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Natural Programming Project

* Researching better tools for programmers since 1978
Natural Programming project started in 1995

Make programming easier and more correct by making it
more natural
— Closer to the way that people think about algorithms and
solving their tasks
Methodology — human-centered approach

— Perform studies to inform design

* Provide new knowledge about what people do and think, & barriers
— Guide the designs from the data

« Design of programming /anguages and environments
— Iteratively evaluate and improve the tools

Target novice, expert and end-user programmers
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End User Programming

* People whose primary job is not programming

* In 2012, in USA at work: — Scaffidi, Shaw and Myers 2005
— 3 million professional programmers
— 6 million scientists & engineers
— 13 million will describe themselves as programmers

— 55 million will use spreadsheets or databases at work (and therefore
may potentially program)

— 90 million computer users at work in US
« We should make better tools for all of these people!
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Debugging

« Study commissioned by NIST USA (2002) of
14 software vendors

— Software errors cost ~$60 billion annually

— Software engineers spend 70-80% of time testing
and debugging

— Time for 1 developer to fix 1 bug was ~17.4 hours

* Current debugging techniques same as for
/ast 70 years

Same for end-user and professional environments
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Improve Developer Experience

* Use human centered approaches to:
» Make developers more effective
» Reduce errors in resulting code
» Insure that developer tools are usefu/

» Understand developers’ barriers that cause
wasted time

» Direct efforts at most important issues

» Address: programming languages, APIs,
tools, documentation & resources
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Why Would Being Natural be Good?

* Programmers are People Too
— Take the human into account

« Language should be close to user’s plan

— “Programming is the process of transforming a mental plan into one

that is compatible with the computer.”
— Jean-Michel Hoc

« (Closeness of mapping

— “The closer the programming world is to the problem world, the
easier the problem-solving ought to be.... Conventional textual
languages are a long way from that goal.” — Green and Petre

* Depends on target population
— Need studies
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Not so Natural!

class HelloWorldApp {
public static void main(String[] args) {
System.out.printin(’'Hello World!");

}

}

« 3 kinds of parentheses and 9 special words!
« Compared to click and type: “Hello World!”

Let Shapel.FillColor
= &HOOFFOOFF&

--------- FillColoH

......... Feturns
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First Natural Programming Studies

* John Pane, PhD 2002

* Studies:

— How people naturally express programming
concepts and algorithms
1) Nine scenes from PacMan

2) Transforming and calculating
data in a spreadsheet
— Specific issue of language design

3) Selecting specific objects from a group (“and”, “or”,
“not”)

— Lots of interesting results
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Examples of Results

* Rule-based style
“If PacMan loses all his lives, its game over.”

* “And”, “Or”, “Not” don’'t match computer
Interpretation

— ... men and women, ...(not an apple)or pear

» Operations suggest data as lists, not arrays
— People don’t make space before inserting
* Objects normally moving
“If PacMan hits a wall, he stops.”
_— S0 objects remember their own state
\
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New Language and System: HANDS

=181

 John Pane, PhD 2002

* Properties:

— Metaphor of agent (Handy
the dog) operating on cards

— All operations can operate
on single items or sets
of items

— Integrated queries with language

— Sets can be dynamically constructed and used
« “Set the speed of all bees to 0”

« :See the video: http://web.cs.cmu.edu/~pane/HANDS/HANDS.MPG




Supporting “Natural” Data Types

Chris Scaffidi, PhD 2009

Ask users about types of data, say “Person name”, “age”,
“date”, “Project code”, ...

User-centered type system called “topes”
— Structured

— Constraints on the values and parts

« May be “always” or “usually” true
— “USA phone area code never ends in 11”
— “USA Last names usually start with a capital letter”

Library for verifying & transforming values
— Can be used from JavaScript o Ditew SiieadiEst g

A2 - f

for web and from VB for Excel A g C D | E

. L 1 |Phone Address City State Zip
ditor for Specn‘ymg 2 |F19-555-1000 1 Mercantile Lane San diegn |CA 92101
3 |[415-555-1001 15117 Lark St Martinez Ca 94583
4 | 412-555-1002 501 Highland Awe. Fittsburgh PA 15213
5 |41:3-555-1003 F?’h:: area ED'EE ne-;eéle;ds .wil:i'n ii A 1107
© 2013 — Brad A. Myers B |911-555-1004 EG]E . kKo 74840
/7 |985-555-1005 '511x% Locomotive Terr. 'Bastrop LA 71220




