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An example scenario...

Warning: The scenario you are about to see has been
only partially implemented.




1. Jane has to write a grant proposal
to the National Science Foundation
(NSF)

“I've done this before! How did | do it last
time?”

2. Jane describes her current
task to TaskTracer
“Write NSF proposal”

3. TaskTracer returns a list of
past tasks that are
relevant to the NSF.

o e,
“Look here! — a record of the last ————

time | wrote an NSF grant S e
proposal. I'll select that” e




EE e = 4. A list of resources Jane
used while writing her last
grant is displayed: files,
web pages, email addrs,

phone numbers.
“Aha! I'll start with the budget |
used last time as a
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5. The budget spreadsheet is
opened. The cells that
were edited in the
previously selected task

are highlighted.

“Looks like | need to find what
the graduate pay rate will be
in 2006-2007. It always
changes”




T ﬁ 6. TaskTracer
T e i remembers the
previous cut/paste of
this information. The
spreadsheet cells
have right-click
option: “Show source

URL...”
“Yes”

7. After editing the budget, Jane
opens up the project
summary from the last

proposal and starts editing it.

“Need to emphasize the artificial
intelligence aspect of my
research!”

8. Interruption! Spouse calls

and says he’s outside.
“Need to log out and head home...”




9. Next day after she logs in.
“What was | working on???”

10. On request, TaskTracer displays
uncompleted tasks currently in

progress.
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“Right! | was writing that NSF grant proposal. e et s vy
Let me select that task.” "z-‘-“-=-“-—"'-r-m="‘
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11. TaskTracer shows documents
touched in the previous day plus all
the documents from the previous

related task.

“The last thing | was doing was editing the
project summary document — I'll continue
with that”




12. TaskTracer opens the Word
document and highlights the text that
she most recently edited.

“When | was interrupted, | was busy editing
this paragraph here. | will continue from
there”

13. The phone rings — TaskTracer uses caller id to identify the

caller, locates tasks associated with that caller, and displays

a list of tasks that caller is associated with
“Chris works with me on the conference committee, so it must be about
that”




14. TaskTracer pulls up a record of the
task and lists past emails and phone
calls to and from that caller. “I can

B quickly scan the recent email messages

SARAHS to and from Chris to recall what we last
discussed”

15. ... A month later, Joe, a new hire, asks Jane how the grant
proposal process works at OSU
“It's long and convoluted, Joe. Let me just send you the TaskTracer

record from my most recent grant”
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The Windows™ Model

¢ Repeat

= User randomly chooses program to run

e user randomly chooses file to access
+ possibly one of the 4 most recent in that application

e user randomly chooses where to save the file

+ This model does not capture or exploit the
coherent structure of the user’s desktop
activities




The TaskTracer Model

Repeat
* User chooses from a “working set” of ongoing “tasks” or
“activities” (or possibly a new activity)
= User chooses a resource associated with that activity

= User works on that resource and then “delivers” it (print, fax, email,
upload, etc.)

= User communicates with other people involved in the activity
= User attends meetings associated with the activity

¢ Activities tend to be interrupted by other activities

= phone calls, IMs, scheduled appointments, trips (even eating and
sleeping!), emergencies, opportunities

+ New tasks are often similar to old tasks
= Use old files as “templates” via copy-and-edit
= Communicate with the same or similar people
= Require similar amount of time and effort




The Activity Hypothesis

+ Activities are the key abstraction for
= Understanding user behavior

= Organizing the resources needed by the
user

= helping the user

¢ |n TaskTracer, “activity” = “task”




Requirements for TaskTracer

Instrument desktop applications to capture
events (accesses to files, folders, web
pages, calendar; email, phone, and chat
traffic)

Define/discover the user’s “tasks”
Assoclate events/resources with tasks

Build/modify interfaces to provide easy
access to relevant resources and events




Instrumenting the Desktop:
Publisher-Subscriber Architecture
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1. Instrument Desktop

+ Applications:
= Word, Excel, PowerPoint, Outlook, Internet Explorer, Windows
Explorer, GSView, Acrobat, Visual Studio

¢+ Application Events:
= Documents: New, Change, Open, Print, Save, Save As, Close

= Email: Open, Close, Send, Reply, Forward, Attach, Save
Attachment, Open Attachment, Incoming Email

Web pages: Open, Navigate, Download File

¢ OS Events:
= File create/delete/rename,
= Window: Creation, Destroy, Focus
= Copy/Paste
= Suspend/Resume/ldle




