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Science Paradigms

Thousand years ago:

science was empirical
describing natural phenomena

Last few hundred years: [

: a| 4zGp KCZ
theoretical branch al =3 a2
using models, generalizations

Last few decades:

a computational branch
simulating complex phenomena
Today:
data exploration (eScience)
unify theory, experiment, and simulation

using data management and statistics
— Data captured by instruments
Or generated by simulator
— Processed by software
— Scientist analyzes database / files
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Computational Science Evolves :

c.; &
Image courtesy
eneveau & A. Szalay @ JHU

« Historically, Computatlonal Science = S|muTat|on

* New emphasis on informatics Fe s == == ~ :
— Capturing, =l E
— Organizing,
— Summarizing,
— Analyzing,
— Visualizing

P&E Gene Sequenceri

* Largely driven by observational science, ™" "~
but also needed by simulations.
 Will comp-X and X-info

will unify or compete?

BaBar, Stanford Space Telescope
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What X-info Needs from us (cs)

(not drawn to scale)
Scientists Q Miners

Data Mining
Algorithfns

Science Data
& Qdestions

Systems

Tools

Database Question &




Experiment Budgets Vi...Y2 Software

Software for

nstrument scheduling
nstrument control
Data gathering

Data reduction
Database

Analysis

Visualization

Millions of lines of code

Repeated for experiment
after experiment

Not much sharing or learning
Let’s work to change this
ldentify generic tools
 Workflow schedulers

« Databases and libraries
Analysis packages
Visualizers



Data Access Hitting a Wall

Current science practice based on data download
(FTP/GREP)

Will not scale to the datasets of tomorrow

You can GREP 1 MBinasecond ¢ YoucanFTP 1 MBin1 sec
You can GREP 1 GBinaminute ¢ YoucanFTP 1 GB/ min (~19%)
You can GREP 1 TB in 2 days e ... 2daysand 1K$

Youcan GREP 1 PBin 3years. * ... 3yearsand1M$

Oh!, and 1PB ~5,000 disks

At some point you need
Indices to limit search
parallel data search and analysis

This Is where databases can help




New Approaches to Data Analysis

* Looking for
— Needles in haystacks — the Higgs particle
— Haystacks: Dark matter, Dark energy

 Needles are easier than haystacks

» Global statistics have poor scaling
— Correlation functions are N2, likelihood techniques N3

e As data and computers grow at same rate,
we can only keep up with N logN
e A way out?
— Discard notion of optimal (data is fuzzy, answers are approximate)
— Don’t assume infinite computational resources or memory

 Requires combination of statistics & computer science
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Analysis and Databases

« Much statistical analysis deals with
— Creating uniform samples — o
— data filtering
— Assembling relevant subsets
— Estimating completeness
— Censoring bad data
— Counting and building histograms
— Generating Monte-Carlo subsets
— Likelihood calculations
— Hypothesis testing

« Traditionally these are performed on files
» Most of these tasks are much better done inside a database

e Move Mohamed to the mountain, not the mountain to Mohamed.
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Peer-Reviewed Science Literature

Is Coming Online
Agencies and Foundations mandating
research be public domain.

— NIH (30 B$ly, 40k Pls,...)

(see http://www.taxpayeraccess.org/)
— Welcome Trust

—Japan, China, Italy, South Africa,....
— Public Library of Science..

Other agencies will follow NIH
Publishers will resist (not surprising)
Professional societies will resist (amazing!)

14
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How Does the New Library Work?

 Who pays for storage access? (unfunded mandate).
— Its cheap: 1 milli-dollar per access AN, ' o
e But... curation is not cheap:
— Author/Title/Subject/Citation/.....
— Dublin Core Is great but...

