Roadrunner System Overview
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(slides from Roadrunner Technical Assessment)
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Computer, Computational, and Statistical Sciences Division,
Los Alamos National Laboratory

Work presented was performed by a large team of Roadrunner project staff! I
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Hybrid computing is a transformational
technology

2002 2003 2004 2005 2006 2007 TOP20 June, 2007 + Roadrunner
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petascale computing A . .
f : Roadrunner is on a different
or some time
path to a petascale system
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Roadrunner Phase 3 is Cell-accelerated,
not a cluster of Cells

I/0
gateway
nodes
Multi-socket
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Opteron

/cluster nodes — —
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‘ ‘ cluster nodes)

“Scalable Unit” Cluster Interconnect Switch/Fabric
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Slide 3

Roadrunner Phase 3 is Cell-accelerated,
not a cluster of Cells

Cell-accelerated Add Cells to
compute node each

individual
node e
gateway
nodes
Multi-socket
multi-core

Opteron

/cluster nodes — —
i . CEEC
— == == — (100’s of such

\_ | ) ‘ cluster nodes)

“Scalable Unit” Cluster Interconnect Switch/Fabric

Node-attached Cells is what makes Roadrunner different! '
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Roadrunner is a hybrid petascale system of
modest size delivered in 2008

Connected Unit cluster 6,912 dual-core Opterons = 50 TF
180 compute nodes w/ Cells 12,960 Cell eDP chips = 1.3 PF
12 1/0 nodes
ﬁﬂﬂﬁ L L ﬁﬂﬁﬁ TR

coe 18 clusters coe

\ \'/ 3,456 nodes \ \'/

e o o 288-port IB 4x DDR

I/ K'

\ 12 links per CU to each of 8 switches

Eight 2nd-stage 288-port IB 4X DDR switches
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Roadrunner Phase 3 has changed for the better
since last winter

IBM & LANL redesigned the Cell-accelerated compute node and
clusters to improve performance

Cell-Opteron links:
* one IB SDR = two PCle x8
* 4x the BW & better latency

Cluster Nodes:
* |IB SDR = IB DDR with half-sized nodes
* 4x the node BW & better latency

Hybrid node:
* 4U server + blades = integrated blade packaging (Triblade)
* Same compute density & heat density per rack

Connected clusters
* Full-BW at 1st stage and half-BW at 2nd stage
* Full-system bi-section BW per Cell chip is ~2x better
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Slide 6

Breakdown of Roadrunner configuration and
speeds & feeds

* Next few slides cover Roadrunner in this order:
Cell processor
Accelerated Compute Node
Connected Unit cluster
Full system

Early-access prototype HW
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The Cell processor is an (8+1)-way
heterogeneous parallel processor

* Cell Broadband Engine (CBE*) developed by

Sony-Toshiba-IBM
used in Sony PlaySt

* 8 Synergistic Processing Elem
128-bit vector engines
256 kB local memory
(LS = Local Store)

ation 3
(SE

W

Direct Memory Access (DMA)

engine (25.6 GB/s)
Chip interconnect (EIB)

\

Run SPE-code as POSIX threads

(SPMD, MPMD, streaming)
e PowerPC PPE runs Linux OS

e Current performance:

204.8 GF/s SP & 13.65 GF/s DP
512 MB @ 25.6 GB/s XDR memory

* trademark of Sony Computer
Entertainment, Inc.
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to

memory

BIC
‘ l ™| Flex|O™
R

to PCle

Slide 7

Operated by the Los Alamos National Security, LLC for the DOE/NNSA

iy

|lom]]
Il
|
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Cell Broadband Engine™ Architecture (CBEA)
Technology Competitive Roadmap

Cost
Reduction
Path
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(1+8) S |Coninued | “UGE 3
90nm SOl 65nm SOI 45nm SOI
2006 2007 2008 2009

2010

All future dates and specifications are estimations only; Subject to change without notice.
Dashed outlines indicate concept designs.
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Slide 8

Cell Broadband Engine™ Architecture (CBEA)
Technology Competitive Roadmap

. Next Gen
'(2PPE'+32SPE")
' 45nm SOl
Performance 75_“_'_1__T_F_'_‘f’_P__(‘?_S_t'_)_
Enhancements/
Scaling Path Enhanced
Cell -
(1+8eDP SPE) Cell eDP chip:
65nm SOl To be used in Roadrunner
IBM® PowerXCell™ 8ij
102.4 GF/s double precision
Cost 4 GB DDR2 @ 21-25 GBIs

