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Multilayer Giant Magnetoresistive Thin Films 

Professor Jian-Gang Zhu of the Department of Electrical Engineering is doing research which utilizes a 
numerical micromagnetic model implemented on supercomputers to investigate the magnetic hysteresis 



and fundamental magnetization processes in multilayer giant magnetoresistive (GMR) films. This work 
is aimed at the development of new technologies for improved disk-drive recording for the storage and 
retrieval of information.

Giant magnetoresistive thin films are the key to a revolutionary change in this area. These materials are 
used in the manufacture of magnetoresistive sensors which, because of their ultrasensitivity, would 
replace the inductive sensors now in use for data storage and retrieval in most computer data storage 
systems. 

The fundamental difference between the magnetoresistive sensor and inductive sensor is that the former 
directly senses the flux from opposing magnetic fields, while the latter uses an induction coil and 
transducer to sense variations in the magnetic flux. Because they are so ultrasensitive, magnetoresistive 
sensors are able to retrieve information far more efficiently and at higher data rates than ever before. 

However, GMR films offer their own unique set of challenges. While the soft magnetic properties of 
the films allow them to perform as ultrasensitive flux sensors, these same properties also predispose 
these materials to domain instability, or various magnetic moments occuring at the same time. An 
important aspect of Dr. Zhu's research is understanding and controlling domain instability.

Professor Zhu's first study using supercomputers allowed him to develop models to correlate intrinsic 
materials properities to the recording process and to modify materials structures to improve storage 
density. His current work continues to expand our understanding by studying the underlying physics of 
the low field characteristics in GMR films. 

Dr. Zhu has been a faculty member at the University of Minnesota for nearly 5 years and has an 
extensive research program. He has graduated 5 Ph.Ds and 6 masters students, all of whom are working 
in the U.S. magnetic recording industry. His research is funded in part by IBM, the Department of 
Commerce's Advanced Technology Program, the Office of Naval Research, and Seagate Technology, a 
Minneapolis based disk drive manufacturer. In 1993 he received the NSF Presidential Young 
Investigator Award. He currently holds a McKnight-Land Grant Professorship at the University of 
Minnesota.

 

Simulated magnetic domain configuration in submicron scale NIFe film element. Each domain 



configuration is represented by two pictures in which the gray scale represents the magnetization 
components along the horizontal (x) and vertical (y) directions respectively. The arrows indicate the 
magnetization orientations in the domains. H denotes the external field.

Simulated magnetic domain configuration of a thin magnetic film with advanced microstructure suited 
for ultra-high density data storage applications. The gray scale represents the normal component of 
magnetization curl.

Please see the following University of Minnesota Supercomputer Institute research reports for 
additional information. They are available by sending email to kilber@msi.umn.edu

• UMSI 94/51 February 1994
Narrow Track Recording in Perpendicular Thin Film Media
Jian-Gang Zhu and Xiao-Guang Ye

• UMSI 94/52 February 1994
Advanced Microstructures of Thin Film Media for Ultra-High Area Recording Densities
Jian-Gang Zhu and Xiao-Guang Ye

• UMSI 94/53 February 1994
Micromagnetic Modeling and Experimental Study of Transition Noise Correlation in Thin Film 
Media

mailto:kilber@msi.umn.edu


Jian-Gang Zhu and Haiyun Wang

Neural Networks for Physicists 5 

The International Workshop NNP5 (Neural Networks for Physicists 5) will take place at the Theoretical 
Physics Institute, University of Minnesota, August 23-26, 1995. As in previous years, we are bringing 
together researchers from various backgrounds with a common interest in neural networks, and to have 
them exchange their ideas with physicists. Biologists, computer scientists, electrical engineers and 
theoretical physicists have formed the interdisciplinary attendance of previous NNP conferences. 
Participants from the University of Minnesota and local industry also came to learn, discuss, and start 
their own projects on neural networks. Topics to be discussed this year include modeling of biological 
neurons, applications of information theory to neurobiology, and retrieval and generalization properties 
of artificial neural nets.

