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Abstract: T h is paper p resen ts a netw o rk2based num erical analysis fram ew o rk (N etNA ) w h ich in tegrates clu ster

parallel FEA (F in ite E lem en t A nalysis) together w ith Java distribu ted w eb compu ting. F irst, the structu re of

N etNA is described generally, then the p rocesses fo r imp lem en ting the system are given, som e examp les are

in troduced to show the app licat ions of N etNA , finally, som e conclu sions are given. T he fram ew o rk m en tioned

above in troduces netw o rk techno logy and OO (O bject O rien ted ) m ethod in to the field of FEA and civil

engineering, w h ich show s som e very p rom ising resu lts: the In ternet m ay becom e the daily design cen ter fo r ou r

engineers.
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1　In troduction
N etNA in troduces som e new com pu ter

techno log ies to develop a k ind of netw o rk

com pu ting p la tfo rm w h ich in tegra tes para llel

FEA together w ith d ist ribu ted w eb com pu ting,

and differen t parts in the sam e seam less system

perfo rm differen t task s. T he ex ist ing gravity

w harf CAD system has been tran sferred on to the

In ternet as one part of N etNA w ith the long2term

aim to m ake the In ternet a da ily design cen ter fo r

civil eng ineers. M eanw h ile, a ll of the relevan t

comm un ica t ion s betw een differen t parts a re

rea lized by Java, like Java app let, servlet, Java

socket p rogramm ing and so on; one sim p le bu t

fu lly funct iona l f in ite elem en t ana lysis m odu le

rea lized in Java has been added in to N etNA ,

w h ich m akes N etNA a good long2distance CA I

system.

2　Build ing the hardware pla tform
T he para llel f in ite elem en t ana lysis has

becom e m o re and m o re w idely u sed in Ch ina w ith

the grea t popu larity of PC s clu ster techno logy [ 1 ].

W ith the popu lar u se of m essage passing lib rary,

like PVM [ 2 ] , especia lly the em erg ing of M P I[ 3 ] ,

the para llel p rogramm ing has becom e m uch easier

than ever befo re, since the a lgo rithm rea lized on

clu ster can run very w ell on m o st of the super

para llel com pu ters w ithou t any m odifica t ion, and

it is m uch easier and cheaper now to bu ild a

clu ster. T he first step to con struct N etNA is to

bu ild the PC s clu ster, and the p rocesses to bu ild

the clu ster include the fo llow ing step s:

requ irem en t ana lysis, st ructu re design,

com ponen ts in sta lla t ion and system test [ 4 ]. T he

fo llow ing F ig. 1 show s the structu re of bu ilt

clu ster.

3　Build ing the OO para llel

FEA kernel

　　 It w as ten years ago w hen OO softw are

design m ethod w as first in t roduced in to the field

of FEA [ 5 ]. Since m o re and m o re researchers

no t iced its rem arkab le success in m o st of o ther

app lied fields, they are trying to study deep ly its

app lica t ion in FEA in o rder to change the passive

and lagging situa t ion com pared to o ther research

fields. T here is no doub t abou t the advan tages in

OO P, especia lly com pared w ith the fo rm er PO P

( P rocedu re O rien ted P rogramm ing ) m ethod , so
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F ig. 1　T he structure of parallel FEA PC s cluster

N etNA u ses the OO language C + + [ 6 ] to develop

the fin ite elem en t ana lysis kernel. F rom the

experiences w e get, it rea lly dem on stra tes the

developer has lo ts of m erits in the p rogram

efficiency, stab ility, com p lex ity con tro l and etc.

