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MYMP! Overview

* A Pgthon module written in C
* Does not require a special version of Pgthon
» Contains calls to many imPortant MPI routines

« Enables Writing Para”el programs based on the
MPI standard

o Enables mixing of Pgthon, C, and Fortran MPI

Programs




Hasn’t this been done?

* Yes
* PHMP] : http://sourceforge.net/projects/pympi
* A sPecial Pgt]’\on intcrpreter

+ No

* MYMPIis a module that works with a standard
Pgthon interpretsr

° Man9 signiﬁcant ditferences




l nterPreter vs. Module

XS PgMPl IS actua”g a custom version of the Pgtlﬂon

interpreter along with a module

* MYMPI, is a module only that can be used with a

normal Pgthon interPreter

+ Canuse the same interPreter for serial and

Para”e| applications

o Dor’t need to maintain a second interpreter




l nterl:)reter vs. Module

XS PHMP] the Pgthon interpreter is the Para”el
aPPIication

* MYMPI the code executed 199 the interPreter IS
the Para”el application

o This can be seenin the start~up Proceclure




. Sta rtuP

* Every “normal” MP| application must call MPI_Init
2 PHMPI programs dor’t not call MPI_Init because it is

called when the interpreter starts
+ MYMPJ, programs explici’clg call MPI_Init

+ Having better control over when/how MPI_Init is

called was one motivation for MYMP!




59ntax and Semantics

)

MYMPI follows the sgntax and semantics of C and
Fortran-MP]

PQMPI has a more OOP flavor

Knew from the beginning we would be using to write

he’cerogeneous Pﬂth@ﬂ and Fortran applications

Can use our existing training materials. Rewrote

examlales n Python




Size

2 PgMPl is about 7 Mb and compiles IN minutes
* MYMPI s a single ﬁ'le, Y% Kb, and compiles n<?3

seconds
2 PgMPl contains most of MPI-1 (120+ routines)
* MYMPI contains about 50 imPortant routines

+ Another motivation was this makes extending and

clebugging easler, memory leak.




Routines

mpi_alltoall

Sends data from all to all processes
mpi_alltoallv

Sends data from all to all processes, with a displacement
mpi_barrier

Blocks until all process have reached this routine.
mpi_bcast

Broadcasts a message from the process with rank "root" to all other processes of the group.
mpi_comm_create

Creates a new communicator
mpi_comm_dup

Duplicates an existing communicator with all its cached information
mpi_comm_group

Accesses the group associated with given communicator
mpi_comm_rank

Determines the rank of the calling process in the communicator
mpi_comm_size

Determines the size of the group associated with a communictor
mpi_comm_split

Creates new communicators based on colors and keys
mpi_error

Checks for errors (not part of regular MPI)
mpi_finalize

Terminates MPI execution environment
mpi_gather

Gathers together values from a group of processes




Routines

mpi_gatherv

Gathers into specified locations from all processes in a group
mpi_get count

Gets the number of "top level" elements
mpi_group_incl

Produces a group by reordering an existing group and taking only listed members
mpi_group_rank

Returns the rank of this process in the given group
mpi_init

Initialize the MPI execution environment
mpi_iprobe

Nonblocking test for a message
mpi_probe

Blocking test for a message
mpi_recv

Basic receive
mpi_reduce

Reduces values on all processes to a single value
mpi_scatter

Sends data from one task to all other tasks in a group
mpi_scatterv

Scatters a buffer in parts to all tasks in a group
mpi_send

Performs a basic send
mpi_status

Return status information (not part of standard MPI)




Data tg pes

* MPILINT
* Integer
o MBEEDOCIBLLE
* 8 bgte ﬂoa‘cing Point number

o We have suPPor‘c for scalars and multiple dimension

arrays using the Numeric Package.

o Need to add character




E‘xample Call

° lnPut argument lists c oselg match the list for C and

Fortran MPI routines

~

ﬂer O]C

« InCwewoulddoa message receive into bu

count integers from process source using the

.
sy ntax
MPI_ Recv(&buffer,count, MPI INT, source, tag, MPI_ COMM WORLD, &status);
Pgthorr
>
buffer=mpi.mpi_ recv( count, mpi.MPI_INT, source, tag, mpi.MPI_COMM WORLD )

status=mpi_status()







Other uses

. Miglﬁt be used in Place of some F2PY calls

« Subroutine call becomes a Send and Receive to

another Process
RS OPinion: Easier to write
o Communication between GUI and worker routines

