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1965 Intel 

Number of Components per Integrated Circuit 

http://www.intel.com/technology/mooreslaw 
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1972 Berkeley SPICE   
Simulation Program with Integrated Circuit Emphasis. 

from: Larry Nagel, BCTM ‘96 
• Started as a class project 
• Developed as a teaching tool 
• Quality control: pass Pederson  
• Dissemination: 

 Public domain code 
 Pederson carried tapes along 
 Students took it along  
to industry and academia 

Laurence  
W. Nagel 

Ronald  
A. Rohrer 

Donald O. 
Pederson 

http://www.omega-enterprises.net/ 

1973/4  Stanford 
Stanford University PRocEss Modeling 

• Stanford wanted to mimic  
Berkeley success 

• Combine various existing models 
• Dissemination: 

 Public domain code 
 Community workshops 
 Students took it along  
to industry and academia 

2010  Intel 

Robert  Chau (Intel), 2004 Robert  Chau (Intel), 2004 

Device Size: 
Tens of nanometers 

 Device Integration: 
>2 Billion 

http://www.intel.com/technology/mooreslaw/index.htm 

Stanford SUPREM 

Berkeley SPICE 

Birth of an Industy 

Intel Capitalization:  
$85B 

Total Industry: 
$280B 

Process 
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Research 

What’s Next? 
nano-scale 

structures 
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It Happens Here 

Demo>> 

9 

Over 2,100 Resources! 

170 tools 43 courses 

1,557 seminars and 
teaching materials 

999999 9999999999999999999

Nano App Store 
137,000 users worldwide 
As much traffic as www.purdue.edu 
Users at all Top 50 US Engr Schools 
19% of all .edu domains 

iTunes  10,000 downloads/month 

172 countries 

Sociology 
How do Users Behave? 

•  Questions:  
–  How many students in the class? 
–  Which tools? 
–  Intensity of use 
–  Sustained use 
–  Percentage of service: Education vs. Research use   

•  Some Statistics 
–  8,600 users ran 345,000 simulations last 12 month 
–  116 classes / 97 institutions in 09/10 

•  Info Obtained from self-registration, manual follow-up 
–  575 citations in the literature 

•  Info obtained from Google Scholar and manual analysis 

Sociology 
How do Users Behave? 

•  Questions:  
–  How many students in the class? 
–  Which tools? 
–  Intensity of use 
–  Sustained use 
–  Percentage of service: Education vs. Research use   

•  Can we get answers? Automatically? 
=> Improve Services 
–  Better tool classification 
–  Customize web page for users, customize learning experience 
–  Computational resource provisioning 

• Broaden user base 
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The Matrix The nanoHUB Matrix 
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Each dot represents simulation activity on a particular day 
The color of the dot indicates a particular tool 

We will look backwards into history  
for each user in the past 12 months 

And plot ALL their activities 

The nanoHUB Matrix  
Formal Education vs. Research 

single tool,  
sustained, 

intense 

multiple tools,  
sustained,  
periodic 

research,  
self-study 

multiple tools,  
small class 

single tool,  
single use / 
homework 

Time (days) 
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Research 

Workforce Development 
nano-scale 
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Driving Economic and Workforce 
Development with nanoHUB.org 

Bruce Barker, J.D.  
President 

Chippewa Valley Technical College nical College 
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nanoHUB Impact 
•  nanoHUB lowers the cost of education 

•  It allows access to resources that can’t be easily duplicated 

•  nanoHUB enables a  well-developed workforce to generate 
economic opportunity 

•  nanoHUB connects non-traditional students to a wider 
academic world by engaging national expertise at the local level ise at the local level 
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Research 

Research Impact 
nano-scale 
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Industry Impact 
nano-scale 

structures 
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Publications 

• 46 papers total 
• 41 papers in nano 

Papers by Industrial Authors 

8.7% 

Runs on fastest computer  
in the world 

Runs 5 tools in nanoHUB 
>3,500 users 

Runs 5 tools in nanoHUB
>3,500 users 

Runs

 

Electronic Structure &  
Electron Quantum  

Transport Simulations 

NEMO & OMEN 
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OMEN 

Mark Stettler, PhD. 
Mgr. TCAD, Oregon 

Dmitri Nikonov, PhD. 
Mgr. Strategic Research, CA 

Electronics 

Dmitri Ni Ni NNNi Nikonikonkonikonikononov, ov,ov,ovovov PhD

Texas Instruments  
=> Patent 

nanoFET Lab 

Dr. R. Chris Bowen 
Texas Instruments 

I used the tool in a mode … far away from the 
original intent of the simulator. … The insight that 
"nanoFET Lab" provided was convincing enough 
for me to begin more detailed simulations at Texas 
Instruments and to ultimately develop a patent 
application. 

