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4 Cuuile 1, 3] =-Su|1p0rted Collaborative Work (CSCW)

s ﬂ@nous collaboration (i.e., working simultaneously)

_-'

e '_a“s"_ifrrchronous collaboration (i.e., working at different times)

il -
= ¥ -
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e

— K:svnchronous Collaborative Work

= = different times

= between one or more users

= jterative refinement of a collaboration artifact
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" courseware, training, debugging, demos,
etc.
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e -Tasl:@ntent:
syaichironous Sharing ot Wo

————————————————

Clinician

session as

collaboration
artifact

== What components of the workspace should we capture?

= we want to hear the session ---> yoice-annotation component
= we want to see the session ---> visual component BUT
= we want to interact with the session  ---> computational component




Applu,a |:3r| , 1« g

Data —— f iz i ,-‘ | Data —————
HESGHFEE‘!:: Refs », Refs  ReplayAble )
Replﬂyﬂtvle . W N\ Application
‘ ¥

) i , .
InTE' actions 7 Session

Object 4
Session x
Object

record/capture replay/playback

e
._--—-':]lugpr

== " inputs modeled as temporal media streams

m—

——— " inpuis: audio-annotation and user interactions
— " during record, inputs to application(s) are captured
= during replay, inputs are re-executed by replayable application(s)

= captured into an interactive session object
= new collaboration artifact: persistent, active object
= benefits: small size and lossless fidelity (through re-execution)
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gapture and Replay:

Iie:'earg_r_ problems J“.’
N VALET tlme reuse o%a'p__

plication workspace

EViId L eAtlies dic necded torcollaborate

v}i’ 0 -make applications replayable?

a make replayable sessions portable?

_ edla management and performance

~ = how is playback (i.e., replay by re-execution)

: ~alfected by replay on conditions such as different
load conditions?




SessioniCaptiire and Replay:
epresentation ot Session Objects o i

Storagse of a session’s
SUECAINS

SNEPIESCntation &
po ntability: of streams
A ESOUICES

ENnesstamp/capture of
= events/state

C -
- —

:i-_-;_'f'ﬂ'*rr‘eplav of a session’s
= Streams Streams

"= synchronization of
asynchronous events

" stream prefetching

" scheduling under loadsisis
conditions

Session

g )



Searted @ Recording/Replay ProgressIndicator Ended @

RecDiration  LogicalTime  Tiee Now Is

I‘F nfa
= { AudioTrack  nf InUse Pause

Bl ol et f e .
wlaladalalals 1| £
16  NumSndBuffers tires .
F" —— ] — _l_J | | | | .
16384 SoundFilefize bytes

Replayed entry #[16] | Ready |

Crawing Too
STEWINg [oo

" o4 " o e
L RAEATI
- x

- e
= == capture and replay of interactive session with application

= streams
= APJ for other data streams

delivers replay-awareness to object-oriented (NeXTStep, ObjC) applications

=  gsubclassing from replayable object class
" record, replay, store, open, pause, continue, [browse, fast forward, fast replay,

ete ]
VLV-J
= fr Inf ' lid 0 4
ansparent access to infrastructure services (next slide)

- mtegrated replay of audio (DSP) and window (Display Postscript (DPS))
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¢ [ayable A pp’s Infrastructure

Replay Able
Application I
o
i 1 - L ” Infrastructure Support
RECOEd Iixtensions Window nirastructure Suppo

Extension Audio

Ssiieain sampling pomts =

— Window Aldio
N [ I-.J SCIA |( o Stream Stream

J 1;" INANAZEmEnt Services 4} ———
| 1 s1stency SEIVICES - ] N Sy

-
_______

Window

R er y lixtensions i
_J_—r rcamtmtake points

SR preletching services
&= Scheduling services Replay Abi

Applicat
e pplication

Processor
(DSP)

;;:; -1_;:—' = gynchronization services AT memEaan
— Extension s .
= . measurements SGfVIC@S \ Sried DickBased

Window Audio Stream
r e Stream Stream Prefetch Repository
= Playback Variability : :
Stream
Stream
Scheduling

= playback load/platform
= re-execution (DPS, DSP)
= record/replay overheads
" fiming Services

= operating system overheads &=y

Window ‘Window




Multimedia
Synchronization

“Dealing with Synchronization and Timimg
Variabilivy 1n the Playback: of Interactive
Session Recordimgs™

by Nelson R. WMianohar and Atul Prakash, im
Proceedingsi ol the Third ACM ! Int"l Multimedia

Coniference, pp. 45-56. San Francisco, CA,
November 1995.
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Multimedia Synchronization

