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Programmers and VWork

At least 55 million in the U.S. write code to get
their work done (end-user programmers)

At least 3 million in the US have a career In
programming (professional programmers)

By 2012, 30% of new jobs in the US may
require programming skills

[Scaffidi 2005] [US Bureau of Labor and Statistics 2005]
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Programmers are People!
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My Interests

'm fascinated by the way that software Is
changing the world and changing people’'s work...

What can we do to help people improve
software quality and their own productivity!

'm Iinterested in buillding interactive tools...
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Projects

Seven tools and the studies that inspired them.

e

[-XsX:) SLATE . public class ImageTransformer
Andrew Ko and
= . - Citrus s
LD
1 Fruit Prices. Camege Melian University
2 3045 Ib. (apples) 30.50 1 ib. (oranges) Rotates an Lmage by aryangle given in degrees.
3
For example,
4  Fruit Sold Revenue b
5 312 Ib. {apples) 514040 (apphes) transformer . route(lmg, 7)
: 399 Ib. {oranges)  $179.55 (apples, oranges) performs this operation:
. o
: y/
10 = //
n
I e i, 4
T
public void rotate(Image img, double degrees)
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Projects

q Why does bug fixing take so long!
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Debugging Event-based Code

Observed |5 students creating games with Alice

t nterviewed / designers creating Uls with Flash

Helped 40 students learn Visual Basic.NET

#5 Hello SharpDevelop - SharpDevelo) =
pDevelop pDevelop
Fle Edt Vew Seach Fomat Projct Buld Debug Toos Window Help
O2HA XDOX 9 PFw = e |84 & D [0 oebug &
Tools # X[ mainForm.cs* | 1 % ||Properties * x| g
ASCII Toble bimaTmative_Systan Vion ]
C# Documentation Tags =1 8) (@]
T [ SharpDevelop Rocks! [@=13] R ICIES c
#develop [ E‘A - &) %
] i, AccessibleName
EER AccessibleRole Default
Clpboard Ring :
B 1T Bringto Front Backcolr [ Control
N Pointer ~ T Send to Back Backgroundima[_] (none)
A Label i Cursor Defaut
A 5 agnto i Fltstyl  Standard
S Fort Tahoms, 1 tworl
2l Button Show tab order Foreolr [l ControlTex
Jei TextBox {8 Lock Controls Image [ (none)
84 Mainttenu 1 Imagedign  MiddieCenter
¥ CheckBox % Cut Imagelndex [ (none)
& Radogutton 1y cony Imagelist  (none)
) croupsox | RihtToleft  No
— Text Affirmative
Pictireor
*‘:_‘ X Delete Texthlign  MiddeCenter
[ panel v =)
Data B eopertes | e e =
Components
Custom Companents The et contained i the control
TRProl P Ca Carie [MTe | || 52uee [ pesin
S[E os
Ready 5 col5 chs NS
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Debugging Event-based Code

A People’s guesses about why a program has failed
””””””””””””””””””””””””” tend to be wrong, so they spend most of their

time testing false hypotheses.

People formed false hypotheses, because tools
require them to form hypotheses prematurely.

1f(tokens.peek(IsToken.class)) {
type.setls(tokens.<IsToken»eat(IsToken.class));
O type.setArticle(tokens. <ArticlelToken»eat(ArticleToken.class));
type.setPrototype( typeExpression{tokens, unit));
type.setThat(tokens. <ThatToken>eat{ThatToken.class));
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Wh I I n e a Workspace that Helps You Link Instructions, Numbers and Events

Let people ask why did and why didn't questions
about thelr programs’ output, which they can
reason about accurately.

