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(QJLQHHULQJ�6RIWZDUH�6WUXFWXUHV

:HHN����6RIWZDUH

$UFKLWHFWXUH

/HFWXUH��

6RIWZDUH�$UFKLWHFWXUH

] 'HFRPSRVLQJ�V\VWHP�LQWR�VHW�RI�FRPSRQHQWV�
FRQQHFWRUV

\ 7\SLFDOO\�FRDUVH�JUDLQ

] 'HVLJQ�WRRO

\ +HOSV�FRPPXQLFDWH�SURSRVHG�VWUXFWXUH�EHIRUH
LPSOHPHQWDWLRQ

\ 6HUYHV�DV�EDVLV�IRU�GLYLGLQJ�ZRUN�SDFNDJHV

\ 6XSSRUWV�DQDO\VLV�RI�LPSOHPHQWDWLRQ�SURSHUWLHV

6RIWZDUH�$UFKLWHFWXUH

] $UFKLWHFWXUH�6W\OHV��5HIHUHQFH�$UFKLWHFWXUHV

\ (QFRGH�GHVLJQ�NQRZOHGJH�IRU�UHXVH�LQ�RWKHU�FRQWH[WV

] &DVH�VWXGLHV

\ 0LFURVRIW�&20��2/(

\ ,QWHUDFWLYH�DSSOLFDWLRQV�ZLWK�WKH�3$&�DUFKLWHFWXUH

0LFUR�$UFKLWHFWXUHV

] 6RIWZDUH�DUFKLWHFWXUHV�ZLWKLQ�D�VLQJOH
FRPSRQHQW�RI�V\VWHP�DUFKLWHFWXUH

] 2EMHFW�RULHQWHG�GHVLJQ

\ 6WUXFWXULQJ�WHFKQLTXH�IRU�SURJUDPPLQJ�LQ�WKH�ODUJH

] 'HVLJQ�SDWWHUQV

\ (QFRGH�22�GHVLJQ�VROXWLRQV�ZLWK�NQRZQ�SURSHUWLHV

\ (TXLYDOHQW�RI�DUFKLWHFWXUH�VW\OH�IRU�PLFUR�
DUFKLWHFWXUHV



9HU\�6LPSOH�6RIWZDUH

$UFKLWHFWXUH�([DPSOH

] $Q�H�FRPPHUFH�V\VWHP�VXSSRUWLQJ�RUGHULQJ�RI
ERRNV�RQ�WKH�:::

] &XVWRPHUV�XVH�ZHE�EURZVHU�WR�ILQG�ERRNV��UHDG
DERXW�ERRNV��PDNH�RUGHUV

] ,QYHQWRU\�VXEV\VWHP�FDQ�HVWLPDWH�WLPH�EHIRUH
ERRN�LV�VHQW

\ 6RPH�ERRNV�LQ�LQYHQWRU\��VRPH�QHHG�WR�EH�RUGHUHG
IURP�SXEOLVKHU

] $IWHU�RUGHU�LV�SODFHG��VHQW�WR�VKLSSLQJ
VXEV\VWHP�WR�EH�ILOOHG

] )RU DQ H[DPSOH RI VXFK D V\VWHP� VHH KWWS���ZZZ�DPD]RQ�FRP

HTTP Server
(e.g. Apache)

HTTP Client
(e.g., Netscape,
Internet Explorer)

Order
System

Inventory

Catalogue

Requests for book info,
delivery times, orders,
etc.

HTML document

Requests for
book info

Requests for
delivery time

Order
placement

Request
availability

&RPSRQHQWV�DQG

&RQQHFWRUV

Component
A software or hardware entity
implementing some part of the
system’s functionality

Connector: a mechanism allowing
components to communicate. May
be a protocol, an operating system
mechanism or a programming
language feature. Connectors may
themselves involve complex code.

([DPSOH�&RQQHFWRUV

HTTP Connector: source
component issues HTTP requests,
target component responds with
HTML document

CGI Connector: source component
calls target component; target
component responds with HTML
document

Java Call Connector: source
component calls method of target
component using standard Java
method calling conventions; target
component returns some Java type



$QDO\]LQJ�$UFKLWHFWXUHV

] 6RPH�LQWHUHVWLQJ�TXHVWLRQV�WR�DVN�RI�WKLV�DUFKLWHFWXUH

\ $YDLODELOLW\� :KDW DUH ULVNV RI V\VWHP QRW EHLQJ DYDLODEOH �H�J��

JRLQJ GRZQ"�

[ 5HGXQGDQW VHUYHUV"

\ 6HFXULW\� :KDW DUH ULVNV RI �H�J�� FUHGLW FDUG LQIRUPDWLRQ EHLQJ

LQWHUFHSWHG

[ 3HUKDSV XVH +7736 FRQQHFWRU LQVWHDG RI +773 FRQQHFWRU"

\ 3HUIRUPDQFH� :KDW DUH ULVNV LQ FDVH RI PDQ\ XVHUV"

[ 3HUKDSV XVH DUUD\ RI VHUYHUV� ZLWK VHUYHU UHGLUHFWLRQ"

