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Hducational Background

B.S. in Computer Engineering
The University of Puerto Rico at Mayaguez

MIES: in Computer Hngineering

The University of Wisconsin at Viadison
Computer Anchitectune and Onganization (Advisor D Yu FHen Fu)

VIS E it Industrial ngineering

The University of: Michigan at Anni Axbor

Statistical Quality: Control/Iniormation Systems (Advisor Dr. [Dan
Teichroew,)

From January 1991 to December 19927

PhiD! ini Computer’Science and Ingineering
The University of Michigan at Ann Axbor
Software Systems Research (Advisor: Dr. Atul Prakash)
From January 1991 to; May: 1997
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Work EExperience

Senior Technical Associate
@ AT&T Bell ILaboratories, Naperville, Illinois
Fromi June: 1986 to August 1986

Member of the Technical Statt'1

@ AT&T Bell' lLaboratories, Naperville (Indian Hill), Illinois
FromiJune 1987 to Marchi 1991

Member of the Technical Statt 1

@ AT&T Bell ILabs field work at ILa Telefonica’s Spain AIN
From September 19907 to December 19907

Member of the Technical Statt

@ Bell Communications' Research, Piscataway., New Jersey
From June 1992 to August 1992

Research Statt Member:

@ IBM Thomas J. Watson Research Center
From May: 1997 to December 2001*
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Research Traversal

Computer Architecture
x University off Wisconsin - Madison (87-88)

Advanced Intelligent Networks
= AT&T Bell Labs (S’86, S’87, 88-91)

Statistical Process Control & Systems Engineering
x University of Michigan IOE Department (91-92)

Distributed Computing & Distributed Systems
= Bellcore (S°92);
x University of Michigan HECS Department (92-93)

Collaborative Systems
x University of Michigan HECS Department (93-94)

Collaborative Multimedia Systems
» University of Michigan EECS Department (94-97)

Multimedia Computing Networking
s IBM T. J. Watson Research Center (97-01)
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Selected Publications

“Applying Statistical Process Control to the Adaptive Rate
Control Problem”’,
WVianohai Nelson REs Willeheekelbemai, ViarcHEs Prakashs Atull imiProccedmgs oi:
Multimedia Compuiing and INCiworkingConicrence, pp. 45:=605SanJoses (EAS
Jarguziey 1999,
“Dealing with: Synchronization and Timing Variability in the
Playback of Inteéractive Session Recordings:,
Nelson R. Manohar and Atul Prakash, i Proceedings oi the Third ACM Int~1
Multimedia Conierence, pp: 45-56. San Francisco, CA, November 1995.
“The Session Capture and Replay Paradigm lor’ Asynchronous
Collaboration’,
Nelson R. Manohar and Atul Prakash, in Proceedings of the Fourth ECSCW
Conierence, pp. 149-164. Stockholm, Sweden, September 1995.
*“A Iramework for Programmable Multimedia Overlay
Networks™,

N. R Manohar, A. Mehra, M. H. Willebeek-ILeMair and M. Naghshineh, m: [BIVI
Journal of Researnch and Development, Special Issue on Digital Video, 43(4),
July/August 1999.

A Flexible Architecture for Heterogeneous Replayable

Workspaces’,

Nelson R. Manohar and Atul Prakash, in Proceedings ot the Third IEEE Int"l /-
Conference on Multimedia Computmg and Systems, pp. 274-278, H1rosh1ma ]
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Other Publications

“Streaming and Synchronization of Re-executable Content’,
N. Manohar and A. Prakash, unpublished, 1995,

““Design Issuesion the Support of Tools and Media on Replayable
Workspaces:,

N. Manohar and A. Prakash, CSE-TR-304-96, Dept. off EECS, Univ. of Michigan,
September 1996.

“Design Considerations in Building a Distributed Collaboratory’’,

A. Prakash, F. Jahanian, R. Hall, N. Manohar, A. Mathur, C. Rasmussen, H. Shim,
1. Weymouth, G. Wu, ID. Atkins, R. Clauer, and' G. Olson, School ofi Information,
Univ. off Michigan, IEeb. 1995.

