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(QJLQHHULQJ�6RIWZDUH�6WUXFWXUHV

:HHN�����6RIWZDUH

$UFKLWHFWXUH

/HFWXUH��

([DPSOHV�>6KDZ	*DUODQ@

] 3LSHV�DQG�)LOWHUV

] /D\HUV

] (YHQW�%DVHG

] 'DWD�&HQWHUHG

] ,QWHUSUHWHU

] 3$&

'DWD�&HQWHUHG�$UFKLWHFWXUH

6W\OH

] 5HSRVLWRU\

\ $OORZV GDWD WR EH DOORZLQJ VKDUHG DPRQJVW D VHW RI FRPSRQHQWV

] %ODFNERDUG

\ $FWLYH UHSRVLWRU\ FRRSHUDWLYH� GLVWULEXWHG GHFLVLRQ PDNLQJ

5HSRVLWRU\

] 6HW�RI�FRPSRQHQWV�VKDUH
GDWD

] (�J���GDWDEDVH�RU�GDWD
VWUXFWXUH�VKDUHG�E\
PXOWLSOH�FRPSRQHQWV

] &RQQHFWRUV�SHUPLW
FRPSRQHQWV�WR�UHDG�ZULWH
WR�UHSRVLWRU\

Repository



([DPSOH

] &RPSLOHU EDVHG RQ SLSHV DQG ILOWHU

DUFKLWHFWXUH VW\OH

] 3DUVH WUHH LV FRPSOH[ GDWD VWUXFWXUH

SDVVHG EHWZHHQ SKDVHV

] 1HHGV WR EH FRQYHUWHG LQWR D VWUHDP

WKDW FDQ EH SDVVHG RYHU D SLSH ��

RYHUKHDG

] 8VH UHSRVLWRU\ WR UHSUHVHQW DEVWUDFW

V\QWD[ WUHH

Scanner

Parser

Semantic
Analyzer

Code
Generator

program
text

executable
code

tokens

parse
tree

parse
tree

&RPSLOLQJ�DV�SLSH�DQG�ILOWHU

DUFKLWHFWXUH�DXJPHQWHG�ZLWK

UHSRVLWRU\

Scanner

Parser

Semantic
Analyzer

Code
Generator

program
text

executable
code

tokens

control

control

Repository:
Parse Tree

Control information passed
between phases rather than
parse tree

3URSHUWLHV�RI�5HSRVLWRU\

$UFKLWHFWXUH�6W\OH

] 3HUIRUPDQFH

\ )RU FRPSOH[ GDWD VWUXFWXUHV�

VDYHV RYHUKHDG RI SDVVLQJ

GDWD VWUXFWXUH IURP RQH

FRPSRQHQW WR DQRWKHU

\ ,I FRPSRQHQWV RQ GLIIHUHQW

PDFKLQHV� WKLV RYHUKHDG

PLJKW EH FRQVLGHUDEOH

\ ,I FRPSRQHQWV RQ GLIIHUHQW

PDFKLQHV� FRVW RI DFFHVVLQJ

UHSRVLWRU\ PLJKW EH KLJK

Repository

c1 c2

c3

3URSHUWLHV�RI�5HSRVLWRU\

$UFKLWHFWXUH�6W\OH

] 3HUIRUPDQFH

\ (�J�� LI FRPSRQHQWV DQG

UHSRVLWRULHV RQ GLIIHUHQW

PDFKLQHV� HDFK FDOO WR

UHSRVLWRU\ JRHV RYHU QHWZRUN

\ 1HHG WR EDODQFH WKLV FRVW YV

FRVW RI PRYLQJ GDWD EHWZHHQ

SKDVHV XVLQJ SLSHV DQG ILOWHUV

\ (�J�� LI F� PDNHV ��� FDOOV IRU

LQIRUPDWLRQ WR UHSRVLWRU\� HDFK

FDOO WDNHV � PV� WRWDO WLPH  �

V� &RPSDUH WR WLPH WR SDVV

UHSRVLWRU\ IURP F� WR F�

Repository

c1 c2

c3



3URSHUWLHV�RI�5HSRVLWRU\

$UFKLWHFWXUH�6W\OH

