�DOO�FKDQJHV



1RWNLQ��F������������ ��

2WKHU�DQWLFLSDWHG�FKDQJHV"

� ,QIRUPDWLRQ�KLGLQJ�LVQ·W�RQO\�$'7V
� $OJRULWKPLF�FKDQJHV

² �7KHVH�DUH�DOPRVW�DOZD\V�SDUW�DQG�SDUFHO�RI
$'7�EDVHG�GHFRPSRVLWLRQV�

² 0RQROLWKLF�WR�LQFUHPHQWDO�DOJRULWKPV

² ,PSURYHPHQWV�LQ�DOJRULWKPV

� 5HSODFHPHQW�RI�KDUGZDUH�VHQVRUV
² ([��EHWWHU�DOWLWXGH�VHQVRUV

� 0RUH"
1RWNLQ��F������������ ��

&HQWUDO�SUHPLVH�,

� :H�FDQ�HIIHFWLYHO\�DQWLFLSDWH�FKDQJHV
² 8QDQWLFLSDWHG�FKDQJHV�UHTXLUH�FKDQJHV�WR
LQWHUIDFHV�RU��PRUH�FRPPRQO\��VLPXOWDQHRXV
FKDQJHV�WR�PXOWLSOH�PRGXOHV

� +RZ�DFFXUDWH�LV�WKLV�SUHPLVH"
² :H�KDYH�QR�LGHD

² 7KHUH�LV�HVVHQWLDOO\�QR�UHVHDUFK�DERXW�ZKHWKHU
DQWLFLSDWHG�FKDQJHV�KDSSHQ

² 1RU�RQ�KRZ�WR�EHWWHU�DQWLFLSDWH�FKDQJHV

1RWNLQ��F������������ ��

7KH�$���3URMHFW

� ,Q�WKH�ODWH�����·V��3DUQDV�OHG�D�SURMHFW�WR
UHGHVLJQ�WKH�VRIWZDUH�IRU�WKH�$���IOLJKW
SURJUDP
² 2QH�NH\�DVSHFW�ZDV�WKH�XVH�RI�LQIRUPDWLRQ�KLGLQJ

� 7KH�SURMHFW�KDG�VXFFHVVHV��LQFOXGLQJ�D�PXFK
LPSURYHG�VSHFLILFDWLRQ�RI�WKH�V\VWHP�DQG�WKH
GHILQLWLRQ�RI�WKH�6&5�UHTXLUHPHQWV�ODQJXDJH

� %XW�QR�GDWD�DERXW�DFWXDO�FKDQJHV�ZDV
JDWKHUHG

1RWNLQ��F������������ ��

&HQWUDO�SUHPLVH�,,
� &KDQJLQJ�DQ�LPSOHPHQWDWLRQ�LV�WKH�EHVW
FKDQJH��VLQFH�LW·V�LVRODWHG

� 7KLV�PD\�QRW�DOZD\V�EH�WUXH
² &KDQJLQJ�D�ORFDO�LPSOHPHQWDWLRQ�PD\�QRW�EH�HDV\

² 6RPH�JOREDO�FKDQJHV�DUH�VWUDLJKWIRUZDUG
� 0HFKDQLFDOO\�RU�V\VWHPDWLFDOO\

² 9DQ+LOVW�DQG�1RWNLQ�KDYH�DQ�DOWHUQDWLYH
� 8VLQJ�SDUDPHWHUL]HG�FODVVHV�ZLWK�D�GHIHUUHG
VXSHUW\SH�>,627$6��)6(��2236/$@

² *ULVZROG·G�QHZ�ZRUN�RQ�LQIRUPDWLRQ�WUDQVSDUHQF\

1RWNLQ��F������������ ��

&HQWUDO�SUHPLVH�,,,

� 7KH�VHPDQWLFV�RI�WKH�PRGXOH�PXVW�UHPDLQ
XQFKDQJHG�ZKHQ�LPSOHPHQWDWLRQV�DUH
UHSODFHG
² 6SHFLILFDOO\��WKH�FOLHQW�VKRXOG�QRW�FDUH�KRZ�WKH
LQWHUIDFH�LV�LPSOHPHQWHG�E\�WKH�PRGXOH

