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IBM High Performance Toolkit Software (IBM pSeries / AIX)

Hardware Performance
HPM Toolkit 

- Catch

- hpmcount

- libhpm

- hpmstat
Shared Memory Performance

DPOMP

- pomprof

Message-Passing Performance
MP_Profiler

MP_Trace

TurboMP (SHMEM, MPI2)
Performance Simulation

SiGMA
Performance Visualization

PeekPerf
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Unified GUI with Source Code Traceback

HPM MP_profiler/trace POMPROF SiGMA

PeekPerf
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Typical LIBHPM Usage

Declaration:
#include f_hpm.h

Use:
call f_hpminit( 0, “prog” )
call f_hpmstart( 1, “work” )
do 
call do_work()
call f_hpmstart( 22, “more work” )

call compute_meaning_of_life()
call f_hpmstop( 22 )

end do
call f_hpmstop( 1 )
call f_hpmterminate( 0 )
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Text LIBHPM Output
Instrumented section: 2 - Label: do loop - process: 0
file: peak.f, lines: 71 <--> 82
Count: 2
Wall Clock Time: 0.191356 seconds
Total time in user mode: 0.191085067756377 seconds
Average duration: 0.095678
Standard deviation: 0.000235

PM_FPU_FDIV (FPU executed FDIV instruction)               :   4
PM_FPU_FMA (FPU executed multiply-add instruction)        :       491532230
PM_FPU0_FIN (FPU0 produced a result)                      :   245940190
PM_FPU1_FIN (FPU1 produced a result)                      :   245940117
PM_CYC (Processor cycles)                                 :   248410547
PM_FPU_STF (FPU executed store instruction)               :   360000
PM_INST_CMPL (Instructions completed)                     :   513833515
PM_LSU_LDF (LSU executed Floating Point load instruction) :   420016

Utilization rate                           :          99.858 %
Load and store operations                  :           0.780 M
Instructions per load/store                :         658.747
MIPS                                       :        2685.223
Instructions per cycle                     :           2.068
HW Float point instructions per Cycle      :           1.980
Floating point instructions + FMAs (flips) :         983.053 M
Flip rate (flips / WCT)                    :        5137.297 Mflip/sec
Flips / user time                          :        5144.581 Mflip/sec
FMA percentage                             :         100.000 %
Computation intensity                      :        1260.298
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HPM Visualization Using PeekPerf
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MP_Profiler and MP_Trace Libraries

MP_Profiler
Captures “summary” data for MPI and SHMEM calls with source code traceback

No changes to source code, but MUST compile with -g

~1.7 microsecond overhead per MPI / SHMEM call

Several libraries needed:

mpiprof, smaprof, turbo1prof, turbo2prof
MP_Trace

Captures “timestamped” data for MPI and SHMEM calls with source traceback

~1.4 microsecond overhead per MPI / SHMEM call

More libraries needed:

mpitrace, smatrace, turbo1trace, turbo2trace
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MP_Profiler Sample Text Output
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MP_Profiler Sample Call Graph Output
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MP_Profiler Visualization Using PeekPerf
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MP_Profiler and HPM Integration
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MP_Trace Visualization Using PeekPerf
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TurboMP Libraries  (latest version:  3.0.2)

TurboMPI-1 Libraries
Collective Communications Enhanced for shared memory

AllReduce, Alltoall, Alltoallv, Bcast, Barrier, Reduce

No LAPI dependency (to accommodate pre-Federation switched systems)

32-bit and 64-bit support, Fortran/C/C++

Syntax:  -lturbo1
TurboMPI-2 Libraries

All of MPI-1 above, plus MPI-2 RMA operations

Put, Get, Accumulate, Fence, Lock/Unlock, Start/Post/Wait/Complete, Test

Syntax:  -lturbo2
SHMEM Libraries

“Complete” implementation (400+ routines)
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SHMEM Implementation Status
Fortran77, Fortran90/95, and C/C++
Threadsafe libraries
Check/Start Safety under study
Uses both LAPI and MPI for best performance
TurboMPI only supports contiguous datatypes

No user-defined datatypes or reduction operations
SHMEM is “complete” except for:

shmem_ptr() , and,

Functions which don’t make sense on IBM:
shmem_stack(), shmem_cache functions, etc

-- Implemented as no-ops
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SHMEM Profiling Capability
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SHMEM Notes

Needed to add 4 “new” functions
shmem_init(), shmem_finalize()
shpalloc_init() and shmalloc_init()

Ixput/Ixget functions modified to accommodate both 
32-bit and 64-bit index vectors (see README)

-- User needs to ensure 32-bit integer parameters in 64-bit 
mode
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TurboSHMEM Sample Usage (F77)
program sample_f77
implicit none
include "shmem.fh"

C 
real*8 ref,source, target
integer ierr,pe,mype,npes,

psync(SHMEM_BARRIER_SYNC_SIZE)
integer foo(256)
save foo

C 
dimension target(*), source(*)
pointer (t_p,target),(s_p,source)