] 3HUIRUPDQFH

\ 1HHG WR HQVXUH UHSRVLWRU\ FDQ

VFDOH WR ORDG RI FRPSRQHQWV

PDNLQJ UHTXHVWV RI LW

\ ,GHDOO\� GR QRW ZDQW

FRPSRQHQWV ZDLWLQJ ZKLOH

UHSRVLWRU\ RSHUDWHV RQ ORQJ

TXHXH RI UHTXHVWV

\ 7KLV DQDO\VLV LV FRPSOH[� RXW

RI VFRSH RI WKLV FRXUVH

Repository

c1 c2

c3

3URSHUWLHV�RI�5HSRVLWRU\

$UFKLWHFWXUH�6W\OH

] 'HYHORSPHQW�7LPH

\ 1XPHURXV
LQIUDVWUXFWXUHV�IRU
UHSRVLWRULHV�DOUHDG\
H[LVW����H�J�

[ &RPPHUFLDO GDWDEDVHV

[ -DYD 5HPRWH 0HWKRG

,QYRFDWLRQ �50,�

\ 1HHG WR EDODQFH VDYLQJV LQ

GHYHORSPHQW WLPH YV QHHG WR

OHDUQ LQIUDVWUXFWXUHV

Repository

c1 c2

c3

3URSHUWLHV�RI�5HSRVLWRU\

$UFKLWHFWXUH�6W\OH

] 6HFXULW\
\ 5HSRVLWRU\ SRWHQWLDOO\

DYDLODEOH WR DQ\RQH ZKR FDQ

FRQQHFW WR LW

\ 3DUWLFXODUO\ GDQJHURXV LQ

GLVWULEXWHG VHWWLQJ ZKHUH
UHSRVLWRU\ DYDLODEOH YLD

,QWHUQHW SURWRFRO

\ (�J�� GRQ¶W ZDQW PHGLFDO

SDWLHQW LQIRUPDWLRQ DYDLODEOH

WR DQ\RQH ZKR NQRZV ,3

DGGUHVV RI PHGLFDO GDWDEDVH

Repository

c1 c2

c3

3URSHUWLHV�RI�5HSRVLWRU\

$UFKLWHFWXUH�6W\OH

] $YDLODELOLW\

\ 5HSRVLWRU\�EHFRPHV
FULWLFDO�FRPSRQHQW�LQ
V\VWHP

\ )DLOXUH�LQ�UHSRVLWRU\
FDXVHV�HQWLUH�V\VWHP�WR
IDLO

Repository

c1 c2

c3



%ODFNERDUG�$UFKLWHFWXUH�6W\OH

] 9DULDQW�RI�UHSRVLWRU\

] 5HSRVLWRU\�LV�DFWLYH

\ &DQ DFWLYDWH FRPSRQHQWV

LQ UHVSRQVH WR FKDQJHV LQ

EODFNERDUG FRQWHQWV

] 7\SLFDO�DSSOLFDWLRQ

\ 8VH EODFNERDUG WR PHGLDWH

FRRSHUDWLYH DFWLYLW\

DPRQJVW FRPSRQHQWV

\ 7DVNV ZKHUH GHVLUHG

RXWFRPH LV LPSUHFLVHO\

GHILQHG RU HUURU SURQH

Blackboard

c1 c2

c3

Update/request information
from repository

Activate components as new
information becomes
available

([DPSOH��,QYHQWRU\�6\VWHP�XVLQJ

WKH�%ODFNERDUG�$UFKLWHFWXUH

] ,QYHQWRU\ EODFNERDUG XVHG WR

FRRUGLQDWH ILOOLQJ RUGHUV

] 2UGHU V\VWHP LQLWLDWHV RUGHUV

] 5HFHLYHU UHFRUGV QHZ VWRFN DV LW

DUULYHV

] 6KLSSHU VHQGV RUGHU WR EH

SDFNDJHG

] $OO FRPPXQLFDWLRQ YLD LQYHQWRU\

Order
System

Inventory

Request
availability

Receiver

Shipper

Record new
stock

Record stock
shipped

Inform
order filled

Initiate
shipping

Order
stock

Is this a good solution for
your project? What are the
advantages/disadvantages?