“Statistical Quality Control and Software Productivity.”

N. Manohar, Quals Report, (research work under IDr. Daniel Teichroew:), Dept. of
IOE, Univ. off Michigan, May: 1992.

“The DCISG6 Finite State Machine Tables™,

Nelson R. Manohar-Alers, AT&T Bell Laboratories, Int”l SESS Features
Development Department, Intermal VMiemorandum, August 1980.

“The Computer Architecture of VILSI Digital Signal Processors’”,

MSEE Thesis/Report, Nelson R. Manohar-Alers, Department oif ECE, Graduate
Engineering LLibrary, University of Wisconsin-Madison, August 1988.
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Intellectual Property: (IP) Activity

1P T'raining;:

n Trained with 1BV Master Inventors M. I[Lecon
[Cumelsky and Dr. Philip'S. Yu

1P Pertormance:

x Principal inventor (and principal inventon=in-
(ralning) on seven patents.

x Eight USPTO patent filings, seven successiully
granted.

a Two IBM Invention Plateaus achieved.
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Selected Patents

6,572,662: dynamic customized web tours...

s related tor tour data mining, tour authoring, like-minded touring
oir multiple websites; token-based control ol travensal projections
over web-tours, touring clients,...

0:516,550% selizregulatediresource management. :

§ claicdiioranenomoeusNSeliFsicgtlaicd) disibuicdESOULCE
managementinicgraimgiraditionalidCimandEshapingiand
CAPACTLYEShAPINE MECHANTSTISES

6,466,980: capacity shaping of distributed resources on
anunternet enyaronmeniss:

N claicdioaeplicaiion managemeni; QoS: and CapaciiyESAPINE Ol

AHCIWOTE SHIESOUTCES (222 capdeity=1oliows-demand
managemenidistabuicd resoulice management policy)s eics::

6,529,950: policy-based QoS negotiation...

m related tor brokering framework for distributed resource
management, ete...
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Complementary Patents

6,463,454 integrated load distribution and
resource management ...

n nelated s replication and capacity policies ior distributed
resource management, etc...

6.,460,082: service-oriented resource
signatures...

a nclated tor low overhead resounce management and
measurementspolicy; lior distribuied SerVers, ieSOUnCces,
capacity., objects, eic...

6.,577.,996: seamless live streaming handofis'...

n related tor handoeii ol live multimedia streaming across
servers, virtual sockets™, migration transparency, etc...
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Outline of the Talk — Revisited

Background |[10% |
Computer-Supported Collaboration [25%)]
Dynamically Customized Veb Touring [25%)]

Multimedia Computing Networking {359

m Building Robust Network Performance Indicator

a Distribuied Resource Management tor Muliimedia

Wirap-Up [5%)]
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Building a Robust Network

Perlormance Indicator

-Applying Statistical' Process Control (o
the Adaptive Rate Conitrol Problem:

Work at IBV Thomas J. Watson Research Center

*“Applying Statistical Process Control to the Adaptive Rate
Control Problem’”; by Manohar, Nelson R.:; Willebeek-ILemair:,
Marec H.; Prakash, Atul, in Proceedings of Multimedia
Computing and Networking Conference, pp. 45-60, San Jose,

CA, January 1998.
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Motivation

Multimedia Computing Networking
x handling the impact of multimedia over the network
€.g., session-oriented, multimedia ilows, end-to-end
QoS regs., resource management, value-asset model,
elc.

a handling of the “impedance mismatelr” that exists
between multimedia applications
and (to-be provisioning, present o future) networks

x we would like the resulting mechanisms or building
blocks
101 be robust
easy to implement
low (signaling and' tracking) overheads o



Related Work

mechanisms to handle *‘impedance mismatch’
s (traditionally) from applications to the network:

inducing multimedia application regs. mio networking
middiewane

a {or example, difiserv (TCP); multicast (routing), eic.

