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Abstraet

　　　　A　fuzzy　control　has　recently　been　introduced　in　numerical

computations　of　a　control　problem　governed　by　partial　differential

equations（PDE），　and　its　validity　has　been　reported．　Considering　．its

implementation　to　real’ 唐凾唐狽?高刀@governed　by　PDE　or　its　application　as

a　numerical　method　to　problems　governed　by　PDE，　reduction　of　the

computational　time　in　fuzzy　reasoning　seems　to　be　serious．

　　　　In　the　paper　parallelization　of　the　fuzzy　control　is　considered．

Two　types　of　parallelizatiOn　are　proposed．　One　is　synchronous

parallelization（　SP　）．’　Another　is　full　parallelization（　FP　）．　As　for

SP，　its　programing　is　easily　carried　out，　so　evaluation　ot．fuzzy

reasoning　is　easily　carried　out　by　numerical　simulations　before　real

implimentation　．　Futhermore，　SP　is　partially　performed　on　vector

machines．　On　the　other　hand，　as　for　FP，　evaluation　of　fuzzy　reasoning

before　real　implimentation　is　not　easily　carried　out　numerically

without　parallel　processing　machines．　Development　of’　numerical

evaluation　of　FP　is　a　future　problem　for　us．　FP　is　superior　than　SP　in

speedi　therefore　its　implementation　is　intensively　expected．

く
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1．　Introduction

　　　　It　has　been　already　recognized　that　fuzzy　control　to　systems

governed　by　ordinary　differential　equations（　ODE　systems　）　is　valid

［4－6］．　However，　it　is　not　so　easy　to　apply　fuzzy　control　to　systems

governed　by　partial　differential　equations（　PDE　systems　）．　Main

problems　before　real　implimentation　are　as　follows．

1）　Connection　between　sampling　points　and　con．．t．r－tl．一一p．Q．一i－n．ts

　　In　PDE　systems　there　are　several　sampling　points　and　control　points

in　general　even．　if　the　number　of　governing　equations　is　one（　see　Figure

1　）．　Then　it　is　a　problem　to　make　adequate　connecting　networks　between

these　points［3］．　Connection　between　sampling　points　is　a　priori　given

through　governing　PDE．　Connection　between　control　points　and　between

both　control　points　and　sampling　points　should　be　determined

considering　both　controlability　and　simplicity．　Simple　networks　may　not

be　adequate　from　the　control　view　points，　while　complicated　networks

may　not　be　adequate　from　the　view　point　of　economy　or　real

implimentation．

atL1La，1？．Lg－g1i“一£y）Tbi　ff

　　After　determining　a　connecting　network　it　is　a　problem　to　consider

adequate　fuzzy　reasoning，　i．e．　to　make　adequate　tables　of　fuzzy

reasoning［3］．　These　tables　must　be　determihed　by　considering　the

property　of　governing　PDE．　This　table　making　may　need　mathematical

sense　and　enough　experiences．
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　　　　There　is　another　problem　in　real　implimentation．　This　is

