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IBM in Jeopardy [

« Watson — an Al system capable of
answering questions posed in natural
language

« |IBM DeepQA software

« Cluster of Power750 systems -2

Watson would use thousands of
— 2880 Power7 processors and 16 TB RAM algorithms simultaneously to find

— 3.5 GHz POWER 7 eight core processor, with  answers
four threads per core

— Can process 500 Gigabytes per second

« Watson's data was stored on RAM rather
than disk stores for faster access

— 200 million pages of structured and

unstructured data on 4 TB storage — including
full text of Wikipedia.

Yo DEPARTMENT OF COMPUTER SCIENCE @
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Graph 500: www.graph500.org .

LSL)
First announced at ISC2010, first list released at SC2010

The first serious approach to complement the Top 500
with data intensive applications
Graph500 address 3 main graph kernels

— concurrent search

— optimization (single source shortest path)

— edge-oriented (maximal independent set).

The list addresses key application areas in Cybersecuirity,
Medical Informatics, Data Enrichment, Social Networks, Synthetic graph generated

’ by a method called Kronecker

and Symbolic Networks. multipication

Key Contributors: David A. Bader, Jonathan Berry, Simon
Kahan, Richard Murphy, E. Jason Riedy, and Jeremiah
Willcock.

Sandia
National . Te r.:h '[ ]
laboratories ~ Peeific Northwast
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nst/Agency/Country___[Name [ wachine [ peakpert__

ORNL/DoE/US Jaguar Upgrade Cray XT5 2.3PF
Tennesseej(?/NSF/U%OO9 Cracken Cray XT5 1PF
Julich/BRIN (K 1Y) Jugene IBM BG/P 1PF
hE-fHETRE XA (Tihanhe 1) GPU Cluster/Dawning 1.2PF

h E - FEUNE LR/ N\ T £ (Nebulae) GPU Cluster/??? 3PF
HAR-BEITX TSUBAME2.0 GPU Cluster/HP-NEC 2.4 PF
LBNL/DoE/US 2010 Hopper Cray XE6 1.3PF
thE-HREIKE XA (Tihanhe 1-A) GPU Cluster/Dawning 5 PF

EX M PRACEETIE - {ACEA Tera 100 Nehalem-EX Cluster/Bull ~ 1.25PF
ORNL/DoE/US TITAN Cray XK6 +GPU 20PF
NCSA/NSF/US Blue Waters IBM Power7 server 10PF
LLNL/DoE/US Sequoia IBM BG/Q 20PF
ArgonneNL/DoE/US 201 1_12Mira IBM BG/Q 10PF

=P Y [T | &= 118 Venus EARET 10PF+
HA- 5K HA-PACS GPU Cluster/HP-NEC 1PF
BRINARZ3 8% /PRACESTE ??? IBM, CrayZ ~PF x 4~5
th[E 4~6{& fir ???Dawning? BE#+PFULE
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GFlops

Extreme Many Core, Slowé&Parallel
is the Key to Low Power [KoggeO8]
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Case for Hybrid Multi/Many-Core

Architectures
Apps scaling governed by two components

— Weak Scaling part, O(N) concurrency

— Strong (Finite) Scaling Part, O(K) concurrency

S: speedup, H: fraction of O(N) execution, h:
scale cores, f: #strong scale cores,

c: speedup of strong scaling cores o 1

over weak scaling cores 5 1—H H

10PF machine analysis fc TR

h
— Hybrid (TSUBAME2+): h=500,000, f=10,000, c=4, H=95%
=> S= 317,460 (Efficiency 63.4%)

— Homo (BG/Q): h=800,000, f=10,000, c=1, H=95%
=>S= 161,616 (Efficiency 20.2%)

— Gap will widen with Exascale, 1-10 billion cores




DoE: Reducing power is fundamentally about
architecture choices & process technology

* Memory (2x-5x)
— New memory interfaces (chip stacking and vias)
— Replace DRAM with zero power non-volatile memory

Processor (10x-20x)
— New, power efficient architectures (many-core) and devices

— Reducing data movement (functional reorganization, > 20x) with
deep hierarchy, multi-chip layering & bonding

— Domain/Core power gating and aggressive voltage scaling

Interconnect (2x-5x)

— More interconnect on package
— Replace long haul copper with (redundunt) integrated optics

« Data Center Energy Efficiencies (10%-20%)

