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What 1s a Parallel Computer?

* A parallel computer is a collection of processing
elements that cooperate to solve large problems fast.
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Why should you care?

e They will save you time
e They will allow you to solver larger problems.
» They are here whether you like it or not!
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Parallel Machine Classification

* Parallel machines are grouped into a number of
types

Scalar Computers (single processor system with pipelining, eg Pentium4)
Parallel Vector Computers (pioneered by Cray)

1.
2.
3. Shared Memory Multiprocessor
4. Distributed Memory
1. Distributed Memory MPPs (Massively Parallel System)
2. Distributed Memory SMPs - Hybrid Systems

5. Cluster Systems
6. Grid




Parallel Programming Models

*A Programming Model provides an abstract conceptual view of
the structure and operation of a computing system. A computer
language and system libraries provide the programmer with this
programming model.

* For parallel programming there are currently 2 dominant models:

1. Shared Memory: The running program is viewed as a
collection of processes (threads) each sharing it’s virtual
address space with the other processes. Access to shared data
must be synchronized between processes to avoid race
conditions.

2. Message Passing:The running program is viewed as a
collection of independent communicating processes. Each
process executes in it’s own address space, has it’s own unique
identifier and is able to communicate with the other processes.

What 1s OpenSees?

* OpenSees is an Open-Source Software Framework written in
C++ for developing nonlinear Finite Element Applications for
both sequential and PARALLEL environments.

* The OpenSees framework provides classes for the Actor
programming model.




MovableObject

sendSelf(Channel, ..)
recvSelf(Channel, ..)

Domain Classes

PartitionedDomain
NonlinearBeamColumn
BeamWithHinges Subdomain
Quad (std, bbar,)
Brick (std, bbar)
Shell
GraphPartitioner DomainPartitioner
Metis LoadBalancer
Analysis Classes
MovableObject
sendSelf(Channel, ..) A
recvSelf(Channel, ..) | 1
StaticAnalysis DomainDecompAnalysis
TransientAnalysis /k
SubstructuringA nalysis StaticDDAnalysis | [TransientDDAnalysis

s

Paralle]INumberer

s

EquiSolnAlgo

Linear

NewtonRaphson
ModifiedNewton

Broyden
BFGS

KrylovNewton

BandGeneral
BandSPD
ProfileSPD
SparseGeneral
SparseSymmetric

DistributedSparse

Lapack(Gen, Band, ..)

ProfileSPD

SuperLU

Umfpack

SparseSym
DistributedSuperLU
Mumps




The OpenSees Interpreters

* OpenSees.exe, OpenSeesSP.exe and
OpenSeesMP.exe are applications that
extend the Tcl interpreter for finite element.

So What are OpenSeesSP.exe
and OpenSeesMP.exe ?

Parallel OpenSees Interpreters

— OpenSeesSP: An application for large models which
will parse and execute the exact same script as the
sequential application. The difference being the
element state determination and equation solving are
done in parallel.

— OpenSeesMP: An application for BOTH large
models and parameter studies.




OpenSeesSP:
An application for Large Models

PO / \ Single interpreter running on PO

e interpreting the input file
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Actor objects sitting on other processes
waiting to receive instructions
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P1 P2 Pn-1
Modified Commands

» System command is modified to accept new
parallel equation solvers

system Mumps

system Diagonal




Model Built and Analysis Constructed 11

PO

Single interpreter running on P0

Interpreting the input file
PO

#build the model

source model.tcl

#build the analysis

system Mumps

constraints Transformation
numberer Plain

test NormDisplincr 1.0e-12 10 3
algorithm Newton

integrator LoadControl

analysis Static
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#build the model

source modelP.tcl

#build the analysis
system Mumps
constraints Transformation
numberer Plain

algorithm Newton
integrator LoadControl
analysis Static
analyze 10

test NormDisplincr 1.0e-12 10 3
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Example Usage:

o

Humboldt Bay Bridge Model
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Number of processors

OpenSeesMP: An application for
Large Models and Parameter Studies

pid=0
np=n

e
TN ana,
Qo

1

Each process is running an
interpreter and can determine it’s
unique process number and the total
number of processes in computation

pid =1
np=n

08,
[
O

Based on this script can do different
things

set pid [getPID]
set np [getNP]

