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Choosing a Compiler

9Try every compiler avall abl e

# PGI, Cray, Pathscale, Intel, GCC are all available, but not necessarily
on all machines

" Each compiler favors certain optimizations, which may
benefit applications differently

" Test your answers carefully

# Order of operation may not be the same between compilers or even
compiler versions

# You may have to decide whether speed or precision is more
important to you
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.
Choosing Compiler Flags

PG
# -fast i Mipa=fast
# man pgf90; man pgcc; man pgCC
71 Cray
# <none, turned on by default>
# man crayftn; man craycc ; man crayCC

7 Pathscale
# -Ofast
# maneko( iEvery Known Optimizati ono)

T GNU
# -02/-03
# man gfortran; man gcc; man g++

7 Intel
# -fast
# man ifort; man icc; man iCC
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PROFILING AND DEBUGGING
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B
Profi le and Debug nat

MCodes donot run the same at
hundreds, 10s of thousands as thousands, or 100s of
thousands as 10s

" Determine how many nodes you wish to run on and test at
that si ze, donot test for th
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.
Profile and Debug with Real Science

1 Choose a real problem, not a toy

“I What do you want to achieve with the machine?
I How will you really run your code?

“Will you really run without 1/O?
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e
What Data Should We Collect?

7 Compiler Feedback
# Most compilers can tell you a lot about what they do to your code
» Did your important loop vectorize?
» Was a routine inlined?
» Was this loop unrolled?

#1 tO0s Just as I mportant to know w
» Some C/ C+ + |vecrzewithvoot somé massaging
» Some | oop counts arenodot known a
limited

# Flags to know:
» PGI: -Minfo=all T Mneginfo=all

» Cray: -rm SFortran) (or also T O[neg]msgs), -hlist=m (C) (or also i h
[neg]msgs

» Pathscale: -LNO:simd_verbose=ON
» Intel: -vec-reportl
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.
Compiler Feedback Examples: PGI

I Matrix Multiply 24, Loop interchange
dok=1,N produces reordered loop
doj=1, N nest: 25,24,26
. 26, Generated an alternate
doi=1,N

loop for the loop

c(i,)) = c(l)) + & Generated vector

a(l,k) * b(k,)) sse code for the loop
end do Generated 2
end do prefetch Instructions
end do for the loop
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Compiler Feedback Examples: Cray

23. I Matrix Multiply

24. b - < dok=1,N

25. ib ibr4 ------- < doj=1,N

26. ib ibr4d Vbr4a -- < do I =1,N
27. ib ibr4 Vbrd c( ij )=c( ij )+a( ik )*b( kj )
28. ib ibr4 Vbr4a -- > end do

29. b ibr4 ------- > enddo

30. b - > enddo

| T interchanged

b 7 blocked

r 1 unrolled

V - Vectorized
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B
Compiler Feedback Examples: Pathscale

“ -LNO:simd_verbose appears to be broken

December 09 Slide 11



B
Compiler Feedback Examples: Intel

mm.F90(14): (col. 3) remark: PERMUTED LOOP WAS VECTORIZED.
mm.F90(25): (col. 7) remark: LOOP WAS VECTORIZED.
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e
What Data Should We Collect?

" Hardware Performance Counters

#gs_ingtoolslikeCrayPATi t0s possible to know
oing

# We can get counts for
FLOPS

Cache Hits/Misses
TLB Hits/Misses
Stalls

é

# We can derive

FLOP Rate

Cache Hit/Miss Ratio
Computational Intensity
é

¥ ¥ ¥ ¥ ¥

¥ ¥ ¥ ¥
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Gathering Performance Data

DUseCr ay pA®PA 0 s

# First gather sampling for line
number profile

» Light-weight

» Guides what should and should r )

not be mstru_mented | load module
# Second gather instrumentation (-g make
mpi,io,blas,lapack,math € ) pat_build -O apa a.out

» Hardware counters Execute

» MPI message passing pat_report *.xf
Information Examine *.apa

» /O information pat_build i O *.apa

» Math Libraries Execute

> é S —————————_

N0



.
Sample APA File (Significantly Trimmed)

# You can edit this file, if desired, and use it
e A R A R R R R R e
# HWPC group to collect by default.
- Drtenv =PAT_RT_HWPC=1 # Summary with TLB metrics.