\ 0RGLILDELOLW\� :KDW LI ZH ZDQW WR DGG D :$3 WHOHSKRQH RUGHULQJ

VHUYLFH"

$WWULEXWH�'ULYHQ�'HVLJQ

] 8VH�TXDOLW\�DWWULEXWHV�WR�PRWLYDWH�GHVLJQ
GHFLVLRQV

] $QDO\]H�DUFKLWHFWXUDO�FKRLFHV�EDVHG�RQ�VRIWZDUH
DUFKLWHFWXUH�FKRVHQ

5HYLHZ�RI�4XDOLW\�$WWULEXWHV

] 5HFDOO

\ 5HTXLUHPHQWV�DQDO\VLV�GHWHUPLQHV�GHVLUHG�TXDOLW\
DWWULEXWHV�RI�V\VWHP

\ :KHQ�GHVLJQLQJ�VRIWZDUH�DUFKLWHFWXUH��DWWHPSW�WR

[ ,GHQWLI\ DUHDV RI ULVN ZKHUH TXDOLW\ DWWULEXWHV PD\ QRW EH

PHW

[ 5HGXFH ULVN WKURXJK DUFKLWHFWXUDO FKRLFHV

\ 6RPH�DWWULEXWHV�DPHQDEOH�WR�PDWKHPDWLFDO
H[SUHVVLRQ��SHUIRUPDQFH��DYDLODELOLW\���RWKHUV�OHVV�VR
�PRGLILDELOLW\�

$WWULEXWHV

] 5XQWLPH

\ 3HUIRUPDQFH��6HFXULW\��$YDLODELOLW\

] 'HYHORSPHQW�7LPH

\ 0RGLILDELOLW\��3RUWDELOLW\��5HXVDELOLW\��7HVWDELOLW\



3HUIRUPDQFH
] &DQ�EH�PHDVXUHG�LQ�WHUPV�RI

\ )HHGEDFN�WLPH

[ 7LPH LW WDNHV V\VWHP WR UHVSRQG WR XVHU¶V DFWLRQV

[ )RU KLJKO\ LQWHUDFWLYH WDVNV �H�J�� GUDZLQJ D ER[ LQ

3RZHU3RLQW�� W\SLFDO UHTXLUHPHQW  ��� PV

[ )RU OHVV LQWHUDFWLYH WDVNV �H�J�� FOLFNLQJ D EXWWRQ�� W\SLFDO

UHTXLUHPHQW  � V

[ )RU FRPSXWDWLRQDO WDVNV PD\ EH ORQJHU �H�J�� WLPH WR ORDG D

ZHE SDJH PLJKW EH DFFHSWDEOH DW �� V�

\ )HHGWKURXJK�WLPH

[ 7LPH XQWLO RWKHU XVHUV FDQ VHH UHVXOW RI RQH XVHU¶V DFWLRQV

[ )RU KLJKO\ LQWHUDFWLYH WDVNV �H�J�� FROODERUDWLYH GUDZLQJ�

,QWHUQHW WHOHSKRQH�� W\SLFDO UHTXLUHPHQW  ��� PV

[ ,PSRUWDQW WR V\QFKURQL]H PRGDOLWLHV �H�J�� VRXQG �

JHVWXULQJ�

3HUIRUPDQFH
] &DQ�EH�PHDVXUHG�LQ�WHUPV�RI

\ -LWWHU

[ 9DULDQFH LQ IHHGEDFN WLPH

� (�J� LQ FRPPDQG�OLQH V\VWHPV VXFK DV 8QL[� ORZ YDULDQFH LQ

WLPH WR FRPSOHWH FRPPDQGV PD\ EH PRUH LPSRUWDQW WKDQ

IHHGEDFN WLPH LWVHOI

[ 9DULDQFH LQ GHOLYHU\ RI FRQWLQXRXV PHGLD VXFK DV YLGHR

� %URDGFDVW IUDPH UDWH  �� IUDPHV SHU VHFRQG

� 7KHUHIRUH IUDPHV GHOLYHUHG DW �� PV LQWHUYDOV

� )RU YLGHR SOD\HG RYHU ,QWHUQHW �H�J�� YLGHR RQ &%& ZHE VLWH��

GHOLYHU\ RI IUDPHV IURP UHPRWH VRXUFH PD\ QRW EH DW VXFK DQ

HYHQ UDWH

%XIIHULQJ��7UDGLQJ�RII

)HHGWKURXJK�7LPH�DQG�-LWWHU

Video
Source

Video
Player

Video frames

Video
Source

Video
Player

Video
frames

Video
frames

(1) Best
Feedthrough
Time

(2) Best Jitter

Buffer used to
smooth jitter.
E.g., buffer 10 s
of frames

Question: Which is better for an IP telephone? Which is better for viewing the CBC news?

