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The FEARS syst~ ’n is an exp eri~ienta L finite eLement system

.~h ich uses aJa~ t ivi ty and oaraL L e li sm to aLLeviate computationa l .
oro~~Lem s o f  t~ie n etriod . This report contains a formaL
s3ec i fi catio n ~f the systen wh ich is compLete down to, but not
ln ct udinq , the nun er icat processing. It functions as a
re aLis t icaLLy como tex exampLe of the specification technique
u s e d .
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IPTI, ILTIE E L E M E N T  S Y S T E M

The finite ela nent m etho i is a numerica l method with many

a3p 1$cat ion s ala ;reat o ract ica l importan ce. It aLso requires

c~ rnoutation s ani data m anipulations which are expensive and
uri~~i eLdy . The FEARS (Finit e ELe~ ent, Ada ptive Research SoLver)

pro ject has att acke i these prootein s on several. fronts: Adaptive

techni ques have oeen developed to streamL ine the input phase,

as sist the user s intui tion, and achieve an ootlrn aL cost/accuracy

~~ 1ance; pa r a l le L i s m  has been in t roduced to provide data
se ;me n tat i on  anJ the po t e n t i a L  for e x p L oit a t i o n  of c a r a L le L
ha r d w a r e . The cu r ren t  s t a t u s  of t h i s  p ro jec t  i s  repor ted  in

~Z o v e  ~ R h e i n o ~~Lo t  77) and C Z a v e  & Rhe inboLdt  79] .
The FEARS system has been designed as an experimenta l. system

t 3  t e s t  the va l i3 i- t y and use fu lness  of the Ideas above. This
techn i cal  reo3r t  co nta ins  a forma t spec ification of the current

v e r s i o n  of the s y s t em ,  w h i c h  d i f e r s  only s l i gh tLy  f rom that
p r e s e nt e d  in £ Z a v e  ~ Rhe inbo ld t  77) and [rave & Rhe i nbot c t  793.

Inc s y s t e n  is  s pe c i f i e d  Qo w n to the leve l of , but not
incLud ing ,  the nune r i cal  p rocess ing .  The s pe c i f i c a t i o n  Itse Lf
f3Lt O ws io eas  p resen ted  in UZ ave & F i t z w a te r  773 ,
tF itz ..~ter ~ Z-a ve 7], UZave 78], ano is ;ubLishe d here as a

r3~~l .jstjcalL y c3m~ lex e x am p Le of the ap p L ication of those ideas.

I ~o not wish to duolicate the expLanations of this

scecification tech n ique which can be found in the referenced

~rt icL€ s : T b- i s report is intendeo as a suppLem ent to them . The

syn tax of the soecif icatio n Language used here, however, h as been
c hosen rather er ol t r a r iL y (if the under lying concepts prove

us eful. , the ex oerien ce of many users w I LL e v e n t u a L ly  cont r ibu te  a
m io ely acce p t a zL e syntax ). For this reason, I wi l l. explain

br)efL~ the syntax used.

~~ili~~I1gn ~ ~
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The sp ecification begins with a section of symbo Lic
oaramet ers , so that olndin ; of their vaLue s can be deLayed.

Inc sys ten is specified as a set of processes. There Is a

separate secti on 3f the soecification for each type of process ,

s~ that the systeli consists of (in o r a e r )  bu + 1 “user ”
oroces s es, one “con troL” process, b2 “two—subdomain ” processes,

bi “one—su bdo ina in ” orocesses, oO “zero—su bdom ain ” pr ocesses, and

bs “solver ” processes.

A process is soecified by its successor function. The first

entry in the secti on soecif yiri~ any process is a specificat ion of

i t3 successor function. The successor function is a function on

the set of aLl possibLe states of the process , calLe d Its “state

so a ce ”.
A L L sets used in the specific ation are specified (in

aLp h abt tica L orler ) in the Last section .

~

All func tions are declared by naming their domains and

ran~ es, a s in:
func t i on—n am e :

“~ on~ in set expression ”
— — — > “ran~~e set  e x o r e s s i o n ”.
If the func tipn is Dr imitive then it is not formal ly

so ecifie d further. Instead there wi L L  be a comm ent on Its

de cLara t ion ~esc ri oing what it shouLa do.

If the f..~ c tion is no n—pri n it ive , it Is defined by a
functh .n—expression in terms of “sm a t t e r ” func tions, arguments, -

anu cons tants. A funct ion— exore ssion can use tupLe—fo rmation:
(x , y, z) ,

co mo os i t ion :
f (~~(h)) ,

an~ selection:

~;1:f1 , o :f2, . . . on:fn] .

