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&6(�����6RIWZDUH�(QJLQHHULQJ
/HFWXUH����2FWREHU����������

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

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

1RWNLQ��F������������ �

2XWOLQH

� 0RUH�UHFHQW�LVVXHV�LQ�GHVLJQ
� $UFKLWHFWXUH��SDWWHUQV��IUDPHZRUNV
� 3UREOHPV�ZLWK�LQIRUPDWLRQ�KLGLQJ��DQG�ZD\V
WR�RYHUFRPH�WKHP�
² 2SHQ�LPSOHPHQWDWLRQ�⇒�DVSHFW�RULHQWHG
SURJUDPPLQJ��$23�
� $�VOLGH�VKRZ�IURP�;HUR[�3$5&�ZLOO�FRQFOXGH�WKH
OHFWXUH�WRQLJKW��WKDQNV�WR�*UHJRU�.LF]DOHV�

1RWNLQ��F������������ �

6RIWZDUH�DUFKLWHFWXUH

� $Q�DUHD�RI�VLJQLILFDQW�DWWHQWLRQ�LQ�WKH�ODVW
ILYH�\HDUV
² *DUODQ�DQG�6KDZ

² 3HUU\�DQG�:ROI

� 7KHUH�DUH�WZR�EDVLF�JRDOV
² &DSWXULQJ��FDWDORJXLQJ��DQG�H[SORLWLQJ�H[SHULHQFH
LQ�VRIWZDUH�GHVLJQV

² $OORZLQJ�UHDVRQLQJ�DERXW�FODVVHV�RI�GHVLJQV

1RWNLQ��F������������ �

$Q�DVLGH��FRPSLOHUV�,

� 7KH�ILUVW�FRPSLOHUV�KDG�DG�KRF�GHVLJQV
� 2YHU�WLPH��DV�D�QXPEHU�RI�FRPSLOHUV�ZHUH
EXLOW��WKH�GHVLJQV�EHFDPH�PRUH�VWUXFWXUHG
² ([SHULHQFH�\LHOGHG�EHQHILWV

� &RPSLOHU�SKDVHV��V\PERO�WDEOH��HWF�

² 3OHQW\�RI�WKHRUHWLFDO�DGYDQFHV
� )LQLWH�VWDWH�PDFKLQHV��SDUVLQJ�����

1RWNLQ��F������������ �

$Q�DVLGH��FRPSLOHUV�,,

� &RPSLOHUV�DUH�SHUKDSV�WKH�EHVW�H[DPSOH�RI
VKDUHG�H[SHULHQFH�LQ�GHVLJQ
² /RWV�RI�WRROV�WKDW�FDSWXUH�FRPPRQ�DVSHFWV

² 8QGHUJUDGXDWH�FRXUVHV�EXLOG�FRPSLOHUV

² 0RVW�FRPSLOHUV�ORRN�SUHWW\�VLPLODU�LQ�VWUXFWXUH

� %XW�ZH�VWLOO�GRQ·W�IXOO\�JHQHUDWH�FRPSLOHUV
² 'HVSLWH�ORWV�RI�HIIRUW�DQG�ORWV�RI�PRQH\

� $QG��DV�,�PHQWLRQHG�EHIRUH��WKH�FRGH�LQ
FRPSLOHUV�LV�RIWHQ�OHVV�FOHDQ�WKDQ�WKH�GHVLJQV

1RWNLQ��F������������ �

2WKHU�GRPDLQV"

� :KLFK�RWKHU�GRPDLQV�DUH�DV�VXFFHVVIXO�LQ
WKLV�UHJDUG�DV�FRPSLOHUV"

� 4XLWH�D�IHZ��EXW�JHQHUDOO\�PXFK�PRUH�QDUURZ
² '$53$�UDQ�D�ODUJH�SURMHFW��'RPDLQ�6SHFLILF
6RIWZDUH�$UFKLWHFWXUHV��'66$��D�IHZ�\HDUV�DJR
� ,6,��&RPPDQG�DQG�FRQWURO�PHVVDJH�SURFHVVLQJ

� «

² 6RPH��*/�DSSURDFKHV�DUH�EDVLFDOO\�GRPDLQ�
VSHFLILF�V\VWHPV
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1RWNLQ��F������������ �

%DFN�WR�VRIWZDUH�DUFKLWHFWXUH

� 7KH�KRSH�LV�WKDW�E\�VWXG\LQJ�RXU�H[SHULHQFHV
ZLWK�D�YDULHW\�RI�V\VWHPV��ZH�FDQ�JDLQ
OHYHUDJH�DV�ZH�GLG�ZLWK�FRPSLOHUV

� &DSWXUH�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI
YDULRXV�VRIWZDUH�VWUXFWXUHV
² 3HUKDSV�HQDEOLQJ�GHVLJQHUV�WR�VHOHFW�DSSURSULDWH
DUFKLWHFWXUHV�PRUH�HIIHFWLYHO\