Harly experience with replay ol session objects:
§ [nira-stream contmuity: is critical
playbacks continuity: off audio) 1sf critical
m that 15, no gaps on the playback ol continuous media
playback: of' re-executable event streams must be
SOOI

a that 1s, no abrupt or sudden updates to the application
State

a while the followimg consiraints became clear:
re-execution likely toroccur on difierent
workstations
re-execution likely: tor oceur on difierent load
conditions
re-execution likely to oceur on variable load
conditions

12



The Multimedia Requirements

Continuous Media Re-executable Event
(Audio-DSP) Stream (Window-DPS) Stream
synchronous C_] =e=¢  asynchronous _ C_ record

Qi () playback - | prayback
stateless \rn ! } | stateful o e
a2 e2 | S(el)
eriodical/ aperiodical/
p ° l ][ ” ] P tgl) Qe1)+f(e2)
contmuous t+c s ti2c t+3c discrete

[Heterogeneous Media Integration: Problem:

 nesearch heterogeneous) media imniegration
mechanisms

(€.g., synchronization, scheduling, storage, preietching)

m {or integrating fine-grained asynchronous (re-
executable) events and contimuous media s



Heterogeneous Viedia Integration

AL PPIUACH E(e) fi(e) 5 | B
m model both streams as | ii+1 ) ———
asynchronous media [ |

where:

5 re-execution time: t(€.) =
E(e.) + t(€)

= inter-event delay A;;

Zero for continuous
media

variable jor
asynchronous media

‘ record even
Validity L
s cyen continuous media on a
dedicated processor 1s:
biased (due to inherent |
bias on operating playback event duration
Systems’” timing Services) e

2.00 28.00 54.00 80.00 106.00 132.00 158.00 184.00 210.00 236.00

asymmetrical (between [*] Record_Audio_ETE_Duration(secs) [ Replay_Audio_ETE_Duration{secs)
reporied playback and
record event duration)

b
=

1.9

EndTnEnd duration of audic frames (sec::nds)
m_—"—i




(‘l.‘. | P .Jrf,'? . \ [r J‘l 2y T B
Syncnronization iviecnanism
Window Ahead Audio Window Behind Audio
Audio Stream Audio Stream -

[

L
C

=ync ?f =yne
~ EBwvent ; l Event
Window Stream ’ : Window Stream !

InterStr EE.LFT‘I : IntErStream

_‘ixsynchrnrg_ : fsynchrony,

i Synchnronization mechanism
= synchronization events S; (W = A)
m master/slave synchronization model (window: slaved toraudio)
s slave-initiated synchronization operations



Intuitive ILook at Adaptive Mechanism:
Time Compression and [Expansion

i iter-event delay time A | _
= idle schedule time between two consecutive events (e, €:,,) in a stream

' &/ compensation factor A s

s compensation to the inter-event delay time

m based on statistical process control (SPC), for detection of inter-stream
asynchrony trends on the replay of a stream

16



(a] Qriginal Interval schedule

A5 3

il —ge-
NEDE
-[-r ------------ T =1.0) --cmeee e

5 |00S€e SUpEnVISOry CONLt:
executable stream.
|

a ' Wy | 1 " Py a
1Sated Scheduling Intervais

(b] Expansion (Inter-arrival Rate Reduced)

Az 3
o e
= B E B
1 2 5 4
------------- T (@=1.2) -

(o] Compression (Inter-arrival Rate [ncreased)
42 3




SQC-based Adaptive Scheduling

(compensation of long term asynchrony trends)
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Comparative Protocol Performance

synch. protocols
= Pl: timing corrections
m P2: Pl1+1-way syncs
= P3: adaptive P2
m P4: P1+2-way syncs

asynchrony

s across all load conditions
25Y%0, 100%:, 400%




Observations on Performance of Protocol P3

I Y 2

Hindings:

u(async) about '/, (i-e; one-half'schedulinginterval)
s p=0.47 T, +0.03 (R?=0.99)

c(async) about '/; (i.e, one-third scheduling interval)
= 6=0.28T,+0.05 (R?=0.99)

)



Research Contributions

delayed-sharing ol sessions/workspaces

® g complementary paradigm for asynchronous collaberation fior imitra-task
content capture through re-executable record and replay off an application
WOorkspace

protocolsiior scheduling and'synchronizing
® adaptive mechanism:

time compression and expansion (inter-event delay: as degnee ol
freedom)

handling oi asynchiony trends
playback: on: significantly diiferent load conditions

s heterogeneous streams
line-gramed asynchronous re-executable events wit. continuous media

generalized to n-ary relationships (muliiple media, proiocols,
applications)

introduction/application of statistical process control
s sound mdicators for “long term’™ process periormance
m application-awareness (process requirements)) 2



Related Work

collaborative systems

m artifact-based collaboration (wonkilow) systems:
Prep, Objectlens, g-Ibis, etc.