([DPSOH��6PDUW�RIILFH

] 7UDFNLQJ�ZKR�LV�LQ�WKH�RIILFH

\ 8VLQJ� $FWLYH EDGJHV� YRLFH UHFRJQLWLRQ� FDPHUDV

\ $OORZV

[ (DVH RI ILQGLQJ FROOHDJXHV

[ 8VHU DXWKHQWLFDWLRQ �QR QHHG WR KDYH GRRU NH\V� ORJLQV DW

PDFKLQHV�

[ 3HRSOH¶V HQYLURQPHQWV WR IROORZ WKHP

� 6LWWLQJ GRZQ DW VRPHRQH HOVH¶V 3& FDQ EH MXVW OLNH VLWWLQJ GRZQ DW \RXU

RZQ

] 6PDUW�FRPPDQGV

\ 8VH JHVWXUHV�YRLFH WR

[ 7XUQ RQ SURMHFWRU� FRQQHFW WR 3&

[ 5HFRUG FRQWHQWV RI ZKLWHERDUG VDYH WKHP XQGHU P\ XVHUQDPH

\ &RPELQH PRGDOLWLHV

[ 6D\ ³6DYH 
WKLV
 RQ P\ ODSWRS´� ZKLOH SRLQWLQJ DW ZKLWHERDUG

([DPSOH��6PDUW�RIILFH

] $SSOLFDWLRQ�GHSHQGV�RQ�FRPELQLQJ�D�VHW�RI�SK\VLFDO
GHYLFHV

\ &DPHUDV� PLFURSKRQHV� GRRU VZLWFKHV

] DQG�D�VHW�RI�VHUYLFHV

\ 9RLFH UHFRJQLWLRQ VSHHFK UHFRJQLWLRQ� JHVWXUH UHFRJQLWLRQ

] DQG�D�VHW�RI�PRGHOV

\ :KR LV LQ URRP� ZKDW FRPPDQG DUH WKH\ H[HFXWLRQ



Microphone

Camera1

Cameran

ooo

Active Badge
Reader

Voice
samples

Badge
data

Camera
inputs

People detector

Model: people
in room

Command
detector

Model:
command

,QWHUHVWLQJ�VFHQDULRV

] 3HUVRQ�HQWHUV�URRP��EXW�WKHLU�DFWLYH�EDGJH�LV
PDOIXQFWLRQLQJ

] :KHQ�WKH\�ILUVW�VSHDN��YRLFH�UHFRJQLWLRQ�GHWHFWV�WKHLU
SUHVHQFH

(/(&����

(QJLQHHULQJ�6RIWZDUH�6WUXFWXUHV

:HHN�����6RIWZDUH

$UFKLWHFWXUH

/HFWXUH��

([DPSOHV�>6KDZ	*DUODQ@

] 3LSHV�DQG�)LOWHUV

] /D\HUV

] (YHQW�%DVHG

] 'DWD�&HQWHUHG

] ,QWHUSUHWHU

] 3$&



,QWHUSUHWHU�$UFKLWHFWXUH�6W\OH

] 'HYHORS�GRPDLQ�VSHFLILF�ODQJXDJH�IRU�SUREOHP�DUHD

] ([SUHVV�VROXWLRQ�LQ�WHUPV�RI�WKLV�ODQJXDJH

] ,QFOXGH�LQWHUSUHWHU�LQ�V\VWHP�WR�HYDOXDWH�WKH�VROXWLRQ

] 0RWLYDWLRQ

\ 3URYLGLQJ KLJKHU OHYHO ODQJXDJH IRU SUREOHP GRPDLQ VLPSOLILHV

SURJUDPPLQJ SUREOHP

\ ([DPSOHV

[ ;0/ SDUVHUV

[ ([WHQVLEOH LQWHUSUHWHUV VXFK DV -90� WFO

[ 5XOH�EDVHG�H[SHUW V\VWHPV

,QWHUSUHWHU�$UFKLWHFWXUH�>6KDZ	*DUODQ S� ��@

Program state
Program being

interpreted

Simulated
Interpretation

Engine

Internal
Interpreter

State

inputs

outputs

selected instruction
selected data

program code

(�J���,QWHUSUHWLQJ�-DYD�3URJUDPV

Program state Java class files

Java Virtual
Machine (JVM)