R R e
H# Libraries to trace.
- g mpi,math
-
- w # Enable tracing of user - defined functions.
# Note: - u should NOT be specified as an additional option.
# 9.08% 188347 bytes
-T ratt_i
# 6.71% 177904 bytes
-T rhsf
# 5.61% 205682 bytes
-T ratx_i

# 5.59% 22005 bytes
- T transport_m_computespeciesdiffflux



.
CrayPAT Groups

-
-

3

3 3 5 3 2 2 °&

biolib Cray Bioinformatics library routines

blacs Basic Linear Algebra
communication subprograms

-

-

blas  Basic Linear Algebra subprograms
caf Co-Array Fortran (Cray X2 systems N
only) »
fftw  Fast Fourier Transform library (64-

bit only) »
hdf5 manages extremely large and »
complex data collections »
heap  dynamic heap

0 includes stdio and sysio groups »
lapack Linear Algebra Package »
lustre Lustre File System »
math  ANSI math

mpi MPI

netcdf network common data form

(manages array-oriented scientific data)

omp OpenMP API (not supported on
Catamount)

omp-rtl OpenMP runtime library (not
supported on Catamount)

portals Lightweight message passing API

pthreads POSIX threads (not supported on
Catamount)

scalapack Scalable LAPACK
shmem SHMEM

stdio all library functions that accept or
return the FILE* construct

sysio /O system calls
system system calls

upc Unified Parallel C (Cray X2 systems
only)



N
Useful API Calls, for the control-freaks

"I Regions, useful to break up long routines
# int PAT region_begin (int id, const char *label)
# Int PAT _region_end (int id)

7 Disable/Enable Profiling, useful for excluding initialization
# Int PAT record (int state)

9Fl ush buffer, useful when pr
# Int PAT _flush_buffer (void)



U
Sample CrayPAT HWPC Data

USER/ rhsf _
Time% 74.6%
Time 556.742885 secs
Imb.Time 14.817686 secs
Imb.Time % 2.6%
Calls 2.3 /sec 1200.0 calls
PAPI_L1 DCM 14.406M/sec 7569486532 misses
PAPI_TLB_DM 0.225M/sec 117992047 misses
PAPI_L1 DCA 921.729M/sec 484310815400 refs
PAPI_FP_OPS 871.740M/sec 458044890200 ops
User time (approx)  525.438 secs 1103418882813 cycles 94.4%Time
Average Time per Call 0.463952 sec

CrayPat Overhead : Time 0.0%

HW FP Ops / User time 871.740M/sec 458044890200 ops 10.4%peak(DP)
HW FP Ops / WCT 822.722M/sec

Computational intensity 0.42 ops/cycle  0.95 ops/ref

MFLOPS (aggregate) 1785323.32M/sec

TLB utilization 4104.61 refs/miss  8.017 avg uses
D1 cache hit,miss ratios 98.4% hits 1.6% misses
D1 cache utilization (M) 63.98 refs/miss  7.998 avg uses
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CrayPAT HWPC Groups

0 Summary with instruction
metrics

Summary with TLB metrics

L1 and L2 metrics

Bandwidth information
Hypertransport information

Floating point mix

Cycles stalled, resources idle

Cycles stalled, resources full

Instructions and branches

Instruction cache

10 Cache hierarchy

© 00 N o 0o A W N P

December 09

11 Floating point operations mix

(2)

12 Floating point operations mix
( vectorization )

13 Floating point operations mix
(SP)

14 Floating point operations mix
(DP)

15 L3 (socket - level)

16 L3 (core - level reads)

17 L3 (core - level misses)

18 L3 (core - level fills caused by

L2 evictions)
19 Prefetches
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e
MPI Statistics

“I How many times are MPI routines called and with how much
data?

1 Do | have a load imbalance?
I Are my processors waiting for data?

" Could I perform better by adjusting MPI environment
variables?
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N
Sample CrayPAT MPI Statistics

MPI Msg Bytes | MPI Msg | MsgSz | 16B<=| 256B<=| 4KB<= |Experiment=1
| Count| <16B | MsgSz | MsgSz | MsgSz |Function
[ | Count|<256B| <4KB| <64KB | Caller
| | | Count| Count| Count| PE[ mmin

