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Introduction

* Application sharing
- Real-time concurrent event
- Two or more participants
- Working on the same document/drawing/..
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I Introduction

I Challenges and features
I * Applicability

— Generic (support all applications)
- Specific (per application or per domain)
» Scalability
— Unicast
— Multicast
e Clients
— Thin-client
- Fat-client
» Concurrency and consistency
- Sequential work
- Concurrent work



Application sharing models

Application sharing

Collaboration-aware Collaboration-transparent
Netbeans / Google Docs /\
Generic App/Domain specific

VNC / MAST CoWord / CTE



Application sharing models

Application sharing

O

Collaboration-aware

Collaboration-transparent

N

Generic

App/Domain specific

AN

AN

New

Existing

Frame buffer

OS “ Homogeneous

Heterogeneous




Collaboration-aware models

!ollaboration ° NeW

| aware

T New - Google Docs

- Draw-Together

- Collaborative distance learning
» Existing

- Microsoft Office

- Netbeans IDE

- N-ABLE

- Collaborative CAD



I Collaboration-aware models
(New)

* Draw-together

Collaboration

aware Bl praw-Together 0.2 x
File Edt wiew Options Help
o A 82 Ff anw ¢ & mMBB W = zomwio |
py  coveed =[] Layere Lt
:\“ i ~ 1 velble | Acdive  Name Color
- T AF | Background | [ |19 |~
2 , GEW Group's BT [ LT werkshors W | .
b7 / W O | O |organisers | M |0
@ RELATED “~_ CEVY CSCW'D4 . OPICS .

VWORKSHOFP i : _ |
. s = L s i __
: Mg || u
o Collaborative Editing" SEREI] . r]g 5 v ]
O Workshop f,,f lMaintenance ‘
A i Object Inspector
% | ORGANISERS | Human Factors
"l‘ : - - —
; l.:’t : %5'- U:f:ur List —
= ¥ radu I
‘ %4-3 Mowemker Egerald
. v
td E >
| E Braipsbo_rmi_n_g Resources | |

Draw-Together application



I Collaboration-aware models
(New)
Collaboration

aware ~ DraW-tOgether
Fm - Fine granularity locking
— Concurrent work




I Collaboration-aware models
(New)

» Collaborative distance learning
- Different bandwidth clients

Collaboration
aware
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Figure 1: Semantic Video Scenario




Collaboration-aware models
(Exist)
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common mental model for problem and solution



I Collaboration-aware models
(Exist)

Collaboration| ¢ “3D streami ng”

‘ et \ - VRML, X3D, STEP

Thin server + strong client
Strong server + thin client
Peer-to-peer

y
‘ | . : . - ,
Simplification

Collaborative computer-aided design, W.D. Li



I Collaboration-transparent
models
\

Collaboration
transparent

Generic
(VNC)
Frame Buffer
oS




l Frame Buffer based models

« VNC
| - RDP
« THINC
?f;.'r,asbpc;rf;riﬁ" » Distributed Workspace
— » TTT: Tele-teaching Tool
(VNC) » SharedAppVNC
. MAST: Multicast App Sharing Tool




l Frame Buffer based models

* Low level commands (pixel updates)
| * Very-thin client
» Can be inefficient
fg:lasbpf;rf;j‘g"  Compression is a must
<. * Generic (Collaboration-transparent)
(VNC) * Mostly sequential access to K&M

Frame Buffer



Frame Buffer based models
 SharedAppVNC

} - Modified VNC protocol.multiple cursors

VNC
Frame Buffer

| Figure 3: Shared Display Wall deployed in the NSTX control room of Princeton Plasma Physics Lab. Tens of
data plots from multiple scientists are shown on the shared display. A camera shot of the plasma and also a log
are also shown on the left.

Collaboration
transparent
‘ Generic




Frame Buffer based models

Pull/ Push Technique Multicast App Sharing Movies

VNC Mirror Driver

TTT: TeleTeachingTool(VNC) Pull + Push|Mirror Driver

SharedAppVNC Pull

MAST

RDP Mirror Driver High B/W
THINC Push Mirror Driver High B/W
Distributed Workspace Push Mirror Driver High B/W




Collaboration
transparent

Generic
(VNC)

Frame Buffer

Interesting Work

* A generic application sharing architecture

based on message-oriented middleware

platform

VNC
client

RDP

VNC
server

client

Generic
client

Gateway

RDP
server

Citrix
server

New

Existing




l Survey paper

* On the performance of wide-area
thin-client computing
- Optimize latency versus bandwidth

Collaboration|  — Minimize synchronization b/w client/server
transparent | — Use simpler display encoding primitives
(C\Eleh?g)ric - Compress display updates

- Push display updates eagerly
— Optimize transport protocol

Albert Lai and Jason Nieh



OS level models
» MPX (Multi-pointer X)

Collaboration [" ’\

transparent

Single PC
Multiple I/0O

Generic
(VNC)

