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i *****************************************************************! 
# ll 
# • 
# A LIBRARY OF MUJ "IC::tlD ROUTINES # 
# PRELIMINARY VERSION f 
# # 
# • 
# • 
# t 
# THIS ALGOL 69 PRELUDE IS A COLLECTION OF PROGRAM MODULES, WHICH # 
# FORM A LIBRARY FOR NUMERICAL EXPERIMENTS WITH MULTIGRID METHODS.I 
# THE PRELUDE WAS DEVELOPED FROM 900919 ON AND IS CONTINUOUSLY i 
# CHANGING. EOWEVER, AT THIS STAGE (820224), IT HAS TEMPORARILY I 

'fJ:JI REACHED A STATIONARY STATE AND IS USED FOR TESTING DIFFERENT t 
Jit MULTIGRID STRATEGIES. IN THE NEXT VERSIONS IT WILL BE EXTENDED # 

'(j"w AND ADAPTED AT SEVERAL POINTS. j 

::Y~ # 
·\g# SINCE THE PRESENT VERSION WORKS ONLY FOR RECTANGULAR REGIONS # 

JI:""# AND WITHOUT BACK-STORAGE FACILITIES, IT IS STILL SURVEYABLE AND # 
# WRITTEN IN A RATHER READABLE KIND OF ALGOL 68. THEREFt RE IT IS # 
# A CONCISE AND PRECISE DESCRIPTION OF MANY ESSENTIAL PARTS OF # 
# THE ALGORITHMS. f 
# OTHER VERSIONS OF THE ROUTINES, FOR MORE GENERAL DOMAINS AND # 
4 WHH THE USE OF DISC STORAGE FACILITIES, ARE ALSO AVAILABLE # 
# BUT NOT INCLUDED IN THIS LIBRARY. # 
# WE KNOW THAT, AT A NUMBER OF SPOTS, CERTAINLY NOT THE OPTIMAL f 
# ALGORITHM HAS BEEN USED AND THE CODE CAN BE IMPROVED. # 
# FURTHER WE BELIEVE THAT ANY PIECE OF SOFTWARE OF SOME LENGTH # 
# CG?<TAINS AT LEAST ONE BUG. # 
# WITH THIS RESERVE WE GIVE HERE THE PRELIMINARY VERSION OF OUR f 
# MULTIGRID LIBRARY. t 
# # 
# # 
# P.W.HEMKER # 
# P.M.DE ZEEUW # 
# # 
# # 
ii f 
# t 
# *****************************************************************• 

'PR' EJECT 'PR' 
# ****************************************************************~# 

# # 
ii • 
# CONTENTS: # 
# f 
# MODE DECLARATIONS 3 # 
# ~ERO AND COPY OPERATIONS 4 # 
# U.EMENTARY NET OPERATIC:1S 5 # 

e 
mgtext 

I # ELEMENTARY GRID OPERATIONS 
# NORM OPERATORS 

I # 

# 
# 
# 
# 
# 
t 
# 
f 
# 
# 
# 
# 

PROLONGATIONS 
RESTRICTIONS 
FINITE ELEMENT METHOD (FEM) 
FINITE ELEMENT METHOD (S-U P-G 
GALERKIN OPERATOR CONSTRUCTION 
SOLVE BY GAUSSIAN ELIMINATION 
OPERATOR EVALUATION 
RELAXATION METHODS 

POINT RELAXATION PROCEDURES 
LINE RELAXATION PROCEDURES 
DAMPED JACOBI RELAXATION 
ILU RELAXATION 
ILLU RELAXATION 

# OTHER POINTWISE RELAXATION 
# GRID STYLE PROCEDURES 
f CENTRAL PROCEDURES GRID STYLE 
# CENTRAL PROCEDURES NEW STYLE 

FEM) 

• # 
NAG CONTRIBUTION : THE MORE EFFICIENT VERSION 
PRELIMINARY NAG MGM ROUTINE 

• 
* # 

• f 

• 

BLACK"BOX SOLUTION PROCEDURE 
ASYMMETRIC TRANSFERS 
COLLECTION OF PRIMARY TESTPROBLEMS 
OUTPUT PROCEDURES 
GLOBAL PARAMETERS 

6 # 
7 # 
B # 

11 t 
14 • 17 # 
23 # 
25 # 
27 # 
29 # 
30 * 31 # 
32 t 
33 t 
34 # 
39 # 
40 i 
41 # 
43 * 45 # 
50 • 52 # 
53 ii 
56 # 
57 J 
58 # 

* **************************************~**************************# 
'PR' EJECT 'PR' 

MGLIB: 

'BEGIN' 

A MODULAR 2-D MULTIGRID ALGOL 69 PROGRAM # 
t FOR EXPERIMEt:TAL PURPOSES. PWH/900919 f 
# VSN 830421 PF: MGTEXT # 

f MODE AND PRIORITY DECLARATIONS # 

'MODE' 'VEC' 
'MODE' 'NET' 
'MODE' 'NETMAT' 

'REF' [ ] 'REAL'; 
'REF' [, ] 'REAL'; 
'REF' [,,)'REAL'; 

'MODE' 'GRID' = 'STRUCT' ('INT' LEVEL, 'NET' NET); 
'REAL' i GLOBAL FOR MODE GR:D # 

XO:=O.O, Y0:=0.0, XHO:=l.0, YHO:=l.0; 

'MODE' 'PROBLEM' = 'STRUCT' ('BOOL'LINEAR, 
'REF' [,]'REAL' OMEGA, 
'PROC' ('REF''REAL' ,'REF''REAL' ,'REF''REAL 1 ,'REF''REAL' I 

'REAL' ,'REAL' )'VOID' PRINCIPLE PART, 
'PROC' ('REF''REAL' ,'REF''REAL','REF''REAL' ,'REF''REAL', 

'REAL' ,'REAL','REAL')'VOID' LOWER ORDER, 
'PROC 1 ('REF''REAL' I 

'REAL', 'REAL' )'VOID' BOUNDARY PP, 
'PROC' ('REF''REAL' ,'REF''REAL', 

'REAL' ,'REAL', 'REAL' )'VOID' BOUNDAPY LO); 

'PRIO' 'NORM' 8, 'RESIDUALNORM' = B; 

ZERO AND COPY OPERATIONS f 

'OP' 'ZERO' = ('VEC' A ) 'VEC': 
('FOR' I 'FROM' 'LWB'A 'TO' 
'DO' A[I] := 0.0 'OD'; A 

'PR' EJECT 'PR' 

'UPB'A 
); 
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'OP 1 'ZERO' 

'OP' 'ZERO' 

'OP' 'ZERO' 

'OP' 'CCPY' 

'CP' 'COPY' 

'OP' COPY' 

'OP' 'COPY' 

El.EMENTARY 

'OP' + 
#$B NET+ 

#$E#; 
#£$# 
'OP' -
#SB NET-

#$Ei; 
#E$# 
'OP' +:= 
#$B NET~ 

#$E#; 
#f-:$11 
'OP' * 
#$B NET• 

('NET' A) 'NET': 
('FOR' :Q'FROM' l'LWB'A 'TO' l'UPB'A 

'DO' 'ZERO' A[I,] 'OD'; A ); 

('NETMAT' A ) 'NETMAT': 
('FOR' J 'FROM' l'LWB'A 'TO' l'UPB'A 

'DO' 'ZERO' A[I,,] 'OD'; A ); 

('GRID' A ) 'GRID' ; ('ZERO' (NET' OF' A); A); 

( 'VEC' N ) 'VEC': 
('HEAP' ['LWB'N:'UPB'N]'REAL' :=N); 
('NET' N ) 'NET' : 
('HEAP' (l'LWB'N:l'UPB'N,2'LWB'N:2'UPB'N]'REAL' :=N); 
('NETMAT' N ) 'NETMAT': 
('HEAP' [1' LWB' N :l' UPB' N, 2' LWB' N; 2' UPB' N, 

3'LWB'N:3'UPB'N]'REAL' :=N); 
('GRID' A )'GRID': 
('NET'N= NET'OF'A; (LEVEL'OF'A, 
'HEAP' (l' LWB' N: l' UPB' N, 2' LWB'N: 2' UPB' N] 'REAL' :=N)); 

NET OPERATIONS 

= ('NET' AA,BB )'NET': 
B$# 

( 'INT' Ll = l'LWB'AA, L2 = 2'LWB'AA, 
Ul = l'UPB'AA, U2 = 2'UPB'AA; 

'HEAP' [Ll:Ul,L2:U2]'REAL' CC; 
'FOR' I 'FROM' Ll 'TO' Ul '00' 
'FOR' J 'FROM' L2 'TO' U2 'DO' 

'PR' EJECT 'PR' 

CC[I,J] := l'.A[I,J] + BB[I,J] 'OD"OD'; 
cc ) 

= ('NET' AA,BB )'NET': 
BS* 

( 'INT' Ll = l'LWB'AA, L2 = 2'LWB'AA, 
Ul = l'UPB'AA, U2 = 2'UPB'AA; 

'HEAP' [Ll:Ul,L2:U2]'REAL' CC; 
'FOR' I 'FROM' Ll 'TO' Ul 'DO' 
'FOR' J 'FROM' L2 'TO' U2 'DO' 

CC(I,J) := AA[I,J) - BB[I,J) 'OD"OD'; 
cc ) 

= ('NET' AA,BB }'NET': 
B$# 

( 'INT' Ll = l'LWB'AA, L2 = 2'LWB'AA, 
Ul = l'UPB'AA, U2 = 2'UPB'AA; 

'F'OR' I 'FROM' Ll 'TO' Ul 'DO' 
'FOR' J 'FROM' L2 'TO' U2 'DO' 

AA[I,J)+:= BB[I,J] 'OD"OD'; 
AA) 

= ('REAL' S,'NET' N) 'NET': 
B$# 

( 'INT' Ll = l'LW8' N, L2 = 2'LWB'N, 
Ul = l'UP8' N, U2 = 2'UPB'N; 

'HEAP' [Ll:Ul,L2:U2)'REAL' NN; 
'FOR' I 'FRC·'1' Ll 'TO' lll 'DO' 
'FOR' J 'FROM' L2 'TO' U2 'DO' 

NN[I,J] := S * N[I,J] 'OD' 'OD'; 
NN ) 

mgtext 
#$E#; 
fE$f 
'OP' I 
J$B NET/ 

#$Ell; 
#E$# 

e 

~ ('NET 1 G,'REAL' S) 'NET': 
8$# 

( 'REAL' T = 1.0/S; T * G 

# ELEMENTARY GRID ?ERATIONS 'PR' EJECT 'PR' 

I OP' + 
f$B GRID+ 

#$E#; 
JE$# 
'OP' -
#$8 GRID-

#$Et; 
#EH 
I OP' -

i$B GRID--

f$E#; 
#E$# 
'OP' + := 
#$B GRID~ 

#$Et; 
#E$# 
'OP' * 
f$B GRID* 

f$Ef; 
tE$# 
'OP' I 
#$B GRID/ 

#$E#; 
IE$# 

= ('GRID' A,8 )'GRID': 
B$# 

( (LEVEL'OF'A /= LEVEL'OF'B ! ERROR); 
(LEVEL'OF'A, NET'OF'A + NET'OF'B ) ) 

= ('GRID' A,B )'GRID': 
B$# 

( (LEVEL'OF'A /= LEVEL'OF'8 ! ERROR); 
(LEVEL'OF'A, NET'OF'A - NET'OF'8 ) ) 

=('GRID' A,'PROC'('REAL','REAL')'REAL'SOL )'GRID': 
B$f 

( 'INT' L:= LEVEL'C>F'A; L:= 2**L; 
'NET' AA= NET'OF'A; 
'INT' Ll = l'LWB'AA, L2 = 2'LWB'AA, 

Ul = l'UP8'AA, U2 = 2'UPB'AA; 
'REAL' Hl = XHO/L, H2 = YHO/L; 
'HEAP' [Ll :Ul, L2 :U2] 'REAL' CC; 
'REAL' X:= XO+Ll*Hl, Y; 
'FOR' I 'FROM' Ll 'TO' Ul 'DO' Y:= YO+L2*H2; 
'FOR' J 'FROM' L2 'TO' U2 'DO' 

CC[I,J]:= AA[I,J] - SOL(X,Y); Y+:= Hl 'OD'; 
X+:= H2 1 0D 1 i 

(LEVEL'OF'A, CC ) ) 

= ('REF''GRID' A,'GRID' B )'REF' 'GRID': 
B$# 

( (LEVEL'OF'A /= LEVEL'OF'B ! ERROR I; 
NET'OF'A +:= NET'OF'B; A) 

= ('REAL' s, 'GRID' G I 'GRID': 
B$i 

(LEVEL'OF'G, S*NET'OF'G) 

= ('GRID' G,'REAL' S) 'GRID': 
B$# 

( 'REAL' T = 1.0/S; T * G ) 

# NORM OPERATORS # 'PR' EJECT 'PR' 

'OP' 'NORM' = ('BOOL' TRUE, 'NET' N) []'REAL': 
#$B NRMNT 8$# 

('REAL' TEST= (TRUE ! MAXREAL ! 1.0E+15); 
'REAL'S:= O,Sl:=O,S2:=0,T; 
'INT' Ll:= l'LWB'N, Bl:= l'UPB'N, 

L2:= 2'LW8'N, 82:= 2'UPB'N,NN; 
NN:= (Bl-Ll+l) * (B2-L2+1); 

'FOR' I 'FROM' Ll 'TO' Bl 'DO' 
'FOR' J 'FROM' L2 'TO' B2 'DO' 
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l!SE#; 
#E$# 

T:= 'ABS'NfI,J]; T <TEST 
Sl+:=T; S2< =T*T; (T>S ! S:=T 
NN-:= 1 ) 

'OD' 'OD'; (Sl/NN, SQRT (S2/NN), S) 

'OP' 'NCRM' =('NET' N) []'REAL': 
#SB NRM B$# 

#$£#; 
#ES# 

'TRUE'' NORM' N 

'PROC' P.ESIDIJALNCR.'1 = ('NETMAT' M,'NET' U,F) []'REAL': 
# U = ITERAl'O, F = RIGHT HAND SIDE # 

#$B NRMR B$i 
'BEGlN' 'INT' Ll= l'LWB'U, L2= 2'LWB'U, L3=-3, 

Ul= l'UPB'U, U2= 2'UPB'U; 
'INT' NN:= (Ul-Ll+l)*(U2-L2+1); 
'REAL' TEST= l.OE+l5; 
''=AL' V, Sl:= 0, S2:= 0, S3:=0, T; 

'REP' [ ] 'REAL' UIM:= U[Ll,@L2], UI, UIP:= U[Ll,@L2]; 
'FOR' I 'FROM' Ll 'TO' Ul 
'DO' ( UI:= UIP; I= Ul ! 'SKIP' ! UIP:= U[I+l,@L2] }; 

'REF' []'REAL' FI = F [I,@L2); 
'REF'[,]'REAL' MI= M[I,@L2,@L3]; 

'INT' JM:= L2, JJ, JP:= L2; 
'FOR' J 'FROM' L2 'TO' U2 
'DO' ( JJ:= JP; J=U2 ! 'SKIP'! JP+:= l ); 

'REF' {]'REAL' MIJ = MI{JJ,@L3]; 
( MIJ[O] > TEST ! NN-:= 1 ! 

e 

T := MIJ[-3]*UIM[JJ] + MIJ[-2]*UIM[JP) + 
MIJ[-l]'UI [JM] + MIJ[ OJ *UI [JJ] + MIJ[ l] *UI [JP] + 
MIJ[ 2]*UIP[JM] + MIJ[ 3)*UIP[JJ] 
T :='ABS' ( fI[JJ] - T ); 
Sl+:= T; S2+:= T*T; ( T>S3 ' 83:= T ) ) ; 

JM:= JJ 
'OD'; 
llIM:= UI 

'OD'; (Sl/NN, SQRT (52/NN), S3) 
'END' 
#SEi; 
#E$# 

PHOLONGATIONS i 

'PROC' LIN INT POL= ('NET' NET )'NET': 
# $R PROL 7 B$# 
'BEGJN' 'INT' Ll = l'LWB'NET, L2 = 2'LWB'NET, 

Bl = l'UPB'NET, B2 = 2'UPB'NET; 
'HEAP' [2*L1:2*Bl,2*L2:2*B2]'REAL' FINE; 
'INT' JJ; 'REAL' U2,U3,U4; 

'REF' []'REAL' UIP= NET[Ll,@L2), 
UPP= FlNE(2*Ll,@2*L2]; 

JJ:= 2*L2; UPP[JJ] := U4:= UIP[L2]; 
'FOR' JP 'FROM' L2+1 'TO' EZ 
'DO' U3:= U4; U4:= UIP(JP]; 

UPP[JJ+:=l] := (U3+U4)/2; 
UPP[JJ+:=l] := U4 

'OD'; 
'FOR' IP 'FROM' Ll+l 'TO' Bl 
'DO' 'REF' []'REAI,' UI =NET [IP-1 ,@ L2]. 

'PR' EJECT 'PR' 

mgtext 

'END' 
#$E#; 
#E$# 

e 
UIP =NET [IP ,@ L2], 
UMM = FINE[2*IP-1,@2*L2], 
UPP= FINE[2*IP ,@2*L2]; 

JJ:= 2*L2; U2:= UI[L2]; 04:= UIP[L2]; 
UMM[JJ] := (U2+U4)/2; UPP[JJ] := U4; 
'FOR' JP 'FROM' L2+1 'TO' B2 
'DO' JJ+:= l; U2:= UI [JP]; 

'OD' 
'OD'; FINE 

U3:= U4; U4:= UIP[JP); 
UMM[JJ) := (U2+U3)/2; 
UPP[JJ] := (U3+U4)/2; 
JJ+:= l; 
\WJ1[JJ] := (U2HJ4)/2; 
UPP[JJ] := U4 

'PROC' BIL INT POL= ('NET' NET) 'NET': 
#$B PROL9 B$# 
'BEGIN' 'INT' Ll = l'LWB'NET, L2 = 2'LWB'NET, 

Bl = l'UPB'NET, B2 = 2'UPB'NET; 
'HEAP' [2*Ll:2*Bl,2*L2:2*B2)'REAL' FINE; 
'INT' JJ; 'REAL' Ul,U2,U3,U4; 

'END' 
#$E#; 
#E$# 

'REF' []'REAL' UIP= NET[Ll,@L2], 
UPP= FINE[2*Ll,@2*L2]; 

JJ:= 2*L2; UPP[JJ] := U4:= UIP[L2]; 
'FOR' JP 'FROM' L2+1 'TO' B2 
'DO' U3:= U4; U4:= UIP[JP); 

UPP[JJ+:=l]:= (U3+U4)/2; 
UPP[JJ+:=l]:= U4 

'OD'; 
'FOR' IP 'FROM' Ll+l 'TO' Bl 
'DO' 'REF' []'REAL' UI =NET [IP-1 ,@ L2], 

UIP = NET [IP , @ L2], 
UMM = FINE[2*IP-l,@2*L2], 
UPP= FINE[~*IP ,@2*L2]; 

JJ:= 2*L2; 02:= UI[L2]; U4:= UIP[L2]; 
UMM[JJ] := (U2+U4) /2; 1PP [JJ] := U4; 
'FOR' JP 'FROM' L2+1 'TO' B2 
'DO' JJ+:= l; 

I OD' 
'OD'; FINE 

Ul:= U2; U2:= UI [JP]; 
U3:= U4; U4:= UIP[JP]; 
UMM[JJ] := (Ul+U2+U3+U4)/4; 
UPP[JJ] := (U3+U4)/2; 
JJ+:= l; 
UMM[JJ] := (U2+U4)/2; 
UPP[JJ] := U4 

ORIENTATION: 
L2 B2 

'f 

Ll JM JJ JP 
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UIM 

UII 

x UIP 
V Bl 

L2 
Ll 

Ul --- ---
! I 

' I 
U3 ------

U2 
! 

' 
U4 

0 -- 0 
I 

0 -- Ul 

O -- U3 

y 

B2 

0 

U2 

U4 

STAR ORIENTATION: 

-2 
1 

y 

J 

! bl 

-1 
2 

-3 
0 
3 

v x I 

v 

'PR' EJECT 'PR' 
'PROC' SQR INT POL= ('NET' NET )'NET': 
#$B PROLS B$ll 
'IF' 'INT' Ll = l'LWB'NET, L2 = 2'LWB'NET, 

Bl = l'UPB'NET, B2 = 2'UPB'NET; 
'ODD' (Bl-Ll) 'OR' 'ODD' (B2-L2) 

'THEN' LIN TNT POL {NET) 
'ELSE' 'JNT' LLl = 2*Ll, LL2 = 2*L2; 

'HEAP' [LL1:2*Bl,LL2:2*B2] 'REAL' FINE; 

I INT' ,JJ, JP; 
'REAL' Xl, X2, X3, Yl, Y2, Y3, Zl, Z2, Z3, YY2, YY3, ZZ2, ZZ3; 
'REF' [)'REAL' UI= NET[ Ll,@L2], FI= FINE[LLl, ); 
fl[LL2) := Xl:= UI[L2]; JJ:= LL2+1; 

'!'OR' J 'FROM' L2+1 'BY' 2 'TO' B2-l 
'DO' X2:= UI{J]; X3:= UI[J+l); 

FI[JJ:JJ+3] :=( ( 3*(Xl + 2*X2) - X3 )/8, X2, 
( -Xl+3*(2*X2+X3))/q,XJ ); 

JJ +:= 4; Xl:= X3 
'OD'; 
'F0R' TI 'FROM' Ll+l 'BY' 2 'TO' Bl-1 
'[10' 'REF' I ]'REAL' VIM= NET{II-1,@L2), VII= NET{II ,@L2], 

UIP= NET[II+l,@12]; 
'REF' {,]'REAL' FINEI = FINE[2*II-1:2*II+2,@J,L2]; 

X3:= VIM[L2] /8; 
Y3:= ( YY3:= VII[L2] )/4; 
Z3:= { ZZ3:= UIP{L2] )/8; 
FINEI [, LL2] := ( 3* (X3+Y3) - Z3, YY3, 3* (Y3H3) - X3, ZZ3 ) ; 

'FOR' J' 'FROM' 12+1 'BY' 2 'TO' B2-l 
I DO' Jl·:= JJ+l; Xl:= X3; Yl:= Y3; Zl:= Z3; 

X2:= UIM[JJ] /4; X3:= VIM[JP) 
Y2:= { YY2:= UII[JJ) )/4; Y3:= { YY3:= UII[JP] 
Z2:= { ZZ2:= VIP[JJ] ) / 4; Z3:= ( ZZ3:= VIP[JP) 

FlNEI[,2*JJ-1:2*JJ+2] := 
((2*(X2+Yl)-Zl+Y2-X3, 

2*{X2+Y2)-Xl+Yl-Zl, 
3*(X3+Y2)-Zl, 

/8; 
) / 4; 
) /8; 

3* (X3+Y3) -Z3 ) , 
{2*(Yl4Y2)-Xl+X2-X3, YY2, 

2*{Y2+Y3)-Zl+Z2-Z3, YY3 ) , 

e 
mgtext 

(3*(Zl+Y2)-X3, 
2*(Y2+Z2)-X3+Y3-Z3, 

2*{Z2+Y3)-X3+Y2-Zl, 
3*(~3+Y3)-X3 ), 

(3*(Zl+Z2)-Z3, ZZ2, 3*(Z3+Z2)-Zl, ZZ3 )) 
'OD' 'OD'; 
FINE 

'FI' 
iSE#; 
#E$# 

RESTRICTIONS 

'PROC' INJECTION= ('NET' NET)'NET': 
#$B RESTRO B$i 

'PR' EJECT 'PR' 

'BEGIN' 'INT' NLl = (l'LWB'NET)'OVER'2, NL2 = (2'LWB'NET)'OVER'2, 
NUl = (l'VPB'NET)'OVER'2, NU2 = (2'UPB'NET)'OVER'2; 

'HEAP' [NLl:NUl,NL2:NV2]'REAL' COARSE; 

'END' 
JISEt; 
fE$# 

'FOR' I 'FROM' NLl 'TO' NVl 'DO' 
'FOR' J 'FROM' NL2 'TO' NU2 'DO' 

COARSE[I,J] := NET[2*I,2*J] 'OD' 'OD'; 
COARSE 

'PROC' INJ WEIGHT 
f$B RESTRl Bst 

('NET' NET)' NET': 

'BEGIN' 'INT' NLl = (l'LWB'NET)'OVER'2, NL2 = (2'LWB'NET)'OVER'2, 
NUl = (l'UPB'NET)'OVER'2, NV2 = (2'VPB'NET)'OVER'2; 

'HEAP' [NLl:NVl,NL2:NV2]'REAL' COARSE; 

'END' 
4$E#; 
#E$# 

COARSE[N11,NL2] := 2.0*NET[2*NL1,2*NL2]; 
COARSE[NU1,NL2] := 2.5*NET[2*NV1,2*NL2]; 
COARSE[NL1,NU2):= 2.5*NETf2*NL1,2*NU2); 
CC.ARSE[NU1,NV2] := 2.0*NET"2*NU1,2*NU2]; 

'FOR' J 'FROM' NL2+1 'TO' NU2-l 
'DO' COAW"E [NLl, J] := 3. O*NET [ 2*NL1, 2*J]; 

COARSE[NUl,J] := 3.0*NET[2*NU1,2*J] 
'OD'; 

'FOR' 
'DO' 

'OD'; 

I 'FROM' NLl+l 'TO' NUl-1 
COARSE[I,NL2] := 3*NET[2*I,2*NL2); 
roARSE[I,NU2] := 3*NET[2*I,2*NU2]; 
'FOR' J 'FROM' NL2+1 'TO' NU2-l 
'DO' COARSE[I,J] 
COARSE 

4*NET[2*1, 2*J] 

'PROC' HALF WEIGHT= ('NET' NET)'NET': 
i$B RESTR5 B$# 
'BEGIN' 'INT' Ll = (l'LWB'NET), L2 = (2'LWB'NET), 

Ul = (l'UPB'NET), V2 = (2'UPB'NET); 
'INT' NLl = Ll'OVER'2, N12 = L2'0VER'2, 

NUl = Ul'OVER'2, NU2 = U2'0VER'2; 
'HEAP' [NLl:NVl,NL2:NU2]'REAL' COARSE; 
'INT' II,IM,IP, JJ,JM,JP; 
[L2:U2]'REAL' ZERO; 'ZERO' ZERO; 
'FOR' I 'FROM' NLl 'TO' NUl 
'DO' II:= 2*I; IP:= II+l; IM:= II-1; 