3062457144.0 | 144952.0 | 15022.0 | 39.0 | 64522.0 | 65369.0 |Total

| 3059984152.0 | 129926.0 | -~ | 36.0|64522.0 | 65368.0 | mpi_isend _

|

|| 1727628971.0 | 63645.1 | -~ | 4.0]31817.1|31824.0 |MPP_DO_UPDATE_RS8_3DV.in.MPP_DOMAINS_MOD
3| | | | | | MPP_UPDATE_DOMAIN2D_R8_3DV.in.MPP_DOMAINS_MOD

Il

4||] 1680716892.0 | 61909.4 | = -~ |30949.4 | 30960.0 | DYN_CORE.in.DYN_CORE_MOD

5| | | | | | FV_DYNAMICS.in.FV_DYNAMICS_MOD
8| | | | | | ATMOSPHERE.in. ATMOSPHERE_MOD
7|l I | [ I | MAIN

8|l I | [ I | main

I

9lIIlIIl 1680756480.0 | 61920.0 | —- -~ 30960.0 | 30960.0 |pe.13666

9|lIIllll 1680756480.0 | 61920.0 | _— -~ |30960.0 | 30960.0 |pe.8949

9IIIlIl 1651777920.0 | 54180.0 | = - |23220.0 | 30960.0 |pe.12549
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e
/O Statistics

“IHow much time is spent in 1/O?
“IHow much data am | writing or reading?
“I How many processes are performing 1/O?
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OPTIMIZING YOUR CODE

December 09 Slide 23



.
Step by Step

1. Fix any load imbalance

2. Fix your hotspots
Communication
Pre-post receives
Overlap computation and communication
Reduce collectives
Adjust MPI environment variables
Use rank reordering
Computation
A Examine the hardware counters and compiler feedback

A Adjust the compiler flags, directives, or code structure to improve
performance

/O
A Stripe files/directories appropriately
A Use methods that scale
MPI-10 or Subsetting

At each step, check your answers and performance.
Between each step, gather your data again.

To o To To I»
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COMMUNICATION
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B
New Features in MPT 3.1 Dec 2008

7 Support for up to 256K MPI ranks

# Previous limit was 64k

" Support for up to 256K SHMEM PEs

# Previous limit was 32k
# Requires re-compile with new SHMEM header file

" Auto-scaling default values for MPICH environment variables
# Default values change based on total number of ranks in job
# Allows higher scaling of MPT jobs with fewer tweaks to environment variables
# User can override by setting the environment variable
# More details | ater oné

“ Dynamic allocation of MPI internal message headers

# Apps no longer abort if it runs out of headers

# MPI dﬁnamically allocates more message headers in gquantities of
MPICH_MSGS PER_PROC
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New Features in MPT 3.1 (cont.)

1 Optimized MPI1_Allgather algorithm
# Discovered MPI_Allgather algorithm scaled very poorly at high process counts
# MPI_Allgather used internally during MPI_Init, MPI_Comm_split, etc.
» MPI_collopt_Init for a 90,000 rank MPI job took ~ 158 seconds
# Implemented a new MPI_Allgather which scales well for small data sizes
» MPI_collopt_Init for a 90,000 rank MPI job now takes ~ 5 seconds
# New algorithm is default for 2048 bytes or less (MPICH_ALLGATHER_VSHORT_MSG)

“ Wildcard matching for filenames in MPICH_MPIIO_HINTS

# Allows users to specify hints for multiple files opened with MPI_File_open
using wildcard ( *, ?, [a-b] ) characters

I MPI Barrier before collectives
# Optionally inserts an MPI_Barrier call before a collective
# May be helpful for load-imbalanced codes, or when calling collectives in a loop
# export MPICH _COLL_SYNC=1 (enables barrier for all collectives)
# export MPICH _COLL_SYNC=MPI_Reduce,MPI|_Bcast
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.
New Features in MPT 3.1 (cont.)