3. 1　System ana lysis

To analyze the structu re of class lib rary is

the first step to develop a successfu l OO FEA

p rogram system [ 7 ]. F irst, ana lyzing the p rocess

of fin ite elem en t m ethod in deta il is qu ite

necessary, if som e concep t ow n s and m anages its

da ta, w e can m ake th is concep t a class

theo ret ica lly, such as node, degree of freedom ;

triang le elem en t, isoparam etric elem en t, beam ,

tru ss, fram e, shell and super2elem en t. . . ;

vecto r, m atrix, d iagonal m atrix, po lynom ia l. . . ;

m ateria l, elast ic m ateria l, p last ic m ateria l. . . ;

load, con stra in t, nodal2load, self2gravity. . . ;

Gau ss so lver, LDL T so lver, N ew tonR aph son

non linear so lver; po in t, line, g rid, dom ain,

d ig ita l m odel and so on, bu t in fact, befo re

get t ing the fina l copy of a FEA class lib rary, the

developer has to ana lyze and select aga in and

again, to classify tho se concep ts acco rd ing to the

derived rela t ion sh ip betw een them , such as node,

degree of freedom. . . ; elem en t. . . ; vecto r,

m atrix. . . ; m ateria l. . . ; ex terna l load. . . ; linear

so lver, non linear so lver. . . ; po in t. . . and so on,

the concep ts in th is level can be m ade as the base

class of their o rig ina l concep ts, such as elem en t

can serve as the base class of t riang le elem en t,

beam and so on; linear so lver can serve as the

base class of the Gau ss so lver, LDL T so lver and

so on. Besides the derived rela t ion sh ip betw een

classes, som etim es, the developer can a lso u se

the in tegra t ion to m ake a new class, fo r exam p le,

the class of degree of freedom can be included in

the class of node, the m ateria l class can be

included in the class of elem en t, and a ll tha t. By

do ing so , the developer can fu rther decrease the

num ber of independen t classes, so the com p lex ity

of p rogramm ing can be decreased too.

A fter f in ish ing the class h ierarchy, the

designer needs to rea lize the in terface fo r each

class. A t th is step , to define the m em ber da ta

and m em ber funct ion is the m ain job, and th is is

d ifferen t from the deta iled p rogramm ing. T h is

step is so im po rtan t tha t it decides w hether o r no t

the OO m ethod can be app lied in the fin ite

elem en t p rogramm ing successfu lly. OO m ethod

can help the developer to u se the ex ist ing codes

very easily by m ean s of deriving. A s m en t ioned

above, there are a lready som e fin ite elem en t class

lib raries in the w o rld [ 8, 9 ] , ParaFEA m ade its ow n

class lib rary based on analyzing and deriving

tho se of fo rerunners, fu rtherm o re, it in tegra tes

the para llel f in ite elem en t m odu le, p re and po st

p rocess m odu le, together w ith the fram ew o rk of

V isua l C + + M FC class lib rary, in the end,

ParaFEA becom es a h igh ly in tegra ted and visua l

OO fin ite elem en t ana lysis kernel.

3. 2　Ser ia l öpara llel f in ite elem en t ana lysis

A s to the deta iled rea liza t ion of each class in

the above class h ierarchy, since the length

lim ita t ion of th is paper, here on ly som e m ain

classes w ill be described acco rd ing to the

inheritance fea tu re in OO fin ite elem en t

p rogramm ing. C lass FEM ateria l and class

E lem en t are tw o key classes in ParaFEA. T he

F ig. 5 describes these tw o classes and their

derived classes, the m ean ing of each param eter o r

funct ion in their defin it ion s is obviou sly clear
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since the long nam e m ethod is u sed here, one can

get the m ean ing righ t from the w o rd itself. T he

class BaseO b ject is the basic one in the fin ite

elem en t class h ierarchy, it is the M FC that g ives

u s the w ay to design the class lib rary since a ll

classes in M FC are derived from CO b ject, by

do ing so , a ll classes in the lib rary are connected

together by the comm on base class. C lass

E last icM ateria l and class V onM isesM ateria l a re

bo th derived from the class FEM ateria l, and they

w o rk fo r linear elast ic p rob lem s and non lin2
ear p last ic p rob lem s respect ively. C lass Tw oD im 2
E le is derived from its base class elem en t, and

class Q uad8 IsoE le is derived from its base class

Tw oD im E le. F rom the above defin it ion s of

classes, som e ru les and advan tages abou t the

OO P is com ing ou t: the first one is the da ta

encap su la t ion, tha t m ean s da ta belongs to som e

specif ic class ob ject, none of o thers can get the

da ta d irect ly, they can get the da ta on ly by u sing

som e comm on m em ber funct ion, by do ing th is,

the da ta safety has been im p roved grea t ly; the

un ique inheritance is the key fea tu re of OO P, in

o rder to m ake a new class, on ly very few codes

need to be added, the new class can u se the codes

of its base class au tom atica lly, th is can grea t ly

decrease the lines of sou rce codes undoub ted ly;