JVM State

inputs

outputs

selected instruction
selected data

program code

,QWHUSUHWLQJ�-DYD�3URJUDPV

] -DYD�SURJUDPV�DUH
UHSUHVHQWHG�DV�D�VHW�RI
FODVV�ILOHV

\ &RQWDLQ E\WH FRGH

GHVFULELQJ RSHUDWLRQV RQ
WKH -DYD 9LUWXDO 0DFKLQH

] 7KHVH�SURJUDPV�DUH
H[HFXWHG�DV�LI�WKH\�ZHUH
EHLQJ�UXQ�RQ�D�QDWLYH
PDFKLQH

] 3URJUDP�VWDWH�LV�DFWXDOO\
UHSUHVHQWHG�LQ�-90

Program state Java class files

Java Virtual
Machine (JVM)

JVM State

inputs

outputs

selected instruction
selected data

program code



([DPSOH��3URFHVVLQJ�;0/

] ;0/��H;WHQVLEOH�0DUNXS�/DQJXDJH��LV�D�ZD\�RI�HQFRGLQJ
VWUXFWXUHG�GDWD�IRU

\ $UFKLYLQJ

\ ,QWHUFKDQJLQJ EHWZHHQ DSSOLFDWLRQV

\ 6HQGLQJ RYHU WKH ,QWHUQHW

[ �H�J� H�FRPPHUFH EXVLQHVV�WR�EXVLQHVV DSSOLFDWLRQV�

] ;0/�SURFHVVLQJ�LV�LPSOHPHQWHG�YLD�WKH�LQWHUSUHWHU
DUFKLWHFWXUH�VW\OH

See e.g. http://www.xml101.com:8081/xml/

;0/

] ;0/�GRFXPHQWV�FRQVLVW�RI�WDJJHG�WH[W

] 7DJV�LQGLFDWH�VHPDQWLFV�RI�GDWD

] 7DJV�PD\�EH�DUELWUDU\

\ )ROORZ IRUPDW RI

<tagname attr1=value1,…,attrn=valuen>
contents

</tagname>

 <books>

    <book isbn=”0201199300">

      <title>Software Architecture in Practice</title>

      <author>Len Bass</author>

      <author>Paul Clements</author>

      <author>Rick Kazman</author>

    </book>

  </books>

;0/�'7'·V

] $ '7' �'RFXPHQW 7\SH 'HILQLWLRQ� GHVFULEHV OHJDO XVH RI WDJV LQ D

SDUWLFXODU NLQG RI ;0/ GRFXPHQW

<!DOCTYPE listOfBooks [
<!ELEMENT books   (book*)>

<!ELEMENT book    (title,author+)>

<!ATTLIST book isbn CDATA “0”>

<!ELEMENT title   (#CDATA)>

<!ELEMENT author  (#CDATA)>

]>

<listOfBooks>
<books>
    <book isbn=”0201199300">
      <title>Software Architecture in
          Practice</title>
      <author>Len Bass</author>
      <author>Paul Clements</author>
      <author>Rick Kazman</author>
    </book>
</books>

Example document following this DTD

'7'·V�VSHFLI\

] :KDW�WDJV�DUH�OHJDO

] +RZ�WDJV�DUH�FRPELQHG

\ $ ERRN PXVW KDYH D WLWOH DQG � RU PRUH DXWKRUV

\ $ VHW RI ERRNV FRQVLVWV RI � RU PRUH ERRNV

\ $ ERRN KDV DQ ,6%1 DWWULEXWH �XQLTXH QXPEHU IRU ERRNV�� ZKLFK

LV FKDUDFWHU WH[W �&'$7$�� ZLWK D GHIDXOW YDOXH RI ³�´

<books>
    <book isbn=”0201199300">
      <title>Software Architecture in
          Practice</title>
      <author>Len Bass</author>
      <author>Paul Clements</author>
      <author>Rick Kazman</author>
    </book>
</books>



8VLQJ�;0/�LQ�D�6\VWHP�IRU

2UGHULQJ�%RRNV

Component for
converting book

orders from XML to
Java classes

Book order
as Java
class

Book order
as XML
document

8VLQJ�;0/�LQ�D�6\VWHP�IRU

2UGHULQJ�%RRNV

Books DTD

XML
Processor

DTD

Book order
as Java
class

Book order
as XML
document

Component for
converting book
orders from XML
to Java classes

8VLQJ�;0/�LQ�D�6\VWHP�IRU

2UGHULQJ�%RRNV

Books DTD

XML
Processor

Book order

program code

Web
Browser

(XML document)