“I MPI-IO collective buffering alignment

# The 1/0O work is divided up among the aggregators based on physical I/O
boundaries and the size of the 1/O request.

# Enable algorithms by setting the MPICH_MPIIO_CB_ALIGN env variable.
# Additional enhancements in MPT 3.2

“ Enhanced MPI shared library support

# Dynamic shared library versions released for all compilers (except CCE)

"I MPI Thread Safety

# MPT 3.1 has support for the following thread-safety levels:
» MPI_THREAD_ SINGLE
» MPI_THREAD_ FUNNELED
» MPI_THREAD_ SERIALIZED

# For full thread safety support (MPI_THREAD MULTIPLE)
» Need to link in a separate libmpich_threadm.a library (-Impich_threadm)
» Implemented via a global lock
» A functional solution (not a high-performance solution)
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New Features in MPT 3.2 April 2009

1 Optimized SMP-aware MPI_Bcast algorithm

# New algorithm is enabled by default for all message sizes

" Optimized SMP-aware MPI_Reduce algorithm

# New algorithm is enabled by default for messages sizes below 128k bytes

“ Improvements to MPICH _COLL_OPT_OFF env variable
# All the Cray-optimized collectives are enabled by default
# Finer-grain switch to enable/disable the optimized collectives
# Provide a comma-separated list of the collective names to disable
» export MPICH_COLL_OPT_OFF=MPI_Allreduce,MPI_Bcast
# If optimized collective is disabled, you get the standard MPICH2 algorithms

"I MPI-1O Collective Buffering Available

# New algorithm to divide 1/0 workload into Lustre stripe-sized pieces and assign
those pleces to particular aggregators

% export MPICH_MPIIO_CB_ALIGN=2
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New Features in MPT 3.3 June 2009

“ MPI-1O Collective Buffering On by Default
# The MPICH_MPIIO_CB_ALIGN=2 algorithm is made the default
# White paper available at http://docs.cray.com/kbase/
# Performance results shown in later slides

1 Intel Compiler Support
# MPT libraries now supplied for the Intel compiler
# Some issues with this initial release

S MPICH_CPUMASK _ DISPLAY environment variable
# Displays MPI process CPU affinity mask
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New Features in MPT 3.3 (cont.)

9 MPICH_CPUMASK_DISPLAY env variable

# Displays MPI process CPU affinity mask
# export MPICH_CPUMASK_DISPLAY=1

July 2009

aprun

[PE_O]:
[PE_1]:
[PE_2]:
[PE_3]:
[PE_4]:
[PE_5]:
[PE_6]:
[PE_7]:

aprun

[PE_O]:
[PE_1]:
[PE_2]:
[PE_3]:
[PE_4]:
[PE_5]:
[PE_6]:
[PE_7]:

Tn8

Tn8

cpumask
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask

TN8
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask

setto 1
setto 1
setto 1
setto 1
setto 1
setto 1
setto 1
setto 1

cpu
cpu
cpu
cpu
cpu
cpu
cpu
cpu

iIN8 Tcc cpu ./ mpi_exe

on nid00036,
on nid00036,
on nid00036,
on nid00036,
on nid00036,
on nid00036,
on nid00036,
on nid00036,

i cc numa_node ./ mpi_exe

setto 4
setto 4
setto 4
setto 4
setto 4
setto 4
setto 4
setto 4

cpus
cpus
cpus
cpus
cpus
cpus
cpus
cpus

on nid00036,
on nid00036,
on nid00036,
on nid00036,
on nid00036,
on nid00036,
on nid00036,
on nid00036,

cpumask
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask

cpumask
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask
cpumask

= 00000001
= 00000010
= 00000100
= 00001000
= 00010000
= 00100000
= 01000000
= 10000000

= 00001111
= 00001111
= 00001111
= 00001111
=11110000
=11110000
=11110000
=11110000
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Coming Soon: MPT 4.0 (Q4 2009)

“1Merge to ANL MPICH2 1.1
# Support for the MPI 2.1 Standard (except dynamic processes)

“IBinary-compatible with Intel MPI
“IAdditional MPI-IO Optimizations

“lmprovements in Allgatherv at > 2K processors
# 10X 1 2000x improvement

“Improvements in Scatterv at > 2KB message size
# 20-80% improvement

JIMPICHZ2 Gemini Device Support (Internal use only)
SISHMEM Gemini Device Framework
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Auto-Scaling MPI Environment Variables

"1 Key MPI variables that change their default values

dependent on job size

MPICH_MAX_SHORT MSG_SIZE

MPICH_PTL_UNEX_EVENTS

MPICH_UNEX_BUFFER_SIZE

MPICH_PTL_OTHER_EVENTS

# Higher scaling of MPT jobs with fewer tweaks to env variables
#nDefaulto values are based
# See MPI man page for specific formulas used

“"We donot al ways get 1t
&

Adjusted defaults aren't perfect for all applications
# Assumes a somewhat communication-balanced application
# Users can always override the new defaults
# Understanding and fine-tuning these variables may help performance