2. Define/Discover User Tasks

+ TaskExplorer
application allows S el L=
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Other Ways of Discovering
Tasks

Cluster analysis of emails
= “social’ network of email correspondence
= files attached to email messages

Topic analysis of file contents, email contents, web
page contents

Files stored in same folder

Cluster analysis of desktop activity (files, web pages,
email messages co-occurring in time)

See: Huang, D. Govindaraju, T. M. Mitchell, V. R. Carvalho, W. W. Cohen (2004)
Inferring Ongoing Activities of Workstation Users by Clustering Emaill




3. Assoclate events/resources
with tasks

+ Simplifying Assumption: The user is working
on only one task at a time

* Require user to tell us what task they are
working on

¢ Assoclate all items with the declared task
(c.f. UMEA, 2003)




V/

1] Declaring the Current Task

< > ¢ Drop down menu Iin the task
bar

¢ Control-backqguote Quick
Switch

+ Creates a “TaskBegin”
event that Is sent to the
Publisher

Sticky: projects\tasktracer




Problem: Users Forget to
Declare the Current Task

¢ Solution: Apply machine learning
methods to predict the current task

¢ Two Predictors:

= Email Predictor

e Predict the task associated with an incoming
email message

s [ask Predictor

e Predict the task associated with the current
window and document




Machine Learning Challenges

¢ Set of tasks Is changing

¢ Distribution of task documents changes
within a task over time

¢ Real-time online learning and prediction

+ Must achieve very high accuracy to be
acceptable




Email Predictor

¢ |nput features:

= Sender
= union of From:, To:, CC:, and BCC: fields
= Words In subject

¢ Feature selection via mutual information

+ Prediction based on probabillity
threshold




Nailve Bayes Classifier

sender: sender:
tgd alvarado

recipients: recipients:

{tgd, {tgd,
herlocker} alvarado}

e D report > Cdeadine

P(task | X) = a P(x;|task) P(x,|task) --- P(x.|task) P(task)




Hybrid Learning Algorithm

Train Nalve Bayes algorithm

Train Support Vector Machine algorithm
To classify:

Compute Pyg(X) = 2, P(task) P(X|task)
If Pyg(X) > 0 then use SVM prediction

Nalve Bayes identifies data points that are
unfamiliar and should not be predicted




Email Experiment

¢ Data Set

Subjects:

# messages

# tasks

# features




— Naive Bayes
- Hybrid Model
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Task Predictor

+ WDS: Window Document Segment

= time interval during with one window Is
open on one document

word: filel.doc word: filel-v2.doc excel: budget.xls

wds1l T wds2 T wds3

i}




WDS Features

+ \Words In
= window title
= pathname of file
= Web site name
= URL pathname of web page




WDS Data

¢ Data sets:

Subjects:

# tasks

# WDSs

# features




Task Predictor Results (FA)
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Task Predictor Results (FB)
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Combining Multiple WDS
Predictions: Hidden Markov Model

taske ) "\ faski

WDS, WDS.,,,

P(WDS, | task,): Naive Bayes model
P(task,,, | task,): assume fixed probability of task switch




_V Combining Multiple WDS
L] Predictions

U + Consider a sequence of task predictions
P(task, | WDS,), P(task, | WDS,), ...

How can we combine these to make more
reliable predictions?

¢ Three methods studied
= Simple voting

= likelihood ratio test (compare likelihood of single
no-switch model to switch model)

= HMM: transition cost + Viterbi




Combining Multiple WDSs —
Results

== Transition Cost
— Voting

- - - Likelihood Ratio
oo Baseline Method |
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V/

11 Other Sources of Information

U ¢ Memorized document—task associations

<]: + Hierarchical path name analysis
» classes/cs/534

f ] { s classes/cs/561

+ Time since last task switch + episode duration
— models

+ Generic indicators of task switching
= Save, close window

» attach, send email
= type in new URL (versus clicking on link)




V/

1] How to use the predictions?