Study of Errors

« Study of novice errors and debugging
— Created a new model of barriers & kinds of errors

— All of the observed debugging problems could be
addressed by “Why” guestions

* 32% were “Why did”; 68% were “Why didn’t”
» Current debugging techniques require user to
guess where bug Is or where to look

— Most of Initial guesses are wrong, even for
experts
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Whyline

* Andy Ko, PhD 2008

» Allow users to directly ask “Why” and
“Why Not” e e




Whyline User Studies

 Initial study:
— Whyline with novices outperformed experts with Eclipse

— Factor of 2.5 times faster
* (p < .05, Wilcoxon rank sums test)

* Formal study:
— Experts attempting 2 difficult tasks
— Whyline over 3 times as successful, in ¥2 of the time

# successful time (min)

30
g 20

LA 10 —

0 0

‘ whyline B control
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Crystal

« Crystal: Clarifications Regarding Your Software
using a Toolkit, Architecture and Language

* Apply WhyLine idea to regular desktop applications (Word 2003)

* Lots of complexity in powerful features that people generally
Ilke File Edt hy? AutoText AutaFormat Strark Tags

Eimes MewpR  opeling and Grammer... b Butororreck AutoFarmat As fou Type
The ¢ Reseatch...
ke 1 Lanquagde ]
Y S a O u W a Quag Show AukoCorrect Options buttons

Fix Broken Text, ..

Ward Count... Correct TWo INitial CApitals Exceptians. ..
AutoSi ize ..

re C e n tI h a e n e d HEDaUmmArize Capitalize first letter of sentences

Speech

Capitalize First letter of table cells Carrec t keyboard setting

Shared Workspace...
Capitalize names of days

° A h - t t - t Track Changes
rC I e C u re - S u p p O r S Compare and Merge Documents., .. Correct accidental usage of cAPS LOCK key

. - . Protect Document. .. Replace kext as vou bype
Online Collaboration »

adding to application
Letters and Mailings. .. ]

Macra ]

with small overhead ey B [ — :
DEX

i@ @

Custamize. .. ' (tm)
Oplions, .. hdl

& Crystal Demo Text Editor

File Edit Tools Wwhw?
Automatically use suggestions from the spelling checker

Times Mew Foman

The ehlitor is cool
Whey is the 'R L ]
Whey is this paragraph ...

Why was the text changed from “teh" to “'the""?

This change was caused by the auto-correct feature. The
auto-correct preference was enabled. This was a default value
set by the program during initialization.

<- Back ” Close




WebCrystal

* Investigate CSS and
HTML responsible for
example behaviors

* Navigate around HTML
hierarchy

* Ask “how-do-1”
guestions about look,
position and behavior

» Generates code In user-selected

format

« Combine code for multiple elements

o CHI'2012
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Aliguam libero

L3

ARGIN-RIGHT: 20PX

m Metus aliguam pellentesque

o
@ How do I get my...

element to be exactly the same as
this one?

[ list to look like this?
[ text to look like "11is"?

[ background to look = ?

element to be in the same
position or layout like this?

[| element to be in same size like
this?

The element is positioned like this because it is a <LI> in a list structure
with respect to its container <UL> and its siblings. It uses margin-left =
20px, margin-right = 20px, text-align = left, and its default attributes.

™ Give me an example of making my element use all these position attributes.
¥ Give me an example of making my margin-left = 20px.
V! Give me an example of making my margin-right = 20px.

¥ Give me an example of making my text-align = left.

[ element to have this border?

Human

Sample Code in the | inline C55 i+ | format:

( Save this code for later use )

<SPAN style='font-family:
Arial,Helvetica,sans-serif; font-size:
16px; padding-bottom: 10px; padding-top:
12px; '>Your text.</SPAN>

Sample Code in the | separate CSS |5 | format:

[ Save this code for later use

/*css*/

SPAN.your class {

font-family: Arial,Helvetica,sans-serif;
font-size: 46px;

padding-bottom: 10px;

padding=-top: 12Zpx;

/*html*/
<SPAN class="your class'>Your
text.</SPAN>




Study of Design Requirements for
Maintenance-Oriented IDEsS

» Studied expert use of Java Eclipse IDE In a
lab setting (2004-2006)

* Focus on day-to-day maintenance tasks
such as bug repairs and feature
enhancements

* Lab study with detailed analysis
* Rich dataset -> multiple papers
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A Programmer’s Working Set

A collectionof -~ ..
task-relevant _m =
code fragments — =
development,
dependencies ... . |
are distributed i —

. and non-l 0c aI s e o o
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Times for Bottlenecks

 Each instance of an interactive bottleneck
cost only a few seconds, but . . .

