SP Architecture

Uniprocessor  node

—Power 2 (peak256 Mflop/s)
Custom high-performance switch
—80 MB/s duplex, usec latency
Distributed memory architecture
—single Unix (AIX) kernel per node
Scalable

-2 - 512 nodes

Successful  in the marketplace
—more than500 systems sold
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SP Switch (64 way)

Multiple Paths between any two nodes

Network Scales with each added Node

80 MB/s duplex, 0.5 usec latency per board now

B/w can be scaled with node performance for 2 generations,
with no major change in technology -
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Custom vs Commodity Switch

Increased similarity in function
—switched (not shared)
—Packet-switching, small packets
2-3 years gap in performance
—Performancegated by cost, notby physics
Different requirements
—b/w,reliability, package, distance, protocols

Custom switch can and will maintain performance
differential

Custom switch may use components of commodity
(ATM ?) technology




1/O Bus vs Memory Bus

I/0 bus is
—standard, stable interface
—supports manyloads
—built for lower performance

—built for long DMA transfers in non
paged memory processor

Memory bus T e ’j
—proprietary,andchanging L obue
—built for high performance memory |

—supports fewloads

—built for short cache line transfers ]
andcache coherence protocols

system bus

1/0 bus

Direct connection to memory bus will differentiate SPC’s
from clusters.
Standard W/S 1/Oslots will not befast enoughfor SPC and
will not haveright functional  interfacefor smart, deepadapter
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Communication Architecture Now

User and kernel paths protocol stack

Message-passing library
—MPI, MPL. PVMe user kernel

35-48 MB/s, 40 usec MPI P

Pro_tocol stack exe_cuted by comm

main compute engine lib driver

One copy protocol

(nocache coherent DMA) | ‘

Bandwidth bottlenecks: hardware path
—switch (< 80 MB/s)

—uchannel (<160 MB/s) appl mem
—s/w (<255B packet)

Latency bottlenecks: mem copy
—uchannel DMA buffer
—no autonomouscomm

coprocessor

uchannel | pmA

adapter
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Evolution - Message Passing

Higher bandwidth, lower protocol stack
latency, increased overlap

—directmemory connection user user kernel
—higher link b/w

—larger packets MPI|** | MPI IP
—h/wcommassist (CRC, Colri?)m Colri?)m driver

packaging, flow control,...)
—dedicated commproc(?) ' | ‘
Zero copy protocol
Multiple protection domains hardware path
Thread compatibility
Virtual DMA support

mem bus

applmem
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Evolution -- Communication Paradigms

Integration of communication and process/thread

scheduling
—message-driven threadscheduling

—remotethreadspawn
—activemessage paradigm

Impediments:
heavythreadcontext

error isolation
protection

Integration of internal and external communication

Support to shared memory programming models
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Basic Communication Mechanisms

Put/get
—put(local_address, remote_proc,remote_address, count,

local_flag,remote_flag)
Accumulate
same as put,specifies update operation (sum, max,...)

Read Modify Write
same as accumulate, returns previous value

Enqueue/dequeue
—Enqueue(local_address, remote_proc,remote_queue,
local_flag)

nonblocking

generaldata layouts (scatter/gather?)
addressing (direct/indirect?)
coordination mechanisms

interrupt vs polling (enqueue/dequeue)
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Parallel Programming Paradigms

Parallelism and communication have to be handled as part

of algorithm design
—Implicit parallelism: user optimizes for coarse grain; system
map computations ontoprocessors,

|deal situation:
(compiler+run-time+h/w)
with low synchronization cost.
user optimizes for (spatial, temporal)
ontoprocessors with low

—Implicit communication:
locality; system maps data

communication cost.
totalcomputation work, level of

Reality:
—Complextradeoffs between
parallelism, granularity, andcommunication.
—Limited investments in compiler/run-time/hw technologies
—Large investments in existing programming languages
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Implicit Parallelism

Standard sequential program + compiler magic
—far future (or science fiction)

Standard sequential program + annotations
—Program cancompileandrun on uniprocessor

—Annotations specify mapping (of computation anddata) to
processors, butdonotchange programsemantics

Data parallelism:
—User specifies data  distribution; distribution of computation

derivedfromdata  distribution
specificationusually declarative, static, regular

Control parallelism:
—User specifies computation
needed
specificationusually executable, dynamic
The twoapproaches are equivalentif executable,
distribution is allowed
Dynamicredistribution requires shared-memory like
communication for efficientsupport

distribution: data migrates where

dynamic
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Parallel FORTRAN

FORTRAN
—Support of High Performance FORTRAN
—Support for automatic data partition
—Support for controlparallelism (loop parallelism/task
parallelism)
HPF2 effort,"on" directive.

Same language supported on all (IBM) platforms (Uni, SMP,
SP).  FORTRAN 90 + directives
Easy port of "shared-memory" codes (Cray, SGI directives)

Performance on large-scale parallel computers will still
require non-trivial algorithm development and tuning.

Remote memory copyand“shared memory" runtime
solutions will improve performance andfacilitate common
shared-memory/distributed-memory compilation.
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Compilation

$HPF INDEPENDENT
DO I=1, N
IF COND(l)
THEN CALL FOOL()
ELSE CALL FOO2()

END IF
END DO

Message passing compilation results in sequential

execution (or wasteful communication)
Use of put/get results in shared-memory style compilation

(access on demand)
Caching may further improve performance
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Compilation (cont)

$HPF INDEPENDENT
DO I=1, N
A(l) = B(MAPL(l)) + B(MAP2(l))

END DO
Message passing compilation uses inspector/executor
—requires collective, expensive operation
on data

—does notallow loadbalancing
—does notwork if access patternis dependent

computed within same loop(e.g. N-bodycode)
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