Computer Science Challenges at LLNL Terence Critchlow

Center for Applied Scientific Computing Lawrence Livermore National Laboratory critchlow@llnl.gov www.llnl.gov/casc/people/critchlow

Outline Lab mission Computational Challenges The DataFoundry Project Conclusions

Materials

Science

LLNL is a multi-programmatic, multi-disciplinary, national security lab.

Biological

Sciences

National

Security

Lasers

Optics

Environmental and Energy

Sciences

$ F D G H P LF �& R O D E R UD WL R Q V ,Q G X V WU LD O� 3 D UW Q H UV K LS V

Materials

Science

Biological

Sciences

National

Security

Lasers

Optics

Environmental and Energy

Sciences

$ F D G H P LF �& R O D E R UD WL R Q V ,Q G X V WU LD O� 3 D UW Q H UV K LS V

There are major projects in each focus area.

,Q G X V WU LD O� 3 D UW Q H UV K LS V

There are major projects in each focus area.

Materials Science

Biological Sciences

National Security

Lasers Optics

Earthquake simulation Climate Modeling

Global Climate

Modeling

Environmental and Energy Sciences

$ F D G H P LF �& R O D E R UD WL R Q V

,Q G X V WU LD O� 3 D UW Q H UV K LS V

There are major projects in each focus area.

Materials Science

Biological Sciences

National Security

Environmental and Energy Sciences

Lasers Optics

National Ignition

Facility

Laser Plasma Simulation

$ F D G H P LF �& R O D E R UD WL R Q V

There are major projects in each focus area.

Materials

Science

Biological

Sciences

National

Security

Lasers

Optics

Environmental and Energy

Sciences

$ F D G H P LF �& R O D E R UD WL R Q V Human Genome Project

Joint Genome Institute

Computational

Biology

,Q G X V WU LD O� 3 D UW Q H UV K LS V

$ F D G H P LF �& R O D E R UD WL R Q V

There are major projects in each focus area.

Materials

Science

Biological

Sciences

National

Security

Lasers

Optics

Environmental and Energy

Sciences

Material Modeling

Turbulence Modeling ,Q G X V WU LD O� 3 D UW Q H UV K LS V

,Q G X V WU LD O� 3 D UW Q H UV K LS V $ F D G H P LF �& R O D E R UD WL R Q V

There are major projects in each focus area.

Materials Science

Biological Sciences

National Security

Lasers Optics

Environmental

and Energy Sciences

Non-proliferation

ASCI Neutron Transport

Materials Science

The Computations directorate supports all of the programs.

Biological Sciences

National Security

Lasers Optics

Environmental

and Energy Sciences

,Q G X V WU LD O� 3 D UW Q H UV K LS V $ F D G H P LF �& R O D E R UD WL R Q V

Computations

Simulations Laser control

Cyber-security Large-scale data management

Scientific visualization High performance computing Massively parallel systems

Storage systems Algorithm development Component research

Scalable simulations Large-scale data

Bioinformatics support Structure prediction Database Integration

Fluid dynamics Systems modeling

Computations has three major groups.

Computations

Computer Appl Org

CASC

Livermore Computing

Computer and computational scientists go where they are needed.

People of all levels hired into Computations

Over 500 people (B.S.s to Ph.D.s)

Mostly computer science but also math and physics

People assigned to specific projects

move between assignments as needed / wanted lots of opportunities to pick up new skills

Training to meet needs of new assignments

on-site classes televised classrooms support for continuing education

I work on the DataFoundry project.

A brief history of DataFoundry.

Goal Improve scientists interaction with data.

Approach Reduce cost of data warehousing to provide intuitive access to consistent data.

Small, internal research effort started in 1997.

DataFoundry is a collaboration between

CASC and the Biology directorate.

Team members:

Ron Musick (CASC)

Tom Slezak (CAO/ BBRP)

Krzystof Fidelis (BBRP)

Terence Critchlow (CASC)

Madhavan Ganesh (CASC)

Ida Lozares (CAO)

Several summer students and visiting faculty

Need to find the ss of all disulfide bridges within 3 AAs of active sites in small proteins.

Current environment

Data is

Hard to find

Hard to understand

Hard to reconcile

Hard to analyze

Scientists waste time and energy doing data management.

SCoP

SWISS-PROT

PDB User tasks

Parse input Map similar concepts

Transform data format Access the data User applications

Interfaces

provide intuitive access to the data possibly change data format to meet user expectations

Warehouse

stores a consistent view of data in a local repository

Mediator

transform data from source format to warehouse format

Wrappers

read data from source into internal representation

Data warehouses

Wrapper

Mediator

Wrapper

Data

Warehouse

Swiss

Prot dbEST

SCoP PDB

Warehouses don�t work in dynamic domains

When schemata are modified, or new sources are added, wrappers and mediators break.

