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* Overview of Previous Meeting
e Summary of Key Concepts & Strawman

* Plan for Breakouts
— Why you are here....
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Application Drivers & Use Cases
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Architecture/Software

BD Usage Models Differ from EC

Big Data
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Exascale Hardware/Software Architecture

Need to stage very large datasets for relatively
short periods of time -- large aggregate bandwidth
to non volatile scratch storage -- distributed flash
and disk

Globally addressed/indexed persistent data
collections -- e.q. DataSpaces, Region Templates
(GIS analogy), persistent PGAS

Intelligent 1/0 with in-transit processing, data
reduction (e.g. ADIOS)

Visualizations need to be carried out interactively
and in situ as data is produced and as computations
proceed - efficient streaming data

Joel Saltz

Architectural Challenges

How to build a system for the posterior analysis?
» Where should data be stored
Not directly al the supercomputer (oo expensive slorage)
Computations and visuakzations must be on lop of the data
~ Need high bandwidth fo data source
» Scheduling of complex I/O access patterns
Databases are a good model, but are they scalable?
Geogle (Dremel, Tenzing, Spanner: exascale SQL)
~ Augmented with value-added analytic services (SciDB, etc)
» Data organization
Cosmology simwations are not hard to partition (scale-out)
Use fas!, cheap storage for data streaming (sequential)
Consider a tier of large memory systems (random access)

Alex Szalay
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Some Architecture Issues for
Big Data

e Paralielism in [JO
o Systems optimized for zilkon independent files or records
can use cloud resources
¢ Deeper hierarchy in 1JO system
6 P itk 0P

pocestithe 82 Nerly SAMe DefOnma all nedes
* Metadeta design has & major Impact on performance,
reliabilty
o Other architectural features important
+ One-sided access with remote operations

. A slement re-and-swap

o And others (Detter stream processing, custom control

logic...) PARALLEL®ILL

William Gropp
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Data Analysis

QO Two fundamental aspects
< Pattern matching: Perform analyss tasks for finding known or expected
patterns
¥ Pattern discovery: Iterative exploratory analysis processes of looking for
unknown patterns or features in the data
Q Ideas for the analysis of Big Data
< Perform pattern matching tasks in the simulation machine
o "In situ™ amalysis
< Prepare data for pattern discovery on the simulation machine, and perform
analysis on mid-size analysis machine
o “In-transit” data preparation
o "Off-line™ data analysis

Arie Shoshani

11 PR S— -

Aggesengy O

]



Instruments & Facilities

* ARM

Pete Beckman

DNA Sequencers
LHC / Atlas

Sl Genomics
ol Data Volume increases
= to10PBin FY21
= High Energy Physics
" (Large Hadron Collider)
S 15 PB of data/year

Light Sources
Approximately
- 300 TB/day

Climate

|| Data expected to be
=== hundreds of 100 EB

Argonne National Laboratory

“HPC Instrument” (Tsubame, Mira)
SDSS, LSST, SKA, LOFAR, ...
APS(20x), SNS, ...
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Data-Centric View
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Data-Centric View
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Examples of coupling:

observation (measurement) and computation (simulation)

Cosmology: The study of the universe as a dynamical system
Theory Supercomputing Mock Galaxies — -,f-ffiw?c/?,- —12  SDSS galaxies Sloan Digital Sky Survey
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Materials science: Diffuse scattering to understand disordered structures
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Material Simulated Simulated e Experimental Sample

composition structure scattering scattering
Images from Salman Habib et al. (HEP, MCS, etc.) and Ray Osborne et al. (MSD, APS, etc.)
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N o U A wN e

Outline: Summary and Straw man

. Scientific Big Data Computing is Different
. Strawman Architecture

mplementation Issues

Programming Models

Research Gaps & Needs
. What Would a Facility Look Like?
BDEC Breakouts



Comparing Architecture

Big Data ; % 'Extreme Computing

? Cost in memory and Significant Cost in memory and

interconnect bandwidth interconnect bandwidth

Little Cost for resilient hardware  Significant Cost in resilient

in data storage hardware in shared file system

Little Cost for hardware to Significant Cost in resilience

support system-wide resilience hardware to reduce whole-
system MTTI

Significant Cost: increased Significant Cost: cutting-edge CPU

aggregate IOPs performance features

Often trades performance for Often trades capacity for

capacity performance



Comparing Operations

Big Data - | Extreme Computing

Continuous access to long-lived Periodic access to compute

“services” created by science resources via job submitted to
community scheduler and queue
Time-shared access to elastic Space-shared compute resources
resources for exclusive access during jobs
New hardware capacity New tightly integrated system
purchased incrementally purchased every 4 years