— NLM has a 6,000-line XSD for documents http:/dtd.nim.nih.gov/publishing

— Need to capture document structure from author
» Sections, figures, equations, citations,...
« Automate curation

— NCBI-PubMedCentral is doing this

* Preparing for 1M articles/year
« MUST be automatic.



http://dtd.nlm.nih.gov/publishing

The OAIS model
(Open Archive Information System)

Data
Management

Ingest Archive Access Consumer

Administer

16



Access Challenges

Archived information “rusts” if it IS not
accessed. Access Is essential.

Access costs money — who pays?
Access sometimes uses IP, who pays?

There are also technical problems:

— Access formats different from the storage formats.
e migration?
 emulation?

« Gold Standards?

20



Archive Challenges
e Cost of administering storage:
— Presently 10x to 100x the hardware cost.
* Resist attack: geographic diversity

o At 1GBps it takes 12 days to move a PB

o Store it in two (or more) places online (on disk).
A geo-plex

o Scrub it continuously (look for errors)

e On fallure,
— use other copy until failure repaired,
— refresh lost copy from safe copy.

e Can organize the copies differently
(e.g.: one by time, one by space)

v
(XA

J

21



Tangible Things (1)

—

PubMed

“Information at your fingertips” Central

Helping build PortablePubMedCentral

Deployed US, China, England, Italy, South
Africa, (Japan soon).

Each site can accept documents g '”A
Archives replicated AR 8
Federate thru web services
Working to integrate word/Excel/..

wiat
------

To be clear: NCBI is domg 99% of the Work

22


http://www.pubmedcentral.nih.gov/index.html
http://www.pubmedcentral.nih.gov/index.html
http://www.pubmedcentral.nih.gov/index.html
http://www.pubmedcentral.nih.gov/index.html
http://www.pubmedcentral.nih.gov/index.html
http://www.pubmedcentral.nih.gov/index.html
http://www.pubmedcentral.nih.gov/index.html

Tangible Things (2)

e Currently support a conference peer-review
system (~300 conferences)

- Form committee

- Accept Manuscripts

- Declare interest/recuse
- Review

- Decide

- Form program

- Notify

. Revise

Aztiess ﬂh:p:.’.’rserr.um:mi =5l o o g e _purhor =2 se
msa* - ¥ Gl - Pt P | O Tlmecedd) - | fsees - | @

A ] M4 Zzerthy: Conferen,., &] Howsahs Crferen

¥ Welcome to Microsoft's
-~ % Conference Management Site

Common Issues and Solutions
WARNING: CMT dceent not suppoet Sebam browssr. Flessz use o of the broweess linsd helow

Fvong oo b receve tis eerdy, plezse send email o b arecsosatt coe aloeg with
th folaming iformanen:

What 15 e probleaic URL?

Uhiak iz your Bromsar Type?

Uhat is yiur aneratng systas?

What is your CMT rake? [e.g. author, Revieser, Char)
Vihat 15 your CMT lagn emai addrazs?

Vshat are you trying ko do?

hal tima dd this azcui?

Vihat was wour kst action befora seaing this emar? {e.0. Cick an the
submit' butkor;?

diddaonzl infarmatian?
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Tangible Things (2)

e Add publishing steps & improve
author-reader experience
 Manage versions

| » Capture data
Declare interest/recuse. |nteractive documents

— Form committee
— Accept Manuscripts

Review

Decide

—orm program

— Notify
— Revise
— Publish

e Ca

e Ca

pture Workshop
presentations
proceedings

oture classroom

ConferenceXP
 Moderated discussions
of published articles
« Connect to Archives



Why Not a Wiki?

e Peer-Review is

— It is very structured

— It is moderated

— There Is a degree of confidentiality
* Wicki is egalitarian

— It's a conversation

— It's completely transparent

 Don’'t get me wrong:
— Wiki’'s are great
— SharePoints are great
— But.. Peer-Review is different.

— And, incidentally: review of proposals, projects,...
IS more like peer-review. 25
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Why Am | Telling You This?

“Library Science” has challenging problems
(not all of them are social/economic).