C 
call shmem_init()
call shpalloc_init(foo,1024)
call shpalloc(t_p, 2, ierr, 0)
call shpalloc(s_p, 2, ierr, 0)

target(1)= 99.d0
mype = shmem_my_pe()
npes = shmem_n_pes()

C
source(1) = mype+1
ref = mod((mype+npes-1),npes)+1
pe = mod((mype + 1), npes)

C
call shmem_put(target,source,1,pe)
call shmem_barrier(0,0,npes,pSync)

C
call shpdeallc(s_p, ierr, 0)
call shpdeallc(t_p, ierr, 0)
call shmem_finalize()

C
stop
end
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Sample Usage

Compile:
mpxlf_r sample.f –lsma

mpxlf90_r   –q64   sample.f –lsma
Run: (e.g., POWER4, shared memory only)

MP_PROCS=16
MP_MSG_API=mpi,lapi
MP_SHARED_MEMORY=yes
MP_EUILIB=ip
MP_RESD=no
LAPI_USE_SHM=only
poe a.out
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Symmetric Storage

Fortran:
Common, Save, or use module

C/C++
Static Declaration

AIX unable to “shmalloc”
Work-around using static storage

Full semantics of shmalloc() / shpalloc() 
implemented using user-defined static storage 
defined via above methods.



Advanced Computing Technology Center

The IBM High Performance Computing Toolkit © 2004 IBM Corporation

TurboSHMEM Dynamic Dimensioning (-qddim)

integer,save,dimension(256) :: foo
integer, parameter :: px=4, py=4, xglobal=500, yglobal=500
integer :: P, T, xlocal, ylocal, i, j, ierr
real, dimension(0:xlocal,0:ylocal) :: u,v 
pointer (u_ptr,u),(v_ptr,v)

! 
call shmem_init()
call shpalloc_init(foo,256*4)

!
! Klepacki Support Routines for Data Parallel: create 125x125 subarray

call HPF_Processors_2D(P,px,FALSE,py,FALSE)
call HPF_Template_2D(T,P,xglobal,BLOCK,yglobal,BLOCK,xlocal,ylocal)
call shpalloc(u_ptr, xlocal*ylocal, ierr, 0)
call shpalloc(v_ptr, xlocal*ylocal, ierr, 0)

!
forall (i=0:xlocal, j=0:ylocal)

u(i,j) = …
v(i,j) = …

end forall
…
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SHMEM Problem

do i = 1, nbprocs
index = (rank * kval) + 1 
call shmem_ixget(temp, fp(index,1,1), tab,  nys*kval*kval, i-1) 
L = 1 
index = ( ( i – 1 ) * kval ) + 1 
do k = index, index + kval - 1 

do j = 1, nys 
do k1 = 1, kval 

fpp(k1, j, k) = temp(L) 
L = L + 1 

enddo 
enddo 

enddo 
enddo

VLASOV HydrodynamicsVLASOV Hydrodynamics

Linear in procs

Index vector
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Solution:  New TurboSHMEM Function

SHMEM_Alltoall()
Log_2 performance with procs

One-line of code replacement for previous loop!

“Turbo” performance:  -lsma –lturbo1
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Switch  (HPS)

Adapter (HPS)

C
SMLL

User Space Kernel Space

LAPI

IBM’s MPI

Parallel ESSL

VSD

GPFS SOCKETS

TCP UDP

IP

APPLICATION

ES
SL

IF_LSHAL
KLAPI
KHAL

Communication Software Architecture

HMC Service
Processor

DD
HYP
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What is RDMA?
Remote Direct Memory Access
Memory Semantics for Remote Access
No slave side protocol processing

No interim packet arrival interrupts
Assumes pinned/mapped transfers

Master Task Slave Task

SwitchSwitch
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Striping Implementation Models
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Messaging Foundation:  IBM LAPI

One sided communication programming model
Simulate synchronous and standard communication behavior of MPI
Completion of non-blocking communication signaled at both ends.

origin counter

target counter

completion counter
Reliable 
Enhanced Active Message Interface
Low overhead interface designed to minimize copies
No ordering of messages
C , C++ and Fortran interfaces
IBM designed interface (not a standard)
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LAPI_Amsend LAPI Dispatcher

Completion
Handler
cmpl_hdl

Header Handler
hdr_hdl1

4

buffer
cmpl_hdl

3

2

cmpl_cntr tgt_cntr6

LAPI_Amend (hndl, tgt, *hdr_hndler, *uhdr, uhd_len, *udata, udata_len, *tgt_cntr, *org_cntr, *cmpl_cntr).

udata
uhdr

org_cntr

cmpl_cntr

target
process

buffer

tgt_cntr

origin process
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LAPI Internode Communication

With switch only
Copy to send fifo

DMA to adapter memory

DMA from adapter memory

Copy from receive fifo
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LAPI Put Example

Task 0 Task 1

Origin   
buffer

Target
buffer

Switch

Hal send
fifo

Hal receive
fifo

(Packets may be
received out of order)
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LAPI Intranode Communication

With Shared memory segment
Copy data to shared segment

Use semaphore to signal other task

Copy data from shared segment
Two copies in total
Can we eliminate one copy?
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LAPI Kernel Extension