The conference is hosted and sponsored by the Theoretical Physics Institute, the Cray Research 
Foundation, and the University of Minnesota Supercomputer Institute. There are no registration fees 
and campus housing is provided to participants. A small amount of travel support is available. A 
preliminary list of speakers follows. For more information, contact the organizing committee:

Philippe de Forcrand
ETH Zurich and Department of Physics
University of Minnesota
forcrand@ips.id.ethz.ch

Vladimir Cherkassky
Department of Electrical Engineering
University of Minnesota
cherkass@ee.umn.edu

Daniel Kersten
Department of Psychology
University of Minnesota
kersten@eye.psych.umn.edu

George Wilcox
Department of Pharmacology
University of Minnesota
george@lenti.med.umn.edu

The current list of invitations includes: L. Abbott--Brandeis
B. Amirikian --U of M
C. H. Anderson--Wash. U.
J. Atick --Rockefeller
S. Becker--McMaster 
S-S. Chen-- NSF 
A. Clark--Wash. U. 
J. Cowan-- U. Chicago 
K. DeJong--George Mason 
V. Dunin-Barkowski--Rostov- Don 

mailto:george@lenti.med.umn.edu
mailto:kersten@eye.psych.umn.edu
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R. Eichler West--U of M
J. Elder--Rice U.
D. Field--Cornell
P. Foldiak--St. Andrews 
P. Hotchkiss--Neural Dynamics
J. N. Hwang--Wash. U. 
L. Kanal--U Maryland 
P. König-- Neuroscience Inst. 
S. Luttrell--Defense Research Agency
D. MacKay--Cambridge
M. Marchand--Ottawa
J. Marshall--Chapel Hill
M. Mezard--ENS
E. Mjolness--Yale
F. Mulier--3M
J. P. Nadal--ENS
H. Najafi--U. of Wisconsin
M. Nordahl--Santa Fe 
S. Nowlan--Synaptics
E. Oja--Helsinki
F. Pineda--Johns Hopkins
M. Raichle--Wash. U.
A. Rangarajan--Yale
P. Rujan--Oldenburg
T. Samad--Honeywell
I. Segev--NIH
T. Sejnowski--Salk Inst.
H. S. Seung--Bell Labs 
V. Vapnik--Bell Labs
S. Zac--Purdue

Biomolecular Dynamics of Force Generation and Movement in 
Muscle 

Professor David Thomas and his coworkers in the Department of Biochemistry of the Medical School 
are using supercomputers to study the molecular mechanism of muscle contraction. Thomas and his 
group augment their experimental work by performing computation and molecular dynamics 
simulations on super-computers in order to develop more complete and accurate models of force 
generation and movement in muscle. 

The molecular motor for muscular movement involves the direct interaction of myosin and actin 
coupled to the hydrolysis of ATP. The experimental work relies on the use of spectroscopic probes, 
which are attached to the myosin head. These spectroscopic probes can then be analyzed to provide 
data describing the molecular motion of myosin and actin. The spectroscopic probes are analyzed 
optically, through the use of lasers and fluorescent and phosphorescent dyes; and also through the use 
of magnetic resonance (microwave), which is more sensitive to angular motion. Supercomputer 



research allows efficient evaluation of molecular models based on whether they correspond to the 
observed spectroscopy data. 

A recent discovery by the Thomas group is that the myosin heads in contracting fibers were found to be 
dynamicallly disordered and to exhibit Brownian motion rather than existing in a distinct 90deg. 
orientation to the actin molecule. This irregular movement is not consistent with the classical model for 
force generation in which heads undergo a 45deg. transition between two distinct orientations.

This finding has led these researchers to propose that force is produced by a disorder-to-order transition 
in which myosin heads bind initially to actin in a dynamically disordered state, and through the 
hydrolysis of ATP, they increase their affinity to actin and assume a rigor like (45deg.) orientation (see 
figure below).

A schematic model of muscle contraction in which the transition from weak to strong binding is 
accompanied by a transition from dynamic disorder (curved arrows) to rigor-like order, coupled to 
conformational changes that are coupled to biochemical transitions. The yellow honeycomb-like shapes 
represent actin molecules. The lever-like shapes represent the myosin head.

Thomas's work is funded in part by the National Institutes of Health, the Muscular Dystrophy 
Association, and the National Heart Association. His researchers are undergraduate, medical, and 
graduate students, and post-doctoral fellows associated with the Biochemistry, Biophysical Sciences, 
Physics, Neuroscience and Scientific Computation programs at the University of Minnesota.

