Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

El estado del arte del Big Data & Data Science:
La revolucion de los datos

Prof. Mateo Valero
BSC Director

Big Data: de la investigacion cientificaa la gestion empresarial
Fundacion Ramon Areces
Madrid, 3 de Julio de 2014



Evolution over time of the research paradigm

o L

e In the last millennium, science was empirical:

»  description of natural phenomena -
o Afew centuries ago opens the theoretical approach

* using models, formulas and generalizations.
* In recent decades appears computational science

» simulation of complex phenomena
([ J

Now focuses on the exploration of big data (eScience)

» unification of theory, experiment and simulation
e capture massive data using instruments or generated through simulation and processed by
e computer

* knowledge and information stored in computers

» Scientists analyse databases and files on data infrastructures

Jim Gray, National Research Council, http://sites.nationalacademies.org/NRC/index.htm;
Computer Science and Telecommunications Board, http://sites.nationalacademies.org/cstb/index.htm.
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f Last year one of the most computer- intensive SC|ent|f|c W
9 experlments ever undertaken confirmed Peter Higgs and &
C ! Francois Englert’s theory by making the Higgs boson — 7

| the so-called “God particle” — in an $8bn atom smasher,
(3 | the Large Hadron Collider at Cern outside Geneva.
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Sequencing Costs

Cost per Raw Megabase of DNA Sequence

Moore’s Law Moore’s Law

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Source: National Human Genome Research Institute (NHGRI)
http://www.genome.gov/sequencingcosts/

(1) "Cost per Megabase of DNA Sequence" — the cost of determining one megabase (Mb; a million bases) of DNA sequence of a
specified quality
(2) "Cost per Genome" - the cost of sequencing a human-sized genome. For each, a graph is provided showing the data since 2001

In both graphs, the data from 2001 through October 2007 represent the costs of generating DNA sequence using Sanger-based
chemistries and capillary-based instruments (‘first generation’ sequencing platforms). Beginning in January 2008, the data represent the
costs of generating DNA sequence using 'second-generation' (or 'next-generation’) sequencing platforms. The change in instruments
represents the rapid evolution of DNA sequencing technologies that has occurred in recent years.
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Sequencing Costs

NextGen Sequencing a Game-Changer
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We have an issue.... Need for faster ways of processing data,
not storing everything...
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World-class genomic consortiums
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* European Genome-phenome Archive (EGA) repository will allow us to
explore datasets from numerous genetic studies.

» Pan-cancer will produce rich data that will provide a major opportunity to
develop an integrated picture of differences across tumor lineages.
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Square Kilometer Array (SKA)

.

 UNIVERSITY OF

Operations on ¥ CAMBRIDGE
SKA-2 expected to *=SKA2
~ 250 Dense Aperture Array start by 2024

Stations 300-1400MHz | .- ~ 2700 Dishes

~250 Sparse Aperture
Array Stations 70-450MHz

Artist renditions from Swinburne Astronomy Productions




Square Kilometer Array (SKA)
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A New Era of Information Technology

Current infrastructure sagging under its own weight

2013 By 2020

Internet of Things
= 30
Billiorw

Devices
L

I ! 98,000 tweets

= 23,148 apps
E"’J downloaded

400,710 ad ‘ |
requests

0983
40 0000000
R O
In 60 sec Trillion GB , 338
today ~ [ DATA
= &
@ ZOOTO Iyric;kplayed M:pb;lse 10
wiww ON [ UNEeWIKI -
- Million,,
C' l,SOQ pings sent -
on PingMe
208,333 minutes
Angry Birds played i i ... for 8 OO
gry Birds play Pervasive Smart Explosion of Billi
Connectivity Device Information @
Expansion
(1) IDC Directions 2013: Why the Datacenter of the Future Will Leverage a Converged Infrastructure, March 2013, Matt Eastwood ; (2) & (3) IDC Predictions 2012: Competing for 2020, Document 231720, December 2011, Frank Gens; (4)
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Challenges of data generation

It's estimated that

40 ZETTABYTES
2.5 QUINTILLION BYTES

of data will be created by 10N G
2020, an increase of 300

times from 2005

The
FOURV’s

of data are created each day

6 BILLION
PEOPLE

have cell
phones

joads to web
Wy and m : data is recorded,
ored, and analyzed to enable the technology
hat the world refies on
tly is big data, and how
massive amotints of data be used?

Most companies in the
U.S. have at least

100 TERABYTES

of data stored As a leader in the sector, IBM data scientists
break, big data into four dimensions: Volume,
Velocity, Variety and Veracity

WORLD POPULATION: 7 BILLION

Maodern cars have close to

100 SENSORS

that monitor items such as
fuel level and tire pressure

The Mew York Stock Exchange
captures

1 TB OF TRADE
INFORMATION

during each trading session

ending on the industry and organization; big
5 information from multiple
al s¢ chastra

(@
~ social media, enterprise

mobile de . Companies can levers,

adapt their products and s 5 to better meel

customer needs, optim 0 ions and

infrastructure, and find new-so frevenue.

g Velocity

ANALYSIS OF
STREAMING DATA

By 2015

4.4 MILLION IT JOBS

will be created globally to support big data,
with-1.9 million in the United States

By 2016, it is projected
there will be

16.9 BILLION
NETWORK
CONNECTIONS

YYYYYYYYYYY
- almost 2.5 connections i i i i i i i i i i i
per person on earth
Sources: McKinsey Global Institute, Twitter, Cisco, Gartner, EMC, SAS, 1BM, MEPTEC, QAS
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Source: http://www-01.ibm.com/software/data/bigdata/

As of 2011, the global size of
data in healthcare was
estimated to be

By 2014, it's anticipated
there will be

are watched on
)| YouTube each month

are shared on Facebook
every month

MILLIOK IS
are sent per day by about 200
millien monthly active users

Poor data quality costs the US
economy around

don't trust the information
they use to make decisions

Veracity

UNCERTAINTY
OF DATA

in one survey were unsure of
how much of their data was
inaccurate
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The Data Deluge

2012

0.1ZB
1.27B 2.87B
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2015

8.5ZB

2020

40ZB*

(figure exceeds prior forecasts
by 5 ZBs)

* Source: IDC
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How big is big?