Order
Processor

DTD

Books
data
structure

XML
Order

Other
components…

;0/�3URFHVVRU�IRU�2UGHULQJ

%RRNV

] ;0/�3URFHVVRU�LV�DQ�LQWHUSUHWHU�IRU�'7'¶V

] :KHQ�JLYHQ�WKH�%RRNV�'7'��EHFRPHV�D
FRPSRQHQW�FDSDEOH�RI�SURFHVVLQJ�ERRN�RUGHUV

] $GYDQWDJHV

\ &DQ�UHXVH�;0/�SURFHVVRU�LQ�PDQ\�FRQWH[WV

\ ,I�IRUPDW�RI�ERRN�RUGHUV�FKDQJH��MXVW�QHHG�WR�FKDQJH
'7'��QRW�FRGH



$WWULEXWHV�RI�,QWHUSUHWHU�6W\OH

] 'HYHORSPHQW�7LPH

\ 7UHPHQGRXV SRWHQWLDO IRU UHXVH

] 3HUIRUPDQFH

\ ,QWHUSUHWDWLRQ PD\ EH VORZHU WKDQ KDQG�FRGHG VROXWLRQV

] 0RGLILDELOLW\

\ &DQ EH LPSURYHG E\ UHVWULFWLQJ PRGLILFDWLRQ WR GDWD EHLQJ

LQWHUSUHWHG

(/(&����

(QJLQHHULQJ�6RIWZDUH�6WUXFWXUHV

:HHN�����6RIWZDUH

$UFKLWHFWXUH

/HFWXUH��

([DPSOHV�>6KDZ	*DUODQ@

] 3LSHV�DQG�)LOWHUV

] /D\HUV

] (YHQW�%DVHG

] 'DWD�&HQWHUHG

] ,QWHUSUHWHU

] 3$&

7KH�3$&�$UFKLWHFWXUH�6W\OH

] 6XSSRUWLQJ�GHYHORSPHQW�RI�XVHU�LQWHUIDFHV

] &RQFHSWXDO�DUFKLWHFWXUH�WKDW�FDQ�EH�PDSSHG�WR�PXOWLSOH
FRQFUHWH�DUFKLWHFWXUHV

] $JHQW�EDVHG

\ 3URJUDP GHFRPSRVHG LQWR D VHW RI DJHQWV� HDFK UHVSRQVLEOH IRU

VRPH SDUW RI WKH WDVN RI LQWHUDFWLQJ ZLWK WKH XVHU



([DPSOH��3$&�$UFKLWHFWXUH

IRU�D�6HW�RI�%XWWRQV

] $VVXPH�DQ�LQWHUIDFH�KDV�D�VHW�RI
EXWWRQV�FRQWUROOLQJ�QDYLJDWLRQ

\ ³%DFN´ PHDQV UHWXUQ WR SUHYLRXV SDJH

LQ KLVWRU\� ³)RUZDUG´ PHDQV JR

IRUZDUG WR ODVW SDJH ZH PRYHG EDFN

IURP �LI WKHUH LV RQH� Button

List of pages visited

Current page• “Back” decrements current page counter
• “Forward” increments current page counter
• If current page is front of list, “Back” button is disabled
• If current page is end of list, “Forward button is disabled
• Going to a new page enqueues that page after the current
page, sets current page to that page

6WDUWLQJ�ZLWK�MXVW�D�EXWWRQ���

] %XWWRQV�KDYH

\ $ ODEHO �H�J� ³%DFN´�
³)RUZDUG´�

\ $$VWDWH �GLVDEOHG� HQDEOHG�

] %XWWRQV�KDYH�ORFDO
EHKDYLRXU

\ ³5ROORYHU´ � EHFRPH

KLJKOLJKWHG ZKHQ PRXVH

PRYHV RYHU WKHP

\ %HFRPH GHSUHVVHG

IROORZLQJ PRXVH GRZQ

\ %HFRPH UHOHDVHG IROORZLQJ

PRXVH XS

Enabled button

Disabled button

“Rolled over” button

Depressed button
(Couldn’t make accurate picture
of this one)