# build model based on np and pid
source modelP.tcl
doModel {$pid $np}

# perform gravity analysis
system Mumps

constraints Transformation
numberer Parallel

test NormDisplncr 1.0e-1210 3
algorithm Newton

integrator LoadControl 0.1

analysis Static

set ok [analyze 10]
return $ok
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New Commands added to OpenSeesMP:

A Number of new commands have been added:

getNP

getPID

returns number of processes in computation.

returns unique pocess id {0,1, .. NP-1}

send -pid pid? data| pid={ 0, 1, .., NP-1}

recv -pid pid7 variableName] pid = {0,1 .., NP-1, ANY}

barrier

A O i

domainthange

These commands have been added to ALL interpreters
(OpenSees, OpenSeesSP, and OpenSeesMP)

ex1.tcl

Example

set pid [getPID]
set np [getNP]

puts "Hello World Process: $pid"

806 Terminal — bash — 81x21
bins mpirun -np 18 OpenSeesMP exl.tcl =]

OpenSees -- Open System For Earthquoke Engineering Simulation
Pacific Earthguake Engineering Reseqrch Center —— 1.7.5

{c) Copyright 1999,2060 The Regents of the University of Californio
All Rights Reserved
(Copyright and Discloimer @ http://www.berkeley.edusOpenSees/copyright html)

Hello World Process:
Hello World Process:
Hello World Process:
Hello World Process:
Hello World Process:
Hello World Process:
Hello World Process:
Hello World Process:
Hello World Process:
Hello World Process:
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Another Example

enoe Terminal — bash — 80x32

bin= mpirun -np 1A OpenSeesMP exZ.tcl

ex2.tcl
set pid [getPID]
set np [getNP]

if {$p1d == } { OpenSees —- Open System For Earthgquoke Engineering 5i
puts ”Random:" Pacific Earthquake Engineering Research Center —- 1.7

for {seti 1} {$i<$np} {incri 1} { (c) Copyright 1999,2888 The Regents of the Univer

recv -pid ANY msg ALl Rights Reserved
{Copyright and Discloimer @ http://wew.berke ley.edu/Openss

puts "$msg"
}

} else { Randonm :
. " can Hello from 1
send -pid 0 '"Hello from $pid ol i
} Hello from &
b . Hello from &
arrier Hello from &
if {$pid = } { Hello from Z
" " Hello from 4
puts "\nOrdered: Hella from 7
for {seti 1} {$i<$np} {incri1} { Hello from 9

. . Ordered:
recv -pid $i msg Hella from 1
" " Hello from Z
puts $mSg Hello from 3
} Hello from 4
< Hello from &
}else { Hello from &
send -pid 0 "Hello from $pid" Hello from 7
\ Hello from &
7 Hello from 9

set pid [getPID]

set np [getNP] 1 1
set recordsFilelD [open "peerRecords.txt" r] Steel Bulldlng Study
set count 0; N
foreach gMotion [split [read $recordsFilelD] ¥n] { :
if {[expr $count % $np] == $pid} { 8

7200 records
source model.tcl i
source analysis.tcl 2 min a record
© ok (doGravi 240 hours or 10 days
set ok [doGraviy) Ran on 2000 processors !
loadConst -time 0.0 on teragrid in less than 15 min.

set gMotionList [split $gMotion "/"]

set gMotionDir [lindex $gMotionList end-1]

set gMotionNamelnclAT2 [lindex $gMotionList end]

set gMotionName [string range $gMotionNamelnclAT2 0 end-4 ]

set Gaccel "PeerDatabase $gMotionDir $gMotionName -accel 384.4 -dT dT -nPts nPts"
pattern UniformExcitation 2 1 -accel $Gaccel

recorder EnvelopeNode -file $gMotionDir$gMotionName.out -node 3 4 -dof 1 2 3 disp
doDynamic [expr $dT*$nPts] $dT

wipe

}

incr count 1;
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Concrete Building Study

set pid [getPID]
set np [getNP]

set count 0; 113 records, 4 intensities
source parameters.tcl
source ReadSMDFileNewFormat.tcl; 3 hour a record
foreach GMile $iGMFile {
foreach Factor1 248 $iFactor1 248 { 1356 hours or 56.5 days

Ran on 452 processors

if {[expr $count % $np] == $pid} { Ly s
on teragrid in less than 5 hours.

set inFile $GMdir/$GMfile. AT2

set outFile $GMdir/$GMfile.g3;