Saganbyte, Jotabyte,...

This will take
us beyond our
decimal
system

Yottabyte

This is our digital universe today .
= 250 trillion of DVDs

@ Zettabyte

1.3 ZB of
network traffic by
2016

Exabyte O

1 EB of data is created on the internet each day = 250
million DVDs worth of information. The proposed Square

‘ Petabyte

Kilometer Array telescope will generated an EB of data 12 The CERN Large Hadron
per day 10 Collider
enerates 1PB per second
Terabyte :I_O9 J .
Gigabyte
10°
Megabyte
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Technological Achievements

(€ Transistor (Bell Labs, 1947)
— DEC PDP-1 (1957)
— IBM 7090 (1960)

({ Integrated circuit (1958)
— IBM System 360 (1965)
— DEC PDP-8 (1965)

(€ Microprocessor (1971)
— Intel 4004
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Outline

({ The Big Data era: data generation explosion
(( Storing data

({ Processing data

({ Where do we place data?

({ How we use data?

({ Research at BSC
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Magnetic Tape Memory

(€ Invented by Eckert & Mauchly for the UNIVAC I, March, 21,1951
— Model UNISERVO
— 224 KB of data
— 1/2 inches of diameter,1200 feets, 128 characters per inch

— Speed: 100 inches per second, equivalent to 12800 characters per
second

(€ Storage Tech, 2013, T-10000D,
— 8.5 Terabytes (40.000.000 increase)
— EBW: 250 Mbytes/second (20.000 increase)
— Load Time: 10 seconds

M.
Barcelona
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HDD: Hard Drives Disk

(€ 1956, IBM 305 RAMAC

(€ 4 MB, 50x24” disks, 1200 rpm, 100 bits/track
Intertracks: 0.1 inches, Density: 1000 bits/in2
(€ 100 ms access , Tubes, 35k$/y rent

(

(€ Year 2013: 4 Terabytes (1.000.000 increase)
(€ Average access time: few milliseconds (40 to 1)
(€ Areal: doubling in average every 2/4 years, but not now

(

®

Predicted: 14 Terabytes in 2020 at the cost of $40
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Storage Device Density Landscape

AREAL DENSITY (Gbit/in?)

®

1000C 1 1 T
—| O HDD Products
— B NAND Products HDD 20%/yr ?7?
100C = A $2:§E [P)roducts é? ! =
=k e€mos HDD 40%/yr NAND 40%/yr [
I 2 bit/cell ]
HDD 20%lyr
10C LA
| 'ki
y 4 = Tape demo 75%/yr
HDD 100%l/yr } // | ,[I:
1C >4 “——— Optical 20%/yr
y 4 V.
A ~
1 /
1 || _HDD 40%/yr P . ) ’/(
| - - .
A A 1 TAPE 40%/yr
1 bit/cell
0.1 ! '

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Source: Decad, Fontana,Hetzler
— IBM Journal
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Tapes advancing fast

1000.00 : R = —— 4 ]
1 HDD 2003-08 Demos - i HDD Products 2010-
: 35%/year F A8 - oo . 10-20%/year?
. HDD zf:;.oz Demos —— “ =" DD Products 2003-1 148-Gbitfin2
__100.00 a Sl S~ .o | i - :
& = B e “ i |
May 2014 = - - Hoﬂggm:p“s & E——— —
& ; | 1 . e Tape Roadmap
o E - e e S L 'i'apeDemos | R—— 33‘15%“year
IBM and Fujifilm have demoed a ® 10.00 HPPIRLesoemes i I T " s
154TB LTO-size tape cartridge ‘5 ; =i * }/{;’ ‘

. . | = - 1-Gbhitin2-(T100800C)
which could come to market in 10 = ' oy PO S Soiiing (T16406C)
years' time. 5 100 &l | | | | |l

o ' i _/~ HDD Products 1991-98 e
) o ] /f 60%/year o HID
The Sony development involved a o = BB Tape Products 1994 .
i X - < . - Tape Products 2012 -« HDD Demos
148Gbit/in2 tape density and its 8.1 Pl | 31.8%/year s
185TB uncompregsed capacity. ; P | R
0.01 | | - | % Tape Technology Roadmap
O N ¥ © ® O o ¢ © o O N T © o O o
@ o L D D O O 2 O 9 ¥ = - = o~
o & o6 o O © © © 6 © o o O o o o o
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Figure 40: Areal Density of Hard Disk and Tape Laboratory Demonstrations and Products [71].
A 4
Image capture of resulting Comparison of magnetic particle size
magnetic particles (top layer) (image)

http://mwww.insic.org/news/2012Roadmap/12index.html
7.7nm

Sony'sresults |__:

Severaltens of nanometers
o .
Currently H 3
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Outline

({ The Big Data era: data generation explosion
({ Storing data

({ Processing data

(€ Where do we place data?

({ How we use data?

({ Research at BSC
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The MultiCore Era

(€ Moore’s Law + Memory Wall + Power Wall

Chip MultiProcessors (CMPs)

1000000

+ Transistors (Thousands)
® Frequency (MHz)
s Power (W)

® Cores

100000 +—

Intel Xeon 7100
(2006)

e | i 0

UltraSPARC T2 (2007) 1970 1075 1980

Barcelona .
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How are the Multicore architectures designed?

1B

M Power4 (2001) IBM Power7 (2010)

2 cores, ST —
16 Gflops/s -

L1: 64KB+32KB/core -
L2: 1.41MB /chip
L3: 32MB off-chip

115W TDP

10GB/s mem BW -

Sty

8 cores, SMT4
128 Gigaflops/s

L1: 32KB+32KB/core
L2: 256KB/core

L3-: 32 MB In total
(on-chip)

170W TDP

100GB/s mem EBW

Barcelona
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IBM Power8 (2014)

12 cores, SMTS8
400 Gigaflops/s

L1:64KB+32KB/core
L2: 512KB/core
L.3:49,96 MB in total
(on-chip)

250W TDP

410GB/s mem BW

Core | Core | Core gﬁ Core | Core | Core
@
(]

25.