& Fadilitate use of Para”el libraries such as SuperlLU_DIST










Application: Continurty 6.0
| * A Problem solving environment for multiscale Phgsioiogg'

aPPiications

» Most common applications are cardiac electrophuysio
- o CEREEES

and biomechanics
» Makes use of Pgthon for:
I * Higii level object oriented ciesign
- ScriPting and component integration
* And now, for Para”cl Processing

. & Can be downloaded from www.continuitg.ucsd.edu
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Some Results

+ Whatwe are going to see:

* A prcvnew from Thinkwell

* See also: http //butler.cc tutfi/” malmlvuo/bem/
bembook/06/06 htm

X Normal

* Arrhgthmia: When things go wrong




Modeling Cardiac Tilectrophgsiologg

+ Solution domain:

° Wedge of tissue

* Hol:)cncu“g soon whole heart!

* Solution Method:
o Collocation-Galerkin finite elements,
o Crank-Nicholson time stepping

 « Solver Packages: RADAU (ODEs), SuperLU
e (EDEsl e o




Subcellular Cellular Organ

| Operator Spllt‘cmg chhmque

Time Integration Loop — Crank

Nicholson
t=0
t=At/2
t=At
lonic model
t=3At12 ¥ (ODEs)

Qu Z, Garfinkel A (1999) IEEE
t=2At ~=—Trans Biomed Eng 46(9):1166-8




Python Fortran

Time Loop
PDEs
ODEs (1

Serial mode

ODEs take 95-99% of
the execution time




New Faster Way with
Parallelization of ODEs

Python Python Fortran
Parallel ~eoes
mode

ODEs (1...n/p)
ODEs (1...n/p)
T espempunsenslil ODEs (1...n/p) byt
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Continuitgdient

ContinutyClient.py

Function

Function —I

Function —J— Method

Problem setup,

Function

DejaVu, MGL, "Talk" with MPI

output, and Vis

PMV... application

. i i T s e e e e~

Sockets (Not MPI)
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Continuitg Server

MPI program

Process 0

N-1 processes

ContinuityDaemon.py N "COpieS" oF

cell_model_puglisi.f

Main Driving

routine

Get/Send data to

Process 0

Solves PDEs

(includes linear solve)
Scatter/Gather data
<=> ODE solvers
Talk with "GUTI"

e e — e T e e R .2 R, e i e~

B e e e

Solve PDEs
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Continuit9 Server

process O)

ContinuityDaemon.py

from pcty.server.cont_server
import Cont_Server

from

pcty.server.problem.Electrophysiology.Electrophysiology
import Electrophysiology

from
pcty.server.problem.Solvers

import Solvers

import mpi




def cgint mpi init (self):
import mpi
data = {} /
data[ 'myid'] = mpi.mpi_comm_rank (mpi.MPI_COMM_WORLD) I Cctro SI O O
data[ 'numprocs'] = mpi.mpi_comm_size(mpi.MPI_COMM_WORLD)
# Data to broadcast: dt - timestep

# stimon - stimulus time
# stimlen - stimulus length

’,
data['icount'] =1
mpi.mpi_bcast(self.N_gauss_pts,data['icount'],mpi.MPI_INT,0,mpi.MPI_COMM_WORLD) e U P rO U l l I e

data['dt'] = self.control.intprm dtout

mpi.mpi_bcast(data['dt'],data[ 'icount’'],mpi.MPI_DOUBLE,O,mpi.MPI_COMM_WORLD)
stimon = self.control.intprm_stimon

mpi.mpi_bcast(stimon,data[ 'icount’'],mpi.MPI_DOUBLE,O,mpi.MPI_COMM_WORLD)
stimlen = self.control.intprm stimlen
mpi.mpi_bcast(stimlen,data['icount’'],mpi.MPI_DOUBLE,O,mpi.MPI_COMM_WORLD)

# Gather local gps to here.

data[ 'local gps'] = zeros(data[ 'numprocs'],"i")

data[ 'local_gps'] = mpi.mpi_gather(data['local_gps'][0],1,mpi.MPI_INT,1,mpi.MPI_INT,O,mpi.MPI_COMM WORLD)
# Data to scatter: iPar - k_rel

