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Big data. Little Brain.
Little data. Big brain.

(with apologies to Dr. Seuss)
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"big data refers to much much more data than humans can consume



fact #1:
software engineering is about solving
human problems




fact #2:
software developments generate big
data over time
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fact #3;
human cognition has limits




premise:
our “solutions” often exceed human
cognition

<cartoon removed due
to license restrictions>



big data. little brain.
big brain. little data.

duplicate bug examples to derive “formula”
big data > > little data——little brain

stories about formula properties
transformational & situational factors

take away



duplicate bug problem



Bug 625989 - Support tabs in title bar on Mac OS X

In Firefox 4, we decided to support tabs in tit ar on Windows

was in a maximized

version too, but in
imized"™ (it only hq
preference panel o

- Tabs in title bar on OSX

RESOLVED DUPLICATE of bug 625958¢

g 645789 - Hide title bar in 4.x for OSX

RESOLWVED DUPLICATE of bug 625989
OLVED D 0 o ug A

how does a developer realize/find a new
bug is a duplicate?



big data —big brain
1. duplicate bug search with keywords

the same thing implemented o
Right now the title bar just
a3 the current tab), I would prefer to use this screen space for something useful.
This change would also make Firefox use less vertical screen space than Safari,
instead of more, =o that would be a bonus too.

I like the change to place t© 2 L the c:n Windows and would like to see
{ o5
p—

v3 duplicate information (e.g. the sSame Text

; the Next/Prev/First/Last buttons won't appear on indi\

Status: REOPENED, NEW, ASSIGNED, UNCOMFIRMED Product: title Component: title Ali bug #56162: title
Component: bar Alias: bar Summary: bar Whiteboard: bar Content: "bar"
Ire
924 bugs found. | _ ] bug #136422:
== —l PRk OS Assignee Status Resolution Summary 1
56162  cri == Linu  chofmann NEW  --- mozilla does not 1 reported 1M 2000
136422 cni -- Mac nobody NEW  --- Don't use "Sheet: U
355647 cri -- All nobody MEW --- Trying to send mi 32 Comments
366457  cri -- Wind nobody MEW --- Address Book Cor 2X aS 10ng aS #56162
407098 cri == Wind gavin.sharp MNEW === Running "firefox [url]" w

Fx crashes when displa:

—.—.E _ :: -Il'i - I'.-'1'1'li|-|l_-| |-5|-|'E'|-|-']-" HEI'.-'IZ'I === -:'-':rl:'le?E.lj”'j':'h';‘f;bé: S LU s SAS T RS LTS S A S
sglite.dll exists in System32 directory)

21585 cri == Linu  nobody MNEW === Qt: Modal dialogs are broken

When working with IMAP attachments are sometimes corrupt |

— = 4 A o A N TR T B A T T U T T T W TR (A T (A T | TP TR SN SR T



big data > > little data—s big brain

2. duplicate bug search with natural
language recommender

source text should be editable
Last modified

Search page Enter n

36-50% recall

0S: | Window

Bug#:

Eroduct: | Firefox Yersion: | unspecified

Gomponent: | View Source priority:[~ @ [Runenson et. Al, ICSE 2007]
Status: UNCONFIRMED e ] .
Resolution: Severity:| normal [HlCVV, MSC Th6818, 2006]

Nobody's working on this, feel ; Jargeti

——

<
# Duplicates of Bug 297150 ¢

Bug L... | Summary

221668 View Source is broken

291603 Yiew source doesn’t show the correct source

245851 Yiew Selection Source automatically converts upercase HTML tags to lower case
230693 Missing reload within view source window

279614 Should be able to open view source window in a new tab

172817 Allow external source viewer/editor

285560 a view-source windows should show the source of a streamed page




big data > > little data—s big brain

3. duplicate bug search with natural
language +execution recommender

source text should be editable
Last modified

Search page Enter n

67-93% recall

0S: | Window

Bug#:

Eroduct: | Firefox Yersion: | unspecified

Gomponent:| View Source Priority:[~ [Wang et. Al, ICSE 2008]
Status: UNCONFIRMED

Resolution:
Nobody's working on this, feel ; Target

——

Severity:|normal

<
# Duplicates of Bug 297150 ¢

Bug L... | Summary

221668 View Source is broken

291603 Yiew source doesn’t show the correct source

245851 Yiew Selection Source automatically converts upercase HTML tags to lower case
230693 Missing reload within view source window

279614 Should be able to open view source window in a new tab

172817 Allow external source viewer/editor

285560 a view-source windows should show the source of a streamed page




big data > > little data—little brain

4. duplicate bug search with
recommender & summarizer

nozilla. {s 'sh-:uaf-.l_bu-;.cgi-;'-ll‘]=—2-9/.'-"'lASlil_

" mozilla.org Summary:

Bugzilla Bug 297150 View source text should be edj VI eW SO U rce IS b rO ke n .

The second time | use it, the View
Bug#: Hardware: PC__ gource window fails to open, but |
anes. 0S: | Window: .
version: et €T @N hOUrglass-and-pointer

Product:  Firefox
Component: Yiew Source v Priority: - CUI'SOI'
Status: UNCONFIRMED
Resaolution:
Nobody's working on this, feel

I< : e = | can’t reproduce comment 0 with
4 Duplicates of Bug 297150 32 MOZ|”a/50

Bugl... ' Summary

221668 View Source is broken

291603 Yiew source doesn’t show the correct source

245851 VYiew Selection Source automatically converts upercase HTML tags to lower case R & ICSE

230693 Missing reload within view source window [ k I\ /l h ]
279614 Should be able to open view source window in a new tab aSt ar urp Y’ 2010
172817 Allow external source viewer/editor

285560 a view-source windows should show the source of a streamed page

Severity:|normal




interludes

big data > > little data
significant reduction in data
a human considers

big brain versus little brain

amount of cognitive and physical
activity required to perform task



big data > > little data — little brain



big data. little brain.
big brain. little data.

duplicate bug examples to “derive formula”
big data > > little data——little brain

stories about formula properties
transformation & situational factors

take away



stories
software reflexion model
hipikat
mylyn
spyglass

to get at formula properties



story #1: software reflexion model

three case studies,
including one at Microsoft

[Murphy, Notkin, Sullivan, FSE 1995]



high-level model of part of Microsoft Excel

[Murphy & Notkin, Computer 1997]



example (not Excel) low-level model
(Excel : 15,000 functions/77,746 calls)

Diagram from http://rixstep.com/1/1/20070206,00.shtml



fi
fi

e = *"shtreal
e = "shtreal

fi

\.c function=foo mapTo=Graph |
\.c mapTo=Sheet |

e = Mextfll

‘ez]\.c$ mapTo=File ]

mapping

blue entry is illustrative



reflexion model (partial)



big data > > little data — little brain

big data = low-level model
little data = high-level model

transformational properties
low-cost (albeit manual)
assessable completeness

predictable



low-cost because

high-level 0Ee)altatsd mapping can be
model specified simply,
\ l incrementally and

reflexion Jegiaeeiyy
mOdEI easy to assess

/ completeness
mapped unmappec
low-level low-level

model model




story #1: software retlexion models

big data > > little data — little brain

low-cost (manual)
assessable completeness
predictable



story #2: hipikat
wizard-of-oz case study
multiple case study (long sessions)

manual precision/recall

[Cubranic & Murphy, ICSE 2003]



Ele Edt Source Refactor Novigate Segrch Project Run Window e

- e B ® oD K. AAS s g 8

: : |
T pacag.doree w x| 1 Tagacto.. § Bug 116 - [CVS Repo View] "Version from Stream" should refresh view
Y Bug 116 4 Bug#: 116 Product . FPlatforn

n"

Vi Buq¥ Version: 2.0 Platfora: All

o |5 rynem } 0S/Version: ALl Status: RESOLVED
L

D SyncActior 05/Verwie T
W] SYNCACN Severity| Severity: normal Priority: P4

) SyncOuy Resolutif Resolution: FIXED Assigned To: platforan-ven-i)
g(j ol Reported