Core | Core




=
Topl0

Rank Site Computer Rmax Rpeak Power SRS
TH-1VB-FEP Cluster, Intel Xeon
National University of E5-2692 12C 2.200GHz, TH 3120000 Tianhe-2
. 33,86 54,90 17,8 1,90 :
1 Defense Technology Express-2, Intel Xeon Phi 2736000 (MilkyWay-2)
31S1P
. CRAY XK7, Opteron 6274 16C,
2 zgtlizéﬁgllfgbK ke 2.20 GHz, Cray Gemini gggggg 17,59 27,11 8,21 2,14 Titan
interconnect, NVIDIA K20x
BlueGene/Q, Power BQC 16C :
3 DOE/NNSA/LLNL 1.60 GHz, Custom 1572864 17,17 20,13 7,89 2,18 Sequoia
RIKEN Advanced Institute | Fujitsu, K computer, SPARC64
4 for Computational Science | VIIIfx 2.0GHz, Tofu 705024 10,51 11,28 12,65 0,83 K
(AICS) interconnect
DOE/SC/Argonne National | BlueGene/Q, Power BQC 16C :
786432 8,58 10,06 3,94 2,18 M
2 Laboratory 1.60GHz, Custom e
Cray XC30, Xeon E5-2670 8C 115984
6 CSCS 2.600GHz, Aries interconnect , 73808 6,27 7,79 2,32 2,70 Piz Daint
NVIDIA K20x
Texas Advanced PowerEdge C8220, Xeon E5- 462462
7 Computing Center 2680 8C 2.700GHz, Infiniband Bl 5,17 8,52 4,51 1,14 Stampede
puting FDR, Intel Xeon Phi
Forschungszentrum BlueGene/Q, Power BQC 16C
. 458752 5,00 5,87 2,30 2,18 JUQUEEN
8 | Juelich (F2J) 1.60GHz, Custom E
9 DOE/NNSA/LLNL EINZEERE, PEer EUE IE0 393216 4,29 5,03 1,97 2,18 Vulcan
1.60 GHz, Custom
Cray XC30, Intel Xeon E5-
- 22 , ]
10 Government 2697v2 12C 2.7GHz, Aries 5984 3,14 4,88



Presenter
Presentation Notes
Las máquinas que tienen GPU tienen dos filas en la columna Procs. La segunda indica GPU cores


Parallel Systems

Interconnect (Myrinet, 1B, Ge, 3D torus, tree, ...)
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I\Inrlr\ NOde* NOde**
Node | |
I\l--l-* r‘l--l-**
Node* Node™
I\Inrlr\ ¢ | * |
[Pa¥a Pl
‘e Node SMP
*
homogeneous multicore (BlueGene-Q chip)
heterogenous multicore

general-purpose accelerator (e.g. Cell)

GPU

FPGA

ASIC (e.g. Anton for MD)
Network-on-chip (bus, ring, direct, .
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(€ Compute node with:
— 2 lvyBridge Xeon sockets (12 cores each) with 88 GB memory
— 3 Xeon Phi sockets with 8 GB memory for a total of 3.120.000 cores

(€ lvyBridge socket: 8 flops/cycle per
core * 12 cores/socket * 2.2 GHz

= 211.2 Gflop/s peak &%
(€ Xeon Phi socket: 16 flops/cycle per e hx
core * 57 cores/socket * 1.1 GHz “‘m PCE.

= 1.003 Tflop/s peak

(€ On anode there are 2 lvyBridge
*0.2112 Tflop/s + 3 Phi * 1.003
Tflop/s - 3.431 Tflop/s per node
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Evolution of the computing power of Supercomputers

FLOP/S econd (operaciones sobre nimeros reales 64 bits)

1 OOOOOOOOOOOODDDDDD

~2018
? (1x107 processadors

1988
Cray Y-MP (8 processadors)

Cray XT5 (15000 processadors)

1998

R 1 :
s ]
o 3
@ s ©@ o Cray T3E (1024 procesmﬂa’r%L
Center 3 OCHOA Project
Centro Nacional de Supercomputacion '



Intel Xeon Phi or

Intel Many Integrated Core Architecture (MIC

(€ Knights Corner (2011)
— Coprocessor, 61x86 cores,

22nm, AVX-512, 4 HTs oge | L2 = L2
— 1.2TFLOPS (DP), 300W TDP, | &sorui _!’um .. B ) ——
4 GFLOPS/W . kEj [-1 .EJE @—L GDDR M¢
— 512KB/core L2 coherent (o

¢l cl cl ¢l

— Int Netw: Ring
— Mem BW: 352GB/s

(€ Knights Landing (exp 2015)
— Coprocessor or host processor
— 72 Atom cores, 14nm, AVX512 per core, 4 HTs

— Up to 16GB of DRAM 3D stacked on-package, 384GB GDDR
— 3TFLOPS (DP), 200W TDP, 15GFLOPS/W

arcelona
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Accelerators: NVIDIA Kepler GK110 GPU (2014)

(( DP Performance:
1.43 Tflop

€ Mem BW (ECC off):
288 GBI/s

(€ Memory size (GDDRY5):
12 GB

(€ 15 SMX units
— 192 single-precision
CUDA cores
— 64 double-precision units
— 32 special function units

— 32 load/store units

({ Six 64-bit memory
controllers

Barcelona
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Processor node

128 GB 128 GB
Peak performance 10.6 TF
Total DRAM Capacity |[512GB
Total DRAM BW 1TB/s (0.1B/FLOP)
DRAM Power 800 W*
Total Power 1100 - 1400W
Energy efficiency 9.5 - 8 GF/Watt
256GB/s 64b 110-140 MW for Exascale
128 GB 128 GB