3HUIRUPDQFH
] &DQ�EH�PHDVXUHG�LQ�WHUPV�RI

\ 7XUQDURXQG�WLPH

[ $YHUDJH WLPH WR FRPSOHWH D EDWFK MRE �H�J�� D GDWDEDVH

TXHU\�

\ 7KURXJKSXW

[ $YHUDJH QXPEHU RI MREV � UHTXHVWV SURFHVVHG SHU WLPH XQLW�

H�J�� QXPEHU RI GDWDEDVH TXHULHV SHU VHFRQG� QXPEHU RI

SRO\JRQV UHQGHUHG SHU VHFRQG�



$YDLODELOLW\

] ,QWXLWLYHO\�UHSUHVHQWV�KRZ�PXFK�RI�WKH�WLPH�WKH
V\VWHP�LV�DYDLODEOH�IRU�XVH

] 6\VWHP�PD\�FHDVH�WR�EH�DYDLODEOH�WKURXJK

\ 1HWZRUN�IDLOXUH

\ &RPSXWHU�KDUGZDUH�IDLOXUH��H�J���EDG�PHPRU\��GLVN
FUDVK�

\ 6RIWZDUH�IDLOXUH

[ )DLOXUH RI DSSOLFDWLRQ RU RSHUDWLQJ V\VWHP

[ )DLOXUH RI DSSOLFDWLRQ FRPSRQHQWV WR FRUUHFWO\ LQWHURSHUDWH

] 0D\�EH�PHDVXUHG�DV

0HDQ�WLPH�WR�IDLOXUH

0HDQ�WLPH�WR�IDLOXUH���0HDQ�WLPH�WR�UHSDLU

$YDLODELOLW\

0HFKDQLVPV�IRU�,PSURYLQJ

$YDLODELOLW\

] 0D\�DGGUHVV�PHDQ�WLPH�WR�IDLOXUH��PHDQ�WLPH�WR
UHSDLU�RU�ERWK

&RPSRQHQW�5HGXQGDQF\

] $�FRPSRQHQW�UHVSRQGV�WR
UHTXHVWV�XSGDWHV�IURP
RWKHU�VRXUFHV

] )RUZDUGV�DOO
UHTXHVWV�XSGDWHV�WR
VKDGRZ�FRPSRQHQW��H�J��
RQ�GLIIHUHQW�PDFKLQH�

] ,I�FRPSRQHQW�IDLOV��FOLHQWV
UHFRQQHFW�WR�VKDGRZ
FRPSRQHQW�DQG�NHHS
JRLQJ

Shadow
Component

Component

Requests /
updates

Requests /
updates

Responses



&RPSRQHQW�5HGXQGDQF\

] $�FRPSRQHQW�UHVSRQGV�WR
UHTXHVWV�XSGDWHV�IURP
RWKHU�VRXUFHV

] )RUZDUGV�DOO
UHTXHVWV�XSGDWHV�WR
VKDGRZ�FRPSRQHQW��H�J��
RQ�GLIIHUHQW�PDFKLQH�

] ,I�FRPSRQHQW�IDLOV��FOLHQWV
UHFRQQHFW�WR�VKDGRZ
FRPSRQHQW�DQG�NHHS
JRLQJ

Shadow
Component

Component

Requests /
updates

Requests /
updates

Responses

&KHFNSRLQWLQJ�/RJJLQJ

] ,I�FRPSRQHQW�IDLOV��QHHG�WR
UHWULHYH�LWV�VWDWH�ZKHQ�LW�LV
UHVWDUWHG

] &KHFNSRLQWLQJ��SHULRGLFDOO\
ZULWH�FRPSRQHQW�VWDWH�WR�GLVN

] /RJJLQJ��ZULWH�XSGDWHV�WR�ILOH
RQ�GLVN��FDQ�UHSOD\�XSGDWHV
ZKHQ�FRPSRQHQW�UHVWDUWHG

] &DQ�FRPELQH�FKHFNSRLQWLQJ
DQG�ORJJLQJ���H�J���ORJ�JRHV
EDFN�WR�ODVW�FKHFNSRLQW

Component

Requests /
updates

updates

Responses

Log

&KHFNSRLQWLQJ�/RJJLQJ

] ,I�FRPSRQHQW�IDLOV��QHHG�WR
UHWULHYH�LWV�VWDWH�ZKHQ�LW�LV
UHVWDUWHG

] &KHFNSRLQWLQJ��SHULRGLFDOO\
ZULWH�FRPSRQHQW�VWDWH�WR�GLVN

] /RJJLQJ��ZULWH�XSGDWHV�WR�ILOH
RQ�GLVN��FDQ�UHSOD\�XSGDWHV
ZKHQ�FRPSRQHQW�UHVWDUWHG

] &DQ�FRPELQH�FKHFNSRLQWLQJ
DQG�ORJJLQJ���H�J���ORJ�JRHV
EDFN�WR�ODVW�FKHFNSRLQW

Component

Requests /
updates

updates

Responses

Log

Check-
point

system
state

(/(&����

(QJLQHHULQJ�6RIWZDUH�6WUXFWXUHV

:HHN����6RIWZDUH

$UFKLWHFWXUH

/HFWXUH��



$UFKLWHFWXUH�6W\OHV

] $UFKLWHFWXUDO�GHVLJQ�LV�D�FUHDWLYH�SURFHVV

] %DODQFH�WUDGHRIIV�EHWZHHQ�TXDOLW\�DWWULEXWHV�RI
VROXWLRQ

\ $YDLODELOLW\��0RGLILDELOLW\��6HFXULW\��3HUIRUPDQFH��&RVW
