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Motivation and History
» Started with the SDSS SkyServer

» Built very quickly in 2001

» Goal: instant access to rich content

» Idea: bring the analysis to the data

» Interactive access at the core Jim Gray

» Much of the scientific process is about data

o Data collection, data cleaning, data archiving, data
organization, data publishing, mirroring, data distribution,
data analytics, data curation...

» 2012: NSF DIBBS to extend/reengineer SkyServer
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Where Are We Going?

» Interactive science on petascale data

» Sustain and enhance our astronomy effort
» Grow a footprint into new disciplines

» Build scalable open numerical laboratories
» Scale system to several petabytes

» Deep integration with the “Long Tai
» Use sharable, well-defined building blocks

II)
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Data in HPC Simulations

» HPC is an instrument in its own right
o Largest simulations approach/exceed petabytes

» Need public access to the best and latest
» Also need ensembles of simulations for UQ

» Creates new challenges

o How to access the data?

c What is the data lifecycle?

o What are the analysis patterns?

o What architectures can support these?

» On Exascale everything is a Big Data problem
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Turbulence databases (JHUTB)
» http://turbulence.pha.jhu.edu/

Vorticity V xu

Cu rre‘nt field VxB
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Cosmological Simulations

» Mirror of Mlllennlum Database

Raw data:
Particles

Mock maqes
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Oceanography

Hydrostatic and non-hydrostatic simulations of dense waters cascading off a shelf:
The East Greenland case Marcello G. Magaldir Thomas W.N. Haine

(a) 9 August, 1800 UTC (b) 10 August, 0600 UTC (¢) 10 August, 1800 UTC
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Genomics

Z Home x ¥ Z RDefault-C. x ¥ T idies@2c87 x

mics/IndexD

Z Untitled x { @ FITS File ha x
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CUSTOM SEARCH ~ METADATA SEARCH  ABOUT