Yarget ¥ Reported By: ¥evin_NcGuire#oti com Component : VCM
Sesmary | Target NHilestone: 2.1 H4 URL:
[C¥% Bopd Summary :

Keyvords ’ 3
investiod LCVS Repo View] "Version from Stream” should refresh view (1GENEDO)

Descript ! Keyvords :

@ org.ecpsete: (Fros Jul¥  investigate

B ECLIPSE_HOME ! Vhen the ¢ Description:

"B ECLIPSE_HOME pl in the ""? {From Julian J)

> €ons once the § Vhen the user selects the "Version from streanm
) about htmi

Ch budid properties |
Y phagin, proparties § once the action has been conpleted

& phugin,xml
Q. echpse team, NOTES
B RE_LIB - C:\Progy S KN (b/l 01 11 2601 AM)

‘.—9 y( o h e ity el i S SBies s dlidt ———————— — e metsbha e —sttssstre oo
bugzile Buq 13170 leam tm& ’Locdaddtmmtmdcr(vs Toxt sdarky

7 ’? °;J° ;‘:j“ e bila Bug 10416 - Imgroved workflow for “Delete” Text crrdasty
. =
Package E.., Mer

.
-
-
*

action
in the Repository view, 1'd recommend you refresh the view

& Hopkat (Bug 16161)

Type ] Name I Reason

cvs dev eclipse.org: thome/ecipsejorg.eclipse. jdt uijuiforg...  Check-in close to bug resolution
cvs dev.eclipse.org: fhome/edipseforg.edipse.jdt uifui/org... Check-in dose to bug resolution
bugzilla Bug 13176 - Team: task "Local addition not under CVS ...  Text similarity

bugzilla Bug 10416 - Improved workflow for “Delete” Text similarity

buggilla Bug 10833 - Cannot add new file to CVS Text similarity

<

[Cubranic, Murphy, Booth and Singer, TSE 2005 ]




check-in package

z =l
File L
version

o implements o
similar to similar to reply to

Bugzilla Usenet, Mail

Document Message

documents about

Hipikat | works on

[rosts

Person

wriles




Location in the IDE

Bug report open in the Bugzilla editor

CVS-managed file open in the Java editor

File in the CVS Repository view

Revision in the CVS Resource History view
CVS-managed file in the workspace Navigator
[tem recommended in the Hipikat Results view
Bugzilla search match in the Search results view

Java class or method in Outline and Hierarchy views

+ text
(e.g., exception trace)

Artifact type

change task
file version
file version
file version
file version
item’s type
change task

file version




big data >> little data —

big data = project repositories
little data = recommendations

transformational properties
low-cost (automatic)
situational factors

context (automatic)



Mail/News |

Monitor Identification Selection

Query
sources [l

oy 1 ] [
T— | é Related
e Jm e
Artifact database ‘
low-cost because
project memory

fle - auto-updates

version

check=n package

o implements o
similar to similar to reply to

Bugzilla Usenet, Mail

- - -

Change
— = - Message
nents task 9

multiple entry |
points provide P —
auto-context Person

prosts

wriles




story #2: hipikat

big data > > little data —

low-cost (automatic)

context (automatic)



story #3: mylyn
three field studies
adoption in practice

[Kersten & Murphy, FSE 2006]



demo



big data > > little data — little brain

big data = workspace information
little data = focused workspace information

transformational properties
low-cost (automatic)
assessable completeness
predictable

situational factors
pervasive
fits in workflow



= Java - org.eclipse.mylyn.commons.net/src/org/eclipse/mylyn/commons/met/AuthenticationType java - Eclipse

File Edit Source Refactor Mavigate Search Project Run  Window Help
| = ﬁﬁ'@'i:{;' .,J_”,Etf(:'i' I =N d o - - L= 2 -

[# Package Explorer &3 & Hierarchy = O || fus ITriggerPointManager

= E]V = x C ht (c) 2004, 2008 Tasktop Technologi

|4] TaskRepository.java Tath IWorkbench.class 4] AuthenticationTypej &2 7 = O|| g% outline| E] Task List 2 B History =0

1 others. - - - E] ,:‘;JV

Find F All ¢ Task search completely blo...