� %HQHILW�IURP�KLJK�OHYHO�VWXG\�RI�VRIWZDUH
VWUXFWXUH

1RWNLQ��F������������ �

&RPSRQHQWV�DQG�FRQQHFWRUV

� 6RIWZDUH�DUFKLWHFWXUHV�DUH�FRPSRVHG�RI
FRPSRQHQWV�DQG�FRQQHFWRUV
² &RPSRQHQWV�GHILQH�WKH�EDVLF�FRPSXWDWLRQV
FRPSULVLQJ�WKH�V\VWHP
� $EVWUDFW�GDWD�W\SHV��ILOWHUV��HWF�

² &RQQHFWRUV�GHILQH�WKH�LQWHUFRQQHFWLRQV�EHWZHHQ
FRPSRQHQWV
� 3URFHGXUH�FDOO��HYHQW�DQQRXQFHPHQW��HWF�

² 7KH�OLQH�EHWZHHQ�WKHP�PD\�EH�IX]]\�DW�WLPHV
� ([��$�FRQQHFWRU�PLJKW��GH�VHULDOL]H�GDWD��EXW�FDQ�LW
SHUIRUP�RWKHU��ULFKHU�FRPSXWDWLRQV"

1RWNLQ��F������������ �

$UFKLWHFWXUDO�VW\OH

� 'HILQHV�WKH�YRFDEXODU\�RI�FRPSRQHQWV�DQG
FRQQHFWRUV�IRU�D�IDPLO\��VW\OH�

� &RQVWUDLQWV�RQ�WKH�HOHPHQWV�DQG�WKHLU
FRPELQDWLRQ
² 7RSRORJLFDO�FRQVWUDLQWV��QR�F\FOHV�
UHJLVWHU�DQQRXQFH�UHODWLRQVKLSV��HWF��

² ([HFXWLRQ�FRQVWUDLQWV��WLPLQJ��HWF��

� %\�FKRRVLQJ�D�VW\OH��RQH�JHWV�DOO�WKH�NQRZQ
SURSHUWLHV�RI�WKDW�VW\OH
² )RU�DQ\�JLYHQ�DUFKLWHFWXUH�LQ�WKDW�VW\OH

1RWNLQ��F������������ ��

1RW�MXVW�ER[HV�DQG�DUURZV

� &RQVLGHU�SLSHV�	�ILOWHUV
² 3LSHV�PXVW�FRPSXWH�ORFDO
WUDQVIRUPDWLRQV

² )LOWHUV�PXVW�QRW�VKDUH
VWDWH�ZLWK�RWKHU�ILOWHUV

² 7KHUH�PXVW�EH�QR�F\FOHV

� ,I�WKHVH�FRQVWUDLQWV�DUH
QRW�VDWLVILHG��LW·V�QRW�D
SLSH�	�ILOWHU�V\VWHP
² 2QH�FDQ·W�WHOO�WKLV�IURP�D
SLFWXUH

UI

DB
Internet
Agents

Expert
System

1RWNLQ��F������������ ��

:5,*+7

� :5,*+7�SURYLGHV�D�IRUPDO�EDVLV�IRU
DUFKLWHFWXUDO�GHVFULSWLRQ��LW·V�DQ�$'/�
² /DQJXDJH�IRU�SUHFLVHO\�GHILQLQJ�DQ�DUFKLWHFWXUDO
VSHFLILFDWLRQ

² %DVLV�IRU�DQDO\]LQJ�WKH�DUFKLWHFWXUH�RI�LQGLYLGXDO
VRIWZDUH�V\VWHPV�DQG�IDPLOLHV�RI�V\VWHPV

² 8QGHUO\LQJ�PRGHO�LQ�&63��FKHFNDEOH�XVLQJ
VWDQGDUG�PRGHO�FKHFNLQJ�WHFKQRORJ\

� 'HILQHV�D�VHW�RI�VWDQGDUG�FRQVLVWHQF\�DQG
FRPSOHWHQHVV�FKHFNV

1RWNLQ��F������������ ��

3LSH�FRQQHFWRU�LQ�:5,*+7
Connector Pipe =
role Write = write → Writer ∇ close → √
role Reader = let ExitOnly = close → √
              in let DoRead =
                 (read → Reader ◊
                          read-eof → ExitOnly)
                  in DoRead ◊ ExitOnly
glue = let ReadOnly = Reader.Read → ExitOnly
                      ◊ Reader.read-eof →
                        Reader.close → √
                      ◊ Reader.close → √

