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Multiuser video games
Electronic meeting systems
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Clover Model

People convey
information to each
other in three ways
(termed spaces)

Communication. direct
exchange of information,
e.g., speech, gestures,
facial expression, gaze
information

Supported by (e.g.)
telephone, videophone

Coordination

Communication

Production

Clover Model

Production. exchange of
information through some
artifact being collaboratively
produced

E.g., shared whiteboard,
shared text editor
Supported by (e.g.) MS
NetMeeting, multiuser Video
Annotator, Ultima Online

Coordination

Communication

Production

Clover Model

Coordination. organization
of how collaboration is to be
enacted. E.g.,

In a chess game, use turn-
taking

For patient’s medical records,
use workflow

For software development, use
locking at class level

For collaborative drawing, use
social protocols
Supported by workflow
systems, concurrency
control algorithms

Communication |  Coordination

Production

Concurrency Control



Problem Example: Shared Text Editor

Two people simultaneously update the P o
same shared context S~ Synehronize '
Updates may conflict :
Concurrency control: algorithms that |
ensure: B ﬁ ! V—

All users’ views of the shared context agree I Edit I Edit

In case of conflicts, result is intuitive

Example: Shared Text Editor Editor Model
Editor Model Synchroni i .
| DI A & Insert (int pos, char c)
document) document) o
o _ Inserts ¢ before position pos, where pos > 1
Request/ Request/
Update v v Update
Text Editor Text Editor Delete (Int pOS)
(View/Controller) (View/Controller) Deletes Character at pOSition pos,

where pos = 1

-}
e

7




Example: Shared Text Editor

Editor Model Synchronize Editor Model
“abcdef” 4 } “abcdef”
A A
v v
Text Editor Text Editor
Type X’ Delete ‘c’
after ‘d’ T
N ZE oy
L AN

Example: Shared Text Editor

Editor Model Synchronize Editor Model
“abcdef” 4 > “abcdef”
A A
Insert(5, x’) Delete (3)
Text Editor Text Editor

x
Bl

Y ——

)

Example: Shared Text Editor

Editor Model Synchronize Editor Model
“abcdxef” 4 > “abdef”
A A
Text Editor Text Editor

T

ST

—

Example: Shared Text Editor

Delete (3) -
Editor Model 4 Editor Model
“abcdxef” “abdef”
>
r'y Insert(5, x’) A
Text Editor Text Editor

T

ST

—




Example: Shared Text Editor

Editor Model Synchronize Editor Model
“abdxef” 4 > “abdexf”
A A
Text Editor Text Editor

|
Bl )

7/ -

Problem

Replicated data
Performing operations in different order results
in divergent values in text editor model

Users will see different documents on their screen

Goals of Concurrency Control

Maintain consistent versions of models for all
users
Provide intuitive result when conflicts occur

E.g., could solve conflicts in text editor by setting
document to "”. Not an intuitive result!

Maintain adequate feedthrough, feedback times
Many algorithms make feedback times unacceptable

Locking

Before performing update to shared context,
must obtain a lock
Negotiated amongst all instances of shared

context
If another user holds the lock, must wait until it is
released
Release lock when update has been propagated
through system



Example: Locking

B (3) Request Lock (5) Commit
Editor Model [~ Editor Model | Update
(Text of shared (4) Grant Lock (Text of shared
document) | document) (7) Release
(6) Propagate Update Lock
A
(7a) Notify (7b) Notify (2) Update
\ 4 v
Text Editor Text Editor

(View/Controller)

(View/Controller)

(8a) View l

7/

(8b) View l T(") Edit

el -

AN

Locking

Simple to implement
Intuitive results

No conflicts
Poor feedback time

Must go over network to obtain lock before user sees
result of change
Bad for interactive tasks like text editing

Rollback

Detect conflicts via timestamp

When conflicts occur
Roll back to earlier state

Reapply updates in canonical order
I.e., same order on each machine

Timestamps

Simply increment a counter every time an
update is performed
Counter is timestamp
Include timestamp in messages carrying remote
updates
Specifies version of model against which update
applied
If remote update has older timestamp than
model, a conflict has occurred



Example: Rollback Example: Rollback

Editor Model Synchronize Editor Model Editor Model Synchronize Editor Model
“abcdef’ (0) |« P “abcdef (0) “abcdef’ (0) |« P “abcdef (0)
A A A A
Insert(5, x’) Delete (3)
v v
Text Editor Text Editor Text Editor Text Editor

Delete ‘c’

)

o\

Type ‘x’
after ‘d’

)