Use program slicing and other technigues to
determine what code they should inspect.

uuuuu
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Wh I I n e a Workspace that Helps You Link Instructions, Numbers and Events

File Edit Tools Help

> Play

i

¥3| Undo

Bous -
g B Datd v
<None>'s details

[properties [ methods [ questions

capture pose

+ Sounds
+ Texture Maps

Events |create new event

= When true hecomes true
Do this once, when it becomes true Nothing

Do this while itstrue  |:» Ghost move amount=2

Do this once, when it's no longer true NOthing

toward {farget=Pac =

‘ ADD o Z
‘.i |OBJECTS 4 I3:i:1:f:?:3:3:3:3:i:1:3:3:3:3:i:1:3:1:3:3:3:1:i:1:3:3:3:3:i:1:3:1:3:?:3:3:1:1:3:?:3:3:i:3:3:1:3:?:3:3:i:1:3:3:3:3:i:3:3:1:3:?:1:3:i:1:3:?:3:3:3:3:f:1:3:?:3:3:3:1:3:1:?:3:i:3:f:1:3:?:?:3:i:1:3:?:3:3:3:3:f:1:3:?:3:3:3:1:3:1:?:3:3:3:1:1:l ] )I
[O Pac.movePac
Pac.movePac Noparameters create new parameter

create new variable

No variables f
“ Pac move forward — |3 meters re...

R

‘Do in order Do together :IffElse :Loop |:VWhile :For allin order For all together = \Wait

- print ]

W
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Wh I I n e a Workspace that Helps You Link Instructions, Numbers and Events

6
4
2

debugging scenarios (minutes)

Average # of behaviors
correctly implemented.

Debugging Time on 6

N W DN

0
B NoWhyline B Whyline

Debugging time reduced Correctly completed 40%
oy a factor of /.8 (p <.02) more tasks (p < .02)
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Projects

q What influences a spreadsheet’s correctness, but Is
o not formally specified in the spreadsheet!

Slate
with Michael Coblenz

"
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readsheet Errors

ﬂ Studied data and formulas In spreadsheets from a
/  corpus of public spreadsheets.

total weight of fruit shipped

average grade of students in afternoon English

dollars spent on groceries in January
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M Errors

/!\ People encode values with both units and labels.

25.0 kg of apples

total weight of fruit shipped

Many formula errors computed valid units, but
invalid labels.

25.0 kg of apples + 10.0 kg of oranges = 35.0 kg of /!

t\M\\ Human-
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@Le a Spreadsheet Language that Accentuates Type Errors

ty

-~

‘roduce the concept of labels. Define a

e system to allow their propagation.

We defined semantics for adding,

subtracting, multiplying, and dividing labels.

Users can compare the labels shown to
th

e labels expected.
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I e a Spreadsheet Language that Accentuates Type Errors

06 SLATE
A B C
1 Fruit Prices
2 350.45/ 1b. $0.50 / Ib.
3
4 Fruit Sold Revenue
S 312 1b. §140.40
6 399 Ib. $179.55
7
8
9
10
11
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e a Spreadsheet Language that Accentuates Type Errors

806 SLATE
A B C
1 Fruit Prices
2 50.45/ Ib. (apples) $0.50 / Ib. (oranges)
3
4 Fruit Sold Revenue
S 312 1b. (apples) $§140.40 (apples)
© 399 Ib. (oranges) $179.55 (apples, oranges)
7 A
8
9
10 \
11

strange label calls attention to discrepancy

W
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Projects

q Why are programs that manipu
o data so large and difficult to ma

Citrus

Citrus

ate structured
iNntain?

uuuuu
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Analyzed the source code for large
tal tools.