m| shared windows, Screen camcorderss
Xtv, Xmx, Xtrap, x-teleporting, QTC, ScreenCam, efc.

distributed event simulations
n (ight causal event ordering, no synchnonization constraints

multimedia authorimg systems (synchronization)

u type I tight synchronization, strong continuity, but not oi
asynchronous, events

B type 2: coarse-grain asynchronous events with tight
Synchronization

23 o}



Outline of the Talk

Background |[10% |

Computer-Supported Collaboration
(Groupware) |[25%)]
m Record and Replay Paradignm == ---_

s Multimedia Synchronization ,

7’
2

Dyvnamically: Customized YWeb Louring [ 259

Multimedia:Computing Networking [35%)]

Wrap-Up [5%)]
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: . Watson' Research Center by Dr.
Manohar Dr. Philip'S. Yu, and Dr. Marc

— - .-"- .
. -\.—_._

.—_r_'_ . ‘_I-
= -

.S ri’atent 6,572,662

1-|-— -—-l" -—

= related to: like-minded touring of multiple websites,
__*token based shaping of web-tours, touring servers,
- tour authoring, etc...

)



330
Y
'}
B2
b

. com

Tour (A; =Cq—B> A3)

= Merriam Webster

= D a:ajourney for business, pleasure, or education often
imyvolving a series of stops and ending at the starting point; also :
something resembling such a tour 2 a tour of the history of
philosophy?

" travel around: expedition/sightsee; trip: exploration/outing

26




s louring — Basic Idea

NEom: web touring ™ »
Tour-ID

= ComByAy)

- -
Tour Touring
Database Server

S INEECONIEOIIEA 0] DIl 0y
ftomweb object to web

'ect

i

r

430

e authored multimedia —
fesentation on the web Client

i - -
izl
—

0' dynamlcally
= customized web touring Tourdp ™

- (,ﬁ, — -—WE;Z—-—-I&-;E.

= _dynamic touring content B i
control based on some fabaso Server

parameter = changes over: L430 ~Car

\ -
" four representation _

" fouring control and
presentation

Network

" touring -

L] L) L]
OV INATY1IAaanNrnoD /11’11’@]]1 (YL NIrNOD



Viotivating Research IExplo

e J— - A . — -
SENYEbMIouring is form o anpAsynchronous
sSEssion Authoring and! Replay

s platiormiindependences

sshandling ol resource references

L 4"

L

ative Session

3 ile ng Session Server vs. Standalone Touring App
SEpProxy approach, integration point

ESsharing of sessions across touring clients

sSAlccess|to Session Intra-task Content
" visualization of (touring) sessions — touring maps
= & Bhrowsing of (touring) sessions — database access

—

—

~ = querying of (touring) sessions — token projections

————

- — =

- = Acquisition of Collaborative Session Intelligence
= tour metrics applied toward authoring refinement of tour
= data-mining like-minded touring experiences/decisions

= Motivating Uses (Where is this useful?)

= e-business (catalogs shopping), distance learning (courseware),
archive exploration (museums)

l |

28



ouring Architecture

_~1510 - -_
_.—;"— u -
1560~ 1920~ | Touring Server Tourlng Server
| Prefelch o= priovidern (prelieiching,
Request

versioning, database,
etc.)

= handler (scheduling,
dispatching, updating,

Touring
Elements

=
—

l'i||

=3 Touring Client
Touring Client

_~
‘
== subscriber (interactions, e
touring requests, token —
1430
management, etc.) A
Touring
Requests i —

= handler (tour element
handling, presentation, etc.



our? - Revisited

"-"FIE-. -
S'Mul:e, o1 educarion often

ICSLOiSTOPS, oo eXploration, sighisee;:

aversal 1) i tourlng elements

nent represents a tour-stop

rmg element 1s composed of
—E.,r..

L tow Ing operator

I,—;';. 5 one or more operands (temporal URLS)

=il e = .
— - - T — = e

—= -:-E.’.-— ~ = presentation parameters

——l-"'

— =% each temporal URL

e

'_- temporal URLs represent sightseeing at the tour-stop

L]

» cach temporal URL 1s composed of
= (data): URL to a web resource,
= (control): domain-aware (visitation) tokens

30



i T

i Specitication™ ‘;"""' -
\-pesi"r“ tiondtmvalée 2

quences and

§ sequen a parallel multlple site, dynamic, etc.

our paths, tour fork points, tour meet points

d-'.

- S,_g@tf catlon ol Presentation Parameters

x '-r

Lesentatlon duration, scheduling, synchronization, etc.

_.—-l'"

= tour visitation tokens

;-F

1._%
—

-

'__ caching, persistency, versioning, plug-ins, etc.

_—

g

= Specification of Data Mining Points

" tracking user decisions (anchor points)

o,



Spec1fma1,mn ol Trayersal

Touring FDRK  (A+B x C) =—=—1040

.

