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Networ k-based numer ical analysis fram ewor k
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(Institute of Road and B ridge Engineering, DalianM aritime U niversity, Dalian, China)

Abstract: Thispaper presents a network-based numerical analysisfranevork (N etNA ) w hich integrates cluster
parallel FEA (Finite Elanent A nalysis) together w ith Java distributedw eb computing First, the structure of
N etNA is described generally, then the processes for mplementing the systen are given, some exanples are
introduced to show the gpplicationsof NetNA, finally, some conclusions are given The framevork mentioned
above introduces network technology and OO (Object Oriented) method into the field of FEA and civil

engineering, w hich show s some very promising results the Internet may become the daily design center for our

engineers

Key words NetNA (N etwork-based N umerical A nalysis); OOP (Object Oriented Progranming); cluster; web

computing

1 Introduction
NetNA introduces some nev computer

technologies to develop a kind of
computing platform which integrates parallel
FEA together with distributed web computing,
and different parts in the same seanless systam
perform different tasks The existing gravity
w harf CAD system has been transferred onto the
Internet asone part of N etNA w ith the long-tem
am to make the Internet a daily design center for
civil engineers M earnw hile, all of the relevant

network

communications between different
realized by Java, like Java applet, servlet, Java
cket progranming and © on; one simple but
fully functional finite element analysis module
realized in Java has been added into NetNA,
which makes NetNA a good long-distance CA |
sy stem.

parts are

2 Building the hardware platform

The parallel finite elenent analysis has

becomemore and morew idely used in Chinaw ith
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the great popularity of PCs cluster technology'".

W ith the popular use of message passing library,

like PVM ', egecially the energing of M PI**,

the parallel progranm ing has becomemuch easier
than ever before, since the algorithm realized on
cluster can run very well on most of the super
parallel computersw ithout any modification, and
it is much easier and cheaper now to build a
cluster. The first step to construct NetNA is to
build the PCs cluster, and the processes to build
the the steps

requiranent design,
components installation and systen test'”. The
following Fig 1 shows the structure of built

cluster include follow ing

analysis, structure

cluster.

3 Building the OO parallel
FEA kernel

It was ten years ago when OO ftware
design method was first introduced into the field
of FEA™.
noticed its remarkable success in most of other
applied fields, they are trying to study deeply its
gpplication in FEA in order to change the passive

Since more and more researchers

and lagging situation compared to other research
fields There is no doubt about the advantages in
OOP, egecially compared with the former POP
( ProcedureO riented Progranming ) method , <
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Fig 1 The structure of parallel FEA PCs cluster

NetNA uses theOO language C+ + “'to develop
the finite element analysis kernel From the
experiences we get, it really demonstrates the
developer has lots of merits in the program
efficiency, stability, complexity control and etc
3 1 Systan analysis

To analyze the structure of class library is
the first step to develop a successful OO FEA
progran systen'’. First, analyzing the process
of finite elanent method in detail is quite
necessary, if some concept ow ns and manages its
data, we can make this oconcept a class
theoretically, such as node, degree of freedom;
triangle element, iooparanetric elanent, bean,
shell

vector, matrix, diagonal matrix, polynomial .. ;

truss, frame, and super-element .. ;

material, elastic material,
load,

Gauss olver,

plastic material . . ;
constraint, nodal-load, self-gravity... ;
LDLT wlver, NewtonRaphwon
nonlinear wlver,

point, line, grid, domain,

digital model and = on, but in fact, before
getting the final copy of a FEA class library, the
developer has to analyze and select again and
again, to classify those concepts acocording to the

derived relationship betw een them, such as node,

degree of freedom...; element..; vector,
matrix. .. ; material .. ; external load .. ; linear
wlver, nonlinear wlver...; point.. and 0 on,

the concepts in this level can bemade as the base
class of their original concepts, such as elenent
can serve as the base class of triangle elanent,
bean and = on; linear wlver can serve as the
base class of the Gauss lver, LDL T slver and
0 on Besides the derived relationship betw een
classes, sometimes, the developer can al® use

the integration to make a newv class, for exanple,

the class of degree of freedom can be included in
the class of node, the material class can be
included in the class of elanent, and all that By
doing 90, the developer can further decrease the
num ber of independent classes, 0 the complexity
of programm ing can be decreased too.