and the po lym o rph ism is ano ther im po rtan t facto r

in OO P, by declaring a V irtua l funct ion, the base

class and its derived class can share th is funct ion

w ith the sam e nam e and param eter list, bu t they

w ill be d ifferen t ia ted du ring the runn ing p rocess

by the w ay of dynam ic b ind ing w ithou t any

p rob lem.

F rom the above p seudo codes, w e can find

ou t som e o ther fea tu res of OO P. A fter defin ing

the class lib rary, the deta iled OO p rogramm ing

becom es sim p le and in tu it ive, w hat the developer

needs is to define som e class ob jects and to

con tro l these ob jects to perfo rm som e specif ic job s

in the p rogram. In the above analysis p rocedu re,

a d ig ita l m odel class ob ject of specif ic p rob lem is

defined first, af ter tha t, the au tho rity to con tro l

the w ho le p rogram fa lls in to the hands of th is

class ob ject of d ig ita l m odel. It gets the o rig ina l

inpu t da ta to ana lyze and then gives the resu lts.

T he F ig. 2 show s class h ierarchy of ParaFEA ,

and the F ig. 3 describes severa l exam p les.

M athA P Is D ataCenter FEABase D IgitalM odel Graph A pp. F ram ewo rk

ExtM athL ib BaseO bject BaseO bject BaseO bject BaseO bject M FC library
CM athRoutines String D egreeofF reedom Dom ain Po in t (M sw indow s)

Petsc: parallel D ata IO Po in t D ynam icM ode Po in t3D
m ath lib rary D ata IO ut Po in t3D D yn2NLM ode BL ine Cobject

D ata In N ode StaticM ode SubA rea CA ppV iew
D irecto ry FEM aterial Static2NLM ode V o lum e CA ppDoc

SelfD evM athL ib Exp lo rer E lasticM aterial PushO verM ode . . . CA ppF ram e
V ecto r . . . V onM isesM aterial Op tM ode . . .
. . . T rescaM aterial. . . . . . o r o r OWL library
M atrix Pair E lem ent SubDom ain based on (Bo rland

D iagM atrix PairContainer TwoD im E le (Parallel PCG) OpenGL w indow s
T riangleM atrix . . . T russE le . . . graph ical class lib rary)

. . . F ram eE le lib rary . . .

BaseO bject D ynA rray T riangleE le T im eStep . . . o r A pp lication
System Equations jQ uad Iso8L ist Q uad Iso4E le L oadFunT ype C lass L ibrary
EquationSo lver jT riaE leL ist Q uad Iso8E le . . . o r F ram e on

L inearSo lver jL oadL ist T h reeD im E le based on L inux like
LDL TM ethod jN odeL ist B rick Iso20E le M P I o r PVM A utoCAD 2 KD evelop

N onlinearSo lver jM aterialL ist SerialSuperE le as M essage AD SöA RX . . .

ConstStiff . . . ParaSuperE le Passing develop2
N 2RM ethod . . . L ibrary m ent M etis o r Para2
BFGSM ethod o r based on L oadT ype fo r Parallel . . . M etis as

ParaSovler som e data2 Boundary F in ite dom ain au to2
ParaCho lesky base like BodyL oad E lem ent decompo sit ion
ParaPCG. . . A ccess GravityL oad A nalysis lib rary fo r

. . . N odalL oad. . . Parallel use

F ig. 2　F in ite elem ent class h ierarchy of ParaFEA
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F ig. 3　Examp les of OO P in fin ite elem ent analysis

4　Appl ica tion s of NetNA

T he key po in t of In ternet2based GW CAD is

the rea liza t ion of da ta t ran sferring p ro toco l.

