


¸ For most users and applications, using default settings work 
very well

¸ For users who want to experiment to get the best 
performance they can, the following presentation gives you 
some information on compilers and settings to try
·²ƘƛƭŜ ƛǘ ŘƻŜǎƴΩǘ ŎƻǾŜǊ ŀōǎƻƭǳǘŜƭȅ ŜǾŜǊȅǘƘƛƴƎΣ ǘƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ 

tries to address some of the tunable parameters which we have 
found to provide increased performance in the situations 
discussed

¸ This talk is a starting point, try these things first
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Local machines load xtpe-istanbul automatically.

²ƘƛƭŜ ȅƻǳΩǊŜ ŀǘ ƛǘΣ ǘǊȅ every available compiler.
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:) module show xtpe - istanbul

----------------------------------------------------------
---------

/opt/ cray / xt - asyncpe /3.7/ modulefiles / xtpe - istanbul :

conflict         xtpe - barcelona

conflict         xtpe - quadcore

conflict         xtpe - shanghai

conflict         xtpe - mc8

conflict         xtpe - mc12

prepend - path     PE_PRODUCT_LIST XTPE_ISTANBUL

setenv XTPE_ISTANBUL_ENABLED ON

setenv INTEL_PRE_COMPILE_OPTS  - msse3

setenv PATHSCALE_PRE_COMPILE_OPTS  -
march= barcelona

setenv GNU_PRE_COMPILE_OPTS  - march=amdfam10

----------------------------------------------------------
--------------------------------------------------------
-----------
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I should build for the right 
compute-node architecture.

LǘΩŘ ǇǊƻōŀōƭȅ ōŜ ŀ ǊŜŀƭƭȅ ōŀŘ 
idea to load two architectures 

at once.

hƘ ȅŜŀƘΣ ƭŜǘΩǎ ƭƛƴƪ ƛƴ ǘƘŜ ǘǳƴŜŘ ƳŀǘƘ ƭƛōǊŀǊƛŜǎ ŦƻǊ ǘƘƛǎ ŀǊŎƘƛǘŜŎǘǳǊŜ ǘƻƻΦ
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¸ PGI ςVery good Fortran and C, pretty good C++
· Good vectorization
· Good functional correctness with optimization enabled
· Good manual and automatic prefetchcapabilities
· Very interested in the Linux HPC market, although that is not their only focus
· Excellent working relationship with Cray, good bug responsiveness

¸ PathscaleςGood Fortran, C, possibly good C++
· Outstanding scalar optimization for loops  that do not vectorize
· Fortran front end uses an older version of the CCE Fortran front end
· OpenMPuses a non-pthreadsapproach
· Scalar benefits will not get as much mileage with longer vectors

¸ Intel ςGood Fortran, excellent C and C++ (if you ignore vectorization)
· Automatic vectorizationcapabilities are modest, compared to PGI and CCE
· Use of inline assembly is encouraged
· Focus is more on best speed for scalar, non-scaling apps
· Tuned for Intel architectures, but actually works well for some applications on 

AMD

éfrom Crayôs Perspective
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¸ GNU so-so Fortran, outstanding C and C++ (if you ignore vectorization)
· Obviously, the best for gcccompatability
· Scalar optimizer was recently rewritten and is very good
· Vectorizationcapabilities focus mostly on inline assembly
· Note the last three releases have been incompatible with each other (4.3, 4.4, 

and 4.5) and required recompilation of Fortran modules

¸ CCE ςOutstanding Fortran, very good C, and okay C++
· Very good vectorization
· Very good Fortran language support; only real choice for Coarrays
· C support is quite good, with UPC support
· Very good scalar optimization and automatic parallelization
· Clean implementation of OpenMP3.0, with tasks
· Sole delivery focus is on Linux-based Cray hardware systems
· .Ŝǎǘ ōǳƎ ǘǳǊƴŀǊƻǳƴŘ ǘƛƳŜ όƛŦ ƛǘ ƛǎƴΩǘΣ ƭŜǘ ǳǎ ƪƴƻǿΗύ
· Cleanest integration with other Cray tools (performance tools, debuggers, 

upcoming productivity tools)
· No inline assembly support
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éfrom Crayôs Perspective
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¸ Use default optimization levels
· LǘΩǎ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƻŦ Ƴƻǎǘ ƻǘƘŜǊ ŎƻƳǇƛƭŜǊǎ ςO3  or ςfast

¸ Use ςO3,fp3 (or ςO3 ςhfp3, or some variation)
· -O3 only gives you slightly more than ςO2
· -hfp3 gives you a lot more floating point optimization, esp. 32-bit