“Library Science”

IS central to the way we do science:
— Teaching & research

— Review & evaluation

— Search & access

Increasingly Library  Science
Is Computer Science

Its Info-Info In the X-info model
Its not just search.

26
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So... What about Publishing Data?

e The answer is 42.

e But...
— What are the units?
— How precise? How accurate 42.5 + .01

— Show your work
data provenance




Publishing Data

Roles Traditional Emerging
Authors Scientists Collaborations
Publishers Journals Project www site
Curators Libraries Bigger Archives
Consumers Scientists Scientists

Exponential growth:

— Projects last at least 3-5 years
— Data sent to deep archive at project end
— Data will never be centralized

More responsibility on projects
— Becoming Publishers and Curators

— Often no explicit funding to do this (must change)

Data will reside with projects
— Analyses must be close to the data (see later)

Data cross-correlated with Literature and Metadata”



Data Curation Problem Statement

e Once published,
scientific data needs to be available forever,
so that the science can be reproduced/extended.

« What does that mean?

— Data can be characterized as

 Primary Data: could not be reproduced
e Derived data: could be derived from primary data.

— Meta-data: how the data was collected/derived
IS primary
* Must be preserved

* Includes design docs, software, email, pubs, personal
notes, teleconferences, ... .



Thought Experiment

* You have collected some data
and want to publish science based on it.

 How do you publish the data
so that others can read it and
reproduce your results
In 100 years?
— Document collection process?

— How document data processing
(scrubbing & reducing the data)?

— Where do you put it?

31



The Vision: Global Data Federation

 Massive datasets live near their owners:
— Near the instrument’s software pipeline
— Near the applications
— Near data knowledge and curation

e Each Archive publishes a (web) service
— Schema: documents the data
— Methods on objects (queries)

e Scientists get “personalized” extracts

o Uniform access to multiple Archives
— A common global schema <Vlfederation




Objectifying Knowledge

e This requires agreement about
— Units: cgs
— Measurements: who/what/when/where/how
— CONCEPTS:

 What's a planet, star, galaxy,...?
 What's a gene, protein, pathway...?

 Need to objectify science:
— what are the objects?
— what are the attributes? %
— What are the methods (in the OO sense)? 4

e This Is mostly Physics/Bio/Eco/Econ/...
But CS can do generic things 33
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The Best Example: Entrez-GenBank
http://www.ncbi.nim.nih.gov/

e Sequence data deposited with Genbank

 Literature references Genbank ID

« BLAST searches Genbank
* Entrez integrates and searches

— PubMedCentral
PubMed PubMe Entrez
— PubChem Publishers <—' Genc(;)(rersqeosme
Centers
— Genbank T

*3D

. ylogeny— ruc ure

— Proteins, SNP, -y
- Stru Ctu re1 " @ucleot Protein

B Taxononomy - sequenc sequenc



http://www.ncbi.nlm.nih.gov/

Web Services: Enable Federation

» Web SERVER: ——
— Given a url + parameters Jrogra % Web
O_

— Returns a web page (often dynamic) Server

« Web SERVICE:

— Given a XML document (soap msg)
— Returns an XML document
— Tools make this look like an RPC.

* F(x,y,z) returns (u, v, w) Your
— D|str|b_uted ijects for the v_veb. program % Web
— + naming, discovery, security,.. S IService
. |n_ter_net-scale | o Data &
distributed computing 7 inyours e
« Now: Find object models  |address| ~
. space= 3
for each science. =t 8] 7
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World Wide Telescope
Virtual Observatory

http://www.us-vo.org/ http://www.ivoa.net/

 Premise: Most data is (or could be online)

e S0, the Internet is the world’s best telescope:
— It has data on every part of the sky

— As deep as the best instruments (2 years ago).