'REF' []'REAL' er= COARSE[I,@N12), 

'OD' 

'PR' EJECT 'PR' 

UIM= ( IM<Ll ! ZERO ! NET[IM,@L?]), 
VII= NET[II,@L2] , 

1111 



-
e 

'F.ND' 
#$E#; 
#E$# 

JP:= L2+1; 
Cl [NL2) := 

UIP= ( IP>Ul 

0.5 *( 

ZERO ! NET(IP,@L2]); 

UIM[L2)+UIM[JP] 
+2*UII[L2]+UII[JP] 

+UIP [L2)); 
'FOR' J 'FROM' NL2+1 'TO' NU2-l 

'OD' 
COARSE 

'DO' JJ:= 2*J; JP:= JJ+l; JM:= JJ-1; 
CI[J):= 0.5 *( UIM(JJ] 

'OD'; 
JM:=U2-1; 
CI[NUZ):= 

+UII[JM]+4*UII[JJ]+UII[JP) 
+UIP[JJ] ) 

0.5 *( UIM[U2) 
+UII[JM)+2*UII[U2] 
+UIP[JM]+ UIP(U2]) 

'PROC' LlN 
i$B RESTR7 

WEIGHT= ('NET' NET)'NET': 
B$4 

'BEGIN' 'INT' Ll = (l'LWB'NET), L2 = (2'LWB'NET), 
Ul = (l'UPB'NET), U2 = (2'UPB'NET); 

'INT' NLl = Ll'OVER'2, NL2 = L2'0VER'2, 

'END' 
#$E#; 
fE$t 

NUl = Ul'OVER'2, NU2 = U2'0VER'2; 
'HEAP' [NLl:NU1,NL2:NU2]'REAL' COARSE; 
'INT' II, IM, IP, JJ,JM,JP; 
[L2:U2]'REAL' ZERO; 'ZERO' ZERO; 
'FOR' I 'FROM' NLl 'TO' NUl 
'DO' II:= 2*1; IP:= Il+l; IM:= II-1; 

'REF' [I' REAL' er = COARSE [I, @NL2 I' 

JP:= L2+1; 
Cl [NL2]: = 

UIM= ( IM<Ll ! ZERO I NET[IM,@L2)), 
UII= NET[II,@L2) , 
UIP= ( IP>Ul ! ZERO! NET[IP,@L2]); 

0.5 *( UIM[L2]+UIM[JP] 
+2*UII[L2]+UII[JP] 

'FOR' 
'DO' 

+UIP [L2]); 
J 'FROM' NL2+1 'TO' NU2-1 
JJ:= 2*J; JP:= JJ+l; JM:= JJ-1; 
CI[JJ:= 0.5 *( UIM[JJ]+UIM[JP] 

'OD'; 
JM:=U2-l; 
CI[NU2]:= 

I OD'; COARSE 

+UII[JM)+2*UII[JJ)+UII[JP) 
+UIP[JM)+ UIP[JJ] ) 

0.5 *( UIM[U2] 
+UII[JM]+2*UII[U2] 
+UIP[JMJ+ UIP[U2]) 

'PROC' FULL WfTGHT = ('NET' NET)'NET': 
#$8 RESTR9 B~ 

'BEGlN' 'INT' _.l = (1' LWB' NET), L2 = (2' LWB' NET), 
Ul = (l'UPB'NET), U2 = (2'UPB'NETJ; 

'TNT' NLl = Ll'OVER'2, NL2 = L2'0VER'2, 
NUl = Ul'OVER'2, NU2 = U2'0VER'2; 

'HEAP' [NLl:NUl,NL2:NU2)'REAL' COARSE; 
'u;:• TI, IM, IP, JJ,JM,JP; 
[L2:U2)'REAL' ZERO; 'ZERO' ZERO; 

mgtext 

'END' 
f$E#; 
IE$# 

'FOR' 
'DO' 

e 
I 'FROM' NLl 'TO' NUl 
II:= 2*!; IP:= II+l; IM:= II-1; 

'REF' []'REAL' Cl= COARSE[I,@NL2], 
UIM= ( IH<Ll ! ZERO 
UII= 
UIP= IP>Ul ZERO 

NET[IM,@L2]), 
NET[II,@L2) , 
NET [IP ,@L2] l; 

JP:= L2+1; 
CI[NL2) := 0.5 *( UIM[L2]+UIM[JP) 

+2*UII[L2)+UII[JP) 

'OD' 
COARSE 

'FOR' 
'DO' 

'OD'; 

+UIP[L2)); 
J 'FROM' NL2+1 'TO' NU2-1 
JJ:= 2*J; JP:= JJ+l; JM:= JJ-1; 
CI[J]:= 0.25*( UIM[JM]+2*UIM[JJ]+ UIM[JP) 

+2*UII[JM)+4*UII[JJ)+2*UII[JP) 
+ UIP[JM]+2*UIP[JJ)+ UIP[JP]) 

JM:= 02-1; 
CI[NU2) := 0.5 *( UIM[U2) 

+UII[JM)+2*UII[U2] 
+UIP[JM]+ UIP[U2]) 

I FINITE ELEMENT METHOD (FEM) t 'PR' EJECT 'PR' 
I FEM DISCRETIZATION FOR MG /PWHB00925 I VSN.810311 # 

'PROC' FEM ('PROBLEM' PROBLEM, 'GRID' U, 
'REF''NET' RHS, 'REF''NETMAT' JAC )'VOID': 

f$B FEM B$# 
'BEGIN' 'REF' [,)'REAL' NET= NET'OF' U; 

'INT' Ll = l'LWB' NET, L2 = 2'LWB'NET, 
Bl = l'UPB' NET, B2 = 2'UPB'NET; 

'HEAP' [Ll:Bl,L2:B2,-3:3 ]'REAL' STIFF; 'ZERO' STIFF; 
'HEAP' [Ll:Bl,L2:B2]'REAL' FORCE; 'ZERO' FORCE; 
'REAL' H = XH0/(2**(LF,EL'OF'U)), 

K = YH0/(2**(LEVEL'OF'U)); 

'PROC' ('REF''REAL','REF''REAL' ,'REF''REAL','REF''REAL' I 

'REAL' ,'REAL' )'VOID' PRINCIPLE PART 
= PRINCIPLE PART 'OF' PROBLEM; 

'PROC' ('REF''REAL','REF''REAL' ,'REF''REAL','REF''REAL', 
'REAL','REAL','REAL')'VDID' LOWER ORDER 

=LOWER ORDER 'OF' PROBLEM; 

[)'INT' ORDER (0,1,3,-l,0,2,-3,-2,0, 
0,2,3,-2,0,1,-3,-1,0); 

'REAL' H3 = H/3, K3 = K/3; 
[)'REAL' PXTl = (-1/H, 0 ,+1/H, 0), 

PYTl = (-1/K,+1/K, 0 , 0), 
'INT' LB,UB; 

PXT2 
PYT2 

'REAL' XN,XS,YW,YE, AXX,AXY,AYX,AYY, 
BBX,BBY, KK,PE,FF, WEIGHT:= H*K/6; 

[1:4)'REAL' PX,PY,BX,BY,C,F; 

[L2:B2]'REAL' BXI,BXIP,BYI,BYIP,Cl,CIP,Fl,FIP; 
XS:= XO+Ll*H; 'REF' []'REAL' UIP= NET[Ll,@L2); 
'FOR'J 'FROM'L2 'TO' B2 
'DO' LOWER ORDER 

0,-1/H, 0 ,+l/H), 
0, 0 ,-1/K,+1/K); 

D 



-
e 

(BXIP[J],BYIP[J],CIP[J],FIP[J],XS,YO+J*K,UIP[J]) 
'OD'; 

'FOR' IP 'FROM' Ll+l 'TO' Bl 
'DO' 'REF' []'REAL' UI = NET [IP-1, @L2], 

UIP= NET[IP ,@L2]; 
XN:= XS; XS := XO + IP*H; 
BXI:= BXIP; BYI:= BYIP; CI:=CIP; FI:= FIP; 

'INT' JJ:= L2; 
'REAL' Ul,U2:= UI [12], 

U3,U4:= UIP{L2]; 
YF.:= YO+L2*K; 
LOWER ORDER (BXIP[L2],BYIP[L2],CIP[L2],FIP[L2],XS,YE,U4); 

'FOR' JP 'FROM' L2+1 'TO' B2 
'DO' YW:= YE; YE := YO + JP*K; 

Ul:= U2; U2 := UI [JP]; 
U3:= U4; U4 := UIP[JP]; 
LOWER ORDER (BXIP[JP],BYIP[JP],CIP[JP],FIP[JP],XS,YE,U4); 

BX:= (BXI [JJ], BXI [ JP], BXIP [JJ], BXIP [JP]); 
BY:= (BYI [JJ], BYI (JP], BYIP {JJ], BYIP (JP]); 
C := (CI [JJ],CI [JP],CIP [JJ],CIP [JP]); 
F := (FI [JJ],FI [JP],FIP [JJ],FIP [JP]); 

'INT' LL:= O; 
'FOR' TRIANGLE 'TO' 2 
'DO' 'CASE' TRIANGLE 

'IN' (LB:= l; UB:= 3; PX:= PXTl; PY:= PYTl; 
PRINCIPLE PART(AXX,AXY,AYX,AYY,XN+H3,YW+K3); 
BBX:= (BX[l]+BX[2]+BX[3])/3; 
BBY:= (BY[l]+BY[2]+BY[3])/3 ), 

(LB:= 2; UB:= 4; PX:= PXT2; PY:= PYT2; 
PRINCIPLE PART(AXX,AXY,AYX,AYY,XS-H3,YE-K3); 
BEX:= (BX[2]+BX[3)+BX[4])/3; 
BBY:= (BY[2]+BY[3]+BY[4])/3 

'ESAC'; 
KP::= HB(AXX,AXY,AYX,AYY,BBX,BBY,H,K); 
AXX*:=3; AXY*:=3; AYX*:=3; AYY*:=3; 

'INT' 
'FOR' 
1 FOR' 
'IF' 
'THEN' 
'ELSE' 

EI:= O; 
II 'FROM' IP-1 'TO' IP 'DO' 
JJ 'FROM' JP-1 'TO' JP 'DO' 

EI+:= l; EI= (TRIANGLE!4,l) 
'SKIP' 
FF:= Q2 * F[EI]; 
'FOR' EJ 'FROM' LB 'TO' UB 
'DO' LL+:= 1; 

PE := KK*(BX[EJ)*PX[EI]+BY[EJ]*PY[EI]); 
FF+:= (QO+PE)*F[EJ]; 

STIFF[II,JJ,ORDER[LL]] +:= 
(PX[EJ] *(AXX*PX[EI]+AXY*PY[EI] + BX(EI])+ 
PY[EJ] *(AYX*PX[EI]+AYY*PY[EI] + BY[EI])+ 

C(EJ]*( (EI=EJ!Ql!QO) +PE ) )*WEIGHT 
'OD'; 
FORCE[II,JJ] +:= FF*WEIGHT 

e 
mgtext 

BOUNDARY CONDITIONS ( PROBLEM,U,FORCE,STIFF ); 

RHS:= FORCE; JAC:= STIFF 
'END' 

f$E#; 
#E$i 

# DIFFERENT OPTIONS FOR DISCRETIZATION # 
f 

, PR' EJECT I PR' 

I BROOKS AND HUGHES ANISOTROPIC DIFFUSION 

'REAL' QO:= 0, Ql:= 1, Q2:= l; 
'PROC' LUMP= {'BOOL' B)'VOID': 

( B ! QO:=O; Ql:=l; Q2:=1 ! Q0:=0.25; Ql:=0.50; Q2:=0.25 ); 

'REAL' HB FACTOR:= 1/3; 
'PROC' HB:= {'REF''REAL' AXX,AXY,AYX,AYY, 'REAL' BX,BY,H,K)'REAL' :0.0; 
f 

'PROC' KAPPA= ('REF''REAL' AXX,AXY,AYX,AYY, 'REAL' BX,BY,H,K)'REAL': 
iSB HEW B$# 

'BEGIN' # ## ADDS ARTIFICIAL DIFFUSION AND COMPUTES K # ## 
'REAL' BEE = (BX*AXX+BY*AYX)*BX + 1.0E-100 + 

(BX*AXY+BY*AYY)*BY , 
BB = BX*BX + BY*BY 

SQRT(BX*BX*H*H + BY*BY*K*K); BH 
'REAL' KK ( BB=O ! 0.0 ! BH*HBFACTOR*M(BH*BB/BEB)/BB ); 
AXX+:= KK*BX*BX; AXY+:= KK*BX*BY; 
AYX+:= KK*BX*BY; AYY+:= KK*BY*BY; KK 

'END' 
J$E#; 
#EH 

'PROC' M = ('REAL' A)' REAL' : 
#$B ILINM B$# 

'IF' 'REAL' X, W:= 'ABS'A; W< 0.2 
'THEN' W*: = \1; { ( ( ( W - 9. 9 ) * W + 99. 0 ) * W 

- 1039.5 ) * W + 15592.5) *A /46777.5 
'ELSE' X:= ( W-1.0)/W; 

'FI' 

( W< 18.0 ! X +:~ 2.0/(EXP(W+W) - 1.0)); 
(A> 0.0 ! X ! -X ) 

#$E#; 
JE$# 

----------------------
J y 
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STAR ORIENTATION: 
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-2 
1 

y 

J 

'FI' ! f 
'OD' 'OD' 

'OD'; 

JJ:= JP 
I OD' 'OD'; 

# FINITE ELEMENT METHOD (S-U P-G FEM) 
# FEM DISCRETIZATION FOR MG /PWH800925 
f PIECEWISE CONSTANT COEFFICIENTS 
I INCL. STREAMLINE-UPWIND PETROV-GALERKIN 

VSN. 810311 # 
VSN.830107 # 

# 

'PR' EJECT 'PR' 

El 



-'PROC' FEMD = ('PROBLEM' PROBLEM, 'GRID' U, 
~REF''NET' RlfS, 'REF''NETMAT' JAC )'VOID': 

#$B FEMW 8$# 
'BEGIN' 'REF'[, ]'REAL' NET= NET' OF' U; 

'INT' Ll = l'LWB' NET, L2 = 2'LWB'NET, 
Bl = l'UPB' NET, B2 = 2'UPB'NET; 

'HEAP' [Ll:Bl,L2:B2,-3:3 ]'REAL' STIFF; 'ZERO' STIFF; 
'HEAP' [Ll:Bl,L2:B2]'REAL' FORCE; 'ZERO' FORCE; 
'REAL' H = XH0/(2**(LEVEL'OF'U)), 

K = YH0/(2**(LEVEL'OF'U)); 

, PROC' {I REF' I REAL' I, REF', REAL',, REF'' REAI.' I, REF' I REAL' I 

'REAL', 'REAL' )'VOID' PRINCIPLE PART 

e 

= PRINCIPLE PART 'OF' PROBLEM; 
'PROC' ('P£F' 'REAL' ,'REF''REAL' ,'REF''REAL' ,'REF' 'REAL' I 

'REAL', 'REAL' ,'REAL')'VOID' LOWER ORDER 
= LOWER ORDER 'OF' PROBLEM; 

'BOOL' LIN= LINEAR'OF'PROBLEM; 

[]'JNT' ORDER= (0,J,3,-1,0,2,-3,-2,0, 
0,2,3,-2,0,l,-3,-l,0); 

'REAL' H3 = H/3, K3 = K/3; 
[)'REAL' PXTl = (-l./H, 0 ,+l/H, 0), 

PYTl = (-1/K, +1/K, 0 , 0), 
'INT' LB,UB; 

PXT2 
PYT2 

0, -1/H, 0 , +l/H), 
O, 0 , -1/K, +l/K); 

'REAL' XN,YW, AXX,AXY,AYX,AYY, WEIGHT:= H*K/6; 
'REAL' XX,YY,UU, BX ,BY ,C ,F , KK,PE; 
[1:4]'REAL 1 PX,PY; 

'FGR' I 'FROM' Ll 'TO' 81-1 
'DO' XN:= XO + I*H; 

'RF.F' []'REAL' UI = NET[I ,@L2], 
UIP= NET[I+l,@L2]; 

'REAL' Ul,UZ:= !JI [L2], 
U3, U4:= UIP(L2]: 

'F0R' .J 'FROM' L2 'TO' 82-1 
'DO' YW:= YO + J*K: 

Ul:= U2; U2 := UI (J+l]; 
U3:= U4; U4 := UIP[J+l]; 

I TNT I LL: = 0; 
' FOR' TRIANGLE 'TO' 2 
'DO' 'CASE' TRIANGLE 

'IN' (LB:= l; UB:= 3; 
PX:= PXTl; PY:= PYTl; 
XX:= XN+H3; YY:= YW+K3; 
(LIN!'SKIP' !UU:= (Ul+U2+U3)/3) ), 

(LB:= 2: UB:= 4; 
PX:= PXT2; PY:= PYT2; 
XX:= XX+H3; YY:= YY+K3; 
(LIN!'SKIP' !UU:= (U2+U3+U4)/3) 

I ESl\C 1 ; 

PRINCIPLE PART(AXX,AXY,AYX,AYY,XX,YY); 
LOWER ORDER (BX,BY,C,F,XX,YY,UU); 
KK:= HB(AXX,AXY,AYX,AYY,BX,BY,H,K); 
AXX*:=3; AXY*:=3; AYX*:=3; AYY*:=3; 

'INT' EI:= O: 
'FOR' II 'FROM' I 'TO' I+l 'DO' 
'FOR' 
'If' 

JJ 'FROM' J 'TO' J+l 'DO' 
EI+:= l; EI= (TRIANGLE!4,l) 

mgtext 

'OD' 'OD' 'OD'; 

e 
'THEN' 'SKIP' 
'ELSE' PE := KK*(BX*PX[EI)+BY*PY[EI]); 

'FOR' EJ 'FROM' LB 'TO' UB 

'FI' 

'DO' LL+:= 1; 
STIFF[II,JJ,ORDER[LL]] +:= 
(PX[EJ] *(AXX*PX[EI]+AXY*PY[EI] +BX)+ 
PY[EJ] *(AYX*PX[EI]+AYY*PY[EI] + BY)+ 
C*( (EI=EJ!0.5!0.25) +PE ) )*WEIGHT 

'OD'; 
FORCE[II,JJ] +:= (1.0+3,0*PE) *F*WEIGHT 

'OD' 'OD' 

BOUNDARY CONDITIONS ( PROBLEM,U,FORCE,STIFF ); 

RHS:= FORCE; JAC:= STIFF 
'END' 

#$Ef; 
fE$# 

BOUNDARY CONDITION OPTIONS f 'PR' EJECT 'PR' 

'PROC' BC PW LIN = ('PROBLEM' PROBLEM, 'GRID' U, 
'NET' FORCE, 'NETMAT' STIFF )'VOID': 

J$B BCPL B$# 
'BEGIN' 'REF' [,]'REAL' NET= NET'OF' U; 

'INT' Ll = l'LWB' NET, L2 = 2'LWB'NET, 
Bl = l'UPB' NET, B2 = 2'UPB'NET; 

'REAL' H = XH0/(2**(LEVEL'OF'U)), SHIFT 0 .001, 
K = YH0/(2**{LEVEL'OF'U)); 

'REF' [,]'REAL' OMEGA =OMEGA 'OF' PROBLEM: 
'PROC' ('REF''REAL' ,'REF' 'REAL' ,'REF''REAL' ,'REF 1 'REAL' I 

'REAL' ,'REAL' )'VOID' PRINCIPLE PART 
PRINCIPLE PART 'OF' PROBLEM; 

'PROC' ('REF'' REAL', 
I REAL' , I REAL' )'VOID' BOUNDARY PP 

BOUNDARY PP ' OF' PROBLEM; 
'PROC' ('REF''REAL' ,'REF''REAL', 

'REAL' ,'REAL' ,'REAL')'VOID' BOUNDARY LO 
BOUNDARY LO 'OF' PROBLEM; 

'PROC' BOUNDARY SEGMENT {'REF' 'INT' I,J, 'INT' DIRECTION, 
'REF' 'REAL' X,Y,BZ,CZ)'VOID': 

'BEGIN' 'INT' IN,JN; 
'REAL' xN, YN, AZN, az:;, czN, HSTEP, XHALF, YHALF, P, Q, 

All,Al2,A21,A22,PPP,PLO; 
'INT' AD= 'ABS' DIRECTION, ND= 'SIGN' DIRECTION; 

AD = 1 ! IN := I ; XN:= X 
IN := I+ ND; XN:= XO+ IN*H; HSTEP:= H/2 ); 

AD = 3 ! JN := J ; YN:= Y 
JN := J + (AD ! ND, -ND ! ERROR;O ); 

YN:= YO + JN*K; HSTEP:= 
(AD= 2 ! HSTEP:= 0.5*SQRT(H*H+K*K) ); 
XHALF:= (X+XN)*0.5 - (YN-Y)*SHIFT; 
YHALF:= (Y+YN)*0.5 + (XN-X)*SHIFT; 
PRINCIPLE PART (Al1,Al2,A21,A22,XHALF,YHALF); 
l'')UNDARY PP (AZN, XHALF, YHALF); 
BLUNDARY LO (BZN,CZN, XN, YN, NET[IN,JN]); 

'CASE' AD 
'IN' ( p := All; Q:= Al2 

K/2 ) ; 

) ' 

Ill! 



e 
( P:• (All+A12+A2l•A22)/2; Q:•(-All+Al2-A2l+A22l/2 ), 
( P:• A22; Q:• -A21 I 

'ESAC'; 
PPP:• ( P*AZll - Q) /2; PLO:• P*HS'l'EP; 

STIFF l I, J, 0 l +:• -PPP + PLO*BZ 
STIFF[ 1, J, OlRECTION] +:• PPP 
lORCE[ I, J l +:• PLO*CZ 
STIFF {Ill, Jll, 0 J +:• +PPP + PLO*BZll; 
rTIFF [IN,Jll, -DIRECTION! + := -PPP ; 

r .•RCE [IN, JN l + :- PLO*CZN; 

I:• IN; J:- JN; X:• XII; Y:• YN; BZ:= BZll; CZ:• CZll 
~END'; 

'~F' 01"EGA :•: 'NIL' 
"lttEN' 'INT' 1 :• Ll. J:• L2; 'REAL' X:• XO+l*H, Y:• YO+J*K, BZ,CZ; 

B·::>UNDARY L!l IBZ,CZ,X,Y,NETII,J]); 
'WHILE' l<Bl 'DO' BOUNDARY SEGMEllT(I,J, 3,X,Y,BZ,CZ) 'OD'; 
'ifHJLE' J<J;2 'DO' BOUNDARY SEGHEllT(I,J, l,X,Y,BZ,CZl 'OD'; 
'WH!LE' J~Ll 'DO' BOUNDARY SEGMENT!I,J,-3,X,Y,BZ,CZ) 'OD'; 
'WHILE' J>L2 'DO' BOUNDARY SEGHENT(I,J,-1,X,Y,BZ,CZ) 'OD' 

'! ;f' l'Ul'B'OMEGA>l 
·~,;EU' 'IN!' 1:• 'ROUND' ((OMEGAll,lJ-XOl/H ), 

• ::-1 • 
• FNi;• 

JcFi; 
fE~t 

J:• 'ROUND' ({OMEGA!l,2]-YO)/f( l,IN,JN,DlR; 
'REAL' X:• XO•I*H, Y:• YO+J*K, BZ,CZ; 
B0UNDA.QY LO (BZ,CZ,X,Y,llET[I,J]); 

'FOR' !3 'FROM' 2 'TO' l' UPB' OMEGA 
'L1V IN:• 'RC•!JHD'((DMEGA!S,lJ-XO)/H ); 

JN:• 'ROUND' ((OMEGA[S,2J-Y0)/K ); 
!•IP:" 'SIGN' (JN-cl) + 3*'SlGH' (111-1); 
'WHII.E' BGUNDARY SEGMENT<I,J,DIR,X,Y,BZ,CZJ; 

I 1- IN ' OR' J I• JN 
'DO' 'SKIP' 'OD' 

• (fj" 

'PR' EJECT 'PR' 
'PRclC' be PW CON" ('PROBl 1' PROBLEM, 'GRID' UG, 

'NET' fORCE, 'NETMAT' STIFF )'VOID': 
tSH BCPC HSI 

'E!.GTN' 'REF' !,]'REAL' NET - NET'OF' UG; 
'IHT' Ll "l'LWB' NET, L2 "2'LWB'NET, 

Bl " l'UPB' NET, B2 • 2'UPB'llET; 
'REAL' H" XH0/(2**(LEVEL'OF'UG)), 

K "YH0/(2**(LEVEL'OF'UG)); 

'PW;C' (' l<EF' 'REAL',' REF'' REAL', 
'REAL','REAL' 'REAL')'VOID' BOUNDARY LO 

" BOUNDARY LO 'OF' PROBLEM; 

':•ROC' B0\lt::JARY SEGMENT " (' IHT' DIRECTION ) 'VOID': 
'J EGIN' •REAL' XO:"" X, YO:• Y, UO;= U, B, C, W; 

'IllT' 10:- I, JO:" J, ND:• 'SIGN' DIRECTION; 

W:" ( 'ABS' DIREl"TION " 1 
' J+:• ND; Y:• YO•J*K; K/2 
' I+:" ND; X:• XO+J*H; H/2 

e 
mgtext 

I 
I 

I 
! 