Interval Search info

This application searches sequence using the advanced Terabase search engine. Either select options from the first box and click on submit. OF Paste/Uj = |25518918-5113-4c94-b17-b17fdb9g93a1 dat - WordPad =ET )
to do the cross search through the database. On successful execution of the queries results will be displayed in the box at the end of the page. at the san G )
button will get activated =
@CO  50:SEGDP:A.HGDP00542 51:142000000000 ts:TSE02
| @CO  50:SEGDP:A.HGDE00665 51:142800000000 ts:TSE03 E
| @CO  50:SEGDP:A.HGDE00778 51:143000000000 ts:TSE04
eco A.HGDP00927 51:143800000000 ts:TSEOL
| Select Interval and Options eco A HGDP00998
| eco A.HGDP01029 5i:144800000000 ts:TSEO3 pu:paired nr:93
| Chromosome Number Additional Options eco A.HGDP01284 51:145000000000 ts:TSE04 pu:paired nr:85
| 6 @co A.HGDP01307 $1:145800000000 ts:TSEOl pu:paired nr:71
| ®  Only overlapping reads s eco .DNK07 55:5.12 46000000000 ts:TSEO2 pu:paired nr:83
| Include Paired End ubmit 1| eco B.HGDP00982 5i:146800000000 ts:TSEO3 pu:paired nr:86
From: 121103500 eco B.HGDP00533 51:147000000000 ts:TSEO4 pu:paired nr:8l
| Concordant eco B.HGDP00546
| Discordants eco B.HGDP01076
| 121103600 Unmapped @co B.HGDP00775
| eco B.HGDP00936 51:149000000000 ts:TSE04
| eco B.HGDP01015 51:149800000000 ts:TSEOL
eco B.HGDP01036
|
eco B.HGDP01286
| eco B.HGDP01308 51:14B000000000 ts:TSEO4 pu:paired
| eco :B.WON_Mss:5.23 4B800000000 ts:TSE01 pu:paired nr:60
| User Interval eco :B.BUR_ESS:5.24  5i:14C000000000 ts:TSEO2 pu:paired nr:86
| eco :B.MIXEO007 .25 5i:14C800000000 ts:TSE03 puipaired nr:64
| eeG Ds:Arioc read aligner
Paste your Sequence @eG  ID:TSE PP:Arioc  DS:Terabase Search Engine
| 1.001.000447670883 6 121103590 60 10 121103380 -310 TTT CTAATGTAAAT TTAATGGGTGCAGAACACCA.
| 1.001.0004476708163 6 121103380 60  1s4 121103590 310 TTATACCATGGAATACTATGCAGCCAT
| 1.001.000953381283 6 121103658 60 48 121103422 -336 CAACATGGCACATGTATACATATAT: CCTGCACGTTGTGCCCATGTACCCTAGAACTTAZ
| 1.001.0009533812163 6 121103422 60  1S101: 121103658 336 TATGTCCTTT T T TCATTCT TATT ci
| 1.001.0017051658339 6 121103571 0 X26=1X16=1X6=65 121103382 -281 CACTG T
| 1.001.0017051658 419 6 121103382 0 03571 281 TACCATGGAATACTATGCAGCCAT: TGAGTTCATGTCCTTT GACATGGA'
1.001.002590066383 6 121103748 60 121103551 -297 AT TATAAATTATTGGATGCTTTAGACAATACACATTACACTAACGTAGAT TAGARRAGCAARA.
or Upload E le.
| rUpload your Sequence example.csv Submit 1.001.0025900663163 6 121103551 60  45=1X56= = 121103748 297 TTACACTCTGGGGCCTGTTGT TAGCTTTAGGE
| 1.001.003085392283 6 121103771 60 10 121103578 -293 GGATGCTTTAGACAATACACATTACACTAACGTAGAT ARRAGGGAACTCT T
| 1.001.0030853922163 6 121103578 60  1518=1X13=2X14=1X15=1X1=1x2=1X11=1X4=1X9=1X4= = 121103771 293 ACTGTTGTAGGGAGGGGGGGGGGGEGAGR
| 1.001.004360992999 6 121103258 60 121103415 258 TGCTGCT ACATGCACACGTATGTTTATAGCGGCACTATTCACAATAGCARAGACTTGE
| Results 1.001.0043609929147 6 121103415 60 121103258 -258 TGAGTTCATGTCCTTTGT TGGAT TGGAAACCATCATTCTCAGCARACTATTGCAAC
1.001.006001201483 6 121103580 60 121103320 -360 GTTGT. TTT CTAATGTAAAT TGGGT
| 1.001.0060012014163 6 121103320 60 121103580 360 ACTTGGAACCAACCCAAATATCCATCAATGATAGACTCGAT TGGCACATATATACCATGGAAT
| 1.001.006002040883 6 121103419 0 121103117 -402 T
| Total 8224 Rows 1.001.0060020408 163 6 121103117 0 121103419 402  CCACTTTTACACTGITGGIGGGACTGTARACTAGTTCAACCATTGIGGAAGACAGTGTGGCAATTCCT
| 1.001.007700868183 6 121103597 60 121103367 -330 TAGCTTT. T T CARCATGGC.
| 1.001.0077008681163 6 121103367 3 = 121103597 330 TAATGTGGCACATATATACCATGGAATACTATGCAC TTCAT
e R P 1.001.008162556599 6 121103215 60 121103434 321  CCAGCCATCCCATTACTGGITATATACT TTATAAATCATGCTGCT ACATGCAC
1.001.0081625565147 6 121103434 60 121103215 -321 GGGACATGGATGAAGCT! TCATTCTCAGCAAACTATTG TGCATGT
1.001.010822040999 6 121103221 60 = 121103435 315 AT TTACTGGTTATATACT TATAAATCATGCTGCTGTAAGGACACATGCACACGTAT
1.001.0108220409147 6 121103435 60 121103221 -315 GGACATGGATGAAGCT( TCATTCTCAGCAAACTATTGC: cTGC
1.001.011038013099 6 121103301 60 121103569 369 ACTATTCACAATAGCAAAGACTTGGAACCAACCCAAATATCCATCAATGATAGACTCGATT.
1.001.0110380130147 6 121103569 60 = 121103301 -369 CTCTGGGGCCTGTTGT TTTAG CTAATGTAAAT _
- TN A N AR A T T AT T A AT A A AN e