WR�LPSOHPHQW��«

] :KHQ�GHVLJQHUV�FUHDWH�D�VROXWLRQ�WR�DQ
DUFKLWHFWXUDO�SUREOHP��LW�LV�LQWHUHVWLQJ�WR�UHFRUG
WKLV�VROXWLRQ

\ 2WKHUV�FDQ�UHXVH�DUFKLWHFWXUH�ZLWKRXW�KDYLQJ�WR
H[SHULPHQW

\ 3URSHUWLHV�RI�VROXWLRQ�ZHOO�XQGHUVWRRG

\ 0D\�KHOS�LQ�FRGH�UHXVH

$UFKLWHFWXUH�6W\OHV

] $Q�DUFKLWHFWXUH�VW\OH�LV�D�VHW�RI�UXOHV�RI�KRZ�WR�RUJDQL]H
D�V\VWHP�LQWR�D�VHW�RI�FRPSRQHQWV�DQG�FRQQHFWRUV

] 6KRXOG�EH�DFFRPSDQLHG�E\

\ 6\QWD[� H[SODQDWLRQ RI KRZ WR FRPELQH FRPSRQHQWV DQG

FRQQHFWRUV

\ 'RPDLQ GHVFULSWLRQ� H[SODQDWLRQ RI ZKHUH WKLV VW\OH VKRXOG EH

DSSOLHG

\ 5HDVRQLQJ IUDPHZRUN� H[SODQDWLRQ RI SURSHUWLHV RI WKLV

DUFKLWHFWXUH

] ,Q�SUDFWLFH��WKH�UHDVRQLQJ�IUDPHZRUNV�IRU�DUFKLWHFWXUH
VW\OHV�DUH�RIWHQ�SRRUO\�GHYHORSHG

([DPSOHV�>6KDZ	*DUODQ@

] 3LSHV�DQG�)LOWHUV

] /D\HUV

] (YHQW�%DVHG

] 'DWD�&HQWHUHG

] ,QWHUSUHWHU

] 3$&

3LSHV�DQG�)LOWHUV

$UFKLWHFWXUH�6W\OH

] 6\QRSVLV

\ 'LYLGHV�V\VWHP�LQWR�VHW�RI�GDWD�ILOWHUV

\ )LOWHUV�DUH�DSSOLHG�LQ�VHTXHQFH

\ 'DWD�LV�SDVVHG�IURP�RQH�ILOWHU�WR�WKH�QH[W�YLD�SLSHV

Filters

Pipes



([DPSOH

] &RPSLOHU�DUFKLWHFWXUH

\ &RPSLOHUV PDS SURJUDP WH[W �H�J�� -DYD WH[W ILOHV� LQWR

H[HFXWDEOH FRGH �H�J�� -DYD E\WH FRGH� RU ³�H[H´ ILOH FRQWDLQLQJ
��
�� FRGH�

\ 7KLV LV WRR FRPSOH[ WR GR DOO DW RQFH� 7R VLPSOLI\ VWUXFWXUH� SLSH

DQG ILOWHU DUFKLWHFWXUH RIWHQ XVHG

Scanner Parser
Semantic
Analyzer

Code
Generator

program
text

executable
code

6WHSV�LQ�FRPSLOLQJ

] 6FDQQLQJ

\ 7XUQ�SURJUDP�WH[W�LQWR�D�VHTXHQFH�RI�WRNHQV

\ 7RNHQV�UHSUHVHQW�NH\ZRUGV�RI�ODQJXDJH

[ 7\SLFDOO\ UHSUHVHQWHG DV LQWHJHU FRQVWDQWV

\ (�J���if (x==3) { … } �PLJKW�EHFRPH

[ W,I W,GHQWLIHU ³[´ W(TXDOV(TXDOV W,QW/LWHUDO � «

\ 7RNHQV�DUH�DFWXDOO\�V\PEROLF�FRQVWDQWV

[ (�J�� W,I �� W,GHQWLIHU �� W(TXDOV(TXDOV �� W,QW/LWHUDO ��

JLYLQJ�

[ � � ³[´ � � � «

6WHSV�LQ�FRPSLOLQJ

] 3DUVLQJ

\ &KHFN�FRQWH[W�IUHH�V\QWD[�RI�SURJUDP
[ (�J�� if {x==10} « JHQHUDWHV V\QWD[ HUURU

� ,�H�� XVHG ^«` LQVWHDG RI �«�

\ *HQHUDWH�WUHH�IRUP�IRU�H[SUHVVLRQV

[ (�J��

� W,I W,GHQWLIHU ³[´ W(TXDOV(TXDOV W,QW/LWHUDO �

[ EHFRPHV

� W,I W(TXDOV(TXDOV W,GHQWLIHU ³[´ W,QW/LWHUDO �

6WHSV�LQ�FRPSLOLQJ

] 6HPDQWLF�DQDO\VLV

\ &KHFN�FRQWH[W�VHQVLWLYH�V\QWD[

[ (�J�� YDULDEOHV KDYH EHHQ GHFODUHG� W\SHV DUH RN

] &RGH�JHQHUDWLRQ

\ &UHDWH�QDWLYH�FRGH�IURP�SDUVH�WUHH



&RPSLOLQJ�DV�SLSH�DQG

ILOWHU�DUFKLWHFWXUH

Scanner

Parser

Semantic
Analyzer

Code
Generator

program
text

executable
code

tokens

parse
tree

parse
tree

'RPDLQ

] 3LSH�DQG�ILOWHU�LV�PRVW�DSSURSULDWH�ZKHQ

\ 7KH�SUREOHP�FDQ�EH�QDWXUDOO\�GLYLGHG�LQWR�D�VHTXHQFH
