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Motivation to iLabs

There is enormous educational value in hands-
on laboratory experiences

But, conventional labs...
> ... areexpensive and have logistics
» ...can’t easily be shared

ILabs (or “WebLabs”): real laboratories that
are accessed through the Internet from
anywhere at any time
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Dynamic signal analyzer

(EECS, deployed 2004)
Shake table (Civil Eng.,

deployed 2004)

Polymer crystallization
(Chem. E., deployed
2003)

Microelectronics device characterization

(EECS;ideployed 19535) Heat exchanger (Chem. E., dep d 2%(31)
iCampus
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MIT Microelectronics
WebLab

Semiconductor Parameter
Analyzer, Switching Matrix
(donation of Agilent
Technologies)

Device under test

Device test fixtures (donation
of Agilent Technologies)

W?2000 server
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Typical Assignment

= Measure transistor characteristics
= Extract transistor parameters
= Compare measurements with class models

i COutput Characteristics
2 [T Expenmental vs Spice Model

= Also, do whatever else you want with the transistor.

w mn
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PACIFIC

- QCEAN

Microeleciienics deVviceChaleCieZalion:

o pver 3000 student users (IoFcredin) SINCErSos
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“Formal” use of WebLab

@ non-MIT (industrial)
O non-MIT (academic)

O MIT graduate
B MIT undergraduate
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WebLab Capacity
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WebLab Capacity

W6 012 Students

W5 720 Students
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System capacity: > 2,000 users/week, > 15,000 jobs/week W'“'
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Shake Table

Goal:

Study behavior of
building model structure
to ground vibration

Relevance:

Earthquake
building
engineering
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Shake Table GUI

Shake Table WebLab

lFlnnrAc:celemtiuns Transfer Functions | Table Displacement | Data Manager

Second Floor (g)

Ilain Page | Load another experiment Signed in by Developer

Live Shake Table Lab
Design Studio Lab - CEE MIT

STOP

Lab Status
Exp Stopped

First Floor (g)
Experiment Name ]
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Date Created | ’ | l|
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TheiLab Vision:
the iILab Shared Architecture

Campus 1
[ network < Internet %

Client Service Broker

" (Wi

University Databases Lab Server
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The iLab Vision

Campus
network

Client

« Many labs shared worldwide

« Some are unique (unreachable
locations, rare materials)

* Many simple labs

Internet *

Service Broker

University Databases
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The iLab Vision

e GUI to lab

* Integrates useful generic tools (graphing,
numerical analysis, simulators)

» Allows for remote collaboration and
tutoring

Campus )
network — - Internet *

i

Client Service Broker

" (I

University Databases Lab Server
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The iLab Vision

Campus
[ network

Client

University
Databases
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Service Broker

Internet *

L[

» Serves GUI to Client

» Mediates between Client and Lab Server
» Performs generic functions: user
management, data storage

* Single account access to many labs

» Managed by end user University




The iLab Vision

Service Broker

network = Internet *

Client
» Service Broker acquires
user data from University
Databases

» User authentication through

_ : University IT infrastructure
University Databases Lab Server
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The iLab Vision

» Order of magnitude more lab experiences
* More lab time to users

» More sophisticated labs available

« Communities of scholars created around
iILabs sharing educational content

Campus _
| network i Internet

Client Service Broker

" (Wi

University Databases Lab Server
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Conclusions

ILabs will enhance science and
engineering education

ILabs and their educational content will
be broadly shared around the world

ILabs provide a path for the developed
world to support education in the
developing world

ILabs Shared Architecture: scalable
framework for iLabs, well suited to needs
of developing world

w mn
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The iLabs Architecture

A detailled look




ILab Design Goals

11/19/2005

Scaling usage of online labs to a large number of
Users

Encouraging researchers and universities to
share their labs online

Single sign en telakns at multiple universities

Eeerela oWnRER/ Operator firem adminrstration
(ICerauthentication, atthorzatien, sterage oi
results, archiving off diata;, ete:) el USEers; fiom oiher
UnIVersities

Allowing uniVersities WithrdiVerserneinvoik
InfrastucCiuiEs) (e ITtereperaterand share
[ESOUNCES
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Project Boundaries

¢ Our architecture doesn’t deal with
Specific hardware and software
Interfaces to lab eguipment

Our architecture Is Intended to e
compatiierandrcomplementany/  wWith
commercial software such as National
Instruiments' Lab\View anadranalysis
packages like \Viatl2is

mit
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1Lab Generic Services

User authentication (and registration)

User authorization and credential
(@Qreup) management

EXPErnmEnt Speciiication and resuilt
Sterage

Lalb access scheduling
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Topology of “ 15t Generation”
online labs

Lab Server Client

¢ Lap eeveloperrespensible for 100% ) oif develepment
> Long time to depleyment

¢ Lab oewnerresponsible fer 100% el managemeni
> The lab itself
> User accounts;, data storage, authentication, SECUity

¢ Sludenis need multipleraccounts teracecess multiplie
lals w mit
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i_Lab Shared Architecture

i

Generic iLab
A Service Broker
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The Case for Web Services

¢

11/19/2005

Web services represent the latest version of an
old concept -- they allow ene computer to invoke a
proecedure (method) on another.

