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A Some general comments

A LonestarSystem
I Dell bladebased system
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I Sun bladebased system
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I Dell bladebased system
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About thisTalk

A We will focus on TACC systems, but much of the
Information applies to HPC systems in general

A As an applications programmer you may not care
I 02dzil KIF NRgIF NB RSOl Af &

I We need to think about it because of performance
Issues

I 1 will try to give you pointers to the most relevant
architecture characteristics

A Do not hesitate to ask questions as we go
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High Performance Computing

A In our context, it refers to hardware and software tools
dedicated to computationally intensive tasks

A Distinction between HPC center (throughput focused)
and Data center (data focused) is becoming fuzzy

A High bandwidth, low latency
I Memory
I Network
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Lonestar Intelhexacore system
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| onestar Introduction

A LonestarCluster
I Configuration & Diagram
I Server Blades

A Dell PowerEdge M610 Blade (Int#xaCore) Server
Nodes

A Microprocessor Architecture Features
I Instruction Pipeline
I Speeds and Feeds
I Block Diagram

A Node Interconnect
I Hierarchy
I InfiniBandSwitch and Adapters
I Performance
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| onestarCluster Overview

lonestar.tacc.utexas.edu
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| onestarCluster Overview

Hardware

Components Characteristics

Peak Performance
Nodes

Memory

Shared Disk

Local Disk

Interconnect

302 TFLOPS

2 HexaCore Xeon 5680 1888 nodes / 22656 cores
1333 MHz DDR3 DIMMS 24 GB/node, 45 TB total
Lustreparallel file system 1 PB

SATA 146GB/node, 276 TB total
Infiniband 4 GBsec P2-P
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Blade : Rack : System

Alnode :2x6cores =12 corcga
A 1 chassis 16 nodes =192 co
Alrack :3x16nodes=576co
AodpO NI Ol14a& Y HHC

3 chassis

16 blades
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Lonestanogin nodes

A Dell PowerEdge M610

I Intel dual socket Xeohexacore 3.33GHz
I 24 GB DDR3 1333 MHz DIMMS
I Intel QPI 5520 Chipset

A Dell 1200PowerVault
i 15TB HOME disk
I 1 GB user quota(5x)
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Lonestarcompute nodes

A 16 Blades / 10U chassis

A Dell PowerEdge M619

I Dual socket Intdhexacore Xeon
A 3.33 GHz(1.25x)
A 13.3 GFLOPS/core(1.25x)
A 64 KB L1 cache (independent)
A 12 MB L2 cache (unified)

24 GB DDR3 1333 MHz DIMMS

Intel QPI 5520 Chipset

2X QPI1 6.4 GT/s

146 GB 10k RPM SS8&TA local diskttp)
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Motherboard

Illlﬂ?m II| DR3 1333

Hexa-core Hexa-core
Xeon < > Xeon 12 CPU Cores
QPI
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/O Hub
Networking <> 1@n <> PCI, USB, SATA, IDE
Sl /O Controller ? ’ ’
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Intel Xeon 5600{/estmerg

A 32 KB L1 cache/core
A 256 KB L2 cachel/core
A Shared 12 MB L3 cache

Merioty Controller
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Clusterinterconnect

Chassis Switches
1through 118
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Core Switch#® 1 CoreSwitch w2 CoreSwitch#3 CoroSwitch# 4
Mellanox IS5600 Mellanox 155600 Mellanox IS5600 Mellanox 155600

16 independent 4 GB/s connections/chassis
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LonestarParallel File Systemisustre&NFS

InfiniBand

$SCRATCH
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Ranger AMD Quaetoresystem
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Ranger: Introduction

Unigue instrumenftor
computational scientificesearch

Housedat¢ ! / he@ &achine
room

Over2 %2 years of initial planning ar ==
deployment efforts

Do o I» e

Funded by the National Science
Foundation as part of a unique
program to reinvigorate High
Performance Computing in the
United States@ffice of
Cyberinfrastructure

ranger.tacc.utexas.edu
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i $30M system acquisition :
I Sun Microsystems is
the vendor
I Very LargénfiniBand
Installation
A ~4100 endpoint hosts
A >1350 MT47396 switches

A TACCICES, Cornell Theory Center, Arizona State HPCI are teamed
to operate/support the system four 4 years ($29M)
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Ranger: Performance

500

A Ranger debuted at #4 on
the Top 500 list (ranked #11 | oszzis2icuseer

as of June 2010)

Roadrunner - BladeCenter

FowerXCell 81 3.2 Ghz /
Opteron DC 1.8 GHz ,
Voltaire Infiniband

BlueGene/l - eServer Blue
Gene Solution

Blue Gene/P Solution

Ranger - SunBlade x6420,
Opteron Quad 2Ghz,
Infiniband

Jaguar - Cray XT4
QuadCore 2.1 GHz
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Ranger Cluster Overview