RI�SURFHVVLQJ�VWHSV�RYHU�VRPH�GDWD�VWUHDP

\ 7KH�IRUPDW�RI�WKH�GDWD�EHLQJ�SDVVHG�FDQ�EH
GHVFULEHG�LQ�D�VLPSOH�DQG�SUHFLVH�PDQQHU

\ 7KH�FRPSOH[LW\�RI�WKH�SUREOHP�LV�LQ�WKH�SURFHVVLQJ
VWHSV

3URSHUWLHV�RI�3LSH�DQG

)LOWHU

] 0RGLILDELOLW\

\ 0RGLILFDWLRQV�WR�V\VWHP�PD\�LPSDFW�WKUHH�DUHDV

[ &KDQJH ILOWHU� H�J�� LPSOHPHQW IDVWHU VFDQQLQJ DOJRULWKP

� &KDQJH ORFDOL]HG WR ILOWHU LWVHOI� ZKLFK LV JRRG

[ &KDQJH IRUPDW RI GDWD SDVVHG EHWZHHQ ILOWHUV� H�J�� DGG D

QHZ WRNHQ� FKDQJH SDUVH WUHH IRUPDW

� ([SHQVLYH� VLQFH �DW OHDVW� WZR ILOWHUV LPSDFWHG E\ FKDQJH

[ $GG D QHZ ILOWHU� LQH[SHQVLYH LI GDWD IRUPDW QRW LPSDFWHG

[ 7KHUHIRUH PRGLILDELOLW\ SURSHUWLHV JRRG LI GDWD IRUPDW VWDEOH

(�J���DGGLQJ�DQ�RSWLPL]HU

WR�WKH�FRPSLOHU

Scanner

Parser

Semantic
Analyzer

Code
Generator

program
text

executable
code

tokens

parse
tree

parse
tree



$GGLQJ�DQ�RSWLPL]HU�WR�WKH

FRPSLOHU

] 6RXUFH�OHYHO�RSWLPL]HU�LPSURYHV�VRXUFH�FRGH
[ while (x>3) { x=x-1; if (x>5) {s}; }

\ LPSURYHG�WR
[ while (x>6) {x=x-1; s} if (x>3) {x=3;}

] &RGH�OHYHO�RSWLPL]HU�LPSURYHV�H[HFXWDEOH�FRGH

(�J���DGGLQJ�DQ�RSWLPL]HU

WR�WKH�FRPSLOHU

Scanner

Parser

Semantic
Analyzer

Code
Generator

program
text

executable
code

tokens

parse
tree

parse
tree

Source-level
Optimizer

parse
tree

(�J���DGGLQJ�DQ�RSWLPL]HU

WR�WKH�FRPSLOHU

Scanner

Parser

Semantic
Analyzer

Code
Generator

program
text

executable
code

tokens

parse
tree

parse
tree

Source-level
Optimizer

parse
tree

Code
Optimizer

executable
code

3URSHUWLHV�RI�3LSH�DQG

)LOWHU

] 3HUIRUPDQFH

\ 6RPH�RSSRUWXQLW\�IRU�SDUDOOHO�SURFHVVLQJ

[ 5XQ HDFK ILOWHU RQ D GLIIHUHQW SURFHVVRU

[ 2QO\ ZRUNV LI ILOWHUV ZRUN LQFUHPHQWDOO\ �� ,�H�� ILOWHUV DUH QRW

REOLJHG WR ZDLW IRU SUHFHGLQJ ILOWHU WR FRPSOHWH LWV ZRUN

EHIRUH VWDUWLQJ WKHPVHOYHV

[ 3HUIRUPDQFH JDLQV ZLOO RQO\ EH VLJQLILFDQW LI SDUDOOHO ILOWHUV

HDFK SHUIRUP VLJQLILFDQW ZRUN



] /HW W��«WQ EH WKH WLPH WR FRPSXWH HDFK ILOWHU I��«IQ

] /HW V��«VQ�� EH WKH WLPH WR PRYH GDWD RYHU WKH SLSHV S��«SQ�� LQ

WKH VHTXHQWLDO FDVH

] /HW G��«GQ�� EH WKH WLPH WR PRYH GDWD RYHU WKH SLSHV S��«�GQ�� LQ

WKH SDUDOOHO FDVH

] 7KHQ H[HFXWLRQ WLPH LQ WKH VHTXHQWLDO FDVH LV

\  ∑WL � ∑VL

] DQG H[HFXWLRQ WLPH LQ WKH SDUDOOHO FDVH LV

\  PD[�IL � ∑GL

3URSHUWLHV�RI�3LSH�DQG

)LOWHU

] 6LPSOH�PRGHO�WR�DQDO\]H�SDUDOOHO�SHUIRUPDQFH�

f1 f2 fnooo
p1 p2 pn-1

i=1

n

i=1

n-1

n-1

i=1i=1

n

Note simplifying
assumption: all filters
are able to start
processing data at the
same time. Can you
think of cases where
this might not be true?