Interactive Bottleneck Overall Cost

Navigating to fragment in same file (via scrolling) ~ 11 minutes

Navigating to fragment in different file -
(via tabs and explorer) ~ [ minutes

Recovering working set after returning to a task ~ 1 minute

~19 minutes

= 35%0 of uninterrupted work time!

\
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Jasper: Working Set Tool

« Jasper = Java Aid with Sets of Pertinent Elements for
Recall

« Allow programmers to grab arbitrary fragments of
code to represent working sets

— Allow programmers to view in one place, one screen

BHEHCG | @S| G B2 @ [ &

(* *Add thickness slider 23-'\__ = B
3¢ JSlider (Java 2 Platform SE v1.4.2) 5 ‘j 3 PaimWindow.java d
i . ivate PaintObjectConstructor objectlonstructor;
value equal to the average of the min plus max. | - GF_I

JSlider(int min, int max, int value)
Creates a horizontal slider using the specified min. max and value.

L_a » )

— J 4>
i PaintWindow.java#PaintWind ow ‘ﬁ 3 EraserPaint.java ‘ai
colorFanzel = new JFanel{ j; public void setThickness{int thickness) {
colorPanel .setOpaque( false):
colorPanel wsetloyout{new BoxlagyouticolorPanel, BoxlLayout.Y_AXIS)} this.thirkness = 752 I

colorPanel .add{rPanal };
colorFanel .add{gFanel };
colorPanel .add{bFanel };
currentColorComponent.setPreferredSize{new Dimension{166, S8} };_I

® PaintWindow.java#PaintWind ow -JJ 3¢ PaintObjectConstructor.java _3
objectlonstructor = nes PaintlbjectConstructor{ this); public class PaintlObjectConstructor implements Mousel istener, Housel“lotionListenej
objectConstructor .setClass{Penci lPaint.class); S . =
objectConstructor .setCalor{new Color{(B, 255, B))} 3 PaintWindow.java =
objectConstructor.setThickness{3}; private JSlider r5lider, bSlider, g5Slider;
carvas .addMousel i stener{obj ec tCons truc tor 3} J
canwvas .addMouseMotionlis tener {obj ectCons tructor )3

3 PaintWindow.java ‘j 3¢ PaintWindow.java#PaintWindow _qu
public void paintComponent{Graphics g} 1 addd indowl i s tener {new HindowAdapter{) <
public void windowClosing{HindawEvent ewvent) {
Color oldColor = g.getColor(); System.exit{d);
g.setColor{objectConstructor.getColor( ) ); ¥
g.fillRect{B, B, getlidth{}, getHsight{})] L _I

g.=etfolor{oldColor );

I




Study of APIs

« Started as PhD work of Jeff Stylos, 2009
— Inspired by Steven Clarke, Microsoft Visual Studio

group
« Application Programming Interface
— Libraries, frameworks, SDKs, ...
* Which programming patterns are most usable?
 Barriers to use of APIs
* Measures: learnability, errors, preferences
« EXpert and novice programmers

 Studied:

— Default parameters in constructors
— Factory pattern
. — Object design
\ — SAP’s Web Services APIs
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“Factory” Pattern

* Instead of “normal” creation: widget w = new Widget():

* Objects must be created by another class:
AbstractFactory T = AbstractFactory.getDefault();
Widget w = f.createWidget();

* Used frequently in Java (>61) and .Net (>13) and
SAP

» Results:

— When asked to design on “blank paper”, no one designed
a factory

— Time to develop using factories took 2.1 to 5.3 times
longer compared to regular constructors (20:05 v 9:31,
7:10 v 1:20)

'\ W Al subjects had difficulties getting using factories in APIs
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Object Method Placement

* Where to put functions when doing object-oriented design
of APIs when multiple classes work together