) ; 

BOUNDARY LO (B,C, (X+XOl/2, (Y+Y0)/2, 
(LIN! 'SIUP' ! ((U:•NltT[I,J)I + 00)/2 ll: 

t It DIIUCHLET: lil-LA!\GE, C•LARGE*llC t ft 
t tt NltUMA!ill : B- 0.0, c- H tu 

STIFF(IO,JO, OJ +:• W*B; 
FORCE [ IO, JO l +:• llf'*C: 
STIFF[! ,J OJ +:• W*B; 
FORCE[! ,J J +:• N*C 

'END'; 

'BOOL' LIN • LINEAR' Of"' PROBLEM; 
'IllT' I:• Ll, J:• L2; 
'REAL' X:• XO+I*H, Y:• YO+J*K, U:- NET[I,JJ; 
'WHILE' I<Bl 'DO' BOUNDARY SEGMENT( 3) '00'; 
'WHILE' J<B2 'DO' BOUNDARY SEGMENT( 1) 'OD'; 
'WHILE' I>Ll 'DO' l!OUNDA!IY SEGMENT(-31 '<XJ'; 
'WHILE' J>L2 'DO' BOUllDAllY SEGHENT(-1) '00' 

'END' 
U!!:f; 
IE$f 

'PROC' BC DIRICH • ('PROBLEM' PROBLEM, 'GRID' U, 
' Pll.' EJECT ' Pll' 

'NET' FORCE, 'NETKAT' STIFF )'VOID': 
f$B BCDIR Bst 

'BEGIN' 'REF'l.J'REAL' NET• lET'OF' U; 
'INT' Ll • l'LWB' NET, L2 • 2'L11B'lll!:T, 

Bl • l'UPB' NET, 82 • 2'UPB'NET: 
'REAL' H - XH0/(2**(LEVEL'OF'Ull, 

K • YH0/(2**(LEVEL'OF'U)); 

'PROC' ('REF'' REAL',' REF'' REAL', 
'REAL' ,'REAL','REAL')'VOID' BOUNDARY LO 

• BOUNDARY LO 'OF' PRGBLEM; 

'PFOC' BOUNDARY SEGMENT• !'IllT' DIRECTION )'VOID': 
'BEGIN' 'INT' ND• 'SIGN' DIRECTION; 

'END'; 

'ABS' DIRECTION• l 
J+:- MD; Y:• YO+J*K 

! I+:• 110; X:• XOtI*H 
); 

I tt DIRICHLET: B-LARGE, C•LARGE*BC t ft 
BOUNDARY LO ( S'l'IFF{I,J,0], FORCE[I,J], X, Y, 

(LIN ' 'SKIP' ! MET[I.J]I ) 

'BOOL' Liii • LINEAR'OF'PROBLEM; 
'IllT' I:• Ll, J:• L:?; 
'REAL' X:• XO+I*H, Y:• YO+J•~; 

BOUNDARY LO ( STIFF[I,J,O], FORCE[I,J], X, Y, 

'WHILE' I<Bl 'DO' 
'WHILE' J<B2 'DO' 

( Lill ! 'SKIP' ! NET[I,J)) ); 
SOUllDAllY SEGMENT( 3) '00' 
BOUNDAAY SEGMENT ( 11 'OD' 
BOUNDAAY SEGMENT (- 3) '00' 
BOUllOAllY SE~NTl-1) 'OD' 

'WHILE' I>Ll 'DO' 
'WHILE' J>L2 'DO' 

'END' 



$Ef; 
tE$f 

• 
CALERKIN OPERATOR CONSTRUCTION 'PR' EJECT 'PR' 

'OP' 'PAP' • ('NETMAT' AFI l'NETMAT': 
f$B RAP BSI 

'BEGIN' 'INT' Ll • (l'LWB'AFI)'OVER'2, Ul ~ (l'UPB'l\FI)'OVER'2, 
L2 • (2'LWB'AFll'OVER'2, U2 • (2'UPB'AFil'OVER'2; 

'Hf.AP' fLJ:Ul,L2:Ul,-3:3J'REAL' ACO; 'ZERO' ACO; 
'IN1' TI,TK,TIM,TKH; 

[1:3,1:1,-3:J]'REAL' FINE; 
'PEF' [I' REAL' 

A • FINEil, 1,@- .1], B • FINE!l, 2 ,@-· JJ. C • FINE (1, 3, @-3]. 
D • nNE[2,1,@-3J. E • FINE[2,2,@-3J, F • FillE[2,3,@-3J. 
,; - FINE[J,l,@ 3], H • FillE[J,2,@-3), J • FINE[3,3,@-3J; 

'f.EF' 'kt,AL' 
AA •Al OJ, AB •A[ lJ, AD •A{ 3], 
BA •B[-1], BB •B[ OJ, BC •B[ l], BD •B[ 2}, BE •B( 3J, 
CB •C f - l J. CC •C [ 0 J, CE •C { 2], CF •C [ 3], 
DA •[l(-3}, DB •Dl-2), DD •D[ OJ, DE •D[ l], DG •D[ 3}, 
EB •E{-3}, EC •E(-2], ED •E{-lJ, EE •E[ OJ, 

EF •E[ ll. EG •E[ 2), EH •E[ 3], 
FC •F(-3}, FE •F[-lJ, FF •FI OJ, FH •F[ 2). FJ •F[ 3}, 
GD •G{-3}, GE •G[-2 j, GG •G: OJ, GH •G[ 1 J. 
HE •H!-ll. HF •H{-2]. HG •Hl-1], HH •H[ OJ, HJ •H[ 1), 
JF •J [ 3], JH •J [ -1 J , JJ •J [ 0] ; 

Tl:• 2•LJ; TY.:• 2*L2; 
FlNE[<, 3, j :• AFI{TI,TK,]; 

I lfJJf tfArO[Ll,L2,0J:• 4*JJ; 
'TC1K' K 'FP.OM' L2+1 ,.TO' U2 
'DO" TKM:• TK; TK:• 2*K; 

FlNF:1·l,l;3,J:• AFl[TI,Ti<M:TK,]; 
f HGGf UACO[Ll.K-1,0] +:• (GH+HG) *2 + 
t tt.J.lt UACO[Ll, K , OJ <:• (JH+HJ) *2 + 
t ttr.. I UACO!Ll,K-J,lJ +:• (GH+HJ)*2 + 
t Jf,Jc.f H/.rO[Ll.K ,-1] +:~ (HG+JH)'2 + 

'OD'; 

'FOR' I 'FROM' Ll+l 'TO' Ul 
'!JO' r:M:• TT; TI:= 2*I; TK:• 7*L2; 

F!NE[l:3,3,J:• AFI[TIM:TI,TK,J; 

HH; 
HH +JJ*4; 
HH; 
HH 

t tlCCf llACO[I-l,L2,0J +:• (CF+FC)*2 +FF; 
f ffJJf ltACO'T ,L2,0} +:= (JF+FJ)*2 +FF+ JJ*4; 
t f ~Jf ftAC0'l-l,L2,3J +:• (CF+FJ)*2 +FF; 
f #>JCI llACO(I ,L2,-3J +:• ( C+JF)*2 + FF; 

'FOR' K 'FROM' L2+1 'TO' U2 
'V0' TKM:~ TK; TY.:~ 2*K; 

FINE (1: 3, 1: 3,] :• AFI [TIH:TI. TKH:TK, J; 
'REF' [)'REAL' A• ACO(l-l,K-1,@-3], 

C - ACO{I-1,K ,@-3], 
G • ACO(I ,K-1,~-3], 

J - ACO(I ,K ,@-)]; 
t ttAAI It A[ OJ+:• BD + DB; 
t tlCCJ it C{ OJ+:• (CE+EC+CF+FCl*2 + EE+FF+BE+EB+EF+FE; 
t UGGI H G[ 0] +: • (GE•EG+GH+HG) *2 + EE+HH+DE+ED+EH+HE; 
I ftJJI II J! OJ+:• JJ*4+ (JF+Fr+JH+HJ1*2 + FF+HH+FH+HF; 
t f#ACf It A( l]+:- BE+DB+DE; 
f UrM H C!-1]+:= EB+BD+ED; 
I ffAGf ff A[ 3J•:• BD•DE+BE: 
I llGAI ft G(-3]+:~ !JB+EDtF,B; 
I UGCI U G(-2J+:~ (Gf.llcC)•2 t EE+HE•DEtHF•DB+F.F+EB; 

e 
mgtext 

f tfCGI ff C[ 2]+:• (EG+CE)*2 + EE+EH+tD+FH+BD+FE+BE; 
I ltGJI It G[ 1]+:• (GH+HJl*2 + HH+EN+HF+EF; 
I flJGf ft J{-1}+:• (HG+JH)*2 + HH+HE+FH+P'E; 
f ttCJt ft C[ 3}+:• (CF+FJ)*2 + FF+EH+EF+FH; 
I tfJCf ft J(-3]+:• (FC+JF)*2 + FF+HE+FE+HF 

1 00' 'OD'; 
'FOR' I 'FROM' Ll 'TO' Ul '00' 
'FOR' K 'FROM' L2 'TO' U2 'DO' 
'FOR' L 'FROM' -3 'TO' 3 'DO' ACO[I,K,L] *:• 0.25 
'OD' 'OD' 'OD'; ACO 

'END' 
fSEt: 
fl!:$t 

ORIENTATION: 

ACO • COARSE 

I I-1 

x v 

FINE 

1 

2 

3 

K-1 

1 

A --
! I 
D --
! I 
G --

K 
y 

2 3 

B -- c 
I I l -1 
E -- F 
! I ! 2 
H J 

-3 

0 
I ! 

3 

-2 

THIS ALGORITHM CAii BE EFFECTUATED BY 81 ADDI~lOllS AHD 
HULTIPLICATIONS BY 0.2~ 

t 
PER COARSE GRID POINT 

SOLVE BY GAUSSIAN ELIMINATION I 

'PROC' SOLVE• ('NETHAT' C, 'NET' U,F)'VOID': 
1$8 SOLVE B$t 
'BEGIN' 'NETMAT' B = C !fl,@1,@l'LWB'C]; 

'NET' RHS • F [@l,@ll; 
'INT' Nl • l'UPB'RHS, N2• 2'UPB'!UIS; 
'INT' N • Nl*N2, S • l'UPB'B, NJ • N2-l; 

'PR' EJECT 'PR' 

I ft S•~ : NINE-STAR ; S•l : SEVEN-STAR I tt 

'PRlO' <> • 4; 
'OP' <> • ('V!.C' A,B) 'VOID': 
'FOR' I 'FROM' 'LWB' A 'TO' 'UPB' A 
'DO' 'REAL' S • A[I]; A{IJ:- B[IJ; BflJ:• S '00'; 

'REF'(,)'REAL' SOLUT • U[.l,@lJ; 
{l:N, l:ll+lJ'REAL' A; 
'-i,;c• V • A[,11+1!; 

'FOR' I 'TO' Nl '00' 
'FOR' J 'TO' N2 'DO' 
'BEGIN' 'INT' K • (I-l)*N2 + J; 

'REF' []'RUL' AK• A{K,], BIJ• B[I,J,f-S); 
'FOR' L 'TO' II 'DO' AK[L}:• 0.0 'Oil'; 
'FOR' Z 'FROM' -S 'TO' S 
'DO' 'IF' I~ l 'AND' Z<--1 'THl:N' 'SKIP' 

'ELIF' I~Nl 'AND' Z> l 'THEM' 'SKIP' 
'ELIF' J~ 1 "AND' (Z~-4 'OR' Z•-1 'OR' Z$ 21 



-
e 

, THEN' I SKIP' 

'ELIF' J=N2 'AND' (Z= 4 'OR' Z= 1 'OR' Z=-2) 
' THEN' ' SKIP' 

'OD'; 

'ELSE' 

'FI' 

AK[ (Z<-1 ! r:+Z-N3 ! : 
:= BIJ[Z] 

AK[N+l] := RHS[I,J] 
'END' 'OD' 'OD'; 

# u 'FOR' K 'TO' N 
'DO' PRINT (NEWLINE); 

'FOR' L •:o' N+l 

Z>l K+Z+N3 

'DO' PRINT( (FLOAT(A[K,LJ, 7, 1,2)," ")) 
'OD' 'OD' ;PRINT((NEWLINE,NEWLINE)); 

¥ u 

K+Z)] 

'PR' EJECT 'PR' 

'FOR' J 'TO' N 

'[;O' 'INT' JPl=J+l; 'INT' PJ:=J; 
'REAL' SI,S:= 'ABS' A[J,J]; 
'FOR' I 'FROM' JPl 'TO' N 

'00'; 

'DO' < (SI:='ABS'A[I,J]) >S ! S:=SI; PJ:=l ) 'OD'; 
(J /= PJ ! A[PJ,] <> A[J,] ); S := A[J,J); 
'FOR' I 'FROM' JPl 'TO' N 
'DO' SI:= A[I,J)/S; 

'FOR' K 'FROM' J 'TO' N+l 
'DO' A[I,K) -:= A[J,K)*SI 'OD' 

'OD' 

'FOR' J 'FROM' N 'BY' -1 'TO' 1 
'DO' V[J] /:= A[J,J]; 

'OD'; 

'FOR' I 'FROM' J-1 'BY' -1 'TO' 1 
'DO' V[I] -:= A[I,J]*V[J] 'OD' 

'FOR' I 'TO' Nl 
'DO' 'FOR' J 'TO' N2 

'DO' SOLUT[I,J] :=V[(I-l)*N2 + J] 'OD' 

e 
mgtext 

'FOR' J 'FROM' L2 'TO' U2 
'DO' ( JJ:= JP; J=U2 ! 'SKIP' ! JP+:= 1 ); 

= MI[JJ,@-3); 'REF' []'REAL' MIJ 
SI[JJ] := FI[JJ] -

( 

MIJ[-1] *UI [JM] 
MIJ[ 2] *UIP (JM] 

MIJ[-3]*UIM(JJ) + MIJ(-2]*UIM[JP] + 
+ MIJ[ O]*UI [JJ] + MIJ( l]*UI [JP] + 
+ MIJ[ 3]*UIP[JJ] ); 

JM:= JJ 
'OD'; 
UIM:= UI 

'OD' ;S 
'END' 
#$E#; 
#E$4 

'OP' * = ('NETMAT' M, 'NET' U)'NET': 
#$8 NETMAT* B$1 
'BEGIN' 'INT' Ll= l'LWB'U, L2= 2'LWB'U, L3= 3'LWB'M, 

Ul= l'UPB'U, 02= 2'UPB'U; 
'HEAP' [Ll:Ul,L2:U2]'REAL' S; 

'PR' EJECT 'PR' 

'REF'( ]'REAL' UIM:=U(Ll,@L2], UI, UIP:=U[Ll,@L2); 
'FOR' I 'FROM' Ll 'TO' Ul 
'DO' ( UI:= UIP; I = Ul ! 'SKIP' ! UIP:= U(I+l,@L2] ) ; 

'REF' [] 'REAL' SI = S [I, @L2] ; 
'REF'[,]'REAL' MI= M[I,@L2,@L3]; 

'INT' JM:= L2, JJ, JP:= L2; 
'FOR' J 'FROM' L2 'TO' U2 
'DO' ( JJ:= JP; J=U2 ! 'SKIP' ! JP+:= 1 ); 

'REF' []'REAL' MIJ 
I REF' I h.EAL' SIJ 

MIJ [-1] *UI (JM] 
MIJ[ 2]*UIP[JM] 

= MI [JJ, @L3]; 
= SI [JJ] := 

+ MIJ[-3)*UIM[JJ) 
+ MIJ( O]*UI (JJ) 
+ MIJ[ J)*UIP[JJ] 

+ MIJ[-2)*UIM(JP) + 
+ MIJ[ l)*UI [JP] + 

'OD' I JM:= JJ 
'END' 'OD'; 
#SEf; UIM:= UI 
U:$# 'OD' ;S 

OPERATOR EVAL!JATION 'PR' EJECT 'PR' 

f ! I ~ ! ! ! ! ! ! ! ! ! ! ! ! ! ! J ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! f 
# EVERYWHERE THE MATRIX DOES NOT DEFINE THE NETMAT M, f 
# ! ! ! ! ! ! ! ! ! ! ! M SHOULD CONTAIN ZEROES ! ! ! ! ! ! !! ! !! ! !! ! i 
#- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! f 

'PROC' RESIDUAL= ('NETMAT' M, 'NET' U,F )'NET': 
#$B RESID B$# 
'BEGIN''INT' Ll= l'LWB'U, L2= 2'LWB'U, 

Ul= l'UPB'U, U2= 2'UPB'U; 
'HEAP' [Ll:Ul,L2:U2j'REAL' S; 

'REF' [ ]'REAL' UIM:= U(Ll,@L2], UI, UIP:= U[Ll,@L2]; 
'FOR' I ' FROM' Ll 'TO' Ul 
'DO' ( 01:= lJIP; I= Ul ! 'SKIP' 'UIP:= U[I+l,@12] ); 

'REF' []'REAL' SI= S[I,@L2], FI= F[I,@L2]; 
']{£!''[,)'REAL' MI~ M[I,@L2,@-3]; 

'INT' JM:= L2, JJ, JP:= L2; 

'END' 
#$Ef; 
#E$4 

RELAXATION METHODS t 'PR' EJECT 'PR' 

'PROC' DIRICHLET RELAX = ('PROBLEM' P, 'REF''GRID' UG, 
'NETMAT' M, 'NET' F) 'VOID' : 

# SUBSTITUTES BOUNDARY VALUES, 
USEFULL IN CASE OF DIRICHLET BOUNDARY CONDITIONS i 

#$B RELAXD B$f 
'IF' 'REF'[, ]'REAL' OMEGA= OMEGA'OF'P; 

'REF'[, ]'F. AL' U = NET'OF'UG; 
OMEGA :=: 'NIL' 

'THEN' 'INT' Ll=l'LWB'U, Ul=l'UPB'U, L2=2'LWB'U, U2=2'UPB'U; 
'FOR' I 'FROM' Ll 'BY' Ul-Ll 'TO' Ul 
'DO' 'FOR' J 'FROM' LZ 'TO' U2 

' DO' U [I , J] : = F [I, J] /M [ I, J, 0] ' OD' 
'OD'; 
'FOR' J 'FROM' L2 'BY' U2-L2 'TO' U2 
'DO' 'FOR' I 'FROM' Ll 'TO' Ul 

El 



- 'DO' U[I,J]:= F[I,J)/M[I,J,0) 'OD' 
'OD' 

'ELSE' 'INT' L = LEVEL'OF'UG; 

'Fl 
f$Fll; 
JfFSi 

'REAL' H = XH0/2**L, K = YH0/2**L; 
'INT' I:= 'ROUND' ((OMEGA[l,1)-XO)/H), 

J:= 'ROUND' ((OMEGA[l,2)-YO)/K), IN,JN,DI,DJ; 
'FOR' S 'FROM' 2 'TO' l'UPB'OMEGA 
·Do' IN:= 'ROUND' ((OMEGA[S,1)-XO)/H); DI:= 'SIGN' (IN-I); 

JN:= 'ROUND' ((OMEGA[S,2)-YO)/K); DJ:= 'SIGN' (JN-J); 
'WHILE' U[I,J):= F[I,J]/M[I,J,0); 

I /= IN 'AND' J /=JN 
'DO' I+:= DI; J+:=DJ 'OD' 

'OD' 

e 

POINT RELAXP.TION PROCEDURES # 'PR' EJECT 'PR' 

f'BOOL' SYMMETRIC:= 'FALSE', BACKWARD:= 'FALSE', 
REVERSE :='FALSE', ZEBRA :='FALSE'; 

'PROC' PGS RELAX = ('NETMl'l.T'M, 'NET' U,F]'VOID': 
#$8 RELPGS BSi 
'BEGIN' # ## POINT GAUSS SEIDEL (PGS) t ## 

'INT' Ll:= l'LWB'U, Ul:= l'UPB'U, STARTl, STEPl, STOPl, 
L2:= 2'LWB'U, U2:= 2'UPB'U, START2, STEP2, STOP2; 

'TO' 
'DO' 

'OD' 
'END' 
#$1:#; 
fF.$# 

( SYMMETRIC ! 2 ! l] 
( BACKWARD STARTl:= Ul; STEPl:= -1; STOPl:= Ll 

STARTl:= Ll; STEPl:= 1; STOPl:= Ul ); 
REVERSE START2:= U2; STEP2:= -1; STOP2:= L2 

START2:= L2; STEP2:= l; STOP2:= U2 ); 

'FOR' I 'FROM' STARTl 'BY' STEPl 'TO' STOPl 
'L·J' 'REF'(] 'REAL' FI= F[I,@L2], UIM= U[(I>Ll!I-l!I),@L2), 

'OD' 

UI= U[I,@L2], UIP= U[(I<Ul!I+l!I),@L2); 
'REF'[,]'REAL' Ml M!-,@L2,@-3); 
'FOR' J 'FROM' STARTZ 'BY' STEP2 'TO' STOP2 
'DO' 'INT' JM= (J>L2!J-l!J], JP= (J<U2!J+l!J}; 

'OD' 

'REF' []'REAL' MIJ = MI[J,@-3]; 

UI[J]:= ( MIJ[-3)*UIM[J]+MIJ[-2J*UIM[JP)+ 
MIJ(-l]*UI [JM] FI[J]+MIJ[ l)*UI [JP)+ 
MIJ[. J*UIP[JM)+MIJ[ 3J*UIP[J) }/ -MIJ[ OJ 

( SYMMETRIC! Ri:VERSE:='NOT'REVERSE; BACKWARD:='NOT'BACKWARD) 

LINE RELAXATION PROCEDURES f 'Pil' EJECT 'PR' 

'JOROC' LGS RELAX 
#SB RELLGS B$1t 

= ('NETMAT'M, 'NET' U,F}'VOID': 

'BEGIN' # #I LINE GAUSS SEIDEL (LGS) I ## 
'INT' ST= ( ZEBRA ! 2 ! 1 ); 
'INT' Ll:= l'LWB'U, Ul:= l'UPB'U, START, STEP, STOP; 

'FOR' K 'TO' ( SYMMETRIC 'OR' ZEBRA ! 2 ! 1) 
'DO' ( BACKWARD ! START := Ul; STEP := -ST; STOP := 11 

! START := Ll; STEP := ST; STOP := Ul ); 

mgtext 

'OD' 
'END' 
l$Ef; 
#E$# 

e 
ZEBRA 

( SYMMETRIC/= 'ODD' (K+START) ! START+:= 'SIGN'STEP ) 
t ## ( SYMMETRIC ! EVEN-ODD ! ODD-EVEN ) HALF STEP # #I); 

'FOR' I 'FROM' START 'BY' STEP 'TO' STOP 
'DO' LINE RELAX ( U[ (I>Ll!I-l!I),), U[I,), 

'OD'; 
(SYMMETRIC 

U( (I<Ul!I+l!I),], FfI,], M[I.,@-3) ) 

BACKWARD:= 'NOT' BACKWARD ) 

'PROC' LINE RELAX= ( 'VEC'UM,U,UP,F,'REF' (,]'REAL'M )'VOID': 
f$B REL1INE B$# 
'BEGIN' 'VEC' B= M(, 1),# ##B[L:K), SUP# #t N 

A= M[, OJ,f t#A[L:K], DIAf it S 
C= M[,-l);f f#C(L:K), SUBt If 

M[,-3), NE= M[,-2], 
M[, 3), SW= M[, 2), 

'END' 
#$E#; 
iE$# 

I ffNOT EXISTING MATRIX ELEMENTS: C[L)= B[K]= 0 !! ! ! !!ff# 

'INT' L='LWB'F, K='UPB'F; [1:K)'REAL' AA; 
( 'UPB'A /= K 'OR' 'UPB'U /= K ! ERROR); 
'INT' I:=L; 'REAL' G:= O, P; AA[L) := 1.0; 

'FOR' J 'FROM' 1 'TO' K 
'DO' AA[J) := A[J) - B[I]* ( P:= C[J)/AA[I) ) ; 

G := F[J] - N[J)*UM[J) -
SW[J]*UP[I] - S[J]*UP[J] - G*P; 

( J<K ! G -:= NE[J]*UM[J+l) ); 
U[ J] := G; I:= J 

'OD'; 
'FOR' J 'FROM' K 'BY' -1 'TO' L 
'DO' U [J] := G := ( U(J] - B[J]*G )/AA[J] 'OD' 

f DAMPED JACOBI RELAXATION # 'PR' EJECT 'PR' 

'PROC' JAC RELAX = ('NETMAT'M, 'NET' U,F)'VOID': 
t $B RE1JAC B$1 
'BEGIN' f ##APPROX.OF JACOBIAN= 2 * DIAGONAL OF JACOBIAN # #f 

'INT' Ll= l'LWB'U, L2= 2'LWB'U, 
Ul= l'UPB'U, U2= 2'UPB'U; 

'HEAP' [Ll:Ul,L2:U2]'REAL' UNEW; 
'REF' ( )'REAL' UIM:= U(Ll,@12), UI, UIP:= U[Ll,@12); 
'FOR' I 'FROM' Ll 'TO' Ul 
'DO' ( UI:= UIP; I= Ul ! 'SKIP' ! UIP:= U[I+l,@L2] ); 

'REF' []'REAL' FI= F[I,@L2); 

'OD' 

'REF'(,)'REAL' MI:= M[I,@L2,@-3); 

'INT' JM:= L2, JJ, JP:= L2; 
'FOR' J 'FROM' 12 'TO' U2 
'DO' ( JJ:= JP; J=U2 ! 'SKIP' ! JP+:= 1 ); 

'REF' []'REAL' MIJ = MI[JJ,@-3]; 
UNEW[l,JJ):= ( MIJ[-3)*UIM[JJ) + MIJ[-2]*UIM[JP) + 
MIJ[-l)*UI [JM) - MIJ( O)*UI [JJ) + MIJ( l)*UI [JP] + 
MIJ( 2]*UIP[JM) + MIJ[ 3)*UIP[JJ) 

JM:= JJ 
'OD'; 
UIM:= UI 

- FI [JJ])/(-2.0*MIJ[O]) 

m 



- U:= UNEW 
'END' 
#$E#; 
#E$# 

• 
# ILU RELAXATION f 'PR' EJECT 'PR' 

'PROC' ILU RELAX ('REF''NETMAT' M, 'NETMAT' A,'NET' U,F)'VOID': 
#$8 RELILUX 8$# 
'BEGIN' ( M :=: 'NETMAT' ('NIL') ! 

