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Preface

TheFOLDOC1 dictionaryof computingde�nesaGUI as:

(GUI) Theuseof picturesrather than just words to representthe input andoutput
of a program. A programwith a GUI runsundersomewindowingsystem(e.g. The
X WindowSystem,MicrosoftWindows,AcornRISCOS,NEXTSTEP).Theprogram
displayscertainicons,buttons,dialogueboxesetc. in its windowsonthescreenand
theusercontrolsit mainlybymovinga pointeron thescreen(typicallycontrolledby
a mouse)andselectingcertainobjectsby pressingbuttonson the mousewhile the
pointeris pointingat them.

ThoughAppleComputerwould like to claim they inventedtheGUI with their Mac-
intoshoperatingsystem,theconceptoriginatedin theearly 1970sat Xerox's PARC
laboratory.

Theof�cial NUSdescriptionof CS3283is:

This moduleaimsto teach the nutsand bolts of GUI programming. At the endof
thecourse, studentswill acquirepracticalknowledge in Windowsprogrammingand
techniquesof programminginteractivesystems.TopicsincludeWindowsprogram-
ming, Motif, Tcl/Tkprogramming.

An interestingaspectof this courseis that thereis someemphasison graphicalvisualization
methods.Thesenotesarejust anexpandedsetof overheads- you areaskedto readsupporting
papers,andmaintainan active interestin GUI designand implementation.You may �nd the
latestcopy of thenotesat

http://www.comp.nus.edu.sg/˜cs3283/ftp/cs3283.pdf

It is my intentin thiscourseto givelotsof examplesof differentGUIs- successfulandotherwise,
andto show themethodsusedto developtheseinterfaces.

1TheFree-On-Line-Dictionary-Of-Computingis foundat http://wombat.doc.ic.ac.uk/foldoc/index.html.
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Assessment:Theproposedassessmentmaybemodi�ed slightly if theneedarises,but currently
is asfollows:

Assessment Weighting Grade

Assignments 35%
Ass1 Design Group 10
Ass2 Design,prototype Individual 20
Ass3 GUI implementation- Swing/MFC Individual 40
Ass4 GUI/Visualizationimplementation- Tk/Java3D Group 30

Tutorials 5%
Mid-term Closedbook 10%
Final Exam OpenBook 50%

Total marks 100%

Textbook: Unfortunately, no single textbook adequatelycoversthe materialpresentedin this
course,soI amproviding asetof notes,whichmaybesupplementedby readingsfrom:

1. TheUserInterfaceConcepts& Design,Lon Bar�eld, Addison-Wesley (1993)

2. TheJFCSwingTutorial - A Guideto ConstructingGUIs,Kathy Walrath& Mary Campi-
one,Addison-Wesley (1999)

3. Tcl andtheTk Toolkit, JohnK. Ousterhout,Addison-Wesley (1994)

Tools: You maywish to downloadandinstall thefollowing toolkits, copiesof which arefound
at thecoursewebsiteathttp://www.comp.nus.edu.sg/˜cs3283/ftp.

1. JDK Version1.3

2. TheCygwindevelopmentsystem,includingTcl/Tk anddebuggers

3. TheNetbeansIDE, thegladeGUI builder, andsoon

Topicsto be covered: During thecourse,wecover

� FundamentalGUI concepts (1 lecture)
� Designandprogrammingtechniques (3 lectures)
� CrossplatformGUI developmentusingSwingandTcl/Tk (6 lectures)
� Visualizationtechniques (2 lectures)

Enjoy the course!
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Chapter 1
GUI concepts

T he userinterfacefor softwarehaschangedover theyears.Early userinterfacesweretext
based,andnormallyhada fairly simpleinterrogative style - promptingtheuserto provide
neededinformation in a �x ed order. The modernGUI provides for complex interaction

betweentheuserandtheapplication,andoftenrelieson sharedconceptsor metaphors.

GUI programmingis aboutthe conceptualization,designandimplementationof that part of a
softwareapplicationwhich is concernedwith userinteraction.

1.1 How not to do GUI

I have decidedto startwith an examplefrom hereat NUS - the leave systemfor staff in the
department.NoticethedatesI haveentered,andtheerrormessage1:

Thequestionis ... whatdid I do next?