— maill_Server.send( mail_Message )

VS.
mail _Message.send( mail _Server )

* When desired method is on the class that they start with,
users were between 2.4 and 11.2 times faster (p <0.05)

« Starting class can be predicted based on user’s tasks

Time to Find a Method

N
o

@ Methods on
Expected Objects

=
)]
!

m Methods on

| I Helper Objects

Email Task Web Task Thingies Task ' ction Instit“te

Time (min)
=
o

-
.
a1

o




Study of APIs for SAP

« Study APIs for Enterprise ®
Service-Oriented Architectures (“Web Services”)

* Naming problems:

— TO O I O n g Bulse Lu LS Lap LuBy IDAmsiDwnsc. Lyt Lundus yBwnnsgs wyouHutuc L LS Lap Lut Lt LuaBy IDAmuBwwuc. Lot LucSu Ll LuoByBwiuc LuLDweut Lot Lu

— Not understandable
— Differences in midd/e are frequently missed

CustomerAddressBasicDataByNameAndAddressRequestMessageCustomerSelectionCommonName
CustomerAddressBasicDataByNameAndAddressResponseMessageCustomerSelectionCommonName

FindCustomer.| :m E| E

class M4 CustomerERPAddressBasicDataByNameAndAddressQueryMessage_syncCustomerSelectionByNamejis
PilotMamingTest.FindCustomer. CustomerERPAddressBasicDataByNameA. .| “1% CustomerERPAddressBasicDataByNameAndAddressQueryMessage_syncCustomerSelectionByName

Ly *{3 CustomerERFAddressBasicDataByMameAndAddressQueryMessage_syncCustomerSelectionByiame
»{g CustomerERPAddressBasicDataByMNameandAddressQueryMessage_syncCustomerSelectionByMame
\{3 CustomerERPAddressBasicDataByMameandAddressQueryMessage_syncCustomerSelectionByiName
v’f_g CustomerERPAddressBasicDataByMameAndAddressQueryMessage_syncCustomerSelectionByMame
v’f_g CustomerERPAddressBasicDataByMameAndAddressQueryMessage_syncProcessingConditions

4 I v’f_g CustomerERPAddressBasicDataByMameAndAddressQueryResponse_InCompletedEventirgs
_-:',_l CustomerERPAddressBasicDataByMameAndAddressQueryResponse_InCompletedEventHandler

0 v’f_g CustomerERPAddressBasicDataByMameAndAddressQueryResponse_InService ;I




eSOA Documentation Results

Multiple paths: unclear which one to use
Some paths were dead ends

Inconsistent look and feel caused immediate
abandonment of paths

q Business Application Backgrounds MNo Business Application Backgrounds

i n fo r m a.ti O n Success Failure Failure Failure

Enterprise
Workplace
Homepage

index
Cross
e p e Industry
Solution
w w SAP COMMUNITY NETWORK Re Map
. Service
SDM Community  BPX Community  Business Objects  Forums | wiki | Blogs  Articles  Downlo: Cﬁteg o w

_ v prise Services WIKI = .. > Custame
Member Login Not & member? My Home = Enterprise Services WIKD > .. > Custome

Business Ohiects > Sales Order

Business background s (O
|

dbs
/
il

User ID or Email I d SBIUtIDn
po— Sales Order Map c
Forgok your password? Login

Added by Daniel Sass | last edited by Deborah Ga
ES BUNDLES Lo s S ot ok, Process
logistics_execution tms intearation, avail Cumpunent
Ertorprize Sorvices Bundics oroup CrICrarias Sorvicos Gooording to HUSINCTa oritcria. This © uote to order For confiqurable produc
bunclies order to cash for fashion, integration c View

Please note: Enterprise Services Bundies inclucing erterprise services from warious applcal A Sales Order is an agreement between a vendc

Enterprise Services Bundles providing enterprise senvices for SAP ERP ZAP Mentors Create Sales Order %2

Service
Financials @ @y R Check Sales Order Creation

Bank Communicalion Menggement Recoontion Program FAQ Read Soles Order ¥1 Operation
. Credit Management Read Sales Order ¥2
. g