For a more detailed discussion of this research, please refer to the following publications:

E. C. Howard, K.M. Lindahl, C. F. Polnaszek, and D. D. Thomas.
Simulation of Saturation Transfer EPR Spectra for Rotational Motion with Restricted Angular  
Amplitude. Biophys. J. 64 (1993) 581-593.

J. C. Voss, L. R. Jones, and D. D. Thomas.



The Physical Mechanism of Calcium Pump Regulation in the Heart. Biophys. J. 67 (1994) 190-196.

D. D. Thomas, S. Ramachandran, O. Roopnarine, D. W. Hayden, and E. M. Ostap.
The Mechanism of Force Generation in Myosin: A Disorder-to-Order Transition, Coupled to Internal  
Structural Changes. Biophys. J. 68 (1995) 135s-141s. (This article is also listed in the UMSI series as 
UMSI 95/70R).

O. Roopnarine and D. D. Thomas.
Orientational Dynamics of Indane Dione Spin-Labeled Myosin Head in Relaxed and Contracting  
Skeletal Muscle Fibers. Biophys. J. 68 (1995) 1461-1471. (This article is also listed in the UMSI series 
as UMSI 95/69R).

E. M. Ostap, V. A. Barnet, and D. D. Thomas.
Resolution of Three Structural States of Spin-Labeled Myosin in Contracting Muscle. Biophys. J. (in 
press).

Crystal Growth Processes and Advanced Materials Manufacture 

Professor Jeffrey Derby and his research group from the Department of Chemical Engineering and 
Materials Science are applying large-scale numerical simulation and high-performance computing to 
the study of engineering processes used in the manufacture of advanced materials. Four primary areas 
of study are the growth of large single crystals, ceramic sintering, microwave heating, and resin transfer 
molding processes. This article highlights their work on large single crystals which are used in 
electrical and optical devices, solid state lasers, infrared detectors and other devices with a wide range 
of medical and industrial applications. One such crystal is cadmium zinc telluride, an important bulk 
material for infrared detectors. Derby is working on a project with Johnson Matthey Electronics Inc., of 

This simulation represents flows arising from the interaction of rotation and buoyancy in a crystal 
growth system and is representative of the complexity of flows typically encountered in manufacturing 
processes. This calculation was carried out on the massively parallel CM-5 supercomputer using the 
finite element method with a spatial discretization consisting of nearly 1.2 million degrees of freedom; 
a sustained calculation speed of over 8 GigaFLOPS was obtained on 512 processors. The image in the 
upper left-hand corner is a depiction of the simulation. A 3-D flow which exhibits meridional 



circulation and an annular vortex structure is clearly indicated by the convected temperature field; the 
features of this flow are very similar to those produced by the classical baroclinic instability of rotating 
stratified fluids.

Spokane, Washington to speed up the crystal growth process in order to produce high-grade crystals 
more efficiently, thereby making it economically feasible for cadmium zinc telluride crystals to be used 
in commercial applications. A similar project with Lawrence Livermore National Laboratories 
involving the production of potassium dihydrogen phosphate (KDP) crystals is also underway.

In one process, known as the Czochralski method, growth is achieved from a seed crystal 
simultaneously pulled and rotated above a melt. This process produces good results, but the dynamics 
involved are poorly understood. In an effort to better understand the dynamics of this process, three- 
dimensional, time-dependent calculations of flows done on the Thinking Machines Corportation CM-5 
were performed by the Derby group. They show a transition from a steady, axisymmetric flow to a 
time-dependent, three-dimensional state characterized by an annular wave structure which strongly 
affects the temperature distribution and heat transfer through the melt. These findings are buttressed by 
the fact that they correspond well to experimental results from a benchmark system of baroclinic 
annular waves used by atmospheric scientists.

Additional crystal growth research focuses on reducing the impact of impurities in the melt and 
resulting crystal. This includes modeling of vortical flows behind the leading edges of crystals in a 
moving melt, and analysis of the Bridgman system by calculating the effects of tilting on contaminants 
and their distribution in the melt.