Hardware

Peak Performance
Nodes

Memory

Shared Disk
Local Disk

Interconnect

Components Characteristics
579 TFLOPS
4 QuadCoreOpteron 3,936 nodes / 62,976 cores

66/MHz DDR2 DIMMS 32 GB/node, 123 TB total
1GHZHyperTransport

Lustreparallel file system 1.7 PB
NONE (flastbased) 8Gb

Infiniband(generation 2) 1 GBsec P2-P
2.3> datency

TACG

THE UNIVERSITY OF TEXAS AT AUSTIN

TEXAS ADVANCED COMPUTING CENTER



Ranger Hardware Summary

A Compute power- 579 Teraflops
T 3,936 Sun fousocket blades
i mpZtnn !a5 &. | NOSf2yl ¢ LINRPOSAaaz2NA
A Quadecore, four flops/cycle (dual pipelines)
A Memory - 123 Terabytes
I 2 GB/core, 32 GB/node
I ~20 GB/sec memory B/W per node (667 MHz DDR2)

A Disk subsystem 1.7 Petabytes
i TH {dzy Enpnn d¢KdzYLISNE Lkh aSNIISNA:
I 40 GB/sec total aggregate 1/0 bandwidth
I 1 PB raw capacity in largddesystem

A Interconnect- 10 Gbps/1.6 ¢ 2.9 nseclatency
I SunInfiniBandbased switches (2), up to 3456 4x ports each
I Full nonblocking 7#stageClosfabric
I MellanoxConnectAnfiniBand(second generation)
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Ranger Hardware Summary (cont.

A 25 Management serversSun 4socket x4600s

I 4 Login servers, quatbre processors

I 1 Rocks master, contains software stack for nodes

I 2 SGE servers, primary batch server and backup

I 2 Sun Connection Management servers, monitors hardware
I 2InfiniBandSubnet Managers, primary and backup

I 6 LustreMeta-Data Servers, enabled with failover

i 4 Archive datanovers, move data to tape library

I 4 GridFTRervers, external mulstream transfer

A Ethernet Networking- 10Gbps Connectivity

I Two external 10GigE networkieraGrigd NLR

I 10GigE fabric for login, dataover andGridFTRodes, integrated into existing
TACC network infrastructure

T ForcelO S2410P and E1200 switches
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InfinibandCabling in Ranger

A Sun switch design with reduced cable count,
manageable, but still a challenge to cable

I 1312InfiniBand12x to 12x cables
I 78 InfiniBandl12x to three 4x splitter cables
I Cable lengths range fromlm, average 11m

A 9.3 miles ofnfiniBandcable total (15.4 km)

é i 28 AWG cable
" 0.432" diameter

Connects a C48 NEM (/"\)

to a Magnum line card Connects three non-compote-node

~ 4 HCA cards to a Magnum line card
745820003 3 meters e

TACC TEXAS ADVANCED COMPUTING CENTER



Space, Power and Cooling

A System Power3.0 MW total
A System2.4 MW

I ~90 racks, in 6 row arrangement
I ~100 inrow cooling units
I ~4000 f¢ total footprint

A Cooling:~0.6 MW
I In-row units fed by three 40@on chillers
I Enclosed hotisles
I Supplemental 28@ons of cooling from CRAC units

A Observations:
I Space less an issue than power
I Cooling > 25kW per rack difficult
I Power distribution a challenge, more than 1200 circuits

TACC TEXAS ADVANCED COMPUTING CENTER



External Power and Cooling Infrastructure
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Switches In Place
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InfiniBand Cabling in Progress
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Ranger Features

A AMD Processors:

I HPC Feature 4 FLOPS/CP

i 4 Sockets on a board

I 4 Cores per socket

I HyperTranspor{Direct Connect between sockets)
I 2.3 GHz core

|

' Any idea what the peak floatirgoint performance of a node is?
A 2.3 GHz * 4 Flops/CP * 16 cores = 143FopPeak Performance

I Any idea how much an application can sustain?
A Can sustain over 80% of peak with DGEMM (matiatrix multiply)

A NUMA Node Architecture (16 cores per nottenk hybrid)
A 2-ier InfiniBandNEMc G a I Ay dzYé 0 { 6 A0 OK { &3
A Multiple Lustre(Parallel) File Systems
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Ranger Architecture

w —1X4600 HlEE

Compute

4 sockets

I X 4 cores Magnum
_ — InfiniBand
Login — X4600 M= Switches
Nodes 3,456 B ports,
each 12x Line
_ splits into 3 4x
L_** | |ines.
MMM Bisection BW = :
i 10Tops. =t =
I/0 Nodes WORK File System sy B
Thumper i
X4500 | | i
e . Metadata Server
1per LEEELLTLLI
- it
X4600 File Sys.