1It says:“End date should be greater than or equal to star t date”.

1



2 GUI concepts

Whatdowe learnfrom this?I think two pointsstandout:

1. Try outyour applicationsbeforedeliveringthem.

2. Ensurethaterrormessagesareprecise,andindicatethenext step.

During this course,I hopeto give usefulexamplesof interfacesand techniques- but equally
importantis to seethesepoorexamples- how-not-to-dothings.How aboutthisone:

Oftenasinglepoorexamplecanremindyouof thingsto avoid - apictureof apoorGUI remind-
ing you of a wholerangeof things.

1.2 General rules of GUI

A key point to understandaswe begin our investigationof GUI developmentis that effective
GUIs owe moreto effective psychologythanto effective programming.A graphicaluserinter-
faceis not just windows, iconsandso on - it also includesan abstractview - not visible, but
understoodby theuser. A successfulGUI will havenoclashbetweenthisview of theuserinter-
faceandthemoreconcreteoneinvolving icons,buttonsandsoon. Thetermergonomicsmight
beusedhere- wehopefor acorrelationbetweenthephysicalandconceptualergonomics.

Anotherkey point is thathumansarenotequippedto handlemultiple thingsatonetime,andthis
leadsusto try to keepinterfacessimpleanduncluttered.

Humansareparticularlygoodat navigating systemswhich have someanalogyto things they
know - for exampletheuseof thedesktopmetaphoris well establishedandworkswell in most
cultures.Iconsarealsouseful,but shouldn't beabused.

To summarize:

1. EnsurecorrelationbetweenWhat-u-candWhat-u-think

2. KISS

3. Analogy, metaphorandicons

Alwaysrememberto includetheU in GUI.
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1.2.1 Do'sand don'ts

The following tips aregleanedfrom varioussources,andareprovided to help you know what
youshoulddowith your GUIs:

� Do follow standards- for examplequit is thebottomitem on the leftmostmenuandso
on. In generalpeopleprefernew applicationsto follow establishedstandards.

� Do be predictable and responsive - eventsshould have an immediateresponse,and
shouldoperatein well understoodandpredictablefashion.

� Do be �exible - theinterfaceshouldadmitawidevariationof allowablesequences,rather
thanforcingaparticularordering.An undofacility is oftenhelpfulhere.

� Don't forget the user - it is importantto considerthepyschological,physical,andsocial
attributesof peoplewhendesigninguserinterfacesfor them.

� Don't forget the machine/envir onment - but watch for nasty implementationdetails
showing up in userinterfaces.

� Dont assumethings - like “ theuserwill knowhowto ...” - provide informative helpand
clearactions.

1.3 Typesof applications

Not all applicationsbene�t from a GUI. Considerthe areaof embeddedcontrol systems(such
aslift controllers,washingmachinecontrollers)- thesesystemscertainlyhave a userinterface
whichrequirescarefuldesign,but notnecessarilyaGUI. In thiscourse,wewill notconsiderthis
sortof interface.

However, therearemany applicationareasthatdo bene�t from aGUI:

� Immersiveapplications: - games,medicalimaging,avatarbasedCSCWandsoon.

� Of�ce and businessapplications: - for useby anyone.

� Interacti ve control systems:- �ight systems,remotecontrolandsoon.

In addition,anewerapplicationareainvolvestheuseof visualizationto examinelargedatasets:

� Data mining: - delvinginto somesetof data.

Finally, thereis theuseof GUI in WAP enableddevicesandon PDAs. This is a specialisttopic,
whichwill not becoveredin this course.



4 GUI concepts

1.4 Nativeenvir onments/platforms

Early userinterfaceswereprimitive thingswhich barelydisguisedthe underlyingmachines-
nearlyalwaystext-based,and�x edin operation.

Contraryto popularpublic opinion,“Windows” is not theonly GUI window system.TheMac-
intoshsystem,andtheUNIX X window systembothpredateMicrosoft'sGUI system,andeach
have interestingfeaturesthat have yet to be addedto “Windows”. For examplethe UNIX X
window systemallowsaclearseparationbetweenthedisplayandtheprocessing,whereas“Win-
dows” displayandprocessingmustbeon thesamemachine.