U ¢ I nte rface bal IOO n ' TaskPredictor::Change Task
a.I e rt I n IOwer rl g ht ID:216 TaskTracer thinks you are switching task.

corner of display

projects\taskiracer e
confiisat-tether-outbnef-sept-2006
+ Offers choice of et
A
PR

Predicting Window: microsoft excel - perrault-draft-bedget xls

Mo, keep me on Task

L L] projectsitaskiracer

= Stay with current admin\osu-stuff

admin\review of progress

aCt|V|ty admin\travel planning

admin\web page

switch to predicted classes
classes\b34

aCt|V|ty classes\aicolloquium

classes\ei-colloguium
choose from menu
of all activities

TaskTracer

TaskTracer thinks you changed task to
grantidarpa\caloyeard. You can dick here to change the
current task




4. Task-Aware User Interfaces

* Task Explorer
= Task Prototypes/Friends
= Resource Explorer

¢ Folder Predictor
= Windows Explorer Toolbar

"ask Notes
Time Tracking




TaskExplorer Provides Easy

Access to Task Resources

B Task Explorer - projects\tasktracer

Task View Tools Help

= colloguium
+ conflict-ofinterest
| faculty mestings
grad studies
P&T
paring-pemits
recniting faculty
recriting postdocs
recnting students
support

w time4racking

= web-page
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[_U Task

() |

+ Makes it easy to access
resources of related tasks

= Example:

e access classes/534-spring-
05 when working on
classes/534-spring-06

e access projects/tasktracer
when working on
trips/rochester-sept-06

+ Prototype docs are not
auto-associated with the
current task unless they
are saved

Prototypes

Tt TaskPrototype - projects\tasktracer

|T|

Prototype Task |grant'-,n:|arpa'-,n:alu:u

| Prototype Resources | Web Folders Word BExcel PowerPoint Mail Cor 4| »
Name | Path | Type | -
E Jeffrey Davitz - Google Search  ...google com/search ?sourceid=navclient®...  |Explorer
[l dapa Zhghdampat Folder
[l calo 2 ghdampatcalo™ Folder
[l budgets Z g darpatcaloosutbudgets Folder
E Rexa Loading ... http://rexa info./reqgistration |Explorer
E Fiexa Registration http://rexa info./reqgister |Explorer
E Rexa Search Engine http: frexa info. |Explorer
E Morae: Usabilty Testing Solu... http:/fwww techsmith com/morae asp |Explorer
E Order TechSmith Products O... .. techsmith.com/purchaseviewpricequote....  |Explorer
E Drr Jeffrey E Davitz hittp:# w3l s .com/people/davitz |Explorer
@ Dietemich-InFocus doc 2. patcalohpublicty* Dietemich-InFocus doc Ward
[l publicity Z g darpatcalopublicity™ Folder
_,i'l'l‘u:-mas G. Dietterich tgd@cs.orst.edu Contact
Ji Suzanne Doyle suzanne.doyle@sri.com Contact
;_" tgd @cs.orst edu tgd @cs.orst edu Cortact
% interview approval From:Thomas G. Dietterich;interview approval  Outloak
IE Dietterich-InFocus4gd.doc £ calohpublicity™ Dietterich-InFocus4gd doc Word
@ Task Tracer Macros xla CH. FFICE11dstat \Task Tracer Macrosxda  Bwcel
[l =dstart C:A.. Files“Microsoft Office®OFFICE1 1%dstart®.  Folder
@ POFMakerxda CAicrosoft\Excel ' XLSTART \PDOFMakerxa Eucel
[l ¥LSTART A ication Data’Microsoft\Excel'¥LSTAR...  Folder
E Fioom Reservation System ...gecure. engr.oregonstate edu/eecsresour...  |Explorer
E Room Reservation System ...Becure engr.oregonstate eduseecs/mesour...  |BExplorer
< .E_ Dmmrm Dmnmma—dinem Cirdamm 0 mssiies seoe e L TR e e } b




Resource Explorer

* Sometimes need to find documents that you
accesses recently but you don’t know which task
they were associated with

-

Tt Resource Explorer

dy
\isattetherou...

resources

| Resources

Search in Name and Fath

Search:




Folder Predictor

+ Maintain statistics on file opens ZLT—
and saves on a per-task basis

&4 1UI06Paper_1204.ppt

= Recency-weighted count of saves folder precictor | | Blui2006-v1.ppt
and opens
- _
+ When user Initiates open/save eskredictor
compute 3 folders to minimize >

expected number of clicks to get umdov-2005
to the desired foldler

59

My Computer

argming, ¢, ¢4 2 P(f | task) - min {clicks(fy,f), 1 + clicks(f,,f), 1 + clicks(fs,f)}




Experiment

Data Sets:

User Type

Data Collection Time

Set Size

Professor

12 months

1748

Professor

4 months

506

Graduate Student

7 months

of 7

Graduate Student

6 months

397

Discount Factor

y = 0.85




Average Cost to Reach
Target Folder

Average Cost of FolderPredictor and Windows Default
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Results: Many Fewer Clicks
Required