*Assumes 5% Vdd scaling each technology generation
140 pl energy consumed per accessed bit 10

Barcelona [ ———
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Nvidia: Node for the Exaflop Computer

Node MCM - 20TF + 256GB

150GB/s
Network BW
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Not All Applications are Floating Point Oriented

Benchmark Suite Mean Temporal vs. Spatial Locality

1r-
09+
What we traditionally care about
From: Murphy and Kogge, On The Memory Access Patterns of
0.8 Supercomputer Applications: Benclinark Selection and Its
Iinplications, IEEE T. on Computers, July 2007
0.7
0.6
05k Traditional (FP) Sandia Applications . LINPACK
04+
@ sPecFP
Informatics Applications
0.3+
"hat industry
SPEG Int What industry
02l cares about
¢ STREAM . Emerging (Integer) Sandia Applications
A
- RandomAccess
| | | | 1 | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 Sandia
MINNSE Temporal Locality '11 National
Wtona ecort Setarty S eson Laboratories
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Graph 500 Project
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HPC benchmarks and performance metrics do not provide useful information on
the suitability of supercomputing systems for data intensive applications.

Graph 500 establishes a set of large-scale benchmarks for these applications.
Steering Committee: 50 international HPC experts from academia and industry.

Graph 500 is developing benchmarks to address three application kernels:
— Concurrent search
— Optimization (single source shortest path)
— Edge-oriented (maximal independent set)

Also they are addressing five graph-related business areas:
— Cybersecurity
— Medical Informatics
— Data Enrichment
— Social Networks
— Symbolic Networks.




Graph500 vs. Top500

» Top500 defined a benchmark (Linpack) to rate HPC machines upon performance. This
benchmark is not suitable to address the characteristics of Big Data applications.

(€ Linpack: * Graph500:

— computation bounded e communication bounded

— focused on floating-point operations « focused on integer operations

— Bulk-Synchronous-Parallel model: « asynchronous spatial uniform
behavior based on big computation communication interleaved
and short communication bursts with computation

— dense data structures highly « larger sparse datasets (very
organized and coalesced (spatial low spatial and temporal
locality) locallity)

* Green Graph 500 list:
* Collects performance-per-watt metrics
» To compare the energy consumption of data intensive computing workloads.

Graph500: graph500.org Top500: top500.0rg
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http://www.graph500.org/
http://www.top500.org/

Communication pattern changes
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=
Graph500 and Top500 Lists: June 2014

Graph500

D —T T

K computer (Fujitsu - Custom supercomputer) golrﬁi':t:t?gﬁgcsegé?]sctg?zgg) 524,288 17,977.1

Sequoia (IBM - BlueGene/Q, Power BQC 16C 1.60 Lawrence Livermore National

2 GH2) Laboratory 1,048,576 40 16,599
3  Mira (IBM - BlueGene/Q, Power BQC 16C 1.60 GHz) Argonne National Laboratory 786,432 40 14,328
g | SHQREEN [ B'”eGérIL‘eZ/)c? , Power BQC 16C 1.60 i o chungszentrum Juelich (FZJ) 262,144 38 5,848
5 Fermi (IBM - BlueGene/Q, Power BQC 16C 1.60 GHz) CINECA 131,072 37 2,567
pr500

Rmax Rpeak

Tianhe-2 (TH-IVB-FEP Cluster, Intel Xeon E5-2692 12C National Super Computer Center 3120000 33,8627 54902.4

2.200GHz, Intel Xeon Phi 31S1P) in Guangzhou
p | EW (Sl 2487, Optero&ggz)“ 16C 2.200GHz, NVIDIA .\ Ridge National Laboratory 560,640  17,590.0 27,1125
3 Sequoia (IBM - BlueGene/Q, Power BQC 16C 1.60 Lawrence Livermore National 1572.864 171732 20132.7
GHz) Laboratory
4 K computer (Fuijitsu - SPARC64 VIlifx 2.0GH?z) MUNENAEETEE ITBUE O | zengon | qpeing | 2500

Computational Science (AICS)
5  Mira (IBM - BlueGene/Q, Power BQC 16C 1.60 GHz) Argonne National Laboratory 786,432 8,586.6 10,066.3

Barcelona

. o1
Supercomputing ]S_’}E{\(F:]?}']{H(];JN Cla R 0 0 L
Center OCHOA Project
Centro Nacional de Supercomputacion ] roject


Presenter
Presentation Notes
Top500 machines show high number of cores and/or the use of HW accelerators, paying less attention to network characteristics.
Graph500 machines have lower number of cores, but more specific networks (proprietary interconnects, with higher performance)

Mira and Sequoia are basically two sizes of the same machine. For the Graph500 list, the size of Mira is half of Sequoia. Its performance is only ~10% lower.


Specialization is Everything (?)

/ More flexible... Dedicated HW

M ASICs
ocns BLAS/Cs |
More efficient.. b 00)

[R—
o
|

—

Microprocessors

o
—

Energy efficiency (MOPS/mW)

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Processor Number (sorted by efficiency) ,
Source: ISSCC Proceedings

_Source: Bob ?Qderson, Berkeley Wireless group
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What are FPGAS?

( FPGA: Field
Programmable Gate
Array

(€ Generic sea of
programmable logic
and Iinterconnect

(€ Program into
specialized
computing &
networking circuits

(€ Can be reconfigured
In as little as 100 ms

Barcelona
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Generic Logic
(LUTS)

DSP Multiplier Blocks

36 Kb Dual Port RAN

Specialized I/O Blocks



Outline

({ The Big Data era: data generation explosion
({ Storing data

({ Processing data

({ How we use data?