INncremen

(£Aico (2.0 121172002 7-495W) - C\Documents i Slingr\ako\D

Software for Structured Data

INteractive,

P - == & Resource - PaintWindow. java - Eclipse Platform
s Fle Edt Souce Refactor Navigate Search Project Run Window Help
ooy S-HBa[H- k- 7% e- ¥ 8
[ e 2[5 Ravigter W v x |[Dammsme Park jova PenciPant jova x
L e - % 3] EraserPaint java S clearUndoPanel.setlayout (new BoxLayout (clearUndoPanel, BoxLayout.Y_AXIS)): A
Ny owiesy et o) CWouL s akiaten i ) Paintlass clearUndoPanel.add (clearButton] ;
o @octoms the workd starts, do. WorkdoctoAnmationLoop & [3) Paintjava clearUndoPanel. add (undoButton) ;
o @ sioride = @) PaintCanvas.class
o @rescws ] L o e 3) PaintCanvas.java pencilButton = new JRadioButton(actions.penciliction):
@ Rngtossten the workd sarts, do.* WorafrrisAnma [8) PaintObiectcoss pencilButton. setOpaque (false) ;
o @ Cooster (3] paintObjectjava pencilButton.setSelected (true) ;
o Qrermiswmert B o e o ) PaintObjectConstructor class new (acti ;
B e word st do WorktsomideArmation (3] PaintObjectConstructor.java eraserButton. setOpaque (false) ;
o ) PaintObjectConstructorLstener class LineButton = new JRadioButton("Line") ;|
L e S — | ) PaintObjectCanstructorListener java LineButton. setOpaque (false) ;
@ Fourtehn NS = [8) Paintwindow.class
> @ Corousel @ i o o 1 3) PaintWindow.java toolButtonGroup = new ButtonGroup():
> @ swnos = o fese ] ) PaintWindows1 closs toolButtonGroup. add (pencilButton) ;
Workr's deais Paintiindon$2.cless toolButtonGroup. add (eraserbutton) ;
Do orde) Do together] {¥Eiss) Loop) [ Whk :Foratnorder) G aagetin |/ Wak o B PaintWindow$3,class toolButtonGroup.add(lineButton] ;
propertes [N %] croate new parometer Paintwindow§.class v
createnew variatle < > toolPanel = new JPanel():
croatonevrvariatle toolPanel.setOpaque (False) ;
e o 0 A= Outine 3@ o x toolPanel L (new BoxL t (toolPanel, BoxL Y_AXIS))
o s + “= import decrations ~ toolPanel.add (pencilButton) ;
amblontgheColor Ea— o S 5@ Potwidon toolPanel.add (eraserbutton) ;
L ighBiighness 2~ move o s ngenty o canvas : PantCanvas toolPanel.add(lineButton) ; -
Y= o >~ | move w10 awraton -4 styte-bepn genty — | mare o dearbutton : Jutton 2 5
2 | move riom— 15 wran o - begingenty — | more o undoButton 1 Joutton
e o dearlndoPanel : JPanel ¥ Search (thickness - 4 References in Workspace) ) P m @ S x
novetorwara o awaton =10 syt -abrupty o o penciButton : RadoButton -
tancel 258 B e et © getThickness() - PaintObjectConstructor
ouether e e & makeHoveringPrototype(Foin) - PantObjectConstructor
p—— 2~ | move forwara araton-1 iyt beoin genty — more e e © mousePressed(MouseEvent) - PantObjectConstructor
2 | move down — |10 o styio-beoin genty — | mare o thicknessPanel : Joanel © setThickness(int) - PaintObjectConstructor
s 2~ move ke~ 15 araton-1 styto =bogin genly —  mo 2, (Fencl i Perel
o gPanel: anel
move ten 1. o bPanel Panel
e Sider : 35
Lo - o bslder : Jsicer
a - | move backweard - |22 aray - begi ey~ more e 3
2 move w10 araton =4 e =bagin gerty  more < 51| [Tasks  Console |search
2~ move len 15 wraton-4 iyt -begi genty — | more. Wirkable [Tnsert
= — = = TTStart. £ & resowce-pantwnd.. [fBFak [ Cenesa £ inter oo &)

Alice

Eclipse
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Software for Structured Data

9\ Languages like Java necessitate large amounts of
— boilerplate code to manage listeners, constraints, and
event handlers, value restrictions.