. Cell BE
Reduction Cell/B.E. . Cell/B.E.
Path (1+8) @8 | G| o)
90nm SOl 65nm SOI 45nm SOl

PowerXCell is IBM’s name for
this new enhanced double-
precision (eDP) Cell processor

variant
2006 2007 2008 2009 | 2010
/-\ All future dates and specifications are estimations only; Subject to change without notice.
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A Roadrunner Triblade node integrates Cell
and Opteron blades

® QSZZ is a future IBM Cell blade Cell eDP Cell eDP
containing two new enhanced double- |
precision (eDP/PowerXCell™) Cell chips QS22 — i

e Expansion blade connects two QS22 via — Poiexs =

four PCl-e x8 links to LS21 & provides
the node’s ConnectX IB 4X DDR cluster
attachment Cell eDP

* LS21 is an IBM dual-socket Opteron e
blade j===z=c-z:o:o)

* 4-wide IBM BladeCenter packaging

* Roadrunner Triblades are completely
diskless and run from RAM disks with
NFS & Panasas only to the LS21

* Node design points: [ TE | 25716 Exgi':mdsion
One Cell Chip per Opteron core | [DDR| . Conr:ector ade
~400 GF/s double-precision & 2 HT x16

~800 GF/s single-precision i LB -
16 GB Cell memory & Dual Core “ Dual Core

8 GB Opteron memory HT x16

HSDC
PCI-Ex8 ! Connector 1
1
i (unused)
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Roadrunner nodes have a memory hierarchy

QS22 Cell blades

256 KB of
“working” memory
e e (per SPE)
— — / 25.6 GB/s ~200 GB/s per
— off-SPE BW Cell on EIB bus
— 4 GB of 8 GB of 16 GB of
Y~ shared NUMA distributed
PCle x8 memory shared memory
(2 per blade) f— (per Cell) memory (per node)
21.3 GB/s/chip (Per blade)
(2 GB/s, 2 us) I I I (w/ 667 DDR2)
One Cell chip
er | |
P — 2 GB of 4 GB of 8 GB of
Opteron core — memory shared NUMA
P I E— / (per core) memory shared
I — (per socket) memory
LS21 (per node)

5.4 GB/s/core

Opteron blade
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A Connected Unit is a powerful cluster

Connected Unit Specifications:

384 1.8 GHz dual-core Opterons 720 3.2 GHz Cell eDP chips 192 IB 4X DDR cluster links
2.8 TF DP peak Opteron 73.7 TF DP peak Cell eDP 768 GB/s aggregate BW (bi-dir)
1.5 TB Opteron memory 2.88 TB Cell memory 384 GB/s bi-section BW (bi-dir)
15.4 TB/s Cell memory BW 24 10 GigE I/0 links on 12 1/0 nodes
24 GB/s aggregate I/O BW (uni-dir)

(1B limited)
180 Triblade
(1LS21 + 2 QS22) to Panasas  to Panasas
filesystem filesystem
compute nodes
| | ||  121BMx3655
/0 nodes
(dual 10 GigE each)
'Y X (dual-socket dual-core)

\ I/ 192 cluster nodes

nd_ ;
Voltaire 288-port IB 4x DDR 96 2"-stage links
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Roadrunner is a petascale system in 2008

Full Roadrunner Specifications:

6,912 dual-core Opterons 12,960 Cell eDP chips 3,456 nodes on 2-stage IB 4X DDR
49.8 TF DP peak Opteron aka IBM PowerXCell™ 13.8 TB/s aggregate BW (bi-dir) (1% stage)
27.6 TB Opteron memory 1.33 PF DP peak Cell eDP 6.9 TB/s aggregate BW (bi-dir) (2" stage)
2.65 PF SP peak Cell eDP 3.5 TB/s bi-section BW (bi-dir) (2" stage)
51.8 TB Cell memory 432 10 GIigE /O links on 216 1/O nodes
277 TB/s Cell memory BW 432 GB/s aggregate 1/0 BW (uni-dir)
(IB limited)

e B a— N

T L

oo 18 CU clusters oo

L\ . o o \l/
),
Eight 2"d-stage IB 4X DDR switches
12 links per CU to each of 8 switches
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Prototype HW for applications testing