— Wrong Service

several applications are isted more than once. are associated with these processes, on a specific E nterp ri se
Brovess the following Enterprise Services Bundles: B
Enterprise Service Operations Service
Top Contributors ® Creote Soles Order Interface
e — Create Sales Order W1 5

o o o 0 0




SAP’s NetWeavere Gateway
Developer Tools

* Plug-in to Visual Studio 2010 for
developing SAP applications

* We used the HCI methods of Aeuristic
evaluation and cognitive walkthroughs to
evaluate early prototypes

« Our recommendations were quickly
iIncorporated due to agile software
development process
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Our Tools to Help with APIs

* Graphite

. * Apatite
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Mica Tool to Help Find Examples

Makes Interfaces Clear and Accessible
Use Google to find relevant

pages
Match pages with Java
keywords

Also notes which pages
contain example code
or definitions

© 2013 — Brad A. Myers

2} Mica: Java full screen - Microsoft Internet Explorer

File Edit “ew Favorites Tools  Help

M - a —
G Back ~ () |ﬂ @ { A P ) search -:'/"\'(’ Favorites @ Media e} A==
Address |5§| http:ffgem. pebbles. cs, crnu,edu:E050 mica/searchig=Ffull+screenélang=Java Vl Go

GOEngEv v |G| search - O = giafetyﬁar - | g Block

' c a |Ja\ra full screen |Java V|
Search Aduanced

Search Completed  Full-Screen Exclusive Mode AP
Do you weant to use high-performance graphics in the Java development
setfullSereentindows  apyironment?
etDefauItSu:_reen YICE ., If you've been asking any of these questions, then the full-screen ...
GraphicsDevice java.sun. comidocs/boaksftutarialiextrafullscreens - 7k - Cached
GraphicsErwiranrment
isPullScreenSupported 4, gy gereen Exclusive Mode

BufferCapabilities
getDefault Corfiguration Full-screen exclusive mode iz handled through a

BufierStrate java.awt. GraphicsDevice object.
0y : ; . . _—
For a list of all available screen graphics devices (in single or ...

java.sun. comfdocs/bookstutonial/extrafullscreen/exclusivermode. html - Bk
- Cached

"'Enablinq Full-Screen Wode (Java Developers Almanac

Example)

Code Examples frorn The Java Developers Almanac 1.4
javaalmanac. comfegs/ava. awtfscreen_Full®in html - 8k - Cached

"'Double-Buﬁerinq in Full-Screen Mode (Java Developers

Almanac Example)
Code Examples frorn The Java Developers Almanac 1.4,
Jjavaalmanac, comfegs/ava, swt/screen_Flip.html - 10k - Cached

Cffice of the President, Republic of China -Taiwan Rainbow

Hall
Taiwan Rainbow Hall: JAVAITT 100 JAVA Full Screenl 00101

@ javascriptirewriteSurmmaries; 1) & Internet




Jadeite: Improved JavaDoc

« Jadeite: Java APl Documentation with Extra

Information Tacked-on for Emphasis
http:-//www.cs.cmu.edu/~jadeite

* Fix JavaDoc to help address problems
— Focus attention on most popular packages and

classes using font size

— “Placeholders” for methods that users want to exist

gbatract void|szaveChanges ()

— Automatically extracted
code examples for how
to create classes

See Also (auto-generated):
Transport

Packages
m.sun.mail.dsn

com.sun.mail.handlers

COM.SUN.
ii]

sun.mail.ia) o
com.sun.mail.imap
COIM.
com.sun.mail. pop3
com.sun.mail.smtp

com.sun.mail.util

javax.malil

javax.mail.event

sun.mail.iman.orotocol
mai

lavax.mail.internet

javax.mail.search
javax. mail.util

Save any changes made to this message into the message-store
when the containing folder is closed, ff the message is contained in a folder.

volid|send ()

Use the Transport send{message) method to send Messages

protected void|setExpunged (boolean expunged)

Sets the expunged flag for this Message.

MimeMessage

Internetiddress

. Most common way to construct:

SSLSocketFactory f«:'l{'tr:‘l’j" = wp

String host = .}

int port = .}

S5LSocket socket = (SSLSocket)factory.createSocket(host, port);

Based on 38 examples




Calcite: Eclipse Plugin for Java

Calcite: Construction And Language Completion

Integrated Throughout
http://www.cs.cmu.edu/~calcite

Code completion in Eclipse augmented with
Jadeite’s information

— How to create objects of specific classes
SSLSocket S = ?77

s I:SSLSDEkEt:I'FECtDr}f createSncket{Stnng host, int port) - 55 « | | This is a proposal created by Calcite.
This example s based off of 82 hits.