IWorkspace workspace = ResourcesPlugin.getWorkspace () ;
IResourceChangelistener listener = new IResourceChangelListener () {
public void resourceChanged (IResourceChangeEvent event) {
System.out.println ("Something changed!");

}
Y

workspace.addResourceChangelistener (listener);

//... some time later one ...
workspace.removeResourceChangelListener (listener);

"
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r a language for Creating Interactive Tools that Reshape and Utilize Structure

Create first class language features to simplify the
expression of these common archrtectural patterns

3y building them into the runtime, the syntax
required to express them is greatly simplified.

Andrew Ko e July 24th, 2006
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I r a language for Creating Interactive Tools that Reshape and Utilize Structure

value
constraints

value
restrictions

event
handlers

top <- ((this previousView).bottom + 5.0)

(New |

has Int caretIndex = 0
for which (caretIndex >= 0)
otherwise 0
for which (caretIndex <= (text length))
otherwise (text length)

abcdefghijklmnopqrsdivaz

when event (editor FileSelected)

(do
(event.old.@background set nothing)
(event.new.@background set Color.orange)

)

Files

| )index.txt

| Jellen.txt

| projects.txt
] pubs.txt
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Projects

Q What questions do users of office applications
o have difficulty answering?

Crystal

with undergrad David Weitzman

"
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Debugging Your Office Apps

ﬂ Collected a corpus of why questions that office
/ workers had about their office applications.

Why didn't this get
auto corrected!

Why did this get
marked as misspelled?

Safari can’t open the page “http:/ Why s this
your comlputer isn’t connec vvhitespace here?

uuuuu

\\
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Debugging Your Office

o answer these questions, users explored the
user Interface and online help for answers.

AutoCorrect: English (U.5.) i X
AutoText ] AutoFormat Smart Tags I

AutoCorrect ] AutoFormat As You Type

[V Show AutoCorrect Options buttons

[V Correct TWo INitial CApitals Exceptions... I

[V Capitalize first letter of sentences

[V Capitalize first letter of table cells

[V Capitalize names of days

[V Correct accidental usage of cAPS LOCK key
[V Replace text as you type

Replace: Wwith: & £

(© © i‘l
) ®

(tm)
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r I Clarifications Regarding Your Software using a Toolkit, Architecture, and Language

Allow users to click on objects in the application
and select a why question about its behavior.

Vaintain a causality graph as part of the undo
nistory. Answers are all paths from a visible
input to a visible output.

Why didn't this get
auto corrected!

uuuuu
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r r I Clarifications Regarding Your Software using a Toolkit, Architecture, and Language

£ Crystal Demo Text Editor
File Edit Tools Why?

Times Mew Roman v ’14 v b {

The Crystal demo text editor allows
multi-font typing, sty/es on paragraphs
and other features copied from Microsoft
Word. I

I can type just like with any other text editor. Why is
this bold?

Human-
Computer Andrew Ko ¢ July 24th, 2006
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I Clarifications Regarding Your Software using a Toolkit, Architecture, and Language

In a user test, users with Crystal's question
asking features were able to resolve all of the

problems we posed.

Users without question support took

significant

Y

gave up O

N

onger on the simpler tasks and

the more complex tasks.

Currently speaking with Microsoft developers
about the potential for this technology In future
versions of Office.

Andrew Ko e July 24th, 2006

29



Projects

62 -low do programmers utilize text as a
o medium for their work!?

