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Bioportal Collaborators

o Participating institutions

— Renaissance Computing Institute (RENCI)
 strategy, integration and development

— Wake Technical Community College

» student training and education

— UNC-CH Center for Bioinformatics

 bioinformatics training

— UNC-CH Information Technology Services (ITS)

* infrastructure hosting

e Research collaboration
— UNC Wilmington consortium
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University of North Casolina at Chapel Hill
Center for Bioinformarics




Genetics and Disease Susceptibility
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Data Heterogeneity and Complexity
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The Bioinformatics Data Wave

e Many sources J
— sequencing
— microarrays
— environmental
— public health
— family studies
— clinical

« Many technology enablers
— Increased detector resolution
— increased storage capability

« The challenges
— managing complexity
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TR
PITAC: Data and Software Rep05|tor|es

 Findings %‘:

— Explosive growth in sensors and scientific instruments has ‘1}@
engendered unprecedented volumes of data, presenting historic
opportunities for major scientific breakthroughs in the 21st century

— Computational science now encompasses modeling and simulation
using data from these and other sources, requiring data management,
mining, and interrogation

« Recommendations
— Federal government must provide long-term support for
computational science community data repositories
» defined frameworks, metadata structures
» algorithms, data sets, applications
» review and validation infrastructure
— Government must require funded researchers to deposit their data
and research software in these repositories or with access providers
that respect any necessary or appropriate security and/or privacy
requirements
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The Challenge and Need

 Challenge
— the rise of quantitative biology
* burgeoning bioinformatics data
— complex analysis and modeling problems
— education and training in new technologies
* Reality
— diverse tools with idiosyncratic interfaces
» steep learning curves
— software development by diverse groups
 Need
— Integrated, easy-to-use toolset with standard interfaces
— extensible mechanisms that hide idiosyncrasies

— tool and bioinformatics training
 infrastructure support and extension
 bioinformatics principles and issues

— economic development and training enabler
 The solution
— a bioinformatics portal and coupled training
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North Carolina Bioportal

e Features
— access to common bioinformatics tools

— extensible toolkit and infrastructure T
 OGCE and National Middleware Initiative (NMI)
* leverages emerging international standards =
— remotely accessible or locally deployable

— packaged and distributed with documentation
 National reach and community
— TeraGrid deployment
» scheduled for summer 2005
 Education and training

— hands-on workshops across North Carolina
 clusters, Grids, portals and bioinformatics

-

r-

North Carolina
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Bioportal Target Audiences

« Three overlapping groups
— undergraduate education
— graduate education and research
— faculty research o’
« K-12 education opportunities are implicit CDNA sequence
— via faculty-directed enrichment

. Transeq
 Undergraduate education example

— examine the biophysical properties of the human Cox1 protein

« Graduate education and research example = Blast2
— Identify protein coding region from DNA sequence ~>
— examine related proteins using BLAST .
— align related proteins | ClustalW
— examine phylogenetic relationships
— (generate tree

 Faculty research example
— tools for identification of prokaryotic genes using GLIMMER

— use the Bacillus cereus genome { Drawgram }
« as a template for gene discovery in Bacillus anthracis

Propars
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Current Bioportal Applications

 Applications
— ~140 distinct codes

 Application Suites

— EMBOSS

» European Molecular Biology Open Software Suite
— sequence and pattern alignment, protein motif identification, ...

— GLIMMER

» gene identification in microbial DNA
— especially the genomes of bacteria, archaea, and viruses

— HMMER

» Hidden Markov Model program for profile-based sequence analysis
— NCBI

« diverse set of tools
— PHYLIP

 PHYLogeny Inference Package for inferring phylogenies

e Others (incomplete list)

— Clustalw

« multiple sequence alignment tools
— FASTA

» set of similarity search programs



PISE

Pasteur Institute Software Environment (PISE)
— generates web interfaces for molecular biology tools
» XML specification for command line interfaces
— see www.pasteur.fr/recherche/unites/sis/Pise

Rationale and objectives
— simplify specification of program interfaces
* homogeneous specification mechanisms
— reuse of existing software interfaces
* independent development and integration
— extension for integration with graphical interfaces
o complexity hiding and commonality

Bioportal program described in PISE
— semi-automated GUI synthesis from XML via Perl
Output is a generated command line, for example
— blastall -p blastp -d env_nr -i query.dat.blast2.1116248106513 -a 2