Example: Rollback Example: Rollback

Conflict
Delete (3):0 detected

Editor Model Synchronize Editor Model Editor Model |« Editor Model
“abcdxef” (1) |« P| “abdef” (1) “abcdxef” (1) “abdef” (1)

since

timestamp of

remote

ry 'y Ar Insert(5, ‘x’):0 Ar update < local
timestamp

Text Editor Text Editor Text Editor Timestamp Text Editor

k)



Example: Rollback

Editor Model
“abcdxef” (1)

Delete (3):0

<

Text Editor

Insert(5, ‘x’):0

Timestamp

Editor Model
“abdef” (1)

Pick a winner:
insert goes

must rollback
delete and

reapply it.

first. Therefore,

Text Editor

3
R

How to pick a
winner: Flip a
coin. Each site
uses a rand
function starting
from a common
seed. Therefore
all sites can “flip
a coin” and get
the same result.

Example: Rollback

Apply: Delete (3)

Editor Model
“abdxef” (2)

Text Editor

Roll back: Delete (3)

Editor Model
“abcdef” (0)

Text Editor

2

Pick a winner:
insert goes first.
Therefore, must
rollback delete
and reapply
updates.

How to pick a
winner: Flip a
coin. Each site
uses a rand
function starting
from a common
seed. Therefore
all sites can “flip
a coin” and get
the same result.

Example: Rollback

Editor Model
“abdxef” (2)

Text Editor

Editor Model
“abdxef” (2)

Text Editor

e}

)
N

Apply:

Insert (5, ‘x’);
Delete (3)

Rollback

Immediate feedback

Requires ability to roll back all operations
May be hard to program, costly in resources

Some operations can't be rolled back — e.g., file
save, send email, “launch” button on nuclear missile

Rollbacks may be confusing to user

See result of input, then it's changed later



Operation Transform

Similar to rollback, except:

When conflict detected, instead of rolling back,
transform operations

Requires fixup operations that undo and reapply all
in one operation

Operation Transforms

Example: Should have executed:

Insert (5, ‘X') ’ Delete (3) “abcdef” — “abdxef”
Actually executed:

Delete (3) “abdef”
Now want to execute:

Delete (3)1 ; Insert (5, 'X") ; Delete (3)

= Insert (4, 'X") ; Delete (3)1 ; Delete (3)

= Insert (4, 'x") “abdxef”

Operation Transforms

No need to roll back

=No need to save earlier states
Need to provide “fix up” operations for pairs of
operations in model

n2 operations

Some may be hard to implement

Some may not have intuitive fix ups

Concurrency Control

Three methods:
Locking
Rollbacks
Operation Transform

See next week’s readings for more types



Groupware Architectures

Clock
Dragonfly
...plus see next week’s readings

Outline

Why is developing groupware hard?

Programming abstractions for groupware
Declarative development of groupware
Conceptual architectures as programs

Flexible implementation of groupware
Annotations for implementation
The Dragonfly implementation architecture

Timings

Synchronous Critical Path
Scheduling Application

Define Interfaces

EAccls Build Front End|
39 Weeks

Build Back End
46 Weeks

Build Cormnpiler|

Define Interfaces

2 Weeks Build Front End|
39 Weeks

Build Back End|
48 Weeks

Test Front End
8 Weeks

Build Cempiler,

Test Back End|
20 Weeks

Deliver,

Synchronous Critical Path
Scheduling Application

Define Interfaces

— .

Build Front End,
59 Weeks
[Test Fropt Hagd
& — ]
Build Back ER :
46 Weeks

= EE [ECPM : Hick

Build Cormnpiler|

Define NTEITACC
2 Weeks Build Front End|
3% Weeks
Test Front End
8 Weeks
Build Back End
. WYSIWIS 46 Weeks

interaction ;

Build Compiler,

Deliver,



GroupScape Web Browser

|file:/7gs Pages/3.html

D++ Compiler

Project

ImplementFrontEnd  foe

The front end is composed of a scannet, parser and semantic
analyzer.

This step involves designing and implementing these three
components.

There are 39 weeks allocated to this job step. { Decrease/ [ncrease )

GroupScape Web Browser

ECary

[file:/?gs Pages/3.html

D+ Compller Slaved View
Pri Oja:t Telepointer

Implement Front End

The front end is composed of a scanner, parser and semantic
analyzer.

This step involves designing and implementing these three
compohents.

There are 39 weeks allocated to this job step. { Decrease / Increase )

Synchronous Video
Annotator

= E [EVideo Annotator :: Nick

should cpen
here

Two users

» Annotating tape of
usability testing
session

» Standard VCR
controls

* Annotations saved
with video frame

[ TIT 1T I |
Rate

<K= private clear] —2——

Bt

Why is Developing GW
Hard?