L~ 

Th, se lection evaluates to the first fi such that pi Is ~~~~~~~~

Since the soe cificat ion Langua ge is “strongLy tyoed”,

ar3 ument L i sts (forma t and actual ) must match the decLared

~~ma in~ of their functions, and defining expressions mu st match 

~~~~- -~~~~ - - . ~~~-- - ~~~~~~- - - ~~~~ - -~~~~~- ~~ - --—- - ~~~~~~~ - ‘—---- ~~--- --~ —___
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1
the c e c l a r e d rari~~es of the ir funct ions.

In the soe cif icati on of each orocess, the successor function

d efinition is folL ow ed oy specification s of the functions used in
i t. They are folL owed by spec ification s of functions used in

t hem, etc. For the most oart the arrangement of functions is an

intuitive L ine arizatio n of the under lying tree structure. The

definition fl = C f!(f2), f5 (f4) ) , for exampLe, would be

folLowe d by soeci fications of f2, f3, f4 , and f5 (in that order).

Majo r subtrees, however , are separated into “groups ”. The root
of a group subtree is reached via a statem ent such as:

t urn: TURN GR~ UP

fa una in a pLac e where a specification of the function “turn ”
,i~ utd have bee n expected. “Turn ” w ilL then be found as the first

soecif ication in the “TURN GROUP ” section, to be found a few
p~~ es La ter .

a~~~11ic.~ti~o 2~
A L L  se t s  are d e c L a r e d  s im p Ly  by g iv ing their  names. A

ori miti v e set carries a comment describing what it should
conta in .  A non—pri m i t i ve  set is def ine d bY a s e t — ex p r e s s i o n  in
te rms of “sma l l e r ” sets and constant s.

A set—ex oress ion can be mad e up of enumerations of
¶ 

const ants:
( hk~~ 

),

un i ons:
SET—O ’ 4~ U SET— I~ O,

and cross—products (cross—p roduct has precedence over union):

SET—O N E x SE T —T ~ O.
The s ta te  spac e of a p rocess  Is def ined i m p L i c i t L y  by the

s e t — e x p r e s s i o n  g iv ing  the domain and range of i ts successor
func t ion . If ~~l InIt iaL  vaLu e is needed , It is g iven  a f t e r  the

- 

nine of  the set  of w h I c h  it Is an e Lement ,  as in:
sic c essor—functio ,:

‘ 330LEA4 . . tru~ . . x ~TPlEP—SET— — — >  ~OOL Z ~ N x OT~~~~—SET .

~aL c1Q~i1~ ~r1~i~1~u

_______________________ 
~~ — -~--~ 
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The ln~~r ins ic  ~r i u i t I v e  s e t s  are  the  in tegers  CL) and th:
reaL n~.~m bers CE:).

T he r e  a re a number of i n t r ins ic  p r im i t i ve  funct ions:

“p r o j — x — y ”, x and y i ntegers ,  p r o j e c t s  an x—t up L’  onto i t s
f i r s t  y Co m pone nts ;

“ t~~u” is p r e d i ca t e  w h i c h  t e s t s  any two objects of the same
typ e f~ r equa Lity;

“sum ” and “max ” perform the indicated operations on any
nu m ber  of numeric argum ents;

“ i f f” , “puotient ”, and “product” are binary a r i t hmet i c
ooe rat or s;

“gte ” and “ ç t e ” are the binary numeric p red ica tes  “greate r
tha n or equal” , ‘ L e s s  than  or equal” ;

“x c — t ” , t a s t r i ng ,  is an exch an g e  tunct ion of t ype  XC and
c l a s s  t;

“ x a — t ”, t a strin; , is an exchange function of type XA and
c L a s s  t .

Reaetit i on

Any sem anticaLLy m eaningfu l. expression, such as a function

definition, an element of a tuple, an app Lication of a function,

a “pi :f i” in a seLecti on , a constant in a set enumera tion, a

union te rm In a s e t — e x o r e s s  ion , or a c ross—produc t  te rm In a s e t —
ezoression, c a n  be the s u b j e c t  of indexed repet i t ion.  A s imple,
all fa irly restrictive , syn tax seem s to oe sufficient. To repeat

a f unc t i on  s pe c i f i c a t i o n ,  fo r  ins tance,  one wouLd w r i t e :
j 1(”func-~i o n — n a m e C j ) ”

.j oinai n— s e t—e x  o ress  ion Ci
— —— s “ra nc ~e — s e t — e x o r e s s i o n ( j ) ”
“ func t i .on— narne (j ) ”  “pa r a m e t e r — L i s t ”  =

“f~~n ct i o n— ex pr es s i o n (j  )“
>~~~

Th is  s tands for  e i ; h t  s pe c lfj c . t io n s .  Each quoted phrase stands
for  a s t r i ng  w h ic r i  may have “j ”  In It; if so, each ins tance of j
w i Ll be r e p L a c e d  by one of the In tegers  from 1 to B on that
i ite - ;e r s reoet it lon .

Any rep etition con struct can replace any s ing Le i ns tance  of
the rei ,eate1  ex o r e s s io n . For ins tance,  the exp ress i on

‘ (a,ø,~ 1<cj 3)

is equ ivaLent  to
(a, o ,c1 ,c 2 ,c3) ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ --~~~~~ - -~~~~~~~~~~~~
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the exp ression

j l(f>3  Ca ,o)
is equ i va Len t  to

f ( f ( f (a , b) ) )
(f ~~s d doa in ani range must he the same, s ince it is ao p l i ed  t w i c e
to i t s  oan v a L u e ) ;  and the e x o r e s s ion

j l( x S E I — j — NA I E  >3

r - is equiva lent to
SET —1 — NA ~ E x S E T — ~ —NA M! x S ET— 3—N AME .

- I - t~~ i-ilc.~ti2o.
The re~ ainider o f  t h is  reoort  is the s pe c i f i c a t i on  it se l f .

I)

I 

— —-- - -~~~~~
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b~. oouno on the num oer of users minus I

bi oound on the numb .~r of two— subdoma ins

bi boun~ on the number of one—subc om ains

bC ~ouno on the number of zero— subdomains

bs boun~ on the number of soLvers

bc Pound on the number of commands per turn

b ,~ ~oun~ on the number of oasses per command

bt oouna on the number of p airs in a two—subdomain report

C~~’ISTA UTS

ch the ni~~hest oossible error value

cr the cO st oer element of refinement

c~u the cost of com p uti n g a micro —stiffness matrix

cc the cost oer elenent of computin g error indicator s

cs the cast oer ooint of settin g up a L inear system

cI the c~ oe of the cost per point of solving a Linear
s y  S t! 0

ct the cost oer eLement of refining and solving for the
new joint

I
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USER PROCESSES

SJCCES SOR GROUP

jJ< use r— j—su cc~~ss~ r:
PHASE . . first . . x FLAG x STATUS x
AD J A C E N C y  ~~M!~ H x POSTDATA

———> PHASE x FLA G x STATUS x ADJACENCY x ME SH x DOSTDATA

user—j—succ essor (p,f,s,a ,m,U) =
C equ (o~ f i r ~ t):fir s~ —s teo (in it iaL— j—ad jacenc y )

equ(o ,other) :
ot~~~~~~teo (turn (f ,s,m ),a ,d)

> O u

m i  H a  L — j — a ~~j a c e n c y :  DO ”A I N  IN IT IAL IZAT ION GROUP

f i r s t — s t e p :
ADJ A CE ” IC Y

———> PHASE x FLA G x STATUS x ADJA CE NCY x MESH x POSTDATA

fir st—step(a)
(other , -

T~TfTol fl ag,
initial —status ,
a,
in itia l—mesh (a ) ,
i n i t ial —p o st data
)

i n i tia  1— ’ La~~:— — — >  FLA G

This non—deterministic function represents the user ’s
choic e of i n i t i a l  “ma n uaL o v e r r i c e ” f L a g .

in it i 3 l—St a tUS:
——— > STATUS

This n o n — d e t e r m i n i s t i c  f unc t ion  rep resen ts  the user ’s
c h o i c e  of iiit i a l  s t a t u s  reco rd .

ni tia L—n esh :
A DJ A C~ NC Y

— — — >  MESH

This no n—deterministic function represents the creation
of alt. user—s p ecific data. An initial. mesh is based on
the adj acency re lation , w h i c h  is  the “s k e l e t o n ” of the
d om a i

0 ini t i~~L— oostda ta :
——— > POSTDA TA

T his n o r i—d e t e r n inist i c function rePresents the user ’s
choice of i n iti a l  p ost—pr ocessing data.

- - - - -- — — - --—-- -- ~-—-—-—---— ~~~~~~~~~~~~~~~~~~ _ - --~~~~——— 
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turn: TURN GROJ~

0th cr—Ste o:
(STATUs x MESH) x ADJA CENCY x POS IDATA

———> PHASE x FLA G x STATUS x ADJACENCY x MESH x POSTDATA

ot her—step((s,m) ,a,i) =
(other ,

?i~~~ Tlag (s,in),
S.
a, -

post—orocess (s,a,n ,d)

new —ft ag :
— — — >  FLA G

T h i s  non —deterministic function represents the user ’sc ho i c e of a new “manua l override ” fl ag between turns.

post— proces s:
STATUS x ADJACENCY x MESH x POSTDATA

———> POSTDATA

Thi s non —deterministic function represents the individual
use r’s oust—pr ocessin g , of any kind . For instan ce, all
numerical Output is ;eneratec by this function .

This function may incluue a sequence of queries to
suod om ain orocesses, for the purpose of getting DOMAIN
infor ma tion . These aueries take the forms:

xc—r .~ .j (xa—a.2.j ((answer ,q))) , j in C I ,  . . .
o2 ~, q in T~ O~~~~~RV , yield ing a result in
T~ O—AN S~ ER ;

xc—r .1 • j Cxa— a . 1.i ( (answer ,q)) ) j in C I, • . •ol ) , q in ~~~~~~~~~~ yietd -t ng a result in
3~4E—ø,N5W E R;xc —r .3. j Cx a—a • 0. j ((ans r, q)) ) , j in C I, . . .oD ) , q in ZER~~~ O~~ Y, yielding a result in
ZE RO—A NSW E R .

h 
-I
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~3 1A I N  I N T T I A L IZ A T I D N  G ROUP

j 1( i n i t - i c a L — j — a l j a c ~~n cy :
— — — >  A D J A C E N C Y

i n i t i a l — j — a o j a c e r i c y  =
x c — u . j ( i u l L )

>ou

lfllt i a  l— O — a i i a c e n c y :
— — — >  A~ JA CE N Y

init i a L— D— ad~ a c en c -y
i nit - i a Ii zeC in itial—doma in )

i ni ti a L— dom ai n:
———> ADJACE N CY x DO~IAI N

This n o n—deter mi nist i c function represents the creation
of the domain for a l l users of the system.

i ni ti a Ii ~e:
A D J A C E N C Y  x D0~~A I N

— — — >  A D J A C E ’,CY

initi aLjze (~ 0)  =
p r o j — 2 — ~

(~~1<jnj tia li ze— j—user (a)>bu,l n i t i a t i z e — c o n t r o t ( a ) ,
~1 < i n i t i a L iz e — 2 .~~—su b o o ma i n (d ) > p2 ,
~1< irii t ia L z,—1 .~~—su bucm ajn (d )>b1,
J t 3 .j s ubco ma in (~~) c C

)

j i  < r d  Ha
A D J A C E N C Y

— — — >  N U L L -

m l  ci a t i z e — i  — us e r (  a) =
x c—u • j ~ a)>OJ

i nit i a  l i ze —c . o nt r o l :
A D J A C E N C Y

— — — >  NULL
in itio L i ze— cp ntrot (a ) =

x c — c ( a )

jl<i r i i tia tl ze— a.j—su odomain :
D O ~’AIN

— — — >  L U L L
1 init i aLlz e— ~ .j—su ~ domain (rj) =

x a— a .~!. I ( iz e—~~ m~~in ,00 m a i n— s e  t e c t  Cd ,2. j ) )  )

j 1 < i n i t i a l i z e — 1 .j — s j~ido n a in :

A ~-- - -- ~~~~ -—~~ - - - - - — —-- ---~~ . ~~
--—-

~
--

~ —-~~ ~
.—- -— —~~~~—‘~~ 

-
~~~

---— -
~
-- -

~
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DOMAI N
— — — > NULL

- initi aL ize— 1.j— sjb dona jn (cj ) =x a—a .1. j ( ( jrii tia liz e—~ o r n a i n  ,doma in— se Lect (d ,1.j )) )

jl< in iti a tize— D.j—sub domajn:
- DOMAIN

———> NULL
- i n i t i a L i z e — J . j — s u b d o m aj n ( d )

I xa_a .3.j ((ioitialize :dornajfl ,oomajn— seLect (d ,O.j )))

domain—select:
- DOMA IN x ADDRESS
- ——— > S U3DOM A IN

This fun ction selects the adcressed su~ domain segment.