...
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1RWNLQ��F������������ ��

'HFRGLQJ�D�OLWWOH�ELW

� &RQQHFWRUV�UHSUHVHQW�OLQNV�WR�FRPSRQHQWV�RQ
WKH�UROHV��ZKLFK�DUH�SRUWV�RI�WKH�FRQQHFWRUV
² 7KH�:5,*+7�SURFHVV�GHVFULSWLRQV�GHVFULEH�WKH
REOLJDWLRQV�RI�HDFK�FRQQHFWRU

� 7KH�JOXH�SURFHVV�FRRUGLQDWHV�WKH�EHKDYLRU�RI
WKH�UROHV
² (VVHQWLDOO\��LW�GHILQHV�D�KLJK�OHYHO�SURWRFRO

� 2QH�FDQ�WKHQ�SURYH�SURSHUWLHV�DERXW�WKH
VWDWHG�SURWRFROV

1RWNLQ��F������������ ��

%HQHILWV

� ,Q�WKH�SLSHV�	�ILOWHUV�H[DPSOH��D�EHQHILW�RI
WKH�FRQVWUDLQWV�LV�WKDW�GHDGORFN�ZLOO�QRW
DULVH
² $JDLQ��LQ�DQ\�LQVWDQWLDWLRQ�RI�WKH�VW\OH�WKDW
VDWLVILHV�WKH�FRQVWUDLQWV

� 2QH�FDQ�WKLQN�RI�WKH�FRQVWUDLQWV�DV
REOLJDWLRQV�RQ�WKH�GHVLJQHU�DQG�RQ�WKH
LPSOHPHQWRU
² 6RPH�SURSHUWLHV�FDQ�EH�DXWRPDWLFDOO\�FKHFNHG

1RWNLQ��F������������ ��

6SHFLDOL]DWLRQV

� $UFKLWHFWXUDO�VW\OHV�FDQ�KDYH�VSHFLDOL]DWLRQV
² $�SLSHOLQH�PLJKW�IXUWKHU�FRQVWUDLQ�DQ
DUFKLWHFWXUH�WR�D�OLQHDU�VHTXHQFH�RI�ILOWHUV
FRQQHFWHG�E\�SLSHV

² $�SLSHOLQH�ZRXOG�KDYH�DOO�SURSHUWLHV�WKDW�WKH�SLSH
	�ILOWHU�VW\OH�KDV��SOXV�PRUH

1RWNLQ��F������������ ��

:HOO��GR�WKH\�KHOS"

� ,�OLNH�WKH�EDVLF�VRIWZDUH�DUFKLWHFWXUH
UHVHDUFK�DV�DQ�LQWHOOHFWXDO�WRRO
² 7KH�ZRUN�LV�KHOSLQJ�XV�EHWWHU�XQGHUVWDQG�FODVVHV
RI�VRIWZDUH�VWUXFWXUHV�WKDW�KDYH�VKRZQ
WKHPVHOYHV�DV�XVHIXO

² 6LPSO\�LPSURYLQJ�RXU�VKDUHG�WHUPLQRORJ\�LV�D
EHQHILW

� ,W�PD\�QRW�EH�IXOO\�GLVWLQFW�IURP�3DUQDV·
IDPLOLHV�RI�V\VWHPV��EXW�HQRXJK�WR�EHQHILW

1RWNLQ��F������������ ��

2SHQ�TXHVWLRQV�,

� :KDW�SURSHUWLHV�FDQ�EH�DQDO\]HG"
² :ULJKW�>$OOHQ�	�*DUODQ@

� 5HDVRQ�DERXW�DUFKLWHFWXUHV�LQ�WHUPV�RI�SURWRFROV�
XVLQJ�D�&63�OLNH�ODQJXDJH

� 5RXJKO\��W\SH�FKHFNLQJ�RI�DUFKLWHFWXUDO�VW\OHV

² 2I�WKHVH��ZKLFK�DUH�VXIILFLHQWO\�LPSRUWDQW�WR
MXVWLI\�WKH�LQYHVWPHQW
� 7KH�LQYHVWPHQW�LV�KLJK��EXW�LQ�WKHRU\�DPRUWL]HG

² :KDW�DERXW�DFURVV�KHWHURJHQHRXV
DUFKLWHFWXUHV"

1RWNLQ��F������������ ��

2SHQ�TXHVWLRQV�,,

� +RZ�GRHV�RQH�JR�IURP�DQ�DUFKLWHFWXUDO�VW\OH
WR�DQ�DUFKLWHFWXUH"

� +RZ�GRHV�RQH�SURGXFH�QHZ�DUFKLWHFWXUDO
VW\OHV"
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1RWNLQ��F������������ ��

2SHQ�TXHVWLRQV�,,,

� :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ
DUFKLWHFWXUDO�DQG�LPSOHPHQWDWLRQ"
² 'RHV�DUFKLWHFWXUDO�LQIRUPDWLRQ�DLG�LQ�JRLQJ�IURP
GHVLJQ�WR�LPSOHPHQWDWLRQ"

² :KDW�KDSSHQV�DV�WKH�LPSOHPHQWDWLRQ�HYROYHV�LQ
ZD\V�LQFRQVLVWHQW�ZLWK�WKH�DUFKLWHFWXUH"
� :KLFK�SURSHUWLHV�VWLOO�KROG��DQG�KRZ�GR�ZH�NQRZ�WKLV"

1RWNLQ��F������������ ��

([SHULHQFH

� ,W·V�D�KRW�DUHD��ZLWK�ORWV�RI�FRPSDQLHV�SD\LQJ
DWWHQWLRQ

� $OOHQ�	�*DUODQ�UHFHQWO\�UHSRUWHG�RQ�D�FDVH
VWXG\�LQ�DSSO\LQJ�DUFKLWHFWXUDO�PRGHOLQJ�WR
WKH�$(*,6�:HDSRQV�6\VWHP
² 8VHG�IRUPDOLVP�WR�KHOS�´H[SRVH�DQG�UHVROYH�VRPH
RI�WKH�DUFKLWHFWXUDO�SUREOHPV�WKDW�DURVH�LQ
LPSOHPHQWLQJ�WKH�V\VWHPµ

� 6LPLODU�DGYDQWDJHV�IRU�WKH�+/$�SURMHFW

$(*,6

� $(*,6�:HDSRQV�6\VWHP��FRQWURO�RI�86�1DY\�VKLSV
² 0RGHO�SUREOHP�IRU�ZRUN�LQ�VRIWZDUH�DUFKLWHFWXUH

Experiment
Control

Doctrine
Validation

Display
Server

Doctrine
Authoring

Track Server

GeoServer
Doctrine

Reasoning
CS10

CS7

CS4 CS5

CS1 CS3

CS8

CS2

CS9CS6

1RWNLQ��F������������ ��

([DPSOH�EHQHILWV�LQ�$(*,6

� &ODULI\LQJ��FOLHQW�VHUYHU�PLVFRQFHSWLRQV
² :KLFK�SDUW\�LQLWLDWHG�LQWHUDFWLRQV"

² 5H�HVWDEOLVKHG�DIWHU�HYHU\�UHTXHVW"

² 6\QFKURQRXV�RU�DV\QFKURQRXV"

� :5,*+7�XVHG�WR�FODULI\
² $YRLGLQJ�GHDGORFNV

² 5HGXFLQJ�XQQHFHVVDU\�V\QFKURQL]DWLRQ

² $QG�WR�VLPSOLI\�LQVWUXPHQWDWLRQ�RI�WKH
DUFKLWHFWXUH

1RWNLQ��F������������ ��

)RUFLQJ�GLVFXVVLRQV
� ,Q�VRPH�ZD\V��WKH�SULPDU\�EHQHILW�RI
DUFKLWHFWXUH�D�OD�*DUODQ�LV�WKDW�LW�IRUFHV
GLVFXVVLRQV�RI�VRPH�FULWLFDO�LVVXHV
² 7KH�;HUR[�3$5&�0HVD�&HGDU�JURXS�GLG�URXJKO\
WKH�HTXLYDOHQW�E\�VSHQGLQJ�HQRUPRXV�DPRXQWV�RI
WLPHV�LQ�GHILQLQJ�DQG�FODULI\LQJ�LQWHUIDFHV�
EHIRUH�FRGLQJ

� ,·P�XQVXUH�WKH�GHJUHH�WR�ZKLFK�WKH
IRUPDOLVP�SHU�VH�KHOSV��DOWKRXJK�WKHUH�DUH
VXUHO\�VRPH�VXSSRUWLQJ�H[DPSOHV

1RWNLQ��F������������ ��

2Q�JRLQJ�UHVHDUFK

� (QYLURQPHQWV�WR�VXSSRUW�WKH�GHVLJQ�RI
DUFKLWHFWXUDO�VW\OHV�DQG�DUFKLWHFWXUHV

� $UFKLWHFWXUDO�GHVLJQ�ODQJXDJHV��$'/V�
� )RUPDO�PRGHOV�RI�DUFKLWHFWXUHV
� $UFKLWHFWXUDO�FDVH�VWXGLHV
� 8VH�RI�LQIRUPDO�DUFKLWHFWXUHV
� ���
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1RWNLQ��F������������ ��

'HVLJQ�SDWWHUQV

� 'HVLJQ�SDWWHUQV�DUH�LGLRPV�WKDW�DUH�LQWHQGHG
WR�EH�´VLPSOH�DQG�HOHJDQW�VROXWLRQV�WR
VSHFLILF�SUREOHPV�LQ�REMHFW�RULHQWHG
VRIWZDUH�GHVLJQ�µ

� 7KH\�DUH�GUDZQ�IURP�DFWXDO�VRIWZDUH
V\VWHPV

� 7KH\�DUH�LQWHQGHG�WR�EH�ODQJXDJH�
LQGHSHQGHQW

1RWNLQ��F������������ ��

$�ZHDN�DQDORJ\

� ,�YLHZ�KLJK�OHYHO�FRQWURO�VWUXFWXUHV�LQ
SURJUDPPLQJ�ODQJXDJHV�DV�TXLWH�WKH�VDPH
² )RU�H[DPSOH��D�ZKLOH�ORRS�LV�DQ�LGLRPDWLF
FROOHFWLRQ�RI�PDFKLQH�LQVWUXFWLRQV

� .QXWK·V������DUWLFOH��´6WUXFWXUHG
3URJUDPPLQJ�ZLWK�JR�WR�6WDWHPHQWVµ��VKRZV
WKDW�WKLV�LV�QRW�D�ODQJXDJH�LVVXH�DORQH

� 3DWWHUQV�DUH�D�FROOHFWLRQ�RI�´PLQL�
DUFKLWHFWXUHVµ�WKDW�FRPELQH�VWUXFWXUH�DQG
EHKDYLRU

1RWNLQ��F������������ ��

([DPSOH��IO\ZHLJKW�>*DPPD�HW�DO�@

� ,QWHQW
² 8VH�VKDULQJ�WR�VXSSRUW
PDQ\�ILQH�JUDLQHG
REMHFWV�HIILFLHQWO\

² &DQ·W�XVXDOO\�DIIRUG�WR
KDYH�VPDOO�HOHPHQWV��OLNH
FKDUDFWHUV��EH�IXOO�
IOHGJHG�REMHFWV

� 6HSDUDWH�ORJLFDO�PRGHO
IURP�SK\VLFDO�PRGHO

column

rowrowrow

a tnerapp

column

rowrowrow

a tnerapp

a mlkjihgfedcb

n zyxwvutsrqpo
1RWNLQ��F������������ ��

)O\ZHLJKW�VWUXFWXUH

GetFlyweight(key)

FlyweightFactory

Operation(extrinsicState)

Flyweight

flyweights

Client

Operation(extrinsicState)

intrinsicState

ConcreteFlyweight

Operation(extrinsicState)

allState

UnsharedConcreteFlyweight

1RWNLQ��F������������ ��

&DWHJRULHV�RI�SDWWHUQV

� &UHDWLRQDO
� 6WUXFWXUDO
� %HKDYLRUDO

1RWNLQ��F������������ ��

$Q�HQOLJKWHQLQJ�H[SHULHQFH

� $W�D�ZRUNVKRS�D�\HDU�RU�WZR�DJR��,�KDG�DQ
H[SHULHQFH�ZLWK�WZR�RI�WKH�*DQJ�RI�)RXU

� 7KH\�VDW�GRZQ�ZLWK�*ULVZROG�DQG�PH�WR�VKRZ�KRZ�WR
XVH�GHVLJQ�SDWWHUQV�WR��UH�GHVLJQ�D�VRIWZDUH�GHVLJQ
ZH�KDG�SXEOLVKHG

� 7KH�UDWH�RI�FRPPXQLFDWLRQ�EHWZHHQ�WKHVH�WZR�ZDV
XQEHOLHYDEOH
² $QG�PXFK�RI�LW�ZDV�XQGHUVWDQGDEOH�WR�XV�ZLWKRXW�WUDLQLQJ
�JRRG�VLJQ�IRU�D�OHDUQLQJ�FXUYH�



CSE584 (Spring 1997) 4/15/97

Notkin (c) 1997 6

1RWNLQ��F������������ ��

7KLV�LV�WKH�UHDO�WKLQJ

� 'HVLJQ�SDWWHUQV�DUH�QRW�D�VLOYHU�EXOOHW

� %XW�WKH\�DUH�LPSUHVVLYH��LPSRUWDQW�DQG�ZRUWK\�RI
DWWHQWLRQ

� ,�WKLQN�WKDW��VORZO\"��VRPH�RI�WKH�SDWWHUQV�ZLOO
EHFRPH�SDUW�DQG�SDUFHO�RI�GHVLJQHUV·�YRFDEXODULHV
² 7KLV�ZLOO�LPSURYH�FRPPXQLFDWLRQ�DQG�RYHU�WLPH�LPSURYH
WKH�GHVLJQV�ZH�SURGXFH