Synchronizing Relaxed WYSIWIS Views
Concurrency

Race Conditions
Distribution

Networking, Latency, Scalability, ...
Multimedia

Synchronizing, Integrating MM Streams
User-Centered Design




Outline

Why is developing groupware hard?

Programming abstractions for groupware
Declarative development of groupware
Conceptual architectures as programs

Flexible implementation of groupware
Annotations for implementation
The Dragonfly implementation architecture

Timings

Conceptual Architectures

High level architecture style hides:
Distribution
Networking
Concurrency control

...allowing developer to concentrate on
functionality of application

E.g., Clock, PAC, ALV, C2, ...

Clock Architecture Style

Conceptual architecture that is also a program
ClockWorks visual programming environment

Connectors encode temporal properties
Concurrency control
Temporal media

Clock Architecture Style

Two views
Layered MVC
PAC where Control encoded by connectors



MVC Architecture

» Extended with layering,
constraints, multimedia

State updates
Requests
Change
notifications

Controller

User inputs Display updates

Output
gcourrentSelection, B i B 2
select,|  Selection shared | private
root
BE B
CouplingButtons

button |gcorrentSelection,
]G 4

nouseButton,| Button |select,

MVC in Clock

architecture style

Model
Output
gourrentSelection, B i B 2
select,|  Selection shared 8 private
rookt
BE B
CouplingButtons

button |goorrentSelection,

[~

nouseButton,| Button |select,

Controller

view =

mouseButton "Down" = if currentSelection = myId then

yellowBox (Text myId)
else

whiteBox (Text myId)
end if.

select myId.

Model
Output
‘currfmtSelecticm, E & 1’3 -
select, | Selection L2 ke
root view =
E i;’ beside [

CouplingButtons button “shared”,
hspace 10,
button “private”

button currentSel! 1.
1] [

nouseButton,| Button |select,

Controller

view =

mouseButton "Down" = if currentSelection = myId then

yellowBox (Text myId)
else

whiteBox (Text myId)
end if.

select myId.




L LNOCE,, | =i
Layered Architectures in Clock Ty
addNude,
» Updates send information up tree addl ink, | g}st?m%
Comnter

* Constraints pull information down

JodePosi tion, ] £ B
setNodePosition, | NodePositions

B 7 B
Session
B ¥ 8
Mode
root
[la] B
CEM
cpmView
BE B
CPMView
network modeSelector
Al B 3l B
CPMNetwork ModeButtons
edge rubberBand browseNode |glocke cormectNode
B oE||(E® E BE R [deeek, B E
EdgeView RubberBand rserT. CornectNode
setNodePosition,
nouseButton, unlock,
relMotion, | BrowseNode |lock,

o
Lnek
AT
<" aaavodes] Applying the Clock architecture
inky| BMStructure
B &5 B to Groupware
Coumter
el i i on, B
ttiuiting)] Sodeeoriciony « Shared context at root of tree
E ¢ b
0 E » One instance of Ul per user
e
[13]a]
PH

setNodePosition “2”
(200, 321)

Trigger view update
for node 2

T
Lnek
prii gL

<allNodes,

. addiinky] cmstrocture | view =
Information I L beside (
pfOVlded by e irnitin g map cpmView allUsers).
session :
manager S Fsion

Mode
—
PH

view =

Window myUserId myHost (..).

Rodeselector
5] 15

Banlmtiat tns

Tree Structure

View composition
Data visibility
Concurrency control
Avoiding race conditions between user inputs

Synchronization of multimedia streams
Sharing sound, video, animations



Concurrency Control Concurrency Control

% Create a new node
mouseButton “Down” =
all [addNode getCount mousePosition,

% Create a new node

mouseButton “Down” =

all [addNode getCount mousePosition,
incrementCount].

incrementCount].

Possible execution order

User 1 User 2
getCount
addNode (...,...)|getCount

incrementCount [addNode
(@ )

incrementCount

¥
i Ty
Concurrency control i
B 7 B

Counter
JodePosition [ T B

setNodePosition, | NodePositions

Each user’s action leads to a transaction B § E

Session

request* update % Create a new node b g B
mouseButton “Down” = s root
Transactions must be executed in a all [addNode getCount mousePosition, -
L. . incrementCount] . |
serializable fashion i
CPMView
nemmlectnr
EHE a4 EHE B
CPMNetwork ModeButtons
edge rubberBand browseNode |qlocke cormectNode
B8 k| |E8 B B [t [EA T E
EdgeView RubberBand T CornectNode
mu::;::t:zg. BrowseNode fﬂ;l




Multimedia Groupware

= E [Fvideo Annotator :: Nick

should cpen
here

» Synchronization of
multimedia streams

* Integration of
temporal, static
media

Extending MVC for Temporal Media
* Constraints remove time from temporal media
* Composition allows integration of temporal and static media