({ Research at BSC
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Biolnformatics, Big Data and Supercomputing G e

100.000 subjects suffering different diseases
@ BsC-CNsS B P "

€« > C A [) wwwbsces Jol b =

—
BSC

contacT | Quickimks v | srremap | oo | [ | SN

prcoputing

1 PB of compressed data g

MARENOSTRUM SUPPO
SERVICES

_,:._'"'— This data, which adds up to around
A\ 1,000,000 Gigabytes, will be stored in
the BSC facilities and subsequently

@ EXCELENCIA ~ analysed by the MareNostrum
¢ SEVERO ;
» OCHOA R

BSC-CNS is recognized as a |
"Severo Ochoa Center of
Excellence” |

___._(r:'_‘ fun
While the majority of multi-physics :”(Rqé&x“ mr‘a de

codes are not prepared for large-scale ,
- 2 simulations in supercomputers, with |
jon BSIC g . efficiency dropping as problems are
Vacancies & scaled, Alya achieved more than 85
Fellowships percent parallel efficiency.

Do you want to

Project 38

news » BSCin the media



=
What is the time required to retrieve information?

/ Ifwe' ever had a 1PB dISk
(100MB/s)

scanning 1 Petabyte:

‘ 3 000 hours / 125 days
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- Supercomputing is about doing things FAST...
S = o o ) 2 J e SN -t

What iIf we want to
process the data in




Evolution of the storage architecture for Big Data

; 2353
i - Storage Network t1PB |
(1Gbps Node Adapter) =3 EiEi

= /1 o
| - —
o .%)_ (D] 4x 10Gb/s| o= wln I ”
\& g :
2: || & | e [ =
O < zZ o 1060is . ‘ : i —— b
Z o il ||| i Read: 5.7 G (@)
q) 8 8 .......... ] T EH Write: 4.7 G CD
e /AR D : III '
/R o — &
OL/Nex K Read: 5.7 G QJ
o &= S : Write: 4.7 G O
E 0} o) ~
Q8 [ O 11hrs for 1 PB < %
= ; L —— 333
; , e Y Y _ : : :
; MMM “ M@ 233
0 Card . . .
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Compute and Communication Energies

Operation Energy (pJ)
’ . -bit integer operation
{Vlore enetrgy totmove data than v t 1
O compute on |
C pt " | { fools “f . 64-bit floating-point operation 20
= Lomputaton almost 1eeils 1ree ) )
relative to communication 206 bit on-die SRAM access >0
_ Time will make this worse 256 bit bus transfer (short) 26
s There are two |0ng poles in the 256 bit bus transfer (1/2 die) 256
communication energy tent e —
_ Memory 256 bit bus transfer(across die) 1,000
- Storage DRAM read/write 16,000
* This is a predicate for this talk HDD read/write 0(10°)

Source: Processors and sockets: What's next? Greg

Barcelona sxceeencia  Astfalk / Salishan Conference / April 25, 2013
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Paradigm shift

Old New

Compute-centric Model Data-centric Model

Manycore  Accelerators

Massive Parallelism
Persistent Memory

Flash Storage Class Mem

Source: Heiko Joerg http://mwww.slideshare.net/schihei/petascale-analytics-the-world-of-big-data-requires-big-analytics
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Future HW for Big Data: Non-volatile memory

@ New technologies (STTMRAM, CBRAM, RRAM, ...)
@ More density

@ Non-volatility

@ good for throwing away the file abstraction, address non-volatile
memory directly

@ Replacement for DRAMs
@ Endurance problem

@ Large influence on software
@ Data base systems, File systems

onm

arcelona
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Presentation Notes
STT-RAM: Spin Torque Transfer
CB RAM: Conductive Bridging RAM
RRAM: Resistive RAM


Optimized System Design for Data-Centric Deep Computing

-
-
-

Processing
Storage at Storage
T A large part of
< e processing is
performed in
Data'moves across all storage
levels of storage hierarchy ~ Storage Class
Storage before and after being Memory
processed at the
processor
Main Memory
Processor
Cache Levels »
Main Memo , . .
| Trends in Transaction Processing
Processor
Cache Levels (example is current Neteeza)

Traditional Computing

Barcelona
Supercomputing

Center !

Centro Nacional de Supercomputacion '

EXCELENCIA
SEVERO
OCHOA

®

-
-
-

/ 8
' 3
= Database
Storage 2 Operations, e.g.
E query filtering
s
&
E File system operations,
Storage Class E data transformation
Memory E =
b
Stream operations, gather,
Main Memory Processing in keyivaluve pairs, tree walk
Memaory
Traditional programming
Cache Levels Processor paradigms

Data Centric Deep Computing

Source: IBM Corporation, 2013
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Solutions for Supercomputing

Blue Gene Active Storage (BGAS) Concept T 3

PCle Flash Board
Standard BG/Q Compute Fabric

o 15800+ 1BECI ARRRERRRNEN
r'_;;;:lll"'"l: . Flash cards DDDDD]D
e ol g "] -

— [0

+

BGAS Rack Targets

-

System Software Environment
* Linux OS enabling storage + embedded compute

» OFED RDMA & TCF/IP over BG/Q Torus — failure resilient
* Standard middleware - GPFS, DB2, MapReduce, Streams

Active Storage Target Applications
= Parallel File and Object Storage Systems

.

... scale it like BG/Q.

o i

Key architectural balance point:
All-to-all throughput roughly
equivalent to Flash throughput

= Graph, Join, Sort, order-by, group-by, MR, aggregation

= Application specific storage interface

14 £ 2013 IBM Corporati
Blue Gene Active Storage e
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AZA BW/Node (GBis)

40000
3D-Torus per Mode ——
3D-TousAggregate —

4D-Torus per Mode —— 35000
4D-TousAggregate —
5D-Torus per Mode

50-Torus Aggregate 30000
Full Bisection per Mode ——

Full Bisection Aggregate 25000

20000

K\L\_\ 15000

10000

5000

0

5000 10000 15000

Mode Count

20000 25000 30000

©2013 IBM Corporation

Romo !T()JBC'
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IBM Netezza Appliance (>50TB)