¸ If an application is intolerant of floating point reassociation, try a lower ς
hfp number ςtry ςhfp1 first, only ςhfp0 if absolutely necessary
· Might be needed for tests that require strict IEEE conformance
· hǊ ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƘŀǘ ƘŀǾŜ ΨǾŀƭƛŘŀǘŜŘΩ ǊŜǎǳƭǘǎ ŦǊƻƳ ŀ ŘƛŦŦŜǊŜƴǘ ŎƻƳǇƛƭŜǊ

¸ Do not suggest using ςOipa5, -Oaggress, and so on ςhigher numbers are 
not always correlated with better performance

¸ Compiler feedback: -rm (Fortran) -hlist=m (C)

¸ LŦ ȅƻǳ ƪƴƻǿ ȅƻǳ ŘƻƴΩǘ ǿŀƴǘ OpenMP: -xompor -Othread0

¸ man crayftn; man craycc; man crayCC
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¸ PGI
· - fast ïMipa =fast(,safe)
· If you can be flexible with precision, also try - Mfprelaxed
· Compiler feedback: - Minfo =all - Mneginfo
· man pgf90; man pgcc ; man pgCC; or pgf90 - help 

¸ Cray
· <none, turned on by default>
· Compiler feedback: - rm (Fortran) - hlist =m (C)
· LŦ ȅƻǳ ƪƴƻǿ ȅƻǳ ŘƻƴΩǘ ǿŀƴǘ OpenMP: - xomp or - Othread0
· man crayftn ; man craycc ; man crayCC

¸ Pathscale
· - Ofast Note: this is a little looser with precision than other compilers
· Compiler feedback: - LNO:simd_verbose =ON
· man eko όά9ǾŜǊȅ Yƴƻǿƴ hǇǘƛƳƛȊŀǘƛƻƴέύ

¸ GNU
· - O2 / - O3
· Compiler feedback:good luck
· man gfortran ; man gcc ; man g++

¸ Intel
· - fast
· Compiler feedback:
· man ifort ; man icc ; man iCC

NCCS/NICS Spring Training 2011 8



NCCS/NICS Spring Training 2011 9



¸ If set => Disables Portals matching
·Matching happens on the Opteron
·Requires extra copy for EAGER protocol

¸ Reduces MPI_RecvOverhead
·Helpful for latency-sensitive application
·Large # of small messages
·Small message collectives (<1024 bytes)

¸ When can this be slower?
·When extra copy time longer than post-to-Portals time
·Lots of pre-posted Receives can slow it down
·For medium to larger messages (16k-128k range)

¸ Has no effect on Gemini

NCCS/NICS Spring Training 2011 10



/ƻƳŜ ƻƴΣ ƛǘ Ƙŀǎ άŦŀǎǘέ ƛƴ ǘƘŜ ƴŀƳŜΗ
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¸ If set, enables an optimized memcpyroutine in MPI. The 
optimized routine is used for local memory copies in the 
point-to-point and collective MPI operations. 
·This can help performance of some collectives that send 

large (256K and greater) messages.
·Collectives are almost always faster
·Speedup varies by message size
·Example: If message sizes are known to be greater than 

1 megabyte, then an optimized memcpycan be used 
that works well for larges sizes, but may not work well 
for smaller sizes. 

·Default is not enabled (because there are a few cases that 
experience performance degradation)

¸ Ex: PHASTA at 2048 processes:  reduction from 262s to 195s
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¸ GNU malloclibrary 
·malloc, calloc, realloc, free calls

·Fortran dynamic variables

¸ Malloc library system calls
·Mmap, munmap=>for larger allocations
·Brk, sbrk=> increase/decrease heap

¸ Malloc library optimized for low system memory use
·Can result in system calls/minor page faults
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¸ 5ŜǘŜŎǘƛƴƎ άōŀŘέ mallocbehavior
·tǊƻŦƛƭŜ Řŀǘŀ ҐҔ  άŜȄŎŜǎǎƛǾŜ ǎȅǎǘŜƳ ǘƛƳŜέ

¸ /ƻǊǊŜŎǘƛƴƎ άōŀŘέ mallocbehavior
·Eliminate mmapuse by malloc
·Increase threshold to release heap memory 

¸ Use environment variables to alter malloc
·MALLOC_MMAP_MAX_  = 0
·MALLOC_TRIM_THRESHOLD_ = 536870912

¸ Possible downsides
·Heap fragmentation
·User process may call mmapdirectly
·User process may launch other processes