An Example PISE XML

<parameter type="Integer">
<name>start_region</name>
<attributes>
<prompt>
Start of required region in query sequence (-L)
</prompt>
</attributes>
</parameter>

<parameter ismandatory="1" iscommand="1"
iIssimple="1" type="Excl">
<name>blast2</name>
<attributes>
<prompt>Blast program</prompt>
<format>
<language>perl</language>
<code>"blastall -p $value"</code>
</format>
<vdef><value>blastp</value></vdef>
<group>1l</group>
<vlist>
<value>blastn</value>

<label>blastn: nucleotide query / nucleotide
db</label>

<value>blastp</value>

<label>blastp: amino acid query / protein
db</label>

<value>blastx</value>

<label>blastx: nucleotide query translated / protein
db</label>

<value>tblastn</value>

<label>tblastn: protein query / translated
nucleotide db</label>

<value>tblastx</value>

<label>tblastx: nucleotide query transl. / transl.
nucleotide db</label>

<value>psitblastn</value>

<label>psitblastn: protein query / transl. nucleotide
db</label>

</vlist>
</narameter>



Current Bioportal Databases

« Standard bioinformatics databases

— NCBI Aggregate (95 GB)

* GenBank through Uniprot
» three formats: native, BLAST and WUBLAST

— GenBank (206 GB)
— GenPept (3 GB)

— PDB (6.3 GB)

— Prints (72 MB)

— RepBase (8.6 MB)
— UniProt (12 GB)

— PFam (8.7 GB)

— ProSite (16 MB)

— TransFac (36 MB)

« Database update mechanism
— follows the schedule of the distribution source
— currently NCBI Aggregate is the only one updated nightly



Bioportal Training Materials

* Five initial modules
— database searching
— alignment and phylogeny
— pattern searching
— DNA/RNA analysis
— protein analysis

e [Futures, based on
— user feedback
— workshops
— additional tools



Bioportal User Guide




Bioportal Computing Infrastructure

34 node Linux cluster
— one head node
— 32 compute nodes
— one storage node
Configuration
— 3.06 GHz dual Xeon processors
— 4 GB memory/node
— 8 GB memory on storage node
Network fabric
— Gigabit Ethernet
1.73 TB storage array
— 14 x 146GB U320 SCSI Drives
— RAID 5 partitioned
Software stack
— ROCKS cluster software
— Globus toolkit
— OGCE portal software



Community Software Toolkit

NSF PACI Alliance “In a Box” toolkits
— cluster software (aka OSCAR)

— Grid infrastructure (aka NMI)

— Access Grid for distributed collaboration

— tiled display walls for visualization

Distribution materials

— software and training materials
« CDs and web

Community workshops and training
— Linux Clusters Institute

— MSI HPC workshops

— hands on training

Lowering the entry barrier
— usage I‘ I
— deployment

CLUSTERS
INSTITUTE

- Lessons



Bioportal Workshop Training

 Five workshop types planned
— bioinformatics and portals overview
— hands on bioinformatics
— portal deployment
— cluster and grid deployment
— developing portlets

e Qutreach mechanisms

— interactions
 video tutorials
» |ocal workshops (statewide)
— audiences
 teachers and researchers .
« system administrators & developers s t“torla|s
. Timeline Onlme
— June 2005 launch (NOW!)
— continue until project end
* new releases and experiences



Grid and Community Lessons

Tools are necessary but not sufficient
— Installing Apache does not create an e-commerce site
— buying a wrench does not make one a plumber
— Installing {Globus, GridEngine, ...} does not make a Grid
The moral
— application needs must drive deployment
— multisite environments require substantial social engineering
User transparency is critical
— It must be as easy to use as a single site is now
« and given current computer usability, this is a low threshold J
— It must provide definite advantages over a single site
* access to instruments, remote data or other affordances

Portals hide the ugly details

— no need to know the implementation mechanisms
People are the most critical resource

— derive technical needs from opportunities



Web: Uniform
access to
documents

Grid:

Flexible, high-
performance
access to
resources and
services for
distributed
communities

What's A Grid?

It's been >11 vears!

