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Magellan Overview 

•  Mission 
– Determine the appropriate role for private 

cloud computing for DOE/SC midrange 
workloads 

•  Co-located at two DOE-SC Facilities 
– Argonne Leadership Computing Facility 

(ALCF)  
– National Energy Research Scientific 

Computing Center (NERSC) 



Magellan Research Questions 

•  Are the open source cloud software stacks 
ready for DOE HPC science? 

•  Can DOE cyber security requirements be met 
within a cloud? 

•  How usable are cloud environments for 
scientific applications? 

•  Are the new cloud programming models useful 
for scientific computing? 

•  Can DOE HPC applications run efficiently in the 
cloud?  What applications are suitable for 
clouds? 

•  When is it cost effective to run DOE HPC 
science in a cloud? 

•  What are the ramifications for data intensive 
computing? 
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•  Can DOE cyber security requirements be met 
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•  How usable are cloud environments for 
scientific applications? 

•  Are the new cloud programming models useful 
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computing? 

4 



Experiences from a Science 
Cloud  

•  Describe experiences with cloud 
software stack 
–  IaaS: Eucalyptus 1.6.2 
– MapReduce: Hadoop [details in the paper] 

•  Early science use cases and impact on 
application design and development 

•  Detail specific requirements for 
scientific use 
Please visit http://magellan.nersc.gov and http://magellan.alcf.anl.gov 

for other details.    



Distributed Testbed Summary 

•  Compute 
–  IBM iDataPlex: 504 nodes at Argonne and 720 

nodes at NERSC 
•  Storage 

–  Mix of disk storage, archival storage, and two 
classes of flash storage 

•  Architected for flexibility and to support 
research 
–  Similar to high-end hardware in HPC clusters 
–  Suitable for scientific applications  
–  Includes some specialized hardware such as 

GPUs 
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Argonne Magellan Hardware 
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Active Storage Servers 
200 Compute/Storage Nodes 
40TB SSD Storage 
9.6TB Memory 
1.6PB SATA Storage 

Gateway Nodes (16) 

Compute Servers 
504 Compute Servers 
    Nehalem Dual quad-core 2.66GHz 
    24GB RAM, 500GB Disk 
Totals 
   4032 Cores, 40TF Peak 
   12TB Memory, 250TB Disk 

File Servers (8) (/home)  160TB 

ESNet 
10Gb/s 

GPU Servers 
133 GPU Servers 
8.5TB Memory, 133TB Disk 
266 Nvidia 2070 GPU cards  

Big Memory Servers 
15 Servers 
15TB Memory, 15TB Disk 

ANI 
100 Gb/s 
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A
ggregation Sw
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NERSC Magellan Hardware 
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Flash Storage Servers 
10 Compute/Storage Nodes 
8TB High-Performance FLASH 
20 GB/s Bandwidth 

Gateway Nodes (27) 

Compute Servers 
720Compute Servers 
    Nehalem Dual quad-core 2.66GHz 
    24GB RAM, 500GB Disk 
Totals 
   5760 Cores, 40TF Peak 
   21TB Memory, 400 TB Disk 

Global Storage (GPFS) 1 PB 

ESNet 
10Gb/s 

Big Memory Servers 
2 Servers  
  2TB Memory 

ANI 
100 Gb/s 
Future 

A
ggregation Sw

itch 

R
outer 
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IO Nodes (9) 

Archival Storage  



Experience with Private Cloud 
Software 

•  Eucalyptus  
–   open source IaaS software 
– API compatible with Amazon 
– support for Elastic Block Store, Elastic IP 

addresses  
•  Discussion focused on Eucalyptus 

1.6.2 
– more recently also worked with OpenStack 

and Eucalyptus 2.0 
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Experiences with Eucalyptus 
1.6.2 [1/2] 

•  Scalability 
– all VM network traffic is routed through a 

cluster controller node for security groups 
•  but restricts scalability 

– 750-800 concurrent VMs due to messaging 
size limit 

•  Image Management 
– need system administration skills 
– need to create, manage and upload correct 

images  
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Experiences with Eucalyptus 
1.6.2 [2/2] 

•  Software stack requires tuning and 
tweaking 
– co-exist with services such as DHCP 
– advanced Nehalem CPU instructions  

•  Allocation and Accounting 
– hard to ensure fairness since first come 

first serve 
•  Logging and Monitoring 

–  limited support  
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Security in the Cloud 

•  Trust issues 
–  User provided images uploaded and shared 
–  Root privileges by untrained users opens the door 

for mistakes 
•   Effective Intrusion Detection System (IDS) 

strategy challenging 
–  Due to the ephemeral nature of virtual machine 

instances  
•  Fundamental threats are the same, security 

controls are different 
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Application Case Studies 

•  Magellan has a broad set of users 
–  various domains and projects (MG-RAST, 

JGI, STAR, LIGO, ATLAS, Energy+) 
–  various workflow styles (serial, parallel) 

and requirements 
•  Two use cases discussed today 

–  MG-RAST - Deep Soil sequencing 
–  STAR – Streamed real-time data analysis 
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MG-RAST: Deep Soil Analysis 

Background: Genome sequencing of two soil 
samples pulled from two plots at the 
Rothamsted Research Center in the UK.  

Goal: Understand impact of long-term plant 
influence (rhizosphere) on microbial 
community composition and function. 

Used: 150 nodes for one week to perform one 
run (1/30 of work planned) and used 
NERSC for fault tolerance and recovery 

Observations: MG-RAST application is well 
suited to clouds.  User was already familiar 
with the Cloud 
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Early Science - STAR 

Details 
•  STAR performed Real-time analysis of 

data coming from Brookhaven Nat. Lab 
•  First time data was analyzed in real-

time to a high degree 
•  Leveraged existing OS image from 

NERSC system 
•  Started out with 20 VMs at NERSC and 

expanded to ANL.  
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Application Design and 
Development 

•  Image creation and management  
– system administration skills 
– determining what goes on image etc 

•  Workflow and data management 
– need to manage job distribution and data 

storage, archiving explicitly  
•  Performance and reliability needs to be 

considered 
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Unique Needs and Features of a 
Science Cloud 

•  Access to parallel filesystems and low-latency high 
bandwidth interconnect 
–  access to legacy data sets 

•  Bare metal provisioning for applications that require 
custom environments  
–  that cannot tolerate the performance hit from virtualization  

•  Preinstalled, pre-tuned application software stacks 
–  specific libraries and performance considerations 

•  Customizations for site-specific policies 
–  authentication, fairness 

•  Alternate MapReduce implementations  
–  account for scientific data and analysis methods  
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Conclusions 

•  Current day cloud computing solutions have 
gaps for science  
–  performance, reliability, stability 
–  programming models are difficult for legacy apps 
–  security mechanisms and policies 

•  HPC centers can adopt some of the technologies 
and mechanisms 
–  support for data-intensive workloads 
–  allow custom software environments 
–  provide different levels of service 
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