M := ILUDECOMP( A) ); 
###THE NOT EFFICIENT VERSION ! !! # ## 
'NET' X = RESIDUAL (A,U,F); 

'INT' Ll= l'LWB'X, L2= 2'LWB'X, 
Ul= l'UPB'X, U2= 2'UPB'X; 

'INT' LlP:=Ll, UlM:=Ul, L2P:=L2, U2M:=U2; 
'REF' []'REAL' XIM := X [Ll, @L2], XI, XIP :=X [Ul, @L2]; 
'FOR' I 'FROM' LlP 'TO' UlM 
'DO' XI:= X[I,@L2]; 

'REF'[,]'REAL' MI= M[I,@L2,@-3]; 
'INT' JM:= L2, JP:=L2P; 
'FOR' J 'FROM' L2P 'TO' U2M 
'DO' ( J<U2 ! JP+:=l ) ; 

'REF' []'REAL' MIJ= MI[J,@-3); 
XI[J] := ( MIJ[-3]*XIM[J]+MIJ[-2)*XIM[JP)+ 

MIJ[-l]*XI [JM) XI [J] )/ -MIJ[O]; 

'OD' 

JM:= J 
1 0D' 
XI!1:= XI 

'FOR' I 'FROM' UlM 'BY' -1 'TO' LlP 
'DO' XI:= X[I,@L2]; 

'Rf:F'[,]'REAL' MI= M[I,@L2,@-3]; 
'INT' JM:= U2M, JP:= U2; 
'FOR' J 'FROM' U2M 'BY' -1 'TO' L2P 
'DO' ( J>L2 ! JM-:=1 ) ; 

'REF' []'REAL' MIJ= MI[J,@-3]; 
XI[J] := -( -XI [J)+MIJ[ l]*XI [JP]+ 

MIJ[ 2]*XIP[JM)+MIJ[ 3)*XIP[J] ); 

'OD' 

JP:= J 
, 8D 1 

XIP:= XI 

'FOR' I 'FROM' LlP 'TO' UlM 'DO' 
'FOR' J 1 FROM' L2P 'TO' U2M 'DO' 

'END' 
#$Et; 
#£$# 

U[I,J]+:= X[I,J] 'OD' 'OD' 

PREPARATION OF ILU RELAXATION # 'PR' EJECT 'PR' 

'PROC' ILU DECOMP = ('NETMAT' A )'NETMAT': 
#$8 ILIJDBC 8$11 
'BEGIN' 'NETMAT' M = A(@l,@l,@-3]; 

'INT' II= l'UP8'M, JJ= 2'UP8'M; 
'HLl\P' [l:II,l:JJ,-3:3]'REAL' AA; 'ZERO' AA; 

I REF'' (,)'REAL' MM3 = M [,, -3 J, L3 = AA[,, -3], 
MM2 = M[,, -2), 12 =AA[,, -2), 

MMl = M[,,-1], Ll = AA[,,-1], 
MO = ti(,, OJ, LO=AA[,, OJ, 

Ml = M[,, 1 J' Ul = AA[,, l]' 
M2 = M[,, 2], U2 = AA[,, 2], 

mgtext 

I END' 
f$Ell; 
#E$f 

• 
M3 = M[,, 3], U3 =AA[,, 3]; 

'REF' ( ]'REAL' MMll = MMl[l,J, 
MOl = MO (1,], 
Mll =Ml [l,@2], 

'REAL' LOlJM:= L01[1] := MOl[l]; 

'FOR' J 'FROM' 2 'TO' JJ 
'DO' LOlJM := LOl[J] := MOl[J) -

Lll [J] := MMll [J] I * · 

Lll=Ll[l,], 
LOl = LO[l,], 
Ull = Ul[l,@2]; 

Ull [J] := Mll [J] I LOlJM # U I.E. L01 [J-l]i U ) 
'OD'; 

'FOR' I 'FROM' 2 'TO' II 
I DO' I INT' IM = I-1; 

'REF' [ )'REAL' 
MOI = MO [I,], LOI = LO[I,], LOIM = 1,0 [IM,], 
MMlI = MMl [I, ] , LlI = Ll [I, ] , LlIM = Ll[IM,@0], 
MM2I = MM2[I,], L2I = L2 [I,], 

MM3I = MM3[I,], L3 I = L3 [I , ] , 
Mll = Ml [I , ] , 
MlIM = Ml [IM,], UlI = Ul[I,], UlIM = Ul [IM, ), 

M2IM = M2[IM,@0], U2IM = U2[IM,@0], 
M3IM = M3 [IM, ], U3IM = U3 [IM, ]; 

'FOR' J 'TO' JJ-1 
'DO' L2I [J] := MM2I[J] - UlIM[J) * 

L3I [J) := MM3I[J] ) ; 

U2IM[J] := ( M2IM[J] - LlIM[J] * 
U3IM[J] := M3IM[J] / LOIM[J] ) )/LOIM[J+l] 

'OD'; 

L3I [JJ]: = MM3I [JJ]; 
U3IM[JJ] := M3I~ [JJ] I LOIM[JJ]; 
LOI [ 1] := MOI [ l] - L3I[l]*U3IM[l] - L2I[1J*U2IM[l]; 

'FOR' J 'FROM' 2 'TO' JJ 
I DO' I INT' JM 

'OD' 

LOI [J] 
LlI[JJ 
UlI[JM] 

J - 1: 
:= MOI [J] -
:= MMlI[J] - L3I[J]*U2IM[JM] )* 
:=(MlI[JM] - L2I[JM]*U3IM[Jj)/LOI[JM] 

( J=JJ ! 0.0 ! L2I[J)*U2IM[J] 
L3I[J)*U3IM[J] 

'OD'; 
AA[@(l'LW8'A),@(2'LWB'A),@-3] 

t ILLU RELAXATION # 'PR' EJECT 'PR' 

'PROC' SOLL= ('INT' I, 'NETMAT' DEC, 'NET' R)'VOID': 
#$8 SOLL B$f 

'BEGIN' 'REF' []'REAL' L 
D 

u 
z 

'INT' LL = 'LWB' 

DEC[I, '-1], 
DEC[I, 

' 
OJ, 

DEC[I, , 1], 
R [I, ]; 

Z, UU = 'UPB' Z; 

'FOR' J 'FROM' LL+l 'TO' UU 'DO' Z[J]+:= L[J]*Z[J-1] 'OD'; 
'FOR' J 'FROM' LL 'TO' UU 'DO' Z[JJ/:= D[J) 'OD'; 
'FOR' J 'FROM' UU-1 'BY' -1 'TO' LL 'DO' Z[J]+:= U[J)*Z[J+l] 'OD' 

'END' 

El 



-#$E#; 
#E$# 

e 

'PROC' ILLU RELAX= ('REF''NETMAT' DEC,'NETMAT'JAC, 'NET' U,F}'VOID': 
#$8 ILLUR B$# 

'BEGIN' 'INT' Ll= l'LWB'U, Ul= l'UPB'U, L2= 2'LWB'U, U2= 2'UPB'U; 
( 'NETMAT' (DEC} :=: 'NETMAT' ('NIL'} ! ILLUDEC (JAC,DEC) } ; 
[Ll:Ul,L2:U2]'REAL' DU,RH; 

'F.ND' 
#SE#; 
#l:$# 

RH:= RESIDUAL (.JAC, U, F); 
SOLL(Ll, DEC, RH); 
'FOR' I 'FROM' Ll+l 'TO' Ul 
'DO' 'FOR' J 'FROM' L2 'TO' U2 

' DO' RH [I, J) - : = JAC [I, J, - 3 J *RH [I -1, J ] + 
( J<U2 ! JAC[I,J,-2]*RH[I-l,J+l) ! 0.0 } 

'OD'; 
SOLL (I, DEC, RH} 

'OD'; 
DU[Ul,] :=RH[Ul,]; 
'FOR' I 'FROM' Ul-1 'BY' -1 'TO' Ll 
'DO' 'FOR' J 'FROM' L2 'TO' U2 

'OD'; 

'DO' DU[I,JJ := JAC[I,J, 3]*DU[I+l,J ] + 
( J>L2 ! JAC[I,J, 2]*DU[I+l,J-l] ! 0.0} 

'OD'; 
SOLLiI,DEC,DU); 
'FOR' J 'FROM' L2 'TO' U2 
'DO' DU[I,J] := RH[I,J] - DU[I,J] 'OD' 

'FOR' I 'FROM' Ll 'TO' !Jl 'DO' 
'FOR' ,T 'FROM' L2 'TO' U2 'DO' 

U[I,J]+:= DU[I,J] 
'OD' 'OD' 

'PROC' JLLUDEC = ('NETMAT' JAC, 'REF''NETMAT' DECOMP }'VOID': 
#$B ILLULl B$# 

'BEGIN' 'INT' Ll= l' LWIJ' JAC, Ul= 1' UPB' JAC, 
L2= 2'LWB'JAC, U2= 2'UPB'JAC; 

'INT' IP; 
'REAL' DD,LL,II,L DINV U; 
[L2:U2,-l:+l]'REAL' D; 
[L2:U2,-2:+2]'REAL' DINV; 
[L2:U2,-1:+2]'REAL' L DINV; 
'HEAP' [Ll :Ul, L2 :U2, -1: +l]' REAL' DEC; 

D[L2:U2, -1:+1] := JAC[Ll,L2:U2, -1:+1]; 

OD:= DEC[L1,L2,0]:= D[L2,0]; 
'FOR' J 'FROM' L2 'TO' U2-1 
'DO' DEC[Ll,J ,+l):= -D[J ,+1]/DD; 

'OD': 

DEC[Ll,J+l,-lJ:= LL:=-D[J+l,-lj/DD; 
DEC[Ll,J+l, OJ:= OD:= D[J+l, OJ + D[J,1]*11 

'FOR' I 'FROM' Ll 'TO' U'-1 
'DO' IP:= I+l; 

DINV[U2,0) :=II:= 1.0/DEC[I,U2,0]; 
'FOR' J 'FROM' 02-1 'BY' -1 'TO' L2 
'DO' DlfN[ J,0]:= II:= 1.0/DEC[I, J,0] + 

II * DEC[I,J,l]*DEC[I,J+l,-1] 
'OD'; 

mgtext 

e 

'FOR' K 'TO' 2 ' DO' 
'FOR' J 'FROM' U2 'BY'-1 'TO' L2+K 'DO' 

DINV[J ,-K]:= DINV[J ,l-K]*DEC[I,J-K+l,-1]: 
DINV[J-K, K) := DINV[J-K+l,K-l]*DEC[I,J-K ,+1] 

'OD' 'OD'; 

'FOR' K 'FROM' -1 'TO' 2 'DO' 
'FOR' J 'FROM' L2+(K=-1!1!0) 'TO' U2-(K=2!2!1) 
'DO' L DINV[J ,K] := JAC[IP,J ,-3]*DINV[J ,K ] + 

JAC[IP,J ,-2J*DINV[J+l,K-l] 
'OD' i 

( K<l 
1 DINV[U2,K] := JAC[IP,U2,-3]*DINV[U2 ,K 

'OD' i 

'FOR 1 K 'FROM' ~l 'TO' 1 'DO' 
'FOR' J 'FROM' L2+(K=-1'1!0} 'TO' 02-(K=l!l!O} 
'DO' 1 DINV 0 := 1 DINV[J,K ]*JAC[I,J+K ,3]; 

1 DINV U+:= L DINV[J,K+l]*JAC[I,J+K+l,2) 
D[J,K) := JAC[IP,J,K] - 1 DINV U 

'OD' 'OD'; 

DD: = DEC [IP, L2, 0] : = D [ L2, 0] ; 
'FOR' J 'FROM' L2 'TO' U2-1 
'DO' DEC[IP,J ,+1]:= -D[J ,+l)/DD; 

(<J+K<02 
}; 

DEC[IP,J+l,-1) := 1L:=-D[J+l,-1]/DD; 
DEC[IP,J+l, OJ:= DD:= D[J+l, OJ + D[J,l]*LL 

'OD' 'OD'; 
DECOMP:= DEC 

'END' 
#$E#; 
iE$# 

OTHER POINTWISE RELAXATION # 

'INT' TH RELAX STRATEGY := l; 

'PROC' TH RELAX 
#$B RELTH B$# 

= ('NETMAT'M, 'NET' U,F}'VOID': 

'BEGIN' 'INT' Ll= l'LWB'U, L2= 2'LWB'U, 
Ol= l'OPB'U, 02= 2'UPB'U, 
START= 'ABS' TH RELAX STRATEGY; 

'FOR' COLOR 'FROM' START 
'BY' 'SIGN' TH RELAX STRATEGY 
'TO' START + 2 

'PR' EJECT 'PR' 

'DO" REF' []'REAL' UIM:= O[Ll,@12], UI, UIP:= U[Ll,@L2]; 
'FOR' I 'FROM' 11 'TO' Ul 
'DO' ( UI:= UIP; I= Ul ! 'SKIP' ! UIP:= U[I+l,@L2] }; 

'REF' []'REAL' FI= F[I,@L2]; 
'FSF' [, J' REAL' MI:= M[I,@L2,@-3]; 

'INT' JM:= L2, JP:= U2; 
'FOR' J 'FROM' L2+((COLOR+I)'MOD'3}'BY' 3 'TO' U2 
'DO' ( J=L2 ! 'SKIP' ! JM:= J-1 ) ; 

( J=02 ! 'SKIP' ! JP:= J+l } : 

'REF' []'REAL' MIJ = MI[J,@-3]; 
UI[J) := ( MIJ(-3j*UIM[J] + MIJ[-2j*UIM[JP] + 
MIJ[-l)*UI [.JM] FI [J) + MIJ[ l]*UI [JP] + 
·•IJ[ 2]*UIPfJM] + MIJ[ 3]*!JIP[J] )/ -MIJ[ 0) 

'uD'; 

tn11 



•t 
'OD' 'OD' 

'END' 
#$E#; 
#ESi 

UIM:= '1I 

e 

I PR' EJECT , PR' 

'PROC' FOUR COLOR RELAX= 'REF' [,]'INT': 
'hEAP' [1:4,1:2]'INT' := ((0,1}, (1,0}, (1,1), (0,0)}; 

'REF' [,] 'INT' CH RELAX STRATEGY:= FOUR COLOR RELAX; 

'PRCC' CH RELAX = ('NETMAT'M, 'NET' U,F)'VOID': 
#$8 REI.CH 8$# 
'BEGIN' 'INT' Ll= l 1 LWB'U, L2= 2 1 LWB'U, 

Ul= l'UP8'U, U2= 2'UPB'U; 
(L2:U2]'REAL' DUMMY; 'ZERO' DUMMY; 

'FOR' S 'TO' l'UPB' CH RELAX STRATEGY 
'DO' 'JNT' Cl= CH RELAX STRATEGY[S,l], 

C2 = CH RELAX STF.ATEGY[S,2]; 
'REF' [ ]'REAL' UIM, UI, UIP; 
'FOR' I 'FROM' Ll+Cl 'BY' 2 'TO' Ul 
'DO' UI:= U[I,@12] 

UIM:= ( I=Ll DUMMY! U[I-l,@12]); 
UIP:= ( I=Ul DUMMY ! U[I+l,@L2]}; 

'REF' []'REAL' FI= F[I,@L2]; 
' REF' [, ] ' REAL' MI : = M [I, @12, @ - 3] ; 

'INT' JM:= L2, JP:= L2; 
'FOR' J 'FROM' L2+C2 'BY' 'TO' U2 
'DO' ( J=U2 ! 'SKIP' ! JP := ,Hl ) ; 

'REF' (]'REAL' MIJ = MI[J,@-3]; 
UI(J) := ( MIJ[-3]*UIM[J] + MIJ[-2]*UIM[JP] + 
MIJ[-l]*UI [JM] FI [J) + MIJ[ l]*UI [JP] + 
MIJ[ 2)*UIP(JM] + MIJ[ 3]*UIP[J) }/ -MIJ( OJ 

'OD'' OD' 
'END' 
#$E#; 
#E$# 

JM:= ,Tp 

'OD'; 
UlM:= UIP 

'"RID STYLE PPOCEDURES 'PR' EJECT 'PR' 

'PROC' SOLV, DIRECTLY 
#SB SOLVED B$il 

('REF''GRID' U, 'GRID' F)'VOID': 

SOLVE (JACOBIAN[LEVEL'OF'F],NET'OF'U,NET'OF'F) 
#$E#; 
#E$i 

'OP' 'NORM' = ( 
#$B NRMG B~# 

'GRID'A} []'REAL': 

'TRUE'' NORM' A 
#SE#; 
#ES# 
'OP' 'NORM' = (' BOOL' TRUE, 'GRID' A) []'REAL': 
#SB NRMGRID B$# 

TRUE 'NORM'N~T'OF'A 

#SE#; 
H:$# 
'OP' 't:RRCRNORM' 
#$8 NRMGERR 8$# 

('GF.ID' U ) []'REAL' : 

'TRUE' 'NORM' (U- SOLUTION) 

e 
mgtext 

f 

#$El: 
fE$# 
'OP''RESIDUALNORM' = ('GRID' FG, UG} (]'REAL': 
#$8 NRMRESD B$f 

RESIDUALNORM(JACOBIAN[LEVEL'OF'FG],NET'OF'FG,NET'OF'UG) 
#$E#; 
fE$# 

'OP' * 
#$B NET** 

#$Ei; 
fESi 

('NETMAT' M, 'GRID' U)'NET': 
B$# 

M*NET'OF'U 

'PROC' RESIDUAL GRID= ('GRID' U,F )'GRID': 
i$B RESGR 8$# 

#$E#; 
#EH 

'OP' 'LH' 
#$B LH 

F - 'LH' U 

('GRID' U)'GRID': 
Bst 
(LEVEL'OF'U, JACOBIAN[LEVEL'OF'U]*(NET'OF'U)) 

#$E#; 
#E$i 

CENTRAL PROCEDURES GRID STYLE # 'PR' EJECT 'PR' 

I ************************************************************** i 
# ********* GLOBAL PARAMETERS FOR GRID STYLE ******** # 
# ************************************************************** t 

'PROC' PROLONGATE := ('GRID' A)'GRID': 
(LEVEL'OF'A+l,LIN INT POL(NET'OF'A)) 

'PROC' INTERPOLATE:= ('GRID' A)'GRID': 
(kVEL' OF' A+l, SQR INT POL (NET' OF' A)} 

'PROC' RESTRICTBAR:= ('GRID' A}'GRID': 
(LEVEL'OF'A-1,LIN WEIGHT(NET'OF'A)) 

'PROC' RESTRICT := ('GRID' A)'GRID': 
(LEVEL'OF'A-1,INJECTION (NET'OF'A)) 

'PROC' RELAX := ('REF''GRID' U, 'GRID' F)'VOID': 
('INT' L = LEVEL'OF' F; ( L /= LEVEL'OF'U ! ERROR); 

ILU! ILURELAX (LBCOMP[L], JAC08IAN[L), 
NET'OF'U , NET'OF'F 

LGSRELAX ( JACOBIAN(L],NET'OF'U,NET'OF'F) ); 

'PROC' MG FAS= ('INT' L, 'REF' []'GRID' U,F)'VOID': 
#$8 MGFAS B$f 
'IF' L = 0 
'THEN' SOLVE DIRECTLY (U[O],F(O]) 

'ELSE' 'TO' P 'DO' RELAX (U [L], F [L]) 'OD'; 

'GRID' Y =RESTRICT ( U[L) ); 

;REP (0, 0) 

REP (1, L); 

# ## OR Y = 'COPY' U[L-1); # ## 
F(L-1] := 'LH' Y + RESTRICTBAR( 

RESIDUAL GRID U(L], F(L] ))/MU; 
REP(2,L-1); 

'TO' ( L=l ! 1 ! S) 'DO' MG FAS (L-1,U,F) 'OD'; 
U[L] +:=MU * PROLONGATE (U(L-1]-Y); 

REP(3,L); 

Ill 



-
'FI' 
1$Et; 
fE$J 

'TO' Q 'DO' RELAX(U(L],F(L]) 'OD' 

'PROC' MGCS= ('INT' L, 'REF'[]'GRID' U,F)'VOID': 
#$B MGCS B$# 
'IF' L = 0 
'THEN' SOLVE DIRECTLY (U[OJ,F(O)) 

'ELSE' 'TO' P 'DO' RELAX(U[L],F[L)) 'OD'; 

'IF' S > 0 

e 

;REP(4,L) 

;REP (0, 0) 

REP(l,L); 

'THEN' F[L-1]:= RESTRICTBAR( RESIDUAL GRID( U[L], F[L] )); 
'ZERO' U [L-1]; 

'FI' 
f$EJ; 
fE$# 

REP (2, L-1); 
'TO' (L=l ! 1 ! S) 'DO' MG CS(L-1,U,F) 'OD'; 
U{L] +:= PROLONGATE (U{L-lJ) 

'TO' Q 'DO' RELAX(U[L],F[L]) 'OD' 

;REP(3,L) 
,FI'; 

;REP(4,L) 

'PROC' FMGG =('PROBLEM' PROBLEM, 'REF' []'GRID' U,F)'VOID': 
#$B FMGG B$# 
'BEGIN' # i# EXPECTS [O:M]'GRID' U; U[O] = STARTAPPROX. 

'BOOL' LIN= LINEAR'OF'PROBLEM; 
tu 

'END' 
#$F.#; 
ilE~# 

'INT' L = 'UPB'U; 
[1:3J'REAL' RES; 
JACOBIAN:= 'HEAP' [O:L}'NETMAT'; 
DECOMP :='HEAP' [O:L]'NETMAT'; 

'FOR' I 'FROM' 0 'TO' L 
'DO' LEVEL'OF'F[IJ:= I; 

DECOMP [I):= 'NETMAT' ('NIL') 
'OD'; 

DIS<RETIZATION (PROBLEM, U[O),NET'OF'F[O),JACOBIAN[O)); 
SOLVE DIRECTLY (U[O],F[O]); 
GOON FMGG ( U[O], F[O], RES); 

REP (12,0); 
'FOR' K 'TO' L 
'uO' U[K]:= INTERPOLATE (U[K-1]); 

'OD' 

REP (11,K); 
DISCRETIZATION (PROBLEM,U(K],NET'OF'F[K],JACOBIAN[K]); 
( PR >= 0 
! DIRICHLET RELAX(PROBLEM,U[K],JACOBIAN[K],NET'OF'F[K]); 

'TO' PR 'DO' RELAX(U(K],F[K]) 'OD' 
); 

REP (13, K); 
'TO' R 'WHILE' 

(LIN ! MG CS (K,U,F) ! MG FAS (K,U,F)); 
GOON FMGG ( U[K], F[K], RES ) 

'DO' 'SKIP' 'OD' 
;REP (12,K) 

• PtWr' C~OON FMGGl ('GRID' U,F, 'REF' []'REAL' RES) 'BOOL': 

e 
mgtext 

I 1$8 FMGGl B$1 
'BEGIN' 'INT' K = LEVEL'OF'U; 

'END' 
f$Ef; 
tE$t 

'GRID' RESID =RESIDUAL GRID (U,F); 
(]'REAL' RESN = 'FALSE''NORM' RESID; 
PRINT ( (NEWLINE, " LEVEL ",WHOLE (K, 0) ) ) ; 
FL('ERRORNORM'U);FL(RESN); 
( K > 0 ! FX(RES,RESN) ); 
RES:= RESN; RESN(3] > 1.0E-12 

I CENTRAL PROCEDURES NEW STYLE I 'PR' EJECT 'PR' 

• 
f ************************************************************** f 
t ********* GLOBAL PARAMETERS FOR THE MG-ALGORITHM ******** I 
I ************************************************************** f 

'~OOL' !LU:= 'FALSE'; 
'INT' P:= 1, S:= 2, Q:= 1, R, PR:= 0; R:= S; 'REAL'MU:= 1.0; 

'OP' 'I' =('NET' N)'NET': SQR INT POL(N); 
'OP' 'P' = ('NET' N)'NET': LIN INT POL(N); 
'OP' 'R' = ('NET' N)'NET': INJECTION (N); 
'OP' 'RBAR'= ('NET' N)'NET': LIN WEIGHT (N); 

'PROC' RELAX NET := 
('REF''NETMAT' D,'NET' M, 'NET'U,F )'VOID': LGS RELAX(M,U,F); 

'PROC' MLA FAS= ('INT'L,'REF' []'NETMAT'D,J,'REF' []'NET' U,F)'VOID': 
l$B MLAFAS B$t 
'IF' L = 0 
'THEN' SOLVE (J[O] ,U [OJ, F (OJ) ;REP (0, 0) 
'ELSE' 'TO'P 'DO' RELAX NET(D[Ll,J[L),U[L),F[L))'OD' ;REP(l,L); 

'FI' 
#$El; 
fE$# 

'NET' Y = 'R' U[L]; # #f OR 'COPY' U[L-1] i It 
F(L-1]:= J(L-l]*U[L-1] + 

'RBAR' (RESIDUAL (J[L],U[L],F[L])/MU); 
REP(2,L-l); 

L=l 
SOLVE (J(OJ,U(O],F[O]) 
'TO' S 'DO' MLA FAS(L-1,D,J,U,F) 'OD' 

); 
U(LJ +:=MU * 'P' (U[L-1]-Y); REP (3, L); 

'TO'Q 'DO' RELAX NET(D[L],J[L],U(L],F(L])'OD';REP(4,L) 

'PROC' MLA CS= ('INT'L,'REF' []'NETMAT'D,J,'REF' []'NET' U,F)'VOID': 
f$B MLACS B$f 
'IF' L = 0 
'THEN' SOLVE (J(O],U(O],F[O]) ;REP(O,O) 
'ELSE' 'TO'P 'DO' RELAX NET(D[L],J(L],U(L],F[L])'OD';REP(l,L); 

'FI' 
#$Ef; 

F[L-1]:= 'RBAR' RESIDUAL (J[LJ,U(L],F[L]); 
'ZERO' U[L-1]; REP(2,L-1); 
( L=l 
! SOLVE (T(O],U(O],F[O]) 
! 'TO' S 'DO' MLA CS (L-1,D,J,U,F) 'OD' 
); 

U[L] +:= 'P' U[L-1}; REP(3,L); 
'TO'Q 'DO' RELAX NET(D[L],J[L],U[L],F[LJ)'OD' ;REP(4,L) 

m 



-
e 

#E$!! 
'PR' EJECT 'PR' 

'PROC' FMG =('PROBLEM' PROBLEM, 'REF' []'GRID' UG)'VOID': 