I

IL

L~ 

—---— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- —- - -  — --—~ --~~ —— ---~



~~~~~~~~

-

~

v—-

~~~~ 

-

~~ 

—-———-- - -

r 

11

TJ RM GR~ UP

turn:
FLAG x S T A T J S  x M ES H

——— > STATUS x ‘~ESH
turn (f ,s,m)

receive—s tatu s—ou t
C~~no—tjrn(take—a—turn

(start—turn
C m , s e n d — s t a t u s — i n  Cf ,s)))))

seno—st atu s-jn:
F L A G  x ~TATJS— — — >  ~1ULL

sena—sta tus— in(f ,s) =
xa—c ((f,s))

Sta rt— turn :
M ES H x NJLL

— — — >  IUL L

start—t urn (n ,nuLt ) =
proj—2 — 1~~~~(nulL

‘(jI<start—2.j—subdom ain m ’.t>b2 ,
~1<star t—1.~~—su bd omain (m )~~~1,
j  1 <st a r t  —O.j — subdom a in (a) >bO

ii <s ~a rt —2. j —s otn a i
ME SH

— - — >  NULL
start—Z .j— suoo omain (m ) =

x a—a .2 . j C ( i r, ,t ia lize—u ser ,mesh —s etect Cm ,2. j )  ))
>02

j1<start— 1.j— s~~3lomain:MESH
— — — >  NUL L

start— 1.j— su3dom ain (!n ) =
xa—a.1.J ((jrfltja%jze=u~ er,nes h_seLect (m,1.))))

>31

jl<s ta rt— fl.j—s.aodoma jn:
M ESH

— — — >  
~.UL L

start— ~D.j— s ,poomajn(n ) =
xa_a.J .J ((j~~~tjaLi ze=user ,m esh_ se~ ect (m ,~~.j)))>3,~

mesh— seLect:
MESH x ADDRESS

— — — >  GU 3ME Sr~

_ _ _ _  - a-- -~ -~~~~~ - ~~~~~~~~ ---- - —-- -. — —- --—
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This fun ctipn selects the adure ssed subdomain segment.

take—a —turn:
NUL L

— — — >  NUL L

take—a— turn (n~~LL ) =

(~~~j~ ,j1 <c omm and>bc (aQ,nutL ))

com mand:
SIGNAL x REPORT

— — — > SISMA i.. * RE~~O RT
co r’i mm ndC s r) =

Ceq u~~s ,s t ~~~) :
( 2 ~~, r e c e i v e — r e 3 o r t C s e n d — c o m m a n d ( ~~to ~~~n

n e w — c o m m a n d  Cr )]

new—c omm and:
R E PORT

—
~~~~~‘ SIGNAL x REm OP .T

new—com ma nd (r ) =
e v a l u a t e

( r e c e i v e — r e p o r t
(seni—cornman ~(aake—command (r))))

m ake—com m and :
R E P3 RT

—— — > CO M MAND
Thi s ‘roi—d eter iil n isti c function represents the user s
choice of h is  nex t  command , oas ed  on the last report.

sen c.— comna rii :
C 0MM AN )

— — — >  NULL
seno—comna,o (c)

z c—rn Cc)-

receive—r ep ort:
N UL L

———> REPORT
receive— reoort (n~~j1L) =

xc— r (~~~~L)

evaluate :
REPORT

——— > SIGNAL x REPORT

eva L.a~i te (r)Csatlsfied (r ):I

true:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ---— --- -~~~ - “ ~~~~ --~~ --,-‘---- - --- —-
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satisfie d :
RE PORT

— — — >  C ~~~ ~~ii~ 
}

This non —determ inistic predicate represents the user ’s
choice whether or not to termina te his turn.

end—t u rn :
NULL

— — — >  MESH
end— t u rn (nuLl ) =

.ani te ii~ sh
(.~1<end— 2. 1—s ubd omain>b2 ,
~1< end— 1 .3—su bdomajn>b1 ,
I j—sub dom ain>bO

ii <end— 2 . j—suo :omai
— — — >  TWO— SU 3MESH

end—2 .j—suoiom ain =
x c — r . 2 . j ( x a — a . 2 . j ( ( 1 j ~~~L i z e — u s e r , n u L j ) ) )

>o

jl (end— 1,j— suojornain:
— — — >  ONE—SJ 3MESH

en d — 1.j— ;uo ~~,rnain =
x c — r . 1 .j ( x a — a . 1 . j ( ( f ~ r ia 1ize=user,n~ j j )) )

>3 1

j i <end —
~~ • j—su p iomai n :

— — — >  Z E~ O—S J~ MES~I
end—-J .j—suo~ ,m ain =

x c _ r . J . j ( x a _ a . 3 . j ( C ~~inaLjze:M~ er ,ri~~Lj ) ))
>3 ,D

un ite—mesh:
x T~~O—S J 3MESH >b2 x jl( x ONE~ SUBMESH >bI x

jl( x ZERO—S U 9MESH >bO
—— — > MES’4

Thi s function j o i n s  se g m en ts  to form a com p le te  MESH
structure again .

rece ive—st atus—out:
ME SH

——— > STATUS x MESH

r e c e i v e — s t a t u s — o u t  (m ) =
(xc—c (o ~~j) 

,m)

I

_ _ _ _  _ _  _
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c I ~Q~

S J C C E S S O R  G~~3U?

c -o n t r o  I— s u c c e s s o r :
PH’iSE . . ~jr~ t . . x ADJACENCY

——— > PHASE x ADJ~~C!~ CY

c ontrul— successor (p,a) =
C e~u (o,fjr&~) :(~~fpier, Ini tiaL—controL—adjacency )

h e r) :
or 3 Z 1  (C r,a )

‘s e n d — s t a t u s — o u t
C d t ea nu p— tu r n— s t a t us

(do—a—t u rn
(a, rece i v e — s t a t u s — I n ) ) )

in it j a I—contr ol— adj acency:
— — — >  A D J A C E N C Y

initia l—control—ad jacen cy =
x c—c (null )

receive—stat u s—i n :
— — — >  FLA G x S T A T J S

r e c e i v e — s t a t u s — i  ri =
xc—c (n~ 1L )

d o u —tur n : TURN GROUP

C te unu c’—t urn—s tat u s:
STA TUS

——— > STATUS

cleanu p—tur ri— status ( (tcu,ctt,ctc,spc ,~~e,sn,r),s)((sim (tc u ,c tt ),D,ctc,spc,ae,sn ,r),s)

seric—s ta tus— out:
STATUS

— — — >  NULL
seno—s tatus— ~ u t(s) =x c — c ( s )

F

~ 
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TJR’J G R O U P

do—a—turn :
AD J A C E N C Y  x (F~..AG x STATUS)

— — — >  C T A T U S

do— u— turn (a ,(f,s)) =
turn—status

(jl<ooe y—if— t omm an d>b c (a ,f,s))

ob ey—if—co mm end:
ADJAC EN CY x FLAG x STATUS

———> ADJACE N CY x FLAG x STATUS

obe y—if—co m -nand (a ,f,s) =
S too—or—obe y C a, f ,s, receive— comman d )

recei ve—comma nd:
— — — >  C O M M A N D

rec~ jv e—c om -na nd
x c—m ( r l u LJ~

)

sto~ — o r—obej:
ADJAC EN CY x FLAG x STATUS x COM MAND

———> ADJACE N CY x FLAG x STATUS

stop— or— o~ ey (a,f ,s,c) =
(a ,f,Ce~ u (c~~~tap):p roj—~ —1 (s, send— report(nujt))

resu l t (obey—co mrn and (a ,f ,s,c))
)

sen~ —r eoort :
R E P O R T

— — — >  NULL
senc—report (r )

x c—r Cr)

o~ ey—co mm and :
AD J A C E N C Y  x FLAG x STATUS x C O M M A N D

———> STATUS

ob ey—co nm an ~~Ca,f,s,c) =
C om ‘nan~ — s tat  us(j  1 (pa s s—i f—ne eded>bp (SQ, a ,f, s, c, 0))

oass— If—nee ;ea : PASS GROUP

comm and—s tatus:
SIGNA L x A D J A C E N C Y  x FLAG x STATUS x CO M MAND x STEP

‘———> STATUS

c c r n m a n c — s t a t u s ( ; , a , f , s , c , t )  =
S

-
~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