3URSHUWLHV�RI�3LSH�DQG

)LOWHU

] 3HUIRUPDQFH����

\ 6RPH�RSWLPL]DWLRQV�PD\�EH�ORVW�E\�VWULFW
GHFRPSRVLWLRQ�LQWR�ILOWHUV

\ 7KHUH�PD\�EH�VRPH�RYHUKHDG�RI�FUHDWLQJ�VLPLODU�GDWD
VWUXFWXUHV�IURP�VWUHDPV�SURYLGHG�E\�SLSHV

\ (�J��

[ SDUVHU FUHDWHV SDUVH WUHH

[ WXUQV SDUVH WUHH LQWR WRNHQ VWUHDP WR VHQG RYHU SLSH

[ VHPDQWLF DQDO\]HU UHFUHDWHV SDUVH WUHH IURP WRNHQ VWUHDP

(/(&����

(QJLQHHULQJ�6RIWZDUH�6WUXFWXUHV

:HHN����6RIWZDUH

$UFKLWHFWXUH

/HFWXUH��

$UFKLWHFWXUH�6W\OHV

] $Q�DUFKLWHFWXUH�VW\OH�LV�D�VHW�RI�UXOHV�RI�KRZ�WR�RUJDQL]H
D�V\VWHP�LQWR�D�VHW�RI�FRPSRQHQWV�DQG�FRQQHFWRUV

] 6KRXOG�EH�DFFRPSDQLHG�E\

\ 6\QWD[� H[SODQDWLRQ RI KRZ WR FRPELQH FRPSRQHQWV DQG

FRQQHFWRUV

\ 'RPDLQ GHVFULSWLRQ� H[SODQDWLRQ RI ZKHUH WKLV VW\OH VKRXOG EH

DSSOLHG

\ 5HDVRQLQJ IUDPHZRUN� H[SODQDWLRQ RI SURSHUWLHV RI WKLV

DUFKLWHFWXUH

] ,Q�SUDFWLFH��WKH�UHDVRQLQJ�IUDPHZRUNV�IRU�DUFKLWHFWXUH
VW\OHV�DUH�RIWHQ�SRRUO\�GHYHORSHG



([DPSOHV�>6KDZ	*DUODQ@

] 3LSHV�DQG�)LOWHUV

] /D\HUV

] (YHQW�%DVHG

] 'DWD�&HQWHUHG

] ,QWHUSUHWHU

] 3$&

/D\HUV�$UFKLWHFWXUH�6W\OH

] 6\VWHP�GLYLGHG�LQWR�D�VHW
RI�OD\HUV

] (DFK�OD\HU�LV�D
FRPSRQHQW

] (DFK�FRPSRQHQW�DOORZHG
WR�XVH�VHUYLFHV�RI�OD\HU
EHORZ�LW

] 3URYLGHV�LQWHUIDFH�WR
OD\HU�DERYH�LW

\ 6HW RI PHWKRGV

Layer 1

Layer 1

Layer n

ooo ooo

([DPSOH��:HE�%URZVLQJ

Web Browser

HTTP
Server

HTTP Request
(e.g. http://www.cs.queensu.ca/~cisc322)

HTML Document

-- Web Browser issues HTTP
Request (a string)

-- HTTP Server responds with
HTML Document (also a string)

-- Web Browser renders HTML
Document as a web page

([DPSOH�+773�'RFXPHQW
<h2><font
face="Arial,Helvetica">Text</font></h2>
The course text is:
<ul>Bernd Oestereich, <i>Developing Software
with UML, </i>Addison-Wesley,
1999</ul>
For those interested in further reading, I
recommend:
<blockquote>Len Bass, Paul Clements and Rick
Kazman, <i>Software Architecture in
Practice,</i> Addison-Wesley, 1998
<p>Mary Shaw and David Garlan, <i>Software
Architecture: Perspectives on
an Emerging Discipline,</i> Prentice Hall, 1996
<p>Erich Gamma, Richard Helm, Ralph Johnson
and John Vlissides, <i>Design
Patterns: Elements of Reusable Object-Oriented
Software,</i> Addison-Wesley,
1995</blockquote>

