





Software development today

Thanks to Jaxsun McCarthy Huggan, Tasktop, 2018
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What do Task Switches:

developers do? 13.3 (+ 8.5) times per hour

[Meyer, Fritz, Murphy, . . .
Zimmermann, 2014] Activity Switches:
47 (£ 19.8) times per hour

[“Software Developers’ Perceptions of Productivity”, Meyer , Fritz, Murphy and Zimmermann, FSE 2014]




| want to ignite your imagination...
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Apple’s Knowledge Navigator

https://www.youtube.com/watch?v=umJsITGzXd0

Knowledge Navigator Video, Apple 1987



Software development
tools are not amplifying
human intelligence

Study, definition and use
of context can improve
the flow of software
development work









What's
MISSING

in
Software
Engineering?




Knowledge View the demo as a set
Navigator Demo of tools connected by
context




Context
P = Professor

C = Computer Person Role

C: You have three messages:

Event

your graduate research team in Guatemala
just checking in

Robert Jordan, a second semester junior
requesting a second extension on his term

N R
and your mother reminding you about your

N
father’s (cut off) 2 @
P: (interrupts by touching screen) @
surprise birthday party next Sunday
Tools

Image recognition: www.goodfreephotos.com




P = Professor
C = Computer

C: Today you have a faculty luncheon at
12:00; you need to take Kathy to the
airport by 2; you have a lecture at
4:15 on deforestation in the Amazon
rain forest

P: right, let me see the lecture notes
from last semester

Image recognition: www.goodfreephotos.com

Context

Person Role
Event / Course
Lecture
HR
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Context
P = Professor

C = Computer Person Role
Ny
C: (shows notes) Event Lecture
P: No that's not enough. | need to Paper

review more recent literature. Pull up
the new articles | haven't read yet.

C: Journal articles only?

P: Hmmmm. Fine. /\Zi%/ Thoodle

3
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Tools

Image recognition: www.goodfreephotos.com




Context
P = Professor

C = Computer Person Role
| / Course
C: Y. . . . . Event Lecture
: Your friend Jill Gilbert has published
an article about deforestation in the Paper
Amazon and its effects on rainfall in
the sub-Saharan. It also covers the
drought’s effect on food production
in Africa and increasing imports of HR
foods.
P: Contact Jill.

D moode
Q%0

Tools

Image recognition: www.goodfreephotos.com




Context

Person Role

| | I

Event

_
“Context is any information that can be used

to characterize the situation of an entity.”
— Dey and Abowd, CHI 2000 Workshop

[“Towards a better understanding of context and context-awareness”, Dey and Abowd, CHI Workshop on The What, Who, Where, When dn How of Context-Awareness 2000]



Context

Person Role

| | I

Event

For this talk, think about context as a
semantic plane that tools (components,
widgets) can consult when acting



Knowledge What is the effect of
Navigator Demo context?




P = Professor
C = Computer

C: You have three messages:

your graduate research team in Guatemala
just checking in

Robert Jordan, a second semester junior
requesting a second extension on his term

paper

and your mother reminding you about your
father’s (cut off)

P: (interrupts by touching screen)
surprise birthday party next Sunday

What is the professor
focusing on?

the events
(not accessing them)




P = Professor :
C = Computer What is the professor

focusing on?

C: Today you have a faculty luncheon at

12:00; you need to take Kathy to the Issue of current interest
airport by 2; you have a lecture at (not on how to access history)
4:15 on deforestation in the Amazon

rain forest

P: right, let me see the lecture notes
from last semester




P = Professor
C = Computer

: (shows notes)

No that’s not enough. | need to
review more recent literature. Pull up
the new articles | haven't read yet.

: Journal articles only?

Hmmmm. Fine.

What is the professor
focusing on?

the question of interest
(not on how to answer it)




P = Professor :
C = Computer What is the professor

focusing on?

C: Your friend Jill Gilbert has published
an article about deforestation in the the topiC
Amazon and its effects on rainfall in (not recall, re-reading or lookup)
the sub-Saharan. It also covers the
drought’s effect on food production
in Africa and increasing imports of
foods.

P: Contact Jill.




Context

17 Person

Role

d

Course

]

Context can support the flow of work...

by reducing the accidental complexity
and enabling a focus on the essential complexity

of the problem at hand




Where is the
context
In Software Engineering?
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What
context

s *"' EXISTS

kln SE?