~$8 FMG B$# 
3EGIN' # ##EXPECTS [O:M]'GRID' UG; UG[O]= STARTAPPROX. # ## 

'BOOL' LIN= LINEAR'OF'PROBLEM; 

'END' 
~SE#; 

#ES# 

'INT' L = 'UPB'UG; 
[1:3]'REAL' RES; 
[O:L] 'NETt,'.AT' JAG, DEC; 

'FOR' I 'FROM' 0 'TO' L 
'DO' DECOMP [I]:= 'Nf ,JAT' ('NIL') 'OD'; 

[O:L] 'NET' F; 'REF'(] 'NET' U= NET'OF'UG; 

DISCRETIZATION(PROBLEM, UG[O],F[O),JAC[O]); 
SOLVE (JAC[O],U[O',F[O]); 
GOON FMG (JAC[O], U[O], F[O), RES ); 

'FOR' K 'TO' L 
'DO' UG[K] := 'GRID' (K,'I' U[K-1)); 

REP (12,0); 

REP (11,K); 
DISCRETIZATION (PROBLEM,UG[K),F[K],JAC(K)); 

I CJ' 

( PR >= 0 
! DIRICHLET RELAX (PROBLEM,UG[K),JAC[K),F[K)); 

'TO'PR'DO' RELAX NET(DEC[K),JAC[K],U[K),F[K))'OD' 
) ; 

1 TO' R I WHILE' 
( LIN I MLA CS (K,DEC,JAC,U,F) 

! MLA FAS(K,DEC,JAC,U,F)); 
GOON FMG (JAC(K], U[K], F[K], RES 

, DG' , SKIP' I CD' 

REP (13,K); 

;REP (12,K) 

11 NAG CONTRIB!JTION THE MORE EFFICIENT VERSION 'PR' EJECT 'PR' 

• PROC' ADD INT POL = ('NET' FI!~E,NET ) 'VOID': 
#$B AIP ll$# 
'BEGIN' 'INT' Ll = l'LWB'NET, L2 = 2'LWB'NET, 

Bl = l'UPB'NET, B2 = 2'UPB'NET; 
'1N1" JJ; 'REAL' U2,U3,U4; 

'REF' (]'REAL' UIP= NET[Ll,@L2], 
UPP= FINE[2*Ll,@2*L2); 

JJ:= 2*L2; UPP[JJ]+:=(U4:=UIP[L2)); 
'FOR' JP 'FROM' L2+1 'TO' B2 
'DO' U3:= U4; U4:= UIP[JP); 

UPP[JJ+:=l]+:= (U3+U4)/2; 
UPP[JJ+:=l)+:= U4 

'OD'; 
'FOR' IP 'FROM' Ll+l 'TO' Bl 
'DO' 'REF' []'REAL' UI = NET [ IP-1 , @ L2), 

UIP =NET [IP ,@ L2], 
UMM = FINE[2*IP-l,@2*L2], 
UPP = FINE[2*IP ,@2*L2); 

JJ:= 2*L2; U2:= UI[L2); U4:= UIP[L2); 
UMM[J,J) := (U2+U4)/2; nPP[JJ) := U4; 
'FOR' JP 'FROM' L?+l 'TO' B2 
'DO' JJ+:= l; ll2:= UI [JP); 

U3:= U4; U4:= UIP[JP]; 
UMM[JJ)+:= (U2+U3)/2; 

mgtext 

1 END' 
#SE#; 
#E$f 

'OD' 
'OD' 

UPP[JJ]+:= 
JJ+:= l; 
UMM[JJ]+:= 
UPP[JJ]+:= 

e 
(U3+U4)/2; 

(U2+U4)/2; 
U4 

'PR' EJECT 'PR' 

'PROC' WEIGHT RES= ('NETMAT'M,'NET'U,F,COARSE)'VOID': 
#$8 WR B$J 
'BEGIN' 'INT' Ll = (l'LWB'F), L2 = (2'LWB'F), 

Ul = (l'UPB'F), U2 = (2'UPB'F); 
'INT' NLl = Ll'OVER'2, NL2 = L2'0VER'2, 

NUl = Ul'OVER'2, NU2 = U2'0VER'2; 
'BOOL' U IS ZERO= 'FALSE'; 
'INT' II,IM,IP, JJ,JM,JP; 
[L2:U2)'REAL' SIM,SII,SIP,ZERO; 'ZERO' ZERO; 'ZERO' SIM; 

'FOR' I 'FROM' NLl 'TO' NUl 
'DO' II:= 2*I; IP:= II+l; IM:= II-1; 

'REF' []'REAL' er= COARSE[I,@NL2]; 
'IF' UIS ZERO 
'THEN' SII:= F[II,@L2]; SIP:= F[IP,@L2) 
'ELSE' 

'FOR' I 'FROM' II 'TO' IP 
'WHILE' I <= Ul 
'DO' 'REF' [] 'REAL' UIM (I=L1!ZERO!U[I-1,@L2]), 

ur 
UIP 
SI 
FI 

U(I ,@L2] , 
(I=U1!ZERO!U(I+l,@L2]), 
(I=II!SII 1SIP), 
F[I,@L2]; 

'REF' [,]'REAL' MI = M[I,@L2,@-3]; 

'INT' JM, JJ:= L2, JP:= L2; 
'FOR' J 'FROM' L2 'TO' U2 
'DO' (JM:= JJ; JJ:= JP; J=U2 ! 'SKIP' 

'REF' []'REAL' MIJ = MI{JJ,@-3]; 
SI[JJ]:= 

JP+:= 1 ); 

FI[JJ] - ( MIJ[-31*UIM[JJ)+MIJ[-2J*UIM[JP]+ 
MIJ[-l]*UI [JM]+MIJ[ 0 IJI [JJ]+MIJ[ l]*UI [JP]+ 
MIJ[ 2)*UIP[JM]+MIJ[ 3J UIP[JJ) ) 

'OD' 
'OD' 

'FI'; 

JM:= JP:= L2+1; 
CI[NL2) := ( SIM[L2]+SIM[JP] 

+SII [JP] 
+SIP[L2) )*0.5 + SII[L2]; 

'FOR' J 'FROM' NL2+1 'TO' NU2-1 
'DO' JM:= JP; JJ:= JM•l; JP:= JJ+l; 

CI[J) := ( SIM[JJ]+SIM[JP) 
+SII[JM] +SII[JP] 
+SIP[JM)+SIP[JJ) )*0.5 + SII[JJ) 

'OD'; 
CI[NU2) := ( SIM[U2] 

+SII [JM] 
+SIP [JM) +SIP [U2) )*0.5 + SII[IJ2]; 

SIM:= SIP 
'OD' 

lfml 



-'END' 
t$Ei; 
#ES# 

e 

'PR' EJECT 'PR' 

'PROC' REDUCE= ('NETMAT' AFl,'REF''NETMAT' ACO, 
'NET' FFI,'REF''NET' FCO,UCO)'VOID': 

t~B REDUCE B$f 
'BEGIN' 'INT' Ll = (l'LWB'AFI)'OVER'2, Ul = (l'UPB'AFI)'OVER'2, 

L2 = (2'LWB'AFI)'OVER'2, U2 = (2'UPB'AFI)'OVER'2; 
ACO:='HEAP' [Ll:Ul,L2:U2,-3:3)'REAL'; 
FCO:='HEAP' [Ll:Ul,L2:U2 ]'REAL'; 
UCO:='HEAP' [Ll:Ul,L2:U2 ]'REAL'; 'ZERO' UCO; 

'REAL' Q= 0.25; 
'INT' TI,TIP,TK,TKP; 
'REAL' FFB,FFD,FFE; 

(1:3, 1:3,-3:3] 'REAL' FINE; 
'REF' ()'REAL' 

A= FINE[l,l,@-3], B 
D = FINE[2,1,@-3], E 
G = FINE(3,l,@-3], H 

I REF' I REAL' 
AA =A[ O], AB =A[ lJ, 
BA =B[-lJ, BB =B[ OJ, 
CB =C[-lJ, CC =C[ OJ, 
DA =D[-3], DB =D[-2), 
EB =E[-3J, EC =E[-2J, 

Fr =F[-3], FE =F[-1], 
GD =G[-3], GE =G[-2], 
HE =H[-3], HF =H[-2], 
JF =J[-3], JH =J[-1], 

FINE[l,2,@-3], C = FINE[l,3,@-3J, 
FINE[2,2,@-3], F = FINE[2,3,@-3], 
FINE(3,2,@-3), J = FINE(3,3,@-3]; 

AD =A[ 3], 
BC =B[ l], BD =B[ 2], BE =B[ 3], 
CE =C[ 2J, CF =C[ 3], 
DD =D[ OJ, DE =D[ l], DG =D( 3], 
ED =E[-lJ, EE =E[ OJ, 
EF =E( l], EG =E[ 2], EH =E[ 3], 
FF =F( OJ, FH =F[ 2], FJ =F( 3], 
GG =G[ OJ, GH =G[ lJ, 
HG =H[-1], HH =H[ OJ, HJ =H[ 1], 
JJ =J[ O]; 

'ZERO' FCO[Ll,]; 'ZERO' ACO[ Ll, ,]; 

'FOR' I 'FROM' Ll 'TO' Ul-1 
'DO' TI:= I+I; TIP:= TI+2; 

FCO[I-t l, L2] : = 0; 'ZERO' ACO[I+l, L2, J; 

'FOR' K 'FROM' L2 'TO' U2-l 
'DO' TK:= K+K; TKP:= TK+2; 

FFD:= FFI! I+l,TK J; 
FFB:= FFI[TI ,TK+l]; 
FFE:= FFI[TI+l,TK+l]; 

((FCO[I ,K ]+:= FFD+FFB)*:= 0.5)+:= FFI[TI,TK]; 
FCO[I+l,K ] := FFD+FFE; 
FCO[I ,K+l]+:= FFB+FFE; 

FINE[1:3,1:3,]:= AFI(TI:TIP,TK:TKP,]; 
'REF' (]'REAL' A= ACO(I ,K ,@-3], 

C = ACO[I ,K+l,@-3], 
G = ACO[I+l,K ,@-3], 
J = ACO[I+l,K+l,@-3J; 

t ##AA# ##((A[ 0]+:= 
(AB+BA+AD+DA)*2+ BB+DD+BD+DB )*:=Q)+:=AA; 

i llCCf ii C[ OJ+:= (CE+EC+CB+BC)*2+ EE+BB+BE+EB+EF+FE; 
# ##GGf I# G[ OJ+:= (GE+EG+GD+DG)*2+ EE+DD+DE+ED+EH+HE; 
# ##JJf ## J[ OJ := FH+HF; 
# ##AC# ##(A[ l]+:= (AB+BC)*2+ BB+BE+DB+DE)*:=Q; 
# t!CAf ##( C[-lJ+:= (BA+CB)*2+ BB+EB+BD+EDJ*:=Q; 
t ##AG# 4#( A[ 3]+:= (AD+DG)*2 +DD+BD+DE+BE)*:=Q; 
# ##GA# ##( G[-3)+:= (DA+GD)*2 +DD+DBtED+EB)*:=Q; 
# i#GCi ii( G(-2] := (GE+EC)*2 + EE+HE+DE+HF+DB+EF+EB)*:=Q; 

mgtext 

e 
# f#CGf ft( C[ 2] := (EG+CE)*2 + EE+EH+ED+FH+BD+FE+BE)*:=Q; 
I UGJll U G[ 1] := EH+HF+EF 
t ftJGf tf J(-1] := HE+FH+FE 
t HCJf H C[ 3] := EH+EF+FH 
t UJCll U J(-3] := HE+FE+HF 

'OD'; 
FFD:= FFI[TI+l,TKP ]; 

((FCO[I ,U2J+:= FFD)*:=0.5)+:= FFI[TI,2*U2]; 
FCO[I+l,U2J := FFD; 

FINE[1:3,l,] := AFI[TI:TIP,TKP,J; 
'REF' []'REAL' A= ACO[I ,U2,@-3], 

G = ACO[I+l,U2,@-3]; 
f ftAAi ff((A[ OJ+:= (AD+DA)*2 + DD)*:= Q)+:=AA; 
# #IGGf ill G[ OJ+:= (GD+DG)*2 + DD; 
II ffGAf ff( G[-3]+:= (GD+DA)*2 + DD)*:=Q; 
# #fA('# t#( A[ 3]+:= (AD+DG)*2 + DD)*:=Q; 

G[-2J := G[ 1] := 0.0 
'OD': 

'FOR' K 'FROM' L2 'TO' U2-1 
'DO' TK:= K+K; TKP:= TK+2; 

FFB:= FFI(2*Ul,TK+l]; 
((FCO[Ul,K ]+:= FFB)*:=0.5)+:= FFI(2*Ul,TKJ; 

FCO(Ul,K+l]+:= FFB; 
FINE[l,1:3,]:= AFI[TIP,TK:TKP,]; 

'REF' []'REAL' A= ACO[Ul,K ,@-3], 
C = ACO(Ul,K+l,@-3]; 

f flAAf ff((A[ OJ+:= (AB+BA)*2 + BB)*:= Q)+:=AA; 
# ffCC# f# C[ 0]+:= (CB+BC)*2 + BB; 
f #fCAf ##( C(-1]+:= (CB+BA)*2 + BB)*:=Q; 
# f#ACf f!( A[ lJ+:= (AB+BC)*2 + BB)*:=Q; 

C[ 2] := C[ 3] := 0.0 
'OD'; 

'END' 
#SE#: 
#E$f 

(FCO[Ul,U2] *:=0.5)+:=FFI[2*Ul,2*U2J; 
##AAI f#(ACO(Ul,U2,0]*:=Q)+:=AFI[2*Ul,2*U2,0J 

f PRELIMINARY NAG MGM ROUTINE 'PR' EJECT 'PR' 

I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! l ! l ! ! ! ! ! ! ! ! ! ! ! ! ! t 
f EVERYWHERE THE MATRIX DOES NOT DEFINE THE NETMAT M, f 
t ! ! ! ! ! ! ! ! ! ! ! M SHOULD CONTAIN ZEROES ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! f 
f ! ! ! ! ! ! ! ! ! t ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! I 

'PROC' MGM ('REF' []'NETMAT' LH, 'REF' (]'NET' UH,FH, 
'INT' ITMAX,P,Q,S,T, 'REF' (]'NETMAT' ILLU, 
'REF''INT' ITUSED, 

f$B MGM 

'PROC' ('INT','NETHAT' ,'NET','NET')'BOOL' GO ON MGM, 
'PROC' ('INT' ,'STRING')'VOID' FAIL)'VOID': 

B$t 
'BEGIN' 'INT' L='UPB'UH, R = S; 

'REF' []'NETMAT' ILLUD = 
( ILLU :=: 'REF' [)'NETMAT' ('NIL') 
! 'LOC' [O:L]'NETMAT' ! ILLU ); 

'PROC' MG= ('INT'L)'VOID': 
'IF' L = 0 
'THEN' ILLU RELAX(ILLUD[O],LH[O],UH[O],FH[Oj) 
'ELS~' 'TO' P 'DO' ILLU RELAX(ILLUO(L],LH[L),UH[L],FH[L]}'OD'; 

FH[L-1]:= LIN WEIGHT( RESIDUAL (LH[L],UH[LJ,FH[LJ) ); 
f ff WEIGHT RES (LH[L],UH[L),FH[L),FH[L-1]); f ii 
I ZERO' UH [L-1): 
'TO' (L=l !T! S) 'DO' MG (L-1) 'OD'; 

Ill 



-
e 

1 FI'; 

'END' 
#$E#: 
#ES# 

UH[L] +:=LIN INT POL ( UH[L-1]); 
# J# ADD INT POL (UH[L],UH[L-1]); # t# 
'TO' Q 'DO' ILLU RELAX(ILLUD[L],LH[L],UH[L},FH[L])'OD' 

'INT' ERR= 
( 'LWB' UH/= 0 'OR' 'LWB'FH /= 0 'OR' 'LWB'LH /= 0 

'OR' 'UPB'FH /= L 'OR' 'UPB'LH /= L 
! : 'NETMAT' LL = LH[L]; 

J'LWB'LL /=-3 'OR' 3'UPB'LL /= 3 
': S <= 0 'OR' S > 3 'OR' T <= 0 
': ITMAX<O 'OR' P<O 'OR' Q<O 
! : 'LWB'ILLUD /= 0 'OR' 'UPB'ILLUD /=L 

0 ) ; 
( ERR>O ! FAIL ( ERR," MGM ")); 

'IF' ITUSED < 0 
'THEN' # ##CREATE GALERKIN APPROXIMATIONS # ## 

'FOR' I 'FROM' L 'BY' -1 'TO' 1 

1 

2 
3 

! 4 
5 

'DO' REDUCE (Lli; I], LH [I-1], FH [I], FH [I-1], UH [I-1]) 

'fI'; 

'OD'; 
ITUSED:= 0 

'IF' ITllSED = 0 
'THEN' 1 FOR'K 'FROM' 0 'TO' L 

'FI'; 

'DO' ILLUDEC (LH [K], ILLUD [K]) 'OD'; 

# ## APPLY FULL MULTIGRID # #t 
'TO' 1' 'DO' MG(O) 'OD'; 
'FOR' K 'TO' L-1 
'DO' UH!KJ := SQR INT POL (UH[K-1]); 

'TO' R 'DO' MG (K) 'OD' 
'OD'; UH[L] := SQR INT POL (UH[L-1]); 
GOON MGM (ITUSED,LH[L],Ufl[L],FH[L]) 

'TO' ITMAX 
'WHILE' MG (L); ITUSED +:= l; 

GOON MGM (ITUSED, LH[L], UH[L], FH[L]) 
'DO' 'SKIP' 'OD' 

# BLACK-·BOX SOLUTION PROCEDURE 'PR' EJECT 'PR' 

'PROC' RAP FMGG =('PROBLEM' PROBLEM, 'REF' []'GRID' U,F)'VOID': 
#$B RAPFMGG B$# 
'BEGIN'# ##EXPECTS [O:M]'GRID' U,F; #ft 

# U AND U[O]='GRID' ( 0,'REF' [Ll:Ul,L2:U2]'REAL') # U 
'INT' L = 'UPB'U; 
('NOT' LINEAR'OF'PROBLEM ! FAIL ( 1, "RAP FMGG") ); 
( 'LWB'U /= 0 'OR' 'LWB'F /= 0 'OR' 'UPB'F /= L 

FAIL ( 2, "RAP FMGG") ) ; 

[O:L]'NETMAT' JAC; 

'NETMAT' NO=NET'OF''(U[O]); 'INT' TTL=2**L; 
lJISCR£TI ZATION (PROBLEM, 

'GRID' ( L, 'LOC' [ (l'LWB'NO)*TTL: (l'UPB'NO) *TTL, 
(2'LWB'NO)*TTL: (2'UPB'NO)*TTL]'REAL'), 

e 
mgtext 

• 

'END' 
#$Ell; 
#E$4 

NET' OF' F [L], JACOBIAN [L]); 
MGM(JAC,NET'OF'U,NET'OF''F, 

100,1,0,1,1,'NIL' ,'LOC''INT' ,MGM GOON, FAIL) 

OPERATORS WITH ASYMMETRIC WEIGHTS • # 
'PR' EJECT 'PR' 

F'OR EXPERIMENTAL PURPOSES. PWH/830314 

[-3:3]'REAL' WASYM,PASYM,RASYM; 
PASYM[@l] := (0.5,0.5,0,5,1.0,0.5,0.5,0.5); 
RASYM := WASYM := PASYM; 

'PROC' WEIGHT= ('NET' NET)'NET': 
f$B RESTRW B$i 
'BEGIN' 'INT' Ll = (l'LWB'NET), L2 = (2'LWB'NET), 

'END' 
#$E#; 
#E$# 

Ul = (l'UPB'NET), U2 = (2'UPB'NET); 
'INT' NLl = Ll'OVER'2, NL2 = L2'0VER'2, 

NUl = Ul'OVER'2, NU2 = U2'0VER'2; 
'REAL'M3=WASYM[ 3],M2=WASYM[ 2],Ml=WASYM( 1], 

W3=WASYM[-3],W2=WASYM[-2),Wl=WASYM(-l],WO=WASYM[ OJ; 
'HEAP' [NLl:NU1,NL2:NU2]'REAL' COARSE; 
'INT' II,IM,IP, JJ,JM,JP; 
[L2:U2]'REAL' ZERO; 'ZERO' ZERO; 
'FOR' 
'DO' 

I 'FROM' NLl 'TO' NUl 
II:= 2*I; IP:= II+l; IM:= II-1; 

'REF' []'REAL' CI = COARSE[I,@NL2], 
UIM= ( IM<LL ! ZERO NET[IM,@L2]), 

NET[II,@L2) , 
NET[IP,@L2]); 

JP:= L2+1; 

UII= 
UIP= IP>Ul ZERO 

CI[NL2] := W3*UIM[L2]+W2*UIM[JP] 
+WO*UII[L2]+Ml*UII[JP] 
+M3*UIP[L2] 

'FOR' J 'FROM' NL2+1 'TO' NU2-1 
'DO' JJ:= 2*J; JP:= JJ+l; JM:= JJ-1; 

Cl[J] := W3*UIM[JJ]+W2*UIM[JP] 

'OD'; 
JM:=U2-l; 
CI[NU2] := 

+Wl*UII!JM]+WO*UII[JJ]+Ml*UII[JP] 
+M2*UlP[JM]+M3*UIP[JJ] 

W3*UIM[U2] 
+Wl*UII[JM]+WO*UII(U2] 
+M2*UIP[JM]+M3*UIP(U2] 

'OD' ; COARSE 

GALERKIN OPERATOR CONSTRUCTION • 'PR 1 EJECT 'PR' 

'OP' 'RASP' = ( 'NETMAT' AF'I ) 'NETMAT' : 
#$B RAPW B$t 

'BEGIN' 'INT' Ll = (l'LWB'AFI)'OVER'2, Ul = (l'UPB'AF'I)'OVER'2, 
L2 = (2'LWB'AFI)'OVER'2, U2 = (2'UPB'AFI)'OVER'2; 

'HEAP' [Ll: Ul, L2: U2, -3: 3] 'REAL' ACO; 'ZERO' ACO; 
'INT' TI,TK,TIM,TKM; 
'REAL'M3=PASYM[-3],M2=PASYM[-2],Ml=PASYM[-1], 

W3=PASYM[ 3],W2=PASYM[ 2],Wl=PASYM[ 1],WO=PASYM[ OJ, 
Q3=RASYM[-3],Q2=RASYM[-2],Ql=RASYM[-1], 
P3=RASYM[ 3],P2=RASYM[ 2],Pl~RASY:-J[ l],PO=RASYM[ 0]; 

[ 1: 3, 1: 3, -3: 3] 'REAL' FINE; 

ID 



,. e 
'REF' []'REAL' 

A= FINE[l,l,@-3J, B = FINE[l,2,@-3J, C 
D = FINE[2,1,@-3J, E = FINE[2,2,@-3J, F 
G = FINE[3,l,@-3J, H = FINE[3,2,@-3J, J 

FINE [1, 3,@-3J, 
FINE (2, 3,@-3J, 
FINE[3, 3,@-3J; 

1 REF'' REAL' 
AA =A [ 0 J , AB =A [ 1], AD =A [ 3 J , 
BA =B[-1], BB =B[ OJ, BC =B[ 1], BD =B[ 2), BE =B[ 3], 
CB =C[-lJ, CC =C[ OJ, CE =C[ 2J, CF =C[ 3J, 
DA =D[-3]. DB =D(-2], DD =D( OJ, DE =D[ 1], DG =D[ 3], 
EB =E(-3], EC =E(-2]. ED =E(-1], EE =E[ OJ, 

EF =E[ 1), EG =E[ 2J, EH =E[ 3J, 
FC =F[-3], FE =F[-1], FF =F[ OJ. fH =F[ 2), FJ =F[ 3), 
GD =G[-3), GE =G[-2J, GG =G[ OJ, GH =G[ lJ, 
HE =H[-3], HF =H[-2], HG =H[-1), HH =H[ OJ, HJ =H[ 1), 
JF =J[-3J, JH =J[-lJ, JJ =J[ OJ; 

TI:= 2*Ll; TK:= 2*L2; 
FINE[3,3,J:= AFI[TI,TK,J; 

# f#JJ# ##ACO[Ll,L2,0J := PO*JJ*WO; 
'FOR' K 'FROM' L2+1 'TO' U2 
'DO' rKM:= TK; TK:= 2*K; 

FINE[3,1:3, J := AFI[TI,TKM:TK,]; 
# #fGG# ##ACO[Ll,K-1,0] +:= PO*GH*Ml+Pl*HG*WO+Pl*HH*Ml; 
# #fJJi ##ACO[Ll,K ,OJ +:= PO*JH*Wl+Ql*HJ*WO+Ql*HH*Wl 

+PO*JJ*WO; 
# ##GJ# f#ACO[Ll,K-1,1] +:= PO*GH*Wl+Pl*HJ*WO+Pl*HH*Wl; 
# tfJG# UACO[Ll,K ,-1] +:= Ql*HG*WO+PO*JH*Ml+Ql*HH*Ml 

'OD'; 

'FOR' I 'FROM' Ll+l 'TO' Ul 
'DO' TIM:= TI; TI:= 2*1; TK:= 2*L2; 

FINE[l:3,3,J:= API[TIM:TI,TK,]; 
# ##CC# ##ACO[I-l,L2,0] +:= PO*CF*M3+P3*FC*WO+P3*FF*M3; 
# ##JJ# ##ACO[I ,L2,0] +:= PO*JF*W3+Q3*FJ*WO 

+Q3*FF*W3+PO*JJ*WO; 
# i*CJ# ##ACO[I-1,L2,3] +:= PO*CF*W3+P3*FJ*WO+P3*FF*W3; 
# #JIJC# UACO[I , L2, -3] +:= Q3*FC*WO+PO*JF*M3+Q3*FF*M3; 

'FOR' K 'FROM' L2+1 'TO' U2 
'DO' TKM:= TK; TK:= 2*K; 

FINE; {l: 3, 1: 3, J : = AFI [TIM: TI, TKM: TK, ) ; 
'REF' [ J 'REAL' A = ACO[I-1, K-1, @-3], 

C = ACO[I-1,K ,@-3J, 
G = ACO[I ,K-1,@-3], 
J = ACO[I ,K ,@-3]; 