# param_set_list - epi/M/endo
# rPar - stim, trigger, tl rel
self.times = zeros(self.N _gauss_pts,'f')

data[ 'disps'] = zeros(data[ 'numprocs'],"i")
data[ 'odesdisps'] = zeros(data[ 'numprocs'],"i")
data[ 'newdisps'] = zeros(data[ 'numprocs'],"i")

data[ 'odeslocal gps']= zeros(data[ 'numprocs'],"i")
for i in range(l,len(data['local gps'])):

data[ 'disps'][i] = data['disps'][i-1]+ data['local gps'][i-1]
result = mpi.mpi_scatterv(self.param_set_list.astype('i'),data[ 'local_gps'],data['disps'],mpi.MPI_INT,O0,mpi.MPI_INT,O0,mpi.MPI_COMM WORLD)
result = mpi.mpi_scatterv(self.iPar.astype('i'),data['local_gps'],data[ 'disps'],mpi.MPI_INT,0,mpi.MPI_INT,O,mpi.MPI_COMM_WORLD)
mpi.mpi_bcast(self.num fields,data['icount'],mpi.MPI_INT,O0,mpi.MPI_COMM WORLD)
self.bcl = 1000.0 #SNH must fix to stim form data
mpi.mpi_bcast(self.bcl,data[ 'icount'],mpi.MPI_DOUBLE,O,mpi.MPI_COMM_WORLD)
result = mpi.mpi_scatterv(self.rPar,data['local_gps'],data[ 'disps'],mpi.MPI_DOUBLE,O,mpi.MPI_DOUBLE,O,mpi.MPI_COMM_WORLD)
for i in range(data[ 'numprocs']):

data[ 'newdisps'][i] = data['disps'][i] + self.N_gauss_pts
result = mpi.mpi_scatterv(self.rPar,data['local_gps'],data[ 'newdisps'],mpi.MPI_DOUBLE,O,mpi.MPI_DOUBLE,O,mpi.MPI_COMM_WORLD)
for j in range(self.num fields):

for i in range(data[ 'numprocs']):

data[ 'newdisps'][i] = data[ 'newdisps'][i] + self.N_gauss_pts

result = mpi.mpi_scatterv(self.rPar,data['local_gps'],data[ 'newdisps'],mpi.MPI_DOUBLE,O,mpi.MPI_DOUBLE,O,mpi.MPI_COMM _WORLD)
for i in range(data[ 'numprocs']):

data[ 'odeslocal gps'][i] = data['local gps'][i] * self.Num ODEs

data[ 'odesdisps'][i] = data['disps'][i] * self.Num ODEs

return data

e . et i g




while (finished == 0):
if (not fmod(round(t_now,2),1)): # Print time every second
print 'Tnow = ', t_now
# Part 1l: Evaluate ODEs at collocation points via Fortran processes
start = time()

Electroph gsiologg

if(t _now >= t_stop):
finished =1

’
odeSolverFinish(finished, odedata)
#0ODE_time = ODE_time + t_odes ll l le 5 e OO
self. cgint_pack_source(source)

end = time()
elapsed time = end-start
ODE_time = ODE_time + elapsed_ time

# Part 2: Solution of PDEs through an Ax=b linear solve
start = time()

self.PDEs_now,elapsed_time = self.EP_module.p_cont2axb(self.global_equa,coefA,coefB,dt, \
source,self.PDEs_now,self.control.assemblers.int_assemble_callback,elapsed_time)

end = time()
elapsed_time = end - start
PDE_time = PDE_time + elapsed time

# Part 3: Evaluate PDE solution at gauss points to update ODEs for next step
start = time()

self. cgint_eval_soln()

end = time()

elapsed_time = end - start

Eval time = Eval time + elapsed time

ren.rmout_callback(self.gbl vars,self.ODEs_now,t now, self.mesh.deriv_per var,self.mesh.depen var,self.mesh.global nodes, \
self.Num ODEs*self.mesh.gaus_per_elem*self.mesh.elements)

t now = t_now + dt

# end while loop

print 'Total Integration Time = ', ODE_time+ PDE_time +Eval_ time
print 'ODE Time = ', ODE_time
print 'PDE_Time = ', PDE_time

print 'Evaluation Time', Eval time

if (parallel):
self. cgint mpi finalize(odedata)




‘.Electroplﬂgsiologg
Other MPI routines

called from main loop

def cgint mpi odesolver(self, data, t_now):
# Scatter current ODE solution
import mpi

result

mpi.mpi_scatterv(self.ODEs_now,data[ 'odeslocal_gps'],data[ 'odesdisps’'],mpi.MPI_DOUBLE,O,mpi.MPI_DOUBLE,O,mpi.MPI_COMM_ WORLD)