Simulation Runs        Web Visits 

3 AFM Manufacturers:  
•   Training / Virtual Instrument 

•   Research 

3 AFM M
•

Mechanics 

I have been using VEDA …  
… found it to be extremely useful.  …  
… enabled us to make better choices in designing new probes.   
… used VEDA as a check on other calculations.  

      Roger Proksch  
Asylum Research 

Virtual AFM 

Virtual Atomistic  
Tip and Surface 

Virtual AFM 

Virtual Atomistic  
Tip and Surface 

Mechanics Mechanics

Materials 

New Partnership 

Fund tool development 

Molecular Dynamics 
(virtual surfaces) 

VEDA 
(Virtual AFM) 

Research 

nanoHUB / HUBzero Technology 
nano-scale 

structures 

Billio
ns o

f nano 

stru
ctu

res 

D
ev

ic
e 

S
iz

e 
Tr

an
si

st
or

s 

Years 

Research 

oo 

s 

Ele
ctr

on
ics

 

h

ron

Ele
ctr

on

Ele

Materials 
MaM riMateriM

Photonics cs onicPhoto

Mechanics s
nics 

Mechan
MeMech
MeBio/Medicine 

Web-enabling Tools 

Web Developer Web Developer Vendor Scientist 
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Cyberinfrastructure for Running Tools 

Physical Machine 

Virtual Machine 

Content 
Database 

Rendering Farm 

Maxwell’s 
Daemon 

Middleware 

tool session cluster 

nanowire job nanowire job nanowire job i
1011 0101 

i j bi j
1110  0010110110111111111110010101110 01010111111 1 111010010100000010110110111111111010 1000111111111111111111001 

nanoVIS 

Linux/Apache/MySQL/PHP 

Rappture:  Rapid Application Infrastructure 

Scientist 

•  Works with your favorite 
   programming language 
•  Open Source 
•  Online at http://rappture.org 
•  Used by 200 projects and 
   300 developers 

Rappture 

= 
Simulation 

Code 

Importance of a good GUI 

CNTbands 

Same behavior across all similar converted tools  

PADRE 
Industrial Tool – Bell Labs 

MOSFET: Running PADRE Simply Impact of Reduced Tools 

945 Users,  
41,285 jobs 

MOSFET: 
2,715 Users,  
38,000 jobs 

MOSCAP: 
1,694 Users,  
18,000 jobs 

PN junction: 
3,563 Users,  
33,000 jobs 

BJT: 
557 Users,  
3,000 jobs 

Drift-Diffusion: 
721 Users,  
7,400 jobs 

MUGfet: 
240 Users,  
3,600 jobs 

6,649 Users, 
104,282 jobs 
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Research 

Changing Computation! 
nano-scale 
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nanoHUB.org 
online simulations and more 

Network for Computational Nanotechnology 

Science 
Gateways 

cyberinfrastructure, 
more users 

Evolution of Scientific Computing 

Scientific & HPC 
Computing 
few users with 

specialized knowledge 

11001101
11010010

11100 

portals 

11001101
1101001
011100 

>12,000 total users 

(E – H)G = I 

nano BHUB.orgrggrgggrgrgggrgggggrgrggrgrggrr  
ons ss and mssnssssnsnssnns ore e eeee online simulati

110011010110100111010000
11010100000000010000000000000000

111111111100 1111111111111
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nanoHUB.org 
online simulations and more 

Network for Computational Nanotechnology 

nanoHUB in 2012 

Cyber 
Communities 

ecosystem, 
users support each other 

11001101
11010010

11100 

portals 

11001101
1101001
011100 

Science 
Gateways 

cyberinfrastructure, 
more users 

Scientific & HPC 
Computing 
few users with 

specialized knowledge 

nano BHUB.orgggggggrgrgggrggrgggrggrrgrrr  
ons ss as and msssssnsnsnnn ore eeeee  online simulati
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Hubs ‘R Us 

•  Feb 2007: 1 hub 
•  Feb 2008: 5 hubs 
•  Feb 2009: 8 hubs 
•  Feb 2010: 21 hubs 
•  Sept 2010: >30 hubs 

Each hub has its own 
funding stream 

Outside institutions: 
EPA, NYSTAR, Rice 

hubzero.org 

HUBzero Consortium 

Other Hubs 

29,707 users worldwide 

7,725 users worldwide 

4,296 users worldwide 

2,465 users worldwide 

1,496 users worldwide 

nanoHUB.org 
online simulations and more 

Network for Computational Nanotechnology 

Target Users and Requirements 

Issue raised at the 2005 site visit: 
Can you provide this kind of ambitious service?  

Parallel Batch 
>1 hour 
N CPUs 

Fully Interactive 
Seconds  

Many jobs / CPU 

Serial Batch 
~10 minutes 

1 CPU 

Applications 

Lots of users in this space 

Start here 

Work our way up 

nano BHUB.orgrggrgggrgrgggrggggrgrrggrr  
ons ss and msssssnsnssnnsnsnns ore e eeee ee online simulati

Can 
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nanoHUB.org 
online simulations and more 

Network for Computational Nanotechnology 

Target Users and Requirements 

Issue raised at the last site visit: 
Can you provide this kind of ambitious service?  