By farthemostcommonGUI windowedenvironmentonthedesktopis theonefoundin Win95/98,
andourprogrammingAPI for it is known asWin32.

1.4.1 MacOS

It is interestingto seethedevelopmentof theMacintoshwindow systemfrom anearlyprototype
in 1979throughto its currentincarnation- MacOSX.

Notethatthis �rst prototypeusedfolder tabsin a way thatis no longerdone,anddid notappear
to useicons.Within ayear, the�rst commercialMacintoshsystemhadthefollowing interface:



1.4Nativeenvir onments/platforms 5

Macintoshoperatingsystemshave a singleuser, singledisplayorientation,althoughthe latest
versionof the OS is built on top of a multi-user(UNIX) kernel. The latestversionhassome
interestingfeatures- mostnotableis theapplicationdockingbarmagni�cation feature:

1.4.2 X

TheX window system2 is asophisticatedandwell developedsystemwhichallowsfor multimedia
softwareandhardwarecomponentsto bedistributedarounda network. At its simplestlevel, it
allowsaprogramandits displayto beon differentcomputers.

Thearchitecturalview of X is a little peculiar. Thedesignersview thedisplayascentralto the
system,andthesoftwarerunningon thedisplayis calledtheX-server:

Clients

X display (server)

Fromthediagram,wecaneasilyidentify threeessentialcomponentsof X:

1. The X server - providing thehigh resolutiongraphicaldisplay(s3), keyboardandmouse.

2. The X protocol - providing standardcommunicationmethodsbetweenthe distributed
softwarecomponents.

3. X clients - programswith graphicaldisplayoutput,runningon(perhaps)many machines.

2Thesystemis calledX, or theX window system.UNIX weeniesinsistthatit is not calledX-windows!
3Mechanism,notpolicy!
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Therearetwo othercomponents:

� The Window manager(s)- providing decorationsaroundeachwindow.
� The Display manager(s)- providing accessto thesystem.

Thedisplaymanagercontrolsaccessto displays.Thediagramshows a simpledisplaymanager
allowing selectionof oneof a numberof hosts.Whenyou selecta host,you arepresentedwith
a login window for thatparticularhost.

or

Thereareof courseotherdisplaymanagers,andlogin windows. Therearealsomany different
window managers:

or
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1.4.3 Win32

Win32is the32bit successorof theWin16API - theoriginalWindowsApplicationProgramming
Interface.Win32 is a genericnamefor 4 (slightly) differentAPIs - providing standardfunction
calls for accessingthe GUI, �le system,processesandso on. The Win32 API on Win95 is a
subsetof thoseon WinNT, soapplicationswritten for Win95 shouldbeportableto WinNT. The
reverseis notalwaystrue,but mostWinNT applicationscanrunonWin95/98.

Thenormalway for you to accessWin32 functionsis by usinga precompiledlibrary from a C
program.C programmersincludea setof header�les, andapplicationslink at run time to the
Win32DLLs.

TheAPI for Win9X hasthreesections:

� KERNEL: - thelow level kernelservicesin user32.dll.
� GDI: - GraphicsDevice Interface- drawing andprinting in gdi32.dll.
� USER: - UserInterfacecontrols,windowsandmessagingservicesin kernel32.dll.

In WindowsNT theseservicesarekernelcalls.

1.5 Non-nativeenvir onments/platforms

The following systemscanbe usedto provide a consistentenvironmentthat is independantof
thehostoperatingsystems:

� Java/Swing
� Webbrowserinterfaces
� Thin client systems

Eachis discussedin turn in thefollowing sections.

1.5.1 Java

SunMicrosystem's developmentof Java hasalwaysbeendonewith portability issuesin mind.
TheJVM (JavaVirtual Machine)is availableonall platforms,andrunsreasonablywell onthem.
Therearesomeunresolvedissues- particularlyin theareasof security, fontsandef�ciency - for
examplethe Blackdown distribution of Java for Linux is reputedto be aboutten timesslower
thanSun's in someareasof its use.
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However- despitethis - it is relatively easyto write aportableapplication- for deliveryeitheras
anappletin awebpage,or asastandaloneapplication.Theswingwindowing toolkit is theJava
API for GUI development.