4 7‘1 org.eclipse.mylyn.bugzilla.ui

4 = IRE System Library

4 [mg rtjar

=y Mylyn - Steffen [Eclipse.org]

4 f javalang : * bn enum of the supported authentication types. * [4] 208153: [api] add methods for updating reposit:
Taih Object.class . o o @ 97| 202310: Task search completely blocks Sea
4 j‘J org.eclipse.mylyn.commons.net ¢ [e| 236084: register focus listener for lazily created cor
4 (& src effen Pinge k4 v(a
4 f} org.eclipse.mylyn.commons.net g 238064: task list updated twice when partial results
a [} ;'-_\uthenticationT}fpe.ja‘.'a { -3 ¢ [a] 248369: [api] provide a mapping between task attr
(3 AuthenticationType 1.2 -3 v[a
4 —‘_J,- org.eclipse.mylyn.tasks.cor su =% Unmatched [Eclipse.org]

2
4 |H3 org.eclipse.mylyn.t
4 |} TaskRepository,java
4 LEE TaskRepository
#F AUTH_PASSWORD
@. equals(Object)

4| 321278: [e4] ensure that Mylyn works on Eclipse 4

~ complete, predictable,

> v
= gethAuthlnfo()

automatic With S (7] 335659: make monitor test more robust
o e fhenticstonT, manual Override

@& hasCredentials()

@ hasProperty(String)

@& setAuthenticationCredentials{St
4 7‘1 org.eclipse.mylyn.tasks.ui

@ flushAuthenticationCredentials(

4 [ org.eclipse.mylyn.internal.ta
TaskSearchPage.java

- 4 Tl I
a 4%} TaskSearchPage
@. performAction() [Z1 Problems &% [:]v =5
-}-J org.eclipse.mylyn.tasks.ui 86 errors, 1,217 warnings, 0 others (Filter matched 186 of 1303 itemns)
Description : Resource Path Location  Type D

@ Errors (86 items)
@ Cannot reduce the visibility of the inherited n OSPerformanc... forg.eclipsetest.per.. lineld Java

»
@ Dimension cannot be resolved to a type DB.java forg.eclipsetest.per... line333  Java er‘ ’asl‘ ’e
@ Dimension cannot be resolved to a type DB.java forg.eclipsetest.per.. line335 Java

& Dimension cannot be resclved to a type Dim.java forg.eclipse.test.per.. line20 Java

& Dimension cannot be resclved to a type InternalPerfor... /org.eclipsetest.per.. line58 Java

4 1l 3 - . . . . -
Mimenczinn rannnt he reenhed tnoa tene Tnternal Perfar fnrn eclinge tect ner line 88 lava Prohlem




Lag |

ChangeSetM... &2 J {1h ChangesetManager. class =

private void initContextChangelets() | &

* For testing.
public void clearictiveChang

activeChang

public IResourcel[]

public void cont-—>*"

public void cont

=] Uit

public Subc

aukan

& Equino::
ava applet
Jawva Application
JU JUmik

=) History 23 . [E] Task List
TaskListToolTipHandler.java H R 2

Revisi... Tags Revisi... Author

] 1.23 4/24/07 3... relves

] 1.20 R2.0_M2 3/30/075... relves

Change sets | 119 3/30/07 1... relves
3/2

| 118 /23/07 4... relves

folding/ &
content assist

- v E}k

Comment

NEW - bug 181038: [api] Pul...
ASSIGNED - bug 178678: Act...
NEW - bug 166990: [multi m...
NEW - bua 176297: aet rid o...