— It Is up when you are up.
The “seeing” is always great
links objects and data to literature on the;. i b,
O~

(no working at night, no clouds no moons no.
=

— It's a smart telescope:



http://www.us-vo.org/
http://www.ivoa.net/

Why Astronomy Data? Cw

. IRAS 25,
e/t has no commercial value n”

—No privacy concerns

—Can freely share results with others 2MASS 2

—Great for experimenting with algorithms H
|t Is real and well documented

—High-dimensional data (with confidence inteyvals) Dﬁa‘

—Spatial data

—Temporal data ; _,

Many different instruments from
many different places and
many different times

*Federation is a goal
*There is a lot of it (petabytes)

WENSS 92cn

NVSS 20cm

o

ROSAT ~keV  GB 6cm




Time and Spectral Dimensions
The Multiwvavelength Crab Nebulae

Crab star

1053 AD

X-ray,
optical,
infrared, and
radio
views of the nearby
Crab Nebula, which is
now in a state of chaotic
expansion after a
supernova explosion
first sighted in 1054
A.D. by Chinese
Astronomers.
41
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SkyServer.SDSS.org

e A modern archive

— Access to Sloan Digital Sky Survey
Spectroscopic and Optical surveys

— Raw Pixel data lives in file servers
— Catalog data (derived objects) lives i In Database
— Online query to any and alll D wma

e Also used for education
— 150 hours of online Astronomy
— Implicitly teaches data analysis

 Interesting things
— Spatial data search 2
— Client query interface via Java Applet
— Query from Emacs, Python, ....
— Cloned by other surveys (a template design)
— Web services are core of it.

42
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SkyServer
SkyServer.SDSS.org

we

Like the TerraServer, ®,. SkyServer
but looking the other way: [E==
universe = .
Sloan Digital Sky Survey [l
Data: Pixels + Data Mining

About 400 attributes per
“object”
Spectrograms for 1% of e
objects

S SD)SS J121755.51+002623.87

F
" y GCALAXY  rma~1RL4R1364, dee— 04399658, Ohjld — 211550000891 60697

Alag i P e T
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SkyQuery (http://skyquery.net/)

Distributed Query tool using a set of web services

Many astronomy archives from
Pasadena, Chicago, Baltimore, Cambridge (England)

Has grown from 4 to 15 archives,
now becoming S =

international standard -
WebService Poster Child o s _
Allows queries like: .

SELECT o.objld, o.r, o.type, t.objld )
FROM SDSS:PhotoPrlma_ry o, I
TWOMASS:PhotoPrimary t =

WHERE XMATCH(o0,t)<3.5 e o £ S A
AND AREA(181.3,-0.76,6.5)

AND o.type=3 and (o.1 - t.m_jJ)>2 45



http://skyquery.net/

SkyQuery Structure

 Each SkyNode publishes e Portal is
— Schema Web Service — Plans Query (2 phase)
— Database Web Service — Integrates answers

— |Is itself a web service

Image
Cutout

by Walley—
oooooooo

iiiii
o

ez Maines

an Francisco

Los
AngelesE‘

San Die
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SkyNode Basic Web Services

Metadata information about resources

— Waveband

— Sky coverage

— Translation of names to universal dictionary (UCD)
Simple search patterns on the resources

— Cone Search

— Image mosaic

— Unit conversions

Simple filtering, counting, histogramming
On-the-fly recalibrations

a7



Portals: Higher Level Services

Built on Atomic Services
Perform more complex tasks

Examples

— Automated resource discovery
— Cross-identifications

— Photometric redshifts

— Qutlier detections

— Visualization facilities

Goal:

— Build custom portals in days from existing building blocks
(like today in IRAF or IDL)

48



SkyServer/SkyQuery Evolution
MyDB and Batch Jobs

Problem: need multi-step data analysis (not
just single query).

Solution: Allow personal databases on portal

Problem: some queries are monsters

Solution: “Batch schedule” on portal. Deposits
answer in personal database.

50
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Call to Action

« X-Info IS emerging.
 Computer Scientists can help in many ways.
— Tools

— Concepts
— Provide technology consulting to the commuity

 There are great CS research problems here
— Modeling
— Analysis
— Visualization
— Architecture

70
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