They are platform and vendor independent (we
have already successiully bridged a Java client
a Windows XPILNET Service Broker < a \Windows
20001 alk server (wWith NIFGPIB).

Becalse ey areusually vhased onl htbprthat we all
USE e aCCESS! thie Wel, they werkawellwith
campus NEWOoIKS.

The 1MfanShiared Architeciie il Sr oo preItiie
currenit generation; GiWelrSEIVICES:
¥-
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ILab Experiment Typology, 1

3 Waves ofi Development

¢ Batched Experiments (2003-2005):

> [Ihe entire specification ofi the experiment Is
determined before execution begins.

> The user need not remain online while
EXPErment executes.

¢ Interactive Experiments (2004-2006):

> The student client poertrays virtual 2l
equipment (GUI):

> Thestudent caninterachwithirexpernent
threugheuiris couirse:

11/19/2005 wmm




ILab Experiment Typology, 2

3 Waves ofi Development

¢ Sensor Experiments (2005-20077?):
> Publish and subscribe based architecture
Ihiigegers and event-driven data monitoerng
Elexinle data analysis
[Datararchinve
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ILabs Design Strategy

Separate responsibilities of the lab provider
firom those of the teaching faculty

¢ Ihe lab provider designs and makes the
laleratery experiment available online inlas
effecliVe a presentation; as possible

TThe teachingefiaculty registerr thiel: Wi
students, manage thenfaccolnis andresult
storage, and set course policy (e.q9. can
studentsycollahorate)

w mn
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Batched Experiment
Topoelogy.

E Service Broker i§ E
—— Clientside [Lalb Server
p—

Lab Client it

Campus

Service
Lab Client Brokes2

Campuis2 w
11/19/2005 iCampts
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Service Broker Responsibilities

The Service Broker is a domain
Independent server that

> Stores and manages student experiment
flecords;

provides mechanism for but does, not
SpEcliyiecall camplis course and pPriVvacy
PENCY

authenticates Users and transmibs
credentials but netuser liDs ey lLakr SEVEr:;

managesiwoerkiliewheween cliientanei2ie
SErver

w mn
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Lab Provider Responsibilities

The Lab Server team

> builds the lab server which must
Implement the web service methods that
the Service Breker uses, to forward
experiments and retrieve results;

pisaliysupplies the student 2 chient
seitware, Whlchi must implement the
correspending metheds terallow: the
client tor communpicate Wit thier SEice
Broker;

w mn
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Student Web Session

S

\Web Browser Senvice Broker

11/19/2005 wmm




Student Service Broker Session
Life Cycle

¢ [he student contacts the Service Broker (SB) via a
standard web browser.

¢ [he student either
> regjisters for a new account, or
> authenticates himself te the Senvice Broker (current

Implementation effers ID/passwerd over SSL)

e SBiists the student’s group (class)
MEMBPERSHIPS, and asks the student te Chieese an
effiectiver group fior this sessiien.

The SBilists the lab serversiclients avalliawlerto: thiat
effective group, and asks the sildent te; chorse a
client

¢ The SBlauneches thelah client (ehtenran applen) o
the student. [].
iCa

mit
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Service Broker:

Launching the Client

\ '-‘
£ MIT Microelectronics Weblab Client E“E“S__q

File Measurement Devices User Defined Functions Fesults  Help

My Clients

Messages for this Group:

The weblah 6.0 Lab Server is available and operating normalky.
Date Posted: 841272004 11:02:45 Ak

Lab Client: MIT Microelectronics Weblab

Version: 6.0 Graphical Applet

Description: The new Graphical client for Microelectronics
IMPORTANT: This client requires Java Plugin 1.4 2 in orde
below) for details. Wozilla Firefox users must disable popup
documentation.

Contact Email; use the "Report a Bug” page if you have pr

| Laynch Client |
qh!j

| Documentation || “iew the Lab || For Educators |

11/19/2005
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Batched Experiment

Submission
Web Service Calls

7 Lab Server

Submit(experiment—
Specification)

Lab Client

SubmEt(experiment-
Specification)

RELURNS
SulmissienkReport

returns Client-
SubmissienReport

contains _
experimentiD Service Broker
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Batched Experiment Result

Retrieval
Webh Service Calls

Notify(
experimentliD

1 [ ]

lCal Client
RetrieveResult(
experimentiibD)

Lalb Server

2
etrreveResult(

experimentib)

returns D oo o Feturns
ResultReport Resul tRepor

SENViceE Blroker
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Service Broker

Administrative Services

Adding, modifying, and removing lab
servers and clients.

Adding, removing, 05 coniirming USer

dCCesSsS.

Usermanagement inecluding assigning

UISENST oI grotps andimoediiing aCCEess
[IgNts.