IBM Netezza
High Capacity Appliance

) Storage Subsystem
= 576 TB user dara /rack

* High-speed streaming to
S-Blades™

* Redundant storage
* Redundant disk controllers

* Spare drive pool

Redundant Host Servers
* Data loading & diswibution
* Query planning & optimization
* Workload management

* Adminstration & security

Snippet Blades (S-Blades)
* Sereaming disk 1/O:
- Decompression

- Filtering
- Projection
* Parallel dambase engines
- SQL operations
- Streaming joins

- Aggregations
- Sorts
- Advanced analytical aAlgorichms

Snippet Processing Unit (SPU)

PowerPC/ Memory i ——
Query Engine / FPGA ' ]
a Disk
Que oo Drive
Y High-Performance CoBlRrKes
Ruwuls Data Processing \Parfannnmu L-.__ e
Filtered Data Source Deta

Centro Nacional de Supercomputacion '
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Microsoft Catapult

Doug Burger From Microsoft Research
Talks About Project Catapult Which Will
Make Bing Twice As Fast ;_;
(Jun 17, 2014) L2

http://microsoft-news.com/doug-burger-from-microsoft-research-tal ks-about-projet-cataul

ake-bing-twice-as-fast-video/

Microsoft is planning to replace traditional CPUs in data
centers with field-programmable arrays, or FPGAs,
processors that Microsoft could modify specifically for use
with its own software. These FPGAs are already available in
the market and Microsoft is sourcing it from a company called
Altera. The FPGAs are 40 times faster than a CPU at
processing Bing’'s custom algorithms.

Barcelona g
Supercomputing E%%&g"’cm R O 0 L
Center ) OCHOA Project

Centro Nacional de Supercomputacion
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FE: Feature Extraction

Query: “FPGA Configuration”

Document
NumberOfOccurrences_0=7 NlmeerOfOccurrences_l = 4NumberOfTuples_0_1=1
G_\:‘;l W/ htpe//en wikipedia.org wiki PG4 0 + 8 € X “ W Field-programmable gate a... X IJ o
& Login/ create account *|
Anicla. Talk Read EG1 View history Q !
) : . I
~4K Dynamic WiKIPEDIA Field-programmable gate array
: From Wikipedia, je loped:
Features T gl '°'"°° :
Ll A field-programmable gate array s an integrated circiit Aesinnad ta he configured by the customer or
:::'l: e designer after manufacturing—hence Tield-programmable”. The FPGA |:onﬁguraticr is generally specifiedusing a
Mot hardware description lanquage (HOL), similar tn that used for an application-specific integrated circuit (ASIC) (circuit
Random artile dizgrams were previously used to specify the configuratior as they were for ASICs, but this is increasingly rare).
Danate to Wikipedia can be used to implement any loaical function that an ASIC could perform. The ability to update the
- Inferaction nctionality after shipping, partial re: configuratior of a portion of the designt and the low non-recurring engineering
Help costs relative toan ASIC design (notwithstanding the generally higher unit cost), offer advantages for many
~2K Synthetic fdivsee - appicatons
Features E::::ﬂ:;t - contain programmable logic components called "logic blocks", and a hierarchy of reconfigurable
- _ interconnects that allow the blncka tn he “wired together"—somewhat like many (changeable) logic gatesthat can be
) Teom inter-wired in {many) different configurations . Logic blocks can be canfiguced to perform complex combinational
plrceg functions, or merely simple logic gates like AND and XOR. In mosf] the logic blocks also include memory
* Languages elements, which may be simple flip-flops or more complete blocks of memory 12
:"_' ) In addition to digital functions, some@wave analog features. The most common analog feature is
B;a:::v programmable slew rate and drive strength on each output pin, allowing the engineer to set slow rates on lightly
Catald loaded pins that would otherwise ring unacceptably, and to set stronger, faster rates on heavily loaded pins on high-

Scote .
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Bing RaaS Overview

From L1: query + 4

document IDs
Read document

from disk

S Query S
compilation

Docs

to MLA

Decompress

Hit vector per stream and static features

and extract HV

FFE: Free-
Form
Expressions

FE: Feature
Extraction

Position Term
5 3 0
12 4
99 2
Ol 107 3 .
1 109 3 o a
7 1 -
N
p :
2
currencesgh, 3 =1 /
(C %}%‘gﬁgputing 9‘%%(%&514(
Center OCHOA

Centro Nacional de Supercomputacion ]

MLS: Machine
learning
scoring

Classification
algorithms produce

score per document



Presenter
Presentation Notes
Ranking is currently done in software, x86, computation is limited by the SLA currently.
More computation or more documents


HP unvells “The Machine”

Performance estimates - transaction speed

June 11, 2014
What could you do with 168 GUPS?

@ next

Fujitsu K - current record holder

160 GUPS 12,600 kW oo
! HP New Architecture
| " h h » - Bracks
HP unveils “The Machine % Gabytepocket
- 256 SoCs per rack
It uses clusters of special-purpose cores, rather than a NPl Slese 0
few generalized cores; photonics link everything instead il ks - 256 GBNVM per SoC, 1.3PB total
of slow, energy-hungry copper wires; memristors give it 28.8 GUPS : ;ffn'(‘)';z:'“’:::mm
unified memory that's as fast as RAM yet stores data 15049 - Utiization <70%
i i - Network interface bandwidth 140M
permanently, like a flash drive. Performance Power 64-byte transactions per second
- Unrestricted bisection bandwidth
A Machine server could address 160 petabytes of data in
250 nanoseconds; HP says its hardware should be about
six times more powerful than an existing server, even as
it consumes 80 times less energy. Ditching older .
. 9y 9 " Future History
technology like copper also encourages non-traditional,
three-dimensional computing shapes, since you're not BOEE
bound by th | distance limit BEmm 2015
ou y € usua stance S. Sl « Memristors begin sampling
1 * Physical infrastructure of Core :
| e e o Crsaning
Th M h' established across HP ana'su'gpllymaan + Edge devicesbegin sampling | * :‘:r;"’::Zi;";‘s&:‘;ufn“;;’f““-
e a c In e === * Open Source Machine 05 SDK released * Machine OS enters publicbeta | o o< transformation
ettt « ISV Partner collaborations begin

mmmm - 2016

& @_g_@ R
@ Photonics mm mm
Rt ol

EEEE
EEEE
BEEE

Memristor DIMMs launched
ISV partners collaborations ship

. as services
2014

= Memristor media controller,

protocols and standards established
= SoC Partners selected for co-development
= Machine 0S development begins