# Gather ODE solution and dvdt once fortran processes are done.
self.ODEs_now = mpi.mpi_gatherv(result,0,mpi.MPI_DOUBLE,data[ 'odeslocal_gps'],data[ 'odesdisps'],mpi.MPI_DOUBLE,0O,mpi.MPI_COMM_ WORLD)
self.DVoltDt = mpi.mpi_gatherv(result,0,mpi.MPI_DOUBLE,data[ 'local_gps'],data[ 'disps’'],mpi.MPI_DOUBLE,O,mpi.MPI_COMM_WORLD)

def cgint mpi odesolver finish(self, finished, data):
import mpi
mpi.mpi_bcast(finished,data[ 'icount'],mpi.MPI_INT,0,mpi.MPI_COMM_ WORLD)




1

call mpi_bcast (num_gps,icount,MPI_INTEGER,0,MPI_COMM_ WORLD, ierr)

call mpi_bcast(dt,icount,MPI_DOUBLE_PRECISION,O0,MPI_COMM_WORLD, ierr)

call mpi_bcast(stimon,icount,MPI_DOUBLE_PRECISION,O0,MPI_COMM_WORLD, ierr)

call mpi_bcast(stimlen,icount,MPI_DOUBLE_PRECISION,O0,MPI_COMM WORLD, ierr)
! Calculate how many gauss pts this process is getting
! Assume only 1 python process. ll (:J l I’ ’
fprocs = numprocs - 1 55
gproce = mumpr CCill_Modadc _Pug I1S1.
local num gps = num_gps/fprocs

rem = num _gps - (num_gps/fprocs)*fprocs

if (fid < rem) then Set U

local num gps = local num gps + 1

endif F:)
! Gather local num gps to Python process for scattering

write(*,*) 'Proc = ', myid, sent ', local num gps !Crashes here???

call mpi_gather(local_num gps,1,MPI_INTEGER, local_gps,numprocs,MPI_INTEGER,O0,MPI_COMM_ WORLD)

! Now receive scattered data relevant to local gauss points:

! param set list, rPar,iPar

allocate(param set list(local num gps),iPar(local num gps))

call mpi_scatterv(param_set_list,num_gps,num_gps,MPI_INTEGER,
& param_set_list,local_num_gps,MPI_INTEGER,O0,MPI_COMM_WORLD, ierr)

call mpi_scatterv(iPar,num_gps,num_gps,MPI_INTEGER, iPar,
& local_num_gps,MPI_INTEGER,0,MPI_COMM_WORLD, ierr)

call mpi_bcast (num_fields,icount,MPI_INTEGER,O0,MPI_COMM_ WORLD, ierr)

call mpi_bcast (bcl,icount,MPI_DOUBLE_PRECISION,O0,MPI_COMM WORLD,ierr)
allocate(rPar((2+num_fields)*local num gps))

call mpi_scatterv(rPar,num_gps,num_gps,MPI_DOUBLE_PRECISION,

& rPar(l),local_num_gps,MPI_DOUBLE_PRECISION,O0,MPI_COMM WORLD,ierr)

call mpi_scatterv(rPar,num_gps,num_gps,MPI_DOUBLE_PRECISION,

& rPar(local_num_gps + 1),local_num_gps,MPI_DOUBLE_PRECISION,

& 0,MPI_COMM WORLD,ierr)

do j = 1,num fields

call mpi_scatterv(rPar,num_gps,num_gps,MPI_DOUBLE_PRECISION,

& rPar((j+1l)*local_num_gps+1l),local_num_gps,MPI_DOUBLE_PRECISION,

& 0,MPI_COMM_WORLD, ierr)

enddo




do

while(finished .eq. 0)

! Recv local ode data from python via scatterv

call mpi_scatterv(local_odes_now,num_gps,num_gps,
MPI_DOUBLE_PRECISION, local_odes_now,local_ num_gps*n
MPI_DOUBLE_PRECISION,O0,MPI_COMM_WORLD, ierr)

! Solve cell model

'tl

etime(ta)

T] “m cJel_Puglisi.F

!write(*,*) 'odes = ', local ODEs now(1l) ’ l

!write(*,*) 'before cm2odesolver' T,me StéP OOP

!write(*,*) 'before after= ', local ODEs now(1l)

call cm2odesolver(local ODEs now,t now,t end,local num gps,

param set list,rPar,iPar,local dvdt,stimon,stimlen,num fields,

bcl,dads,eads,times)

! Send current ode and dvdt data back to python via gatherv

!write(*,*) 'odes after= ', local ODEs now(1l)

call mpi_gatherv(local_odes_now,local num_gps*num_odes,
MPI_DOUBLE_PRECISION, local_odes_now, numprocs, numprocs,
MPI_DOUBLE_PRECISION,O0,MPI_COMM_WORLD, ierr)

call mpi_gatherv(local_dvdt,local_num_gps,
MPI_DOUBLE_PRECISION, local_dvdt,numprocs, numprocs,
MPI_DOUBLE_PRECISION,O0,MPI_COMM_WORLD, ierr)

call mpi_bcast(finished,icount ,MPI_INTEGER,O0,MPI_COMM WORLD,

ierr)