Managing expermeRirecolds:

11/19/2005 wmm




Batched Experiment
Network Topology

I the batched experiment architecture, the client and
the lab senver communicate only through the
Service Broker:

<\
——
e —————————————————————

IRteractive ExXpeninment

Lab Client / Lab Server

Service Broker
iCa
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Preliminary Interactive
Topology

-
V4
[ |

T iEl
———————
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Lab Client Lab Server

/ \
[

Service Broker

E—

Scheduling S‘erm\’%
N 2 Lab Server2

N > <3
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Shaketable Prototype

The 15t Prototype iLab
Interactive Lab

Uses the new ILab interactive
autherization (ticket) architecture

Dees not disrupt the eriginal
Implementation
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ILabs Dissemination
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MIT iICampus Affililates Program

£=3

North Allantic -

e "4 de Madrid > TS5
."; I.I." 1‘. / L ;I ‘ :

Universidade de Estadial
de Campinas

World-wide scalability
Tered model elreneagement
Ceveraging community,

“Our academic
community is very
excited about
iICampus.” ,

Dr. Miguel A. Romero

Director, Environmental
Quality, ITESM

“We strongly believe
that the development of
advanced pedagogies
with information
technology requires a
considerable
investment, which can
only be sustainable if
the investment is
amortized over a
number of institutions™

John Norman,
Director, CARET
University of Cambridge

http://icampus.mit.edu/ilabs i mit




Supporting Adoption

¢ ICampus Outreach for iLabs

11/19/2005
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Hub and spoke model

Community suppoert

\Woerkshops

Online discussion fierum

Seed grants to ease adoption Parrers




ILab Partners Developer
Support

Developer visits
S Skype™ - jud_harward

File '-.-'iEI.-'-.Ir Tn:u:n-l:: : Cal Help | Rel ease Of S t an d ar d
OO0 OHOA lal server and client

» Skype Contacts (1/4)

4 albert lumu VO I P C O n fe r e n C I n g

") &nders Selmer

4 W arwick Bailey I 1
3 ; > world-wide virtual

) David Israel Mendez Balandran

» SkypeDut Contacts (empty) develo p ment team

Video conference
VitU2aiNmectnes

2,650,058 Users Cnline
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Adoption Case Study

University of Queensland

ILabs Website

Download 1Lab
software
COMPONENts

Install; study; &
ask guestions

-_I.If_ I'I:I' - % A R i
=\ jomaigsey g
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University of Queensland
Beam Balancing Control Experiment

11/19/2005




University of Queensland

Beam Balancing Control Experiment

Write MatlLab q
Control Pregram

: Uplead to Server
Revise Viatl-alb

ContrelfPregam

Run Expt

E Collect adata )>

& evaluate

mit
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Beam Balancing - the Movie
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Exploring iLabs

Visit
Try out the public instance of WeblLabs
>

Download documentation and code
>

Contact us; at
> or

Talk'ter hul partners
> Prof. Mark Schulz = ITEE, UQ,

> Prof. Miguel AngelfRemere ©gawa, [].
iCa
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The Future of iLabs

¢ IheilLabs Foundation

Higher Ed

Commerce/lndustry

BUlldinel 2N mICHe-ECONGMY,
Off SHErEd eEXPENMERLS

FounRdatoen
Noen-Proit &

GOV, w
11/19/2005 AL




ILabs - Looking Ahead

iLabs Milestones & Future
Directions

2126
Heat Exchange
Interactive Expt.
MIT-Univ, Cambridge

310
1421 Siemen’s Chemical
; 207 4/10 1213
ITESM iLabs Process Control Expt. ) .
11/28 Founders Workshop : : iLabs Teaching il i
LatA rksh cof b abs Foundation
LRI Mt Vi 2T Warkenop DN U EMBNANS! g Cukis v Incorporated

e e o i b b o b e e i e

10/1 1141 1201 1M 211 3 4/ Bi1 91 1041 11/ 1241
8/18/2005 12/29/200
1114 216
UQ T&L Week. 1711 : 5-7/22 117
Labs Devel
GSA Ei"lztg Added LUQ Developer R UE;;E ShelL 3/29 /29 MISTI iLab Std iCampus Capslone
Neblabs F's;u Broker 12147 Team Visit NI LabView PRC Workshop OQutreach Teams, Conference @ MIT
- National Instruments eht Integration Mtg. 2 China, India, Mexico  Remote Labs Track &
iLaba: LabView Dermd Interactive Architecture Foundation Mtg.
& Meeting RFC
1/25
BITS Filani,
India Hub Mtg.
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ILab Intellectual Property
Policy

¢ All MIT developed software has been and

willl continue to be made available for free
under an epen source license.

\We encourage but de noet require our

academic partners to fellew the same
pElIcY. e decision ter shiare thelr code anad
Underwhiat termis IS thelrs 1o determine.

We allew industrial partners iordevelop
commerciial “ shinnkawirapped=(SUppeied)
Versions eifthe IEahrcomponReERis:

w mn
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“If You Can’'t Come to the Lab...
the Lab Will Come to You!”

(Earth at 89 GHz; courtesy of J. Grahn, Chalmers U.)
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