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Introduction

A The workshop was held in Edinburgh, 15-17 June 2011,
organized by NESC and eScience Institute

A The agenda
A

A The scope of the workshop:
A Recent developments in computing and software architectures

A Effective use of many-core and Graphics Processing Unit (GPU)
architectures in a distributed computing environment

A Utilising emerging I/0O and storage technologies
A Distributed data management in HEP
A Tools for software performance optimization

A In my talk | will focus on the first two items ...
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https://indico.cern.ch/conferenceDisplay.py?confId=141309

Current software challenges

Talks by D. Rousseau (for ATLAS) and G.Eulisse (for CMS)

Migration to 64-bit

+ Provides larger address space
+ Faster execution by 10-30%
But the problem is that 64 -bit
running causes 30-50%

Increase in memory consumption

Multi-core CPUs

Event-level parallelism

Applications are independent

x2 if HyperThreadingis ON

More memory is needed but even
2GB/core could be prohibitively expensive

» Memory crisis ?

N application/machine = N cores

Memory = N cores x Memory/App

60

Dealing with pile-up

Increasing LHC luminosity gives
multiple pp interaction pile -ups
<mu> ~20, more in 2012 Run
CPU time scales nonlinearly,
increase dominated by tracking
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A Addressing these challenges quickly and effectively is not easy due to complexity and
development model of the HEP software ...
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ATLAS software at a glance

David Rousseau, LAL/CERN

ATLAS reconstruction frameworki

Athena runs ~100 algorithms / event —— - =
The software consists of 2000 packages: [/ = = =
A LOC in millions: C++ : 4.0, Python : 1.4, P ——— =
Fortran : 0.1, Java : 0.1 | T
A Contributions from 1000 developers in the last -:- =4 ‘ E
3 years, typically 25 updates/day == Z =
Who are the ATLAS developers ? : == =)} /=
A Physicists with various degree of s/w expertise == - .=
A Afew s/w experts ’__:-?::::‘ =T\ \&
It would be unrealistic to expect cutting == =
edge quality in all 2000 packages === = <=
Performance improvement via: 5'?, - - =
A Core software (i.e. AthenaMP) = _ = :Ef'“ — -
AfMagic bulletdo (compiiSatron=0pti onsye
A Fixing hot spots in CPU time / memory - —
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Using multi-core CPUs In ATLAS

Paolo Calafiura, LBNL

A Basic idea of AthenaMP (MultiProcess): split events from one file (LB) into batches,
process one batch / CPU core,reduce memory footprint by Copy-On-Write technique :
A Fork worker processes which see the same initial physical memory,
A New allocations and touched pages created in private memory space

p
— WORKER 0: output -
Maximize the Events: [0, t.mp
shared C g files
memory!
p
WORKER 1: output
[firstEvents ] Events: [1, tmp
.. A files
INIt OS-fork
p
WORKER 2:
Events: [ 3,
A8
Input
Files WORKER 3:
Events: [ 2,

SERIAL:
PARALLEL: workers event loop
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AthenaMP experience and plans

Andrew Washbrook, Edinburgh Univ.

Memory per process AthenaMP total event throughput

Platform: =
2.5 8 physical cores bs Intel Nehalem X5550 e hyper-threading effect
R Cores: 8 (2 x Quad) 8 physical cores ~—= Tpr.o/ \ *
2 e 40 25% .
Mem: 24 G 3 increase ,
1.5 2 20 o ¢ o
Gb ) I 0.5Gb
1 * > R Shared Evts/min 25 * Platform:
20 . Intel Nehalem X5550
0.5 ' + AthenaMP Cores: 8 (2 x Quad)
15 . Mem: 24 Gb
0 —AthenaMJ 10 ¢
. . + AthenaMP-HT-on
0 2 4 6 8 10 12 14 16 & AthenaMP-HT-off

0
Number of Processes

0 2 4 6 8 10 12 14 16

A Tests have shown that Number of rocesses
A AthenaMP saves ~0.5Gb of RAM per process
A Hyper-Threading increases event throughput by 25%
A pinning a process to a core to prevent Linux scheduler from moving it between cores i
gives 20% improvement in event processing rate
A Using AthenaMP in production on Grid :
A not quite there yet 7 obviously requires the whole node running the same applications
requires an external framework for output files merging

In productionin3-6 mont hssnodWhqlodd submi ssionodo Tas
I similar TF in CMS

> > >
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Using multi-core CPUs In'CMS

Giulio Eulisse FNAL

A Approach similar to AthenaMP. use C-0-W
A Most (all?) of the common const data / code can actually be
brought in the application very early

A If you fork at that point, the kernel is actually smart enough
to share the common data memory pages between parent
and the children

A The kersiear dssdd the memory pages CMSoflingsiwh er
the processes writes to them: copy-on-write (CoW) memory budget

A New allocations (i.e. event data) end up in non-shared pages 1.2Gb

A Test results:

A Using reconstruction with 64bit software on 4 CPU, 8
core/CPU 2GHz AMDOpteron(tm) 6128

Shared memory per child proc. ~ 700MB
Private memory per child proc. ~ 375MB
Total memory used by 32 child procs. { 13GB
Total memory used by 32 separate jobY; 34GB

A Huge memory savingi but requires witole-node
running while on Grid !

Event-specific data

> > > >
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Conclusion and outlook from CMS

Giulio Eulisse FNAL

Forking/C-o0-W proves to be effective and simple for being considered
a good strategy for the short -medium term

Deployment of whole-node scheduling is a key to exploiting multi -
core CPUs on Grid

A The new processing model requires a new model in computing resources
allocation

A Experiments need to have control over a large quantum of resources as
multi-core aware jobs require scheduling of multiple cores at the same
time

The effort which would be required to have module -level
parallelism is not worth the actual gain in the current CMS offline
software given the decomposition of algorithms:

A Basically, the problem is dependence of the algorithms which means they can be
run only sequentially
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News from the industry

A were presented by
A Roger Goff, Dell LHC Team
A Alistair Hart, CRAYExascaleResearch Initiative
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Co-processor architectures

Roger Goff, Dell LHC Team

CPUs+coprocessors(  GP U) ANew Era of

Single-Core Era Multi-Core Era

Constrained by: Constrained by:
Power Power
Complexity Parallel SW availability
Scalability

(c) AMD

A

Parformance

Throughput

Single-thread Performance
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Heterogeneous
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Enabled by:
¥ Abundant data parallelism
v Power efficient GPUs

Constrained by:
Programming models




NVIDIA Fermi Architecture

32-/64-bit
precision
CUDA Core

Dispatch Port

A 3 billion of transistors, 512 cores

A arranged into 32-core streaming
multiprocessors (SM) @ 1.3 GHz

A L2 (768K) and L1 (64K/SM) caches
A 16 SMsi up to 16 parallel programs

can be run concurrently A Each core in aSM has 1K
A NVIDIA provides CUDAprogramming of 32-bit registers, shares
environment for software developers up to 48K with other cores
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AMD/ATI Cypress Architecture

A Firestream 9350/70 GPUs

A 1600 FP cores arranged into
20 multiprocessors

A Performance leader: 2.6 TF
single-precision
A The best FLOPS/watt and
FLOPS/priceratio
A Not supported by NVidia CUDA

A developers should use OpenCL
SDK (originally from A
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