5 (but also) from network to multimedia infrastructure:
enhancing network capacity (imternet2, viBINS, eic:)

enhancing the mtelligence off multimedia infrastructure to
adapt to the network state (RSVP, QoS, etc.)

network state measurements
1 (active) networl probing

probe-and-adapt: shori-term iuctuations, Unnecessany.
adjustments

m (passive) network and web traffic characterization

(web) spatial/temporal stability: dilferent time-scale
components

ethernet/web tratiic tractal: stmilar shape regardless ol 15 9
nnnnnn 1 -



Network Performance Envelope:

Factoring Process Variability on Sessions

Irom:
u probe-and- 100 - — x (i)
adapt — p(x (i), m=120)

fast indicators 90 - =0(x(i),m=120)

very low setup
cost

» no confidence

(miliseconds)

—
(/2]
©
c
(o)
(& ]
O
lﬂ
£
~

. 9
To: £ I
2 S
m process state = =
forecast- 5 =
o

strength = .S’
some setup 40 + @

cost 1 101 201 301 401 501 601 701

= confidence time (seconds)

analysis RTT network probe: one apparently stable process mean,
but upon examination variability states (i.e., a process shifts).

16 -



Building Reliable Building Block:
Network Performance Indicator

Reliable process performance indicators (PP1)7?
% robust lorecasts
strength ol sampling and smoothing
capable ol associating coniidence (o lonecasts
s assimilation of process variability
1o recognize signilicant chianges
a generation/tracking ol process state
to)understand where we stand PPI

Important to adaptive applications

u atop (1., guiding) prove-and-adapt protocols ARC :
m suchi as Adaptive Rate Control (ARC) x(® x(t)

Statistical Process Control (SPC) as PPI-kernel

n (ypically long-term horizon, industrial processes
run-to-run feedback control vs. online-SPC
centralized online-SPC vs. distributed online-SPC

n adapt online-SPC for distributed' ARC problem

17 9



Network Performance Envelope:

Statistical Process Control Formulation
T = o,

o

Xi

Supplier: media server Consumer: media client
w

AR C (Xn df, ’ .ﬁ(E*u 5*1)) Process: network delivery S Q C (E*H G.#l)

SPC: end-to-end
process performance

Supplier: adaptive rate control

5 (0 match production: to deliveny s quantizes
6 . erformance
Process: network delivery s s
n goods: media packets, frames, = info statistical process
buficrs state — a quality
indicator
Consumer: smoothing problem s then drives ARC() n{SPC

such quality indicAtd s n e

18
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Network Measurements — Setup

(active) network probing and monitoring

network indicator: RTT soundtuip delay (measure of congestion along path)
€. 2., availablerbandwidthy network congestion, stabilitys jitter:

probing methodology (time series acquisition)

end nodes: (Univ. Michigan at A2) - (Univ. North Carolina — CH))
networl probe: ping (ICVIP)

test duration: 3600 seconds
timescale: seconds to minutes

smoother; 120/30/ UWMA smoother €
sampling frequency: | random: sample persecond

o**
.
.
“““
.
-----

sampling load: negligible (40ms to 400ms) with respect to sampling
irequency (1 second) with respeet to available network bandwidih

sampled distribution: no constraiming assumption due tolaw: of large
numbers, random sampling, temporal/spatial stability, and network fractality

bottleneck spots, router instability, underlying distr.

timescale leads to aggregation effect on multiple path routing and

conresponding sampling off underlying distribution(s) on eachi -t/ sample
19



dhvlin'e;Si"CI?;lﬁ(r)'éting Performance
IEnvelope

UCL(i) = u(x(i),m=120) + 1.5 o(x(1i),m=120)

ey
2 dil
‘l H' vl
(]

- 1.5 6(x(1) ,m=120)

mLCL (1) = u(x(i),m=120)

Online-SPC over

w/ 120 smoothers
and running 1.50
. 1 control limits

Ml

},L(x(i.) ,m=120)
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Network Performance Envelope:

Process State — Basic Idea

iloating performance envelope

m tracking window over process, state (L, 6)
a under associated statisticall conlidence region

(ko)
m rneacts to) statistically significant changes

process stability indicator

that is, just with
state online-SPC, but
now three signals!

providing context for state changes
m between (Iractional process state) sigmal
u writ slow (liull process state) signal

compare fast against stable signal hA |
B approx. same vensus signiiicantly: difierent AV
m two types ol piece-wise linear segments
horizontal segments (process' state)
linear slopes (process changes)
o il 21
n building block for adaptive infrastructures




Network Performance Envelope:

Online-SPC Process State Tracking Kernel

Running Window Indicators
UWMA(x;,m) smoothers

online-SPC

u(l,m ’) = ].L(Xl oo Xm’-i) present state
handling

= wi,m) = ux;..x_.)
= o(i,m) =o(x;.. X, )

“long-term” “short-term”
process state process state
3 " (slow) signal (fast) signal
Hypothesis Testing
= HO: u@im’) = u(@i,m)
m Z0=u@sm’) - ua-",.m signals represent
u( 2 ) u( 22 ) same underlying
Process State Generation update
g 1 “long-term”
m iflZ0l <k * G(l,m) process state
= then mon, = mon, ,
= else mon, = p(i,m’) online-SPC
y data & outlier
= mon , = momn, forecast handling
= error = mon’; - mon;

2



Network Performance Envelope:

Network Stability Monitor

720 = p(x(i),m=30) -
L(x(i-m=120/2) ,m=120)

Stability monitor

~ A over online-SPC signals
/ \ f _,f \ over RTT time series
| ' i i w/ 120/30 smoothers
’ o AAVNE | \ & 1.5¢ control limits
WA W | '/ \\

|
—p* (x (i) ,m=120) "\ 4 /\
mon (Z0) |k=1.5 J \/

W* (x (i) ,m=30) -

23 )



Network Performance Envelope:

Stationarity Test: Comparison of Sampled Vieans

ZO:{ u(i, m’ = 30) }_{ G-, m =120) }

fast signal (front - end) slow signal (~ uncorrelated past)

if (1720l < ko(1,m=120))

Hypothesis tested by comparing two indicators
= (a) slow signal and
= (b) fast signal
This resulting in two process states
= (a) stationary state or
= (b) process change
Sensitization parameters
s m’ (fast signal), m (slow signal)

= k (confidence), m/c (decorrelator)
24 )



Network Performance Envelope:

Haquality Between 1'wo Population Sampled Vieans

KO m

ui:(m/Z)%m,m

r=test on unknown mean and unknown variance or'a ~normal
population with test Statistic PRSSSICGNI0 bl A Guli Y2200

o(i,m)24o(i—m/2,m)2

at (0=0.5, m=120) > t = 3.3

25



Network Performance Envelope:

Sensitivity Parametrization

|

il

— x (4

— Inon

™ h M%%w

W

il

[ tor (Z20) | k=1.5

720 = p(x(i),m=30) - p(x(i-m=12°/,),m=120)

Stability monitor sensitization —

(1) inertia— how sensitive to shifts
(2) lag— how fast it reacts

(3) confidence — how reliable

L

il ! H
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Network Performance Envelope:

Network Stability Monitor Requirements

robust processistate tracking
8 quantimable conlidence mierval
m fonecast coniidence

low tracking overhead

a moving window kernels have
straightiorwand O(1) complexity;

easy to implement

5 moving window: process state and Ry
control rules are simple (see ilowchart) e M

low signaling overhead

B process state communicated only when
necessary, that 1s, when it changes (1.¢.,
only when statistically significant)

27 W



Research Contributions

online generation of' a robust floating envelope
a showed the particular relevance oir online-SPC - despite its
STmplicity;
a used to track the' process periormance associated: with anl indicaion

a shown iior RTT — indicator o network congestion: and ilow
management

formulated online SPC=-based monitor ol network state

§ detection ol stationary: conditions, (temponal stability, process
state)

a detection of piece-wise linear (process changes)
s fast, robust, reliable ; and low overhead
§ SOIe setup!vs:. parametrizable statistical performance

robust state tracking building block

m near-stationarity conditions used to distinguish: between process
state and process changes

m timescale and robustness taroeted for nrocess-nerformance

28 )



