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Preface

The FOLDOC! dictionaryof computingde nesaGUI as:

(GUI) Theuseof picturesrather than just words to representthe input and output
of a program. A programwith a GUI runsundersomewindowingsysten{e.g. The
X Window SystemMicrosoftWindows,Acorn RISCOS,NEXTSTEP)Theprogram
displayscertainicons,buttons,dialogueboxesetc. in its windowson the screenand
theusercontmolsit mainlyby moving a pointeron the screen(typically controlled by
a mouse)and selectingcertain objectsby pressingbuttonson the mousewhile the
pointeris pointingat them.

ThoughApple Computemvouldlike to claim they inventedthe GUI with their Mac-
intoshopemating systemthe conceptoriginatedin theearly 1970sat Xerox's PARC
laboratory.

Theof cial NUS descriptionof CS3283s:

This moduleaimsto tead the nutsand bolts of GUI programming At the end of
thecourse studentswill acquire practical knowled@ in Windowsprogrammingand
tedhniquesof programminginteractive systems.Topicsinclude Windowsprogram-
ming, Motif, Tcl/Tkprogramming

An interestingaspectof this courseis that thereis someemphasison graphicalvisualization
methods.Thesenotesarejust an expandedsetof overheads you areaskedto readsupporting
papers,and maintainan active interestin GUI designandimplementation.You may nd the
latestcopy of the notesat

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

It is my intentin this courseto give lots of examplesof differentGUIs - successfuandotherwise,
andto shav the methodausedto developtheseinterfaces.

1TheFree-On-Line-Dictionary-Of-Comytingis foundat http://wombat.doc.ic.ac.uk/foldgindex.htm.
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AssessmentTheproposedssessmemhaybemodi ed slightly if theneedarisesput currently
is asfollows:

| Assessment Weighting | Grade |
Assignments 35%
Assl Design Group 10
Ass2 Design,prototype Individual 20
Ass3 GUI implementation Swing/MFC Individual 40
Ass4 GUI/Visualizationimplementatiorr Tk/Java3D Group 30
Tutorials 5%
Mid-term Closedbook 10%
Final Exam OpenBook 50%
| Total marks | 100% |

Textbook: Unfortunately no single textbook adequatelycoversthe materialpresentedn this
coursesol amproviding a setof noteswhich maybe supplementeddy readingdrom:

1. TheUserInterfaceConcepts& Design,Lon Bar eld, Addison-Wesle/ (1993)

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

3. Tcl andthe Tk Toolkit, JohnK. OusterhoutAddison-Wesley (1994)

Tools: You maywish to downloadandinstall the following toolkits, copiesof which arefound
atthe coursewebsite at http://www.comp.nus.edu.sg/ cs3283/ftp.

1. JDK Versionl.3
2. TheCygwindevelopmentsystemjncluding Tcl/Tk anddeluggers
3. TheNetbeansDE, thegladeGUI builder, andsoon

Topicsto be covered: During the coursewe cover

FundamentaGUI concepts (1 lecture)
Designandprogrammingechniques (3 lectures)
Crossplatform GUI developmentusingSwingandTcl/Tk (6 lectures)
Visualizationtechniques (2 lectures)

Enjoy the course!
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Chapter

GUI concepts

T he userinterfacefor softwarehaschangedver the years. Early userinterfacesweretext

basedandnormally hada fairly simpleinterrogatve style - promptingthe userto provide

needednformationin a x ed order The modernGUI providesfor comple interaction
betweerthe userandthe application.andoftenrelieson sharedcconceptor metaphors.

GUI programmings aboutthe conceptualizationgesignandimplementatiorof that part of a
softwareapplicationwhichis concernedvith userinteraction.

1.1 How notto do GUI

| have decidedto startwith an examplefrom hereat NUS - the leave systemfor staf in the
departmentNoticethedates have enteredandthe errormessage

To be Filled in by Applicant

Start Date (dd/mrmdyyyy) I 20/10/2001

End Date (dd/mmdyyyyl I 2271072001

Leave Type

e FulllDa © Halfday AR € Halfday P
x

e D
[} A& pplication enrar; Process Dates |
s End date shoulz be grealer han or equzl ko star: date

Thequestions ... whatdid | do next?