� %XW�ZKDW�FDSWXUHV�WKH�VHPDQWLFV�RI�WKH
PRGXOH"
² 7KH�VLJQDWXUH�RI�WKH�LQWHUIDFH"��3HUIRUPDQFH"
:KDW�HOVH"

1RWNLQ��F������������ ��

&HQWUDO�SUHPLVH�,9

� 2QH�LPSOHPHQWDWLRQ�FDQ�VDWLVI\�PXOWLSOH
FOLHQWV
² 'LIIHUHQW�FOLHQWV�RI�WKH�VDPH�LQWHUIDFH�WKDW
QHHG�GLIIHUHQW�LPSOHPHQWDWLRQV�ZRXOG�EH�FRXQWHU
WR�WKH�SULQFLSOH�RI�LQIRUPDWLRQ�KLGLQJ
� &OLHQWV�VKRXOG�QRW�FDUH�DERXW�LPSOHPHQWDWLRQV��DV�ORQJ
DV�WKH\�VDWLVI\�WKH�LQWHUIDFH

² .LF]DOHV·�ZRUN�RQ�RSHQ�LPSOHPHQWDWLRQV



1RWNLQ��F������������ ��

&HQWUDO�SUHPLVH�9

� ,W�LV�LPSOLHG�WKDW�LQIRUPDWLRQ�KLGLQJ�FDQ�EH
UHFXUVLYHO\�DSSOLHG

� ,V�WKLV�WUXH"
� ,I�QRW��ZKDW�DUH�WKH�FRQVHTXHQFHV"

1RWNLQ��F������������ ��

,QIRUPDWLRQ�KLGLQJ�UHSULVH

� ,W·V�SUREDEO\�WKH�PRVW�LPSRUWDQW�GHVLJQ
WHFKQLTXH�ZH�NQRZ

� $QG�LW·V�EURDGO\�XVHIXO
� ,W�UDLVHG�FRQVFLRXVQHVV�DERXW�FKDQJH
� %XW�RQH�QHHGV�WR�HYDOXDWH�WKH�SUHPLVHV�LQ
VSHFLILF�VLWXDWLRQV�WR�GHWHUPLQH�WKH�DFWXDO
EHQHILWV��ZHOO��WKH�DFWXDO�SRWHQWLDO�EHQHILWV�

1RWNLQ��F������������ ��

,QIRUPDWLRQ�+LGLQJ�DQG�22

� $UH�WKHVH�WKH�VDPH"�1RW�UHDOO\
² 22�FODVVHV�DUH�FKRVHQ�EDVHG�RQ�WKH�GRPDLQ�RI
WKH�SUREOHP��LQ�PRVW�22�DQDO\VLV�DSSURDFKHV�

² 1RW�QHFHVVDULO\�EDVHG�RQ�FKDQJH

� %XW�WKH\�DUH�REYLRXVO\�UHODWHG��VHSDUDWLQJ
LQWHUIDFH�IURP�LPSOHPHQWDWLRQ��H�J��

� :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�VXE��DQG
VXSHU�FODVVHV"

1RWNLQ��F������������ ��

/D\HULQJ�>3DUQDV���@

� $�IRFXV�RQ�LQIRUPDWLRQ�KLGLQJ�PRGXOHV�LVQ·W
HQRXJK

� 2QH�PD\�DOVR�FRQVLGHU�DEVWUDFW�PDFKLQHV
² ,Q�VXSSRUW�RI�SURJUDP�IDPLOLHV

� 6\VWHPV�WKDW�KDYH�´VR�PXFK�LQ�FRPPRQ�WKDW�LW�SD\V�WR
VWXG\�WKHLU�FRPPRQ�DVSHFWV�EHIRUH�ORRNLQJ�DW�WKH
DVSHFWV�WKDW�GLIIHUHQWLDWH�WKHPµ