A fter finishing the class hierarchy, the
designer needs to realize the interface for each
class At this step, to define the meanber data
and meamber function is themain job, and this is
different from the detailed progranming This
step is © mportant that it decidesw hether or not
the OO method can be applied in the finite
element progranming successfully. OO method
can help the developer to use the existing codes
very easily by means of deriving A s mentioned
above, there are already some finite elanent class
libraries in theworld'®®, ParaFEA made itsown
class library based on analyzing and deriving
those of forerunners, furthemore, it integrates
the parallel finite elanent module, pre and post
processmodule, together with the framewvork of
Visual C+ + M FC class library, in the end,
ParaFEA becomes a highly integrated and visual
OO finite elanent analysis kernel
3 2 Serial /parallel f inite eleanent analysis

A s to the detailed realization of each class in
since the

the above class hierarchy, length

Imitation of this paper, here only some main
classes will be described according to the

inheritance feature in OO finite elanent

progranming Class FBM aterial and class
Elanent are two key classes in ParaFEA. The
Fig 5 describes these two classes and their
derived classes, themeaning of each parameter or

function in their definitions is obviously clear
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since the long nanemethod is used here, one can
get the meaning right from theword itself. The
class Bas®Object is the basic one in the finite
elanent class hierarchy, it is theM FC that gives
us theway to design the class library since all
classes in M FC are derived from CObject, by
doing =0, all classes in the library are connected
together by
ElastiaV aterial and class V orM ised aterial are
both derived from the class FEM aterial, and they

the common base class Class

work for linear elastic problans and nonlin-
ear plastic problem s repectively. Class TwoD im-
Ele is derived from its base class elanent, and
class Quad8IxEle is derived from its base class
the above definitions of
ome rules and advantages about the

TwoDmEle From
classes,
OOP is coming out: the first one is the data
encapsulation, that means data belongs to some
gecific class object, none of others can get the
data directly, they can get the dataonly by using
ome common menber function, by doing this,
the data safety has been mproved greatly; the
unique inheritance is the key feature of OOP, in

order to make a nev class, only very fev codes

need to be added, the new class can use the codes
of its base class automatically, this can greatly
decrease the lines of source codes undoubtedly;
and the polymorphisn isanother mportant factor
in OOP, by declaring aV irtual function, the base
class and its derived class can share this function
w ith the sane nane and paraneter list, but they
w ill be differentiated during the running process
by the way of dynamic binding without any
problem.

From the above pseudo codes, we can find
out ome other features of OOP. A fter defining
the class library, the detailed OO progranming
becomes smple and intuitive, w hat the developer
needs is to define some class objects and to
ocontrol these objects to perform some ecific jobs
in the program. In the above analysis procedure,
a digital model class object of gecific problem is
defined first, after that, the authority to control
the whole program falls into the hands of this
class object of digital model It gets the original
input data to analyze and then gives the results
The Fig 2 show s class hierarchy of ParaFEA ,
and the Fig 3 describes several exanples

M athA Pls DataCenter FEABase D IgitaM odel Graph App. Franenvork
ExtM athL ib BaseO bject BaseO bject BaseO bject BaseO bject M FC library
QM athRoutines String D egreeofFreedom Domain Point (M sw indow s)
Petsc: parallel DataloO Point DynamidM ode Point3

math library DatalOut Point3D Dyn-NLM ode BL ine Cobject

Dataln N ode StatidM ode SubA rea CAppV iev
Directory FEM aterial StaticNLM ode Volune CAppDoc

SelfDeWM athL ib Explorer ElastiaV aterial PushOveiM ode CAppFrane

V ector VorM isedM aterial OpiM ode ce

e T rescaM aterial . . .. or orOWL library

M atrix Pair Element SubDomain based on (Borland

D iagM atrix PairContainer TwoDmEle (Parallel PCG) OpenGL w indow s
T riangleM atrix TrussEle graphical class library)
ce FraneEle library ce.