Software
catalogs

Sensors and
Instruments

Colleagues .
J Data archives



Distributed Grid and Web Services

Launch, configure . .
and control Application Interface

v

Workflow service

m——\

App Instance .i1stance .ance

Data Management
Service
Accounting l
Service

Grid Orchestration

Grid Portals

Registries and

Name binding

Reservations
And Scheduling

Source: Dennis Gannon, Indiana
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OGCE Science Portal

Bioportal Architecture

TeraGrid & Other
Resources

OGCE Portlets | Service

with Container

API

Grid

Service |e—GLd_ Grid |$¢
Stubs Protocols| Service | =
Local
Portal Open Source Tools

Services

Remote Remote

Content |€———————p Content

Services HTTP Servers

Apache Jetspeed
Internal Services




Putting the Technologies Together

NC Bioportal
OGCE Toolkit
PISE
Chef
Jakarta Jetspeed Tomcat
Applications
Velocity Turbine |
Grid
Portlets,
CoG
Databases




North Carolina Bioportal

Account

[

Managemen
% 17
. WL

Local
cluster

Open Grid Computing Environment (OGCE)

— shared development based on NMI toolkit
— standard web services
— adopting portal standards (JSR168)

— used by cyberinfrastructure projects
« LEAD, NEES, PACI, DOE, TeraGrid ...




Globus In One Slide

Grid Security
Infrastructure (GSI)

Authenticate and create
proxy certificate

Client Process #1

Proxy

Create
process

Monitoring
and Discovery
Service (MDS)
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Gatekeepe
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r} [Registna
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Y ~N N\

GIIS: Grid
Information
Index Server

\I GridFTP

Proxy

gridmap

Grid Resource Allocation and

Management (GRAM)

D Globus

L
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Portal Technologies

Jakarta Jetspeed l | \AMCH“‘
— enterprise information portal PORTALS

e Open source implementation

Java Objects in Context
— uses Java and XML

. State State
VelOClty Query Model Changes

— Java-based template engine
» reference methods

=

i ) I Change Notifications
— dynamlc content in web pages l

» separates actions and look/feel View
Turbine View Selection Controller
= e >
— web application framework : User Gestures . .
. e gljophosts Velocity Velocity Template Java Velocity Action
— Security management system +<——— Method Invocations
— XML-defined form validation server _— — Events

— XML-RPC service for web services



Portal Technologies

Tomcat
— Apache Java servlet container
» simple web server extensions
Michigan Chef/Sakali
— collaborative course tool
» later used for distributed communities (e.g., NEES)
— standard portlets
e chat, RSS news feeds, ...
Open Grid Computing Environment (OGCE)
— National Middleware Initiative (NMI) software
— authentication using MyProxy
— GridFTP portlet

 third party data transfers, partial file transfers
« parallelism and reliable, secure, recoverable data transfer

— access to other Globus functionality through Java CoG

— many application uses
« LEAD, NEES, TeraGrid, NC Bioportal



Bioportal User Interactions

User requests an account

Account
Management

L System
%/ﬁ
MySQL

-

_

(i

D
N

Linux cluster
34 nodes
1.73 TB storage

OpenPBS '

Behind the scenes

Create Unix account
Create a certificate request
Sign the certificate request
Update MyProxy

Add entry to gridmap file
Create a portal account

ok wnNpE



Bioportal User Interactions

2. User submits a BLAST job

Account
Management
System

1

MySQL
databases

Appllcatlons
a -
Linux cluster

34 nodes
1.73 TB storage

I

1. User proxy is retrieved when logged in

3. User can view job history

4. User can view job output

Behind the scenes

Job history database is updated
Job submitted to the gatekeeper
Enqueued in OpenPBS queue
Job executes

Output files viewed via GridFTP

gk wnPRE



Initial Bioportal Training Schedule

Bioinformatics and portals overview
— June 8 and September 14 (UNC-CH and NCREN)

Hands on bioinformatics

— July 14 (UNC-CH), July 28 (UNC-W)

— September 16 (ASU), October 11 (NC A&T)
— October 21 (UNC-CH)

Portal deployment
— July (Triangle), September (Western Region)

Cluster and grid deployment
— September (UNCW)), October (TBD)

Developing portlets
— November (UNC-CH)

Schedule modifications based on feedback/need



NC Bioportal: What’s Next

Engagement
— workshops, experiences and deployments

Infrastructure

— dynamic job scheduling across multiple sites
» |oad driven based on community use

— migration of portal to OGCE 2.0
« JSR portlet compatibility

— fully automated database updates, possible distributed replication
« driven by user needs and available disk space
Portal tool suite
— expand application and databases based on user feedback
» phylogeny, morphology, microarray analysis, ...
Training materials
— complete initial training modules
— develop additional modules based on user feedback
— package workshop training materials for self-study ._