July 2009

on t o

ri ght
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Cray MPI XT Portals Communications

"1 Short Message Eager Protocol

#The sending rank Apusheso the me
# Used for messages MPICH_MAX SHORT_MSG_SIZE bytes or less
# Sender assumes that receiver can handle the message

» Matching receive is posted - or -

» Has available event o‘ueue entries (MPICH PTL UNEX_EVENTS)
and buffer space (MPICH_UNEX BUFFER_SIZE) to store the
message

" Long Message Rendezvous Protocol

#Messages are npulledo by the rec
# IlOJS.ted for messages greater than MPICH_MAX_SHORT_MSG_SIZE
ytes

# Sender sends small header packet with information for the receiver to
pull over the data

# Data is sent only after matching receive is posted by receiving rank
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B
MPT Eager Protocol mmgus

Data Apushedo to th
(MPICH_MAX_SHORT_MSG_SIZE bytes or Iess)

Match Entries Posted by MPI
to handle Unexpected Msgs

=

/

STER 2 : MPISQEE\% call
Sender MPI_SEND call Receiver o TR i Bl =
RANK O RANK 1 Unexpected

Buffers

(MPICH_UNEX_BUFFER_SIZE)

STEP 3
Portals DMA PUT

Unexpected
Msg Queue

A 4

Other Event Queue
(MPICH_PTL_OTHER_EVENTS)

Unexpected
Event Queue

S MPI_RECV is posted prior to MPl_SEND call  wricn_er_unex_evenrs)
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I
MPT Eager Protocol

Data Apushedo to
(MPICH_MAX_SHORT_MSG_SIZE bytes or less)

STEP 1 i
Sender MPI_SEND call Receiver

RANK O RANK 1

Portals DMA PUT

Incoming Msg l

MPI_RECYV call
No Portals ME
MPI
Unexpected
Buffers
&~ .
STEP 4 (MPICH_UNEX_BUFFER_SIZE)

Memcpy of data l |

Unexpected

Msg Queue

Match Entries Posted by MPI
to handle Unexpected Msgs

Unexpected
Event Queue

™ MPI_RECYV is not posted prior to MPI_SEND call™""""""="

July 2009
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MPT Rendezvous Protocol

Data Apull edo by thHgghs ceiver
(> MPICH_MAX_SHORT_MSG_SIZE bytes)
_—
STEP 1 STEP 3
MPI_SEND call MPI_RECV call
Sender Portals ME created Receiver Triggers GET request
RANK O > RANK 1
STEP 2
Portals DMA PUT
of Header
.
7 /
T <
STEP 4

Receiver issues
GET request to
match Sender ME

ﬁ

STEP 5
Portals DMA of Data

|

Unexpected
Msg Queue

“ Data is not sent until MPI_RECV is issued

July 2009

Match Entries Posted by MPI
to handle Unexpected Msgs

MPI
Unexpected
Buffers

Unexpected
Event Queue
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Auto-Scaling MPI Environment Variables

1 Default values for various MPI jobs sizes

MPI Environment Variable Name | 1,000 PEs 10,000 PEs | 50,000 PEs | 100,000 PEs
MPICH_MAX_SHORT_MSG_SIZE

(This size determines whether 128,000 20,480 4096 2048
the message uses the Eager or bytes

Rendezvous protocol)

MPICH_UNEX_ BUFFER_SIZE 60 MB 60 MB 150 MB 260 MB
(The buffer allocated to hold the

unexpected Eager data)

MPICH_PTL_UNEX_EVENTS

(Portals generates two events for 20,480 22 000 110.000 220.000
each unexpected message events ’ ’ ’
received)

MPICH_PTL_OTHER_EVENTS 2048

(Portals send-side and expected 2500 12,500 25,000
events) events
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Cray MPI Collectives

1 Our Collectives Strategy
# Improve performance over standard ANL MPICH2 algorithms
» Tune for our interconnect(s)

# Work for any intra-communicator (not just MPI_COMM_WORLD)
# Enabled by default

# Can be selectively disabled via MPICH_COLL_OPT_OFF
» export MPICH_COLL _OPT_OFF=mpi_bcast,mpi_allreduce
# Many have user-adjustable cross-over points (see man page)

" Cray Optimized Collectives
# MPI_Allgather ( for small messages )
# MPI_Alltoall ( changes to the order of exchanges)
# MPI_Alltoallv / MPI_Alltoallw ( windowing algorithm )

" Cray Optimized SMP-aware Collectives
# MPI_Allreduce
# MPI_Barrier
# MPI_Bcast (new in MPT 3.1.1)
# MPI_Reduce (newin MPT 3.1.2)

July 2009 Slide 39



SMP-aware Collectives 1 Allreduce Example

STEP 1

Identify Node-Captain rank.
Perform a local on-node
reduction to node-captain.
NO network traffic.