Professor Derby's work aims to increase our understanding of materials processing systems as a crucial 
first step in streamlining advanced materials production. For a more detailed discussion of this and 
related research please consult the following University of Minnesota Supercomputer Institute preprint 
series numbers. They are available by sending email to: kilber@msi.umn.edu

• UMSI 94/180 September 1994
Three-Dimensional Melt Flows in Czochralski Oxide Growth: High-Resolution, Massively  
Parallel, Finite Element Computations
Qiang Xiao and Jeffrey J. Derby

• UMSI 94/205 November 1994
Modeling Heat Transfer and Segregation During the Vertical Bridgman Growth of Cadmium 
Zinc Telluride
Satheesh Kuppurao, Jeffrey J. Derby, and Simon Brandon

• UMSI 95/10 January 1995
Macroscopic Transport Processes During the Growth of Single Crystals from the Melt
Jeffrey J. Derby

• UMSI 95/11 January 1995
Large-Scale Numerical Modeling of Bulk Crystal Growth from the Melt and Solution
Jeffrey J. Derby, Satheesh Kuppurao, Qiang Xiao, A. Yeckel, and Y. Zhou

• UMSI 95/41 March 1995
Parallel Computation of Radiation View Factors Between Two Arbitrarily Oriented Surfaces
Satheesh Kuppurao, Iwan Tantra, and Jeffrey J. Derby

mailto:kilber@msi.umn.edu


Research Projects in Progress for Spring 1995 Interns in Scientific 
Computing and Graphics

The spring undergraduate interns in Scientific Computing and Graphics are working hard on their 
respective projects dealing with challenges in Physics, Math, Computer Science, Civil, Chemical, and 
Electrical Engineering.

Following is an overview of current projects and the people involved:

Growth Simulations of Wide Bandgap Nitrides

Jeremy Goldblatt, a junior majoring in Electrical Engineering, is working on this project with Professor 
Philip Cohen. They are working to improve crystal growth techniques used in the production of 
advanced electronic materials.

Developing Visualization Software for Finite Element Models of Materials Processing Systems

Kelly Rudd, a sophomore majoring in Chemical Engineering and Materials Science, is involved in this 
research effort which uses numerical simulation to aid in the understanding of physical phenomena, 
particularly the workings of processes used to produce advanced materials. The faculty advisor is 
Professor Jeffrey Derby.

Simulation of Diffusive Transport of Energetic Particles in Compressible Cosmic Fluids

Joseph Gaalaas, a sophomore majoring in Physics, is involved in numerical simulations using 
supercomputers designed to study the evolution of compressible fluids containing populations of highly 
energetic particles. The primary interest is in understanding astrophysical environments such as the 
remnants of supernova explosions and giant radio galaxies. He is working on this project with 
Professor Thomas Jones and Dr. Adam Frank, of the Department of Physics and Astronomy.

Computer Graphics Animation of Human Joint Motion

Jason Phillips, a senior majoring in Mathematics and Computer Science, is working on this project in 
which the overall goal is to improve the treatment of people with knee ligament injuries. The project is 
being supervised by Professor Jack Lewis and Bill Lew, both of the Department of Orthopaedic 
Surgery.

Diffusion and Adsorption in Nano-scale Pores

Elizabeth Lenz, a sophomore majoring in Chemical Engineering, is working on this project which 
involves the study of gas behavior inside molecularly sized pores. She is using both molecular 
dynamics simulations and Monte Carlo methods to characterize this behavior. Ms. Lenz is working on 
this project with Professor Alon McCormick.

Parallel Algorithms for the Generalized Stokes Problem

Dawn Werner, a sophomore majoring in Computer Science, is working on this project, which concerns 
the development of parallel preconditioned iterative schemes for solving the symmetric indefinite linear 
systems that arise from the constrained optimization problems. An important goal of the project is to 
develop a collection of iterative solvers that are suitable for different parallel architectures. The project 
supervisor is Professor Ahmed Sameh.

Testing and Evaluation of Algorithms for Real-Time Prediction of Traffic Diversion in Freeway 
Corridors Katherine Stillwell, a junior majoring in Civil Engineering, is working on this project which 
involves testing and evaluating alternative algorithms for prediction of traffic demand diversion at the 



major diversion points in a freeway corridor, such as intersections and entrance ramps. The project 
supervisor is Professor Yorgos J. Stephanedes.

Optical Solition Local Area Networks

Nicholas Sieger, a senior majoring in Electrical Engineering, is involved in this research effort which is 
aimed at developing a soliton-based optical network that can meet the communication requirements of 
the twenty-first century. Solitons offer a number of advantages that make soliton transmission an ideal 
technology for high capacity, low delay communications networks. Mr. Sieger is writing the computer 
code for simulating the generation, propagation and detections of soliton packets centered at different 
wavelengths. The project supervisors are Professors Ahmed Tewfik and Anand Gopinath.