- 
~~~~~~~
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resu lt:
S T A T U S

———> STATUS

t r~~s u t t C s )  =
pro j—2— 1

( c L e a n u p — c o m m a n c ~— s t a t u s ( s ) , s e n d— re p o r t ( r e po r t ( s ) ) )

cle&n up—co mmeri d— status:
STA T US

—— — > STATUS

cLe anuo—comm3 nd— status ((tc~~,ctt,ctc spç,ae,sn ,r),s) =((tcu,~~um (ctt,ctc),Q, J ,ae,sn,rJ ,s)

reoor t :
STATUS

— — — >  R E P O R T

reoor t ((tcu ,:tt,c tc ,spc, ae,sn,r),s) =
(error—fo rmula(ae ,sn),c tc,spc,sum (ctt,ctc))

err or—formula:
A E S O L U T Z — E R~~3R x SOLUTION— NORM

—— — > E R R O R

Thi s fun ction comoutes the relative error to be used as
the m eas ure o f refinemen t.

turn—status:
ADJACE N CY x FLAG x STATUS

———> STATUS

turn—status (a ,f,s) =

F
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PASS GRO UP

oass— if—nee~ e~~:SIGNAL x ADJACENCY * FLAG x STATUS x COMMAND x STEP
———> SIGNAL x AD JACENCY x FLAG x STATUS x COMMAND x STEP
pass—i f—nee~ ed (;,a,f,s,c ,t) =

~;,a,t ,s,c,t)

(
~~~QQ,a,f,s,c,t)

‘atm ost—f irii s hedCf,s,c):
(
~~~Q~ ,a,f,Dass (a,s ,jQQg,(c h,O)),c,O)

true:

a,
f,
oess (a,s,choose—length (c,t),cu toff (f ,s)),
C,
mo d—suc c (c, t)
)]

almos t —finishe d :
FLA G * STA TJS * C O M M A N D

— — — >  C ~~~~~~ ~~~~~ }

a t m o s t — f i n i s ~ied
-

~~~~ ~ C f(~ t c u ,c t t ,c t c , s pc , a e , s n ,r) ,s ) ,
; , L , sp L,r

C gteCs;c,diff (s~~L,1)): i~~ e,Lte (error— fornulaCae,sni ,;e): 
~~~~3te (ctc cI): tE~~~’~~~~~~~~~~~~~~~~~~te (suii~~ctc,Lo ng—p ass— estimat e (r ,s)),c1): ~~~~tt~~:

L o n ; — o a s s — e s t i m a t e - :
RATIO x SUMMAR IES

— — — >  COST

T his formul a estim ates the cost of a Long solution pass,
based on summ ary data in the status record, the node!e l e m e n t r a t i o  an d the cons tan ts  c r , c m , c e,cs  c L .

The ori gin al f ormula Is (cr)(re) + (cm)~ ae)(ce)(ae) . (cs)Cr)(ae) + (cL)C (r)(aefl**3, where er Is
the estim ated numbe r ~f refine d elements, arid ae is the
is t ima tea number of active elements, based on
S UMMARY—PAI R vectors.

c hoos.—Len~ t~’,:COM M A N D * S T E P
— — — >  L. ENSTH

1 c hocse—Len;tPi ((;e ,cL ,sp L ,r),t) =
Ce~u (r ,t): i229
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cu t o f f :
FLAG x S T A T J S

———> CUTOFFS

cut~ ff (f ,s) =

new—c u toffs

(-iiax—h i~~h—cut o ’f(s),m ax— lo w—cutoff (s))

new—cutoffs:
———> CUTOFFS

Thi s non—deterministic function rePresents the user’s
c hoice of new cutoffs, when the “manual overr id e” fla g
is on.

max—h i -nh— cuto ff:
STATUS

———> CUTOF F~
ma x— h i gh— cut o ff(g j1 ((lae,lsn,lhc,ILc,o))b2) =

max (j1 Lhc>o ~~

m ax— low— cut o ff :
S T A T U S

———> CUTOFFS

m ax—low—cutoff (;,jl<(lae ,lsn,lhc,lht,p)>b2) =
rn ax (j l 11c>oZ)

pass:
A D J A C E N C Y  * S T A T U S  x LEN GTH x C U TOFFS

———> S TATUS

o~ s s ( a ,s , l , c )
er ror—i nd icatiorl—phase (co ’ivo ute—phase (a ,s,L ,c ))

compute— o hase :
ADJACENCY x STATUS * LENGTH x CUTOFFS

———> STATUS

ccm~ ute—ohase (a ,s L,c) =
Ce~u (L,~~not t5 :

ret ine —an d— sh or t—s otveCs ,c )

L o n~ — soLve (re f Inc Ca,s ,c))

refine—and—short—solve: REFINEMENT AND SHORT SOLUTION GROUP

refine : REFINEMENT ONLY GROUP

to n .—s oLve: LONG SOLUTION GROUP
I
erro r— jndi c~~tj on—phase:STATUS
———> STATUS

e r r u r — i n d i c a t i o n — p h a s e ( s )  = 

-—~— - ~~~~~~ — -~- — - - -  ~ —- ~~ - — —- —--~~~------- -~~ - ~~~~~ ~~~~~~~~~ 
_ _
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c o ’ n p u t e — e r r o r s ( s , g e t — n e w — d e r j v a t j v e s )

get—n e w—derivatives:
— — — >  j l ( x NJLL >31
iet— n e w — d e r i v a t i v e s  =

J 1 c n e w — 1 . 3 — d e r j v a t j v e s > b 1

j1<new— 1 .j—derivat ives :——— N ULL
n e w — 1 .j —d ~~r i v a t i v e s

xc—r .1.3 (za—a.1.J ((n —~ !ri va!.1~ t1,nuU)))>~ 3

c o m p u t e — e r r o r s :
S T A T U S  * j l ( x NULL >bt

——— > STATUS

comp ut e— err~ rs (s,n) =
newer— status(s,jl<error—2.j— suodomain >b2 )

- I j 1 c~errcr—2.j—s.~oo om a i n :
———> SUMMAR Y

error—2. j—s sod onain =
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~>~~:~

new e r—s t  3tu~~:STATUS x jl( x SUMMARY >b2
———> STATUS

new er—statu s
( ( (t c u ,c t t , c t c , spc , a e ,sri ,r), s) ,
j ,  lsi ,L hc ,llc,p) >b2

((tcu,
ctt ,
ctc,
SOC,
sum (~~1<Lae> b23,
sum (;1<Lsri>c2 ), -

r

J~~~~L~~~,Ls ,lh )c,LLc ,o) b )

mod— s u cc:
CO MM A N)  x S T E P

— - — >  STEP

mod—s u cc ( (ge , c I, sp L, r) , t )
0

‘true : su m (t,1)

I - -
~~ 

---- --
~~ 

- 
~~ - - - - - -  

~ - ~~--—— 
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ref inc — a n d — s h o r t — s o t  ye :
STATUS * CJTQ FFS

——— > STATUS

ref in e— and— riort— solve (s ,c) =
short— new—stat us (s, ref jne—a lt—a n d—spiort—so lve (c))

ref inc—a IL— an d—s hort—so lve :
CUTOFFS

— -—> COUNT

ref in c—aU—inca —sh ort—s ot ve (c) =
s uin(j l r e f i r i e — 2 .j — a n d — s h o r t — s o lv e ( c ) > b2 )

j i <ref  inc —2 • ~— and— s flort—so I ye:
CUTO FFS

— — — >  C O U N T

ref i ne— 2 . j — a n ~~— s h o r t — s o t  v e (c )  =
x c — r . .j ( x a - a . ! .j ( ( r e f j n e — a nd ~ short= & o L v e , c ) ) ) .