July 2009

1

1

‘@000
0000

‘@000
0000

‘@000
0000

‘@000
0000

‘@000
0000

‘@000
0000

‘@000

‘@000]

0000

;
1

0000

STEP 2

STEP 3

Perform a local on-node
bcast. NO network traffic.

Perform an Allreduce with node-
captains only. This reduces the
process count by a factor of 8 on
XT5.
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.
Performance Comparison of MPI_Allreduce

Default vs MPICH_COLL_OPT_OFF=MPI_Allreduce

4 )
Percent Improvement of SMP-aware MPI_Allreduce
(compared to MPICHZ2 algorithm)

S 1024 PEs on an Istanbul System y

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0% m Allreduce

30.0%
20.0%
10.0%
0.0%

™ ® o Vv X N © 2 ™ Ne) o} v 3 o) © Vv

A O R VAR I SR AR RS ,\65% (b({’\@ & ,{b\é\

Message Size
\ J
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.
Performance Comparison of MPIl_Bcast

Default vs MPICH_COLL_OPT_OFF=MPI_Bcast

4 )
Percent Improvement of SMP-aware MPI_Bcast
(compared to MPICH2 algorithm)

S 1024 PEs on an Istanbul System y

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0% m Bcast
30.0%
20.0%
10.0%
0.0%
N X D 0 L XD 0N g O O gL o D 0 ATV W D
N @ Y BN AR ,\6’-’% ‘bq/’\‘b é’(’){b,{b"é\ £ q:\b‘b%&
Message Size
\ J
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.
Performance Comparison of MPl_Reduce

Default vs MPICH_COLL_OPT_OFF=MPI_Reduce

4 Percent Improvement of SMP-aware MPI_Reduce A
(compared to MPICHZ2 algorithm)
S 1024 PEs on an Istanbul System y
100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0% B Reduce
30.0%
20.0%
10.0%
0.0%
I I A \&b‘ q/gbﬁb @gb %\qm \(-ofb‘bb‘ rgl'/\@ ng‘sbb
Message Size
\ J
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Performance Comparison of MPI_Allgather

Default vs MPICH_COLL_OPT_OFF=MPI_Allgather

! Percent Improvement of Optimized MPI_Allgather
(compared to MPICH2 algorithm)
S 1024 PEs on an Istanbul System
100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
20.0% m Allgather
30.0%
20.0%
10.0%
0.0%
1 2 4 8 16 32 64 128 256 512 1024 2048
Message Size
.
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MPI-IO Improvements

“1 MPI-10 collective buffering

# MPICH_MPIIO _CB_ALIGN=0
» Divides the 1/0 workload equally among all aggregators
» Inefficient if multiple aggregators reference the same physical I/O block
» Default setting in MPT 3.2 and prior versions

# MPICH_MPIIO_CB_ALIGN=1

» Divides the 1/0 workload up among the aggregators based on physical 1/0
boundaries and the size of the 1/O request

» Allows only one aggregator access to any stripe on a single 1/0O call
» Available in MPT 3.1

# MPICH_MPIIO_CB_ALIGN=2

» Divides the 1/0O workload into Lustre stripe-sized groups and assigns them
to aggregators

» Persistent across multiple 1/O calls, so each aggregator always accesses
the same set of stripes and no other aggregator accesses those stripes

» Minimizes Lustre file system lock contention
» Default setting in MPT 3.3
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B
IOR benchmark 1,000,000 bytes

MPI-10 API , non-power-of-2 blocks and transfers, in this case blocks and
transfers both of 1M bytes and a strided access pattern. Tested on an XT5 with 32
PEs, 8 cores/node, 16 stripes, 16 aggregators, 3220 segments, 96 GB file

f 1800 A

1600
1400
1200
1000

MB/Sec

800

\. J
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