Theall-javastandaloneapplicationshown above is usedfor automatedlaboratoryassessmentof
programs.

1.5.2 Webbrowser interfaces

The�rst webserversprovidedstaticpagesof hypertext andimages,but fairly quickly, demand
led to thespeci�cationof a standardfor active pagegeneration- known asCGI - theCommon
Gateway Interface.

CGI speci�es how to passargumentsto a programon a server as part of the HTTP request.
Theprogrammight thenlook up a databasebeforegeneratingsomeHTML to passbackto the
browser. A CGI programcanbeany programwhich canacceptcommandline arguments- Perl
is acommonchoicefor writing theseprograms.

You shouldbeawarethatpoorly constructedCGI scriptscanresultin securityproblemsfor the
server, andalsothat thereis normallya processoverheadfor eachscriptstarted.More recently
therehavebeenvariousotherweb/interfacetechniques- for exampletheuseof:

1. Javaapplets,to allow processingat thebrowser,

2. PHP(a server-side,cross-platform,HTML-embeddedscriptinglanguage),or

3. ASP(a scriptingenvironmentfor Microsoft InternetInformationServer in which you can
combineHTML, scriptsandreusableActiveX servercomponents).

In this coursewewill look at theuseof Java in this role.
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1.5.3 Thin client systems

A relatively recentdevelopmentinvolvesmoving theX-server (or equivalent)from themachine
with thedisplayto a largermachine,andthenusinga smallercomputerto actuallydisplaythe
data.Hereis a thin clientwritten in Java,runningasanappletin awebpage:

1.6 Widget sets

Onede�nition of awidget is:

[possiblyevoking “window gadget”] In graphical user interfaces,a combination
of a graphic symboland someprogram codeto performa speci�c function. E.g.
a scroll-bar or button. Windowingsystemsusuallyprovide widget libraries (sets)
containingcommonlyusedwidgetsdrawnin a certainstyleandwith consistentbe-
haviour.

Whenweusedifferentwidgetsets,ourapplicationshaveaslightly differentlook-and-feel.
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Thefollowing two screenshotsareof thesameapplication- the�rst linkedwith theMotif widget
set,andthe secondwith the AthenaWidget set - noticethe differencesin the look of the two
applications.

Motif:

Athena:

TheICS widgetdatabookhasa seriesof usefulwidgetsto extendthebasicMotif set,including
onesfor bargraphsandsoon.
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1.7 Summary of topics

In thismodule,we introducedthefollowing topics:

� Rulesof GUI
� Typesof applications
� Windowing/GUI environments
� Widgets

Questionsfor Module 1

1. List threerulesof things-to-avoid whendevelopingGUI applications.For eachrule,give
anexamplewhichdemonstratestheproblem.

2. Stateone way in which an applicationwritten for the X-window environmentmay be
differentfrom anapplicationwritten for aWin32environment.

3. Find oneexampleof a GUI applicationwith a clearuseof metaphor. Describetheappli-
cationandthemetaphor.

4. Research:Whatis aDLL?

5. Research:Why is java consideredmoresecurefor usein a distributedenvironmentthan
(say)C?

6. Research:Whatis theprincipaluseof PHP?

Further study

� Thehall of shame:
http://www.iarchitect.com/mshame.htm.

� A brief historyof HCI:
http://www.comp.nus.edu.sg/˜cs3283/ftp/BriefHistoryOfHCI.ps.gz.
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1.8 SampleAssignment- design

This is justasampleassignment.Assignment1 for thissemester'sCS3283will bedistributedin
class.

Task:

� Identify aGUI applicationwhichyou think you canimprove.
� Designanimprovement.
� Statehow youwould testtheimprovement.

Deliverables:

� A title pagecontainingyour name(s)andmatriculationnumber(s).
� A two to � vepagedocumentcontaining

– A descriptionof theapplication- perhapswith screenshots.
– A descriptionof thatpartof theapplicationthatneedsimproving,clearlystatingwhy

you think it needsto bechanged.
– A descriptionof theimprovementthatyouwouldmake,clearlystatingwhyyouthink

this changewouldbebetter.
– A testingmethodologyfor thechangethatyouwantto make.

Notethatthisassignmentdoesnotrequireyouto implementany change,just to describeonethat
youwouldmake.