Future Work

simulations of SPC+ARC()

n [urther sensitivity analysis ot SPC+ARC kernels

lag (m, m*), contidence (ko), smoothing (1),
smoother/sampling (UWMA, EWIMA. eic.), adaptation: ()
and' adaptation strategy (linear, multiplicative; constant),
duantization process! (1momn), outlier iecognition (ko).
ntness/residual analysis (er), eic.

8 [urtherperiormance g and optimality
companative periormance ot SPC+ARC()
statistical performance (alpha errors, beta errons, eic.)

implementation of applications ol SPC+AR(C()
s multimedia networking performance

m other distributed online process control (See next segment)



Outline of the Talk — Update

Background |[10% |
Computer-Supported Collaboration [25%)]
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n Distmbuted ResourcervianagementiomVinltimedia
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By N. R. Manohar, L. Lumelsky, and S. Wood
U.S. Patents: 6,516,350; 6,463,454; 6,529,950;
0,377,996, 6,460,082; 6,460,980;
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i DistributediResource Vianagement

me Ad-Hoc Resource
Agement

~\ % — ‘”.V ~

"streaming, metering, etc.

hOC Server-services
S =rcdching, load-balancing, etc.

‘T : Resource Management
f_-_' — "TPlane

i distributed management plane
" brokering of clients to servers

" standard plane server-services

= caching, replication, load-
balancing, dynamic hosting, etc.

= compliant plug-in servers




e :
,forrlr)lm

______ yorking level
,1'1gh performance Backbone (VBNS 2.4Gbps OC-

di erentlated class services, RSVP, RTCP, RTP, etc.

o
—
B e

W "t could benefit from this?

= larg multimedia objects under a value-asset
-~ model

" C.0., MOVIES

* What could we do now?
= distributed resource management 33 @




Multn’nedla ()b
-perspectﬂﬁ-..

V=0 iented, end-to~end. distributed QoS/reservation

-b'

YED, _g:ec pectlve
SCxdremely large i comparison to dominant web objects

4_ eq est characterization of web-servers [MSNBCO0]
"somic objects significantly more requested than others

e *‘*rsmall set of objects accounts for majority of requests (Zipt
—— relative frequencies)

= = gpatial and temporal locality on requests [IBM97]

" movie 1s blockbuster, demographic and temporal
consequences

= and then, some are exceptions, 1.€., statistical outliers
= for example, fads (30s movies, some-actor movies, etc.)

= provisioning-perspective
= value-asset model, digital rights model 34




NSO HETIETWOT
Server capac1t1es)

C ilent demand presented to the network wrr fixed
il acmes found across the network

“ﬁ'f)tin?; the network to demand (variable client
~=dfmand variable server capacity)

= = regulate the allocation of server capacities across the
- network writ client demand presented to the network

" {he other side of the coin, 1.e., distributed capacity
shaping
» that 15, “capacity-follows-demand’ policy




——

aping — basic Idea
i J i —

"3" Vi r Oj JJ«-‘:/P__JC.L)

Cdl SPECIIIES servmg) resource requirements (1.€.,
1zed capamty)

1l o1 an object replica commits the replica’s resournce
n (i.e., normalized capacity allocation)

::'
-
(=LA
Q-
>
.
=
b
E
&
@
b
g=]
ol
@)
=y
-
N
—n
b
=1
=)
1)=

: Xplratlon time associated with object replica N
‘= gerver placement of object replicas varies over time
= {otal number of object replicas varies over time

—l'_

e thus, allocated object-serving capacity placed over the
network shaped over time

= done for selected objects — referred to as hot-objects




under
capacity
condition maximum over

\ capacity

(S —

e.g. three new

_ L transient replicas
cap Elﬂlit}f added
condition

.

