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A What we are doing at ANL
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A Potential paths to Exascale Systems
I How feasible are Exascale Systems?
I What will they look like?
A 1ssues with heirloom and legacy codes
I How large is the body of code that is important?
I What are strategies for addressing migration?
A Driving the development of next generation systems
with E3 applications

I We will need to sustain largescale investments to make
Exascale systems possible, how do we build the case?



Argonne Leadership Computing Facility

Established 2006. Dedicated to breakthrough science and engineering.

A Computers

I BGL 1024 nodes, 2048 cores,
5.7 TF speed, 512GB memory

I Supports development + INCITE

A 2008 INCITE

I 111 TF Blue Gene/P system
I Fast PB file system |
i Many PB tape archive Blue Gene/L at

A 2009 INCITE production Argonne

I 445 TF Blue Gene/P upgrade
I 8PB next generation file system
I 557TFmerged system

A BG/Q R&D proceeding

I Frequent design
discussions

I Simulations of applications

In 2004 DOE selected the
ORNL, ANL and PNNL team
based on a competitive peer
review

I ORNL to deploy a series
of Cray Xeries systems

I ANL to deploy a series of
IBM Blue Gene systems

I PNNL to contribute
software technology

Blue Gene/P Engineering Rendition



Blue GeneP Is an Evolution of BG/L  sysen

72 Racks
Rack Cabled 8x8x16

A Processors + memory + network
interfaces are all on the same chi

A Faster Quad core processors with
larger memory

A 5 flavors of network, with faster
signaling, lower latency

62 Node Cards

Node Card

(32 chips 4x4x2)
32 compute, & 10 cards

14 TF/s
27TB

Compute Card A High packaging density
1 chip, 1x1x1 A High reliability
435 GE/s A Low system power requirements
Chip 64 GB A XL
4 processors .
compilers, ESSL, GPFS, LoadL
& 139 GFis. er, HPC Toolkit
13.6 GF/s A MPI, MPI2, OpenMP, Global Arr.

8 MB EDRAM IBM Confidential

Blue Gene community knowledge base Is preserved



Some Good Features of Blue Gene

Multiple links may be used
concurrently
I Bandwidth nearly 5x simple
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Special network for collective
operations such as Allreduce
I Vital (as we will see) for
scaling to large numbers of
Processors
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latency
Low relative latency to
memory

I Good for unstructured M Reduce )
calculations for 1PF

BG/P improves s 2

I Communication/Computation
overlap (DMA on torus)

i MPI-I/O performance Generic Cluster ——
PowerS SP 41us

Smaller is Better

BG/P (one link) 12us

XT3 176us
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Tree/Combine | Torus
1. Molecular dynamics (mat) Algorithm Scatter/Gather Reduce/Scan | Send/Recv
2. Electronic structure (| Structured Grids Optional
3. Reactor analysis/CFD 3.5 6, 11
4. Fuel design (mat) Unstructured Grids
5. Reprocessing (chm) 3.4,5,6, 11
6.  Repository optimizations Bptona
7. Molecular dynamics (bio) 1,2.3,4,7,9
8. Genome anaIySIS Dense Linear Algebra | Not Limiting Not Limiting X
9. QMC 2,3,5
10. QCD
11. Astrophysics [l Sparse Linear Algebra
2,3,5,6,8,11
B I u e G e n e Particles NBody Optional
1,7,11
Advaﬂtag e Monte Carlo
4,9

Legend: Optionat Algorithm can exploit to achieve better scalability and performance. Not Lingting
algorithm performance insensitive to performance of this kind of communicatiapalgorithm
performance is sensitive to this kind of communicatiopzQfor grid algorithms, operations may be used
for load balancing and convergence testing



Argonne Petascalé&ystem Architecture

Service Nod Front End Infra. Suppo
Cluster Nodes Nodes

176 File
Servers/
1 PF BG/P 10 Gb/s Data
A72 racks Switch Movers
A72K nodes Complex
A288TB RAM 66
A576 1/0 node s
Tape Librari
- 6+1 Tape 48 A8 libraries
10Gb/s Enet 1Gb/s Enet Servers A48 drives
I e irewall A150 PB

ESnet, UltraScienceNet, * Tape capacity grows
Internet2 over lifetime of system

4xDDR 1B 4Gb/s FC

In the BG/P generation like BG/L the I/O Architecture is not tightly
coupled to the compute fabric!