S

Focus
on tools
where there is human interaction




Draw
largely on examples
from my research group |



Kinds of Context

Team
. Activity
Individual
. Activity
Dynamic
Execution

Static
Artifacts

representative
no claims of completeness




Kinds of Context

Artifact-centric

Team
.. Activity
Individual
. Activity
Dynamic
Execution

Static Activity-centric —

Artifacts




Kinds of Context

Artifact-centric

Team

,, Activity
Individual

. Activity
Dynamic

Execution
History

Static
Artifacts



Context as
Static Artifacts

Development Environment



eclipse-workspace - Eclipse IDE

7 [ Package Explorer 53
» 84 JHotDraw?7 [jhotdraw develop)




Context as
Static Artifacts

[J) SDIApplication java Design Patterns</b
B Viewjava
3 AbstractView form
1 Labels_de properties
Labels.frproperties
Labels.properties
» 8 orgjotdraw.app.action
# org jhotdraw.app.action.app
» 8 org jnotdraw.app.action.edit
» &3 org jnotdraw.app.actionfile
» &3 org jnotdraw.app.action.images
» & orgjhotdraw.app.action.view
» & orgjhotdraw-app.actionwindow
8 orgjhotdraw.app.osx

eo0e p: kspace - JHotD: java - Eclipse IDE
D F 0 @ Q #G O P 81 % $§lr chd ) Q 5 &
2 Package Explorer 52 Si=) = O [J) ApplicationModeljava 5% i
v 124 JHotDraw7 (jhotdr I * @(#)ApplicationModel. java -
- (% src/mainresources package org.jhotdraw.app;
¥ @ src/main/java 0® import edu.umd.cs.findbugs.annotations.Nullable;[]
» & net.n3.nanoxmi
, org.jnotdraw o °
& org.jhotdrawapp * {@code ApplicationModel} provides meta-data for an {@link Application},
» [ Abstractapplicationava * actions and factory methods for creating {@link View}s, toolbars and
B * {@link URIChooser}s.
> [35 AbstractApplicationModel java N
» [ AbstractViewjova * <hr
» [} Appletapplication java * <b>Features</b
» [B Application java * SR on tounct
. * < last URT on launch</e
L i i * When the application is started, the last opened URI is opened in a view.<t
¥ [J) CrossPlatformApplication.java # {@link #isOpenLastURIOnLaunch()} is used by {@link Application#start} to
» [3) DefauhtApplicationModel java * deternine whether this feature is enabled.
» [J) DefaultMenuBuilder java * See {@link org.jhotdraw.app} for a list of participating classes.
» [BDisposable.java * </
¥ |2} EmptyApplicationModel java * Allow multiple views for URI
» 1} EmptyMenuBuilder.java * Allows opening the same URT in multiple views.
» (1) MDIAppiication java 32 % When the feature is disabled, opening multiple views is prevented, and saving
» [ MenuBuilder,ava * to a file for which another view is open is prevented.-<
» B OSxApplicationjava * {@code Applicationtodel} defines an API for this feature.
£ * See {@ rg. w.app}h.
+ [ pockao. oo See {@link org.jhotdraw.app}
» (B printableviewjava
)

Framework

*
*

*

* e @ .

* The interfaces and classes listed below together with the {code Action} -

* classes in the org.jhotddraw.app.action package define the contracts of a

* franework for document oriented applications:

*

*

Contract: {@link Application}, {@link ApplicationModel}, {@link View}

werner Randelshofer.
$1ds

*/
public interface ApplicationModel {

- .
* Returns the name of the application. =
* the value

*/
public String getName();

» 3 org jhotdraw.beans
» 5 org jhotdraw.color

, 1o o
> 3 org jhotdraw.color.images * Returns the version of the application. .
» & org jhotdraw.draw 60 * the value

Project

» 8 orgjnotdraw.draw.action */
£ org jhotdrawdraw.action.images public String getVersion(); -
» & org.jnotdraw draw.connector I

» & org.jhotdraw draw.decoration
» 8 org jnotdraw.draw.event

» 8 org.jhotdraw.draw.gui

» 8 org,jhotdraw.draw handle

* Returns the copyright of the application

*/
public String getCopyright();

i Writable Smart Insert 2:1:3 2

File N

Interface

Context
Fragment



ontext as History

Hipikat [Cubranic & Murphy, 2003]