� 6WLOO�IRFXVLQJ�RQ�DQWLFLSDWHG�FKDQJH

1RWNLQ��F������������ ��

7KH�uses�UHODWLRQ

� $�SURJUDP�A�XVHV�D�SURJUDP�B�LI�WKH
FRUUHFWQHVV�RI�A�GHSHQGV�RQ�WKH�SUHVHQFH�RI
D�FRUUHFW�YHUVLRQ�RI�B

� 5HTXLUHV�VSHFLILFDWLRQ�DQG�LPSOHPHQWDWLRQ�RI
A�DQG�WKH�VSHFLILFDWLRQ�RI�B

� $JDLQ��ZKDW�LV�WKH�´VSHFLILFDWLRQµ"��7KH
LQWHUIDFH"��,PSOLHG�RU�LQIRUPDO�VHPDQWLFV"
² &DQ�uses�EH�PHFKDQLFDOO\�FRPSXWHG"

1RWNLQ��F������������ ��

uses�YV��invokes

� 7KHVH�UHODWLRQV�RIWHQ�EXW�GR�QRW�DOZD\V�FRLQFLGH

� ,QYRFDWLRQ�ZLWKRXW�XVH��QDPH�VHUYLFH�ZLWK�FDFKHG
KLQWV

� 8VH�ZLWKRXW�LQYRFDWLRQ��H[DPSOHV"

ipAddr := cache(hostName);

if not(ping(ipAddr))

ipAddr := lookup(hostName)

endif



1RWNLQ��F������������ ��

3DUQDV·�REVHUYDWLRQ

� $�QRQ�KLHUDUFKLFDO�XVHV�UHODWLRQ�PDNHV�LW
GLIILFXOW�WR�SURGXFH�XVHIXO�VXEVHWV�RI�D
V\VWHP
² ,W�DOVR�PDNHV�WHVWLQJ�GLIILFXOW

² �:KDW�DERXW�XSFDOOV"�

� 6R��LW�LV�LPSRUWDQW�WR�GHVLJQ�WKH�uses
UHODWLRQ

1RWNLQ��F������������ ��

&ULWHULD�IRU�uses(A,B)

• A �LV�HVVHQWLDOO\�VLPSOHU�EHFDXVH�LW�XVHV�B
• B �LV�QRW�VXEVWDQWLDOO\�PRUH�FRPSOH[�EHFDXVH
LW�GRHV�QRW�XVH�A

� 7KHUH�LV�D�XVHIXO�VXEVHW�FRQWDLQLQJ�B�EXW�QRW
A

� 7KHUH�LV�QR�XVHIXO�VXEVHW�FRQWDLQLQJ�A�EXW
QRW�B

1RWNLQ��F������������ ��

/D\HULQJ�LQ�7+(

� 2.��WKRVH�RI�\RX�ZKR�WRRN�26
� +RZ�ZDV�OD\HULQJ�XVHG��DQG�KRZ�GRHV�LW
UHODWH�WR�WKLV�ZRUN"

� �)RU�WKLQNLQJ�DERXW�RII�OLQH��RU�IRU�HPDLO
GLVFXVVLRQ�

1RWNLQ��F������������ ��

0RGXOHV�DQG�OD\HUV�LQWHUDFW"

� ,QIRUPDWLRQ
KLGLQJ
PRGXOHV�DQG
OD\HUV�DUH
GLVWLQFW
FRQFHSWV

� +RZ�DQG
ZKHUH�GR
WKH\�RYHUODS
LQ�D�V\VWHP"

Process ADT

Segment ADT

Process
Creation

Segment Mgmt.

Process Mgmt.