1t says:*End date should be greater than or equal to start date”.

1



2 GUI concepts

Whatdo we learnfrom this?1 think two pointsstandout:

1. Try outyour applicationsbeforedeliveringthem.
2. Ensurethaterrormessageareprecise andindicatethe next step.

During this course,l hopeto give usefulexamplesof interfacesand techniques but equally
importantis to seethesepoorexamples- how-not-to-dahings.How aboutthis one:

Oftenasinglepoorexamplecanremindyou of thingsto avoid - a pictureof apoorGUI remind-
ing you of awholerangeof things.

1.2 Generalrules 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 alsoincludesan abstractview - not visible, but
understoody theuser A successfuGUI will have no clashbetweerthis view of the userinter-
faceandthe moreconcreteoneinvolving icons,buttonsandsoon. Thetermergonomicsmight
beusedhere- we hopefor a correlationbetweerthe physicalandconceptuaergonomics.

Anotherkey pointis thathumansarenotequippedo handlemultiple thingsatonetime, andthis
leadsusto try to keepinterfacessimpleanduncluttered.

Humansare particularly good at navigating systemswhich have someanalogyto thingsthey
know - for examplethe useof the desktopmetaphoiis well establishec&andworkswell in most
cultures.Iconsarealsouseful,but shouldnt be alused.

To summarize:

1. EnsurecorrelationbetweenWhat-u-candWhat-u-think
2. KISS
3. Analogy, metaphom=ndicons

Alwaysremembeto includethe U in GUI.
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1.2.1 Do'sanddon'ts

The following tips are gleanedfrom varioussourcesandare provided to help you know what
you shoulddo with your GUIs:

Do follow standards - for examplequit is the bottomitem on the leftmostmenuandso
on. In generalpeopleprefernew applicationgo follow establishedtandards.

Do be predictable and responsve - events should have an immediateresponseand
shouldoperatdan well understoodindpredictablgashion.

Do be exible - theinterfaceshouldadmitawide variationof allowablesequencesather
thanforcing aparticularordering.An undofacility is oftenhelpful here.

Don't forgetthe user - it is importantto considerthe pyschological physical,andsocial
attributesof peoplewhendesigninguserinterfacesfor them.

Don't forget the machine/emwironment - but watch for nastyimplementationdetails
shaving upin userinterfaces.

Dont assumethings - like “the userwill knowhowto ..” - provide informative helpand
clearactions.

1.3 Typesof applications

Not all applicationsbene t from a GUI. Considerthe areaof embeddedontrol systemgsuch
aslift controllers,washingmachinecontrollers)- thesesystemscertainlyhave a userinterface
whichrequirescarefuldesign but notnecessarilya GUI. In this coursewe will notconsidetthis
sortof interface.

However, therearemary applicationareaghatdo bene t from a GUI:

Immersive applications: - gamesmedicalimaging,avatarbasedCSCWandsoon.
Of ce and businessapplications: - for useby anyone.

Interactive control systems:- ight systemsremotecontrolandsoon.
In addition,a newer applicationareainvolvesthe useof visualizationto examinelarge datasets:
Data mining: - delvinginto somesetof data.

Finally, thereis the useof GUI in WAP enableddevicesandon PDAs. Thisis a specialistopic,
whichwill notbecoveredin this course.
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1.4 Native environments/platiorms

Early userinterfaceswere primitive things which barely disguisedthe underlyingmachines-
nearlyalwaystext-basedand x edin operation.

Contraryto popularpublic opinion,“Windows” is not the only GUI window system.The Mac-
intoshsystemandthe UNIX X window systemboth predateMicrosoft's GUI systemandeach
have interestingfeaturesthat have yet to be addedto “Windows”. For examplethe UNIX X

window systemallows a clearseparatiobetweerthedisplayandthe processingwhereasWin-

dows” displayandprocessingnustbe on the samemachine.

By farthemostcommonGUI windowedernvironmentonthedesktops theonefoundin Win95/98,
andour programmingAPI for it is known asWin32.