%XWWRQ�$EVWUDFWLRQ

] $�EXWWRQ¶V�VWDWH�LV�WKHUHIRUH

\ /DEHO �6WULQJ YDOXH�

\ ,V (QDEOHG" �%RROHDQ YDOXH�

\ ,V ³UROOHG RYHU´" �%RROHDQ YDOXH�

\ ,V GHSUHVVHG" �%RROHDQ YDOXH�

] 7KHUHIRUH��WKH�VWDWH�RI�D�EXWWRQ�LV�FDSWXUHG�LQ�WKUHH
%RROHDQ�YDOXHV�DQG�D�VWULQJ�YDOXH

] ,Q�3$&��WKLV�VWDWH�LV�FDOOHG�WKH�EXWWRQ¶V�$EVWUDFWLRQ

3$&�&RPSRQHQWV

] 3$&�DUFKLWHFWXUHV
FRQVWUXFWHG�IURP�D�VHW�RI
FRPSRQHQWV

] (DFK�FRPSRQHQW
FRPSRVHG�RI�WKUHH�IDFHWV

\ 3UHVHQWDWLRQ� KDQGOHV XVHU
LQSXW DQG UHGUDZV WKH
GLVSOD\

\ $EVWUDFWLRQ� XQGHUO\LQJ

VWDWH RI LQWHUDFWLYH HQWLW\

\ &RQWURO� PHGLDWHV

FRPPXQLFDWLRQ EHWZHHQ

3UHVHQWDWLRQ� $EVWUDFWLRQ

DQG RWKHU 3$& FRPSRQHQWV

Presentation Abstraction

Control

other PAC components

other PAC components

Inter-facet communication,
typically event or method call



3$&�%XWWRQ

] $EVWUDFWLRQ

\ -DYD REMHFW FRQWDLQLQJ

PHWKRGV WR VHW�JHW

[ %XWWRQ ODEHO

[ (QDEOHG�GLVDEOHG VWDWH

[ 5ROOHG�RYHU VWDWH

[ 'HSUHVVHG�UHOHDVHG VWDWH

Presentation Abstraction

Control

other PAC components

other PAC components

3$&�%XWWRQ

] 3UHVHQWDWLRQ

\ $FFHSWV�PRXVH�LQSXW

[ PRXVH GRZQ

� ,I EXWWRQ HQDEOHG�

GHSUHVVHV EXWWRQ

[ PRXVH XS

� ,I EXWWRQ GHSUHVVHG�

UHOHDVHV EXWWRQ

[ PRXVH HQWHU

� ,I DFWLYH� SXWV EXWWRQ LQ

UROORYHU VWDWH

[ PRXVH OHDYH

� ,I UROOHG RYHU� UHPRYHV

UROORYHU VWDWH

Presentation Abstraction

Control

other PAC components

other PAC components

3$&�%XWWRQ

] 3UHVHQWDWLRQ

\ 5HVSRQVLEOH�IRU�UHGUDZLQJ
EXWWRQ

[ :KHQ FKDQJHV LQ HQDEOLQJ�

GHSUHVVHG�UHOHDVHG� UROOHG
RYHU� UHGUDZV ZLWK

DSSURSULDWH DQLPDWLRQ� *,)

LPDJH

Presentation Abstraction

Control

other PAC components

other PAC components

Question: Why doesn’t
input part of Presentation
simply handle redrawing?

%XLOGLQJ�DQ�$UFKLWHFWXUH�ZLWK

3$&�&RPSRQHQWV

] 5HTXLUH�D�3$&�FRPSRQHQW�IRU�HDFK
EXWWRQ

] 5HTXLUH�D�FRPSRQHQW�IRU
QDYLJDWLRQ

] 5HTXLUH�FRPSRQHQWV�IRU�WKH�UHVW�RI
WKH�EURZVHU��VXFK�DV�WKH�GLVSOD\�RI
WKH�ZHE�SDJH

Button

List of pages visited

Current page• “Back” decrements current page counter
• “Forward” increments current page counter
• If current page is front of list, “Back” button is disabled
• If current page is end of list, “Forward button is disabled
• Going to a new page enqueues that page after the current
page, sets current page to that page