Barista

eeeeeeeeeee

\
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Source Code Editors

Screen captured exper
ava programmers doin
development and
maintenance tasks

Analyzed open source
code comments.

b |  sntmm— § T

@param
@param
@param
@param

public ExponentialChange(double delay_val, double dur_val, double exp, double amount_val)

this():

amount.setValue(amount_val):
exponent.setValue(exp):
duration.setValue(dur_val);
addTimeFilter(new Delay(delay_val)):

@param new_amount

public void setAmount(double new_amount) {
amount .setValue(new_amount)

}
public void Process()
if(owner != null) {
if(current_time <= @)
return;
if(current_time < duration.endValue) {
if( .abs(exponent.getEndValue()) < 0.01)
owner.endValue += (current_time/duration.endValue)*amount.getEndValue
else{
owner.endValue += amount.getEndValue()*( pow( .E,exponent.getE
( .pow( .E.exponent.getEndValue()) 1):
}
isDone
}
else {
owner.endValue += amount.endValue:
isDone true;
}
}

(\ Human-
Computer

Interaction Andrew Ko JUly 24th, 2006
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Source Code Editors

é Programmers need most of the flexibility of text for
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee their modifications, but...

ext 1s an limited medium for the type of information
that developers want to embed In code.

RoleSe Ob

|AT N |5 S S R S e B R R A

fo e T T R A T T T A A T T A A T A S TR T A AT A AR ole

|roleServiceObjects trrrrrrivrii lgapeservices | =———
——————— | gameSe | _rolemanager
gamne " -—. O 000 | tcl
——————— "—. |API_RunABit | e

| API_GetOrdersForRole | API_GetC entS vl

| API_CreateRoleServicesObjectForRole | API_GetCurrentRoleNa

+ b API_GetRoleSubordina

\\
w imeracion Andrew Ko * July 24th, 2006

32



Ba rl S l a Basic Abstractions for Rapidly Implementing Structured Text-editing Applications

Design code edrtor toolkit t

nat supports rich

media, embedded tools, anc

alternative views,

while still supporting conventional text editing.

Represents code as trees of structures and tokens,
out still allows code to be edited as text.

Andrew Ko e July 24th, 2006
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Bari

package

Basic Abstractions for Rapidly Implementing Structured Text-editing Applications

package

\\ Human-
Computer
Interaction
Institute
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B rl Basic Abstractions for Rapidly Implementing Structured Text-editing Applications

@ Fritpainteriave | D Arernativesiava |

public class Alternatives
public class FruitPainter { ., .
{ [Returns this view's left coordinate. ]
[Paints a fruit based on the shape supplied. ] ?Ub"c L getLeftPositlon()
public vo:d paintFruit(Shape shape)
{ return 0.0}
int left = shape.minX(): } }
int top = shape.minY():

int right — shape . maxX():
int bottom — shape.maxY();

It 7 shape. round()
( shape . red() shape . green() )
{

Image apple = load("apple.png"):
paint(apple, 40):

public class ImageTransformer
I {
. [Rocates an Lmage by 0 angle given in degrees. ]
9 Disanceina
! public void rotate(lmage img, double degrees)

public class Distance
{ (Computes the distance between two points. ] }

public static final double main(double X1, double yl, double X2, double y2)

{ }

return v’(xz - x| )Z G (y2 - yl )Z :

}

}

\\ Human-
w igtacton Andrew Ko « July 24th, 2006



Projects

q What are the major sources of effort when using an
o |IDE to complete software maintenance tasks!
Jasper
with Michael Coblenz

uuuuu
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Navigating Source Code

\/j Fine-grained analysis of |10 Java programmers
/ actions during debugging and enhancement tasks.

[ - ——— — -

HHHHHH
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Navigating Source Code

/.\ People return to task-relevant code frequently, but
= to navigate to It, they have to use file tabs, scroll
pars and lists.

35% of time was spent just with the mechanics of
these navigations.

HHHHHH

\\
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e r Java Aid with Sets of Pertinent Elements for Recall

cou

add

e

N

his wor

ho
on

Design a user interface that allows all of the
relevant code to be viewed In a single place.

Kspace would represent a task, and
d any kind of relevant information, in

to code fragments.