BaseObject DynA rray TriangleEle T imeStep or Application
SystemEquations Ruad o8 ist Quadl4Ele L oadFunType ClassL ibrary
EquationSolver jTriaEle. ist QuadI8Ele or Franeon

L inearSolver L oad ist ThreeDimEle based on L inux like
LDL T™ ethod | Noded ist Brick Io20Ele M Plor PYM A utoCAD- KD evelop
NonlinearSolver | M aterialL ist SerialSuperEle asM essage ADS/ARX
ConstStiff ParaSuperEle Passing develop-
N -RM ethod . L ibrary ment M etisor Para-
BFGSM ethod | or based on L oadType for Parallel M etis as
ParaSovler ome data- Boundary Finite domain auto-
ParaCholesky base like BodyL oad Element decomposition
ParaPCG . . A ccess GravitylL oad A nalysis library for
Nodal oad . . Parallel use

Fig 2 Finite elenent class hierarchy of ParaFEA
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Fig 3 Examplesof OOP in finite elanent analysis

4 Applications of NetNA

The key point of Internet-based GN CAD is
the realization of data transferring protocol
N etscepe and IE are the two main
explorers at present, Netscgpe introduces push-
server as its data transferring protocol, it cuts
data into several parts automatically when they
are transferring, and the old data will be
refreshed by the new data in tme A Ithough this
protocol seans right for us, the main problan is
that N etscape is never w idely used as before IE

internet

instead protocol w hich
keepson refreshing the data no matter w hether or
not they are changed, = lotsof unnecessary data
transferring happens  Acoording to the
requirement of Internet-based GN CAD,
data transferring protocol has been made The
kernel of that protocol is to transfer data string
code, but not the data itself and the data file
repeatedly, the foming of that data string code is
based on the studying of data character of
GN CAD deeply, we find most of the necessary
data can be represented by some data selection

introduces pop-server

a new

.
Returning|results

Preparing data -
Main node

Web server
cluster list
web nodes

broadcastjdata
Optimimtioll/ Slave node

itan s, each of these iten s hasfive bitsin all, the
first three bits represent the kinds of data, the
last wo bits represent the selection of one gecific
data M any itensfom a data string code and it is
this string oode that is transferred on the
Internet, o the Peed is o fast that the user can
The Fig 4 show s the
Internet-based

not feel any latency at all
data transferring process of
GW CAD.

GNCAD can be added into NetNA just
because of its moderate size in its model and
database A Il client interfaces are realized by the
way of Java applet and html, but since the
efficiency of Javaprogram isnot high enough, big
systan's can not run well on the Internet right
now. W harf structural engineers can use this
interface to input paraneters to fom a digital
model; mearw hile through the computational
capability of Java, they can visualize and modify
themodel many times until it is acceptable, then
submit their design W eb server regponds to this
requiranent and transfers the task to GN CAD
server w hich is regponsible for detailed analysis

Clients interfaces

| Translate strings I

Showing results
Fill common data

Sendling data strings

Sending\ data

Fig 4 Data transferring process of Internet-based GN CAD



206

22

5 Conclusions

The newv era filled with nev computer
technologies is coming, like cluster, network/
Intranet/Internet technology, OO progranming
oftware design method and s on, but the
application of these technologies in FEA and civil
engineering in China is far behind compared to
those in other research fields N etNA combines
the cluster OO parallel finite element analysis
kernel together with web computing interface,
builds a good PCs cluster as the developing
hardw are platform, and realizes Internet-based
gravity wharf analysis and design CAD systam.
In order to make N etNA practical in business on
the Internet, a nev concept® charging only for
service” has been put forward, and it has been
tested successfully in our private LAN. This
concept fits right for the new trends to introduce
Intranet/Internet technology into the present and
future engineering ftw are and the experience to
develop N etNA w ill serve as a good base for the

future application study of grid computing

(
Java W eb
; ; W eb
:U 651; TP311 A
: 2003-02-23; : 2003-05-14.
: 973 (G1999032805)

(1973-),
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