Special purpose cores Massive memory pool
Barcelona
. EXCELENCIA
Supercomputin .
@ Contap mRUTIng ! SEVERO Source: http://www.engadget.com/2014/06/11/hp-the-machine/
Centro Nacional de Supercomputacion '

+ 2020
Distributed mesh
compute goes
mainstream
+ 2018

+ Edge devices ship in volume

+ Core Machine POCs at scale

* Machine 0S released

ROP/\O!;EC-
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Outline

({ The Big Data era: data generation explosion
({ Storing data

({ Processing data

(€ Where do we place data?

({ How we use data?

({ Research at BSC
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Relational databases sometimes not good for scale-out

NoSQL for non-structured data, eventual
E i consistency

arceiona
. EXCELENCIA
upercomputing R L
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Programming model

® To meet the challenges: MapReduce '

— Programming Model introduced by Google in
early 2000s to support distributed computing
(special emphasis in fault-tolerance)

= Ecosystem of big data processing tools

e open source, distributed, and run on commodity
hardware.

= The key innovation of MapReduce
IS
— the ability to take a query over a data

set, divide it, and run it in parallel
over many nodes.

= Two phases
— Map phase
— Reduce phase

Input Data |

| QOutput Data |

arcelona
o LE
s @ e RolM\oL
enter 3 OCHOA Proiect
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MapReduce: example

to be or not be not afraid
of greatness

l

!

be, 12th.txt
to, hamlet.txt not, 12th txt
be, hamlet.txt afraid, 12th.txt
or, hamlet.txt of 12th.txt

not, hamlet.txt

®

\ >/

A

afraid, (12th.txt)
be, (12th.txt, hamlet.txt)
greatness, (12th.txt)
not, (12th.txt, hamlet.txt)
of, (12th.txt)
or, (hamlet.txt)
to, (hamlet.txt)

Barcelona

o LE
Supercomputing ]S_%{%g{..(liNCIA
Center
Centro Nacional de Supercomputacion

) OCHOA

greatness, 12th.txt

Input Input Data

Map

Reduce Reducers

Output

Output Data




Limitations of MapReduce as a Programming model?

 MapReduce is great but not every one
IS a MapReduce expert

“I am a python expert but ....”

 There Is a class of algorithms that
cannot be efficiently implemented with
the MapReduce programming model

Input Data

« Different programming models deal
with different challenges

— pyCOMPSs from BSC
— SPARK from Berkeley

Output Data

Spor‘l’g

arcelona T

upercomputing 9 ]S'é%&chm R 0 O L
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Google progressively dropping MapReduce

The Apache Hadoop Project brings an
opensource MapReduce Implementation,
with the team of the Apache Nutch
Crawler and the support of Yahoo!

H Pregel: A System for Large-Scal
I'rf-. ) Paper by: Greeporz Malewice, Matthew Austern,
Google
2004

introduces
MapReduce

2010

Google announces Pregel used for building
incremental reverse indexes instead of
MapReduce

Phylosophy: ‘think like a vertex” (event-driven)

June 25, 2014
Google announces Cloud Dataflow: write code once, run it in batch or stream mode

Cloud Dataflow is a managed service for
creating data pipelines that ingest, transform
9 and analyze data in both batch and streaming

Barcelona g
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What happens if SW does not consider HW

 Terasort contest: sorting 100TB data

 Number 1: Hadoop

e 2100 nodes, 12 cores per node, 64 Gb per node
e 24.000 cores
e 134 Tb memory

 Time: 4300 segs
e Costin Amazon: $ 8.800

e Number 2: Tritonsort

* 52 nodes, 8 cores per node, 24 Gb
« 416 cores
1,2 Tb memory

 Time: 8300 segs and 6400 segs
e Costin Amazon: $ 294 and 226

 Hadoop is easy to program, but needs 57X more cores, 100X
more memory, and only gets 2X performance

Barcelona
o ‘LE
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HW-SW-Network co-design: Data Appliances

IBM Netezza
High Capacity Appliance

Redundant Host Servers
» Duta loading & diseribution

* Query planning & optimization
* Workload management

* Adminstration & securiry

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

% Microsoft?

SQL Server 2012

Parallel Data Warehouse

Control
Nodes

Management

Nodes

Landing

D&LL

Data Racks
10 + 1 compute
nodes per rack

Infiniband

Infiniband.

Fibre Channel
Ethernet

Ethernet

Compute
Nodes

?

g Storage Subsystem

'« High-speed streaming to

= 576 TB user dara /rack

S-Blades™
* Redundant storage
* Redundane disk conwollers
* Spare drive poal

Snippet Blades (S-Blades)
+ Streaming disk /O:

- Decompression.
~ Filtering
- Projection

+ Parallel datsbase engines

o

- Sorr:
- Advanced analyrical aAlgorithms

EXCELENCIA
SEVERO
OCHOA

@
ORACLE

EXADATA
Database Grid
+ 8 compute servers (1U)

Storage Grid

| = 1 + 14 storage servers (2U)
+64 Intel cores @ e
+576 GB RAM *112 Intel cores in storage

+100 TB SAS disk, or
336 TB SATA disk

*5 TB PCI Flash

» Data mirrored across
storage servers

Rofv\opm i

InfiniBand Network

* 3 36-port 40Gb/s switches
+ Unified Net- servers & storage |
* 324 FC Ports equivalent '

60



BigData needs Intelligence!