>o-2

short—ne w—st at us:
STATUS x COU NT

— — — >  S T A T U S

short—ne w—s tatus C ( (tcu ,c tt,ctc,soc,ae,sri,r),s),c) =
((tcu,

ctt
st.am~ c tc,short—oass—c ost (c)),
su m (soc ,1),
a’,
Sn ,
r

),

S
)

short—pass—c ost:
COUNT

— — — >  COS T

T h i s  f o rmu~.a qives the cost of a short pass. The
ori g in a L formul a is (ct)(c).

ii 
F
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---—- —--
~~~~~~~~~~~~~~

-— —
~~~~~~~~~

- - --



REFIN EME~4T ONLY GROUP

ref ine:
A D j A C E N C Y  x S T A T U S  * CUTOFFS

— — — >  STATUS x SJ~~S E T — I N F O

ref  ine (a ,s,c)
Lon g— ne w—status

(s,sum m arize—ref inem erit (a,aLL —ref -irie (c)))

all—ref ine:
CUTOFFS

— — — >  REFINEMENT

a l t— r e f i r ,e(c ) =
une— ref ine (-two—refirie (c))

two—r e fine:
C UT 3 F F S

— — — >  TWO—REFINEMENT

two—refi r,e(c) =
;i<refjne— Z.j—subdomain (c)>b2

;1(re-’ i ne —2 .j — suo d om a i r i :
CUTOF~FS

— — — >  TWO—S U3R EFINEMEN T

refin e— 2.j—s ibdoma iri (c ) =
If 

- 
xc—r .~~.j (xa—a.2.j ((refir,e,c)))>3’-

one—r e fine:
TWO—REFINEME N T

——— > REFI N E M ENT

~ne —r efine (t) =
(t, (ji (refine— 1.j—s jbdorna jri>bi ))

jl<ref inc— i .j—s sodona in:
— — — >  ONE—SU 3RE F INEM EN T

ref ine—1. j—suocoma in =
xc—r .1.j(xa—a .1.j ((jjst—~ ojflt~~,fl~ jL)))>31

s u m m a r I z e — r e f i n e m e n t :
AD JA CENCY x REFINEMENT

——— > COUNTS x SJ3SET— INFO

su mm arize — re 4 in emen t (a ,r) =(na ke—counts(r ) ,find—subsets (a, r))

rake—counts :F REFINEME NT
———> COUNTS

m ake—c ount s (Cj 1 ((ao,ae,re)> o2),n) =
(sum (jl (ae>o2 ),surnCjl<re>b2))

- i
I_i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -- —--—--- ----~~--- -- — —-- - --~~---—-~~ -------- ~~~~~~~~~~ --~~ -~~~~- - - ~~ -—-—— —j - -- - ---—---~--
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finu— subsets :
A D J A C E N C Y  x REFINEMENT

— — — >  SOLVE—O R DERS x SOLVER—ADDRESSES

This pr i m i t i v e  func t ion  c r e a t e s  the orders  which
silL t ;tL the two—sub doma in and solve r orocesses what to
do duri ng the solution phase. It works as foLlows:

/ 

A tw o— sub~ omo in i s “active ” if its numbers o f  active
points and acti ve e Lem ents are non—zero ’. The soLu t ion
sucsets are the max ima l sets of adjacent active
two—s uod ~~m a ins (plus their ao)acerl t one— and zero—
subdo ’~~ins).The entry corres oondin g to a tw o—subdoma -i n , a
SOLVER — r~DDRE SS, Is ~~jj if that two—subdomain is not
active, ~~~ is the a~~~ress of the  so l ve r  p r o c e s s
handLin g the subdcm ain ’s subset , if it Is active .

There are as m any active solver processes as there
~ re suosets. The entries for all superfluous solver
processe s are ~~ Lj’S.For an act ive solver, the SOLVE—ORDER contains a
list of all points in i t s  subset  belong ing to one— and
zero—suoooaains , a count of alt, points in the subset,
and a List of t w o — s uodomains beLong ina to i ts  suose t .

t3n~ —ne w—st~~t us:STATUS x C COUNTS x SUBSET—INFO )
——— > STATUS * SJ3 SET—INFO

t on~ —ne w— status (s , (c ,b)) =
( Lonq— ne~.—status—record (s ,c ,b),b)

t o n~ —n ew— st at~~s—r ec3rd:STA’US * COJNTS x SUBSET—I N FO
——— > S TATUS
I on ,—new— st~ t us—record( ( ( t c u ,c t t , c t c , s p c , a e , sn ,r) , s) ,

(tae ,tre ),
((11((ol oc, tst )>bs ),
(j1 <a)o~ ))

( (t c u ,
ctt
Sum~ ct c,t3ng—p ass—c ost (tae ,tre ,j1<pc>bs)),
sum (soc,1),
ae,
Sn,
quotient (sum (jl oc)bs) ,tae )

) ,

S
)

t o n  -, —
~~. a s s — c o s t :
COU NT x COJ N T x j l<  x COUNT >bs

— — — >  COST
T h is formuL a g i v e s  th~ cost of a Long pass. The
cr i ; ina L fo rmu la  Is C c r ) ( t r e )  + ( c m ) ( t a e )  + ( c e ) ( t a e )  +j l (  + ( c s ) ( o c )  >bs • j l <  + (cl)(pc)**3 >bs.

F

-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ _________ ~~~~~~~~~~~~ _________— - - - - — — A
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LONG S CL UT ION ~R O U P

tor’~ —so lve :STA TUS * SJ3SET— INFO
— — — >  STATUS
lo n ;— s o L v e (s 1 (v , a ) )  =