H GigE
O InfiniBand
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RangelnfinibandTopology

e78¢e
12x InfiniBand
! 3 cables combined
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MPI Tests: P2P Bandwidth

Ranger - OFED 1.2 - MVAPICH 0.9.9
—#— Lonestar - OFED 1.1 MVAPICH 0.9.8
1000
Point-to-Point MPI
Performance S 800
&
: 2
AShelf Latencies: ~1165  [EEKLY
=
ARack Latencies: ~2.G [lE
S 400
APeak BW: ~965 MB/ s
v
200 Effictive Bandwith is improved |
at smaller message size
0 B—A—f= | | | |
1 10 100 1000 10000 100000 1000000 1000000 1E+08

Message Size (Bytes) 0
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Ranger: Bisection BW Across 2 Magnhums
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Full Bisection BW Efficiency

40 60 80 16 32
# of Ranger Compute Racks # of Ranger Compute Racks

A Able to sustain ~73% bisection bandwidth efficiency wah 3936
nodescommunicating simultaneousl{82 rack$
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Sun Motherboard for AMD Barcelona Chips
F___ ‘?ompute Blade
4 Sockets o M=

HyperTransport
1 GHz
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Sun Motherboard for AMD Barcelona Chips

A maximum neighbor NUMA Configuration for 3-port HyperTransport.

Two PCle x81 32Gbps
. One PCle x4 16Gbps

NEM =»Switch
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HyperTransport Bidirectional is 6.4GB/s, Unidirectional is 3.2GB/s.
Dual Channel, 533MHz Registered, ECC Memory
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Intel/AMD Dual to Quadcore Evolution

“‘hII

""H = |Has

AMD Opteron Dual-Core

S=H

AMD Barcelona/Phenom Quad-Core

i

Intel Woodcrest
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Caches in Quad Core CPUs

Intel Quad-Core AMD Quad-Core
L2 caches are not independent L2 caches are independent

Memory Controller Memory Controller
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Cache sizes in AMD Barcelona
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Other Important Features

A AMD Quaecore (K10, code name Barcelona)
A Instruction fetch bandwidth now 32 bytes/cycle

A 2MB L3 cache odie: 4x512KB L2 caches: 64KB
L1 Instruction & Data caches.

A SSE units are now 18t wide -> singlecycle
throughput; improved ALU and FPU throughput

A Larger branch prediction tables, higher accuracie

A Dedicated stack engine to pull stackated ESP
updates out of the instruction stream
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AMD 10h

Request
Queue

Macro
Ops

Sche
— AG
ALU

MUL

Integer Rename

¥

Processor

Decode

DirectPath VectorPath

Dispatch/Retirement

FP Rename

dll Sched FP Scheduler
I ey
ALU

he
GU — AGU —FADD — FMUL —FSTOR
LU

Sc
- A
A

ABM
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Speeds and Feeds

Load Speed 4 W/CP 2 W/CP 0.5W/CP 2x @ 533MHz
Store Speed 2 W/CP 1 WICP 0.5 W/CP DDR2 DIMMS
On Die External
: >
Registers o g L1 Data €< L2 &> Memory
64 KB 512 KB
<€ > <€ > <€ > € >
Latency 3 CP ~15 CP ~25 CP ~300 CP

Cache States: MOESI (Modified, Owner, Exclusive, Shared, Invalid)
MOESI is beneficial when latency/bandwidth between
cpus is significantly better than main memory

W : FP Word (64 bit) Cache line size (L1/L2) is 8W
CP : Clock Period 4 FLOPS/CP
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Ranger Disk Subsysterustre

As5Airal aeadsSy o6h{{0 A& o6lasSR 2y
I Each server has 48 SATA Il 500 GB drives (24TB tatai)ng internal
software RAID

I Dual Socket/DuaCoreOpterons@ 2.6 GHz
i TH { SNIUSNAR ¢20GlFfyY Mmoot t. NIF¥g ai
file systems)

A Metadata Servers (MDS) based SélmnFire<46Q_Os

2~y Design:
Top loading Disks
Front to rear airflow
Redundant fans
Passive Backplane

No wires in box

A MDS ifFibrechannel connected to
9TBFlexlineStorage

Reliability/Availability
Enterprise class SATA disks
1M hours MTBF
RAIDO, 1,5, 10
Redundant Power
Hot-swap FRUs

A Target Performance
I Aggregate bandwidth: 40 GB/sec
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Ranger Parallel File Systerhgstre

96TB
36 OSTs 6GB/ Thumpers

user
$HOME

InfiniBand Switch

12
Thumpers
72 OSTs 19318 D
g
773TB| Thumpers

$SCRATCH

300 OSTs

12 blades/Chassis
""" blade
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