A fragment of an HTML
document and how it looks
in a browser



:HE�%URZVLQJ�DV�D�/D\HUHG

$UFKLWHFWXUH

HTML
Browser

TCP

IP

IEEE
802.3

HTML
Server

TCP

IP

IEEE
802.3

connect,
send string

send datagram

send frame

accept connection,
receive string

receive datagram

receive frame

:HE�%URZVLQJ�DV�D�/D\HUHG

$UFKLWHFWXUH

] /D\HUV�LQ�SURWRFRO�VWDFN�FRPPXQLFDWH�E\

\ SURYLGLQJ LQIRUPDWLRQ WR OD\HU DERYH

\ FDOOLQJ OD\HU EHORZ

] /D\HUV�SURYLGH�LQFUHDVLQJO\�DEVWUDFW�YLHZ�RI�WKH�QHWZRUN

\ WKH KLJKHU WKH OD\HU� WKH PRUH DEVWUDFW WKH YLHZ

] /D\HUV�HQFDSVXODWH�IXQFWLRQDOLW\�WKDW�FDQ�EH�SOXJ�
UHSODFHG

/LQN�/D\HU] /HYHO�WKDW�LQWHUIDFHV�GLUHFWO\
ZLWK�WKH�KDUGZDUH

\ ,((( ����� SURWRFRO IRU (WKHUQHW

\ 333 IRU PRGHPV

\ «HWF�

] 'HOLYHU\�QRW�JXDUDQWHHG

\ 6HQW IUDPHV�SDFNHWV PD\ RU PD\

QRW DUULYH

] 5RXWLQJ

\ 1HHG PDFKLQH DGGUHVV RI

UHFLSLHQW

] 2YHU�FRPSOHWH�FRQQHFWLRQ�
PXOWLSOH�SURWRFROV�XVXDOO\
UHTXLUHG

\ (�J�� 0RGHP WR EDFNERQH WR

ORFDO DUHD (WKHUQHW

HTML
Browser

TCP

IP

IEEE
802.3

connect,
send string

send datagram

send frame

accept connection,
receive string

receive datagram

receive frame

,QWHUQHW�3URWRFRO�/D\HU

] ,QWHUQHW�SURWRFRO��,3�
SURYLGHV�

\ GDWDJUDP DEVWUDFWLRQ� PHVVDJH

SOXV DGGUHVV

\ VHQG�UHFHLYH� RSHUDWLRQV WR

VHQG�UHFHLYH D GDWDJUDP

] 'HOLYHU\�QRW�JXDUDQWHHG�

\ ,I GDWDJUDP FRQWDLQV PHVVDJH

³KHOOR ZRUOG´� UHFHLYHU PD\

UHFHLYH H[DFWO\ WKLV VWULQJ� WKH

VWULQJ PD\ JHW ORVW� RU PD\ HYHQ

EH UHFHLYHG WZLFH�

] 5RXWLQJ�

\ OLNH D OHWWHU� GDWDJUDP LQFOXGHV

DGGUHVV � QR FRQQHFWLRQ

HTML
Browser

TCP

IP

IEEE
802.3

connect,
send string

send datagram

send frame

accept connection,
receive string

receive datagram

receive frame



,3�'DWDJUDP��VLPSOLILHG�

Protocol
version
number

Header
checksum

IP
Address

Data

Protocol generating this
datagram - e.g., TCP

Check that
header arrived
safely

Where packet is to be
sent - e.g.,
bilbo.caslab.queensu.ca

The actual data being
transmitted - e.g., an
HTML page

Multicast: Address field
can specify a set of
addresses - the
datagram is delivered to
them all