Leverage national presence ' Y 3
— TeraGrid/NCSA bioinformatics portal NCSA >y

— NESCent evolutionary biology portal TERAGRID NESCent




Our Vision of Success

Local avatars for the state and national community
— driving problems and experiences
— Infrastructure testing and validation

Multidisciplinary collaboration
— biomedical and IT researchers
— software developers

Capability infrastructure and communities

— distributed and federated
e customizable to local needs

— Interoperable and shared

The “Virtual Observatory” astronomy model
— standard tools

— metadata and data models

— virtual community



www.ncbioportal.org






North Carolina Bioportal:
Technology Explication

Dan Reed
Dan_Reed@unc.edu

Chancellor’'s Eminent Professor
University of North Carolina at Chapel Hill

Director, Renaissance Computing Institute



North Carolina Bioportal
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Portlets: What Are Th

Java-based web components
— managed by a portlet container

— process requests and generate dynamic content [

» used by portals as a pluggable user interface

Java Specification Request (JSR) 168 defines

HTML, WML, VoiceXML, ...

ey”?

Portal
Web

Application

PortletiServiet
Container

Portlet
(App)

Portlet
{App)

— the runtime environment, or the portlet contalner for portlets

— the API between portlet container and portlets

— mechanisms to store transient and persistent data for portlets

— mechanism for portlets to include servlets

— a packaging of portlets for easy deployment

— binary portlet portability among JSR 168 portals
— JSR 168 portlet execution

* remotely via Web Services for Remote Portlets (WSRP) protocol

CoG toolkit

— Grid actions for portlets

Portlet
(App)




Servlets: What Are They?

Java’'s answer to CGI scripts
— portable and transportable
— modules of Java code
* run in a server application to answer client requests
» use standard Java extension classes
Example uses
— processing or storing data from a form
— providing dynamic content (e.g., database query result)
— managing processes that require state

JavaServer Pages (JSP)

— servlet extension

Apache Jakarta Tomcat
— servlet and JSP host






Public Key Infrastructure (PKI)

PKI: symmetric public and private keys

— one key is kept private; the other is shared

— send me a message by encoding it with my public key
— | decode it with my private key

Certificate based PKI
— certificates assert identity and require trust

Trust through digital signature
— trusted certificate authorities (CAS)
— host certificates and user certificates

» signed by certificate authority

Mutual authentication

— both host and user verify each other’s certificate
* by presenting signed public keys

Source: Dennis Gannon, Indiana



Certificates and Proxies

Certificates to convey public keys
— contains my name and my public key
— 1S signed by a trusted Certificate Authority (CA)

Delegation to remote agents/programs
— proxy certificate
» a public-private key pair used only for a limited time
» proxy certificate and private key to a trusted agent
Grid security defined in two protocols
— Job submission (GRAM) and file transfer (GridFTP)
— both use the certificate or proxy certificate to authenticate the user

Implemented as system level daemons
— gatekeeper for GRAM
— GridFTP server for GridFTP

Source: Dennis Gannon, Indiana



Grid Resource Allocation Manager (GRAM)

« GRAM and the Gatekeeper

— create a proxy on your desktop
— establish a secure connection to the remote “gatekeeper”
« use proxy for authentication
— send your proxy and its private key to remote host
» enables gatekeeper to start something with your identity and account

Your .
Desktop o
Your )
;ert gatekeeper
M 3 :
> 1] pogyand | prOXy
1 Proxy and..—" 7. ...................
/ [ N7t o » oo -,
| its private
Your private key s prvate

as you
Source: Dennis Gannon, Indiana



Using the MyProxy Server

« A vault for proxy certificates

— create a proxy and store it in a MyProxy server
» pick a password to later fetch the proxy certificate and private key

 alternatively, store certificate there
— let the MyProxy server generate the proxy

 Portal interactions
— provide the portal with a password
— portal fetches proxy and key and acts on your behalf

T
Your _ A |
Desktop 1. Save with bobar 3. Fetch proxy with
key (‘fOObar” ...................... 4 proxy key “fOObar"
Your ........................................................................ - n \
cert \:O ........... ]
@ ) proxy::;
l Portal
( 2. Login to portal
Your private key and give it password
Source: Dennis Gannon, Indiana “foobar”




Grid and Web Services

e GTX
— Global Toolkit version {1, 2, 3, 4}

« Web Services Resource Framework (WSRF)
— refactoring and integration of web and Grid services
— Implementations appeared in 2005

Source: Globus/IBM
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Questions?