� 7KH�UHODWLYHO\�GLVFLSOLQHG�VWUXFWXUH�RI�WKH�SDWWHUQ
GHVFULSWLRQV�PD\�EH�D�SOXV

1RWNLQ��F������������ ��

7KH�IXWXUH

� ,·P�VRPHZKDW�ZRUULHG�WKDW�´VHFRQG�ZDYHµ
5	'�ZLOO�KXUW�PRUH�WKDQ�KHOS
² 7KH\�PD\�EH�FRQVLGHUHG�D�SDQDFHD

² 7KH\�DUH�VXUHO\�JRLQJ�WR�EH�PLVXQGHUVWRRG
� (YHU\WKLQJ�QRZ�LV�D�´SDWWHUQµ��HYHQ�LI�LW�GRHVQ·W�KDYH
WKH�NH\�FKDUDFWHULVWLFV

² 7RROV�DQG�ODQJXDJHV�IRU�SDWWHUQV�PD\�KHOS��EXW
PD\�DOVR�KLQGHU

� +RZ�GR�SDWWHUQV�LQWHUDFW"

1RWNLQ��F������������ ��

3DWWHUQV�UHVRXUFHV

� 3DWWHUQV�+RPH�3DJH
² KWWS���VW�ZZZ�FV�XLXF�HGX�XVHUV�SDWWHUQV�SDWWHUQV�KWPO

� 3RUWODQG�3DWWHUQ�5HSRVLWRU\
² KWWS���F��FRP�SSU�LQGH[�KWPO

� )$4
² KWWS���J�RVZHJR�HGX�GO�SG�)$4�SG�)$4�KWPO

� *DQJ�RI�)RXU�ERRN
² 'HVLJQ�3DWWHUQV��(OHPHQWV�RI�5HXVDEOH�2EMHFW�2ULHQWHG�6RIWZDUH�

*DPPD�HW��DO���DV�RI����������#������30�3'7��$PD]RQ�VDOHV�UDQN�RI�����

� 22�MRXUQDOV��2236/$��HWF�

1RWNLQ��F������������ ��

'R�DQ\�RI�\RX�XVH�SDWWHUQV"

1RWNLQ��F������������ ��

)UDPHZRUNV

� )UDPHZRUNV�DUH�DQRWKHU�GHVLJQ�EX]]ZRUG
� 2QH�ZD\�WR�WKLQN�DERXW�WKHP�LV�DV�XSVLGH�
GRZQ�OD\HUV
² 7KDW�LV��OD\HUHG�V\VWHPV�DOORZ�XV�WR�FRQVWUXFW
IDPLOLHV�RI�V\VWHPV�E\�VKDULQJ�ORZHU�OD\HUV

² )UDPHZRUNV�DOORZ�XV�WR�FRQVWUXFW�IDPLOLHV�RI
V\VWHPV�E\�VKDULQJ�XSSHU�´OD\HUVµ

� ,QVWDQWLDWH�DQG�VSHFLDOL]H�SURYLGHG�FODVVHV
² ´0RUHµ�WKDQ�SDWWHUQV

1RWNLQ��F������������ ��

([DPSOHV

� 'X3RQW·V�EXVLQHVV�PRGHO
– http://www-cat.ncsa.uiuc.edu/~yoder/Research/catdesc.html

² 9LVXDO�WDEOH�EDVHG�IUDPHZRUN�IRU�LPSURYLQJ
ILQDQFLDO�GHFLVLRQV��HWF�

� &+2,&(6��FXVWRPL]LQJ�RSHUDWLQJ�V\VWHPV
– http://choices.cs.uiuc.edu/choices/choices.html

² )UDPHZRUNV�IRU�90��PHPRU\�PDQDJHPHQW�
SURFHVV�PDQDJHPHQW��ILOH�VWRUDJH��H[FHSWLRQV
DQG�KDUGZDUH�GHYLFH�GULYHUV��GLVWULEXWHG
SURFHVVLQJ�DQG�FRPPXQLFDWLRQ
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1RWNLQ��F������������ ��

$�FRPPHUFLDO�H[DPSOH

� 9LVLR�LV�LQ�PDQ\�ZD\V�D
IUDPHZRUN

� ,W�LV�DOVR�D�FRPSOHWH
DSSOLFDWLRQ�RQ�LWV�RZQ�
EXW�LW�FDQ�EH
VSHFLDOL]HG��LQ�D�QXPEHU
RI�ZD\V��WKDW�LV
FRQVLVWHQW�ZLWK�EHLQJ�D
IUDPHZRUN