Building a DB of a trillion short reads from Next Gen Sequencing
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Materials Science

Daphalapurkar, Brady, Ramesh, Molinari. JMPS (2011)

10
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Open Numerical Laboratories

» Create interactive Numerical Laboratories
» Analysis server-side through web service
» Use virtual sensor metaphor

» Many access patterns are local

» No need to download whole data sets

» Concept very successful in turbulence and
cosmological N-body

» turbulence.pha.jhu.edu:
19 trillion points delivered!

» Total science data in SciServer currently ~2.5PB

11
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New Analysis Patterns Emerging

» User written crawlers, inefficient

» Cutouts delivered to users, slow

» Scalability challenge (over 100TB scales)
» Requests for scripting access

» Need for easy joins with long-tail data

» Still expecting interactive response

12
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Architectural Challenges

» Need to define sharp tradeoffs

o Data Analytics system is different from supercomputer
o What is the right balance between |/O and compute?

» Need high bandwidth to large data

Computations/visualizations must be on top of the data
Must support at least few 100TB per server

Petascale: 3 copies for production (or erasure code?)
Wide area data movement/backbone is hard

» Lessons from the database world:

o |t is nontrivial to schedule complex I/O patterns
o For subsets we must use indexing, cache resilient storage

(0]

(0]

(0]

(@)
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Directions

» Offer more computing resources server side

» Enhanced visualization tools (ParaView)

» Augment and combine SQL queries with easy-to-use
scripting tools

» Heavy use of virtual machines/ Docker

» Interactive portal via iPython/Matlab/R

14
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Introductions and Logistics
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The Team

<>Alex Szalay (PI)
<Mike Rippin (PM)
<> Ani Thakar
<-Jordan Raddick
<>Bonnie Souter
<-Gerard Lemson
<-Jaiwon Kim
<Dmitry Medvedev
<Deoyani Heinis
<>Manu Popp

<> Victor Paul

<-Sue Werner

<>Jan Vandenberg 17
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Agenda

8:30 AM Continental Breakfast & Coffee

9:00 AM Welcome Alex Szalay

9:05 AM SciServer Overview Mike Rippin

9:25 AM Getting Started with SciServer Jordan Raddick
9:40 AM Technical Overview Dmitry Medvedev
10:30 AM Coffee

10:45 AM Demo Notebook #1 Gerard Lemson
12:00 PM Lunch

1:00 PM Astronomy & Cosmology Examples Gerard Lemson
2:30 PM Break

2:45 PM Explore & Customize Participants

3:30 PM Q&A

3:50 PM Closing Remarks Mike Rippin

4:00 PM Adjourn 18
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Logistics

» Stay in this room all day

» Restrooms

» Coffee and Breaks — morning and afternoon
» Lunch — ‘Working Lunch’ if preferred

» Wrap up —4pm

19
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Structure of the Day
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Test Environment
» Technology

o Everyone should be able to connect to WIFI
o Everyone will create an account
o Everyone will create a Docker Container

» Workshop running in TEST Environment
» MyDB etc is temporary

» Jupyter Notebooks can be saved and taken
away

21
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Objectives of the Workshop

e Set up a SciServer Notebook e Test the Compute feature set
e Authenticate with the SciServer e Test out the Architecture
Login Portal * @Gain early feedback from
* Import and query SDSS with participants
Caslobs * Implement this feedback before
e Save your data and graphics locally live release
e Save your data and graphics on
SciDrive

e Save & Retrieve your data in MyDB
* Learn the SciServer API

We want this to be Interactive...
22
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Structure of the Workshop

» Agenda sets the scene

» To start: Structured
o First example workbooks cover the ‘building blocks’
and will be done in a structured way
» Subsequently: Flexible