3$&�$UFKLWHFWXUH

P A
C

P A
C

P A
C

P A
C

Back Button Forward Button Web Page

Navigation

1DYLJDWLRQ�&RPSRQHQW

] $EVWUDFWLRQ�FRQWDLQV
TXHXH�RI�SDJHV��FXUUHQW
SDJH�SRLQWHU

] ,I�SDJHV�EHIRUH�FXUUHQW
SDJH��HQDEOHV�EDFN
EXWWRQ

] ,I�SDJHV�EHIRUH�FXUUHQW
SDJH��HQDEOHV�IRUZDUG
EXWWRQ

] $FWLRQV�IURP�EXWWRQV
PDQLSXODWH�FXUUHQW�SDJH

] 1R�3UHVHQWDWLRQ�IDFHW
UHTXLUHG

Presentation Abstraction

Control

other PAC components

6FHQDULR��*R�EDFN�RQH�SDJH

P A
C

P A
C

P A
C

P A
C

Back Button Forward Button Web Page

Navigation

Current page

Initial state: current page is end of queue,
therefore “Forward” button is inactive. I.e.,
we have never clicked the back button

6FHQDULR��*R�EDFN�RQH�SDJH

P A
C

P A
C

P A
C

P A
C

Back Button Forward Button Web Page

Navigation

Current page

Final state: current page is moved back
one position in the queue; the new web
page is displayed, and the forward button
becomes enabled



6FHQDULR��*R�EDFN�RQH�SDJH

P A
C

P A
C

P A
C

P A
C

Back Button Forward Button Web Page

Navigation

1. User clicks mouse down; P informs C that
mouse clicked down; C informs A that button
depressed; C informs P that button should be
redrawn; P redraws button

6FHQDULR��*R�EDFN�RQH�SDJH

P A
C

P A
C

P A
C

P A
C

Back Button Forward Button Web Page

Navigation

2. User releases mouse; P informs C that
mouse released; C informs A that button
released; C informs P that button should be
redrawn; P redraws button; C informs
Navigation that Back button has been clicked

6FHQDULR��*R�EDFN�RQH�SDJH

P A
C

P A
C

P A
C

P A
C

Back Button Forward Button Web Page

Navigation

3. C informs A that current page moved back
one. C informs forward button that it is enabled.
C informs web page that new page needs to be
drawn.

(/(&����

(QJLQHHULQJ�6RIWZDUH�6WUXFWXUHV

:HHN�����6RIWZDUH

$UFKLWHFWXUH

/HFWXUH��



&DVH�6WXG\

] 0LFURVRIW¶V�&20�DUFKLWHFWXUH

\ &RPSRQHQW�2EMHFW�0RGHO

\ 8VHG�IRU�EXLOGLQJ�0LFURVRIW¶V�ODUJH�DSSOLFDWLRQV

[ :RUG� ([FHO� 3RZHU3RLQW� «

\ 9DULDQWV

[ '&20 �GLVWULEXWHG YHUVLRQ�

[ 2/( �2EMHFW /LQNLQJ DQG (PEHGGLQJ�

� %XLOW RQ WRS RI &20 WR DOORZ GRFXPHQW W\SHV WR EH FRPELQHG

[ $FWLYH; �:HE YHUVLRQ�

0LFURVRIW�2/(

] &RPELQHV

\ 2EMHFW�2ULHQWHG�$UFKLWHFWXUH�6W\OH

\ ,QWHUSUHWHU�$UFKLWHFWXUH�6W\OH

\ /D\HU�$UFKLWHFWXUH�6W\OH

\ (YHQW�'ULYHQ�$UFKLWHFWXUH�6W\OH

0RWLYDWLRQ��2EMHFW�(PEHGGLQJ 0RWLYDWLRQ��2EMHFW�(PEHGGLQJ



0RWLYDWLRQ��2EMHFW�(PEHGGLQJ 0RWLYDWLRQ��2EMHFW�(PEHGGLQJ

:KDW·V�$FWXDOO\�*RLQJ�2Q���

] 0LFURVRIW�DSSOLFDWLRQV�DUH�PDGH�XS�RI�D�VHW�RI
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GRFXPHQW
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&20�DV�D�/D\HUHG�6\VWHP
�,GHDOL]HG�9LHZ�

COM

DCOM

OLE

ActiveX

&20�DV�D�/D\HUHG�6\VWHP
�,GHDOL]HG�9LHZ�

COM

DCOM

OLE

ActiveX

Mechanism for connecting
together software components.
Components have an interface
(similar to methods). Applications
are made up of a set of
components, but components
may be shared amongst more
than one application.
Components can be in different
languages.
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COM

DCOM

OLE

ActiveX Like COM, but components
don’t all have to be on the
same machine.
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COM

DCOM

OLE

ActiveX

Object Linking and
Embedding: Simple
mechanism for embedding
documents of one type within
another. E.g., if you want a
spreadsheet within a Word
document, embed a
spreadsheet managed by
Excel.



&20�DV�D�/D\HUHG�6\VWHP
�,GHDOL]HG�9LHZ�

COM

DCOM

OLE

ActiveX

Allows delivery of components
over the web. In web browser,
special tag indicates that the
URL content is not an HTML
page, but a COM component
that is to be downloaded and
executed. Simplifies delivery
of programs, since no
installation CD required.
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COM

DCOM
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ActiveX

&20�DV�DQ�22�6\VWHP

] $SSOLFDWLRQV�DUH�EXLOW�DV�D�VHW�RI�&20
FRPSRQHQWV

] 7KHVH�FRPSRQHQWV�DUH�FRQVWUXFWHG�XVLQJ
VWDQGDUG�22�WHFKQLTXHV

\ ,QKHULWDQFH

\ $JJUHJDWLRQ

\ 3RO\PRUSKLVP

References:
• D. Mackenzie, Word 2000 VBA, WROX Press, 1999
• D. Chappell, Understanding ActiveX and OLE, Microsoft Press, 1996

$�9LVXDO�%DVLF�&20��2/(��3URJUDP

For fun, try running this in MS Word -
select Tools|Macro|Visual Basic Editor



5HVXOW�RI�5XQQLQJ�WKH

3URJUDP�ZLWKLQ�06�:RUG
$�9LVXDO�%DVLF�&20��2/(��3URJUDP

5HVXOW�RI�5XQQLQJ�WKH

3URJUDP�ZLWKLQ�06�:RUG

An application contains a set of
documents, which in turn contain many
other objects. Examples include the set of
characters (sentences, words) in the
document, the currently selected range,
the document’s styles, and many, many
others.

22�'HVLJQ�RI

06�:RUG



22�'HVLJQ�RI

06�:RUG

A range represents a section of text over which
editing operations can be performed. A range
contains many properties, such as the set of
characters/sentences/words in the range, the set of
fonts used, the paragraph format, the set of errors
returned by checking tools, and many more.
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\ :KDW IRUPDW DUH SDUDPHWHUV LQ" (�J�� ZKHQ SDVVLQJ D 9LVXDO

%DVLF REMHFW DV D SDUDPHWHU WR D &�� &20 REMHFW"

&RQQHFWLQJ�&20�&RPSRQHQWV

] &RPSRQHQWV�SURYLGH�LQWHUIDFHV

\ /DQJXDJH�LQGHSHQGHQW�SRLQWV�RI
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IURP�QDWLYH�ODQJXDJH�WR�,'/
IRUPDW
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([DPSOH�,'/�6SHFLILFDWLRQ

[object, uuid(E7CD0D00-1827-11CF-9946-444553540000) ]

interface ISpellChecker : IUnknown {
   import “unknwn.idl”;
   HRESULT LookupWord([in] OLECHAR word[31],
                      [out] boolean *found);
   HRESULT AddToDictionary([in] OLECHAR word[31]);
   HRESULT RemoveFromDictionary([in] OLECHAR word[31]);
}

&RQQHFWLQJ�&20�&RPSRQHQWV

Calling Component Called Component
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FRPSRQHQWV
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[ 'HILQH UXQWLPH VWUXFWXUH RI DUFKLWHFWXUH� VKRZLQJ KRZ

FODVVHV DUH LQVWDQWLDWHG LQWR REMHFWV



7KH�2EMHFW�2ULHQWHG

$UFKLWHFWXUDO�6W\OH

\ 6HTXHQFH�GLDJUDPV
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DQG�FRQQHFWRUV
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