(=t
)

_——

. L'/J 4
—
as

(@)

contiol NN replicas added on
( St flxed r = GREEN servers

€.g., one new

replica added on

a GREEMN server
|

N

N\

Capacity associated
for this object when

_IlOW Self‘ there are no transient
replicas present

regulatlon —— REPLICA EXPIRATION DEADLINE ——=

(agaimst
variable
capacity) for
capacity. dynamic capacity shaping for which objects?
shaping

T(1+1) ree T(N-1) T(N) T(N+1)
TIME INTERVAL iii

T

= Zipf relative frequency distribution — hot objects

building block: = then, how is self-regulated capacity shaping

robust state

- - implemented? 37 W}
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Capaﬁltyéhapmg

ientatior -
city check L

Prelim/ Audit
o J Scarcity R t | | | | |
! \,_F_C ez Clt Check pahes

Demand vs.
Capacity Audit

Replica
Creation

AAIySISHEA

i el Process
- "- - Deletion
_ : DEMAND
3 2 -—_,:_I__-g Ca p lacement REPL'CA | Placement
= _,_—' : Request
—
= 1’ pllcatlon -
"'::.___- . Replication
5 oversupply check BEBE
== demand/capacity | Doteton S
anaIYSiS (b) ol:;ergm l Miﬁi?:?o?m Reggﬁgon

Check

° ° -
6. replica deletion
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1. erhead on tracking o
ted state
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ed yellow HEegIons
er management problem

(e
gn

=
I
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—
|——
|—
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Ly
4
i)
—
-

ohandle transient changes
T g_lons dct as buiiering regions
1 el
~ s gafe eperating region
.*- ;-f__-"j_,_-_ “= Jow: management overhead
—— region
== =l
= critical spare (X%) region
= non-allocable (safe operating
margin)
= yellow
" frigger region and buifering
region
= butfers transient state changes

el Pt S R T Y

L

_r/, ﬁ'g.eﬁfent of Remote Capaciti€s
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Server 1
Utilization

S1,G
S1,~¥
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39 )



Vianagement ol Heterogeneous

IVCL! = —
dle'server
- enelty

Server 1 | Server 2
Utilization Utilization

cilied

monacement | ...
becomes |

ye °© 9 0000000 00000 90090 e60

where
" jorewarning
through state serveri server2
signaling
" capacity spare
used to
manage 10

Qiﬂ'ﬂﬂ]iﬂﬂ'
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Demand
rabe raqis

object 420: hot, large demand

ﬂtﬁfval tfackmg —
s — 1211
- ®_gerver placement transient replica for 420 at server 1221

~ ® gerver capacity

n 1 1 1 Capacity l_J1I|uza|n:-n

. —
s Server to Capacity =
= capacity rating

m utilization state global server 1221: high capacity, low use
= ojobality Tt
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STOTANTILS;
e . ol.res

ol.data

I I i
;
local manageml\

_— storage service
R ~_bins bins

‘reservation pools abstraction

~ = forlocal resource management

~ = Jocal serving resources incing

2 ~ = for global resource
management

remote management

" degree-of-freedom
resource for the global pool
distributed capacity- 1 W

<chanino nrobhlem




driven by service

y shaping plane
iStobject
| ;_,,,,_u between

o

AVACIES, Services
dyi amically crcating
cilg deiby tor load l,
0zl ar'lcmg 625

| [ Cost
Cantrol

> 626

Distributed
Load Balancing

global resources
local resources

== i Distributed
= Capacity Shaping

L

management layer
= by demand-capacity
analysis resulting in
dynamic replica
hosting at brokered
SErVers

|Streaming |~

¢ ac‘ﬂﬁ'haping ManagementLayer

Service Management Layer

Underft}ver -
4 Capacity |
Audits Decrernents

System Management Layer 1 Server Profiles

| 551
6047, .Dbjects |
| ,/[

IIII
\ | System F‘allr.nes

; Gapamty
incremenis/

-~
’a

A
|
J

L
e

-/ "‘\_

——D /Negotiators™.
Server ‘ 605
brukers_n

7___

- . _.__.,.__
r &
] Le

B - 672

- 671 |

[ Local }/’ !Glnbal] / "E'nba
. Local

] Rellcatlun | gratmnT

682’ Servers 683
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[ONS -
uted Dynamm@c_ﬁjf' Shapi