Segment Creation

1RWNLQ��F������������ ��

/DQJXDJH�VXSSRUW

� :H�KDYH�ORWV�RI�ODQJXDJH�VXSSRUW�IRU
LQIRUPDWLRQ�KLGLQJ�PRGXOHV
² &���FODVVHV��$GD�SDFNDJHV��HWF�

� :H�KDYH�HVVHQWLDOO\�QR�ODQJXDJH�VXSSRUW�IRU
OD\HULQJ
² 2SHUDWLQJ�V\VWHPV�SURYLGH�VXSSRUW��SULPDULO\�IRU
UHDVRQV�RI�SURWHFWLRQ��QRW�DEVWUDFWLRQ

² %LJ�SHUIRUPDQFH�FRVW�WR�SD\�IRU�´MXVWµ
DEVWUDFWLRQ

1RWNLQ��F������������ ��

,PSOLFLW�LQYRFDWLRQ
� &RPSRQHQWV�DQQRXQFH

HYHQWV�WKDW�RWKHU
FRPSRQHQWV�FDQ�FKRRVH
WR�UHVSRQG�WR
² �5RXJKO\��HYHQW�EDVHG

SURJUDPPLQJ�

² ,Q�LPSOLFLW�LQYRFDWLRQ�
WKH�invokes�UHODWLRQ�LV
WKH�LQYHUVH�RI�WKH
names�UHODWLRQ

² ,QYRFDWLRQ�GRHV�QRW
UHTXLUH�DELOLW\�WR�QDPH

A

C

BInvokes on Event

Registers with

Registers with



1RWNLQ��F������������ ��

,,�PHFKDQLVPV

� )LHOG�>5HLVV@��'(&�)86(��+3�6RIWEHQFK��HWF�
² &RPSRQHQWV�DQQRXQFH�HYHQWV�DV�$6&,,�PHVVDJHV

² &RPSRQHQWV�UHJLVWHU�LQWHUHVW�XVLQJ�UHJXODU
H[SUHVVLRQV

² &HQWUDOL]HG�PXOWLFDVW�PHVVDJH�VHUYHU

� 6PDOOWDON·V�0RGHO�9LHZ�&RQWUROOHU
² 5HJLVWHULQJ�ZLWK�REMHFWV

² 6HSDUDWLQJ�8,�YLHZV�IURP�LQWHUQDO�PRGHOV

² 0D\�UHTXHVW�SHUPLVVLRQ�WR�FKDQJH

� 2WKHUV"��&20��&25%$"�
1RWNLQ��F������������ ��

1RW�MXVW�LQGLUHFWLRQ
� 7KHUH�LV�RIWHQ�FRQIXVLRQ�EHWZHHQ�LPSOLFLW
LQYRFDWLRQ�DQG�LQGLUHFW�LQYRFDWLRQ
² &DOOLQJ�D�YLUWXDO�IXQFWLRQ�LV�D�JRRG�H[DPSOH�RI
LQGLUHFW�LQYRFDWLRQ
� 7KH�FDOOLQJ�IXQFWLRQ�GRHVQ·W�NQRZ�WKH�SUHFLVH�FDOOHH�
EXW�LW�NQRZV�LW�LV�WKHUH�DQG�WKDW�WKHUH�LV�RQO\�RQH

� 1RW�WUXH�LQ�JHQHUDO�LQ�LPSOLFLW�LQYRFDWLRQ

� $Q�DQQRXQFLQJ�FRPSRQHQW�VKRXOG�QRW�XVH��LQ
WKH�3DUQDV�VHQVH��DQ\�UHVSRQGLQJ�FRPSRQHQWV
² 7KLV�LV�H[WUHPHO\�GLIILFXOW�WR�GHILQH�SUHFLVHO\

1RWNLQ��F������������ ��

0HGLDWRUV

� 2QH�VW\OH�RI�XVLQJ�LPSOLFLW�LQYRFDWLRQ�LV�WKH
XVH�RI�PHGLDWRUV�>6XOOLYDQ�	�1RWNLQ@

� 7KLV�DSSURDFK�FRPELQHV�HYHQWV�ZLWK�HQWLW\�
UHODWLRQVKLS�GHVLJQV

� 7KH�LQWHQW�LV�WR�HDVH�WKH�GHYHORSPHQW�DQG
HYROXWLRQ�RI�LQWHJUDWHG�V\VWHPV
² 0DQDJH�WKH�FRXSOLQJ�DQG�LVRODWH�EHKDYLRUDO
UHODWLRQVKLSV�EHWZHHQ�FRPSRQHQWV