parallelization　of　fuzzy　control．　For　speed　is　required　in　real

implimentation．　Therefore　above　problems．1）　and　2）　should　be　also

considered　along　para，！．　lelization．　Furthermore，　some　parallelization　may

be　necessary　in　numerical　simulations　of　fuzzy　control，　because

evaluation　of　connecting　networks　and　tables　of　fuzzy　reasoning　should

be　evaluated　numerically　before　real　implimenitation．　Hence

parallelization　of　fuzzy　control　is　considered　in　the　next　section．

2．　Parallel　processing　of　fuzzy　control

　　　　In　this　sedtion　parallel　processing　of　fuzzy　control　is　considered．

Two　types　of　parallelization　is　mainly　considered．　One　is　synchronous

parallelization（　SP　），　anothe’ 秩@is　full　parallelization　（　FP　）．

（i）　Synchronous　Parallelization（　SP　）

　　SP　is　parallelization　with　data　flow　synchronization．

　　There　are　three　data　flow　at　a　control　point．　First　one　is　that　from

sampling　points．　Second　one　is　that　from　the　same　pointi　Last　one　is

that　from　other　control　points．　ln　these　three　data　flow　the　last　one

is　restricted　for　parallelization，　i．e，　reference　bf　next　value　at

other　control　points　is　prohibited．　Then　next　value　at　every　control

points　is　determined　by　fuzzy　reasoning　at　the．　same　time．

　　SP　is　of　the　most　practicai　use　now，　This　is　because　validity　of

fuzzy　reasoning　is　easily　evaluated　numerically　before　real

implimentation．　Data　synchronization　at　control　points　is　automatically

carried　out　in　normal　calculations　of　PDE．　This　means　that　fuzzy
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control　with　SP　is　easily　programed，　Therefore　validity　of　fuzzy

reasoning　is　easily　evaluated　numerically　on　normal　computing　machines．

Futhermore，　sp　is　il．4rtial！y　perfofrmed　on　vector　machines．

Vectorization　in　the　prQg．’ 窒≠香@is　carried　out　as　follows．　At　first　every

case　in　a　fuzzy　reasoning’ C　table　is　indicated　by　some　index．　Hereafter

this　index　is　called　cas；g，，’index．　Then　computations　at　fuzzy　reasoning

are　decomposed　into　two　s・狽?垂刀D

a）　At　the　first　step，　ne 戟^J．［1．’values　at　every　controi　point　are　computed

for　all　cases　in　the　rea’s，　oning　table．　At　the　same　time　case　index　of

every　control　points　is　de．termined　aldng　the　reasoning　table．

b）　At　the　Lsecond　step　next　value　at　a　control　point　is　chosen　following

．the　case　index．

　（ii）　Fu11　Paralielization（　FP　）

　　FP　is　fu11　parallelization，　i．e．　data　flow　synchronization　is　not

necessary　in　FP．　Then　FP　has　no　restriction　in　principle．

　　FP　is　superior　than　SP　in　speed，　then　its　implimentation　to　real

systems　is　intensively　expected，　However，　FP　is　not　of　practical　use

now　because　evaluation　before　r，eal　implimentation　is　not　easily

carried　out　numerically　without　parallel　processing　machines．

Development　of　numerical　evaluation　of　FP　is　our　next　purpose．

3．　Numerical　simulations

　　　　In　this　section　fuzzy　control　with　SP　is　applied　to　an　i　l　l－posed

control　problem　governed　by　a　Laplace　equation　and　it　is　sinvulated

numericaiiy．
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　　　　The　prob　lem　is　defined　on　a　rectangu　lar　which　is　locatbd　in　the　xy

piane　and　is　parallel　to　the　xy　axes．　Sampling　points　are　distributed

on　the　center　l　ine　parallel　to　the　y－axis，　The　same　number　of　control

pQints　are　distributed　on　the　right－hand　segment　parallel　to　the　y－

axis．　Boundary　values　arg　given　on　other　parts　of　the　boundary．

Boundary　values　at　control　points　are　controled　to　attain　desired

values　at　sampling　points．　Numerical　calculations　are　carried　out　by

discretizing　the　problem．　20×20　mesh　points　are　used　here．

　　　　For　this　control　problem　a　valid　connec’ting　network（　see　Figure　2　）

and　a　valid　table　of　fuzzy　reasohing　have　been　investigated

［1］．　Then　SP　of　this　control　is　partially　performed　on　a　vector

machine．　The　program　is　made　along　a　guideline　mentioned　in　the　above

section．　Numerical　results　are　shown　in　Table　3．　CPU　times　spent　in

both　solving　PDE　and　fuzzy　reasoning　are　presented　for　two　cases　that

vectorized　processing　of　fuzzy　reasoning　is　carried　out　or　not．

Calculations　for　solving　PDE　are　vectorized　in　both　cases，　CPU　time

spent　in　fuzzy　reasoning　is　improved　about　3　times　by　vectorization．

CPU　time　for．　PDE　may　be　improved　using　sparseness　of　the　matrix．　On　the

other　hand，　CPU　time　for　fuzzy　reasoning　may　increase　if　more

complicated　fuzzy　reasoning　is　used．

　　　These　numerical　results　show　that　fuzzy　control　may　be　available　as

a　fast　method　for　numerical　computations　of　control　problem　governed　by

PDE．　As　such　examples，　one　can　easily　consider　time　dependent　mesh

generation　in　numerical　computations　of　time　evolutiqnal　PDE．　One　can

also　consider　determination　of　parameters　which　attain　minimun　of　cost
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functions．　However，　one　of　the　most　effective　app1ications　is　fast　and