> Notebooks delve deeper into specifics
o Timing and deviations are fine, Q&A, examples etc
o Tune to the experiences and needs of participants

Emphasis on PRACTICAL exercises...
23
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SciServer Project Background
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SciServer Project Award

Award

» NSF DIBBs (Data Infrastructure Building
Blocks)

» 5 years: 2013 - 2018
» Approx S10M
» Cooperative Agreement

25
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SciServer Project Objectives

Objectives

» Extend infrastructure for SDSS to support additional
Science Domains

» Host and serve petabyte datasets

» Support custom user datasets

» Provide access and query services
» Provide scalable compute services

» Support analyses and data sets too large to handle
locally

» Provide collaborative tools for shared analysis

Computations stay CLOSE to the DATA...

26
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SciServer Project Components
Major Components  Supporting Technologles

Core Microsoft SQL Server

* Login Portal Open Stack
e CASJobs Docker

* SciServer Compute Jupyter

* SciDrive

Applications

e SkyQuery
e SkyServer
 GLUSEEN

* Turbulence

27
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SciServer Project Timeline

Timelines
Year 1 Project Setup, Scoping, Planning, Begin
PAVTERATIG, Refactoring, SDSS Unification
Year 2 Architectural Refactoring — API, Single Sign-on,
AT prototype Compute
Year 3 SciServer System Release, Interactive
PSP Compute, Scalable Job Management, Basic @ NOW
Dashboard, Initial Collaborative capabilities
Year 4 Implementation in Science Domains,
PARERIY, Educational workbooks
Year 5 System Scale out,
PARERATIC), Data Analytics,
Advanced Deployment Scenarios

28
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SciServer Project Current Plans

Timelines — Year 3

Apr 2016 e SciServer System Release
May 2016 * Interactive Compute
* SkyQuery
* Gluseen
August 2016 * Prototype Scalable Job Management

e Basic Dashboard
* |nitial Collaborative capabilities

October 2016 e Scalable Job Management
e Turbulence
* Cosmology

November 2016 * Project 3 year Review

29
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Resources
» Agenda:

» Documentation and Support (go here now!):

31
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Inspired by...

CTIVE NOTEBOOKS:
‘NT%Q\AAR\NGWEPQDE

“For data analysis, one possibility is to move Helen Shen’s article for Mature - Interactive
the data to you, but the other possibility is to notebooks: Sharing the code - featured a live
move your query to the data... Often it turns demo of IPython notebooks created on-

out to be more efficient to move the demand using Docker containers, and made
questions than to move the data.” a strong case for using IPython notebooks in
scientific data analysis.

--Jim Gray
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What is SciServer Compute?

» Interactive Jupyter notebooks hosted inside
Docker containers.

» Pre-configured images to create new containers
from (R, Python, MATLAEB, ...).

» High-bandwidth, low-latency access to other
SciServer services and data sources through the
notebooks.

» Users manage their own containers.
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What are Docker Containers?

CLI REST API Dockerfile

v v v
App App App App ! ’ dOCer

App App App

App App App App

Bins / Libs Bins / Libs

Operating System Operating System

Virtual Machine Virtual Machine

Operating System Operating System

Virtual Machine Virtual Machine

Bins / Libs Container

Container Bins / Libs

Hypervisor

Operating System Operating System

Type 1 Hypervisor Type 2 Hypervisor Linux Containers

Hardware Hardware
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SciServer Compute |
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Data Storage Configuration

Docker Container s
° @
L Ipyte
Jupyter
/home/idies o~
D ______ Notebook
Server
workspace
—— persistent —
—— sdss_das
I
I
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Work in Progress

» Run asynchronous non-interactive jobs in
separate Docker containers. It’'s meant to be
more than just Jupyter notebooks!

» Create new VM nodes on-demand to
accommodate growing number of users.

» Provide scratch (temporary) storage space for
working with large amounts of data.

» Improve resource management.
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Questions?
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