— Higher operating temperature tolerance
— Power supply and cooling efficiencies
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DoE Exascale T4 REIEE

System ) ]

System peak 2 PetaFlops 100-200 1 ExaFlop
PetaFlops
Power Jaguar TSUBAME = 15 MW 20 MW
6 MW 1.3 MW
System Memory 0.3PB  0.1PB 5PB 32-64PB
Node Perf 125GF 1.6TF 0.5TF 7TF 1TF 10TF

Node Mem BW  25GB/s 0.5TB/s 0.1TB/s 1TB/s 0.4TB/s 4TB/s

Node Concurrency 12 O(1000) O(100) O(1000) O(1000) ©O(10000)
#Nodes 18,700 1442 50,000 5,000 1 million 100,000
Total Node 1.5GB/s 8GB/s 20GB/s 200GB/s

Interconnect BW
MTTI O(days) O(1 day) O(1 day)
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Reliability and Resilience

Barriers

Number of system components increasing
faster than overall reliability

Silent error rates increasing

Reduced job progress due to fault recovery

if we use existing checkpoint/restart
Technical Focus Areas

Local recovery and migration

Development of a standard fault model and
better understanding of types/rates of faults

Improved hardware and software reliability
Greater integration across entire stack

Fault resilient algorithms and applications

« Technical Gap

Maintaining today’s MTTI given 10x - 100X
increase in sockets will require:

10X improvement in hardware reliability
10X in system software reliability, and

10X improvement due to local recovery and
migration as well as research in fault
resilient applications

Taxonomy of errors (h/w or s/w)

» Hard errors: permanent errors which
cause system to hang or crash

» Soft errors: transient errors, either
correctable or short term failure

- Silent errors: undetected errors either
permanent or transient. Concern is that
simulation data or calculation have been
corrupted and no error reported.

Registers, O{kB)
1cycle Checkpoint
Restart to
Cache, O/vé) Node Local
4 Aans . Storage
Memory, 0{GB)
100 cycles

Need storage solution to fill this gap

k, OT8)
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Networks at 10 Petascale

CE 2] l[U_IIH[L'"JUfW I

10PF Ext. (5000 -

40TF ES1 nodes) TsuBAME2.0  10PF Kei

12.86B/s Link  16GB/s node (QDR/EDRx4) 56B/s Link

Bus latency Less than 2us latency ?us latency

Full Crossbar Full Bisection Fat Tree 6-D Torus
~12TB/s Bisection BW 160TByte/s Bisection BW ~30TByte/s?

3000km copper 1000km Fiber Bisection BW



Interconnect Requirements

Commodity solutions might not be sufficient=>HPC
dedicated design (c.f. Infiniband)

Very Low latency, Very High BW, very low power

— High BW 200GB(Torus?)+ Low Latency (low radix) combo
— stacking and/or other embedded design (c.f. BlueGene)
— Global address space for low latency network

Low cost & power=> redundant fiber-ribbon
embedded VCSEL optics?

Optical switching still difficult=>200GB/s => At least
10Tbit/s switching capability for BW portion, <
1microsec latency for laltency portion

15



Co-design is a fundamental tenet of the
@ ENERGY ]

Initiative.

Application driven: . .

Find the best Appl |Cat|0n
technology to run

this code. + Model

Sub-optimal + Algorithms

+ Code

chnology

Now, we must expand _ Technology driven:
]l:hed CbO-tCZGSiQF; Stl_?ace to @ architecture Fit your application
ind better solutions: - '

*new applications & ® programming model ?uzmjz;tei;har;.ology.
algorithms, @ resilience

better technology and ®

performance. power




DARPA UHPC

« DARPA Ubiquitous High Performance Computing
(UHPC) program

— Create an innovative, revolutionary new generation of
exascale computing system

— Design systems that overcome the limitations of current
evolutionary approaches NVIDIA Echelon Architecture

 TA1: Systems Design and Implementation

— 4 Awards : Sandia National Laboratory, Intel, NVIDIA,
MIT CSAIL.