Multhomt for educatlon (MS Research‘




l OS level models

« X-Multiplexors
- CCFX(98), XMX(93)
- Heterogeneous X-Servers

Collaboration » Byte-orders

transparent * Pixel format_and depth
Genoric — Late connection problem
(VNC)



I Collaboration-transparent
models

App/Domain
specific
Homogeneous
Heterogeneous




I Collaboration-transparent
l (Homogeneous)

e CoWord

- Concurrent work

- High engineering cost

- Independent view

- All participants require MS Word
- Efficient

- Based on Word's API

App/Domain
specific



Collaboration-transparent

(Homo)

g CoWord
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Collaboration-transparent
(Homogeneous)

e CoWord

Problems

*Does not support all MS Word features
*Depends on MS Word API
*Does not support MS Word 2007

App/Domain

Homogeneous

(a) Word API
Layer

Documaem §
Inline Shape Shape
e o =
Lin= FonetPosion
stne
||k
e ...
: Lne ...
L™ rge Dokt ) Deteter )
converiTosheps | | CorwertTonlinesnspsg
Ins=riadtert ]
Daetel 3

i

el floztin Obi‘| &e ﬂoatingObi' | F%

Ins_inl.l.n.eOhj || [VDel_in.Il.n.eObj |i @lze_‘i;l.lineObj‘i ( J

(b) Adaptation Ihs_text Del_tent Change _font = b |
Layer [pos lan text) [pos Jan text) poslen,nval,oval eﬁignﬂ}ﬁce

(<)

obj B | 1| o] e e wl | e | e |

Pos 0112 |3|4]|5)|6|7 (8

[
=
=

A=
i

11>

AQ-PO Adaptation

e

’/E);etefpus. len ohjSeq)

ﬁ.l::ld/ate(pns Jen key mal, oval]

Fr;rl(pus,len.ubjSeq)
OT Layer

Figure 2: Three layers in the transparent adaptation approach.

LPos JaoJaJ2 3456 7]a]gae[11]12]...]




I Collaboration-transparent
(Heterogeneous)

‘  Li, D. and Lu, J. 2006. A lightweight approach to transparent

sharing of familiar single-user editors.
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Figure 1: The essential ideas of our approach




Collaboration-transparent

(Heterogeneous)

Fazhi He, Soonhung Han, A method and tool for human-human
interaction and instant collaboration in CSCW-based CAD
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Collaboration-transparent
(Heterogeneous)

* Fazhi He, Soonhung Han, A method and tool for human-human
interaction and instant collaboration in CSCW-based CAD

-Fine granularity locking for concurrent work

Extrude

Solid Create Protrution

Revole

M ool £y Cul Sweep
Loft

Delete

L From Feature Hole

| Slot

Copy — Groove
—— Shell
—| Operation Boolean Operation Intersect

— |: Difference
Aditional Operation

Unite

App/Domain
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|Heterogeneous

Fillet L Constant
Wariable

“hamfer

Fig. 14, Examples of application level communication protocol.




Comparison of application
sharing models

Collaboration- Collaboration-
\ \Yele-1M Collaboration-aware transparent (Generic) transparent (Specific)
Concurrent work | |
Efficiency Moderate

Application support All
Application modification Source code No
Engineering cost per app Moderate Low
Thin-client Yes




I Collaboratories

 BSC (Biological sciences collaboratory)
I * The Access Grid



Collaboratories (BSC)
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Collaboratories (Active Grid)

ms Crojects

To add vour Access Grid Project ta the list, click here.
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Papers

VNC

RDP

THINC

Distributed Workspace
TTT

SharedAppVNC
MAST

MPX

Wide-area Thin client
MOM

Distance Learning
CoWord

Familiar editors
ACPBrush

CAD tool

CAD R&D
Draw-together
BSC

N-ABLE

Access Grid



Backup Slides



I Application sharing models

- Example: CoWord
- Each participant must install an application

» Centralized
- Example: Frame Buffer based models

I * Distributed



I Application sharing models

- Example: All Frame Buffer models

- May require floor control mechanism
* Independent View

- Example: CoWord

- May allow concurrent work

I e Same View



F

me Buffer based models

Collaboration
transparent

Generic
(VNC)
Frame Buffer

» TTT: Tele-teaching Tool

- VNC based system

- Supports multicasting(Refresh in every

2S€ecC)
- Participants are viewer only
- Basic encoding (Hextile)
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App/Domain
sbecific

Heterogeneous

Collaboration-transparent

(Hetero

Li, D. and Lu, J. 2006. A Iightw)ight approach to transparent
sharing of familiar single-user editors. In Proceedings of the
2006 20th Anniversary Conference on Computer Supported
Cooperative Work (Banff, Alberta, Canada, November 04 - 08,
2006). CSCW '06. ACM, New York, NY, 139-148.

Fazhi He, Soonhung Han, A method and tool for human-
human interaction and instant collaboration in CSCW-based
CAD, Computers in IndustryVolume 57, Issues 8-9, ,
Collaborative Environments for Concurrent Engineering Special
Issue, December 2006, Pages 740-751.



Collaboratories (BSC)
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Collaboratories (Active Grid)
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