C ssLSocket -

& socket: SSLSncket The following staternent will be inserted before the current
Gi 5551 5ocket - test | statement:

© zdd: InetAddress 551.5ccketFactory factory:

& args: String(]

@ £: File The following statement will be inserted directly after the current
ST _ statement:
& myChild : 5tring
@ myParent : File {35LSocket) factory.createSocket (String host, int

port)

& psl: PrintServicelookup

@ wrl: URL ™ | | The following class will be imported, if necessary:
14 ] !

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Press 'Ctrl+5pace’ to show Template Proposals Precs Tab' from proposal table or dick for focus




Euklas: Eclipse Plugin for JavaScript /- &

» Euklas: Eclipse Users’ Keystrokes Lessened
by Attaching from Samples

http://www.cs.cmu.edu/~euklas
* Brings Java-like analysis to JavaScript
 AuUto-correct uses I Finskrie Sl 3

this.parent = document.getElementById{id);
this.visible = false;

Copy source context s et o

this.parent.onkeyup = function{e) {

forerrorsdueto @ i @ I ©,

L]
} *}, *Copy function definition 'jawBar.prototype.inilEuklas proposes: This code was copied and past

4 Create a new function 'init’ k from the source file "task_5_source.js', and that

CO py pas e = fumc - L i contains a function declaration which can be us
[ Rename in file (232 R direct access) fix this problem: jawBar.prototype.init=functio
O Assign staterment to new local variable (382 Ld

[Preview]

this.visible = false; this.html.div.style.visibility =
‘hidden"; this.html.iframe.style. visibility = "hidd
jawBar.prototype.init=Ffunction ({ var that=th
this.html.div=document.createElement("div');

| A
[2! problems &2 @ _Iaﬂ.radﬂc\l @5 Declarat'lon\l ~ =g
2 errors, 0 warnings, 0 others
Description & Resowurce Type

© 2013 — Brad A. ¥ @ Errors (2 items)

&E. The function 'init’ was not defined! task_5_target.js /Evaluation line 10 |*




Graphite: Eclipse Plugin for Literals

« Graphite: GRAphical Palettes Help Instantiate
Types In the Editor.

* Pop up a custom palette for spemahzed constants

(literals) in Eclipse | =
Ad{1,2k\d{ 2} Hamipm)§ i ¥ lgnore Case
— Color palettes
1200 AM haery
— Regular expression r0pm .
. 100 pm
St”ngs = mached by patem
* Customizable (ICSE'2012)
public Color getDefanltColor() { public Color getDefaunltColor() {
retorn retorn new Color |
nav) " 0

EROEERCEDON 128); // navy
00 .
[ ,

(a) (b)




Apatite Documentation Tool

Apatite: Associative Perusing of APIs That

Identifies Targets Easily
http://www.cs.cmu.edu/~apatite

Start with verbs (actions)
and properties and find what
classes implement them

Find associated items

— E.g., classes that are often
used together

— Classes that implement or
are used by a method

© 2013 — Brad A. Myers

Type here to search...
Packages
java.awt

java.lang
javax.swing
javax.swing.plaf.basic
Classes
File

FilelnputStrearn

(4/172)

4/ 80)

InputStream
Serializable
Methods /17
close

list
read

write
Actions /72

compares

read

writes
written

Properties (/)
AbsolutePath
Directory

Name
Path

FFFFFF

Type here to search...
Packages
java.io
java.util.zip

javax.swing

= (a/17)

Classes (a/7)

BufferedinputStream

BufferedReader

FileInputStream
InputStreamReader

Methods (/2
close
printin

write

Actions /18
bbbbb

3] Properties /0

(No results)




Studies of Code Understanding

e Thomas LaToza, PhD 2012
« Studies about how experts learn unfamiliar code
* Programmers investigate reachability questions

— How can this code be reached, either upstream or downstream
— E.g., control flow from user scrolling = update status line

 ldentified over 100 hard-to-answer questions that
developers asked
— E.g., “What method implements this trigger?”
— “Why was this designed this way?”