({ Deep Learning: Building high-level abstractions
( Watson: Reasoning

The Untapped Big Data Gap

{% of 2.8 ZB digital universs)

in 2012
23%
3%
I
Useful if tagged and analyzed Tagged Analyzed

Barcelona
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Deep Learning: generating high level abstractions

({ Toronto Face Database (TFD)
— Automatic recognition of Facial Expressions

¥ sol L - ................... .................... ................ .................... ..........

70(

60|

-Deep Model
50 | cabor + Pca
I:lGauss. SVM

ELin. interp. + svM
40 -Sparse Coding

1 2 3 4 5 6 7

- Fig. 15. Expression recognition accuracy on the TFD dataset
[h]l nIF-FrLI st when both training and test labeled images are subject to 7 types
of occlusion.

Ranzato, M., Mnih, V., Susskind, J. and Hinton, G. E. Modeling Natural Images Using Gated MRFs. IEEE
Trans. Pattern Analysis and Machine Intelligence, to appear.

Barcelona .
(EmiiiRd = RolM\oL
Center .
Centro Nacional de Supercomputacion ] OCHOA Project 6 2



Watson:

®

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

Calculating Vs Learning

"N $13,400

WATSON

Albinism
Albino
Porphyria

|

EXCELENCIA Source: Courtesy of IBM
SEVERO
OCHOA



Presenter
Presentation Notes
Main Idea:  While Watson’s victory on “Jeopardy!” was a stunning feat, it was just the beginning of a new way of thinking about ways that computers can help us live and work better.  

Further speaking points:  Watson is more than an incremental evolution in computing.  It is a new class of industry specific analytic solutions. Beating the greatest players ever to compete on the American quiz show, “Jeopardy!” was a “Grand Challenge” that seemed impossible at the beginning of the project five years ago based on technology available at the time.  Doing so captured the imagination of tens of millions but it was only a proof of concept into something much larger:  a new generation of technology to help people live and work better.  

Additional Information:  The numbers speak for themselves; interest in Watson goes far beyond quiz show enthusiasts or computer science majors.  Watson struck a nerve in the popular imagination.  And it continues to do so with an ongoing social media conversation of people reimagining the possibilities of ways to put Watson to work. 




What is behind Watson?

DeepQA: Massively Parallel 1B Rosearch IEM
Probabilistic Evidence- One Jeopardy! question can take 2 hours on a single 2.6Ghz Core
Based Architecture Optimized & Scaled out on 3000-Core IBM HPC using UIMA-AS,

For each question, generates
and scores many hypotheses
using a combination of
1000’s of Natural Language
Processing, Information
Retrieval, Machine

Learning and Reasoning ntoprotagore
Algorithms. These gather' W Questi Hypothesis Hypothesis and ; AL Ccn.'lfidenc:e
evaluate, weigh and balance An:f;:(s}is |  Generation Evidence Scoring Syithesis MRE.::EL?EQ&
different types of evidence to

deliver the answer with the A .
best evidence support it can Bl
find '

Watson is answering in 2-6 seconds.

~
1000's of
100s Possible Pi of Evidence 100,000's scores from many simultaneous

100s sources Answers Text Analysis Algorithms

built on UIMA for interoperabilit

System Specifications

built on UIMA-AS for scale-out and speed

& 2010 IBM Corporation

To determine how big IBM Watson needed to be, the IBM Research team ran the DeepQA algorithm on a

IBM Watson -- How to replicate single core. It took 2 hours to answer a single Jeopardy question! Let's look at the performance data:
Watson hardware and SyStemS deSlgn Element Number of cores | Time to answer one Jeopardy question
for your own use in your basement _
. Single core 1 2 hours
By Tony Pearson (ibm.co/Pearson)
http//tlnvurl C0m/Dt6mdfu Single IBM Power7 50 server(32 < 4 minutes
Single rack (10 servers) 320 = 30 seconds
IEM Watson (90 servers) 2,880 < 3 seconds
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http://tinyurl.com/pt6mdfu

Software tuning key to exploit hardware!

IBM Research

DeepQA: Incremental Progress in Answering Precision
on the Jeopardy Challenge: 6/2007-11/2010
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Outline

({ The Big Data era: data generation explosion
({ Storing data

({ Processing data

(€ Where do we place data?

({ How we use data?

({ Research at BSC
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Centro Nacional de Supercomputacion

({ BSC-CNS objectives:

— R&D in Computer, Life, Earth and Engineering Sciences

—  Supercomputing services and support to Spanish and
European researchers

(€ BSC-CNS is a consortium that includes:

—  Spanish Government  51% E & == sz
—  Catalonian Government  37% i

. . . . Generalitat de Ce.ltalunya
— Universitat Politécnica de Catalunya (UPC) 12% I . Sounomis

@ UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH
({ +400 people, 45 countries

BSC Staff Funding 2013 (366) BSC Staff with Personnel Grants 2013 (59)

ICREA; 5
Marie Curig; 6 PhD Fellow; 22

CONACYT; 5

LaCaixa; 5 Fellow; 9

In 2013, a total of 100 PhD students

received top-upfunding from the BSC
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o -
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Mission of BSC Scientific Departments

COMPUTER

SCIENCES

To influence the way
machines are built,
programmed and used:
programming models,
performance tools, Big
Data, computer architecture, energy efficiency

LIFE SCIENCES

To understand living
organisms by means of
theoretical and
computational methods
(molecular modeling,
genomics, proteomics)

Barcelona c_-. EXCELENCIA
@ Supercomputing SEVERO
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EARTH SCIENCES

To develop and implement
global and regional state-
of-the-art models for
short-term air quality
forecast and long-term
climate applications

CASE

To develop scientific and
engineering software to
efficiently exploit super-
computing capabilities
(biomedical, geophysics,

atmospheric, energy,
social and economic simulations)
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\‘*\ 48,896 Intel SandyBridge cores at 2.6 GHz
) 84 Intel Xeon Phi
. Peak Performance of 1.1 Petaflops
- 100.8 TB of main memory
2 PB of disk storage
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