NEW - bug 166880: [multi monitor] if

Eclipse is on secondary menitor to left of

primary task list tooltips show on primary ™




story #3: mylyn

big data > > little data — little brain
low-cost (automatic)

assessable completeness
predictable

pervasive
fits in workflow



story #4: spyglass

longitudinal case study
controlled lab study

[ Viriyakattiyaporn & Murphy, CASCON 2010]



Map axisStateMap = new HashMap(): calculateDomainaxisSpace(
calculateRangeaxisSpace (G
: S calculateAxisSpace (Graphic
doul B = datalrea.getMinY¥(): A - L_ s
do1 nr = dataldrea getMiny( =this axisOoff=et calculateTor o OF dw("’raphu'sco’ Rel'tar'gll
- e
Rationale

If you wanted to see call relationship between
draw in [CategoryAxis]

and

drawAxes in [CategoryPlot],

you could have used Open Call Hierarchy via

Keyboard Shortcut: Select class/method > Ctrl + Alt + H
Menu: Context Menu: Select class/method > Right Click > Open
Call Hierarchy

Open Call Hierarchy opens up the selected method in the Call
Hierarchy view showing its callers or callees.

Recommended Functionality

Name Shortcut Key Fre... Created
Open Call Hierarch Select class/method > Cirl + Alt + H (0 |02/19/08C
Open Type Hierarchy  Select class/method > F4 0 05/29/09 11:2
v Work Item Editor Links N/A 0 05/29/09 112
< ]

Click here to go o Eclipse Help page.

drawRangeGridlines(Graphics2D, Rectangle2D
drawRangeMarkers(Graphics2D, Rectangle2D,
¥ ~ getDataRange(Valueixis)

A A A= A v ie Tl 70 Awciry

L L L Lt

Writable Smart Insert

Rate This

IO CLIT NI CULT &




big data >> little data —

big data = user interactions in workspace
little data = recommended commands

transformational properties

low-cost (automatic)

situational factors
(mostly) fits in workflow



Map axisStateMap = new HashMani():

dou or = (

calculateDomainAxisSpace(
calculateRangeaxisSpace (G

AMMAE bt (mOStIY) fits in Workﬂow lcalcn.Jlat}:A.A.xns‘_i.pace(‘VI'Z;r'.a;:#-.[nc
douy B = dai

Jor A i# o draw(Graphics2D, Rectangh

Rationale —

If you wanted to see call relationship between
draw in [CategoryAxis]

and

drawAxes in [CategoryPlot],

you could have used Open Call Hierarchy via

Keyboard Shortcut: Select class/method > Ctrl + Alt + H
Menu: Context Menu: Select class/method > Right Click > Open
Call Hierarchy

Open Call Hierarchy opens up the selected method in the Call
Hierarchy view showing its callers or callees.

Recommended Functionality

drawRangeMarkers(Graphics2D, Rectangle2D,
¥ ~ getDataRange(Valueixis)

ArH A A A v i T 7 s hmmees Awie

Writable Smart Insert

drawRangeGridlines(Graphics2D, Rectangle2D,

Name Shortcut Key Fre... C reaned
Open Call Hierarch Select class/method > Ctrl + Alt + H E- 02/19/09
Open Type Hierarchy  Select class/method > F4 05/29/09 11 2
v Work Item Editor Links N/A 0 05/29/09 11:2
4 b
Click here to go o Eclipse Help page. l

IRate Thle

<No Current Work> ¥ i: -

automatic




story #4: spyglass

big data > > little data —

low-cost (automatic)

(mostly) fits in workflow



lessons



lessons about transformational factors
big data >> little data

low-cost (manual or automatic)

assessable completeness

predictable



reflexion
model

low-cost N

assessable \
completeness

predictable

hipikat mylyn  spyglass

_\/.

need sufficiently high
precision/recall?




lessons about situational factors
little data —little brain

context (automatic)
pervasive

workflow



reflexion
model

context
(automatic) ©
pervasive ©

big brain

]

\@zid/eizﬂtent

automatically>

how to handle
specialized tools?

4

workflow © O

spyglass
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take away
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situational
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big data >> little dat

transformational
factors
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