Andrew Ko e July 24th, 2006 39



baip@r Java Aid with Sets of Pertinent Elements for Recall

‘006
|#-0-Q- | L & G- | @™ 5]

-] S@ -4 1o

Java - EditorActionDelegate.java - Eclipse SDK - /Users/mcoblenz/Documents/workspace

(&)

~

5 &' Java [ Resource [T FEAT 2.5.4

( r ?' LY
[ Package Explorer %\Hierarchy] = O | 1] jasperPlugin java [J] workingSetEditorA... lﬁ} jasper I |J] WorkingSetitem java ] [J] workingSetwidget.... [. Initialization 23\”28 = O(5% outline 23\ BR Y e X ¥=0O
¢ | B & T || % EdtorActionDelegate java#run O. 3¢ Reminders.txt o. #  edu.cmunciijasper
— case JAYALSELECTION: URL items don't have a document ‘u i
LiAaL reulten = nee HorkingSetdaval tem (currentlS, currentEditorinput, currentSelection, - need to change hierarchy > £ Importdeclarations
7 Al-acme currantDocunent, conpilationlnit); . | v O EditorActionDelegate
oI A2 case TEXT_SELECTION: & ° JAVA_SELECTION : int
B A3 reul ten = now HorkingSetText!tem (currentlS, currentfditorinput, currentSelection, currentDocument) e F TEXT_SELECTION : int
L Eclipse examples 3 WorkingSetitem java o % Minﬁﬂ"exﬂhmjlvm;lo&ﬁuum o o compilationUnit - ICompilationUnit
1] GEF examples public HorkingSetltem (MorkingSet workingSet, IEditorinput editorinput, public HorkingSetText| ten{liorkingSet workingSet, I1Editorinput editorinput, @ currentDocument : IDocument
v .thmS‘mr TextSalaction selaction, |Docunent document) { TextSol«;tlon :ologtlon, 1Docunent c?ocumnt) { o8 currentEditorinput : IEditorinput
v 0 sec :ﬁ‘:&kmgsn m wrkiughett super-(workingSet, editorinput, selection, docurent); | 6 currentSelection : TextSelection
¢ this.editor Input = editor Input; o selectionType :int
v tﬂ eiu.cmu.h:u.jasper this.selection = selection; ! Py n(
» J| EditorActionDelegate jav this.docunent = docunent; - run(lAction)
> [3) remSummarizer java > N @ .. selectionChanged(lAction, ISelection]
» ) JasperPluginjava 3 WorkingSetjavaitem java o @ .. setActiveEditor(lAction, IEditorPart)
= . ,' public HorkingSetJavel tem{lorkingSet workingSet, |Editorinput editorinput, TextSelection selection,
» J] WorkingSetjava IDocunent document, ICompilationlnit compilationUnit) {
» J) WorkingSetChangeEvent. super{workingSet, editorinput, selection, docunent);
= this.conpi lationUnit = conpllationUnit}
» J] WorkingSetChangelListen N
» J] WorkingSetitem java
» J] WorkingSetlavaltem java [J] WorkingSetjavalte... | [J] WorkingSetitemWid... | [J] workingSetjavalte... [J] werkingSetTextlte... [] *Remindersaxt | [J] EditorActionDeleg... 23\"3 =0
> ] WorkingSetTextitem.java |1 || public void run(IAction action) { =
v & edu.cmu hcii jasper.editors WorkingSet currentWS - JasperPlugin.getDefaul t().getCurrentWorkingSet();
» J] JasperSourceViewer java if (currenthS != null) {
» J] JasperStyledTextjava WorkingSetItem newltem - null;
> @ Javakdiorietjava switch (selectionType) {
= _ s case JAVA_SELECTION:
> -11 WorkingSetEditor java newltem « new WorkingSetlavaltem (currentWS, currentEditorlnput, currentSelection,
» J] WorkingSetEditorActions currentDocument, compilationUnit);
» J] WorkingSetEditorinput.ja break;
» J) WorkingSetitemWidget ja case TEXT_SELECTION: ) ) )
> [ WorkinaSetitemWidaetia newltem = new WorkingSetTextItem (currentWS, currentEditorlnput, currentSelection, currentDocument);
. ‘ 9 9 break;
> 1\1 WorkingSetjavaltemWidg default:
» J] WorkingSetLayout java System.out.println ("ERROR: unknown selection type™);
» J] WorkingSetTextitemWidg break;
» J] WorkingSetwidget.java } )
g . ) currentWS.addSelectionInDocument(newltem);
v & edu.cmuhcii jasper.views }
» J] WorkingSetListView.java }
P = JRE System Library JVM 1.4.2 (Mac
» B Plug-in Dependencies =S public void selectionChanged(IAction action, ISelection selection) {
» & icons .- if (selection instenceof TextSelection) { -
currentSelection = (TextSelection)selection; .
— ] Yalr } v
- .
@ Working Sets £3 =0
% Initialization MM«IDeclar.'monIConsole[SynchronizelDebuglError Logl H¥S0
0 errors, O warnings, 0 infos
CoDescription
CF——————— Ta» [ ————————
\\ Eluman-
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Projects