Model

Constraint

Pool of Frames View as Image

]_

Rate
«DD» private cleatl ————
a E—
: B & g .
feaneiimbor Video playback pethmmatatios, [ e Architecture of
E "o oF R application g : Video Annotator
advanceFrame, | FrameCounter addiext,, imotationn
frameMumnber m g _E i
root |l LrammeNumher, setCont,|  Cownter whiteBoard composes
=] rookt . .
ElE i B B current video frame with
tick,| VideoPlayer |advanceFrame, Videohnnotator current annotations
e constrained count value
frameNumber ] B gives current frame
advanceFrame Oneliservies number
view = control whiteBoard
tick = advanceFrame. . - " e g Al =
_ VideoFrame “use.mpg” frameNumber. Controls Whi teBoardvies
. current video frame annotations video |gqCOmME,
tick ] B BE B
- Jrmotations Video

Run-time
System

annotation |[gEOUAL.
oE s Lyetinnotations,

. JuserColor,
Arnnotation
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Summary

Conceptual architecture is part of program

Constraints help in:
Synchronizing relaxed WYSIWIS views
Multimedia
Concurrency control guaranteed by
connectors

Visual editor for architectures

Outline

Why is developing groupware hard?

Programming abstractions for groupware
Declarative development of groupware
Conceptual architectures as programs

Flexible implementation of groupware
Annotations for implementation
The Dragonfly implementation architecture

Timings

Strategies for Cheating
Latency

Sacrifice group response time
Reduce granularity of group actions
Take turns

Risk roll-backs

Buffer

Spend CPU, memory, bandwidth

Server

Updates /

Requests Notifications

Client e
b ®

CPMView

netvork || modeSelector
0B B (| EE B

Network ModeButtons




Server

Updates

Updates /
Requests

H = B
NodePositions

Req”e‘sN \4 A' / Request
. ates equestis
Client P a9

cprview
BR B

CPMYiew

Notifications

network modeSelector

e B || EE B

Network

SpPaCe Of HmpiIcImnciitation
Techniques

Concurrency control: none, optimistic, pessimistic
Topology: tree, star, mesh, point

Replication: centralized, partially replicated, replicated
Cache activity: passive, active

Cache location: standard, mirror

Network delivery: /ossless, lossy

Network order: FIFO, any

What Strategy is Best?

Depends on:
Application characteristics
Symmetry, roles, synchronicity
Hardware characteristics

How cheap is bandwidth, latency, CPU,
memory?

Lock

rootNode.

‘allEigg.s, .
<alifodes, Annotations for
addlink,| CPMStructure Distributed
d cmfter & e Implementation
‘godePositim, E o 3::
setNodePositim, NodePositions
B & B * Client / Server Split:
Session
B & R -
o LIEIEE)
root
3] B -
CPM * Replication
Vieig *Concurrency Control
7
Serialized
network nodeSelector
BEF B || EA B
Network MoadeButtons




Conceptual

Architecture

Transform

Hide issues of:

» Concurrency control

* Distribution

* Networking

E.g. Clock, PAC* C2, ALV

Conceptual
Architecture

Dragonfly
Implementation

Architecture

Developers concentrate of functionality
of groupware application, not
distributed implementation

Encapsulates design choices for:
* Replication

+ Caching

» Concurrency Control

* Client-Server Split

v Choose:
e « Centralized or Replicated? L . .
Distributed « Pessimistic or Optimistic? Distributed * Hybrid implementation
System - Caching? System » Dynamic reconfiguration
* Hybrid?
Conceptual
Architecture ¢ Model Component
View
Annotations Controller \ / Model
Model
Implementation Mirror Router
Architecture Cache - Cache
Dialogue
Distributed Performance Router
implementation Feedback Sequencer Concun’ency
Controller
Distributed
System Dialogue Component

[Anderson et al 00]
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Outline

Why is developing groupware hard?

Programming abstractions for groupware
Declarative development of groupware
Conceptual architectures as programs

Flexible implementation of groupware
Annotations for implementation
The Dragonfly implementation architecture

Timings

Timing Clock and

Dragonfly

Response time where:

* Server: LAN: UltraSparc 1,
York U.; WAN: 100 MHz R4000
SGlI Indy, Queen’s University

* Client: UltraSparc 1, York U.
* Network Latency: LAN: 1 ms;

WA/ANI- 11 moe



Conclusions

Large gap between design-level
architecture and distributed system

Dragonfly acts as layer between, allowing
experimentation with implementation
strategies

Programmers can give high-level guidance
for implementation