1RWNLQ��F������������ ��

2SHQ�LPSOHPHQWDWLRQ

� /DVW�ZHHN�LQ�GLVFXVVLQJ�LQIRUPDWLRQ�KLGLQJ�,
OLVWHG�VRPH�FHQWUDO�SUHPLVHV

� 7ZR�LPSRUWDQW�RQHV�DUH�HVSHFLDOO\
TXHVWLRQDEOH

� .LF]DOHV�HW�DO��KDYH�VWXGLHG�WKLV�TXHVWLRQ
FDUHIXOO\��OHDGLQJ�WR�VRPH�ZRUN�JHQHUDOO\
FDOOHG�2SHQ�,PSOHPHQWDWLRQ
– http://www.parc.xerox.com/spl/projects/oi/

1RWNLQ��F������������ ��

&HQWUDO�SUHPLVHV�,,,�DQG�,9

� 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

� 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

1RWNLQ��F������������ ��

7KHVH�DUH�RIWHQ�IDOVH

� :KDW�GHILQHV�WKH�VHPDQWLFV�RI�WKH�LQWHUIDFH"
² 0XFK�LV�QRW��FDQQRW"��EH�GHILQHG��EXW�LV�LQIHUUHG�E\�WKH
FOLHQW

� 2QFH�SURSHUWLHV�DUH�LQIHUUHG��FOLHQWV�VWDUW�WR
DVVXPH�WKDW�WKH\�DUH�WUXH

� 0XOWLSOH�FOLHQWV�PD\�LQIHU�GLIIHUHQW�SURSHUWLHV
² 6R�FKDQJLQJ�WKRVH�SURSHUWLHV�FRQVLVWHQWO\�PD\�EH
LPSRVVLEOH

� &OLHQW�GR��LQ�SUDFWLFH��FDUH�DERXW��DVSHFWV�RI��WKH
LPSOHPHQWDWLRQ

1RWNLQ��F������������ ��

([DPSOHV
� 7KH�IO\ZHLJKW�SDWWHUQ

H[DPSOH�SRLQWV�RXW�D�IHZ�RI
WKHVH�LVVXHV

� /RJLFDOO\��DQ\
LPSOHPHQWDWLRQ�RI�WKH
LQWHUIDFH�LV�2.
² %XW�QRW�DOO�LPSOHPHQWDWLRQV

DUH�HTXDOO\�DGHTXDWH�IRU�DOO
FOLHQWV

� 7KH�.LF]DOHV�VSUHDGVKHHW
H[DPSOH

1RWNLQ��F������������ ��

7ZR�DSSURDFKHV�RIWHQ�WDNHQ

� 3URJUDPPHUV�RIWHQ�UHVSRQG�WR�WKHVH�SUREOHPV�LQ
RQH�RI�WZR�ZD\V
² :ULWH�RZQ�ZLQGRZLQJ�V\VWHP

² &OHYHU�FRGLQJ�WULFNV
� 3DJLQJ�H[DPSOH
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1RWNLQ��F������������ ��

7KH�H[SHUWV�VD\
� ´,�IRXQG�D�ODUJH�QXPEHU�RI

SURJUDPV�SHUIRUP�SRRUO\
EHFDXVH�RI�WKH�ODQJXDJH·V
WHQGHQF\�WR�KLGH�CZKDW�LV
JRLQJ�RQ·�ZLWK�WKH
PLVJXLGHG�LQWHQWLRQ�RI�CQRW
ERWKHULQJ�WKH�SURJUDPPHU
ZLWK�GHWDLOV·µ
² 1��:LUWK������

� ´$Q�LQWHUIDFH�VKRXOG
FDSWXUH�WKH�PLQLPXP
HVVHQWLDOV�RI�DQ
DEVWUDFWLRQ�

� ´:KHQ�DQ�LQWHUIDFH
XQGHUWDNHV�WR�GR�WRR�PXFK�
WKH�UHVXOW�LV�D�ODUJH��VORZ
FRPSOLFDWHG
LPSOHPHQWDWLRQ�µ
² %��/DPSVRQ������

1RWNLQ��F������������ ��

7KH�2,�VROXWLRQ
� 'HILQH�WZR�LQWHUIDFHV

² 7KH�EDVH�LQWHUIDFH��ZKLFK
SURYLGHV�WKH�HVVHQWLDO
VHPDQWLFV

² 7KH�PHWD�LQWHUIDFH��ZKLFK�LV
XVHG�WR�FXVWRPL]H�DVSHFWV�RI
WKH�LPSOHPHQWDWLRQ�RI�WKH
EDVH

� %DVHG�RQ�H[SHULHQFH
² &RPPRQ�/LVS�0HWD�2EMHFW

3URWRFRO��&/26�023�

² 5HIOHFWLYH�FRPSXWLQJ

1RWNLQ��F������������ ��

$OORZV�WKH�FOLHQW�WR

� 8VH�WKH�PRGXOH
V�SULPDU\�IXQFWLRQDOLW\�DORQH
ZKHQ�WKH�GHIDXOW�LPSOHPHQWDWLRQ�LV�DGHTXDWH

� &RQWURO�WKH�PRGXOH
V�LPSOHPHQWDWLRQ�
VWUDWHJ\�GHFLVLRQV�ZKHQ�QHFHVVDU\

� 'HDO�ZLWK�IXQFWLRQDOLW\�DQG�LPSOHPHQWDWLRQ
VWUDWHJ\�GHFLVLRQV�LQ�ODUJHO\�VHSDUDWH�ZD\V

1RWNLQ��F������������ ��

'HVLJQ�LVVXHV��2,�FODLPV

� 7KH�EDVH�LQWHUIDFH�GHVLJQ�UHTXLUHV�VLPLODU
WHFKQLTXHV�WR�FXUUHQW�LQWHUIDFH�GHVLJQ

� 7KH�GHVLJQ�RI�WKH�PHWD�LQWHUIDFH�DQG�RI�WKH
FRXSOLQJ�RI�WKH�PHWD��DQG�EDVH�LQWHUIDFH�LV
PRUH�FRPSOLFDWHG
² 5HTXLUHV�H[SHUWLVH�LQ�WKH�GHILQLWLRQ�DQG�XVHV�RI
WKH�FRPSRQHQWV

1RWNLQ��F������������ ��

'HVLJQ�LVVXHV��PHWD�LQWHUIDFH

� 6FRSH�FRQWURO
² $UH�FRQWUROV�RYHU�WKH�LPSOHPHQWDWLRQ�IRU
LQVWDQFHV��FODVVHV��RWKHU"

� &RQFHSWXDO�VHSDUDWLRQ�	�LQFUHPHQWDOLW\
² &DQ�WKH�FOLHQW�RI�WKH�PHWD�LQWHUIDFH�XQGHUVWDQG
DQG�XVH�MXVW�SDUWV�RI�LW"

� 5REXVWQHVV
² $UH�EXJV�LQ�D�FOLHQW·V�PHWD�SURJUDP�OLPLWHG�LQ
HIIHFW"

1RWNLQ��F������������ ��

,W·V�QRW�DQ�HQWLUHO\�QHZ�LGHD

� &RPSLOHU�SUDJPDV
� 0XOWLSOH�LPSOHPHQWDWLRQV�RI�DQ�LQWHUIDFH

² :LWK�FOLHQW�FKRLFH�>+HUPHV@

� 8VHU�GLUHFWHG�SDUDOOHOL]DWLRQ
� 8QL[�madvise

² ,QIOXHQFH�SDJH�UHSODFHPHQW

� 0DQ\�PRUH
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1RWNLQ��F������������ ��

0RUH�UHFHQWO\

� ([DPSOHV
� 'HVLJQ�JXLGHOLQHV
� $QDO\VLV�WHFKQLTXHV

� $VSHFW�RULHQWHG�SURJUDPPLQJ��DQ�RXWJURZWK
RI�WKH�ZRUN�LQ�2,��DQG�VRPH�RWKHU�VWXII�
² /HW·V�EUHH]H�WKURXJK�VRPH�VOLGHV�RQ�$23�IURP
;HUR[�3$5&

1RWNLQ��F������������ ��

5HFDS

� 6RIWZDUH�DUFKLWHFWXUH
² +HDY\�ZHLJKW�GHVLJQ��ZLWK�DQ�H\H�WRZDUGV�HQVXULQJ
VSHFLILF�SURSHUWLHV�RYHU�IDPLOLHV�RI�V\VWHPV

� 3DWWHUQV
² 0LQL�DUFKLWHFWXUHV��DOORZV�HIIHFWLYH�FKXQNLQJ�RI�VPDOO
FRPELQDWLRQV�RI�FODVVHV�REMHFWV

� )UDPHZRUNV
² 6KDULQJ�WKH�´WRSµ�RI�D�IDPLO\�RI�DSSOLFDWLRQV��DV�RSSRVHG
WR�WKH�ERWWRP��OLNH�LQ�OD\HULQJ�

� 2SHQ�LPSOHPHQWDWLRQ�$23
² 2YHUFRPLQJ�SUREOHPV�LQ�VHSDUDWLRQ�RI�FRQFHUQV