pro j — 2 — i
( 5 ,
(jl<oraer—2 .j—su odom ain (a )>b2,

j

f j1 (order—2.j—s~ o oom a in:
SOLVER— A DDRESSES

— — — >  NULL
or der—2 .j—s .odo.mai ri Ca) =

xc—r .~~.j(xa—a .2.j ((oartiat—Lon ~ —so lut ion ,
~~~~ t ~~~~~~~ ~~~

2 ;TT—

)
>,:

soL ~i e r — s e l e c t :
S OL V E~~— *DDRE SS E S x ADDRESS

— — — >  SOLVE R—ADDRESS

Thi s function selects the addresse d solver process
add ress.

j l < o r c e r — s .j — s o t v e r :
S O L V E — O R D E R S

— — — )  NUL L
o r d e r — s .  j — s o L  v e r (v )  =

xc—a.s .j(order—setect (v,s,j))
>3~~

o r d e r — s e l e c t :
SOLVE— OR DERS x AD DR FSS

— — — >  SOLVE— OR DER

This functi on selects the adoressed solver orocess order.

F

_
i__ _ _1 
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T.EO SU 9DOMAI N PROCESSES

jl< tw o—j—s ub d on ain— su cc e ss o r :
T W 3 — S U 3 ~~O M A I N  x T W O — S J B M E S H

— — — >  T~~3—SU SDoMAIN x TWO—S UBMESH

tw o—j subd oma in— succ esso r (d,m ) =
- I t w o — j — ~ o e y (d , m , g e t — 2 . j — o r d e r )

/ jl<cet—2 .j— orde r :
——— ‘ TWO—ORDER x TWO—DATA

get— 2.j—ord er =
xc—a.2.j (nut k)

>32

ji (two—j —obey:
TWO—SU 300MA IN x ThO— SU~~MESH x (ThO—OR DER x TWO—DATA )

— — — >  TWD—SU3 DOMA IN x TWO—SU BM ESH

tw o—j —obey (:,m ,(c, t) ) =
C e~ u (c , in itia Li ze—d om~ in )

(t, mT
‘equ (c,ini~ iatjze=~~ser) :(~~,tT

equ Cc, f I naIl ze —use r):o r5 i Z T t ~a~~~ tL) ,xc—r.2 .j Cm ))
‘equ (c,ans~ er):or5I 2~~T((d,m ),xc—r.2 .j (two—an swer (d,m ,t))
‘e~ u (c ,refjne=and_ s hort_ soLve ):

r efinem en f— j resut~ t3,sfiort—soLve(d ,m,t))

epu (c,refjrie):
re f i n e m e n t — j — r , s u L t C d ,  ( ref  ine(d ,m ,t ) ) )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~oartTat—r ! sutt Tc~, p artia I— lon g—so Ly e  Cd , m ,t ) ,t)
‘ecu (c, cQ r~~Let~ — L on 3—s oL u tion):

l g — sotve—re ~~ut~ ta,com~~L ete—Lo ng— sotve( d ,m ,t))
‘equCc ,cQ rn~ u te—error s ) :

error— j— ~ es utrta,errorsCd,m ))

t o —a n S.c r:
TW O—SU 3)O~~A IN x TW O—S UBMESH x TWO— QUERY

— — — >  TWO —A NS 4ER

This f.~r~ctj~~n a n s w e r s  a query asked of a two—sub ooma in
concer n inq its Loca l data.

F
*shcr t—soLve:

TWO— SU j OO M A IN x TWO—SU ~~MES H x CUTOFFS
— — — >  T~~C—SU EM~~SH x OUNT

— Thi s f .4ict i~~n refines the m esh s tructure accordin c to the

-‘--- --——- — —--~—~~~~ - --~~~~~——- —.—---~ - —~~- - —p ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ —-~‘-- - —--~--~~~~~~ ~~~~~~~~ -- - —~~~~ - -—————
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cutoffs, performs a short solut i on computation on then ew l y  r e f i n ed  e L e m e n t s , and produces a count of re fine~elemen ts.

* ref i ne :
TWO—SU ~~O O MA IN x TWO—S ’JBMESH x CUTOFFS

— — — >  TW O—SUB ME SH x T~’O—S UBREFINEMENT

This fun ction refines the mesh structure acco rding to
the cutoffs, and p roduce s  count s of a c t i v e  r oi n t s,  a c t i v e
el e~nents , ano re -fine c elements.

ji <ref ineme nt— j—re sutt:
T hO—SU3D OMAIN x
(TW O—S .j~ ME58 x (COUNT U TWO—SUBREFINEMENT))

-— — >  TWO—SU 3DOMA IN * TWO— SUãMESH

ref inem en -t—j — resu lt (d, (m ,r))
proj—2— 1 ( (

~~, m) , x c — r . 2 . j  (r))
> 3 - 2

* p a r t j a l — L o n ; — s o t v e :
T bO—S U 3DOMA ZN x TWO—SU SMESH x SOLVER—ADDRESS

— — — >  TW O—S U~~DO riAIN x UPDATES

Thi s f i,;riction does an interna l partiaL solution (if
t h i s  t . o— s u 3 0 0 m a i n  is a c t i v e  in this solution pa s s ,
.hich is true If the S O L V E R — A D D R E S S  is not nuLL ),
a lso pr ouu cjn~ updates for the solver process 3esicnate d
to sotw e this tw o—sub domain s subset.

~,artia I—res ul t:
T~ O— SU~ DOMAIM x (T1O—S U9MESH x UPDATES) x SOLVER—ADDRESS

— — — >  TWO—SU~~~O MAIN x T~4O—SUSMESH

c. rt jaL—r e sjLt (d, (m ,u),0~ =
p roj—2— i C Cd ,m ),

seni— uo~ at esCu , a)
)

S en c—u pda tes
tJ PD A T E S  x SOLV E R—ADDRE SS

———> NUL L -

sena— ~~pdates (~ ,a) =
Ej1<e~~u (a,s.j ):xc—s .~ (u)>bs)

* corn pie te— t~ n ;—s o (w e :
TWO— 3U3 )OMAIN * TWO—SU3 MESH x PARTIAL—SO LUT IDN

— — — >  T WC—SU EMES H

Thi s functi on inte g rates the p artiaL solution
infor m at ion , and compl etes the Loca l solution.

Lon g— soLve—r esul t:
T W 3 — S U ~~D O I” A I N  x TW O—SU ~ MESH

F 
~~~~~~~~~ TWO—SU 3DCMA IN x ThO—S LJB MES H

Lon- . — s o L v e — r e s u L t ( d , m )
p r o j — 2 — 1 ( ( ~~, m ) , x c — r . 2 . j ( n ~~~L) )

*err3r~~:
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TW O—SU ED OMA IN x TWO—SU SMESH
— — — >  TWO—SU3MES H x SUMMARY

T h i s  f~~r ,c tj on  co mpu tes  e r ro r  ind ic ato rs and p repares  asummary .  
-

j i < e r r o r — i— r e s u l t :
T W O— 5U ~ D OMAIN x ( T W O — S U B M E S H  x S U M M A R Y )

— — — >  TW ~ — S U 3 D O M A I N  x TWO—S UBM E SI4
e r r o r — j — r e s u t t ( o , ( m ,s ) )  =

P r o j — 2 — 1 ( ( ~~,m) , x c — r .2 .j ( s ) )
>oi 

‘T f~~~~tjon aay include a sequence of queri es ariauo~~ates t o  ne i;hr.o rj r~g one— and zero— Subdoma in p r o c e s s e s .  —The q uer ies  t ake  the f o r ms :
x c — r . 1 .~~

(
~~a— a . 1 .j ( ( a n~~wer ,q) ) ),  j in (1~ . . . bi)in O N E U!RY ~~ yT ~ tding a result in O N E—A N SWb ;x c — r . C . j (~~a— a.~~.y ( ( a n s w e r  q ) ) ) ,  j in (1, . . . bO)

~ in ZE R3—C ~UERV, ”~ fftdin; a result in ZERO—A N~ W FR .The ucdates take the form :
5 in (1, . . bi), u in ONE—UPD A TE .

F

- .-~ - -—~-~ 
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Q : ~~~~ 2~!~ L~i

j1 (one—j — subdoi~a in— successor :
C!’~E—SJ 3DO MAIN a ON E—S UIM ESH

— — — >  O NE—SU5DOMA IN a ONE— SUSMESH

one —j — subu on ai n—successo r(d ,m) =
one—3—co ey (d ,m ,;et—one— j—order )

>31

j1 ( e t — o n e — j — o r d e r :——— O N E — O R D E R  a ONE—DAT A

g e t — o n e — j — o r d e r  =
x c — a . 1 . j ( n W L L )

>31

jlcone—j—obey:
ON E— SJ3DOMAIN a ONE—SU ~ MESH a (ONE—ORDER a ONE— DATA )

— — — >  CNE— SU~~DO MAIN a ONE—SUBMESH

one — j—obey (i,m ,(c,t)) =
Cequ (c,j~~itiaLjz e— dorn ain):(t, inl
‘equ (c,ini t joli ze— use r ) : 

‘e q uCc , f j n - L i z e— u s e r ) :
or 5j Ttt~~~~~rL) , xc— r . l .j  C m ) )

‘e~u (c,ans1~er):or5T Z T((d,m )
xc—r. 1. j  (one—an swer (d,m ,t) )

‘ eq u(c,~~~da t e ) :

e~
u (c,

~~i~~~—2ojnts) :or3j— ~— iT~ 3,m) -c r.1.3 (List—points (m ))

‘equ Cc, 
~:~ ° Lit ion s):

(3 ,  D ut—sot~~ti~~ns (m, t))

derivarTveT~ j—resu L tCd,derivatjves (m ))
>31

one —an s~e r:ON E—SU3 DOMAIN a ON E—SU BMES H a ON E— QUER Y
— — — >  ON E—AN S 4ER

Thi s functi on answers a query asked of a one— subdomain
concer ning its LocaL data.

F one up date :
ONE—S U~~MESH a ON E—U PDAT E

— — — >  ONE— 3U 3MES~l

T his  f~.i’,c t$on 3erforms an uooate to a one—s ubd omain~ s
I oc a L u t  or~i a ti on.

________________________________ - - -  ~—~~—~- - ~~~~~ —.~~—_— ~~~~~~~ —- — - ——— ~~ —- ——k— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -—-—.—-— -—- —~~-~~~-
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(.is t—poi rits:
O N E — S U 3 ~’IESi1

— — — >  ONE— SU 3RE FIN EMEN T

This furic t I~~n nakes a List of aLL the points in the
current one—su omesh.