ReadSMDFileNewFormat $inFile $outFile dt npts;

wipe
source GravityAnalysisScript.tcl

loadConst -time 0.0;
wipeAnalysis

source EQ_Recorder.tcl
source EQAnalysisScript.tcl

if {$ok == 0} {
puts "Process $pid $GMfile x $Factor1248 FINISHED OK modelTime [getTime]]"
}else {
puts "Process $pid $GMfile x $Factor1248 FINISHED FAIL modeTime [getTime] desiredTime $TmaxAnalysis]"

incr count 1

Parallel Programming Models

*A Programming Model provides an abstract conceptual view of
the structure and operation of a computing system. A computer
language and system libraries provide the programmer with this
programming model.

* For parallel programming there are currently 2 dominant models:

1. Shared Memory: The running program is viewed as a
collection of processes (threads) each sharing it’s virtual
address space with the other processes. Access to shared data
must be synchronized between processes to avoid race
conditions.

2. Message Passing:The running program is viewed as a
collection of independent communicating processes. Each
process executes in it’s own address space, has it’s own unique
identifier and is able to communicate with the other processes.
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Modified Commands

. Some existing commands have been modified to allow analysis of
large models in parallel:
1. numberer

numberer ParallelPlain

numberer ParallelRCM

2. system

3. imengtgystem Mumps <-ICNTL14 %7?>

integrator ParallelDisplacementControl node? Dof? dU?

. Use these ONLY IF PARALLEL MODEL

Example Parallel Model:
ex4.tcl

set pid [getPID]
set np [getNP]
if {$np = 2} exit

model BasicBuilder -ndm 2 -ndf 2
uniaxialMaterial Elastic 1 3000
if {$pid == 0} {

node 1 0.0 0.0

node 4 72.0 96.0

fix111

element truss 114 10.0 1

pattern Plain 1 "Linear" {

load 4 100 -50

}else{

node 2 144.0 0.0

node 3 168.0 0.0

node 4 72.0 96.0
fix211

fix311

element truss2245.0 1
element truss 334 5.0 1

12



Example Parallel Analysis:

#create the recorder
recorder Node -file node4.out.$pid -node 4 -dof 1 2 disp

Terminal — bash — 86x31

#create the analysis hin= mpirun —np 2 OpenSeesMP exd.teol
constraints Transformation
numberer Para“elplain OpenSees — Open Swstem For Earthquaoke Enginesring Simulation

Pacific Eorthquoke Engineering Research Center —- 1.7.5

system Mumps
. ) Copyright 1999,2808 The Regents of the University of Colifarnia
test NormDispIncr 1.0e-6 6 2 © AlL Rights Reserved

algorithm Newton (Copyright and Disclaimer @ http:dfwew. berke ley . edu/OpenSees/copyr ight Jhtm |}

integrator LoadControl 0.1

analysis Static Nade: 4
Coordinates @ 72 96
commitDisps: B.530093 -@.177304

1 Velocities H |
#perform the analYSIS unbalanced Load: 188 -5@
analyze 10 I:gtL

Process Terminating @
# print to screen node 4 T

print node 4 Coordinates @ 72 96
commitDisps: B.530093 -0.177304
Velocities : @88
unbalaonced Load: B A
D81

Process Terminating 1
bin= diff noded.out.d noded . out.l
hins []

Parallel Displacement Control and
ex5.tcl domainChange! -

Pacific Earthquoke Enginsering Research Center —- 1

source ex4.tcl

{3 Copyright 1999,2088@ The Regents of the Uniwv
A1l Rights Reserved

loadConst - time 0.0 (Copyright and Disclaimer @ http:/ www.berke ey .edu/Ope
. . Node: 4
if {$pld == 0} { o Coordinates @ 72 9§
: "y : " commitDisps: @.5308893 -0,177894
pattern Plain 2 "Linear" { ol
unbalonced Load: 1A -58
load410 Pttt

} Hode: 4

Coordinates @ 72 96
commitDisps: @.538893 -0,177994
Velocities H: )

1 unbalanced Load: 8 @
domainChange [inbaten

integrator ParallelDisplacementControl 4 1 0.1 tode: 4 ]
oordinates @ 72 9%
analyze l() commitDisps: 1.53889 -@.194887

Velocities : @@
unbalonced Load: 26@.666 -58
Ip:81

Process Terminating A

Mode: 4
Coordinotes @ 72 96
commitDisps: 1.53060 -0.104087
Welocities 88

bal - locd. 0o
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Things to Watch For

1. Deadlock (program hangs)
— send/recv messages
— Opening files for writing & not closing them
2. Race Conditions (different results every
time run problem)
— parallel file system.