¸tDLΩǎ ςMsmartallocdoes something similar for you at compile 
time
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May help today, will likely help more will likely help even more 
with Gemini.
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¸ Opteronssupport 4K, 2M, and 1G pages
·²Ŝ ŘƻƴΩǘ ǎǳǇǇƻǊǘ мD ǇŀƎŜǎ
·4K pages are used by default

¸нa ǇŀƎŜǎ ŀǊŜ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ǳǎŜΣ ōǳǘΧ

¸ Your code may run with fewer TLB misses (hence faster).
·The TLB can address more physical memory with 2M pages than 

with 4K pages

¸ The Gemini perform better with 2M pages than with 4K 
pages.
·2M pages use less GEMINI resources than 4k pages (fewer bytes).
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¸ Link in the hugetlbfsƭƛōǊŀǊȅ ƛƴǘƻ ȅƻǳǊ ŎƻŘŜ Ψ-lhugetlbfsΩ
¸ Set the HUGETLB_MORECORE env in your run script.  
·Example : export HUGETLB_MORECORE=yes

¸ Use the aprunoption ςm###h to ask for ### Meg of HUGE 
pages.
·Example : aprunςm500h    (Request 500 Megs of HUGE pages as 

available, use 4K pages thereafter)
·Example : aprunςm500hs  (Request 500 Megs of HUGE pages, if 

not available  terminate launch)

¸ Note: If not enough HUGE pages are available,  the cost of 
filling the remaining with 4K pages may degrade 
performance.
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¸ The default ordering can be changed using the following environment 
variable:

MPICH_RANK_REORDER_METHOD
¸ These are the different values that you can set it to:

0: Round-robin placement ςSequential ranks are placed on the next 
node in the list.  Placement starts over with the first node upon 
reaching the end of the list. 

1: SMP-style placement ςSequential ranks fill up each node before 
moving to the next.

2: Folded rank placement ςSimilar to round-robin placement except 
that each pass over the node list is in the opposite direction of the 
previous pass.

3: Custom ordering. The ordering is specified in a file named  
MPICH_RANK_ORDER.

¸ When is this useful?
·Point-to-point communication consumes a significant fraction of 

program time and a load imbalance detected
·Also shown to help for collectives (alltoall) on subcommunicators

(GYRO)
·Spread out IO across nodes (POP)
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¸ GYRO 8.0 
· B3-GTC problem with 1024 processes

¸ Run with alternate MPI orderings

Reorder method Comm. time

Default 11.26s

0 ςround-robin 6.94s

2 ςfolded-rank 6.68s

NCCS/NICS Spring Training 2011 22



¸ TGYRO 1.0 
·Steady state turbulent transport code using GYRO, NEO, TGLF 

components
¸ ASTRA test case
·Tested MPI orderings at large scale
·Originally testing weak-scaling, but found reordering very 

useful

Reorder 
method

TGYRO wall time (min)

20480 40960 81920

Default 99m 104m 105m

Round-robin 66m 63m 72m

Huge win!

NCCS/NICS Spring Training 2011 23



Application data is in 

a 3D space, X x Y x Z.

Communication is 

nearest-neighbor.

Default ordering 

results in 12x1x1 

block on each node.

A custom reordering 

is now generated: 

3x2x2 blocks per 

node, resulting in 

more on-node 

communication

Rank Reordering 
Case Study
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X X o o

X X o o

o o o o

o o o o

¸ Processes marked X heavily use a 
shared resource

¸ If memory bandwidth, scatter the X's

¸ If network bandwidth to others, again 
scatter

¸ If network bandwidth among 
themselves, concentrate

¸ Check out pat_report and grid_orderfor generating custom 
rank orders based on:
·Measured data
·Communication patterns
·Data decomposition
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Yes, this deserves ALL CAPS.
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¸ Short Message Eager Protocol

· ¢ƘŜ ǎŜƴŘƛƴƎ Ǌŀƴƪ άǇǳǎƘŜǎέ ǘƘŜ ƳŜǎǎŀƎŜ ǘƻ ǘƘŜ ǊŜŎŜƛǾƛƴƎ Ǌŀƴƪ
· 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 queue entries (MPICH_PTL_UNEX_EVENTS) and buffer space 

(MPICH_UNEX_BUFFER_SIZE) to store the message 

¸ Long Message Rendezvous Protocol

· aŜǎǎŀƎŜǎ ŀǊŜ άǇǳƭƭŜŘέ ōȅ ǘƘŜ ǊŜŎŜƛǾƛƴƎ Ǌŀƴƪ
· Used for messages greater than MPICH_MAX_SHORT_MSG_SIZEbytes
· 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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MPI_RECV is posted prior to MPI_SEND call