Finite Element Computation and Visualization of Engineering Applications in Fluid Dynamics

Christopher Waters, a senior majoring in Aerospace Engineering and Mechanics is working on this 
class of projects which involve high-performance computation and visualization of engineering 
applications in fluid dynamics. This research endeavor is supervised by Professor Tayfun Tezduyar, 
Department of Aerospace Engineering and Mechanics and Director of the Army High Performance 
Computing Research Center (AHPCRC).

Performance of Least Sensitivity Principle for Design of Boundary Conditions on Open Flow 
Boundaries

Hendi Susanto, a junior majoring in Chemical Engineering, is part of this pioneering research effort 
which involves his undertaking a graded set of case studies which examine steady, two-dimensional, 
nonlinear flow prototypes by Galerkin's method with finite element basis functions, adaptive 
discretization by `elliptic' mesh generation, Newton's method with first-order continuation, and an 
optimization technique to apply systematically the least sensitivity principle. The faculty advisor is 
Professor L. E. Scriven.

Incorporation of Quantum Effects in the Simulation of Proton Transfer Reactions in the 
Condensed Phase

Zoran Svetlicic, a freshman majoring in Computer Science is an intern working on this project to 
develop new methods for including quantum tunneling and discreteness effects in the simulation of 
complex rate processes in solution. Mr. Svetlicic is being supervised by Professor Donald G. Truhlar, 
from the Department of Chemistry.

Computation and Visualization of 3-D Convective Flows

Gregory Lauer, a senior majoring in Civil Engineering and Computer Science, is working on this 
research project which looks at thermal convection, a highly nonlinear phenomenon with a fundamental 
role in geophysical and engineering applications. the faculty advisor is Professor David Yuen, from the 
Department of Geology and Geophysics.

Statistical Mechanics of Random Surfaces

Daniel Kroll
Department of Medicinal Chemistry
University of Minnesota

The behavior of many complex systems in physics, biology, and chemistry can be described in terms of 
the statistical mechanics of fluctuating surfaces. Prominent examples are the cell membranes of 
mammalian red blood cells, the interfaces between oil- and water-rich regions in microemulsions, and 



the worldsheets of strings in high-energy physics. In all these cases, the surface tension is either very 
small or vanishes identically, so that the structure and dynamics of these surfaces is determined by their 
elastic bending rigidity and shear modulus.

Recent progress in this field was reviewed. In particular, the phase diagram and scaling behavior of 
self-avoiding fluid vesicles was described. Also, it was shown how the interplay of entropy, bending 
rigidity, and pressure increment stabilize a number of structures.

The Effects of Lateral Viscosity Variations on 3-D Spherical Shell Mantle Convection

Shuxia Zhang
Department of Geology and Geophysics
University of Minnesota

Inclusion of strong lateral variations is a great challenge for modeling mantle convection because the 
viscosity of mantle rocks is strongly temperature-, pressure-, and stress-dependent and great 
mathematical difficulties arise from lateral viscosity variations. While convection models incorporating 
complex rheology in a Cartesian system are important for understanding the nature of mantle 
convection, their results cannot be compared directly to the data observed at the earth's surface because 
of their inappropriate geometry.

Using a 3-D spectral model, the speaker demonstrated a numerical strategy for handling the viscosity 
variations and showed the effects of lateral viscosity variations on convection platforms and heat 
transfer properties by comparing them to the convection models without lateral viscosity variations. 
Also, calculated results were compared with observational data, and dynamical implications of the 
numerical results were discussed.

Parallel Direct Methods for Sparse Linear Systems

Michael T. Heath
National Center for Supercomputing Applications
University of Illinois
Urbana, Illinois

Dr. Heath presented an overview of parallel direct methods for solving sparse systems of linear 
equations, focusing on symmetric positive definite systems. He examined the performance implications 
of the important differences between dense and sparse systems. His main emphasis was on parallel 
implementation of the numerically intensive factorization process and the associated triply nested loop 
required by the algorithm, but he also briefly considered the other major components of direct methods, 
such as parallel ordering. Additional topics included in the seminar included the multifrontal approach 
and the use of elimination trees.