XCALIBER: SNL (Lead), Micron, LexisNexis, LSU, UIUC, UND,
USC, UMD, GaTech, Stanford Univ,, NCSU

Runnymede — Intel, UDel., UIUC, UCSD, Reservoir Labs, ETI, SGl,
Lockheed Martin, Cray

Echelon — NVIDIA, Cray, ORNL, and 6 top universities

MIT CSAIL
« TAZ2: Development of key metrics and benchmarks
— Collaboration led by GaTech: participants include LLNL, LSU, X-caliber Architecture
L MII
l%u DEPARTMENT OF COMPUTER SCIENCE @

LOUISIANA STATE UNIVERSITY 42



DARPA UHPC: NVIDIA Echelen

Dragonfly Interconnect (optical fiber)

Self-Aware
oS

Self-Aware
Runtime

W | ..
Processor Chip (PC)
Node 0 (NO) 20TF, 1.6T8B/s, 256GB

L Module O (M)} 1680TF, 12.8TBfM=, 2TH
S ————— . — -

Locality-Aware
Compiler &
Autotuner

Echelon Syste m

ROUTER

ROUTER

ROUTER HODE
ROUTER HODE
MODULE MOOULE MOOULE MODULE MODULE

32 Modules, 4 Nodes/Module,
Central Router Module(s), Dragonfly Interconnect




NVIDIA Echelon Processor&Network Design
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DoE PIannin for xascale

g
E

Number of Applications Needing Software



DoE Co-Design Centers
+  “Modernize” code for peta- to

Center for Exascale Simulation of Advanced

Reactors (CESAR) Rosner (ANL) exaflops scalability
Coon IMah Energy Density Fhysics EXascale | amb (aNL) + “exaskeletons” as Co-Design
caesign wentar ‘ -
The CERF Center: Co-design for Exascale A Interface: sample implementations

Research in Fusion of basic“dynamical cores” (a step up
Exascale Co-Design Center for Materials in

T ’
Extreme Environments: Engineering-Scale Germann (LANL) frnm thE 13 mD't[fS"}

Predictions

L]
Chemistry Exascale Co-Design Center Harrison (ORNL) 5 kE ] etons s h ou ld stress th e HW an d
Combustion Exascale Co-Design Center Chen (SNL) SW rEpresentatWEly; thEY ShDUld

Exascale Performance Research for Earth System
Simulation (EXPRESS)

also be representative with respect

to issues beyond FP performance,
Example of a SciDAC “petaskeleton” like checkpointing

* PETSc for PFLOTRAN http://ees.lanl.gov/pflotran/

Flow of Control for PDE Solution |

Jones (LANL)

The 13 algorithmic motifs*

= Dense direct solvers

» Combinatorial logic
T = Sparse direct solvers s Graph traversal
= Spectral methods » Graphical models
* MN-body methods # Finite state machines
= Structured grids / iterative s Dynamic programming
solvers » Backtrack and branch-and-
= Unstructured grids [ iterative bound

solvers
* Monte Carlo ("MapReduce”)

* The Londicoge of Pargliel Computing Research: The View from Berkeley, UCB/
EECS-2006-183

& user *PETSc



EU Projects Towards Exascale

FP7-INFRA-2010.2.3.1 - First Implementation Phase
of the European HPC service PRACE (PRACE1)

— Pan-European facilitation and operation of 1-10 Petaflops
supercomputers (Tier-0)

FP7-INFRA-CSA(Coordination and Support Action)
EESI (European Exascale Software Initiative)

— Create exascale software roadmap, contribute to IESP
FP7-INFRA-2010.2-RI- Structuring the European

Research Area (PRACE2)

— Evolution of DEISA2, sub- to petaflop centers, direct
coordination of governance and operations with PRACE1

FP7-1CT-2011.9.13 Exa-scale computing
— R&D Towards European Exascale SC, 2011-2014



FP7-1CT-2011.9.13 Exa-scale computing
25 million Euro, 2011-2014

Must involve major PRACE centers and tech. vendors

60% systems (HW/SW), 40% apps, 2014 prototype deliverable
6 submitted, 3 accepted (X =  IFRIRABIXE=18T#)

1. Julich-Intel-others DEEP Project

* Hybrid Intel MIC(Booster)-Cluster architecture, Extoll network, warm water
cooling(45C), scalable hybrid software stack

2. BSC-ARM-others Mont-Blanc

Multi-Chip bonding of ~75 high-performance ARM Cortex A9 processors per
socket + GPUs, next-gen 40-100Gbps Ethernet switch chips, hybrid execution
model

3. HLRS-Cray CRESTA

* All software: scalable next generation software stack and application scaling
(e.g., ECMWF-xxx, GROMACS, ...)---monitoring, autotuning, PGAS compilers,

HARDEILEL<LE
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