O C.-‘ ibuied resourc_&;nanagement ot large

gntlliimedia)objects ovH (l 'j'r'l Handwadi

-\.\___

gl 1ated distributed capac1ty shaping
IEg ated load-balancing and dynamic
E,{r lty shaping

management of global and'local replicas

'-.:

WL SEtVer capacities  Distrbuted
tr_lbuted state management S
= red-server avoidance management |
e __! low-overhead distributed state tracking
= gtability-oriented trigger signaling

= tradeoif of local capacity to remote state

tracking
= complementary to existing technologies
* multicast, rights, RSVP, grids, etc.

= but levering high bandwidth internet (e.g.,
internet2) 4

global resources
local resources

Distributed
Capacity Shaping

N




"Work —
apacity Vi | Hostingﬂ‘_}-
anms (e g IBM 'Services) — demand-shaping of

1Z€C 'c" 8),V8. capacity-shaping ot demand
jcement G'rc IOHUCH CAPACTIIE

ted Programmable Planes

0l putlng (e.2., Globus) — resource management for entirely
| ;' it problem, small number of large (computations and
sets)iobjects with low viewership vs. large number of large
0 ) ects with high and wide viewership

= Dis stributed Replica Management

i
—
.r"

__‘.

i
2 T

——— —edge caching network (e.g., Akamai) — on-demand caching of
,-:-___’_i-' -"’T,' - relatively small objects vs. valuable asset very large object

= Multicast Streaming
" multicast 1s complementary technology — plane represents the
seli-regulated placement of the sources of the multicast trees

= Brokered Distributed QoS Architectures

= distributed QoS brokering is complementary technology —
delivering end-to-end QoS feasibility used for brokering of clients
to servers 45 oy




| __"4\ IPPOTIEC Co ‘f" Pration
re) [25%]
i%amd Replay Paradigm

edla Synchronization

—

= ___JI ;QE,,! 1cally Customized Web Touring [25% |

_ Multlmedla Computing Networking [35% ]
-".-' = -_ ‘Building Robust Network Performance Indicators
" Distributed Resource Management for Multimedia

" Wrap-Up [5%]

—




Selected Research Contributions

Record And Replay (By Re-execution) Paradigm
u o1 asynchronous collaboration, captune oi mitra-task: content
s manipulation off computer Sessions, as st class objects
Multimedia Scheduling/Synchronization Protocols

¥ (ntegrating fime-gramed re-executable events and continuoeus
media

Dynamically Customizable YWeb-touring
§ jourimg conient control through! token-based projections
s tokens visible and controllable alsoe by user
Robust Online-SPC based Process State Indicator
m robust statistical process state indicator (network probing)

5 processEperiormance guding olfadaptive rate control
problems

Distrbuied Resource Vianagement

m seli=regulated capacity-shaping (fime-variant number and
placement ol capacities)
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Proposed Eocus Areas
CSCW/HCI/Groupware Applications

u groupware, collabonative imiclligence, miormation
management, distance learning, User mierlaces, ete.

Intelligent Infrastructure

a multimedia computing netwonking, distributed resounce
management, eic.

n utility computing, pervasive compuiing, sensor-based
compuiing,

Soltware Systems; Research
m applications and middieware sysiems Lor the above

m [ormalization, theory, experimentation, simulation, etc.
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Proposed Courses

Classes
» Introduction to Databases

s [ntreoduction to Soltware Engineerimng

Special Topics
m Special Topics: Collaboerative Systems

m Special Topics: Multimedia Computing Networking

Advanced Classes
s Special Toepics: Soitware Systems Principles

m Soitware Systems Research Seminar
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