MPI 

Unexpected 

Buffers

Unexpected 

Msg Queue

Sender 

RANK 0

Receiver

RANK 1

Eager        

Short Msg ME

Incoming Msg

Rendezvous 

Long Msg ME
App ME

Unexpected 

Event Queue

Match Entries Posted by MPI 

to handle Unexpected Msgs

STEP 3

Portals DMA  PUT

STEP 2

MPI_SEND call

STEP 1

MPI_RECV call

Post ME to Portals

(MPICH_PTL_UNEX_EVENTS)

Other Event Queue

(MPICH_PTL_OTHER_EVENTS)

(MPICH_UNEX_BUFFER_SIZE)

S
E
A
S
T
A
R
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MPT Eager Protocol
Data ñpushedò to the receiver
(MPICH_MAX_SHORT_MSG_SIZE bytes or less)

MPI_RECV is not posted prior to MPI_SEND call

MPI 

Unexpected 

Buffers

Unexpected 

Msg Queue

Sender 

RANK 0

Receiver

RANK 1

Eager        

Short Msg ME

Incoming Msg

Rendezvous 

Long Msg ME

Unexpected 

Event Queue

Match Entries Posted by MPI 

to handle Unexpected Msgs

STEP 2

Portals DMA  PUT
STEP 4

Memcpy of data

STEP 1

MPI_SEND call

STEP 3

MPI_RECV call

No Portals ME

S
E
A
S
T
A
R

(MPICH_UNEX_BUFFER_SIZE)

(MPICH_PTL_UNEX_EVENTS)

NCCS/NICS Spring Training 2011 29



Data is not sent until MPI_RECV is issued

MPI 

Unexpected 

Buffers

Unexpected 

Msg Queue

Sender 

RANK 0

Receiver

RANK 1

Eager        

Short Msg ME

Incoming Msg

Rendezvous 

Long Msg ME

Unexpected 

Event Queue

App ME

STEP 2

Portals DMA PUT 

of Header

STEP 4

Receiver issues 

GET request to 

match Sender ME

STEP 5

Portals DMA  of Data

Match Entries Posted by MPI 

to handle Unexpected Msgs

STEP 1

MPI_SEND call

Portals ME created

STEP 3

MPI_RECV call

Triggers GET request

S
E
A
S
T
A
R
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¸ƻǳΩǊŜ ǇǊŜ-posting your receives, right??
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¸ Controls message sending protocol
·Message sizes <= MSG_SIZE: Use EAGER 
·Message sizes > MSG_SIZE: Use RENDEZVOUS 
·Increasing this variable may require that 

MPICH_UNEX_BUFFER_SIZE be increased
¸ Increase MPICH_MAX_SHORT_MSG_SIZE if App sends large 

messages and receives are pre-posted
·Can reduce messaging overhead via EAGER protocol
·Can reduce network contention
·Can speed up the application

¸ Decrease MPICH_MAX_SHORT_MSG_SIZE if:
· App sends lots of smaller messages and receives not pre-

posted, exhausting unexpected buffer space
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¸ 32 MB per OST (32 MB ς5 GB) and 32 MB Transfer Size
· Unable to take advantage of file system parallelism
· Access to multiple disks adds overhead which hurts performance

Lustre  
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¸ {ŜǊƛŀƭƛȊƛƴƎ Lκh ƳŜŀƴǎ ȅƻǳΩƭƭ ƴŜǾŜǊ ǇŜǊŦƻǊƳ ōŜǘǘŜǊ ǘƘŀƴ м ǇǊƻŎŜǎǎ Ŏŀƴ 
receive and write the data to disk

¸ Parallelizing I/O spreads the burden and increases aggregate network and 
disk bandwidth

How To Stripe

¸ Shared-file I/O
· Big File, many writers/readers

· Stripe the file to as many OSTs as you can to take advantage of each OSTs bandwidth
· Small File, many writers/readers

· Stripe the file minimally, serialize through 1 process to avoid flooding the OSTs

¸ File-per-process I/O
· {ǘǊƛǇŜ ǘƘŜ ŦƛƭŜǎ ƳƛƴƛƳŀƭƭȅ ǎƻ ǘƘŀǘ h{¢ǎ ŀǊŜƴΩǘ ƻǾŜǊǿƘŜƭƳŜŘ
· Avoid metadata-heavy operations and too many files in 1 directory

¸ {ǳōǎŜǘ ȅƻǳǊ LκhΥ ά{ǇƻƪŜǎǇŜǊǎƻƴ aŜǘƘƻŘέ
· Break your processes into groups, each serializing I/O through a spokesperson
· {ǘǊƛǇŜ ŜŀŎƘ ƎǊƻǳǇΩǎ ŦƛƭŜ ƳƛƴƛƳŀƭƭȅ ǘƻ ǎǇǊŜŀŘ ŦƛƭŜǎ ƻǾŜǊ ŀƭƭ h{¢ǎ
· MPI-IO and ADIOS provide ways to subset automatically
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¸ Stripe-align your data, padding if necessary, to avoid the deadlocks 
shown on previous slide.