« Survey shows such control flow guestions are difficult
and important

* No easy way to discover with current tools
— Call graphs are too general
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REACHER

* Visualize exactly the paths of interest
« Search along the paths

* Focused guestions and answers enable effective analysis of

complex codebases

« Developers with Reacher 5.6 times more successful than

those working with Eclipse only

0:53

FusionAnalysis.java £3 u, StudentRuntimeExcept iu XMLRetriever.java ILI AbstractCrystalMetho ss82 —m EE Outline | @ Reacher Search £3 ==
pl;biic -;r'(—)id beforeAllMethods(ICompilationUnit compUnit, Search upstream from XMLRetI:iglagr‘getStartContext()
CompilationUnit rootNode) { for | method calls ad
if (project == null || !project.equals(compUnit.getlavaProject())) { ' named v ' -retri

//we have a new project. reset the type hierarchy
project = compUnit.getlavaProject(); ]
try {
IProgressMonitor monitor = getInput().getProgressMonitor().isNone() ? null : getInput()
types = new CachedTypeHierarchy(project, monitor);
FreeVars. setHierarchy(types);

retriever.retrieveRelationships(ResourcesPlugin. getWorkspace().getRoot(), types);
¢

El console | @ Reacher 23

FusionAnalysis
M LR
‘r;ﬁ AbstractCrystalMethodAnalysis +beforeAllMethods(..,..)
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Fluorite Logger

PhD work of YoungSeok Yoon (in progress)
Fluorite: Full of Low-level User Operations Recorded In The

Editor

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

Logger for a// keystrokes & events in Eclipse

Analyzes frequencies and
patterns

Deleting is a high percent
of all the keystrokes

Also surveyed >100
developers

© 2013 — Brad A. Myers

Commands Keystrokes

Type char. 17092 (31.8%) Down arrow | 5797 (13.7%)
Line down 5795 (10.8% Backspace 5693 (13.5%
Delete prev. 5692 (10.6%) Up arrow 4495 (10.6%)
Move caret 4686 (8.7%) Right arrow 3586 (8.5%)
Line up 4491 (8.4%) Left arrow 2751 (6.5%)
Col. next 3544 (6.6%) Shift 1645 (3.9%)
Col. prev. 2715 (5.1%) Enter 1641 (3.9%)
Select text 1975 (3.7%) T 1289 (3.1%)
Sel. col. next 1035 |(1+9%} E 1250 (3.0%)
File open 907 (1.7%) S 1021 (2.4%)
Sel. col. prev. 857 (1.6%) N 1003 (2.4%)

Save 852 (1.6%) I 881 (2.1%)

Delete 576 (1.1%) Space 859 (2.0%)

Paste 459 (0.9%) A 790 (1.9%)

Assist(auto) 456 (0.8%) 0 750 (1.8%)

Run 391 (0.7%) L 610 (1.4%)

Copy 314 (0.6%) Delete 576 (1.4%)

C 557 (1.3%)

Assist(manual) 213 (0.4%) . 546 (1.3%)

Sel. line down 212 (0.4%) R 510 (1.2%)
Others 1113 (2.1%) Others 5970 (14.1%)

Total 53669 Total 42220




Backtracking Results

 All developers backtrack for many reasons
— Explorations, investigations, iterative design

» People use comments to remove code, so they
can restore it if necessary
— But difficult to comment & uncomment correctly
— Often non-local changes

* Undo not used for exploration, just typo fixing

« Current work: new tool to help developers
backtrack

© 2013 - Brad A. Myers Human-Computer Interaction Institute



Azurite: Eclipse Plugin for Selective Undo

« PhD work of YoungSeok Yoon (in progress)

e Azurite: Adding Zest to Undoing and Restoring Improves
Textual Exploration http://www.cs.cmu.edu/~azurite

* Work out semantics of selective undo for code
— Conflicting edits of same code must be shown to user

« Time-line visualization of all past operations

» Search through history (time) |/~ = =avinse o
to find appropriate points T

© 2013 — Brad A. Myers




Summary

» 30 studies; 18 systems Iin 17 years

* Doing studies first provides new insights that
can Inspire significantly new designs for
programming languages and environments

* Need to understand software engineers’ real
ISsues

* New designs shown to be better

40 © 2013 - Brad A. Myers Human-Computer Interaction Institute
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