# ##AA# ## A[ OJ+:= Pl*8D*M3+P3'DB*Ml; 
# ##CC# #f C[ OJ+:= PO*CE*M2+P2*EC*WO+PO*CF*M3 

+P3*FC*WO+P2*EE*M2+P3*FF*M3 
+Ql*BE*M2+P2*EB*Wl+P2*EF*M3+P3*FE*M2; 

i #fGG# ## G( 0]+:= PO*GE*W2+Q2*EG*WO+PO*GH*Ml 
+Pl *HG*WO+Q2*EE* ,;2+Pl *HH*Ml 
+Q3*DE*W2+Q2*ED*W3+Q2*EH*Ml+Pl*HE*W2; 

# ##J.1# ## J[ OJ+:= PO*JJ*WO+PO*JF*W3+Q3*FJ*WO 
+PO* .TH*Wl +Ql *HJ*WO+Q3* FF*W3 
+Ql*HH*Wl+Q3*FH*Wl+Ql*HF*W3; 

# #fAC# ## A[ l]+:= Pl*BE*M2+P3*DB*Wl+P3*DE*M2; 
# #fCA# ## C[-1]+:= P2*EB*Ml+Ql*BD*M3+P2*ED*M3; 
# ~#AG# ## A[ 3]+:= Pl*BD*W3+P3*DE*W2+Pl*BE*W2; 
# ##GA# ## G[-3]+:= Q3*DB*Ml+Q2*ED*M3+Q2*EB*Ml; 
# l#GC# ## G[-2]+:= PO*GE*M2+Q2*EC*WO+Q2' cE*M2 

+Pl*HE*M2+Q3*DE*M2+Pl"HF*M3 
+Q3*DB*Wl+Q2*EF*M3+Q2*EB*Wl; 

# ~#CG# ## C[ 2)+:= P2*EG*WO+PO*CE*W2+P2*EE*W2 
+P2*F.H*Ml+P2*ED*W3+P3*FH~Ml 

+Ql*8D*W3+P3*FE*W2+Ql*8E*W2; 

e 
mgtext 

I 
I 

i 
! 

t UGJf U 

# UJG# f# 

# #fCJ# H 

i f#JC# U 

'OD' 'OD'; ACO 

G[ lJ+:= PO*GH*Wl+Pl*HJ*WO+Pl*HH*Wl 
+Q2*EH*Wl+Pl*HF*W3+Q2*EF*W3; 

J[-lJ+:= Ql*HG*WO+PO*JH*Ml+Ql*HH*Ml 
+Ql*HE*W2+Q3*FH*Ml+Q3*FE*W2; 

C[ 3J+:= PO*CF*W3+P3*FJ*WO+P3*FF*W3 
+P2*EH*Wl+P2*EF*W3+P3*FH*Wl; 

J[-3]+:= Q3*FC*WO+PO*JF*M3+Q3*FF*M3 
+Ql*HE*M2+Q3*FE*M2+Ql*HF*M3 

I END' 
i$E#; 
#EH 

ORIENTATION: 

ACO COARSE K-1 K 
y 

FINE 1 2 3 
-3 -2 

I-1 1 A -- B -- c I 
I ! I -1 0 - 1 

2 D -- E -- F 
I I I 2 3 

G -- H -- J 
x v 

# 

# COLLECTION OF PRIMARY TESTPROBLEMS 'PR' EJECT 'PR' 

t 

'PROBLEM' STANDARD= 'PROBLEM' ('TRUE' ,'NIL', 
('REF''REAL' AXX,AXY,AYX,AYY, 'REAL' X,Y)'VOID': 

(AXX:=All; AXY:=A12; AYX:=A21; AYY:=A22 ), 
('REF''REAL' A,B,C,F, 'REAL' X,Y,U)'VOID': 

(A := Bl; B := 82; C := CO; 
F:= STANDARD RHS(X,Y) ), 

('REF''REAL' A, 'REAL' X,Y)'VOID': (A:= 0.0 ), 
('REF''REAL' B,C, 'REAL' X,Y,U)'VOID': 

(B:= l.OE+40; C:= B * DIRICHLET(X,Y) ) ); 
'PROC' STANDARD RHS := ('REAL' X,Y)'REAL': SO+ X*Sl + Y*S2; 
'PROC' DIRICHLET := ('REAL' X,Y)'REAL': x•x + Y*Y; 
'PROC' SOLUTION := ('REAL' X,Y)'REAL': X*X + Y*Y; 

'REAL' All:=l,A12:=0,A21:=0,A22:=1,Bl:= 0,82:=0,CO:=O, 
S0:=-4,Sl:=O,S2:=0; 

'PROC' ANISOTROPIC = ('REAL' EPSILON,ALFA)'VOID': 
f$B ANISOP 8$# 

#$E#; 
iE$f 

('REAL' C = COS(ALFA), S = SIN(ALFA); 
All:= EPSILON*C*C + S*S; A12:= A21:= (EPSILON-l)*C*S; 
A22:= EPSILON*S*S + C*C; 
Bl:= 82:= CO:= Sl:= 52:= O; SO:= -2*[EPSILON+l) ) 

'PROC' CON'JECTION = ('REAL' EPSILON,ALF'A)'VOID': 
#$8 CONVEC 8$# 

ll$E#; 
fE$# 

(All:= A22:= EPSILON; Al2:= A21:= 0; 
Bl := COS(ALFA); 82 := SIN(ALFA); CO:= 0; 
SO:= -4*EPSILON; Sl:= 2*81; 52:= 2*82 ) 

m 



'PROC' POISSON ='VOID': 
t$B POISON B$# 
ANISOTROPIC(l 1 0} 
ll$E#; 
#E$# 

• 
# OUTPUT PROCEDURES * 'PR' EJECT 'PR' 

'OP' 'PRINT' = ('NET' NET) 'VOID': 
#$B PRNET B$# 

#$E#; 
#E$# 

('INT' Ll = l'LWB'NET, L2 = 2'LWB'NET, 
Bl = l'UPB'NET, B2 = 2'UPB'NET; 

PRINT((NEWLINE,NEWLINE,Ll,Bl,L2,B2)); 
'FOR' I 'FROM' Ll 'TO' Bl 
'DO' PRINT(NEWLINE); 

'FOR' J 'FROM' L2 'TO' B2 
'DO' PRINT((FLOAT(NET[I,J),11,4,3)," "}) 

'OD' 'OD'; PRINT(NEWLINE)) 

'OP' 'PRINT' = ('NETMAT' NET)'VOID': 
•$B PRNETM B$# 

#$Elf; 
#E$# 

('INT' Ll = l'LWB'NET, L2 = 2'LWB'NET, 
Bl = l'UPB'NET, B2 = 2'UPB'NET; 

PRINT((NEWLINE,NEWLINE, Ll,Bl,L2,B2)); 
'FOR' I 'FROM' Ll 'TO' Bl 
'DO' PRINT(NEWLINE); 

'FOR' J 'FROM' L2 'TO' B2 
'DO' PRINT(NEWLINE); 

'FOR' K 'FROM' -3 'TO' +3 
'DO' PRINT ((FLOAT (NET [I, J, KJ, 12, 6, 2)," ")} 

'OD''OD''OD' ;PRINT(NEWLINE)l 

'OP' 'PRINT'~ ('GRID' A)'VOID': 
#$B FRGRlD B$# 

#$E#; 
fE$f 
'PROC' FL 
#$B FL 

( PRINT ((NEWLINE, NEWLINE," LEVEL 
'PRINT' NET'OF'A) 

= ([)'REAL' R)'VOID': 
B$# 

('FOR 1 I 'TO' 'UPB' R 

",LEVEL' OF' A)); 

'DO' PRINT((" ",FLOAT(R{I],12,6,2))) 'OD') 
f$Ef; 
#E$f 
'PROC' FX 
f$B FX 

#$E#; 
. #E$f 
'PROC' SPC 
#SB SPC 

= ( []'REAL' R, S) 'VO ')': 
B$# 

('FOR' I 'TO' 'UPB' R 
'DO' PRINT ((" ",FIXED (R[I) /S [I], 6, 2))) 'OD') 

= 'VOID': 
B$# 

(COLLECT GARBAGE; PRINT(( 
NEWLINE, "GARBAGE: ", COLLECT IONS, GARBAGE, COLLECT SECONDS, 
NEWLINE,"SPACE :",PROGSIZE,STACKSIZE,HEAPSIZE,AVAILABLE, 

PROGSIZE+STACKSIZE+HEAPSIZE+AVAILABLE, 
NEWLINE,"TIME :",CLOCK))) 

#$F.#; 
#E$# 
'OP''F.RRORPRINT' = ('GRID' U) 'VOID': 
~$B PRERR B$# 
'PRINT' (U-SOLtJTION) 
#SE#; 

e 
mgtext 

tE$# 

t GLOBAL PARAMETERS 'PR' EJECT 'PR' 

I ************************************************************** # 
f ********* GLOBAL PARAMETERS FOR THE MG-ALGORITHM ******** t 
t ************************************************************** • 

'PROC' PROLONGATE := ('GRID' A)'GRID': (ERROR; A); 
'PROC' INTERPOLATE:= ('GRID' A) 'GRID': (ERROR; A); 
'PT\OC' RESTRICTBAR:= ('GRID' A)'GRID': (ERROR; A); 
•p;,oc· RESTRICT := ('GRID' A) 'GRID': (ERROR; A); 
'PROC' RELAX := ('REF' 'GRID' u, 'GRID' F) 'VOID': (ERROR); 

I ****************************~~******************************** 

'BOOL' ILU:= 'FALSE'; 
'INT' P:= 1, S:= 2, Q:= 1, R, PR:= 0; R:= S; 'REAL'MU:= 1.0; 

'OP' 'I' =('NET' N)'NET': SQR INT POL(N); 
'OP' 'P' =('NET' N)'NET': LIN INT POL(N); 
'OP' 'R' = ('NET' N)'NET': INJECTION (N); 
'OP' 'RBAR'= ('NET' N)'NET': LIN WEIGHT (N); 

'PROC' RELAX NET := 
('REF''NETMAT' D,'NETMAT' H, 'NET'U,F )'VOID': 'SKIP'; 

I ************************************************************** t 
I ********* GLOBAL PARAMETERS FOR THE RELAXATION ******** f 
f ************************************************************** I 

'BOOL' SYMMETRIC:= 'FALSE', BACKWARD:= 'FALSE', 
REVERSE :='FALSE', ZEBRA :='FALSE'; 

'INT' TH RELAX STRATEGY := 1; 

[,]'INT' FOUR COLOR RELAX= ((0,1), (1,0), (1,1), (0,0)); 
'FLEX' [1:1,1:2]'INT' CH RELAX STRATEGY:= FOUR COLOR RELAX; 

f ************************************************************** f 
t ********* GLOBAL PARAMETERS FOR ASYMM.RESTRICTONS ******* t 
f ************************************************************** I 

[-3:3]'REAL' WASYM,PASYM,RASYM; 
PASYM[@l]:= (0.5,0.5,0.5,1.0,0.5,0.5,0.5); 
RASYM := WASYM := PASYH; 

t ************************************************************** f 
t ********* COMMON GLOBAL PARAMETERS ******************** t 
t *******************************************~****************** • 

'REF' []'NETMAT' JACOBIAN,DECOMP; 

'PROC' DISCRETIZATION := ('PROBLEM' PROBLEM, 'GRID' U, 
'REF''NET' RHS, 'REF''NETMAT' JAC )'VOID': 
'SKIP'; 

'PROC' BOUNDARY CONDITIONS := ('PROBLEM' PROBLEM, 'GRID' U, 
'NET' RHS, 'NETMAT' JAC )'VOID': 
'SKIP'; 

'REAL' QO:= 0, Ql:= 1, Q2:= l; 
'PROC' LUMP= ('BOOL' B)'VOID': 

( B ! QO:=O; Ql:=l; Q2:=1 ! Q0:=0.25; Ql:=0.50; Q2:=0.25 ); 

m 



1• e 
'REAL' HB FACTOR:= 1/ 3; 
'PROC' HB:= ('REF' 'REAL' AXX,AXY,AYX,AYY,'REAL' BX,BY,H,K)'REAL' :0.0; 

'PROC' GOON FMGG := ('GRID' U,F, 'REF' [)'REAL' RES)'BOOL': 'TRUE'; 'PROC' GOON FMG := ('NETMAT' JAC, 'NET' U,F, 'REF' [)'REAL' RES) 
'BOOL': 'TRUE'; 

'PROC' MGM GOON:=('INT' ITNUM,'NETMAT'LH,'NET'UH,FH)'BOOL' :'TRUE'; 
'PROC' REP := ('INT' NUMBER, LEVEL)'VOID': 'SKIP'; 

'PROC' FAIL= ('INT' N,'STRING' TEXT)'VOID': 
( PRINT ((NEWLINE, TEXT, N, NEWLINE)); ERROR); 

, B( .. ·QL' M0!'JIT: = I FALSE': 

'PR' EJECT 'PR' 

# ************************************************************** 
ft- "'*+.**""'..,..********* GLOBAL PAPAMETERS ·************************ 
# *********** FOR PRIMARY TESTPROBLEMS ********************* 

***+.********************************************************** 

'PROBLEM' STANDARD= 'PROBLEM' ('TRUE' ,'NIL', 
('REF" REAL' AXX,AY.Y,AYX,AYY, 'REAL' X,Y)'VOID': 

(AXX:=All; AXY:=Al2; AYX:=A21; AYY:=A22 ), 
('REF' 'REAL' A,B,C,F, 'REAL' X,Y,U)'VOID': 

(A := Bl; B := B2; C := CO; 
F:= STANDARD RHS(X,Y) ), 

('REF"REAL' A, 'REAL' X,Y)'VOID': (A:= 0.0 ), 
('REF"REAL' B,C, 'REAL' X,Y,U)'VOID': 

(B:= l.OE+40; C:= B * DIRICHLET(X,Y) ) ); 
'PROC' STANDARD RHS 
'PROC' DIPICHLET 
'PROC' ~OLUTION 

('REAL' X,Y)'REAL': SO+ X*Sl + Y*S2; 
- ('REAL' X,Y)'REAL': X*X + Y*Y; 

;= ('REAL' X,Y)'REAL': X*X + Y*Y; 

'REAL' All:=l,Al2:=0,A21:=0,A22:=1,Bl:= O,B2:=0,cn,=0 1 

S0:=-4,Sl:=},S .. =0; 

'FR' FROG 'PR' 'SKIP' 
'END' 

LIBRARY (LIB, OLD) 
ADD(*, LGO) 
FINISH. 
END RUN. 