== e S Phase2
Cell || cell Cell || cell Cell || cell prototype
BE || BE BE || BE 12 IBM QS20 BE || BE
I'_'_ I'_'_ Cell BE nodes I'_'_
g2 g2 2 Cells each g2 A dvanced
512 MB/Cell A rchitecture
_ | nitial
Voltaire 288-port IB 4x SDR (shared) S ystem
32| (52 37| [sz aka. AAIS
> X > X > X > X
1 1
e o o
I 4-socket dual-core I
5% 16 GB/node oF
Yol
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Three types of processors work together.

Cell
: 4 SPE SPE (8
* parallel computing on Cell compiler (8)
data partitioning & work queue pipelining
process management & synchronization < ALF or libSPE EIB
.
PowerPC
_ _ cgvn\in?)riler PPE
* remote communication to/from Cell 4

data communication & synchronization
process management & synchronization :>< DaCS (OpenMPl) PCle
computationally-intense offload

_ co)r(nSpGiIer Opteron
* MPI remains as the foundation >~ openvPi (clusten I B
/'\ —
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Our vision for high-performance computing
embraces both multi- and unit-physics codes

Multi-scale, multi-physics codes
Complex & varied physics models
100x slower than Unit-physics codes
Under-resolved

o v

— T~

D 4

~

Experiments (NIF, ZR ...) Unit-physics codes
Complex & varied physics Few physics assumptions
Difficult @ high-energy-density 100x faster than Multi-physics
Under-resolved diagnostics Fully resolved
K Tend to be integral / \ Simple, repetitive manlpulatlons)
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Slide 15

Our vision for high-performance computing
embraces both multi- and unit-physics codes

/ Lay the groundwork\

for advanced
architectures that can
significantly increase
simulation
performance in the

Multi-scale, multi-physics codes

Complex & varied physics models
100x slower than Unit-physics codes

Under-resolved

\

Provide resources
necessary for
predictive science
at scale simulations

future (Milagro,
\ Sweep3D)

K Tend to be integral

Experiments (NIF, ZR ...)
Complex & varied physics
Difficult @ high-energy-density
Under-resolved diagnostics

~

4

/‘\
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(VPIC, SPasM)

T~

-~

U

o

~

nit-physics codes
Few physics assumptions
100x faster than Multi-physics
Fully resolved
Simple, repetitive manipulations)

Roadrunner is about the future.
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A few important key algorithms are
being targeted

* Transport _
PARTISN (Sh neutron transport) Parallel' hybrid | =g
e Sweep3D (benchmark code) implementation @
* Sparse solver (PCG) : S5
MILAGRO (IMC thermal radiation transport) Parallel hybrid | @
: algorithm design || o
* Particle methods )
VPIC (Particle-In-Cell) "~ Hybrid

e SSE enabled implementation

SPaSM (molecular dynamics) W

* Data parallel CM-5 implementation
design

Eulerian hydro
Direct Numerical Simulation

Linear algebra
LINPACK
Preconditioned Conjugate Gradient (PCG)

<
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Roadrunner at a glance

* Cluster of 18 Connected Units (CU) * RHEL & Fedora Linux
6,912 AMD dual-core Opterons : :
12,960 IBM Cell eDP ac?:elerators * SDK for I\/Iultllcore.Acc.;eIeratlon
49.8 Teraflops peak (Opteron) Cell compilers, libraries, tools
1.33 Petaf_lops p_eak (Cell eDP) o XCAT Cluster Management
1PF sustained Linpack System-wide GigEnet network
* InfiniBand 4x DDR fabric e 3.9 MW Power:
2-stage fat-tree; all-optical cables 0.35 GFE/Watt
Full bi-section BW within each CU
* 384 GBY/s (bi-directional) * Area:
Half bi-section BW among CUs 296 racks
e 3.45 TB/s (bi-directional) 5500 ft?

Non-disruptive expansion to 24 CUs

* 80 TB aggregate memory
28 TB Opteron
52 TB Cell

* 216 GB/s sustained File System 1/O:
P 216x2 10G Ethernets to Panasas
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The End
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