1RWNLQ��F������������ ��

([SHULHQFH

� ,·OO�VKRZ�D�VPDOO��DFDGHPLF��H[DPSOH
� +RZHYHU��D�UDGLDWLRQ�WUHDWPHQW�SODQQLQJ
�573��V\VWHP��3ULVP��ZDV�GHVLJQHG�DQG�EXLOW
XVLQJ�WKLV�WHFKQLTXH
² %\�D�UDGLDWLRQ�RQFRORJLVW�>.DOHW@

² $�WKLUG�JHQHUDWLRQ�573�V\VWHP

² ,Q�FOLQLFDO�XVH�DW�8:�DQG�VHYHUDO�RWKHU�PDMRU
UHVHDUFK�KRVSLWDOV

² KWWS���ZZZ�UDGRQF�ZDVKLQJWRQ�HGX�SK\VLFV�SULVP�

² 6HH�WKH�VFUHHQVKRWV�RQ�QH[W�VOLGHV

1RWNLQ��F������������ �� 1RWNLQ��F������������ ��



1RWNLQ��F������������ �� 1RWNLQ��F������������ ��

([DPSOH

� 7ZR�VHW�FRPSRQHQWV��S1�DQG�S2
� (QVXUH�WKDW�WKH�VHWV�PDLQWDLQ�WKH�VDPH
HOHPHQWV
² &DQ�DGG�RU�GHOHWH�HOHPHQWV�IURP�HLWKHU�VHW

� :KDW�FKDQJHV�PLJKW�\RX�DQWLFLSDWH"

1RWNLQ��F������������ ��

$'7�GHVLJQ
� 7R�HQVXUH�WKDW�QR
FOLHQW�FKDQJHV�RQH
VHW�EXW�QRW�WKH
RWKHU��HQFDSVXODWH
ERWK�LQ�D�WKLUG
FRPSRQHQW
² 3URPRWH�KLGGHQ
RSHUDWLRQV

� 7KLV�RXWHU
FRPSRQHQW�LV�QRW
WKHUH�IRU
LQIRUPDWLRQ�KLGLQJ
UHDVRQV

S1

insert element

remove element

S2

insert element

remove element

insert element

remove element

1RWNLQ��F������������ ��

+DUGZLULQJ

� 0RGLI\�WKH�LPSOHPHQWDWLRQV�RI�WKH�VHWV

� &OLHQWV�VLPSO\�FDOO�IXQFWLRQV�RQ�HLWKHU�S1�RU�S2

• S1 �DQG�S2 UHPDLQ�YLVLEOH

S1

insert element

remove element

S2

insert element

remove element

1RWNLQ��F������������ ��

0HGLDWRUV
� &UHDWH�VHSDUDWH

FRPSRQHQW�WR�UHSUHVHQW
UHODWLRQVKLS

� :KHQ�HLWKHU�VHW�FKDQJHV�
LW�DQQRXQFHV�DQ�HYHQW
² (YHQWV�DUH�GHILQHG�LQ�WKH

LQWHUIDFH��OLNH�PHWKRGV

� 7KH�PHGLDWRU�UHJLVWHUV
ZLWK�DQG�UHVSRQGV�WR
WKRVH�HYHQWV
² 0XVW�DYRLG�FLUFXODULW\

� 1HLWKHU�VHW�NQRZV�LW�LV
SDUW�RI�WKH�UHODWLRQVKLS
² &OLHQWV�VHH�6��DQG�6�

S1

insert element

remove element

S2

insert element

remove element

M

Register Register

Announce Announce

Call Call

inserted element

removed element

inserted element

removed element

1RWNLQ��F������������ ��

&KDQJH��OD]\�HTXLYDOHQFH

� :KDW�LI�ZH�ODWHU�GHFLGHG�WR�PDLQWDLQ�WKH
HTXLYDOHQFH�RI�WKH�VHWV�OD]LO\
² )RU�LQVWDQFH��RQH�VHW�PLJKW�EH�UHSUHVHQWHG�LQ�D
KLGGHQ�ZLQGRZ��DQG�WKHUH·V�QR�UHDVRQ�WR�PDLQWDLQ
HTXLYDOHQFH�DW�DOO�WLPHV