¸ Use the lfs command, libLUT, or MPIIO hints to adjust your stripe count 
and possibly size
· lfs setstripe-c -1 -s 4M <file or directory> (160 OSTs, 4MB stripe)
· lfs setstripe-c 1 -s 16M <file or directory> (1 OST, 16M stripe)
· ŜȄǇƻǊǘ atL/IψatLLhψILb¢{ҐΨϝΥ striping_factorҐмслΩ

¸ Files inherit striping information from the parent directory, this cannotbe 
changed once the file is written
· Set the striping before copying in files
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¸ Every lustre filesystemhas 1 server for handling all metadata operations
· File opens and closes
· File stats (including calling ls - l or ls -- color )

¸ Performing lots of metadata operations simultaneously will slow down 
your code and can affect other users.
· If you must do a lot of file opens, stats, or closes, do them in small groups to 

ease the strain on the metadata server
· 5ƻƴΩǘ ǎǘŀǘ ǘƘŜ ǎŀƳŜ ŦƛƭŜ ŦǊƻƳ ǎŜǾŜǊŀƭ Pes

¸ Reduce the number of files in a directory
· If you need lots of files, consider breaking them into sqrt(N) directories

¸ Open files Read Only and NO_ATIME whenever possible
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¸ Standard Ouputand Error streams 
are effectively serial I/O.

¸ All STDIN, STDOUT, and STDERR I/O 
serialize through aprun

¸ Disable debugging messages when 
running in production mode.
·άIŜƭƭƻΣ LΩƳ ǘŀǎƪ онлллΗέ
·ά¢ŀǎƪ сплллΣ ƳŀŘŜ ƛǘ ǘƘǊƻǳƎƘ 
ƭƻƻǇΦέ
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AKA, NUMA Effects
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¸[ƛƴǳȄ Ƙŀǎ ŀ άŦƛǊǎǘ ǘƻǳŎƘ ǇƻƭƛŎȅέ ŦƻǊ ƳŜƳƻǊȅ ŀƭƭƻŎŀǘƛƻƴ
·*allocŦǳƴŎǘƛƻƴǎ ŘƻƴΩǘ ŀŎǘǳŀƭƭȅ ŀƭƭƻŎŀǘŜ ȅƻǳǊ ƳŜƳƻǊȅ
·aŜƳƻǊȅ ƎŜǘǎ ŀƭƭƻŎŀǘŜŘ ǿƘŜƴ άǘƻǳŎƘŜŘέ

¸ Problem: A code can allocate more memory than available
·[ƛƴǳȄ ŀǎǎǳƳŜŘ άǎǿŀǇ ǎǇŀŎŜΣέ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ŀƴȅ
·!ǇǇƭƛŎŀǘƛƻƴǎ ǿƻƴΩǘ Ŧŀƛƭ ŦǊƻƳ ƻǾŜǊ-allocation until the 

memory is finally touched
¸tǊƻōƭŜƳΥ aŜƳƻǊȅ ǿƛƭƭ ōŜ Ǉǳǘ ƻƴ ǘƘŜ ŎƻǊŜ ƻŦ ǘƘŜ άǘƻǳŎƘƛƴƎέ 

thread
·Only a problem if thread 0 allocates all memory for a node

¸ Solution: Always initialize your memory immediately after 
allocating it
·If you over-allocate, it will fail immediately, rather than a 

strange place in your code
·If every thread touches its own memory, it will be allocated 

on the proper socket
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Are you launching the job that you think you are?  
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Option

-n

-N

-m

-d

-S

-ss

- cc

Number of MPI tasks  
Note: If you do not specify the number of tasks to aprun, the system will default 

to 1.

Number of tasks per Node

Memory required per Task 

Number of threads per MPI Task. 
Note: If you specify OMP_NUM_THREADS but do not give a ςd option, aprun will 

allocate your threads to a single core.  You must use OMP_NUM_THREADS to 
specify the number of threads per MPI task, and you must use ςd to tell aprun
how to place those threads

Number of Pesto allocate per NUMA Node

Strict memory containment per NUMA Node

Controls process/thread affinity

Description
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