!write(*,*) 'after bcast'

1t2 etime(ta)

!todes t2-tl

lwrite(*,*) 'after reduce'

t_now t_end

t_end t end + dt

enddo
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Parallel Performance

o Communication Limited

o FEthernet not myrinet

* MYMPI is slower than normal MP! but allows a
heterogeneous Programming environment
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Cont 4 300 MHz Silicon Graphics
Origin 2100 Single Processor

P Cont 6 2.3 GHz Linux Cluster (96
processors) w ith distributed
SuperLU and tabulation (estimated)

Cont 6 2.3 GHz Linux Cluster (32
processors) w ith SuperLU solver

® Cont 62.0 GHz PV Linux Box with
SuperLU solver

Cont 5.5 833 MHz Plll Single
Processor Linux Box
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Montage Mosaicking
2ZMASS mosaic near galactic cenler
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| Montage:
Caltech/sDsC Collaboration

o Mosaic the entire 2MASS archive
« Reformat the archive

foe Crcate ZIMASS addition to the ngeratlas that is

bein 2 constructed

bie 19 Plates (Pages) in the atlas) b, bands in ZMASS:
: 5202 6—-cl<-:g mosaics to produce




Montage:

} Caltech/sSDSC Collaboration

D
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Create the infrastructure to do |arge~sca|e mosaics

data management —

Storage Resource Broker (SRB)

WC')r‘quOW management ~
MYMPI

comPutations take P!ace on TeraGrid ltanium2 and

IBM Power4 sgstems
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Montage Data Flow

° ln[:)ut data QMASS archive) stored Iocallg N a
Para”el, high~Per1Cormance ﬁlesgstem (glmcs)

o 2MASS archive replicatccl |oca”9 in SRB and at
Caltech on sl:)irming disk, served up from the IRSA

scrver

S Outl:)ut data archived |oca”g in SRB, accessible

from e\/ergwhere there is an SRB client
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#!/usr/local/apps/python/Python2.4.1/bin/python

# Script to run the galactic plane example.

import os

import sys

import string

import subprocess

import Numeric

from Numeric import *

import mpi

import posix

- bandlist=['h","j','k"]

- cmd=""

. for arg in sys.argv:

cmd=cmd+ arg+" "

= print "python command line arguments: " ,cmd

. myid_numprocs = mpi.mpi_start(len(sys.argv),cmd)
myid=mpi.mpi_comm_rank(mpi.MPI_COMM_WORLD)
numprocs—mpl mpl comm snze(mpl MPI_COMM_WORLD)
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;
;for band in bandlist:
. os.chdir(parent_dir)
' os.chdir(plate_dir)
' try:
. os.mkdir(band+"-tiles")
' except OSError:
. pass

| os.chdir(band+"-tiles")

# Image table for raw data
5. res = os.system(‘'mimgtbl -r raw images.tbl')
' if not (res == 0):
,' print "Error: Problem with images.tbl for plate "+myplate+", band "+band+"\n“
' else:
print "OK: images.tbl for plate "+myplate+"”, band "+band+" \n*

#: Make header
. res = os.system(‘'mMakePlateHdr images.tbl plate.hdr’)
! if not (res == 0):
-‘__ print "Error: Problem with mMakePlateHdr for plate "+myplate+", band "+band+"\n
1 else:
. print "OK: mMakePlateHdr for plate "+myplate+", band "+band+"\n"
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# Synchronize before the parallel step
mpi.mpi_barrier(mpi.MPI_COMM_WORLD)
# Parallel Projections - one at a time
for i in range(0,numprocs):
if( myid ==i):
print "Starting projections for plate”, myplate," band ",band

res = os.system("time mpirun -machinefile prod_pbs_nodefile -np "+str
(numprocs)+" /usr/locallapps/Montage_v3.0_beta23/bin/mProjPara -p raw -f
images.tbl plate.hdr projdir stats.tbl")

if not (res == 0):

print "Error: Problem with projections for plate "+myplate+”\n"
5 else:
print "OK: Projections done for plate ", myplate,"” band ",band
. # Synchronize processes as they go through this loop
: mpi.mpi_barrier(mpi.MPI_COMM_WORLD)

i
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: # Image table for reprojected data
¢ res = os.system('mimgtbl -r projdir proj.tbl’)

# errorfile.close()
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