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•  Annual series of  themed 
workshops held since 1998  

•  Goal is to advance the 
community’s scientific and 
technical understanding of 
the objectives of  NASA’s 
Exoplanet Exploration 
Program. 

•  Aimed at postdocs and 
graduate students 



• 173 registrants from 26 countries – the biggest yet! 
• Interactive Activities include hands-on data 
sessions such as working with Kepler data. 

http://nexsci.caltech.edu/workshop/2012   
July 22-27, 2012. Pasadena, CA. 
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•  Transit Analysis Package  

•  IDL 8.1 and 8.2.  
•  Uses Markov Chain Monte 

Carlo techniques  

•  Transit Timing Variations  

•  Java GUI 
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•  PyKE  

•  PyRAF toolkit 

•  Toolkit for analyzing Kepler Data 
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•  One master virtual machine image used on all servers 
o  Boot script determines the VM’s identity 

o  Usernames and passwords are the same on all machines 

•  EBS (Elastic Block Storage) and NFS used to share common 
datasets and user home directories across all virtual machines 

•  VNC (X11 remote desktop) was used to provide access to X11 
graphical applications from Windows/MacOS 

•  Access to IDL license server on the IPAC network using ssh 
tunneling and autossh to maintain the connections 



                    $2,876 
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•  Set-up 

•  Testing 

•  Running the sessions  



Resource Consumed  Cost ($) 
VM Instances 4,159 hours  2,738 
EBS Storage 1.25 TB 126 
I/O requests 12 million 1 
Snapshot data storage 22 GB 3 
Elastic IP addresses 604 hours 3 
Data Transfer 55 GB 5 
Total 2,876 
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•  Automate everything 
o  Makes it easier to manage large numbers of  machines and recover 

in the case of  failure 
o  Tutorial servers automatically mount NFS partitions when booted 
o  SSH tunnels automatically reconnect 

•  Test, test and test again 
o  Document and test the steps required to recover if  a VM fails 
o  Benchmark to make sure that the VMs can handle the expected 

load 
o  Go through the tutorials under operational conditions 

•  Back up system at Caltech 
o  Copied final software configuration to two local machines  
o  Demonstrators could step through applications if  Amazon failed 



•  Murphy’s Law: “What can go wrong will.” 

•  Berriman’s addendum to Murphy’s Law: “What can’t go 
wrong probably will too.” 

•  Work began five months before workshop. 

•  Worked with IDL vendor’s legal team to ensure 
management of  licenses was acceptable. 
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•  CentOS 5.6, 64-bit 

•  One master virtual machine image used for both the NFS 
server and Tutorial servers 
o  Boot script determines the VM’s identity 

o  Usernames and passwords are the same on all machines 



•  Elastic Block Storage (EBS) 
o  Block-based storage service 

o  Volumes look like disk drives when connected to VMs 

•  Sagan Workshop volume 
o  1 Terabyte (could have used 50 GB) 

o  Contains applications, tutorial data, and user home directories 

•  Created so that 
o  If  a tutorial server fails, then user data is not lost 

o  Applications and tutorial data do not need to be installed on VM images 



•  m1.2xlarge instance type 
o  Large enough to handle the load of  ~20 tutorial servers 

o  Plenty of  memory to cache commonly-accessed files 

•  Mounts all the partitions from the EBS volume 

•  Exports all partitions via NFS to Tutorial Servers 



•  c1.xlarge instance type 
o  8 cores, 7 GB RAM 

o  Chosen because most exercises are CPU-bound 

o  Benchmarked with 8 users 

•  Runs a VNC server for remote desktop logins 

•  Mounts the NFS partitions from the NFS server 

•  Planned to have no more than 8 users per tutorial server. In 
practice there was no problem with ~25 users. 



•  Used to connect tutorial servers to IDL license server 

•  Enables the license server to hand out licenses to tutorial 
servers 
o  IDL thinks the license server is on localhost, license server thinks IDL is inside IPAC 

network 

•  Used autossh to ensure that the tunnel was re-established if  
it was ever disconnected 



•  Remote desktop protocol 

•  Similar to the X window system 
o  Sends compressed images instead of  drawing commands 
o  Was much more responsive than X in our tests 

•  Each tutorial server ran one VNC server that allowed up to 30 
connections 

•  Screen resolution set to 1024x768 to balance usability and 
performance 

•  TigerVNC was used as the server and RealVNC was used as the 
client 



•  Used the Amazon AWS Security Rules to limit access to 
only the VNC and SSH ports and only from the Caltech 
and IPAC subnets that we were using to support the 
workshop. 