Development
Environment

How have similar
bugs been solved? Issue

Versioned
Commit File

Context
Fragment

Java - set the pen colour of a figure - Eclipse - /Users/murphy/Documents/Talks/AWSEC/workspace

B8 A (dN sy O Quri 87 Giei(9 00 v p e G (Q Quick A
x 23 TypeHiera = O = JHOT-9: set the fill colour < JHOT-S: set the pen colou 82 = O [E] Task List 2
VF\ v o N — u.‘;v — mt 5, —
= S @ Issue JHOT-5 UBCSPL % Wi R v | %] Submit RS
pw v

kset the pen colour of a figure
rg.jhotdraw - Find P Al P Acti
; Y Status: Done Done Created: Apr2,2014 Modified: Apr2,2014 8:1 . ;
rg.jhotdraw.applet ¥V [yAssigned to me (jHotD:

rg.jhotdraw.application Reported by: Gail Murphy Assigned to:  Super Developer b [Z]JHOT-9: set the fill
rg.jhotdraw.contrib v Attributes ¥V [yAssigned to SuperDeve
rg.jhotdraw.contrib.d
rg.jhotdraw.contrib.h|
rg.jhotdraw.contrib.z|

~This completed-task is = >

rg.jhotdraw.figures
rg.jhotdraw.framewol

rg.jhotdraw.images
rg.jhotdraw.samples
rg.jhotdraw.samples.javadraw
rg.jhotdraw.samples.javadraw.sar
rg.jhotdraw.samples.minimap Environment
rg.jhotdraw.samples.net
rg.jhotdraw.samples.nothing
rg.jhotdraw.samples.pert
rg.jhotdraw.samples.pert.images As a drawing creator, | want figures to potentially have different colours for their {
rg.jhotdraw.standard
rg.jhotdraw.util
rg.jhotdraw.util.collections.jdk 11 There is no need at present for arbitrary colours to be allowed, just a reasonable ¢
rg.jhotdraw.util.collections.jdk12
lompile_ant.bat

- [0m Time Sp
similar-and-might be helpful-{-

-
Subtasks e e ]

Description

A variety of pen colours must be provided. It should be possible to easily see and

[ Private | @ Context | @ JIRA

[“Hipikat: Recommending Pertinent Software Artifacts”, Cubranic and Murphy, ICSE 2003]



Context as History

Development
Environment

How have similar
bugs been solved?

/Versioned

T

Issue

Commit

File

Context
Fragment

wniles Person 1 writes ° File
. revision
woeks on
posts |1 implements |*
|
. l ! . -
o iasa )
Message reply o .| Change/ |.
® Bllg similar to
about |* .
* Document | *™**
documents

[“Hipikat: Recommending Pertinent Software Artifacts”, Cubranic and Murphy, ICSE 2003]



Context as
Dynamic Execution

WhyLine [Ko & Myers, 2004]




7 (source)
(2) why Gt this = PenciPaint 84,9517 (source)

Seoads

Context as
Dynamic Execution

WhyLine [Ko & Myers, 2004]

Development

Environmen%

Why is the line
black? Code
.
Runtime
Object
Context

Fragment



Kinds of Context

Team

. Activity
Individual

. Activity
Dynamic

Execution
History

Static Activity-centric —

Artifacts




Context as
Individual Activity

Mylyn [Kersten & Murphy 2006]

Development

N e Q- Qe B G (™A s 0 G

Environment

What files was |

editing for Task

A? Task

.
File
Class /

Context
Fragment

[“Using Task Context to Improve Programmer Productivity, Kersten and Murphy, FSE 2006]



O 0O Java - Eclipse - /Users/murphy/Documents/Talks/AWSEC/workspace ey

%5 Debug

[£ Package Explorer 82 72 Type Hierarchy

J aE|s ~ o |%EE|e|xela ~
P 5= jHotDraw _ Find » All P Activate...
v @onstration |

o

¥ iz Assigned to me (jHotDraw) [UBC SPL]
¥ [S]JHOT-9: set the fill colour of a fi...

e [5] JHOT-10: allow selection of a...
[5] JHOT-11: add a menu for set...

P i Assigned to SuperDeveloper (jHotD...