1045 and :‘.;-‘-‘*1050
c b

Touring Sequence (A=B)<-—s— 1010

1015
O 1020




m‘mnts and Tour Options

I
"'-"'"'1:-

ing expllc1t user decision making and

|' ¢ AR

—_——— . > ~ —_—— ————

Touring Option A—>B + B X C -«5—~1080

DUroptions O
(= (A>B+BC)

_-l- r—

1 _comparatlve touring
T“"--l.ﬂ::“"_': =

—
.‘_--'
—

.:;f"_-*f__, — Touring Anchor A—=(B x C) <-5~1030

-

—
T s
e —

—

~ = Tour anchors 103
: 5‘L_- or
= (A>B+0) .

" decision making points

—>1038

= provision for side-touring interactivity during the tour

o0



Representation

SSURIL Resource Reference
Ibing Tokens

L MO AD O AV AT G

NSEen/ Client/Usen-Controllable

' Ter _glo oral URL:s
. _; 1ng Operators

"—Q— Sequence fork, meet, etc.

-__:1_ e
T
e

=Elouring lements

-
_..—._
=

—  ® A touring operator and its operands
(temporal URLSs)

= Tour
= (Collection of touring elements

= Touring Client

= Tour evaluated at stateful conditions
(e.g., token bag)

TOURING ELEMENT

i
'L:ll.l

i

34



Tour Element 1
Next Tour Element Tour Element 2

SEI‘iEl Serlal

1 Operand
N AN

= Duration:

" (7 minutes) _ 610
—670 670

Sy

o)



| JG t- “traversal
mones/souvenirs”

=

.._-‘_
-—-'_
".l.;!.-__

Also as rating points

i_

—

L
_—

- _' User Control of
Touring

" enable/disable tokens
" add/drop tokens

lloke :'i‘burlng Control Layer

‘-f"‘r

Example:

TOKEN DOMAIN: Ancient
Empires

TOKEN BAG: [ Greeks:

Parthenon, Theater; Phoenicians:
Trading, Shipping; Sumerians:

Urban Planning, Masonry;
Egyptians: Sculpture, Unification;
Indians: Aryan Invasion; Romans:
Law; Semitic: Monoteism |

36



Mlioken-hased Touring Projections,

et

nute presentation 1350 2 min. — 1380
' @
o 1360 130 1870 47 %qu
&/ A 1320 “1322 ‘E\EMInb_hgiémm'T@im 1325 4322 1324
o TR Y1320 1322511324 1320 “1324

3
13 7 8

For Token Bag = A < 1L—1330
Approx. 10 Minute Tour Is

e

— i -
e p—

—:_-_r':‘.'- ___jjfl'__:minute presentation
— rl_péth
- 5 nodes




Data M’i’ﬂmg Tourlng Experlence

Oyer
SMOUEHNG elements
SRCICHO POINTS

ENOUITNg tokens

Anchor Point
Node A; Given A, Tokens

.
- -
- = -
—— I =1
e S
_o---—'-...ﬁ.\_ﬁ-

—_— .
_J
—

—
o
il
.I._"

- — = [Like-minded Touring Ontion 1 I
Suggestions
= path/decision-based
like-minded Option 2 l Tokens (A2)=Yo'1'1rs
= token-based like- -

- 2
minded 2230




Irng Presentation

Srenlay ¢ ff.,m:az 03 1o
i back, B Q)

11107

05 Min OJava ®@Frames T
o = . o
N (oot Opt
ore: IltathIl 030 Min ®Java ®@Frames i

w rol
ava Irames,
Jgentent control

- .d—.,.
_‘. =
s —

,_'-'.'—-“ ‘= {oken bag
" qser feedback
= gtatistics, state

= data

Anchor Point |

" fouring
elements



-

souvemrs )

ulated OVEr touring experience

E'Q
l'.

—

gﬁ éll as through direct user control over token-based state

- -,J:,_

. ob ﬂilg projections — tuning control transtformations of
_— i-ae rmg content

;--,_ = controlled through user management of touring bags

\

—_— " collaborative access to touring intelligence

2 - = comparative (simultaneous multiple tour element) exploration

N

= data mining of touring experience (anchor points)

= Jike-minded exploration suggestions over touring content

40



fparative touring,

I ral ,‘r (‘-“‘f‘ [}
g HL[:J/:)_IFH»

0l ndhng ol ephemeral presentation elements
“andhng ofl versioning and caching

e_lllgent Training Systems

éelf—contalned dynamic presentations over closed collection

- = 1i.e., even though some with adaptive user interface and like-minded
content exploration

" 1o provision for side-touring or user-control of presentation state
= e.g., impact of side-touring or token management over touring state

41