- out—soLutions: -

ONE—SU 3~~ES~ x ONE—SOLUTIONS
— — — >  D~~E— S U 3 M E S H

Thi s f un c t io n  upda tes  t he current one—subm esh w ith newso lut ions .

der iva ti yes:
ONE—SJ 3MESI

— — — >  ONE— SU 3ME S~I

This fun ction gets new directional derivatives. It wI ll
make ~g uerj3s to neighboring two—subdom ain processes, in
t he form:

xc—r.2. .~(xa—a.2.j ((answer ,q))), 5 in {1~ . . . b2},~ in TWO— QUERY, yTetd i ng a resuLt in
1~~O—A r9S~~E R .

j l < de r iv a t i  y e s — i — r e s u l t :
TWO— SU 3~~3~~A IN a T~ O—SUBMESH

———> TW 3— S’J 3D3MAIN a TWO—SU3M ESH

derivat ives— j— re suL t (d, m )
pro j—2—t ((~ ,tn),xc—r.t.j (n~jt))>31

F 
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Z~EQ : Q ~~Ii

51 <:erc— j —su3do’!%din— successor:
~ ERD—S u 3DOMAIN x ZERO—SU BMESH

———> ZER O— SU 3DO MAI’~ a ZE~~O—SUB MESH

z e r u — j  — s u b d 3 l l a i n— s uc c e s s o r ( u , m )  =
z e r o — J — o o e y ( d , a , g e t — z e r o — j — o r d e r )

>3 _i

5 1 <net —z e ro—j — o r d e r :
— — — >  Z E R O — O R D E R  a Z E R O — D A T A

~et—z e ro—j—o rder =
xc—a.D .j (o

~d1.k )
>3 ~

51 < zero— j —obey:
ZER 3—S J3DO~ A IN a Z E P O — S U B M E S H  a (ZERO—ORDER x ZERO—DATA )

— — — >  E R O — S - J~~DOMAIN a ZEPO—SUB M ESH

zer~ — j— o bey (i,m,(c ,t)) =
Ee~ u (c,ini t ia tize — d omain ):ct ;~ 
‘e~ u (c,jni~~idtize— use r ) :(o, tY

e~u (c,fjna~~jz.—use r):
~r5j Z—T~~~~~~~tL) , x c — r . t J . j  ( m ) )

e~ u (c, an s~ e r):or5j27 (Cd ,m)
ac_ r .n.j (zero_answer (d,m,t ))

, ~~~~~~ Lit ion) :
(o,~~~r—s ~~run~o n( m ,t ) )

>3 - i

zero—ans wer:
ZERO— S U 3 DCMAIN a ZEDO~~SUBMES H a ERO—Q UERY

— — — >  Z E R O — A ~4 S~o !S
T his f~ icti~~n answers a query asked of a zero—subdoma in
conc e rn ln~ its Local data.

ou t —so Lut ion:
Z E R 3 — S~~3 ME S H a Z E R O — S O L U T I O N

— — — >  Z O—S ME~~H

This function u~~Jates the current zero— submes ! with
a ne,. soLution.

F 
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jl<s oLi er—j— succ e sso r:
— — — >  NULL
sotver—j —s uc:esso r =

se nd— s , . .Lu t io ns
(so  I we

( u p d a t e — j  —sys tem
(se tup— ) —system)))

>3 ~

5 1 <s etuo— j—s y stem :
— — — )  L IN SYS
set uo— j—syst em

s e t u p ( x c — a .s .  j (nul l) )
> 35

setuo :
C OLVE— Z~RD ER

———> L IIS YS a T~ D—SJ 9DO ”AIN --COUNT

Thi s f ,~,ctio,, sets up a linear system soLut ion from
the information in the SOLVE—OR DER. It a l s o  proouces

count of the number ~f tw o—subd oma ins in this subset .

ii <u~ d~.te 
—

~ — s y s t e m :
LI~ISYS a Ts~O—SJBDOMAIN— COtJN T

— - — >  LINSYS -

u~,c ate —i — sy ~ t e rr( S , c) =
k1<e~~u (c,k) :L1 (rec eiva—j— and— uo da te (s )> k

- >~~~!

-I
>~~~~~

j1< receive — j— ari1 — u~~~ate:L I N S Y S  -

— — — >  L I N SY S
re cei ve—j— an u~ d~~t~ (1) =

~pda te ( L, r e c e i y e — j — u p d a t e s )
‘3 ~

j 1( r e c~~iv e — J — u o i a t ~~s:
——— > UPDATE S

rec eiv e—j —u~ iates =
xc—s.j (OWII.)

>3~~

u3i~~te
~ IN3YS a UPDAT ES

F > LI’ISYS

This func tj~~n incor porates the upd ates from a
t wo— su~~~om~ I n.

s o L ve:

A -- - - ———--——-—----“-~. --•-- - - - - - - - - --~ - - --—- -•- - --• ~~ ---- --- - —•‘-- —•-------— -
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LINSYS
— — — >  SOLUTI ON S

Thi s f~.nction solve s the Linear system.

S en c.—s at u t I on s :
S OLJT I OM S

— — — >  NUL L
sen .—s oL uti OnS C s )  =

~ roj— 2— 1
(n~~Lt ,
t 1T~ s end— 2 • 1— c ar t  Ia I—so Lut ioris ( s) >b2
11<sen d—1. J— solutions (s)>bl ,
31<s end—C .]—so lutions (s)>LO

)
)

51 (sen~ — . .5 — cart 1 aL—solutions:
S OLUTI C MS

— — — >  ~‘dJLL
seri _ — 2 .j — p a r t l  - I — s o l u t i o n s ( s )  =

C are—s oLu ti on s—f or (  s ,2 .j )
x~~—~~.2 . j ( ( c Q m Q ~ e t e — L O n~~— s 3 l u tj o n ,

~ete c~~~5 r i ~~~ Tj Z j )

true:n ul I
0 

j1 sen~ — 1 .5—so luti ons:
SOLUTIO NS

— — — >  
~ULL
.j—soLution s (~ ) =

Car e—s -oL~tions—for (s,1 .j):.1.5 C C  ~ut :scLut  ions , se l e c t — s o t u t  ions (s,1.j) ))

>ol

51 <sen u—~ .j—soL~~t ions:SOLUTIO NS
— — — >  NULL
senc.—C.j—s olut ions (s)

C are—s oluti on s—f or ( s,O.5)
x~ — a.3.j((Q~ &—sg jut !ofl,select—so (utIons (s,O.j)))

>3- i

a r e — s o  Lut i o n s — f o r :
.OLUT IINS * AD )RESS
{ 

~.c~:’ t~Lu ~
This  or~~~lc ate selL s ~neth er or nor the SOLUTIONS
s truct..re ~on ta1ns soLutions (or cart laL solution s )
for t he aCd resse~ suL dom airi .

set cc t —s ot ut I on~ :£CLUT~~O N S a A D O R~~SS 

— _ ~~~~~~~~~~~~~ - - - - ---‘ _ _ _  _ _ _ _ _ _ _



- - -—-,•---—-• !_; - —- _,
~

_
~~

_ - - -~ ——-— — -~ 

_______ - 

1 - -- - 

32

- ——— > PAR T IA .—SQt.JTION U ONE—SOLUTIONS U ZERO—SOLUTION
Thi s f ..ru cti on seLects the addre ssed solution structure .

F

~~~~~~ t 

•

F 
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(In A ( o h a o e t i c a t  Order)

~ a tb.~ ~uLa *ri~ ~~~~~~~
~~ tio~~ ~~~~~~~ ~~~~~ ~~~~. 

(~~ ) 
~~~~ 

(1) CtI2~E!h~i1x

A D D R E S S  =

C 5 1(2 .5>3 2,  jl (1.j>bl, j1 (O.j>bO, jl(s.j>bs }

A D JACENC Y

This data structure cont ains the comotete adjacency reLationon alt two— , one— , and zero—subdomains .

C D ~I M AN D  =

C St~~D 3 U
GO~ [— !RROR (R) a

• COST—LIMI T  (
~~) a

SO L UT I3N — PA S~ —L IMIT (i, ) x
RHY THM CL)

C O S T  (g)

C O U N T  (L )

COUNTS =

TCTAL —A CT I -~E_ ELEMENT5 (I) a
TO TAL—R EFIN ED— ELE M EN T S TL)

C J T O F F S  =

— H 3 H—CUT O FF C R ) a 
-

• Lo,I—CjTOrF (
~ T

DOMAIN
H This data s t ru ctur e cont~~j ns nappings and b i linear f o r ~~ .I t mus t b e se~ men ted by subdoma ins , wi th each subdoma in S

segment conta jnin~ (re dunuantly) the Loca l adjacency
rota tion.

ERROR (
~~
)

F L A G  =

F ~ ~~~~~~~~ ~~~~ 
)

LEN GTH
{ L~ o~ 3

- - - - - — - - -— -• -——— _-___ -- - -_ - -- —--—--- ‘---— - —--—- -- - . -  -
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M E S H

T h i s  data structur e contajns a a4es h w i t h  the most recen ts o L u t i o ns  a t t o c h e ~~, the user s r.~oundary conditions , and theLua c f unc t i ona l .  It must be seg mente d oy subdoma -ins.

