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Agenda
-

#® Faster: massively parallel computations
s how they in uence supercomputer design

# Bigger: the Top 500
» achievements and challenges

#® Cooler: IBM's BlueGene/L
s how to manage a really large system

Faster, Bigger, Cooler: Modern Parallel Multicomputers TACE, April 15, 2004




Part |. Faster

i, 2




Paradigm Shift

up until 8-10 years ago: focus on simpli ed models,

analytical solutions, clever approximations, ingenious

numerical schemes

today: all of the above, plus

s serious computational work has become possible

s Increasingly complicated problems can be tackled
numerically

technological advances

s Moore's Law

s scalar multicomputers overcame traditional vector
machines

s convergence of parallel architectures: processing
units connected by high performance networks
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Who NeedsParallel Computations?
B -

Just about everybody in science and engineering: if you
want to

forecast the weather for a continent (or just for Israel)
study galaxy formation

price nancial derivatives

launch rockets to intercept incoming Scuds

bring a space shuttle back from orbit
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be able to blow up a speci ¢ chunk of the planet

or do any number of other interesting and important things,

you will want to parallelize computations. How?
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PleasantlyParallelizable Problems

o .

Technically known as “embarrassingly parallelizable”

# Typical example: Monte-Carlo simulations

s realizations are independent, do not need to
communicate

can start and nish at different times

can start more runs at any time

fallures of some runs are not fatal

can run on heterogeneous platforms

s can run on geographically separated sites

e o o ©

# I|deally suited for grid computing

Not every problem can be solved that way...
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PDE: Numerical Solution
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PDE: Numerical Solution
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Parallel Computers: Requirements

-

# large number of processors: as many as possible, up to
Amdahl's limit:

°

uniform capabillities (fast CPUs don't wait for slow ones)

°

limited paging (slows down some processes)

°

very fast network so that CPUs don't waste time waiting
for sync messages ( preemption)

#® especially fast message passing between nearest
neighbours in a mesh

# torus topology for periodic boundary conditions etc.
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Parallel Computers: Networks

o .

# high-speed (high bandwidth, low latency) interconnects
s Gigabit Ethernet
s SCI| — Scalable Coherent Interface (e.g., Dolphin)
s Myrinet
» Quadrics — QsNet

# provide programmability, scalability, performance,
Integrability into large-scale systems

# global virtual memory (Quadrics)
s data transfer directly between address spaces
» Mmaintaining hardware protection
s extension to virtual memory

# fault detection and fault tolerance in hardware
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Network Topology

| .

# mesh and torus
s tradeoff: cannot choose an arbitrary set of nodes for
ajob
# full crossbar
» Very expensive

o fattree
s ef cient broadcasts and collective operations

o often more than one network
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Part Il: Bigger

The Earth Simulator Center
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Parallel Computers: Top 500
B o

& http://www.top500.0org — trends in HPC
» released twice a year since 1993
» based on a set of benchmarks (LINPACK)
s current (# 22): 11/2003
s next (# 23): 06/2004 (submit today!)

#® some statistics
s top countries: USA (49.6%), Germany, Japan, UK
s top manufacturers: HP (33%), IBM (31.8%)

s computers: clusters (41.6%), MPP (33%),
constellations (25.4%)

s purpose: industry (42.2%), research (24.4%),
academic (21.6%)

o turnover: more than 50%
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http://www.top500.org

Top 500 Performance
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#2: ASCI Q at LANL

3072 AlphaServer ES45s from HP

12288 EV-68 1.25GHz CPUs with 16MB cache
33 TB RAM

664TB global storage on Gbit ber-channel disks

Quadrics network with 6144 PCIl adapters and 6
1024-way switches (fat tree) in 2 rails

o bandwidth 250 MB/s/rall
s latency

900 cabinets in 20,000 sq. ft. (overall 303,000 sq. ft.)
204 miles of cables under the oor

30 T ops theoretical peak performance when fully
operational

Faster, Bigger, Cooler: Modern Parallel Multicomputers TACE, April 15, 2004




-

And The Winner Is ...

The Earth Simulator, The Earth Simulator Center,
Yokohama, Japan. Purpose: climate modelling.

o
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5120 (640 8-way SMP) 500MHz NEC CPUs

2GB RAM per CPU (10 TB total RAM)

640 640 crossbar switch

16GB/s inter-node bandwidth

320 cabinets for CPUs, 65 cabinets for interconnect
area

hundreds of km of cabling

theoretical peak performance around 40 T ops
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What Is BlueGene/L?
-

joint research partnership between IBM and LLNL

part of ASCI Advanced Architecture Research Program
new SOC architecture

target peak performance 360 T ops

© o o o @

price/performance and power/performance
unobtainable with conventional architectures

°

rst step in IBM's multiyear initiative to build a peta op
scale machine

°

standard compilers and message passing environment

°

autonomous computing
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Mot vation
- o

Traditional approach: clustering large, fast SMPs

# Physical constraints
s power consumption

s footprint
Both LLNL and LANL construct buildings with 2-4 times
oor space and 10 times the cooling capacity of existing
facilities