Task 1 registers segment containing data--gets 
handle back
Task 1 copies handle to shared segment
Task 1 wakes up task 2
Task 2 retrieves handle
Task 2 attaches segment to it's address space
Task 2 copies data
One copy only.
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LAPI Shared Memory Put Example

TASK 0 TASK 1

Send Buffer

Shared memory
segment

Receive 
Buffer

Register Send Buffer
Store Send Buffer Meta 
Data

Read Send Buffer Meta Data
Attach Send Buffer to Address 
Space

Copy Send Buffer
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Performance Gains with LAPI shared Memory

BR2_DK 195.0 309.0
MD_HAD 8593.8 8792.6
PSPW 61.7 63.2
U02_DFT 232.4 709.1
DFT_SiOSI3 185.7 285.4

Input deck Shared Switch

NWCHEM bechmarks (8 way)
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MPI_PUT + MPI+Win_fence

for (i=0; i<NUM_ITER; i++)
if (rank == 0) {

MPI_Put(outbuf, msg_sz, MPI_INT, 1, 0, msg_sz, MPI_INT, win);
}
MPI_Win_fence(0, win);
}



Advanced Computing Technology Center

The IBM High Performance Computing Toolkit © 2004 IBM Corporation

MPI_Win_Fence Synchronization (SMP)

Bandwidth Vs. Message-Size
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TurboMP MPI_Put 0.2 0.4 0.9 1.7 3.7 7.1 14 29 52
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MPI_Win_Fence Synchronization (SMP)

Bandwidth Vs. Message-Size

0

200

400

600

800

1000

1200

1400

1600

Bytes

M
B

 / 
se

c

IBM MPI_Put
Turbo MPI_Put

IBM MPI_Put 4.971 9.796 20.33 38.51 76.57 153.6 295.9 487.1 873.8 1147 1377
Turbo MPI_Put 51.9 89.25 171.3 263.4 231.8 431.5 727.5 1088 1424 1361 1377

1K 2K 4K 8K 16K 32K 64K 128K 256K 512K 1M



Advanced Computing Technology Center

The IBM High Performance Computing Toolkit © 2004 IBM Corporation

MPI_Put + MPI_Win_lock/unlock

for (i=0; i<NUM_ITER; i++) {
if (rank == 0) {

MPI_Win_lock(lock_type, 1, 0, win);
MPI_Put(outbuf, msg_sz, MPI_INT, 1, 0, msg_sz, MPI_INT, win);
MPI_Win_unlock(1, win);

}
}
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MPI_Win_Lock / Unlock – Exclusive Synchronization (SMP)

Bandwidth Vs. Message-Size
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IBM MPI_Put 0.01 0.02 0.04 0.08 0.16 0.32 0.64 1.33 2.62
Turbo MPI_Put 0.11 0.23 0.45 0.9 1.81 3.62 7.23 14.4 28.4
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MPI_Win_Lock / Unlock – Exclusive Synchronization (SMP)

Bandwidth Vs. Message-Size
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MPI_Win_Lock / Unlock – Shared Synchronization (SMP)

Bandwidth Vs. Message-Size
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MPI_Win_Lock / Unlock – Shared Synchronization (SMP)

Bandwidth Vs. Message-Size
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MPI_Put + MPI_Win/start/post/complete/wait

for (i=0; i<NUM_ITER; i++) {
MPI_Win_start(to_from_group, 0, win);
MPI_Win_post(to_from_group, 0, win);
MPI_Put(outbuf,msg_sz,MPI_INT,dest,0,msg_sz,MPI_INT,win);
MPI_Win_complete(win);
MPI_Win_wait(win);

}
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MPI_Start/Post/Wait/Complete Synchronization (SMP)

Bandwidth Vs. Message-Size
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Turbo MPI_Put 0.4 0.77 1.53 3.24 6.08 12.4 24.2 45 90.1
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MPI_Start/Post/Wait/Complete Synchronization (SMP)

Bandwidth Vs. Message-Size
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Turbo MPI_Put Comparison Synchronization (SMP)

Bandwidth Vs. Message-Size
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Turbo MPI_Put Comparison Synchronization (SMP)

Bandwidth Vs. Message-Size
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Put Latency Comparisons

IBM MPI_Put (usec) Turbo MPI_Put (usec)

Fence 62 18

Lock - Exclusive 179 83 35 30

Start/Post/Wait/Complete 99 21

TurboSHMEM Put N/A 5

Lock Shared 174 54 15 11

ISend/IRecv 11 5 N/A
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How to Obtain the IBM HPC Toolkit?

Current Possibilities:
1.  Acquire as part of new procurement.

2.  Acquire as part of ACTC Performance Tuning Workshop.

3.  Purchase license directly from IBM Research

Future Possibility:

Purchase from third-party vendor (e.g., Etnus)
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IBM HPC Toolkit Software Maintenance Cycle

Major releases at SciComp meetings (twice a year)
Minor releases (bug fixes) as-needed
“New Technology” (e.g., DPOMP) placed on Alphaworks 
server:

http://alphaworks.ibm.com

6 month lifetime

90-day evaluation licenses