NULL = 
-

~~nuIL }

ON E— A NSW ER

This data structur e co n ta ins  an answer  to a query sent to a
one — subcomai n o r oc e s s .

O N E — D A T A  =

OI~E—SU 3DO ’iAIN U O NE — SU P M ESH U ONE—QUER Y U ONE—UPDATE U
NULL U O PJ E—SCL U T ION S

O — O R~~E~ =

( iojIiaLjze—do~
-aain , i~~j~j~~Lize~ user,

!1n~ t 1z u a~~s~ er , u are , tT~~ —~ oints ,Q~ I:t~~I~~L~’ ~~ : 1Z1 1~~Ii.~~ . 
-

ON E—Q UERY 
-

Th is  d a ta  str ucture conta ins  a query sent to a one—su bdomain
pro cess.

O M E— R E F I N E M ~~NT =

j 1<  a O N E — S U B R E F I 4 E M E N T  >31

ON S — SO LU lION S

This data structure Contains f lCw soLutions to be
i ricorporatcU into a ONE—SUB MES M .

3 J S — S U ~~D O ~~A ! N

Thi s d3ta structu r e contains a segment of the DOMAIN data
s t r uc t u r e  oetong i r i g to a orv e—s ubdornaln.

O N E — S U ~ ’IE SM
Th is da ta  s t r uc tu re  contains  a segment of the MESH da ta
struc ture oeton ; ing  to a one— s uodo main .

This data structur e cont ains a List of aLL the po i n t s  in
a one—subioi ia in ,  r e p o r t e d  immed ia teL y  a f t e r  re f inement .
S i n c e  It .- f l L  o e c o m e  par t of a Larger j~~~~xed data
s t r u c t u r e ,  It should oe Imp t em en tea as a f ix e d — L e n g t h  dataF s t r uc t u r e .

ON~~—UP~iAT E
This data stru ctur e contains the information for an

— m --— —- — —- ——-
~~ 

— - —
~ 

———



_ _ _ __ _ __ _ __ _ __ _ _  -~~~~~~~ - 
—

ui .iate to a one—sjbdona jri process.

PA RTIAL—S OLUTIO N

This  d a t a  s t r uc t u r e  con ta ins  the par t ia l,  so lut ion —

infor m ati on that a so lve r  p rocess  sends back to at . .o — suodona j n  o r o c e s s  beLonging to the solver s subset.

P~~AS E =

C f it ~~ ~~b~c 3

P0 S ID - TA
This data structur e Contains the user s post—processingdata , of any kind.

R A T I O  (E
~

RSF INEt ’ ENT =

T — REFI NS !SNT a
Ot~E REF INEM EN T

~LPORT =

‘~ULL U
A C H I E V E D — E R R O R  (D) 

~COST—USE ) CR ) x —

SCLUTI 3N— PA~~S— 1UM3ER (L) x
TLRN—C )ST 

~E)

SIGNAL =

C ~~~~~~ sjo.., U2~

SDLL ’T IC N S

T h is data stru cture contains the results of solving aL inea r  s y s t e m  in a so lver  p rocess .

S 3 L V E — O ~ D E R  =

NULL U
POINT—LIST *PO INT—COU NT C L) a
T,.O—SU~ D3.4AIN—LI5T

PoI .*1T~LISr
This data structure is a List of point s to be solved
for o,

~ 

a sol,er o rocess.

T~ O—SU3D ),AIp 4— LIST
F Th i s  hta S t r u c t u r e  I S  a lis t of two—s ub aom afns in asubse t .

S)LV — ~1RDERS

- - •- ---- -
~~ 

-
~ 
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jl( a SOLVE—ORD ER >bs

SO LVE R— AD DRESS =

NULL U ( jl(s.j>bs 3

S O L V E R — A ) DR E S S E S  =

51< a S0L~ ER— AD DR E55 >b2

STATUS =

G L O B A L — S T A T U S  a
SUMMARIES

G LOa AL—S T A T U S

TOTA L—COST—U SED CR ) a
COST—THIS—TURN (RI a
COST— TH IS_ CO IMA N5 (~~) aS3LUTION—PAS S—COUMT (I) a
A 3SOL JTE— !RROR CR) a
S 0 L UT I3N— N3R~t (R I
R A T I O  —

SuMMARIES =

jl< a SUIMA °Y >b2

SlED (~L)

SJ~ DCMA IN =

T .O—SU 9DOM4 IPI J ON E—SU B DOMAI M U Z E R 3 — S U B D O M A I N

=

T ..I3—SLIBMESI U O r I E — S U 3 M E S ’ I  U ZERO—SU BMESH

SJ ~~~ET— INF0 =

SO LVE—ORD ER S a SO LVER—ADDRESSES

SJ M MAR Y =

LOC A L—A3 SOLu TE—E R~ OR CD) a
LOCAL—SOL UT ION— NORM (

~ T *LOCAL H ISH—CUTO FF CR) a
L OC A L—LO~ —C UT)~ F (

~~
T a

51< a SU MM A R Y— PAIR >bt

S U 1MARY — DAIi ~

• E R R 3 R — L E ~ EL C R )  a
E L E M E NT — C  OUNT CL)

T~ 3—A ~~Sd~~R
Th is  d a t a  s t r uc t u r e c o n ta i n s  an ans.er to a query sent to at io—subdoi;l  n o r o c e s s .

LA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~ -- - -~~~ --~~~~~~~~~~~ _ _ _  _ _ _ _ _ _
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143—DATA =

T,~0—S LJ~~DO1A IN Li T 4 O — S U~~M ESH U NULL U T W O — Q U ERY U C U T O F F S  U
S O L V E R — A D D R E S S  U 3ART IAL—SOLUT ION

T 4 0 — O R D E R  =

~ 1O1~.1 t —d~ m~ t~ , jnk1~~Uze~ u s er , f j~~~j i ze—use r ,
answer, r 1ne—and—s cort— sot ;~ r~ ffne,

rtIai=to~~~~~~t~~~T5~ . ~~~~ 2~~ t12~~I

T 4 O — Q U . . RY

This data stru cture contain s a guery sent to a two—subdoma inp ro c es s.

143—RE FINEM ENT

5 1<  a T~J O — S U 9 R E F I N E M E N T  >b2

T 4 3 — S U ~~DO~’A IN

Th is  d a t a  s t ructur e con ta ins  a segment of the DOMAIN catas t r u c t u re  oelon ;i r~~ to a two—s u~ domajn .

T 4 3 — S U ~~D O M A I N — C O u N T  (I)

T~~O —SU ~~~ESH

Th is  data stru ctur e Contains a segment of the M ESH da ta
str~~cture oelaiging to a two—subdo rain .

T — S U i R E F I~: E M E N T  =

A C T : v E— p - o : ’ 1 -r s (I)
.~ C T I V E — E L E 1 E r ~J T S (I) x
R S F I N E D— E L E M E N T S  (I)

U~~D A T S S  -

Tr i~ d ata str~.ctur e contains the uodates that at~. o — s u b d o n a i n  o r o c e s s  se n ,~s to the so l ve r  p r o c e s s  s o L v i n gthe s uos et  to  w h i c h  the tw o — s u b o o m a i n  be longs .

Z E R O — A N S W E R

Th is  d a t a  s t r u c t u r e  c o n t a i n s  an answer  to  a auc ry sent to a
Zcro subdo n o j fl Drocess ..

Z E R O — D A T A

~~ R 3 — S U B D 3 M A 1 .~ U Z E R O — S U 3 M E S H  U ZERO— DUERY U ZERO—SOLU TION

= 
-

:::: 1~IIIuII~I
uhI1
III~
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T r i ~ :~~~~t~~ ~tr~~ct u r & co r~t~~ins a z~uery sent to a
~ r ces s

• -~~~~ —

T r ij s  ~~ t a  s~~r _ : t u r e  c o ’~t~~j n s  a se rne nt  of  the  D O M A I N  data
str~~c:-i r~ ~~ L~~~~ir~ to a ;fr~~—~~~b~~cr~ajn.

Ii I r is  ~at ~ s z r j c t u r e  c o n t a ins  a ~e;~~ent o f  the M ESH catar~~c t J r e  D e 1~~U i’~~ to  a z e r o — s b d o — a j n .
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