e El mgtext 



1• 
PWH,CM120000,T50,NP. 

~~~~~~~Jitfd,J@lra,ID-PHEMKER. 
A68,D,P=MGLIB/MGLIB. 
LGO. 

'BEGIN' # MGTESTPWH: TESTPROGRAMMA VOOR MGTEXTPWH PWHB20Bl5 f 

# ! ! ! ! ! ! ! ! ! l l ! ! ! 1 ! ! ! ! ! l ! ! 1 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! f­
# EVERYWHERE THE MATRIX DOES NOT DEFINE THE NETMAT M, # 

# ! ! ! !! ! ! ! ! ! ! M SHOULD CONTAIN ZEROES ! ! ! ! ! ! ~ ! ! !! ! !! ! # 
# ! ! ! ! ! ! ! ! l ! ! l ! ! l ! ! ! ! ! ! ! ! ! ~ ! ! ! ! ! ! ! l ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! # 

'PROC' .1GM ('REF' [] 'NETMAT' LH, 'REF' []'NET' UH, FH, 
'INT' ITMAX,P,Q,S,T, 'REF' []'NETMAT' ILLU, 
'REF''INT' ITUSED, 

e 

'PROC' (' INT', 'NETMAT', 'NET',' NET')' BOOL' GO ON MGM, 
'PROC' (' INT', 'STRING')' VOID' FAIL)' VOID': 

#$B MGM 8$# 
'BEGIN' 'INT' L='UPB'UH, R = S; 

'PEF' [] 'NETMAT' ILLUD = 
( ILLU :=: 'REF'[] 'NETMAT' ('NIL') 
! 'LOC'[O:L]'NETMAT' ! ILLU ); 

'PROC' MG= ('INT'L)'VOID': 
'IF' L = 0 
'THEN' ILLU RELAX(ILLUD[O],LH[O],UH[O],FH[O]) 
'ELSE' 'TO' P 'DO' ILLU RELAX(ILLUD[L),LH[L),UH[L],FH[L])'OD'; 

FH[L-1]:= LIN WEIGHT( RESIDUAL (LH[L),UH[L),FH[L]) ); 

'FI'; 

# ##WEIGHT RES {LH[L],UH[L],FH[L],FH[L-1]); #it 

'ZERO' UH[L-1]; 
'TO' (L=1 1 T!S) 'DO' MG {L-1) 'OD'; 

UH[L] +:=LIN INT POL ( UH[L-1]); 
# H ADD INT POL (UH[L),UH[L-1]); # H 
'TO' Q 'DO' ILLU RELAX(ILLUD[L],LH[L],UH[L],FH[L])'OD' 

'INT' EkR = 
{ 'LWB' UH /= 0 'OR' 'LWB'FH /= 0 'OR' 'LWB'LH /= 

'OR' 'UPB'FH /= L 'OR' 'UI 'B'LH /= L 

! : 'NETMAT' LL = LH[L]; 
3'~WB'LL /=-3 'OR' 3'UPB'LL /= 3 

! : s <= 0 I OR I s > 3 , OR, T <= 0 
! : ITMAX<O 'OR' P<O 'OR' Q<O 

! : 'LWB'ILLUD /= 0 'OR' 'UPB'ILLUD /=L 
0 ) ; 

{ ERR>O ! FAIL ( ERR, " MGM ") ) ; 

'IF' ITUSED < 0 
'THEN' J ## CREATE GALERKIN APPROXIMATIONS # i# 

'FOR' I 'FROM' L 'BY' -1 'TO' 1 

'FT'; 

'DO' REDUCE(LH[I],LH[I-l],FH[I],FH[I-1],UH[I-l]) 
'OD'; 
ITUSED:= 0 

'IF' ITUSFD = 0 
'THEN' 'FOR'K 'FROM' 0 'TO' L 

'DO' ILLUDEC (LH[K],ILLUD[K)) 'OD'; 

'NETMAT' LUD ILLUD [L]; 

J 
4 
5 

mgtest 
I 

-
(l'UPB'LUD)'OVER'2; 

(MONJ'l'OR! 
'INT' QQQ = 3'LWB'LUD, QQZ 
'PRINT' LUD [,, QQQ ] ; 
'PRINT' LUD (,,QQQ+l]; 
'PRINT' LUD [,,QQQ+2] 

); 
PRINT((NEWLINE,LUD[QQZ,QQZ,QQQ],NEWLINE,LUD[QQZ,QQZ,QQQ+l], 

NEWLINE,LUD[QQZ,QQZ,QQQ+2], 
NEWLINE,LUD[QQZ,QQZ,QQQ+2], 

'END' 
#$E#; 
fE$i 

'FI'; 

i ii APPLY FULL MULTIGRID # ff 
'TO' T 'DO' MG(O} 'OD'; 
'FOR' K 'TO' L-1 
'DO' UH[K] := SQR INT POL (UH[K-1]}; 

'TO' R 'DO' MG {K) 'OD' 
'OD'; UH[L]:= SQR INT POL (UH[L-1]); 
GOON MGM (ITUSED,LH[L],UH[L],FH[L]) 

'TO' ITMAX 
'WHILE' MG (L); ITUSED +:= 1; 

GOON MGM (ITUSED, LH[L], UH[L], FH[I.]) 
, DO' I SKIP' I OD' 

'FOR' AAA 'FROM' 0 'TO' 7 

'DO' PRINT ( (NEWPAGE, AAA)); 

'REAL' ALFA:= AAA*PI/B; 
[1:3,1:2]'REAL' P.ANDl := ((0,1), (0,0), (1,0)), 

RAND2 := ((0,0),(1,0),(1,1)); 

' PROBLEM' PRN := STANDARD; 
OMEGA'OF'PRN:= RAND2; 

'INT' M = 4; 
DISCRETIZATION:= FEM; BOUNDARY CONDITIONS:= BC PW LIN; 
ANISOTROPIC (1. OE-9, ALFA); 
JACOBIAN:= 'HEAP' [O:M]'NETMAT'; 
[O:M]'GRID' UG; 
[O:M]'NET' F; 'REF' []'NET' 0 = NET'OF'UG; 
'INT' USED; 
(1: 3] 'REAL' NO, NN:= (1, 1, 1); 

MGM GOON:= ({'INT' IT,'NETMAT'L, 'NET' U,F)'BOOL': 
(PRINT {(NEWLINE, NEWLINE," MGM GOON", IT)); 

(IT=O ! 'ZERO' U; 
U: = NET' OF' ( 

'GRID' (M, U) -
({'REAL'X,Y)'REAL': -X*(l-X)*Y*(l-Y)*l.OE6 ) 

): 
F:= L*U; 'ZERO' U; 
PRINT((NEWLINE,L[l,1,J )) ); 

NO:= NN; 
PRINT{(NEWLINE,NN:=RESIDUALNORM(L,U,F),NEWLINE )); 
FX(NN,NO); FX(NO,NN); 
'TRUE' ) ) I 

UG[M] := 'GRID' (M, {'HEAP' [0: 2**M, 0: 2**M] 'REAL' A;' ZERO' A;A)); 

DISCRETIZATION(PRN,UG[M],F[M],JACOBIAN[M]); 

MGM (JACOBIA'l, U, F, 
3,0,1,1,1,'NIL',USED:= -1, 
MGM GOON,FAIL) 

El 
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FWH,r_Ml/'t.00(), 'f!.'"10, NP, 

lH:COUNTlf I 
ATTACH, •. , Hl,LIB, ID~PliEMKER. 
A<;B, L P~MGLIBtf+;";LIEI. 

'BEGIN' t MGTf.STPYIH: 'fE!l'l'PPOGAAMHl\ VGGR MGTEXTPWH PWH820815 f 

t- ''''!1:!!~!!!~!!!~!!!!'''.!ff~!~!!~!!~!!~!!'!!!!!f!! 

# F'JERY)oHH;F.E THE MATR1X DGE:': NOT DF'.f')NE THE HE!MA''f M, 

# ~!' 1 ! 1 !'!' 1 M SHC-•nLtJ CONTAIN ZEROES l'.'~'!'~! 11 !~~' 

f ! f ! ! : ! !! ! '. ! : ~ l '. ! ! • ! ! ! ! ! I '. ' ! ! '. ! I ! ~ ! ! ! ! ; ! • : '. ! ! ! ! ~ l ~ ~ ! 

'I·!·L<:-· ·K;M ('REF~~ j, NE'fMJ.,'f' 1,H, • rn;F· f} 'N£T' uu, fH, 

'JNT' JTIA.AX,P,t,;,S,T, 'REF' [}'NETMAT' lLLU, 

'P~F' 'l~T 1 lTU~ED, 

#";I· M:';tJ! 

• Pf<_(/:' ( • INT', 'Nl'.'.TMAT', 1 NET' 1 'NET') 'P,r)OL' GO ON MGM, 

'!'~'.~;,;'' (' HJ'l''. ~:TP.lNG') ·vc:ru· FAIL) 'V()IU': 

h$1r 
'bf~1N' ':-NT' L~-'PPB'tJH, R '"'- ~j; 

'EEF' { l 'NETMAT' IlJ_,;_;0 ~"' 

ILLU : "'": 'F.EF' l] 'NETMAT' ('NIL') 

\0 ~.L] 'NETMAT' ! 1LLU ) ; 

'fhOC' M'.> ('HH'Ll'VOllJ': 

'-YF' L '"" 0 
'1HEN' ILLU Hf:LAX{ILLUD{O},lH[Oj,UHfOj,FH{Oi) 

e 

'LY.~:r,' ~:·-J 11 P 'LiO' JLLU FF:LAX{ILVJIJ[L],LH[L},UH! ,FH[L )'(JD'; 

'fl' I 

Fi·i/L ] j :- LIH Wl--..1GHT( PEr-I:~uAL (LH[LJ,t!Vi: , fH{L ) i; 

# t# WE.!GH';- PES (LH[L.1,UH(Lj,Fi-i{L],FHfL- }~ ff 
' ZERO' f~H [ L i ; 
'Tt/ (L"'1 1 T 1 ::.;) 'DO' HtY {"L--1) ' ; 

UH r ;. ] + ; LIN : NT P('.:L { {TH r L-- 1 l ; 
## !d)f' IN1' PC;L (1JH ;UHj~_,-1 }; # ff 

Q '~_,r)' ILVJ }1ELAX{:l:LI.U:JfL ,LHfLJ,UHfLJ 1 1'"HfLjJ'OD' 

• JNT' i<f-t<_ 

'L'WLl' UH/= 0 'CP' 'LWB'FH /= 0 'OP' 'LWB'LH /= 0 
'CF' '\lf'B'FH L '(JR' 'UPB'l.H I~ I, 

'Nf:'MAT' LL ;;:c LH [LJ; 
3' ~}r/B' LL /;;:;.-- 3 'fjR' 3' rJPB' LL / 7 

' OR' S > j ' OJ.!.' 1 «:. = 0 
iT!-A .. l\X~--0 •r:;R' P<fi 'OH' Q<O 

~ · 'LW~' ILIJJU /.,,_ (J 'OR' 'UPB' ILLUD /""'I. 
0 ) ; 

( EP.H>O i FAIL El'll," MGM "I); 

• 1F' l'tr1:-::r~: < 

'':"rfr:N' f fit -~P.EATE ~"ALERKJN ft~PPROXIMATIONS I ## 
'Fll!' I 'FP.OM' J, 'BY' · l 'TO' l 

! 2 

4 
! 5 

' fY ,i • Pff;tJCE ( LH l I l , LH f I -1} , FH { ! ] , FH f I 11 f UH [1- 1.) ) 

'(1D'; 

0 
I r:r f; 

'1F' ITG~:r:.• 0 
'THEN' 'F,A':'Y 'FFPM' 'TV' L 

JLL!JflFC ILH[l".],TLLUfJ!K}l 'OD'; 

'!'JE-IMJ.T' L!ifJ : L!/}fi '.LJ; 

e 
mgtest 

I 
! 

'lN't' 0-00 s LWB' WD. OOZ ~ (1' rJPfl' LUDl '0Vl!:R' 2; 

(MOllJ"OR! 'Pll.INT' LUJ) f; , Oi.YJ j: 
• PRlNT' LUD f I "OQQ+l l; 
'PR Ill'!' LU[, L, Q<JQ+2] 

); 
l'!UN!( {!U:WLHIE, l.U!l [o;iQ7,, QQZ, QC,JQ], NENLI!ll!:, lJ.JD i QQZ, (.'QZ, Qc;xt+l j, 

MEtfL!NJ! 1 V:JfJ !OQZ, C:OZv VQQ~2}, 
NF~w1.nnt. v.rrH wz, v::tz ~ 

# #J APPl.Y FULL HUL~It~1"If1 t t-t 
'TO' •riO' 'MG(Ci 
' FOR' ;: ' TO' L 
, co~ VH [Kl : p_;H l K 1_ } l ; 

· ro~ R 
• or1•; UH [ !,) : -z J-QR :XN'f POL (UH fL··-11;: 

G00N MGM (rfD.SI:J;,,LHiL.] 1 [L;~FJ-itLl) 

'FI'; 

'TO' ITMAX 
'WHILF~' MG (L): I'fUsr:n + l; 

G/)ON Hf_~M ( ru::JED, LHtLJ. !JH[L], rn; 

'DO' •s.tt:rv• ·ov· 
'F.llD' 
#$Ef; 
IE$t 

, FOH' AAA I F'F_OM~ 0 , '!'O' 1 

'00' P!Hlff ( (NEWP/\.GE, A/\.M); 

'RFJ'i.L' AL'fA: = AA.'4.*PI It;: 
!1 : .3, 1 ' 2 l ' REAL' hANDl 

b\r7D2 :"'' 

tt0,1), (o,oi. n,o,tf 
I (0, 0), t1 .. ~J), 11, l)); 

'PROBLEM' PRN 
OMEGA' or. Pft_M ~ = RANfJ~:·; 

· nn· M ~ 4; 
[l1f}CfU:T!ZAT1GN~,.. FEM; ROUN[lP,__RY :«N<;:- PW LIN; 

ANl SOTROidC ( 1. OE -9, ALFA~; 

,_1ACOBIAN:"'' 'HKAP' [O:Mj'Nf.TMA7f 

:MJ'GPID' OG; 
{O:MJ'!lr:T' f'; 'l'J':f' !J'llE'.T' tJ ~ N!'.T'OF'UG; 

I INT' USED: 
(1: 3]' RP:l\I,' NO, NN;~ ll, 1, 1i; 

Mt.."';M r&"JN: ~ < (' INT' IT,· NF.'!'MAT' L, ·NET' u, r· J • f:~--(li)L' : 

(~RI!fl'( (NEWLINE, NEWLINE," MGM C,<'iC>N", l'l'i); 

(l 'l'~O '.' Zf;RO' !J: 

UG[M) 

U:" NF.'l" Cl"' ( 
'GR!D' {H, tl) 
(('HJ':AL'X,Y}'RUL' ~ J{-fl{l~-X)*'f*(1--)'"i*l, 

); 

F:- L*U; '!ERO' U; 
PRINT( (NEWLJNF:, L[l, l,} I) 1; 

N<'J:•• NN; 

PllJllT( (N!!WUNE,N'!l:••PJ<::;wuAL!IORM(J,,U,n ,1w;q:nn: ) '; 
f'X(li!l,NC!i; FX[NO, !-al) 

'TR!JE' ) I; 

'GRID' CM, ('HEAP' [0:2**Hf0!2"**MJ'RF..AL'l..,_;'ZE.kO'A;J.j); 

DISCRETIZATION {PRN, \JG !MJ, fil!J ,.TACORJAN [MI); 

MCM{.JACOBIJl.'l, U, F, 

:1 ~ 0 y 1, l , 1, 'NIL' , tJt.;ED:"' 1. 
Mt;M (A)(,}J, FAIL) 



I 
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IEQLIB: 
'BEGIN' #AUTOMATIC SOLUTION OF FREDHOLM EQUATIONS OF THE SECOND KIND# 

'MODE' 'NAGFAIL' = 'PROC' {' INT', 'STRING') 'VOID'; 
'MODE' 'VEC' = 'REF' [ ] 'REAL': 
'MODE' 'MAT' ='REF' [,] 'REAL'; 

'OP' ** = ('REAL'X,Y) 'REAL': ( X <= 0.0 0.0 

'OP' + = ('VEC' A,B) 'VEC' : 

EXP (Y*LN (X)) ) : 

( 'INT' L='LWB'A, U='UPB'A; 'VEC' C ='HEAP' [L:U]'REAL'; 
'FOR' I 'FROM' L 'TO' U 'DO' C[I]:= A[I] + B[I] 'OD': 

C ) # VEC + VEC #; 

'OP' - = ('VEC' A,B) 'VEC' : 
( 'TNT' L='LWB'A, U='UPB'A; 'VEC' C ='HEAP' [L:U]'REAL': 

'FOR' I 'FROM' L 'TO' U 'DO' C[IJ:= A[I] - B[I] 'OD': 
C ) # VEC - VEC #; 

'OP' I = ('VEC' A, 'REAL' B) 'VEC' : 
( 'INT' L~'LWB'A, U='UPB'A; 'VEC' C = 'HEAP'[L:U]'REAL'; 

'FOR' I 'FROM' L 'TO' U 'DO' C[I]:= A[I] ( B 'OD'; 
C ) # VEC I REAL #; 

'OP' * = ('REAL' B, 'VEC' A) 'VEC' : 
( 'INT' L='LWB'A, U='UPB'A; 'VEC' C ='HEAP' [L:U]'REAL': 

'FOR' I 'FROM' L 'TO' U 'DO' C[IJ:= B * A[I] 'OD': 
C ) # REAL * VEC #: 

'OP' * = {'VEC' A, B) 'REAL' : 
( 'INT' L='LWB'A, U='UPB'A; 'REAL' C:= 0.0; 

'FOR' 1 'FROM' L 'TO' U 'DO' C +:= A[I)*B[IJ 'OD'; 
C ) I VEC * VEC #; 

'OP' * = ('MAT' A, 'VEC' B) 'VEC' : 
( 'INT' L=l'LWB'A, U=l'UPB'A; 'VEC' C ='HEAP' [L:UJ'REAL'; 

' FOF.' I 'FROM' L ' TO' ll ' DO' C [I] : = A [I, ] *B [ ] 'OD' ; 
C ) # ~u"\.T * VEC #; 

'OP' 'COPY' = ('VEC' U) 'VEC' : 
( 'JNT'L = 'LWB'U, UP= 'UPB'U; 'VEC' C = 'HEAP'[L:UP) 'REAL'; 

'FOR' I 'FROM' L 'TO' UP 'DO' C[I] := U[Ij 'OD'; 
c 

'PROC' PRVEC = ('VEC' X) 'VOID': 
PRINT ( {" VF.C BOUKlS ", 'LWB' X, 'UPB' X, NEWLINE)); 

'FOR' I 'FROM' 'LWB'X 'TO' 'UPB'X 
'DO' PRINT(X[I]) 'OD'; 

PRINT (NEWLINE) ) ; 
'PR' EJECT 'PR' 

#'PROC' PTNJECT = ('INT' L, 'PROC' ('REAL')'REAL'F) 'VEC': 
( 'INT' NL= N (L); 'HEAP' [O :NL]' REAL' YL; 

'RE!\L' A:= INTERVAL[l]; 'REAL' H = (INTERVAL[2] - A)/NL; 
YL[O]:= F(A); 
'FOR' I 'TO' NL 

e 
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'FOR' I 'FROM' L+l 'TO' U 'DO' ( A[I]<S 
s ) ; 

S:=A[I] ) 'OD'; 

'PROC' NORM= ('VEC' A)'REAL': 
( 'INT' L='LWB'A, U='UPB'A; 'REAL'S:='ABS'A[L]; 

'FOR' I 'FROM' L+l 'TO' U 
'DO' 'REAL' B ='ABS' A[I]; ( B>S ! S:=B) 'OD'; 
s ) : 

'PR' EJECT 'PR' 

'PROC' SOLVE DIRECTLY = ('MAT' JACOBIAN, 'VEC' UM, RHSM) 'VOID': 
'BEGIN' i GAUSSIAN ELIMINATION # 
( l'UPB'JACOBIAN /= 'UPB' RHSM 'OR' 2'UPB'JACOBIAN/= 'UPB'RHSM ! 
ERROR); 

'MAT' JB= JACOBIAN['AT'l,'AT'l); 
'INT' N = 1 UPB' JB; 

[l:N,l:N+l)'REAL' A; 
'VEC' V = A[,N+l]; A[,l:N):= JB; V:= RHSM['AT'l]; 
'FOR' J 'TO' N 
'DO' 'INT' JPl= J+l; 'INT' PJ:= J; 

'REAL' SI,S:= 'ABS' A[J,J]; 
'FOR' I 'FROM' JPl 'TO' N 
'DO' ((SI:='ABS'A[I,J]) >S ! S:=SI; PJ:=I ) 'OD': 
'IF' J /= PJ 
'THEN'' REAL' T: 

I FOR 1 K I TO' N+l 
'DO' T:= A[PJ,K]; A[PJ,K) := A[J,K]; A[J,K) :=T 'OD' 

'OD': 

'FI' 
S := A[J,J]; 

'FOR' I 'FROM' JPl 'TO' N 
'DO' SI:= A[I,J]/S; 

'FOR' K 'FROM' J 'TO' N+l 
'DO' A(I,K] A[J,K)*SI 'OD' 

'OD' 

'FOR' J 'FROM' N 'BY' -1 'TO' 1 
'DO' V[J) /:= A[J,J]; 

'OD'; 

'FOR' I 'FROM' J-1 'BY' -1 'TO' 1 
'DO' V[I] -:= A[I,J)*V[J] 'OD' 

UM:= V['AT' (l'LWB'JACOBIAN)) 
'END' f SOLVE DIRECTLY J ; 

'PROC' ERRORX = 'VOID': ERROR; 
'BOOL' MONITOR:= 'TRUE'; 

'PROC' SOL INT EQN =([]'REAL'INTERVAL AB, 
'PR' EJECT 'PR' 

'PROC' ('REAL' ,'REAL' ,'REAL' )'REAL' KK, 

'BEGIN' 

'PROC' DETERMINE Vl 

'PROC' ('REAL' )'REAL' FORCEY, 
'REAL' TOL, 'BOOL' TRAPEZ, 
'REF''INT' NO, 'INT' NOUPPER,NLUPPER, 
'REF''VEC' UM, 'REF''REAL' ERROR, 'NAGFAIL' FAIL) 
'VOID' : 

# ('REF''REAL'NUMVl,DENVl,Vl,'REF''VEC'UM, 

IOI 
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# 

DENV1:= NUMVl; NUMVl:= NORM(UMOLD-UM); 
'IF' NUMVl > MIN((TOL,l.OE-8)) 
'THEN' (IT> 1 ! VlOLD:= Vl ); 

Vl:= NUMVl/DENVl; 
IT<3 'OR' 'ABS' (Vl-VlOLD) > 0.02*Vl0LD 

'ELSE' ( IT=l ! Vl*:= RATIO); VlOLD:=Vl; 'FALSE' 
'FI' 

'DO' 'SKIP' 'OD'; 
Vl:= l.02*MAX( (VlOLD,Vl)) ) ; 

'PROC' EXAMINE CONVERGENCE= 'BOOL': 
#('REAL'Vl, 'INT'LEVELS,'REF' [J'INT'GAMMA)f 

('EOOL' CONV; GAMMA[l] := O; 
'FOR' II 'TO' LEVELS+3 
'WHILE'' IF' II <= LEVELS 

'THEN' 'FOR' I 'FROM' 2 'TO' II 'DO' GAMMA[I] := 3 'OD' 
'ELIF' II=LEVELS+l 'THEN' GAMMA[2] := 4 
'ELIF' II=LEVELS+2 'THEN' GAMMA[2]:= 5 
'ELIF' II=LEVELS+3 'THEN' ( LEVELS>2 ! GAMMA[3] := 4 ) 
'FI' 
'REAL' VP:= Vl,WP:= Vl; 
'IF' CONV:= ( WP*WP <=VP) 
'THEN' 'FOR' P 'FROM' 2 'TO' LEVELS 

'WHILE' VP *:=RATIO; 

'DO' 
'FI'; 

WP := VP+WP**GAMMA[P]*(VP+NORMT); 
CONV:= ( WP*WP <= VP ) 
'SKIP' 'OD' 

('NOT' CONV) 'AND' NO= NOUPPER 
'DO' 'SKIP' 'OD' 

CONV ) ; 

; (MONITOR ! PRINT(NEWLINE); 
'FOR' II 'TO' LEVELS 
'DO' PRINT( (WHOLE(GAMMA[II], 4))) 'OD'); 

'PROC' Vl ON LEVEL= ('INT'M) 'REAL': 
('REAL' VP:= Vl, WP:= Vl; 
'FOR' P 'FROM' 2 'TO' M 
'DO' VP:= RATIO*VP; w~:= VP+WP**GAMMA[P]*(VP+NORMT) 'OD'; 

WP ) ; 

'PROC' N = ('INT'L)'I' "':(NO* 2**L ); 

#'PROC' LEVEL= ('INT'Nb) 'INT' : 
(' INT' S:= N(O), L:= O; 

'WHILE'S < NB 'DO' L+:= l; S:= 2*S 'OD'; 
'IF' S > 'iB 'THEN' ERRORX 'FI'; L ) ; 

'PROC' ZERO= ('INT'L) 'VEC': 
('IN) NL= N(L); 'VEC' BB = 'HEAP'(O:NL] 'REAL'; 
'FOF I 'FROM' 0 'TO' NL 'DO' BB[I]:= 0.0 'OD' ;BB); 

'PROC' PROJECT FORCEY = ('INT' L) 'VEC': 
'TNT' NL= N (L); 'HEAP' [O :NL]' REAL' YL; 
'REAL' A:= INTERVALAB(l]; 'REAL' H = (INTERVALAB[2] - A)/NL; 
YL[O]:= FORCEY(A); 
'FOR' I 'TO' NL 
'DO" YL[I) := FORCEY( A+:=H ) 'OD'; YL ); 

'PROC' RESTRICT = (' VEC' VP) 'VEC' ; 
'HIT' NU= 'UPB' VP 'OVER' 2; 
''!EC' VQ = 'Ht;AP' [O:NQJ'REAL'; 
'F"OF<' I 'FROM' 0 'TO' NQ 'DO' VQ(I]:= VP[2*I] 'OD'; VQ); 

e e 
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I 'PROC' EVALUATE JACOBIAN= ('INT' M, 'VEC' UM )'MAT': 
'BEGIN' 'INT' NM= N(M); [O:NM)'REAL' UMD := UM; 

'VEC' QM = QAD(M,UM); 'HEAP' [O:NM,O:NM]'REAL' 
'FOR' I 'FROM' 0 'TO' NM 
'DO' 'REAL' DELTA= MAX(( UM[I]*0.001, 0.001)); 

UMD[I] +:= DELTA; 
JAC[,I) := (QM - QAD[M,UMD))/DELTA; 
JAC[I,I]+:= 1.0; 
UMD[I) := UM[I] 

'OD'; JAC 
'END' J EVALUATE JACOBIAN f ; 

JAC; 

'PR' EJECT 'PR' 

'PROC'LIN INT = ('VEC' VP) 'VEC': 
( 'INT' NP= 'UPB' VP; 

'VEC' VQ ='HEAP' [0:2*NP] 'REAL'; 
VQ[O] := VP[O]; 
'FOR' I 'TO' NP 
'DO' VQ[2*I) := VP[I]; 

VQ[2*I-l] := O.S*(VP[I-1] + VP[I]) 
'OD' 

VQ ) ; 

'PROC' TRAP = (#TO LEVEL f 'INT' P, 'VEC' V) 'VEC': 
('INT' NP= N(P), NQ = 'UPB' V; 
'VEC' VP = 'HEAP' [O:NP) 'REAL'; 
'INT' ST= ( NP=NQ ! 1 !: 2*NP=NQ ! 2 ! ERRORX; 0 ); 
'REAL' A= INTERVALAB[l], B = INTERVALAB(2]; 
'REAL' H = IB-A)/NQ; 
'FOR' I 'FROM' 0 'BY' ST 'TO' NQ 
'DO' 'REAL' S, TJ; 'REAL' TI= A+ I*H; 

S := KK(TI,TJ:=A,V[0])/2; 
'FOR' J 'TO' NQ-1 
'DO' S +:= KK(TI,TJ+:=H,V(J]) 'OD'; 
S +:= KK(TI,TJ+H,V[NQ])/2; 
VP[I'OVER'ST] := S*H 

'OD' i 

VP ) ; 

'PROC'CUB INT = ('VEC' VP) 'VEC': 
( 'INT' NP= 'UPB' VP; 'INT' NQ = 2*NP; 

'VEC' VQ ='HEAP' [O:NQ] 'REAL'; 
VQ[O] := VP[O); 
VQ[l] := (5.0*(VP[0)+3.0*VP(l]-VP[2])+VP[3])/16.0; 
VQ[NQ-2]:= VP[NP-1]; 
VQ [NQ-1] := (5. O* (VP [NP] +3. O*VP [NP-1)-VP [NP-2]) +VP [NP-3]) /16. O; 
VQ[NQ] :=VP[NP]; 
'FOR' I 'TO' NP-2 
'DO' VQ[2*I] :=VP[I]; 

VQ[2*I+1):= (-VP[I-1)+9.0*(VP[I]+VP[I+l])-VP[I+2])/16.0 
'OD' 
VQ ) ; 

'PROC' SIMP 
( 'INT' NP 

'VEC' VP 
'INT' ST 
'REAL' A 

'REAL' H = 

= (fTO LEVEL# 'INT' P, 'VEC' V) 'VEC': 
N(P), NQ = 'UPB' V; 
'HEAP' [O:NP] 'REAL'; 
( NP=NQ ! 1 ! : 2*NP=NQ ! 2 ! ERRORX; 0 ); 
INTERVALAB(l], B = INTERVALAB[2], W43 = 4/3, W23 
(B-A) /NQ; 

'FOR' I 'FROM' 0 'BY' ST 'TO' NQ 
'DO' 'REAL' S, TJ; 'REAL' TI =A+ I*H; 

2/3; 

Eil 



S := KK(TI,TJ:=A,V[0))/3; 
'FOR' J 'TO' NQ-1 

e 

'DO' S +:= ('ODD' J ! W43 W23) * KK(TI,TJ+:=H,V[J]) 'OD'; 

'OD'; 

VP ) 

S +:= KK(TI,TJ+H,V[NQ))/3; 
VP[I'OVER'ST] := S*H 

I 

'PROC' (' VEC' l 'VEC' PROLONGATE = ( TRAPEZ ! LININT ! CUBINT ); 
'REAL' NORMT = ( TRAPEZ ! 6 ! 24 ) 
'PROC' (' INT', 'VEC') 'VEC' QAD = ( TRAPEZ ! TRAP ! SIMP ) 
'REAL' ALFA = ( TRAPEZ ! 2 ! 4 ) 

'PROC' MGCYCLE 
'PR' EJECT 'PR' 

('INT' M, SIGMA, 'REF''VEC' UM,'VEC' RHSM, 
'BOOL' UM IS ZERO) 'VOID': 

'IF' M = 0 
'THEN' SOLVE DIRECTLY(JACOBIAN,UM,RHSM) 
'ELSE' 'BOOL' UZ:= UM IS ZERO; 

'FI' 

'FOR' IT 'TO' SIGMA 
'DO' 'VEC' RM = ( UZ ! RHSM ! RHSM-UM+QAD(M,UM)); 

'VEC' UMMl:= ZERO(M-1); 

'OD' 

'VEC' RMMl = RESTRICT(RM); 
'VEC' FMMl = RMMl-QAD(M-1,RMMl)+QAD(M-1,RM); 
MGCYCLE ( M-1,GAMMA[M),UMMl,FMMl,'TRUE'); 
UM:= UM+ RM+ PROLONGATE(UMMl-RMMl); 
UZ:= 'FALSE' 

'BOOL' RAPIDCONVERGENCE; 
'INT' LEVELS:= 'ROUND' (LN(NLUPPER/N0)/LN(2,0)); 