Users charged for all resources Users charged for CPU hours,
(storage, cpu, networking) storage and networking is free



Comparing Software

Software responds to elastic After allocation, resources static
resource demands until termination
Data access often fine-grained Data access is large bulk

(aggregated) requests

Services are resilient to fault Applications restart after fault

Often customized programming  Widely standardized
models programming models

Libraries help move computation Libraries help move data to CPUs
to storage

Users routinely deploy their own Users almost never deploy
services customized services



Comparing Data

Scientific Big Data | Extreme Computing

Inputs arrive continuously, Inputs arrive infrequently,
streaming workflows buffering carefully managed
Data is unrepeatable snapshot in Data often reproducible

time (repeat simulation)

Data generated by sensors Data generated from simulation
(error: from measurement) (error: from simulation)

Data rate limited by sensors Data rate limited by platform

Data often shared and curated by Data often private
community

Often unstructured Semi-structured



What can we apply from EC to BD?

HPC Software A Good Base

e MPI-IO, HDF5, pnetCDF, HPSS, other
ad hoc solutions provide good
building blocks

» Needed: Better abstract models, for
both high and low level abstractions
+ "DSL" for data manipulation at scale
¢ Such systems are data structure +

methods (operators)

* Implementations that fully exploit

J§ good and clean semantics of access

BLUE WATERS

Architecture

Architecture:

Interoperability

HDFS provides strong support for many aspects of data
provenance. Mechanisms exist in pnetCDF.
+ Should a base set be "automatic”, much as file creation/
modify time is today?
+ Can we evolve to better interoperability, or are radically
new models needed?
Mathematical representation for continuous data

¢ How should the information about the mapping of discrete
=» continuous be stored in the file?

+ How should this be generalized to cther representations?
Accuracy of data values

+ How should accuracy be efficiently stored with file?
Data formats impact performance and scalability

. Opumizmg for mteroperablllty or performance alone may

nada aanlisca

Define Consistency Models
for Access and Update

* Need consistency models that match use in applications

William Gropp
UIUC

William Kramer
NCSA

Pete Beckman

» What architectural changes are needed for extreme computing
storage systems to make them better suited for BD?
» Betlter small scale atomic 1/O - Solid State Storage?
* Anew storage repository — non POSIX?
» Seamless storage hierarchies
« What operational changes are needed to support new storage
architectures?
« Yes - critical resource is bandwidth not CPU
» Looking at future technologies, what future architectures are
possible?
» interconnect is the most essential, Processor technoiogy can be
whalever it is
» Energy efficient memory

Argonne National Laboratory

¢ Or trade accuracy for speed
+ Already happened in search, e-commerce, even when
solution is to trade accuracy for speed
* Witness Amazon's pseudo cart implementation - items aren’t
really under your control ("in your cart®™) until you complete the
purchase. But greatly simplifies data model.
* Even though it angers customers on popular deals
* POSIX consistency model is stronger than sequential
consistency and almost never what applications require
¢ Even when strong consistency is needed, it is almost always
on the granularity of a data object, not bytes in a file
+ Long history of file systems falsely claiming to be POSIX
* A bad alternative is the "do what is fast” consistency
model - usually but not always works
+ Some systems have taken this route - both I/O and RDMA
" PARALLEL@ILLINOIS
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What can we apply from BD to EC?

* Hmmm, very very good question...
— Not as much exploration of this yet

— Changing operational & cost models
— Supporting persistent services
— Virtualization to address software complexity?



Take Away Messages

EC-classic is morphing into BDEC
— The “info-plosion” makes this inevitable...