stable　numerical　computations　of’ill二posed　optimal　control　problems

（　e．g．　control　problems　concerned

operators［2］　），

with　Cauchy　problems　for　elliptic

4．　Conclusions

　　　　Two　parallelizations　SP　and　FP　are　considered，here　for　the　fuzzy

control　system　governed　by　partiai　differential　equations，

　　　　Numerical　implimentation　of　SP　are　is　carried　out　here．　Numerical

results　show　that　SP　is　of　most　practical　use　now．　Because　its

programing　is　easy　and　before　its　implimentation　to　real　systems

validity　of　fuzzy　reasoning　is　easily　evaluated　by　numerical

simulations　using　normal　computing　machines．　Nume’rical　results　also

show　that　fuzzy　control　with　SP　may　be　available　as　a　simple　and　fast

numericai．　method　for　control　problems．　Because　SP　is　partially

performed　on　vector　machines．

　　　　FP　is　superior　than　SP　in　speed，　then　its　implimentation　to　real

systems　is　intensively　expected．　However，　it　is　not　of　practical　use

now　because　evalUation　before　real　implimentation　is　not　easily　carried

out　numerically　without　parallel　processing　machines，　Development　of

numerical　evaluation　of　FP　is　our　next　purpose．

一6一



5．　Acknowledgments

　　　　The　authors　wish　to　express　their　appreciation　t6　Dr．　A．　sasamoto

of　Chiba　University　for　his　contribution　to　numerical　computations．

Numerical　computations　were　carried　out　on　HITAC　S820　at　the　Computer

Centre　of　the　Unversity　of　Tokyo．

References

［1］

［2］

［3］

［4］

［5］

［6］

L．一S．　Gao，　H，　lmai　and　H．　Kawarada，　Fuzzy　control　systems

governed　by　elliptic　partial　differential　equation，　Tech．　Reports

of　Math．　Sci，，　Chiba・Univ．，　5（8），　1989．

S．　Mizohata，　Theory　of　Partial　Differential　Equations，　lwanami

Shoten，　1981，　in　Japanease．

D－G．　Quin　and　Y．一Z．　Lu，　A　strategy　of　problem　solving　in　a　fuzzy

reasoning　network，　Fuzzy　sets　and　Systems，　33（1989），　137－154．

M．　Sugang，　Fuzzy　Control，　Nikkan　Kouzyo　Shinbunsha，　1988，

・in　Japanease．

L．　A．　Zadeh，　Outline　of　a　new　approach　to　the’　analysis　of　complex

systems　and　decision　processes，　IEEE　Trans．　on　Systems　Man．　and

Cybernetics，　SMC－3（1），　1973．

H．　J．　Zimmermanrp，　Fuzzy　Set　Theory　and　lts’Application，　Boston，

MA：　Kluwer　Academic　Publishers，　1984．

一7一



x

Figure　1．
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Distribution　of　sampling　points　and　control　points．

　＋　：　sampling　points．

　・　：　control　points．

y

o x

Figure　2． DiStribution　of　sampling　points　and　control　points

in　an　i　l　l－posed　control

　＋　：　sampling　points．

　e　：　control　points．

problem．
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CPU　time　for
?浮嘯嘯凵@reason・ing

ix10－2　sec）

CPU　time

ix10”2
for
唐?

PDE
j

Scalar 0．70

Vector 0．24

3．21

Table　3． CPU　time　spent　in　nUmerical　simulations　of　SP．
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