1.4.1 MacOS

It is interestingo seethe developmenbf the Macintoshwindow systemfrom anearlyprototype
in 1979throughto its currentincarnation- MacOSX.

B Tull deron menn bat attached b he

Harizantal Ruler

[ | verticat Rutsr
Gind Siza
Fonm ks indaxad by
Operating in
Paper Widih .50
Faper Halght 11.00

Notethatthis rst prototypeusedfoldertabsin away thatis nolongerdone,anddid notappear
to useicons.Within ayear the rst commerciaMacintoshsystemhadthefollowing interface:

filphobetical
Chwonological

Stroighten up |
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Macintoshoperatingsystemshave a single user, singledisplayorientation,althoughthe latest
versionof the OSis built on top of a multi-user(UNIX) kernel. The latestversionhassome
interestingfeatures mostnotableis the applicationdockingbarmagni cation feature:

T W rhe i vies [ tescial iz

Fieemirs e ne

-----------

Size: 102 i
Created: 11/30i%0
Mocifed: 12710729

142 X

TheX window systeni is asophisticatea@ndwell developedsystemwhichallowsfor multimedia
softwareandhardwarecomponentso be distributedarounda network. At its simplestlevel, it
allows a programandits displayto be on differentcomputers.

The architecturalview of X is a little peculiar The designerwiew the displayascentralto the
systemandthe softwarerunningon thedisplayis calledthe X-sener:

X display (server)

1

Fromthediagram we caneasilyidentify threeessentiatomponentsf X:

Clients

1. The X sewer - providing the high resolutiongraphicaldisplay(s), keyboardandmouse.

2. The X protocol - providing standardcommunicationmethodsbetweenthe distributed
softwarecomponents.

3. X clients - programswith graphicaldisplayoutput,runningon (perhapsmary machines.

°Thesystemis calledX, or the X window system.UNIX weeniednsistthatit is not calledX-windows!
3Mechanismpot policy!
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Therearetwo othercomponents:

The Window manager(s)- providing decorationgroundeachwindow.
The Display manager(s)- providing accesgo the system.

Thedisplaymanagercontrolsaccesgo displays.The diagramshaws a simpledisplaymanager
allowing selectionof oneof a numberof hosts.Whenyou selecta host,you are presenteavith
alogin window for thatparticularhost.

or

Thereareof courseotherdisplaymanagersandlogin windows. Therearealsomary different
window managers:

or
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1.4.3 Win32

Win32isthe32bit successoof theWin16 API - theoriginal Windows ApplicationProgramming
Interface. Win32 is a genericnamefor 4 (slightly) differentAPls - providing standardunction

calls for accessinghe GUI, le system,processesandsoon. The Win32 APl on Win95 is a

subsebf thoseon WInNT, soapplicationswritten for Win95 shouldbe portableto WIinNT. The

reverseis notalwaystrue,but mostWinNT applicationscanrun on Win95/98.

The normalway for you to accessNin32 functionsis by usinga precompiledibrary from aC
program. C programmersnclude a setof headerles, andapplicationdink at run time to the
Win32DLLs.

TheAPI for Win9X hasthreesections:

KERNEL: - thelow level kernelservicesn user32.dll.
GDI: - GraphicsDevice Interface- drawving andprinting in gdi32.dll.
USER: - UserInterfacecontrols,windows andmessagingervicesn kernel32.dll.

In Windows NT theseservicesarekernelcalls.

1.5 Non-native ervironments/platiorms

The following systemscanbe usedto provide a consistenervironmentthatis independanof
thehostoperatingsystems:

Java/Swing
Webbrowserinterfaces

Thin clientsystems

Eachis discussedh turnin thefollowing sections.

1.5.1 Java

SunMicrosystems developmentof Java hasalwaysbeendonewith portability issuesn mind.
TheJVM (JavaVirtual Machine)is availableon all platforms,andrunsreasonablyvell onthem.
Therearesomeunresoledissues particularlyin theareasof security fontsandef ciency - for
examplethe Blackdown distribution of Java for Linux is reputedto be aboutten times slower
thanSun'sin someareaof its use.
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However - despitethis - it is relatively easyto write aportableapplication- for delivery eitheras
anappletin awebpage or asa standalonapplication.The swing windowing toolkit is the Java
API for GUI development.