Paradigms and abstractions similar
Lessons learned from EC can often be applied

BD software tools/layers are significantly
more diverse than EC-classic

— Often this fuels the cloud laaS discussion



Science Communities

Science
Services  gvaa Py )y ﬁ
Digital Cosmology K'base
Pathology Analysis / Service
Analysis Image Server
Developed
Services
Workflow / Data Analysis/ Compute Data Moving
Event Services Services Services (7 & Syncing
%ﬁ ‘%ﬁ @f =4
Core Facility
Resource & Configuration Identity, Communities, Core Software Tools,
Management, Resilience Security Services, & APIs

Kl

#!/usr/bin/python

>>>




Technology Bits: Many Examples

Developed
Services

Workflow /
Event Services

/
\/

Taverna
Kepler
VisTrails
DAGMan
Pegasus
Chiron
Swift

Data Analysis/ Compute Data Moving
Services Services (7 & Syncing
SciDB _
S3 MapR Globus Online
HDES Vislt Data Pipelines
EBS Pregel
MemCache R

SQL/DB2/Oracle ~ Pégasus
Key/Value ScaleGraph



Technology Bits: Many Examples

Core Facility

Resource & Configuration Identity, Communities, Core Software Tools,
Management, Resilience Security Services, & APIs

dd

#!/usr/bin/python
>>>

OpenStack GSSAPI
EC2 Shibboleth
LXC InCommon
Omega

OpenVZ

VMWare

Apache Mesos
Omega



Impact of Programming Model
(more work needed during breakout sessions)

Workflow

— Data movement, Events, pub/sub
Composition

— <n> parallel programs coupled and sharing data
Elasticity

— Interfaces for give/take, predict/reserve

Co-location
— Data & Compute



Current Gaps & Needs

* This meeting should help frame BDEC
— Don’t solve the problem, or get mired in tech

 Work toward identifying the research
questions and promising directions, not the
answers, or how to spend other people’s
money



Extending Current HPC Facilities for BDEC
A new kind of facility?

* The model is different from . a o

Scie
Service . . .
an HPC center
athology Analysis / Service
Developed Analvsis  Ima ge Server
Event Services S.HVKN St‘f\ ‘‘‘‘‘ j & Syncing
“ 4 \// : . Qﬂ—ﬁ—b
* Is the “programming
environment” replaced with s e S
V‘)’.C’_ " ol ecurity  Services, . <
P = XX o
[ ] 1
workflows of services? —— o) .WH’ P

* Science Domains make long term commitments to facility
* Facility Staff:

 Domain Science CS: Develop specialized capabilities

* 50/50: Design and develop domain services

 BDEC SysAdmin: Develop and support core services



Breakout: Applications

* Session 1: 90 Minutes

— (quickly) Describe 6 to 8 BDEC workflows (bio, cosmology, climate, etc). Cover
different types (stream processing, extract/subset, analysis, etc). Include:
* Current best practice for science community
* Integration with HPC community?
* |deal future design?

Describe and classify workflow steps (specific, with as must detail as time permits)

e Session 2: 120 Minutes

— Analyze and discuss the initial work of the other breakouts
— Describe:

* Application perspective: Common/Basic services for a BigData system,

* Operational models (sharing resources, scheduling, identity management)
and tradeoffs in design

* Mini-apps that can be constructed for the workflows



Breakout: Architecture

* Session 1: 90 Minutes

— Describe a straw man architecture with Common/Basic services for BDEC
system. Include:
* Core services (e.g. cloud? Database? Identity management? )

* Integration with HPC community?
* Science-optimized services (e.g. parallel storage, data syncing and mv, sharing, etc).

* Session 2: 120 Minutes
— Analyze and discuss the initial work of the other breakouts

— Describe:

How App workflows can be supported by Common/Basic services

Operational models (sharing resources, scheduling, identity management)
and tradeoffs in design

How well does straw man architecture meet application and data needs?
Core benchmarks / measurements for architecture of BDEC system



Breakout: Data

* Session 1: 90 Minutes

— Describe what is needed in Common/Basic data services for BDEC system
* What are the most accepted (deployed) services?
* What are the largest gaps for BDEC science communities?
* What kinds of optimizations / specializations are required for science communities?

* Session 2: 120 Minutes
— Analyze and discuss the initial work of the other breakouts

— Describe:

 What is needed to support Federation, Provenance, and Curation?
* What are the programming models needed?
* What basic services should be included in BDEC facilities first?