q What are the information needs
® of bug fixing work at Microsoft?

Internship
with Rob Deline

\!
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Bug Fixing at Microsoft

@ Twenty 2-hour observations of Microsoft
/ developers bug fixing.

Human-

\!
N Inoraction Andrew Ko ¢ July 24th, 2006
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Bug Fixing at Microsoft

Program understanding by reading and analyzing
- code Is rare, because of 1ts cost and risk of failure.

Configuring a workspace for the reproduction,
testing, and debugging of a bug Is extremely costly.

Developers need to know the behavior of code
and I1ts design rationale.

HHHHHH
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Whyline for

va

JBullonjavJ

Why is this text gray?

These are the events that

"
false

(

if (enabled)

was false

=

> java BubbleSort 25 234 1 34 34 5 53 34

Sorting [25, 234,

swapping 234 and
swapping 234 and
swapping 234 and
swapping 234 and
swapping 234 and
swapping 234 and

1, 34, 34, 5, 53, 34]...

1
34
34
5

53
Pr@l Why was this excekption thrown?

java.lang.ArrayIndexOutOfBoundsException: -1
at java.util.Vector.get(Vector.java, Compiled Code)
at Intro$3.getValueAt(Intro.java, Compiled Code)

at javax.
.swing.JTable.prepareRenderer(JTable. java, Compiled Cc

at javax

at javax.
.swing.plaf.basic.BasicTableUI.paintCells(BasicTableU]

javax
S Avax

swing.J)Table.getValueAt(JTable. java, Compiled Code)

swing.plaf.basic.BasicTableUI.paintCell(BasicTableUI.
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at x|1=10?

aty1=20?
at x2=288?
at y2=233?
2.0 thick?
black?

dfter this drag...

why did this

red

Lwhy didn't this

-

color change? N

size change?

rectangle | Position change?

green

blue

Q4

panel

window
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Logged into your FTP...

why did this
why didn't this

-

change

display

directory_contents?

error_message? N
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Conclusion

Software development Is complex and social work.

Understanding this work and designing tools to
support 1t I1s an interdisciplinary problem.

uuuuu

\\
‘W Interaction Andrew Ko * July 24th, 2006

45



Questions?

8ene SLATE . public class ImageTransformer
x . . Citrus
1 Fruit Prices
2 30.45( Ib. (apples) $0.50 / Ib. (oranges) Rotates an Image by arkangle given in degrees.
3
For example,
4 Frult Sold Reverue P!
5 3121b Gpples) 514040 (apples) transformer . rotate(img, 5)
6 3991b. {oranges) 517955 (apples, oranges) performs this operation:
7 y
8 o>
9 £ ™
10 — & 4
1
P image dogreas ~/

public void rotate(Image img, double degrees)

http://www.cs.cmu.edu/~marmalade
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