3. Load Imbalance
— poor initial task assignment.

ex3.tel

set pid [getPID]
set np [getNP]
if {$pid==0} {
puts "Random:"
for {setil } {$i<$np} {incril} {
recv -pid ANY msg
puts "$msg"
}
} else {
send -pid 0 "Hello from $pid"
}

#barrier
if {$pid == 0} {
puts "\nOrdered:"
for {setil } {$i<$np} {incril} {
recv -pid $i msg
puts "$msg"
}
} else {
send -pid 0 "Hello from $pid"
}

Deadlock Example

Terminal — bash — 84x36
bine mpirun —np 18 OpenSessMP ex2.tol

OpenSees —- Open System For Earthquake Engineering Simulation
Pocific Earthquake Engineering Research Center —- 1.7.5

{c) Copyright 1999,288@8 The Regents of the University of Cal
All Rights Reserved
(Copyright and Discloimer @ hitp:/Awew . berkeley .edu/OpenSees/copyrig

Ranidom:
Hello from 2
Hello from &
Hello from 2
Hello from &
Hello from 3
Hello from 4
Hello from &
Hello from 3
Hello from 4
Ordered:
Hello from 1
ACmpirun: killing job...

AL

WARNING: mpirun is in the process of killing a job, but hosz detected an
interruption (probably control-Ch.

It iz dongerous to interrupt mpirun while it iz killing a job (proper
termination may not be guaranteed). Hit control-C ogoin within 1

zecond if wou really want to kill mpirun immedighbel




What isTeragrid?

An NSF sponsored
computational science NSF TeraGrid

Extensible Terascale Facility

facility supported through a
partnership of 13 institutions.

Provides over 20 high
performance computational
systems, specialized
visualization services and
massive storage archives to
national community.

Resources growing exponentially. At end of 2006 the fastest

HPC had 2000 processors and 10-15 Teraflops. At end 2007
50,000 processors and 400 teraflops. By 2010 Petascale

flons

The Teragrid Strategy

* Create a unified national HPC
infrastructure that is both
heterogeneous and extensible

— Single user support resources.
— Single authentication point
— Common software functionality

— Common job management
infrastructure

— Globally-accessible data storage




OpenSees on Teragrid

* We are in the process of building OpenSees,
OpenSeesSP and OpenSeesMP on all Teragrid
machines.

* For now, the executables will be located in my
home/bin directory.

» The location of this and the machines that the
applications are installed on can be seen on the
parallel web page.

* Feel free to help out!

Access

e Secure Shell -

— A Protocol that allows data to be transferred securely
over the network using public key encryption

— Common programs
* ssh for login

« scpor sftp for file transfer
» Teragrid portal.
* NEES portal under development at NEESit.
— SimPortal

16



The SimPort Portlet

Developed at the Center for Advanced Vehicular Systems at
Mississipi State University by the Cooperative Computing Group

under direction of Tomasz Haupt.

If you have any questions about it contact:

Tomasz Haupt(haupt@cavs.msstate.edu)

Anand Kalyanasundaram(anand@cavs.msstate.edu)

SimPortal

The SimPortal provides a graphical
computational simulation component for NEESit.
This is currently accomplished by providing a Grid
Portal for OpenSees.

SimPortal is currently under development at Mississippi State University.

++ Compose a simulation by
acquiring all necessary OpenSees
scripts:

+¢ the NEESit repository

+¢ the user desktop
+¢ Edit and verify the correctness of
the scripts

¢ For very complex simulations, the
scripts are expected to be developed
off-line and uploaded to the portal to
be executed on high-performance
platforms provided by NEESit.

+* Monitor the progress of the
simulations, preview the results,and
download them for a detailed
analysis.

+¢ Share the scripts and simulation
results with other users

17
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) Anend

= ) Ucperkley °
©) Exampea.t ]
© Exampls. .
1) \

|5 Repository

in ¥-direction

¥ 7

node [ f-spxs2] fexpr sbys2] 139]
§bx/2] [expr $by/2] 0
$b/2] [expr -6by/2] 0

}

TeraGrid
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