7UDQVSRUW�/D\HU

] 7UDQVPLVVLRQ�FRQWURO
SURWRFRO��7&3��SURYLGHV�

\ VRFNHW FRQQHFWLRQV� OLNH
QRWLRQ RI GLDOLQJ D
WHOHSKRQH� HVWDEOLVKHV D

FRQQHFWLRQ EHWZHHQ WZR

SDUWLHV RYHU ZKLFK GDWD

FDQ EH VHQW

\ VHQG�UHFHLYH� RSHUDWLRQV WR

VHQG�UHFHLYH D VWULQJ YDOXH

] 'HOLYHU\�LV�JXDUDQWHHG�

\ ,I EURZVHU VHQGV VWULQJ

³ZZZ�FV�TXHHQVX�FD´�
UHFHLYHU UHFHLYHV H[DFWO\

WKLV VWULQJ

HTML
Browser

TCP

IP

IEEE
802.3

connect,
send string

send datagram

send frame

accept connection,
receive string

receive datagram

receive frame

7&3

] 7&3�EUHDNV�PHVVDJHV�LQWR�VHW�RI�,3�GDWDJUDPV

\ $GGV�DGGUHVV�WR�HDFK�GDWDJUDP

] 9HULILHV�WKDW�DOO�GDWDJUDPV�DUULYH

\ 'LVFDUGV�DQ\�GXSOLFDWHV

] :KHQ�PHVVDJH�FRPSOHWHO\�UHDVVHPEOHG��PDNHV
DYDLODEOH�WR�DSSOLFDWLRQ�OD\HU

6XPPDU\

] (DFK�OD\HU�SUHVHQWV�D
GLIIHUHQW�DEVWUDFWLRQ�RI
WKH�QHWZRUN

] +LJKHU�OHYHO�OD\HUV�PDNH
WKH�QHWZRUN�HDVLHU�WR�XVH

\ 5RXWLQJ� ORVVOHVV GHOLYHU\

] (DFK�OD\HU

\ SURYLGHV VHUYLFHV WR WKH

OD\HU DERYH LW

\ XVHV VHUYLFHV LQ WKH OD\HU

EHORZ LW

HTML
Browser

TCP

IP

IEEE
802.3

connect,
send string

send datagram

send frame

accept connection,
receive string

receive datagram

receive frame



3URSHUWLHV�RI�WKH�/D\HUV

$UFKLWHFWXUH

] 3HUIRUPDQFH

] 0RGLILDELOLW\

3HUIRUPDQFH

] ,I�ZH�DUH�GHYHORSLQJ�OD\HU�N��ZH�DUH�OLPLWHG�WR�WKH
VHUYLFHV�RI�OD\HU�N��

] 3RVVLEOH�WKDW�ORZHU�OD\HUV�KDYH�VHUYLFHV�WKDW�PLJKW�EH
LPSRUWDQW�WR�SHUIRUPDQFH

] 7KHUHIRUH�WUDGH�RII�DGYDQWDJHV�LQ�VHSDUDWLRQ�RI
FRQFHUQV��PRGLILDELOLW\�YHUVXV�SRVVLEOH�SHUIRUPDQFH
LVVXHV

3HUIRUPDQFH�([DPSOH

] ,PDJLQH ZH ZLVK WR WUDQVPLW

DXGLR�YLGHR GDWD

] 9LGHR IUDPHV HQFRGHG DV PHVVDJHV

VHQW YLD 7&3

\ (�J�� 03(*� 0RWLRQ -3(*� $9,�

4XLFN7LPH�«

] +LJK YDULDQFH LQ UHFHSWLRQ RI

SDFNHWV OHDGV WR ³MLWWHU´ LQ YLGHR

\ 6RPH UHWULHV PD\ EH UHTXLUHG LI

YLGHR ORVW

] %HWWHU WR KDYH ³ORVV\´ SURWRFRO
ZKHUH VRPH IUDPHV PD\ EH ORVW�

EXW IUDPHV FDQ EH SOD\HG DV VRRQ

DV WKH\ DUULYH

Video
Server Video Player

9LGHR�RYHU�$70

] $70��$V\QFKURQRXV�7UDQVIHU
0RGH��LV�PDLQO\�XVHG�WR
LPSOHPHQW�EDFNERQH�QHWZRUNV

] $70�LV�FRQQHFWLRQ�RULHQWHG

] 6XSSRUWV�PXOWLPHGLD��YLGHR
DQG�VRXQG��WKURXJK�TXDOLW\�RI
VHUYLFH��426��JXDUDQWHHV

\ 5HVHUYH SDUW RI WKH QHWZRUN IRU

WKLV FRQQHFWLRQ

] $UFKLWHFWXUDO�PLVPDWFK�ZLWK
,3�OD\HU

\ $ELOLW\ WR FUHDWH FRQQHFWLRQV

ZLWK JXDUDQWHHG 426 ZRXOG EH

XVHIXO WR 9LGHR 6HUYHU

Video
Server

TCP

IP

ATM
AL 5

connect,
send string

send datagram

connect,
send cell

accept connection,
receive string

receive datagram

accept connection,
receive cell



0RGLILDELOLW\

] ,I�OD\HU�N�FKDQJHG
LQWHUQDOO\

\ 1R LPSDFW RQ RWKHU OD\HUV

] ,I�VHUYLFHV�SURYLGHG�E\
OD\HU�N�FKDQJH

\ ,PSDFW OLPLWHG WR OD\HU N��

\ ,�H�� RQO\ OD\HU XVLQJ OD\HU
N PD\ KDYH WR FKDQJH

Layer 1

Layer 1

Layer n

ooo ooo

0RGLILDELOLW\�4XHVWLRQV

] ,I�\RX�DUH�FRQVLGHULQJ�LPSOHPHQWLQJ�D�V\VWHP
EDVHG�RQ�OD\HUV��QHHG�WR�DVN

\ :KDW�DUH�OLNHO\�PRGLILFDWLRQV"

\ &DQ�WKHVH�PRGLILFDWLRQV�EH�FRQILQHG�WR�WKH�OD\HUV"

\ 'R�WKH\�UHTXLUH�FKDQJHV�WR�PXOWLSOH�OD\HUV"

0RGLI\LQJ�/D\HUV��%HWWHU�6XSSRUW

IRU�9LGHR

] 6WDQGDUG�VROXWLRQ�LV�WR
UHSODFH�7&3�FRPSRQHQW
ZLWK�FRPSRQHQW
SURYLGLQJ�ORVV\�SURWRFRO

] 8'3��XVHU�GDWDJUDP
SURWRFRO��LV�D�VWDQGDUG
IRU�VHQGLQJ�YLGHR�GDWD
RYHU�WKH�,QWHUQHW

] 8'3�6HUYLFHV�DUH�ORZHU
OHYHO�WKDQ�7&3�VHUYLFHV

\ 7KHUHIRUH UHTXLUHV

PRGLILFDWLRQ DW DSSOLFDWLRQ

OD\HU

Video
Server

UDP

IP

IEEE
802.3

send datagram

send datagram

send frame

receive datagram

receive datagram

receive frame

TCP