#® Technological constraints

s CPU cycle times decrease faster than memory
access times
The fastest processors will deliver a continuously

decreasing fraction of their peak performance, despite
ever more sophisticated memory hierarchies
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DesignGoals

scalable parallel supercomputer of up to 65536
compute nodes

cost effectiveness
ow power (1 MW)
ow cooling (300 tons)

ow oor space (less than 2500 sqg. ft)

target peak performance of 360 T ops

s If both CPUs on a node do computations

s often one CPU does computations and one is used
for messaging, for peak performance of 180 T ops

MTBF of the order of 10 days
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Compute Node Design
-

# very large number of low cost nodes

® SOC: 2 PowerPC CPU (700 MHz), embedded DRAM
(up to 2GB, currently 256MB), 3 cache levels, multiple

networks on a single ASIC

#® memory access times are close to CPU cycle times
s advantageous for power consumption
» dense packaging (1024 nodes in a single rack)

# integration of communication on the same ASIC

s multiple high-speed interconnection networks with
sophisticated routing

» No separate high-speed switch
® 4 op/cycle (2 64-bit FP multiply-adds per cycle)
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Hierar chy
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Artist' s Rendition
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/O Nodes
-

handle communications between compute nodes and
everything else

°

same ASIC as in compute nodes
expanded memory

Gigabit Ethernet connections
Linux OS

number is e xible
s upto 1 1/O node for every 8 compute nodes

s for a 65536-node machine we expect 1 1/O node for
every 64 compute nodes, 1024 1/O nodes in the
system

© o o o 0
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Networks

-

At least 5 different networks:

# 3D torus network interconnecting all the c-nodes
s computational backbone
s 2.8 Gb/s/link

#® Global combining/broadcast tree
» connects c-nodes with I/O nodes
» collective operations over the entire application

# Gigabit Ethernet to le systems, external hosts, etc
s /O nodes only

#® Gigabit Ethernet for machine control
#® Global barrier and interrupt network
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Operating System

o .

# design goals: high-performance, UNIX-like

# solution: split the OS between c-nodes and I/O nodes

s each c-node executes a single application process
s single-user, dual-thread OS
s No context switches or paging (static address
space)
s user-level library to the torus and tree networks
s 1/0O nodes run Linux, system s/w only, no applications
s 1/O and FS interface
s system control, user management, AAA
s Job management: launch, temination, and
signalling
s debug capabilities
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IssuesOf Scale

o .

#® ajump of almost 2 orders of magnitude from hundreds
(ASCI White, Earth Simulator) or thousands (ASCI Q)
of nodes

# scalablility challenges for system management
s boot
» software installation
s user account management
s System monitoring

# scalablility challenges for job management
s Job scheduling
s resource allocation
» Job execution and control
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SystemHierar chy

f #® conventional approach: central control workstation T
(CWS)
s centralized management is easy
» successfully used in numerous large systems

s Inherently non-scalable

#® BG/L approach: organize 65536 c-nodes into 1024

“processing sets” (p-sets)

s p-set: 64 c-nodes + I/O node, c-nodes look like
devices attached to the I/O node

s a p-setis a monolythic entity for system
management

s the 1024 p-sets are managed from a service node
(CWS)
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Bene ts Of P-Sets
-

cluster management is non-intrusive to the applications
that run on c-nodes

only I/0 nodes, forming a much smaller effective
system, are visible
I/O nodes can be self-managed

s a self-managed set of I/O nodes does not need a
CWS

» can rely on automatic failover to recover from failures
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Job Scheduling
-

# time slicing
s FCFS
s back lling
s efc.

#® space slicing
#® gang scheduling

We cannot use gang scheduling or migrate jobs on BGI/L.

Job scheduling and allocation are essentially separate tasks.
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Wiring

# midplane — a wiring unit
( c-nodes)

# midplanes are connected
via switches

® 3 switches per midplane
(X,Y,2)

#® each switch has 6 ports
(2 to midplane)

Z switch
# midplanes can have more —1  |Y switch

than 6 neighbours _ b epaies

® it Is possible to create
sub-tori
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Midplane in a Dishwasher
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Partitions

base partition (BP) — a 3D rectangle of c-nodes
the minimal allocation unit
currently c-nodes (2 p-sets)

partition — a set of BPs allocated to a job
can be wired as a sub-mesh or a sub-torus
electronically isolated for security
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Job Allocation
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Job Management

need to manage jobs
running on 64K c-nodes

from system prospective,
jobs run in 1K I/O nodes
job management

start, monitor, signal,
terminate

authentication,
authorization

debugging
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BlueGene/LJob Management
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Summary

the needs of science and engineering drive the design T
of high performance computers

http://www.top500.org — HPC trends

tremendous performance advances
enormous turnover

BlueGene/L - a scalability breakthrough

64K nodes, 360 T ops , unmatched
price/performance

cellular approach allows almost limitless scalability
hierarchical organization facilitates management

many challenges and open guestions ahead
performance and reliability
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