1RWNLQ��F������������ ��

$'7�GHVLJQ

� 3XW�WKH�OD]\�ELW
LQVLGH�WKH
HQFDSVXODWLQJ
FRPSRQHQW

� ([SDQG�WKH�LQWHUIDFH

� :KHUH�LV�WKH�FRGH
WKDW�UH�HVWDEOLVKHV
WKH�HTXLYDOHQFH
UHODWLRQ�ZKHQ�OD]\
WRJJOHV�RII"
² 5HTXLUHV�LWHUDWRU��WRR

S1

insert element

remove element

S2

insert element

remove element

S1.insert element

S1.remove element

S2.insert element

S2.remove element

toggle lazy

Lazy

1RWNLQ��F������������ ��

+DUGZLUHG�GHVLJQ

� +DQGOLQJ�WKH�OD]\�FKDQJH�ZLWK�WKH�KDUGZLUHG
UHVXOW�OHDGV�WR�D�SUHWW\�XJO\��KLJKO\�FRXSOHG�
GHVLJQ

1RWNLQ��F������������ ��

0HGLDWRU��ZLWK�OD]\�XSGDWH

S1

insert element

remove element

S2

insert element

remove element

M

Register Register

Announce Announce

Call Call

inserted element

removed element

inserted element

removed element

toggle lazy

1RWNLQ��F������������ ��

$QRWKHU�FKDQJH��VL]H�RI�S1

� 6XSSRVH�ZH�QRZ�ZDQW�WR�NHHS�WUDFN�RI�WKH
VL]H�RI�RQH�RI�WKH�VHWV��VD\��S1�

� 6KRXOG�EH�DEOH�WR�TXHU\�WKH�VL]H
² ,Q�VRPH�YDULDQWV��\RX�FDQ�GLUHFWO\�LQFUHPHQW�RU
GHFUHPHQW�WKH�VL]H�GLUHFWO\

1RWNLQ��F������������ ��

$'7�GHVLJQ

S1

insert element

remove element

S2

insert element

remove element

S1.insert element

S1.remove element

S2.insert element

S2.remove element
Count

1RWNLQ��F������������ ��

0HGLDWRUV

S1

insert element

remove element

S2

insert element

remove element

M

Register Register

Announce Announce

Call Call

inserted element

removed element

inserted element

removed element

toggle lazy

C

Register

Count

Call



1RWNLQ��F������������ ��

$VVHVVPHQW

� )RU�VRPH�FODVVHV�RI�V\VWHPV�DQG�FKDQJHV�
PHGLDWRU�EDVHG�GHVLJQV�VHHP�DWWUDFWLYH

� /RWV�RI�RXWVWDQGLQJ�LVVXHV
² &LUFXODULWLHV�LQ�UHODWLRQV

² 2UGHULQJ�RI�PHGLDWRUV

² 'LVWULEXWHG�DQG�FRQFXUUHQW�YDULDQWV

² 1HZ�FRPSRQHQW�PRGHOV
� &20��HWF�

1RWNLQ��F������������ ��

'HVLJQ�,�ZUDS�XS

� +LJK�OHYHO�LVVXHV�LQ�GHVLJQ
² 0DQDJLQJ�FRPSOH[LW\��DFFRPPRGDWLQJ�FKDQJH�
FRQFHSWXDO�LQWHJULW\

� ,QIRUPDWLRQ�KLGLQJ
� /D\HULQJ
� ,PSOLFLW�LQYRFDWLRQ

² 0HGLDWRU�EDVHG�GHVLJQ

1RWNLQ��F������������ ��

1H[W�ZHHN

� 2SHQ�LPSOHPHQWDWLRQ
² $VSHFW�RULHQWHG�SURJUDPPLQJ

� 6RIWZDUH�DUFKLWHFWXUH
� 3DWWHUQV
� )UDPHZRUNV
� $�ELW�RQ�FRPSRVLWLRQ�RI�V\VWHPV