P i Reported by me (jHotDraw) [UBC SPL]

% Problems @ Javadoc [ Declaration 7 Search B Console 53 Z¢ Call Hierarchy ER 55' #E-r8-=06
Android




Context as
Individual Activity

Mylyn [Kersten & Murphy 2006]

Development

Environment

What files was |

editing for Task

A? Task

.
File
Class /

Context
Fragment

textChangeSetM,.. o2 \J| ChangeSetManagerTes... fo1b ChangeSetManager.class

private void initContextChangeSets() {

* For testing.| |
public void cleariActiveChangeSets() {
activeChangeSets.clear()

} @ interestChanged(List <IMylarElement > elem
@ clearActiveChangeSets() void - ContextCh:
public IResource[] getResourc g getTask(IMylarContext context) ITask - Co

public void contextActivatglN( o activeChangeSets Map<java.lang.String,:

CHANGE_SET_LISTENER IChangeSetChar
Vate o collectors List<org.eclipse.team.internal.c
isEnabled boolean - ContextChangeSetMz
public List<ContextCMangeSet> o TASK ACTIVITY LISTENER ITaskActivityl
<

private ITask getflask(IMylarC Press 'Ctrl+Space' to show Template F
istMan

o

public void contextDeacy

o

content assist based on interest

derived from activity

[“Using Task Context to Improve Programmer Productivity, Kersten and Murphy, FSE 2006]



Businessé(eholders Busineénal sts Archécts Pro'ecéma er DI CO nteXt as
Team Activity

Plan Build

CAPPM

JIRA

Time Tracking

Requirements

~ Tasktop

Defects cmmm .- Defect:

Tasks

iRise

Rl'l]l]iri'”l(!lllS

Tasks

VersionOne

Requests

ITS M Requirements Work Itel

ITSM Tool

Defects

Incidents

Requireme

Problems

Reporting & Analytics

Reports & -
Dashboards Database

© Tasktop Technologies, Inc. 2017-2018. All rights reserved.




2., .2 & &2  Contextas
Team Activity

Plan Build

CAPPM

Time Tracking

JIRA

Requirements

~ Tasktop

Defects Defect:

—— - Value Stream
' : Dashboard
VersionOne
Requests /1

ITS M Requirements Work Itel

ITSM Tool —
Feature
- Requireme \

Tool
i ° Story [ —
Reporting & Analytics
Context Task
D ronards Database Fragment

© Tasktop Technologies, Inc. 2017-2018. All rights reserved.




Context as
Team Activity

TN g, o~y 1aSktop

SSSSS

= e T o Value Stream
» Dashboard
— - What is the
68 & rose - 7% |flow time for a
) feature? Feature
S LT L L L= —
7 7 | Tool
Story -7

Context Task
Fragment

© Tasktop Technologies, Inc. 2017-2018. All rights reserved.



H(inds of Context

Team

. Activity
Individual

. Activity
Dynamic

Execution

Static
Artifacts

representative
no claims of completeness



What is needed to effectively use
context
In Software Engineering?
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: What do we

NEED
in
SE to make
context

effective?



The fundamental
need is to augment

human intelligence
not...




Four Steps

Recognize Explain Experiment Build




Recognize

Context exists
in other
communities...

Papers CHI 99 15-20 MAY 1999

The Context T:oolkit:
Aiding the Development of Context-Enabled Applications

Daniel Salber, Anind K. Dey and Gregory D. Abowd

Mobile Netw Appl (2007) 12:113-127
DOI 10.1007/511036-007-0017-1

Pervasive Healthcare and Wireless Health Monitoring

Upkar Varshney

Icons made by: Tracy Tam, Vectors Market, catkuro, Freepik, Those Icons, and Zlatko Najdenovski under a Creative Commons BY 3.0 license



Recognize

Paper Analysis

Approximate analysis of recent

B et conerenees

Most uses of “context” are in
Context per this talk program analysis sense

0 25 50 75 100 Use of “context” as in this talk
are rare

"Context"

B csE2018 ASE 2018



Explain

Who Should Fix This Bug?