The Search for TeraFLOP: Massive Parallelism Meets Distributed Computing

Robert Benner
Sandia National Laboratory
Computational Sciences & Mathematics Center
Albuquerque, New Mexico

There is considerable anticipation that 1995 might be the "Year of the TeraFLOP," i.e. one trillion 



sustained floating point operations per second on real applications.

Dr. Benner addressed several questions: How important is the TeraFLOPs milestone to parallel 
computing in general and the High Performance Computing and Communications Initiative in 
particular?; Under what conditions might TeraFLOPs be achieved for different classes of applications?; 
In addition to performance, are the most important problems in parallel computing being addressed?; 
and finally, What new roles might emerge for universities, national laboratories, and industry in the 
development of super-computing applications? Applications emphasized in this talk were Xpatch, a 
program for analyzing electromagnetic signatures from radar bounces; and CRADA, a multifrontal 
solver characterized by intensive communication needs.

Can Supercomputer-Assisted Cardiovascular Monitoring Prevent Catastrophic Disease-Stroke 
and Cardiac Death?

Bohumil Fiser

Dr. Fiser asked the question: Can we identify risk of sudden cardiac death by monitoring cardiovascular 
functions? He pointed out that the risk of sudden cardiac death can be determined by computation of 
the baroreflex sensitivity (BRS). BRS is determined by means of spectral analysis of blood pressure 
(BP) and heart rate fluctuations (obtained by using a non-invasive continuous three-minute record). A 
twenty-four hour record of BP should be preferable because of the circadian variations. For the correct 
diagnosis and treatment of hypertension, several days of BP monitoring are necessary. It was concluded 
that supercomputer-assisted cardiovascular monitoring can improve the intervention and decrease the 
risk of death and serious complications in patients with cardiovascular diseases.

Understanding Human Joint Mechanics Through Advanced Computational Models

Robert Spilker
Rensselaer Polytechnic Institute
Troy, New York

This lecture provided an overview of an interdisciplinary effort to develop automated and adaptive 3-D 
finite element analysis and parallel solution strategies to describe nonlinear moving contact problems 
characteristic of the biomechanics of joints in the human musculoskeletal system using the actual 
anatomic geometries and the multiphasic properties of the tissues in the joints. Dr. Spilker's work 
provides the sophisticated high-performance computational tools needed to make significant advances 
toward precise 3-D simulations of biomechanical problems related to diarthrodial joints, with realistic 
loading conditions, joint geometries, and constituent material properties. One example of the results 
obtained was a model of a shoulder joint with 20,000 degrees of freedom.

Computation of Viscoelastic Flows with Higher and Lower Order Finite Elements

Bamin Khomami
Department of Chemical Engineering
Stanford University
Stanford, California

The study of the mechanics of viscoelastic fluids is motivated by the need to understand complex flow 
phenomena involving materials characterized as non-Newtonian. Examples are the process of forming 
plastics, the flow of biological fluids, secondary recovery of oil and gases, and the processing of 



polymeric-based composite materials.

The speaker reviewed his research which demonstrates that domain decomposition spectral techniques 
provide a stable, convergent and cost efficient discretiz-ation of the set of equations governing flow of 
viscoelastic liquids. The talk also included a comparison of the performance of domain decomposition 
spectral techniques with specifically formulated lower-order finite element techniques. Namely, 
Elastic-Viscous Splitting of the Stress (EVSS), as well as EVSS/Streamline Upwind (SU), EVSS 
Streamline-Upwind Petrov-Galerkin Galerkin (SUPG), and higher-order Galerkin, in a number of 
viscoelastic flow problems.

Free Mesh FEM: A Kind of Meshless Scheme

Genki Yagawa
Department of Quantum Engineering and Systems Science
University of Tokyo
Tokyo, Japan

To efficiently simulate complicated physical phenomena, distributed parallel processing techniques are 
needed. To implement an analysis system which has the proper capabilities, techniques such as mesh 
generation, domain decomposition for load balancing, finite element analysis, posterior error 
estimation, and remeshing should be integrated into that system. However, this would make the finite 
element analysis system too complicated.

Dr. Yagawa has studied the meshless finite element methods in an attempt to reduce the complexity of 
such a system. This seminar presented a new meshless finite element method--Free Mesh FEM-- which 
is simple, accurate and suitable for parallel computing.