Wrapper

Mediator

Wrapper

Data

Warehouse

Swiss

Prot dbEST

SCoP PDB

Key insight

API

Extensive use of meta-data can dramatically reduce maintenance costs.

Wrapper

Mediator

Wrapper

Data Warehouse

Swiss Prot dbEST

SCoP PDB

The DataFoundry approach:

A P I

Sources Warehouse

Wrapper

Wrapper

Wrapper

Mediator

Meta-Data

Mediator

Four types of meta-data are required A P I Mediator

Wrapper source rep data manip target rep pop code warehouse db descr abstraction transformation mapping abstraction

Generating the mediators

Transformation

Calls

Population

Code SQL Interface

Mediator Class

Mediator

Interface

Meta-Data

Abstractions

Transformation

Descriptions

Data

Mappings

Database

Description

User-defined methods

Data

Access

Translation Code

Method

Description

Data

Definition

API Translation Library

Mediator

Generator

The translation library and mediator class are used by the wrapper

A P I Mediator

Wrapper

parser source rep mediator semantic mapping high-level object

A P I

Activity/ integration style manual meta-data diff %diff

understanding SCOP 2.0 2.0 0.0 0 writing wrapper 4.5 2.5 2.0 44% modifying schema 0.5 0.5 0.0 0 writing mediator 4.0 0.0 4.0 --- modifying meta-data 0.0 1.0 (1.0) ---

total time in days 11.0 6.0 5.0 45%

Results:

Integrating SCoP into warehouse that already contains PDB and SWISS-PROT.

Activity/ integration style manual meta-data diff %diff understanding SCOP 2.0 2.0 0.0 0 writing wrapper 4.5 2.5 2.0 44% modifying schema 0.5 0.5 0.0 0 writing mediator 4.0 0.0 4.0 --- modifying meta-data 0.0 1.0 (1.0) --- total time in days 11.0 6.0 5.0 45%

Results:

Integrating SCoP into warehouse that already contains PDB and SWISS-PROT.

Activity/ integration style manual meta-data diff %diff understanding SCOP 2.0 2.0 0.0 0 writing wrapper 4.5 2.5 2.0 44% modifying schema 0.5 0.5 0.0 0 writing mediator 4.0 0.0 4.0 --- modifying meta-data 0.0 1.0 (1.0) --- total time in days 11.0 6.0 5.0 45%

Integrating SCoP into warehouse that already contains PDB and SWISS-PROT.

Results:

Improving Data Access

Scientists need Better access to the data

combine data from multiple sources perform complex queries annotate data

Better interaction

integrated interface to tools customized notification messages personalized responses to queries

By extending our

meta-data representation, we

can provide powerful, customizable access

to data.

DataFoundry�s meta-data driven interface

DataFoundry�s meta-data driven interface

Src Name score e-val organism

SP P29728 1514 0.0 Human

SP P29081 362 1e-99 Mouse

SP P04820 358 2e-98 Human . . dbEST zl85d08.r1 294 3e-78 Homo sapiens colon . . PDB 4AAH 28 2.5 Methylophilus meth

PDB 1ZAP 28 3.3 Candida albicans . .

PDB 4AAH 28 2.5 Methylophilus meth

Descr

Expand

Reduce

Annotate

alignment structure . . . blast . . . has kwd . . . Enter . . .

Query: 644 VGGGDRWCWHLLDKEAKVRLSSPCFKDGTGNPIP 677

+GGG W W+ D + + F G+GNP P

Sbjct: 231 IGGGTNWGWYAYDPKLNL------FYYGSGNPAP 258

Beyond fully integrated data

There are over 500 genomics data sources available on the web.

Scientists want as much relevant information as possible.

Integrating data from all of these sources is impossible.

Semantically integrating critical data sources, and providing basic access to others, offers the best possible solution.

Conclusions

DataFoundry is building on its meta-data based infrastructure to develop a scalable, flexible, and useable system.

Meta-data provides a way to

reduce the cost of integrating new sources reduce the cost of accessing non-integrated sources provide a powerful, and intuitive, query mechanism customize the user interface

Consider this:

LLNL is always looking for good people.

If you are interested in working at the Lab, either after graduation or as an intern

please contact me.

Computer Science Challenges at LLNL

Terence Critchlow

Center for Applied Scientific Computing

Lawrence Livermore National Laboratory critchlow@llnl.gov www.llnl.gov/casc/people/critchlow

Work performed under the auspices of the U.S. DOE by LLNL under contract No. W-7405-ENG-48. UCRL-JC-134854