John Anvik, Lyndon Hiew and Gail C. Murphy

Department of Computer Science [ ]
University of British Columbia
{janvik, lyndonh, murphy}@cs.ubc.ca W h a t I fo o0
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Explain

Inputs:
. . Bugzilla Bug 193787
Recent issue history (~>300) BegList: (T bngissatin your it sarch onh) Showhgmaxhrondy Somhoss  Braw o
Outputs: [Echipse] Bug=: 1537 2 3 Hardware [pc_a

Product IF1-010'_ — el _i_ - OS: | Windows XP |
Developer recommendations el = Bl el -3

Assigned To: Platform-Ul-Inbox <Platform-Ul

I-Inb« I-Inbox@eckpse org>
XSCCp " Target MNilestone |— 'l

Unecessary scrollbars m preferences

Context

o @ Leave as NEW
ReqU’res: € Acc ept bug (change status to ASSTGNED)
€ Resolve bug, changing resohut 1 FIXED 3
. © Resolve bug, mgk 223 dgpke _ hug# | =
Actlve deVEloperS € Reassgn bug tq | (Choose Developer) atform-UHnbax@edipse org
© Reassign bug to defailt a—.grran 3 WA contact of selected ¢ mponent

Provides: ~Coned |

N/ View Bug Activity Format For Printing | XML | Clone This Bug
Desenption: [reply] Opened: 2007-06-21 1251
I've noticed vhen I click through the preferences pages, IOometimes pages have

vertical scrolibars even though they don't need one. The extra scroll bar isn'tc
too bad, but it also puts the Restore and Apply buttons off the bottom of the

page (requiring a scroll), even though there 15 usually plenty of room.



Explain
Context-Aware Conversational Developer Assistants

Nick C. Bradley Thomas Fritz Reid Holmes
Department of Computer Science Department of Informatics Department of 7
University of British Columbia University of Zurich [Tn
Vancouver, Canada Zurich, Switzerland
ncbrad@cs.ubc.ca fritz@ifi.urk -~
ABSTRACT

Building and maintaining modern soff+-
:ﬁiﬁgﬁg?fvmmyﬂ‘ Human: Devy, I’'m done
ren Devy: You have uncommitted changes.
Should I commit them?
Human: Ok
Devy: OK, I'm about to open a pull request,
should I assign Alice?

Human: OK



Explain
Context-Aware Conversational Developer Assistants

Nick C. Bradley Thomas Fritz Reid Holmes
Department of Computer Science Department of Informatics Department of 7
University of British Columbia University of Zurich [T
Vancouver, Canada Zurich, Switzerland
ncbrad@cs.ubc.ca fritz@ifi.urk -~
ABSTRACT
Building and maintaining modern sofr- Table 2: Context Model elements.
opers to perform a varietv ~*~ —
mation sources ™ ActiveFile
e Each Local Repository
Version Control Type BlameService
OriginURL TestService
UserName ReviewerAssignmentService
CurrentBranch
FileStatus
Each Remote Repository
OpenAssignedIssues[]

Collaborators(]




Are there other kinds of context?

Team

Activit
Tt chvity

Activity

Dynamic

Execution

History
Static
Artifacts




Determining what context matters to a tool...

A context model for IDE-based recommendation systems

@ CrossMark

Marko Gasparic™, Gail C. Murphy”, Francesco Ricci*

“Free University of Bozen-Bolzana, Domimbkanerplatz 3, 39100 Bolzano, Italy
¥ University of Bntish Columbia, 201-2366 Main Mall, V6T 124 Vancouver BC, Canada

ARTICLE INFO ABSTRACT

Ammicle hstory
Received 19 September 2015
Revised 30 August 2016

Context, as modeled through variables called contextual factors, can improve human-computer interac-
tion. To date, in applications supporting software development, such as integrated development envi-
ronments (IDEs) and recommendation systems for software engineering (RSSEs), contextual factors have



Build

Context

Factor

Tool

Who

=

What

What tool/system
architecture will best
accommodate
context?



Build

Context

Tool

Who

What

How does
context relate
to ontologies?



So there is lots to do....



01 MISSING

10 HAVE

11 NEED

Recognize Explain Experiment Build




Thanks

to my fantastic academic and industrial colleagues, post-doctoral
fellows, graduate and undergraduate students, to Mik Kersten
and Robert Elves (my co-founders at Tasktop Technologies) and to
the fantastic team at Tasktop from whom | have learned so much.

Icons made by Freepik under a Creative Commons BY 3.0 license



Current tools often cause software
professionals to do as much work for the
tools as the tools do work for them.



We are passing too much of the accidental
complexity to the humans decreasing the
cognitive power they have for the real problems.



We can do more to enable the humans
to focus on the essential complexity.




One possible
future...

What do you
imagine to help
bridge the gap?

-
N A
N

S i ey
SRR
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Thanks to Jason Murphy and Kieran Murphy Vancouver 2018




Software development
tools are not amplifying
human intelligence

Study, definition and use
of context can improve
the flow of software
development work

@gail_murphy






