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Introduction

Simulation optimization is an expensive procedure that 
needs adequate computing resources. 

Applications: engineering design optimization, model 
calibration, solution of inverse problems, etc…

Optimization
model

Simulation
model

Coarse grained parallelism Fine grained parallelism

loose or tight coupling

Run many times, each evaluation 
include solving PDE system

Optimization techniques for evaluating 
objective and constraint functions

Simulation-Optimization
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Main Objectives 

Generic large scale optimization framework that accommodates 
different simulator models “different application”.

User friendly optimization framework, with various optimization 
techniques.

Optimization framework with acceptable performance and 
scaling efficiency. 
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Approach 

Design a large scale optimization framework.

The framework coupled with a simulation model to solve 
Groundwater inverse problem “as an application”.

The framework performance benchmarked against an 
optimization framework developed previously.

A performance study conducted on TeraGrid Linux Clusters.

The goal is to conduct several performance optimizations to 
improve the performance of the current framework.
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Current Optimization Framework- LASSO

LASSO (LAarge Scale Simulation Optimization framework) is 
designed in a modular fashion to simplify coupling with any simulation 
model “LOOSE COUPLING”.

LASSO framework is currently under development, and has been 
implemented using Java programming language.

LASSO is portable and has been tested on various supercomputing 
resources including Linux Clusters.

LASSO framework has been developed as a generic optimization tool
useful for many environmental application areas: Groundwater, 
Surface Water, Air quality etc.

LASSO is designed to manage multilevel parallelism for efficient
parallel speedup.
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Test Simulation Model- PGREM3D

PGREM3D (Parallel Groundwater transport and REMediation) 
is a parallel Finite Element code used for numerical 
simulation of 3D groundwater flow and transport problems.

The codes are written in Fortran. It  has been tested 
extensively for scalability and performance on different 
parallel architectures. 

The simulator is parallelized using 
2D domain decomposition. MPI 
library is used to exchange 
information between these 
domains.

overlapping processor cells

individual processor cells
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LASSO – Simulator Coupling

Supports heuristics searches (genetic algorithms and 
evolutionary strategies) and direct local search techniques 
(Nelder-Mead Simplex)

Development of gradient based procedures, hybrid search 
techniques, and distributed genetic algorithms are planned.

PGREM3D
Simulation model

LASSO
Optimization model

• Using PERL script for file exchange

• Single thread of execution “FIFO”

Loosely coupled design
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Previous Optimization Framework- EPO
used as a reference

EPO (Efficient Parallel Optimization framework) is 
implemented in Fortran & MPI for solving problem with 
multilevel parallelism (Sayeed 2004).

Our intention is not an outright performance comparison 
between Java and Fortran MPI, since we anticipated Java to 
be slower in the first place.

Tightly coupled design

PGREM3D
Simulation model

EPO
Optimization model

MPI
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Linux Clusters Platforms

NCSA TeraGrid

Processor: Itanium2/IA-64, 1.5 GHZ.
Performance: 6 Gflops in Peak.
Network: Myrinet 2000, Gigabit Ethernet, Fiber Channel.

SDSC TeraGrid

Processor: Itanium2/IA-64, 1.5 GHZ.
Performance: 4 Gflops in Peak.
Network: Myrinet, Gigabit Ethernet, Fiber Channel.
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Timing Study Experiments

A performance study conducted on TeraGrid machines by  
doubling the number of processors (1, 2, 4,…, 128).

LASSO
Optimization model

PGREM3D
Simulation model Solving PDE groundwater 

inverse problem (RHP)

Used Genetic Algorithms search 
as optimization technique

PGREM3D
Simulation model

EPO
Optimization model

MPI

http://www.teragrid.org
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Test Application:
Groundwater Source Release History Reconstruction Problem (RHP)

Location of contaminant sources 
are known.

Temporal release histories of 
contaminant source(s) are 
unknown.

FEM problem size is 51 x 31 x 11 
(17,391 nodes) and 1000 time 
steps.

1 2 3
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Observation 
wells

Sources (C0(t)) ?

Flow 
direction
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Simulation-Optimization Inverse Modeling for (RHP)

The inverse problem is posed as an optimization model.

Known Inputs Observed DatasetCalculated Outputs

RH Problem

PGREM Model

Minimize
Error

Optimization Model

Decision  variables

where the objective function is to minimize (RSE):
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Genetic Algorithms Process

No

Yes

START

Initial Population, Gen Number = 1

Mating (Crossover)

Mutation

Termination 
Condition  Reached

Evaluate the Fitness of the Decision Variables

Selection

STOP

GenNumber = GenNumber
+1

GenNumber = GenNumber +1 Max # of 
Generations = 10

Population = 128
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Timing Study Run Settings

The Simulator (PGREM3D) executable was compiled and run 
on a single processor.

This enabled us to isolate the coarse grained parallelism 
within the solution procedure for performance benchmarking. 
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Performance Results
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Speedup  Results on SDSC

0

20

40

60

80

100

120

140

0 20 40 60 80 100 120 140
Number of Processors

W
al

l T
im

e 
(S

ec
)

LASSO
EPO
IDEAL Scalability

Speedup Results on TeraGrid SDSC

EPOLASSO

95.60

52.85

27.32

13.84

7.08

3.61

1.77

1.00

51.05128

47.6764

20.1932

11.6116

6.078

3.284

1.912

1.001

ScalabilityNumber of
Processors

File I/O contention contribute negatively to LASSO speedup when 
number of processor was greater than 64



11

21

Performance Improvements 

Direct file exchange between the LASSO and the PGREM3D 
executable instead of the PERL script that used to handle the 
file exchange.

Handle tasks as they are completed instead of handled on a first 
in first out basis. 

• Using Direct file exchange

• Single thread of execution FCFO

PGREM3D
Simulation model

LASSO
Optimization model

• Using PERL script for file exchange

• Single thread of execution FIFO

Loosely coupled design
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LASSO Evaluations time VS. Remaining time 
on TeraGrid NCSA
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Observations and Conclusion 

Communications overhead contributes significantly to evaluation 
times especially when the numbers of processors was greater 
than or equal to 32.

File exchange between the executable server and their 
simulation executables make model evaluations more costly in the
LASSO framework.

The ratio of Java/Fortran wall times in this study ranged from 
1.2 to 3.2, we believe this is an acceptable level of slow down 
given the advantages of the LASSO framework design.
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Recommended Performance Optimizations

Eliminate file-based communication

Use MPICHG2 calls instead of the file exchange.

Use of higher speed network

Directing communications between the LASSO and its 
evaluation servers over high speed network (Myrinet) instead 
of Java TCP-IP socket communications.
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Ongoing Work

Eliminating file exchange and creating a generic 
interface for decision variable and evaluation result 
exchange using MPICHG2.

Construct an adaptor process written in C language 
that translates Java objects into native variables 
compatible for MPICHG2, and sends them via a 
socket connection with the executable established via 
an MPICHG2 call.
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LASSO Framework using MPICH2

Steps 6,7,8 and 9 will b
e 

repeated depends on 

number of evaluations

PGREM3D
Fortran code

LASSO
Java code

Adaptor
C code

(8) Returning Fitness

(7) Sending Decision Variables

(9)
Returning

Fitness

(6) 
Passing

Decision
Variables

(3) Sending 
Adaptor 
Connection
Info.

(4) Pass PGREM3D
Connection Info.

(1) Sending
LASSO

Connection
Info.

(2) Sending
Adaptor
Connection
Info.

(5) Ready! 
Connection  
Established
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