Parallel Batch 
>1 hour 
N CPUs 

Fully Interactive 
Seconds  

Many jobs / CPU 

Serial Batch 
~10 minutes 

1 CPU 

Applications 

Start here 

Work our way up 

nano BHUB.orggggggggrgggggrgggrrgrgrggrgrr  
ons sns as and msssssnsnsns ore e eee  online simulati

Can 
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e 
oooo Actual Numbers 2009 

No Exponential Fall-Off! 

Any Science Gateway’s Dream 

Research 

Any  Science 

Any 

Engineering 

Research 

g 

ch

Change… 

ChCh

..the.. e....th

...world 

Why is it so hard? 

Any Science Gateway’s Dream 

Research Resea

There are worlds between… 

arch 

heeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeere are worlds betweenn… 

6 Criteria 
for Successful 

Science Gateways 

1: Outstanding Science 
“Stuff the world wants” 

Leveraged Research 

$5.1M 

2: Commitment to Dissemination 
“faculty that want to give it away” 

+ 6 site leads 

106 grad students 

46 faculty 

So
ftw

are
 Ve

nd
ors

!  
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Dragica Vasileska 

Faculty Incentives 

Tool Usage  reading papers 

17 tools 
 7,835 users 
 115 citations 

Dragica Vasileska

Tool UToo

Proof of Impact! 
Great in Proposals! 
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Shaikh Ahmed 

•  Infused nanoHUB into 
existing classes 

•  Built a new  
nanoelectronics  
curriculum 

•  Used nanoHUB  
for research 

Next Generation Faculty:  

Get images from annual report 

Shaikh Ahmed 

Next

6,183 users 
8 tools 

Usage at SIUC 

Post Doc 
at Purdue 

Faculty at 
SIUC 

Early Tenure Promotion 

• Built a new  
nanoelectronics  
curriculum 

• Used nanoHUUUUUUUUBUBUBUBUUB

PPP

Used nanoHUUHUUUUUU
for researcharchrcrchrcharcarcarcrc

New
 St

ars
 -  
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3: Technology for Dissemination 

$1M/year  
operation and  

bridge building 

3: Technology for Dissemination 
“simple and utterly dependable” 

Less than 20 hours downtime 
last year! 

4: Tech Transfer Processes 
“dedicated technical site leads” 

4: TT

Content Creation and Support  
$2.2M 

Consultants 
addicdicdicdicicdiccdicicdicdicdicdicdicdicii ateateateateateateateateateateateeateateateateteaatetatted td tdd td td td td td td td td td td td td td td tttechchchechechecececchechechecechecececeeecececechchhchchchchhee hnicnicnicnicnicnicnicnicnicnicnicnicnicnicnicnicicnicnnnnniccnicn calalalalalalalalaallalaalal al alaaalaa sitsititsitsitsitsitsitsitsitsitsitsitsitsitsitsitsitsite le le leeee le le le le lee le lle le le leeeaeee

C lt t

Significant 
portion of budget 

pppp
$2.$2.$2.$2.$2.$2.$2$2$2.$2.$2$2$2$2.$2.$2.$2.$$2222222$2$ 2M2MM2M2M2M2M2M2M2M2MMMMMMMMM2M2M222M2222M2M2

Sig ifi t

5: Open Assessment / Incentives 
“gather, understand, disseminate stats” 

5: Op

Access,  
Use,  

Impact 
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6: Business Model 
Research: 
Sustained Academic Funding 

Product Development: 
Real Business Plans 

Before I Conclude:  

Thanks to 
nanoHUB and HUBzero Team 

Klimeck Research Group 

Key Insights 
• 6 criteria for success! 

– Need “consultants” to support / 
refine tools 

• Usability is critical 
– Simplified user interfaces  

for reduced problems 
–  Integrated visualization 
– Easy answers to  

“What If ?” questions 
– Remote installation –  

runs in browser 

HUBzero Summary 
•  Support >30 HUBs 
•  Deploy any linux-based 

software – any language 
•  Support and deployment 

infrastructure 
•  24/7 operations  

<30 hours downtime / year 
•  Access to HPC resources as 

needed – transparently to 
the end user 

•  HUBzero consortium 

HUBzero Consortium 

An Apps Store for SME 
Early Success is Possible  

WE NEED: 
•  Few companies with real needs of 

design improvement – NOT 
radically new designs 

•  Ways to constrain general tools  
to simplified user interfaces 

•  Software vendors willing to play 
•  Acceptable open source codes 

Long Term Success Possible: 
Training, Persistent Use, and Improved Tools 

HPC for automatic Design Synthesis 