Theall-java standalonapplicationshovn above is usedfor automatedaboratoryassessmeratf
programs.

1.5.2 Webbrowserinterfaces

The rst web senersprovided staticpagesof hypertext andimages but fairly quickly, demand
led to the speci cation of a standardor active pagegeneration known asCGI - the Common
Gatavay Interface.

CGI speci es how to passagumentsto a programon a sener as part of the HTTP request.
The programmight thenlook up a databaséeforegeneratingsomeHTML to passbackto the
browser A CGI programcanbearny programwhich canacceptcommandine arguments Perl
is acommonchoicefor writing theseprograms.

You shouldbe awarethatpoorly constructedCGl scriptscanresultin securityproblemsfor the
sener, andalsothatthereis normally a processoverheador eachscriptstarted.More recently
therehave beenvariousotherweb/interficetechniques for examplethe useof:

1. Javaappletsto allow processingtthe browser
2. PHP(asenerside,cross-platformHTML-embeddedscriptinglanguage)or

3. ASP (ascriptingenvironmentfor Microsoft InternetinformationSener in which you can
combineHTML, scriptsandreusableéActiveX sener components).

In this coursewe will look attheuseof Javain thisrole.



1.6 Widget sets 9

1.5.3 Thin client systems

A relatively recentdevelopmentnvolvesmoving the X-sener (or equivalent)from the machine
with the displayto a larger machine andthenusinga smallercomputerto actuallydisplaythe
data.Hereis athin clientwrittenin Java, runningasanappletin awebpage:

1.6 Widgetsets

Onede nition of awidgetis:

[possibly evoking “window gadget”] In graphical userinterfaces,a combination
of a graphic symboland someprogram codeto performa speci ¢ function. E.g

a scoll-bar or button. Windowing systemsusually provide widget libr aries (sets)
containingcommonlyusedwidgetsdrawnin a certain styleand with consistenbe-
haviour

Whenwe usedifferentwidgetsets,our applicationshave a slightly differentlook-and-feel.
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Thefollowing two screenshotareof thesameapplication the rst linkedwith the Motif widget

set,andthe secondwith the AthenaWidget set- noticethe differencesn the look of the two
applications.

Motif:

Athena:

ThelCS widgetdatabookhasa seriesof usefulwidgetsto extendthe basicMotif set,including
onesfor bargraphsandsoon.
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1.7 Summary of topics

In this module,we introducedthefollowing topics:

Rulesof GUI

Typesof applications
Windowing/GUI ervironments
Widgets

Questionsfor Module 1

1. List threerulesof things-to-aoid whendevelopingGUI applications.For eachrule, give
anexamplewhich demonstratethe problem.

2. Stateone way in which an applicationwritten for the X-window ernvironmentmay be
differentfrom anapplicationwritten for aWin32 ervironment.

3. Find oneexampleof a GUI applicationwith a clearuseof metaphar Describethe appli-
cationandthe metaphaor

4. ResearchWhatisaDLL?

5. ResearchWhy is java considerednore securefor usein a distributedernvironmentthan
(say)C?

6. ResearchWhatis the principaluseof 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

Thisis justasampleassignmentAssignmentl for this semestes CS3283will bedistributedin
class.

Task:

Identify a GUI applicationwhich you think you canimprove.
Designanimprovement.
Statehow you would testtheimprovement.

Deliverables:

A title pagecontainingyour name(sandmatriculationnumber(s).
A twoto vepagedocumentontaining

— A descriptionof theapplication- perhapswith screenshots.

— A descriptiorof thatpartof theapplicationthatneedsmproving, clearlystatingwhy
you think it needgo bechanged.

— A descriptiorof theimprovementhatyouwould make, clearly statingwhyyou think
this changewould be better

— A testingmethodologyfor the changethatyouwantto make.

Notethatthisassignmentioesnotrequireyouto implementary changejustto describeonethat
youwould make.