N etscape and IE are the tw o m ain in ternet

exp lo rers a t p resen t, N etscape in troduces pu sh2
server as its da ta t ran sferring p ro toco l, it cu ts

da ta in to severa l parts au tom atica lly w hen they

are tran sferring, and the o ld da ta w ill be

refreshed by the new data in t im e. A lthough th is

p ro toco l seem s righ t fo r u s, the m ain p rob lem is

tha t N etscape is never w idely u sed as befo re. IE

in stead in troduces pop 2server p ro toco l w h ich

keep s on refresh ing the da ta no m atter w hether o r

no t they are changed, so lo ts of unnecessary da ta

t ran sferring happen s. A cco rd ing to the

requ irem en t of In ternet2based GW CAD , a new

data tran sferring p ro toco l has been m ade. T he

kernel of tha t p ro toco l is to tran sfer da ta st ring

code, bu t no t the da ta itself and the da ta file

repea ted ly, the fo rm ing of tha t da ta st ring code is

based on the studying of da ta character of

GW CAD deep ly, w e find m o st of the necessary

da ta can be rep resen ted by som e data select ion

item s, each of these item s has five b its in a ll, the

first th ree b its rep resen t the k inds of da ta, the

last tw o b its rep resen t the select ion of one specif ic

da ta. M any item s fo rm a data st ring code and it is

th is st ring code tha t is t ran sferred on the

In ternet, so the speed is so fast tha t the u ser can

no t feel any la tency a t a ll. T he F ig. 4 show s the

da ta t ran sferring p rocess of In ternet2based

GW CAD.

GW CAD can be added in to N etNA ju st

becau se of its m odera te size in its m odel and

database. A ll clien t in terfaces are rea lized by the

w ay of Java app let and h tm l, bu t since the

efficiency of Java p rogram is no t h igh enough, b ig

system s can no t run w ell on the In ternet righ t

now. W harf st ructu ra l eng ineers can u se th is

in terface to inpu t param eters to fo rm a dig ita l

m odel; m eanw h ile th rough the com pu ta t iona l

capab ility of Java, they can visua lize and m odify

the m odel m any t im es un t il it is accep tab le, then

subm it their design. W eb server responds to th is

requ irem en t and tran sfers the task to GW CAD

server w h ich is respon sib le fo r deta iled ana lysis.

F ig. 4　D ata transferring p rocess of In ternet2based GW CAD

502　第 2期 李海江: 基于网络的数值分析系统

© 1994-2006 China Academic Journal Electronic Publishing House. All rights reserved.    http://www.cnki.net



5　Conclus ion s

T he new era filled w ith new com pu ter

techno log ies is com ing, like clu ster, netw o rkö

In tranetöIn ternet techno logy, OO p rogramm ing

softw are design m ethod and so on, bu t the

app lica t ion of these techno log ies in FEA and civil

eng ineering in Ch ina is fa r beh ind com pared to

tho se in o ther research fields. N etNA com b ines

the clu ster OO para llel f in ite elem en t ana lysis

kernel together w ith w eb com pu ting in terface,

bu ilds a good PC s clu ster as the develop ing

hardw are p la tfo rm , and rea lizes In ternet2based

gravity w harf ana lysis and design CAD system.

In o rder to m ake N etNA p ract ica l in bu siness on

the In ternet, a new concep t“charg ing on ly fo r

service”has been pu t fo rw ard, and it has been

tested successfu lly in ou r p riva te LAN. T h is

concep t f its righ t fo r the new trends to in troduce

In tranetöIn ternet techno logy in to the p resen t and

fu tu re engineering softw are and the experience to

develop N etNA w ill serve as a good base fo r the

fu tu re app lica t ion study of grid com pu ting.
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基于网络的数值分析系统

李海江
(大连海事大学 道路与桥梁工程研究所,辽宁 大连 116026)

摘　要:结合并行有限元分析以及 Java分布式W eb 计算,介绍了基于网络的数值分析系统。首先介绍了系统的

结构组成,进而给出系统的具体构建过程,并结合一些算例表明系统在土木工程中的实际应用,最后给出了结

论。本系统将计算机网络技术以及面向对象的方法引入有限元分析以及土木工程领域,进行了有益的探索,研究

可望将互联网变成工程师的日常工作中心。

关键词:网络数值分析; 面向对象;集群,W eb 计算
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