B Windows Default
B FolderPredictor
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Cumulative Clicks Required

100.00%

80.00%

60.00%

40.00%

20.00% —e— Windows Default

—8— FolderPredictor

Percentage Reached in N or fewer clicks

0.00%
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Folder Predictor Toolbar In
Windows Explorer

File Edit WView Favorites Tools Help

|J Back ~ ‘|‘|‘ ,~ C Folders Elv _Jtalks  [_Jfigure  |__Jusableml

s |\ Z:'\p\taskiracer\papers\ijcai0 7

a3k

\w3\figure
A iz Date Modified

o3 art_coap.eps

File and Folder Tasks
'E,E Rename this file

D Copy this file
f} Publish this file to the

Web




Task Notes

+ Notepad associated with the current
task

¢ Time stamp automatically inserted each
time you change tasks

A
P

Tt TaskNotes - projects\tasktracer
File Tools Help

CALO schedule
over the b we produced a demo-able version for John Forbes.
John Fork ne CEQ of that corporation-to-be.
Target: 1
Allkl minefield warnings.
Currently chers & critical.

CALO drop: 2/27
BEx then, we need to solve many issues in the JIRA backlog.

We will wait to decide on whether to deliver anything to SEI by 2/1.

Tues: CALO telecon on how to do queries into the SPAFKLE knowledge base.




Time Tracking

+ \Where do you spend your time?
+ Auditable for billing, etc.

Tt Task Statistics
Time per task and other task statistics

From:|2006-0901 00:00:00 ~»| To: [200609-1913:39:16 +|  [Pre-setTime Range] 180 = Calculate

Task Path | Total time, h:m:s | Total time, sec | H of Times Worked on | ANG time, hm:s | AVG time, sec | A
projects‘taskiracer 31:04:40 111880 44 0:42:22
Lnknown 17:24:31 62671 27 0:38:41
projectstdas-study 13:16:24 47784 13 04414
admin.email 11:50:04 42604 | ¥ 0:41:46
grantdama‘caloyeard 10:50:55 35055 20 0:32:32
projectsbugid 255917 01:42
confisat4ether-outbref-sept-2006 15106 ;
conf\carbretreat-2006 13356
conf*afi-september-2006 13039
companies\smart-desktop 12729
projectsitl 11193
grantnsftasktracer-(6 10658
grant*dampa‘integrated4eaming 10265
admin*travel planning 10081
gtudenthess 8504
grant*dampa‘kileam 2053
projectshintegrated leaming

student mehta
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Future Work

¢ Provenance-Based Information Access

¢ Activity Recognition and Proactive
Assistance

¢+ Combining Logical and Probabilistic
Reasoning




Information Access via

Provenance

= TaskTrail

+ Right-click on
object opens
Provenance
Graph
= email header In

Outlook

= attachment in
Outlook —J

WEE sy,
From: stumpfi@eecs=._

Workflows angd Provenance ) F’I\‘\\ d = PI 2 d
. . FI'Dln:[gC(i_i_i-eecs : rovenance ans\\c:c: rovenancerianss Qoc
s flle name in
Windows Paste
Monday, January 8, 20086
Explorer | e

provenance.ppt




Activity Recognition and
Proactive Assistance

Computer
Assistant

Recognize new instance of known workflow (e.g., homework assignment)
= course, deadline, URL

Automatically add to the TODO list

Automatically download assignment

When commanded, upload solution

Two Agent System:
» User: state>action—> state—>action—->state—>action ...
» CALO:
e watches observable user behavior

e infers unobservable state (goals, plans)
e takes autonomous action to minimize expected cost to the user

»  Some actions are coordination actions




Integrating Logic and
Probability: Markov Logic

+ Knowledge base: weighted formulas in first-order
logic over finite domains

+ Probabillistic interpretation:
P(truth assignment) =
1/Z exp[2. weight of satisfied formulas]

+ Inference
= Find most likely truth assignment
Weighted Max Satisfiability
= Compute probability of a ground formula or ground literatal

Markov Chain Monte Carlo (MCMC) method based on slice
sampling (Gibbs Sampling)




1.

2.

3.

*

Summary

Instrument desktop applications
Publish/Subscribe architecture; MySQL back end

Define/discover the user’s “tasks”
User enters hierarchy of tasks

Associate events/resources with tasks
User declares current task
All events/resources are associated with that task
Task Predictors can predict current task instead

Build/modify interfaces to provide easy access to
relevant resources and events

Task Explorer

Folder Predictor

Task Notes
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