'HEAP' [l:LEVELS]'INT'GAMMA; 'FOR'J'TO'LEVELS 'DO' GAMMA[J):=2 'OD'; 
'REAL' RATIO = 0.5**ALFA; 
'REAL' Vl:=0.5,DENV1,NUMV1,V2:=0.5,DENV2,NUMV2:=1.0; ERROR:= MAXREAL; 
'VEC' RHS, UMMl, UMOLD; 'MAT' JACOBIAN; 

'FOR' LOOP 
'WHILE'UM:= ZERO(O); RHS:= PROJECT FORCE'! (O); 

JACOBIAN:= EVALUATE JACOBIAN ( 0, UM) ; 
SOLVE DIRECTLY(JACOBIAN,UM,RHS); 

'DO' 

'IF' LOOP>l 
'THEN' DENV2:=NUMV2; NUMV2:=NORM(RESTRICT(UM)-UMM1); 

'FI'; 
'IF' 
'THEN' 

'FI'; 

(LOOP>2 ! V2:= MAX((RATIO,MIN((0.5,NUMV2/DENV2)))) ); 
ERROR:=(V2/(1-V2))*NUMV2 

ERROR>TOL 
RHS := PROJECT FORCEY(l); 
UMMl := 'COPY' UM; 
UM := PROLONGATE(UMMl); 
DETERMINE Vl #(NUMVl,DENVl,Vl,UM,RHS)# 
RAPIDCONVERGENCE:= EXAMINE CONVERGENCE 

f (Vl,LEVELS,GAMMA) f 

ERROR>TOL 'AND' ('NOT' RAPIDCONVERGENCE) 'AND' NOUPPER >= 2*NO 
NO*:= 2; LEVELS-:= 1 'OD' 

'IF' 'NOT' RAPIDCONVERGENCE 
'THE:N' (ERROR> TOL ! FAIL(lO,"SOL INT EON") ) 

; (MONITOR ! PRINT((NEWLINE, 
" MULTIGRID CONVERGENCE TOO SLOW "))) 

'ELIF' ERROR > TOL 
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'THEN' 'FOR' M 'TO' LEVELS 
'WHILE'DENV2:=NUMV2; 

'REAL' RT := 
'REA.1.t' WM 

NUMV2:= NORM(RESTRICT(UM)-UMMl); 
MIN((RATIO,V2)); 
I Vl ON LEVEL(M) I 
('REAL' VP:= Vl, WP:= Vl; 

'DO' 

'OD' 
I FI' 

'FOR' P 'FROM' 2 'TO' M 
'DO' VP:= RATIO*VP; 

WP:= VP+WP**GAMMA[P]*(VP+NORMT) 
'OD'; WP ); 

'REAL' VlM :=WM; 
'FOR' IMAX 'TO' 5 
'WHILE'NUMVl > 0.1*((1.0-VlM)/VlM)*(RT/(l.0-RT))*NUMV2 

t EXTRA ITERATION: t 
'DO' DENVl:= NUMVl; 

'OD' 

UMOLD:= 'COPY' UM; 
MGCYCLE(M,l,UM,RHS,'FALSE'); 
NUMVl:= NORM(UM-UMOLD); 
NUMV2:= NORM(RESTRICT(UM)-UMMl); 
VlM := MIN((WM,NUMVl/DENVl)) 

V2 := MAX((RATIO,MIN((0.5,NUMV2/DENV2)))); 
ERROR:= (V2/(1-V2))*NUMV2; 
ERROR>TOL 'AND' M<LEVELS 
RHS :=PROJECT FORCEY (M+l); 
UMMl := 'COPY' UM; 
UM := PROLONGATE (UMMl); 
UMOLD:= 'COPY' UM; 
MGCYCLE(M+l,l,UM,RHS,'FALSE'); 
NUMVl:= NORM(UM-UMOLD) 

'END' t SOLVE INT EQ f 

'PR' PROG 'PR' 'SKIP' 
'END' 

'BEGIN' 
# EEN AANTAL TESTPROBLEMEN. 
i PROBLEM PARAMETERS f 
'REAL' B, BB, PAR, EB, LINV; 
'PROC' ('REAL')'REAL' SOL; 
'INT' KEVAL:= 0; 

RAPPORT NW 99/80 ) # 

[]'PROC''VOID' PROBLEM = ( 
'VOID' : t CASE ( I ) i 

( KK := ('REAL' S,T, Y) 'REAL': 
(KEVAL+!= 1; 

(S < T ! -Y*LINV*S*(l.0-T) ! -Y*LINV*T*(l.0-S)) ); 
FORCEY := ('REAL' S ) 'REAL': 

('REAL' R = PAR; 
'REAL' SR:= S**R; 
'REAL'Tl = SR*(l.0-S); 

SR:= S*SR; 
'REAL'T2 = (SR-l)/(R+1)+(2-SR*(S+l))/(R+2)+(S*SR-1)/(R+3); 
R*R*(Tl-LINV*S*T2) ); 
SOL:= ('REAL'X)'REAL': 

( 'REAL'R =PAR; R*R*(l.0-X)*X**R 

'VOID': t CASE( II ) t 
( KK := ('REAL'S,T,U)'REAL': 

(KEVAL+:= 1; LINV*U*COS(PI*S*T)); 
SOL:= ('REAL'X)'REAL': EXP(X)*COS(7.0*X); 
FORCEY:= ('REAL'X)'REAL': 

('REAL' ALFA= PI*X-7.0, BETA= PI*X+7.0; 

.. 
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SQL(X)-0.5*LINV* 
((EB*(COS(ALFA*B)+ALFA*SIN(ALFA*B))-1.0)/(1.0+ALFA*ALFA)+ 

(EB*(COS(BETA*B)+BETA*SIN(BETA*B))-1.0)/(1.0+BETA*BETA)) 

) ) ' 

'VOID': f CASE( III ) # 
( KK := ('REAL'S,T,Y)'REAL': 

(KEVAL+:=l; PAR/(PAR*PAR+(S-T)*(S-T))*LINV*Y ); 

FORCEY := ('REAL'S )'RE:AL': 
('REAL'Tl = LN({PAR*PAR+(l.0-S)**2)/(PAR*PAR+S*S)); 
'REAL' T2 = ARCTAN ( (1. 0-S) /PAR) +ARCTAN (S/PAR); 
'REAL'T3 = PAR+PAR*(S-0.4)*Tl+(0.06-PAR*PAR-0.8*S+S*S)*T2; 

-LINV*T3+0. 06+S* (S-0. B) ) ; 

SOL:= ('REAL' X)'REAL': 0.06+X*(X-0.B) I , 

'VOID': 
( KK := ('REAL'S,T,Y)'REAL': 

{KEVAL+:= 1; Y ); 
FORCEY := ('REAL'S )'REAL': 

( 0.2<"S ! 1.0 ! : O.O<=S ! 5*S ! 0.0 ); 
SOL:= ('REAL'X)'REAL': FORCEY(X) + BB ) ); 

'INT' PRNR:= 2; 
PAR := S.0; 
LINV:= -1. 42; 
B := 2. 0; 

NO := 8; 
TOL:= l .OE-5; 
PR0i JNGl'.TE;= CUB INT; NORMT:= 24; Q:= SIMP; ALFA:= 4; 

lNT:= (0.0,B); EB:= EXP(B); BB := (B-0.1)/(1-B); 

'REAL' TIME:= CLOCK; 
PEOBLEM [PRNR]; 
'1 O' 10 'DO' PRINT ((NEWLINE," PROBLEM ",WHOLE (PRNR, 0))) 
PI '. <JT ((NEWLINE, NEWLINE," INTBRVAL= ",INTERVAL)); 

PRINT ( (:·JEWLINE," LINV = ", LINV)); 
PPHlT( (NEWLINE, .. PAR 
PRINT ((NEWLINE," TOL 

",PAR)); 
",TOL,NEWLINE)); 

'REAL'ERROR; 'VEC' RESULT; 
'IF' SOLVE INT EQ (N0,32,256,TOL,ALFA,NORMT,RESULT,ERROR) 

'THEN' PRINT ((NEWLINE," USEFULL RESULT ! ",NEWLINE)); 
'INT' NL = 'UPB' RESULT; 
'INT' LEV= #LEVEL(NL)# 'ROUND'(LN(NL/NO)/LN(2.0)); 

PRINT ((NEWLINE," NO 
PRINT ({NEWLINE," LEVEL 
PRINT ((NEWLINE," NL 
PRINT ((NEWLINE," KEVAL 

",NO)); 
",LEV)); 
",NL)); 
",KEVAL,NEWLINE)); 

PRINT ((NEWLINE," ESTIMATED ERROR = ",ERROR)); 
'VEC' ERR= RESULT - PINJECT(LEV,SOL); 

'OD 1 ; 

PRINT ((NEWLINE," ACTUI>.L ERROR = ", NORl'. (ERR), NEWLINE)); 

PRINT ((NEWLINE," COEFFICIENT = ", KEVAL/ (NL*:iL))); 
PRINT ((NEWLINE, NEWLINE," RESULT ")); PRVEC (RESULT) 

#; PRINT((NEWLINE,NEWLINE," ERR : ")); PRVEC(ERR) f 
'ELSE' PRINT( (NEWLINE," USELESS RESULT ! ",NEWLINE)); 

PRINT((NEWLINE," NO =",NO)); 
PRINT ((NEWLINE," KEVAL ",KEVAL,NEWLINE)); 

PRINT ((NEWLINE,'" ESTIMATED ERROR = ",ERROR)) 
'FT' 
PRINT ( (:~EWLINE," CP TIME = ",CLOCK-TIME)) 

ieqtext 
I 'END' 

'BEGIN' 
I 

e 

# DETERMINATIE VAN DE MAXIMAAL SLECHTSTE CONVERGENTIE SNELHEID. 

'PROC' F = ('REAL'X,ALFA, [J'INT'GAMMA,'INT'LEVELS) 'BOOL': 

'BEGIN' 

BB 

'BOOL'BB:= 'TRUE'; 
'REAL'VP:= X; 
'REAL' WP := X; 
'IF' (WP*WP) >VP 'THEN' BB:= 'FALSE' 'F'l'; 

'IF' BB 'THEN' 
'FOR' P 'FROM' 2 'TO' LEVELS 'WHILE' 

VP:= RATIO*VP; 
WP:= VP+(WP**GAMMA[PJ)*(VP+ALFA); 

BB:= ( WP*WP <=VP ); 
BB 
'DO' 'SKIP' 'OD' 

'FI'; 

'END' ; 

'REAL'A,B,C,EPS,RATIO,ALFA; 'INT' I,J; 
[1: 5] 'INT' GAMMA:= (0, 3, 3, 3, 3); 
[1:4]'REAL' ARRALF; ARRALF:= (1.0,6.0,24.0,100.0); 

[1:4]'REAL' ARRAT; ARRAT := (6.25E-2,2.5E-1,5.0E-1,7.5E-l); 

EPS: = 1. OE-B; 

! 'FOR' I 'TO' 2 'DO' 
RATIO:= ARRAT[I]; 

'FOR' J 'FROM' 2 'TO' 3 'DO' 
ALFA := ARRALF[J]; 

PRINT ( (NEWPAGE, " 
" ALFA = ",ALFA)) ; 

'FOR' LEVELS 'TO' 'UPB'GAMMA 'DO' 
A:= 0.0; 
B:= 1.0; 

RATIO ",RATIO, 

PRINT ((NEWLINE,"****************************" / NEWLINE, 
" LEVELS = ",LEVELS," GAMMA = ")); 

'FOR' LL 'TO' LEVELS 'DO' PRINT((WHOLE(GAMMA[LL],4))) 'OD'; 

'IF' F(A,ALFA,GAMMA,LEVELS) 'AND' 'NOT' 
F(B,ALFA,GAMMA,LEVELS) 'THEN' 

'WHILE' 

'FI' 

C:= (A+B) /2 .O; 
'IF' F(C,ALFA,GAMMA,LEVELS) 'THEN' A:= C 'ELSE' B:= C 'FI'; 
(B-A) > EPS 
'DO' 'SKIP' 'OD' 

PRINT ((NEWLINE," A = ",A, NEWLINE," B ",B)) 

'OD' 

'OD' 
'OD' 
'END' 

-
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SUBROUTINE EVV(M,BMAX) 
COMPLEX M (4, 4) 

INTEGER IJOB,IER 
Ri.AL WK(40) 
COMPLEX A ( 4, 4) , W ( 4) , Z ( 4, 4) 
IJOB = 2 

DO 11 J=l,4 
DO 11 I=l,4 

A(I,J) = M (J,I) 
11 CONTINUE 

CALL EIGCC(A,4,4,IJOB,W,Z,4,WK,IER) 
BMAX= v.O 
IF (WK(l) .GE.100.0) BMAX= l.OElO 
DO 14 J= 1,4 
BABS = CABS(W(J)) 
IF (BABS.GE.BMAX) BMAX = BABS 

14 CONTINUE 
RETURN 
END 

ID ENT 
ENTRY 

UERTST BSS 
MESSAGE 
EQ 

ME'.:3 DATA 
END 

FALIB: 

UERTST 
UERTST 
1 
MES3 1 LOCAL,RECALL 
UERTST 
8LUERTST 

'BEGIN' # FATEXT: NIEUWE VERSIE FA VOOR TLA /PWH830105 
# MGANAL01/PWH800112, PF= MGANAL # 
# VSN 810116 # 
# COMBINES: CEVAL/PWH80010B, MCLEV/PWH801219 # 
# FOURIER ANALYSE ETC. MCFOUR/PWH801203 # 
# VSN 801209 i 

'MCDE' 'STAR' 
'MC!)E:' 'CAP' 
'MOIJE' 'CAPD' 

[-1:1,-l:l]'REAL': 
[ 1: 4, 1: 4] 'COMPL' : 
[ 1 : 4 ] ' COMPL' ; 

'PROC' MAXEVAL = ('REF' [,]'COMPL' M)'REAL': 
'BEGIN' 'PROC' IMSL = ('REF' 'COMPL'M, 

'REF''REAL' MAX)'VOID': 
'PR' XREF A68FTN,EVV 'PR' 'SKIP': 
'REAL' MAX; IMSL(M[l,1),MAX); MAX 

'END' : 

'PRIG' 'PLOT' l; 

e e 
fatext 

'OP' 'PLOT' = ('INT' N, 'REF' []'REAL' RSD)'VOID': 
f PLAATJE VAN FOURIER GETRANSFORMEERDE PWH830223 # 
#E.G. 16'PLOT' (DECILUSTAR(ANISOP(EPS,PI*PHII))) f 
'BEGIN' [-N:N,-N:N)'REAL' A; 'REAL' M:= 1.0E-100; 

'STRING' S; 

'FOR' I 'TO' N 'DO' 
'FOR' J 'TO' N 'DO' 

'CAPD' C:= RELFT (RSD,I*PI/N,J*Pl/N); 
A[I ,J ):='ABS' C[l]; 
A[I-N,J ]:='ABS' C[2]; 
A[I ,J-N] := 'ABS' C[3]: 
A[I-N,J-N]:= 'ABS' C[4]; 
'FOR' K 'TO' 4 
'DO' ('ABS'C[K]>M ! M:='ABS'C[K] ) 'OD' 

'OD' 'OD' i 

A [, -N) : = A [, N] ; 
A[-N,] := A[N, ] : ( PLOTABS ! H:= 1.0 }; 

'FOR' I 'FROM' -N 'TO' N 'DO' S:= " ": 
'FOR' J 'FROi:' -N 'TO' N 'DO' S+:= WHOLE(lOO*A[I,J]/M,-3) 

'OD': PRINT ((NEWLINE, S)) 
'OD': PRINT((M,NEWLINE,NEWLINE)) 

'END'; 

'BOOL' PLOTABS:= 'FALSE'; 

'INT' MAZEN:= 16; 'REAL' MAZE:= 1.00E-10; 

'PROC' SUP= ( 'PROC'{'REAL','REAL')'REAL' FUNC, 
'REF' 'REAL' XMAX, YMAX )'REAL'; 

'BEGIN' t NEW VERSION ; PWH/830520 # 
'INT' II:= 0,JJ:= O,ZI,ZJ; 
'REAL' H := PI/ (2*MAZEN), M, MAX:= 0. 0: 
'FOR' I 'FROM' 1-MAZEN 'TO' MAZEN 'DO' 
'FOR' J 'FROM' 1-MAZEN 'TO' MAZEN 'DO' 

M:= FUNC(I*H,J*H); 
(M>MAX ! MAX:=M; II:=I; JJ:=J) 

'OD' 'OD': 
XMAX:= II*H; YMAX:= JJ*H; 

'WHILE' H > MAZE 
'DO' H/:= 2; ZI:= II*:= 2; ZJ:= JJ*:=2; 

'FOR' I 'FROM' ZI-3 'TO' ZI+3 'DO' 
'FOR' J 'FROM' ZJ-3 'TO' ZJ+3 'DO' 
'IF' 'ODD'I 'OR' 'ODD'J 
'THEN' M:= FUNC(I*H,J*H); 

(M>MAX ! MAX:=M; II:=I; JJ:=J) 
'FI' 'OD' 'OD'; 
XMAX:= II*H; YMAX:= JJ*H; 

# PERIODICITY ON THE TORUS 1 ! ! ! t 
('ABS' XMAX>PI/2 ! XMAX-:= PI*'SIGN'XMAX); 
('ABS' YMAX>PI/2 ! YMAX-:= PI*'SIGN'YMAX) 

'OD'; MAX 
'END' f SUP # ; 

'<'ROC' TLA FUNC = ('REAL'PH,TH) 'RF.AL': 

'PR' EJECT 'PR' 

'PR' EJECT 'PR' 

( (PH=O ! TH=O ! 'FALSE') ! 0. 0 ! MAXEVAL ( TLA {PH, TH) ) ) : 

JD 



1• 
'PROG 1 TLA CAP FUNC = ('_REAL' PH, TH) 'REAL': 

( (PH=O!TH=O!'FALSE') ! 0.0 ! MAXEVAL( TLA CAP (PH,TH) ) ); 

'REAL' PIH= PI/2; 

'PROC' SMO FUNC = ('REAL' PH, TH) REAL': 
'BEGIN' 'REAL' P:= PH, T:= TH; 

'END'; 

{ P > PIH ! P-:= PIH ! : P <-PIH 
( T > PIH ! T-:= PIH ! : T <-PIH 
'CAFD' A= RELFT(RELSTARDEC,P,T); 
'REAL' S,M:=O; 

P+:=PIH); 
T +:=PIH); 

# ALS (PH,TH) OVER HET BINNENGEBIE: LOOPT, 
# KRYGEN WE HET MAXIl'.\JM OVER HET BUITENGEBIED ! ! ! 
'FOR' I 'FROM' 2 'TO' 4 
'DO' S:= 'ABS' A[I]; (S>M!M:=S) 'OD'; 
M 

'PROC' SMO ZEBRA FUNC = ('REAL' PH, TH) 'REAL': 
'BEGIN' 'REAL' P: = PH, T: = TH; 

I END'; 

( P >PIH ! P-:= PIH !: P <-PIH ! P +:=PIH); 
( T >PIH ! T-:= PIH !: T <-PIH ! T +:=PIH ); 
'CAP' B = RELFTCAP(RELSTARDEC,P,T); 
'CAP' A := B 
'FOR' I 'FROM' 2 'TO' PP+QQ 
'DO' A:= A*B 'OD' 
'P.EAL' S :='ABS' A[2,2] 

M := 'ABS' (A[3, 3]+A[4, 4]) 

# ALS (PH,TH) OVER HET BINNENGEBIED LOOPT, 
# KRYGEN WE: HET MAXIMUM OVER HET BUITENGE:BIED ! ! ! 
(S>M ! (PP+QQ) 'ROOT'S! (PP+QQ) 'ROOT' M) 

e 

'PR' EJECT 'PR' 

I OP' , ROOT' 

( A< -1.0£-L' 
(' INT' P , 'REAL' A) 'REAL' : 
( P'MOD'2=1!-EXP(LN('ABS'A)/P) 

ERROR;O.O 

A <=0 ! 0. 0 

); 

'PRIO' 'ROOT' = 8; 

'OP' + = ('CAPD' B)'CAP': 
'BEGIN' 'HEAP' 'CAP' A; 

'FOR' I 'TO' 4 'DO' 
'FOR' J 'TO' 4 'DO' 

EXP (LN ( A)/P) 

A[I, J] := (I=J!B[I] !0.0) 'OD' 'OD'; A 

'END'; 

'OP' "- :1' = ('CAP' M ) 'CAP' : 
'BEGIN. 'HEAP' 'CAP' N; 

'END' 

'FOR' l 'TO' 4 'DO' 
'FOR' J 'TO' 4 'DO' 
'BEGIN' 'COMPL' S:= O; 

'FOR' K 'TO' 4 'DO' S+:= M[K,J]*'CONJ'M[K,I] 'OD'; 

N[I,cl]:=S 
'END' 'OD' 'OD'; N 

fat ext 

'OP' 'MMH' = ('CAP' M ) 'CAP' : 
'BEGIN' 'HEAP''CAP' N; 

'FOR' I 'TO' 4 'DO' 
'FOR' J 'TO' 4 'DO' 
'BEGIN' 'COMPL' S:= 0: 

e 

'FOR' K 'TO' 4 'DO' S+:= M[I,K]*'CONJ'M[J,K] 'OD'; 

N[I, J] := S 
'END' 'OD' 'OD'; N 

'END' 

'OP' * = ('CAP' Ml,M2)'CAP': 
'BEGIN' 'HEAP''CAP' N; 

'END' 

'FOR' I 'TO' 4 1 DO' 
'FOR' J 'TO' 4 'DO' 
'BEGIN' 'COMPL' S:= 0; 

'FOR' K 'TO' 4 'DO' S+:= Ml[I,K] *M2[K,J] 'OD'; 

N[I,J] := S 
'END' 'OD' 'OD'; N 

'OP' * = ('CAPO' Ml,'CAP' M2)'CAP': 
'BEGIN' 'HEAP" CAP' N; 

'FOR' I 'TO' 4 'DO' 
'FOR' J 'TO' 4 'DO' 
N[I,J] := Ml[I]*M2[I,J] 

'OD' 'OD'; N 
'END' 

'OP' * = ('CAP' Ml, 'CAPD' M2) 'CAP': 
'BEGIN' 'HEAP' [1:4,1:4]'COMPL' N; 

'FOR' I 'TO' 4 'DO' 
'FOR' J 'TO' 4 'DO' 
N[I,J] := Ml[I,J]*M2[J] 

'OD' 'OD': N 
'END' 

'OP' * = (' CAPD' Ml, M2) 'CAPO' : 
'BEGIN' 'CAPO' N; 

'END' 

'FOR' I 'TO' 4 'DO' 
N [I] : = Ml [I] *M2 [I] 

'OD'; N 

'OP' ** = ('CAPO' M1,M2)'CAP': 
'BEGIN' 'HEAP''CAP' N; 

'END' 

'FOR' I 'TO' 4 'DO' 
'FOR' J 'TO' 4 'DO' 
N[I,J] := Ml[I]*M2[J] 

'OD' 'OD' i N 

i 'OP' 'PRINT' = ('COMPL' V)'VOID': 
PRINT(( FLOAT('RE' V,10,4,2)," +I* ",FLOAT('IM' V,10,4,2)," 

'OP' 'PRINT' = ('CAPO' V)'VOID': 
( PRINT (NEWLINE): 'FOR' J 'TO' 4 'DO' 'PRINT' V[J] 'OD'); 

'OP''PRINT' = ('CAP' M)'VOID': 
( PRINT(NEWLINE); 'FOR' I 'TO' 4 'DO' 'PRINT'M[I,] 'OD'); 

'OP' 'PRINT' 
'BEGIN'' FOR' 

('STAR' SR)' VOID' : 
'FROM' -1 'TO' 1 'DO' ' STRING' S: = " "; 

'FOR' J 'FROM' -1 'TO' 1 'DO' S +:= FL(SR(I,J]) 

n)) ; 

a11 
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'END' 

'PROC' FL 

'OD' ;PRINT((NEWLINE,S )) 
'OD' ; PRINT ((NEWLINE ) ) 

('REAL' A)' STRING': FLOAT(A, 11, 5,2) +" 

e 

' PR' EJECT 'PR' 
# GLOBAL PARAMETERS # 

'BOOL' SIGMA:=' FALSE' I BAR:= 'FALSE', SHOW :='FALSE'; 
'INT' PP:=1, QQ:=O; 
'REF' [J'REAL' RSTARDEC, PSTARDEC, AFSTARDEC, ACSTARDEC, RELSTARDEC; 

'PROC' TLA = {'REAL' PH, TH) 'REF'' CAP' : 
'BEGIN' 'CAPD' RELP,RELQ, 

., END' ; 

P := STARFT(PSTARDEC,PH,TH), 
R := STARFT(RSTARDEC,PH,TH), 
RELX:= RELFT (RELSTARDEC,PH,TH), 
AH := STARFT(AFSTARDEC,PH,TH); 

'COMPL' AHH := STARFT(ACSTARDEC,2*PH,2*TH) [l] 
'HEAP' 'CAP' M; 

'FOR' I 'TO' 
'DO' RELP [I}:= RELX [I] **PP; 

(BAR!P!R) [I] *:= AH[I]/AHH; 
RELQ[I] := RELX[I}**QQ 

'OD'; 

'FOR' I 'TO' 4 
'DO' 'FOR' J 'TO' 

'DO' M[I,J] := 

'OD' 'OD'; 

RELQ[I) 
* ( (I=J 11!0) - P[I]*R[J) ) 
* RELP[J) 

( SIGMA ! M:= 'MHM' M ! M ) 

' pp,oc' TLA CAP 
I BEGIN' I CAPD' 

('REAL' PH, TH) 'REF'' CAP' : 
P := STARFT(PSTARDEC,PH,TH), 
R := STARFT(RSTARDEC,PH,TH), 
AH := STARFT{AFSTARDEC,PH TH); 

, E:~0' ; 

'COMPL' 
'CAP' 

AHH := STARFT{ACSTARDEC,2* H,2*TH) [l) 
REL : = + RELFT (RELSTARDEC, 'H, TH); 

'HEAP'' CAP' M; 

'FOR' I 'TO' 4 
'DO' (BAR!P!R) [I] *:= AH[I]/AHH 'OD'; 

'FOR' I 'TO' 4 'DO' 
'FOR' J 'TO' 4 'DO' 

M[I,J) := (I=J!l!O) - P[I)*R[J] 'OD' 'OD'; 

'FOR' I 'TO' PP 'DO' M:= M*REL 'OD'; 
'FOR' I 'TO' QQ 'DO' M:= REL*M 'OD'; 
( SIGMA ! M:= 'MHM' M ! M ) 

'PROC' DECSTP_R = ('STAR' S)'REF' [)'REAL': 
('HEAP' [1:9]'REAL'A := 

+ 1.0E-300; 

'PR' EJECT 'PR' 

+ L OE-300; 

'PR' EJECT 'PR' 

(-S[l, l] +S[-1, -1] , -S[l, O]+S [-1, ~], -S[l, -l]+S [-1, 1], 
-S[0,1]+S[ 0,-1] , S[O,O] , S[O,l]+S[ 0,-1], 
S[l,--l]+S(-1,1] , S{l,O]+S[-1,0], S[l,l]+S[-1,-1]); 

'BOOL' SYM:= 'TRUE'; 
'FOR' I 'TO' 4 'DO' ( A(I]/=0 ! SYM:= 'FALSE' ) 'OD'; 

e 
fatext 

I 

( SYM ! A[5:9@0) ! A[@-4) ) ) ; 

'PROC' FOURDECSTAR = ([]'STAR' ST ) [][]'REAL': 
DECSTAR( ST[l] ), DECSTAR( ST[2] ), f VOLGORDE : (X ,Y ),t 
DECSTAR( ST[3] ], DECSTAR( ST[4] )); f (X+,Y),(X,Y+),{X+,Y+) I 

'PROC' STARFT = ([]'REAL'A,'REAL'PH,TH)'CAPD': 
'BEGIN' 'REAL' AO:= A[O], Al:= A[l]*COS(TH), A2:= A[2]*COS(PH-TH), 

'REAL' Rl 
R2 
R3 

A3:= A[3]*COS(PH), A4:= A[4)*COS(PH+TH); 
AO + Al + A2 + A3 + A4, 
AO + Al - A2 - A3 - A4, 
AO - Al - A2 + A3 - A4, 

R4 
'IF''LWB'A=O 

AO - Al + A2 - A3 + A4; 

'THEN' (Rl, R2, R3, R4) 
'ELSE' Al:= A[-l)*SIN(TH); A2:= A[-2)*SIN(PH-TH); 

A3:= A[-3)*SIN(PH); A4:= A[-4]*SIN(PH+TH); 
( Rl +* ( Al + A2 + A3 + A4 ) , 

R2 +* (Al - A2 - A3 - A4 ), 
R3 +* (-Al - A2 + A3 - A4 ), 
R4 +* (-Al+ A2 - A3 + A4 )) 

'FI' 'END' # STARF'T f; 

'PROC' RELFT:= ([]'REAL'A,'REAL'PH,TH)'CAPD': ILUSTARFT(A,PH,TH); 

'PROC' RELFTCAP:= ([]'REAL'A,'REAL'PH,TH)'CAP': ZEBRASTARFT(A,PH,TH); 

'PROC' FOURSTARFT = ([](]'REAL' A, 'REAL' PH, TH) 'CAP': 
I BEGIN' I HEAP' , CAP' ~t1, LLAM; 

'END'; 

'REF' [,]'COMPL' M = MM[@0,@0], LAM= LLAM[@0,@0]; 

'FOR' P 'TO' 4 'DO' LLAM[P,]:= STARFT(A[P],PH,TH) 'OD'; 

'FOR' Rl 'FROM' 0 'TO' 1 'DO' 'FOR' R2 'FROM' 0 'TO' 
'FOR' Kl 'FROM' 0 'TO' 1 'DO' 'FOR' K2 'FROM' 0 'TO' 
'BEGIN' 'COMPL' S:= 0; 

'FOR' Pl 'FROM' 0 , TO' L , DO' 
'FOR' P2 'FROM' 0 'TO' 1 'DO' 

S +:= ( Kl=Rl ' 1 ! : Pl=O ! 1 
( K2=R2 ! 1 ! : P2=0 ! 1 
LAM[ 2*P2+Pl, 2*K2+Kl] 

OD' 'OD'; 
M[2*R2+Rl,2*K2+Kl] := S/4 

'END' 'OD' 'OD' 'OD' 'OD'; MM 

-1 ) * 
-1 ) * 

'DO' 
'DO' 

'PR' EJECT 'PR' 
'BOOL' BACKWARD GS:= 'FALSE'; 

'PROC' DEC GS STAR= ( 'STAR'M) 'REF' []'REAL': 
'BEGIN' 'HEAP' [-4:4] 'REAL'A; A(@l] := 

( M[-1, -1) ,M[-1, O],M[-1, 1], 
M[ 0,-1],M[ 0,0],M[ 0,1], 
M[ 1,-1],M[ 1,0],M[ 1,1] ); A 

'END' 

'PROC' GS STAR FT= ([]'REAL' A, 'REAL' PH,TH)'CAPD': 
'BEGIN' 'REAL' AM4C:= COS( PH+TH), AM4S:= SIN( PH+TH), 

AM3C:= COS( PH ), AM3S:= SIN( PH ), 
AM2C:= COS( PH-TH), AM2S:= SIN( PH-TH), 
AMlC:= COS( TH), AMlS:= SIN( TH); 

'REAL' AP4C:= A[ 4]*AM4C, AP4S:= A[ 4J*AM4S, 
AP3C:= A[ 3]*AM3C, AP3S:= A[ 3]*AM3S, 
AP2C:= A[ 2]*AM2C, AP2S:= A[ 2]*AM2S, 
APlC:= A[ l]*AMlC, APlS:= A[ l]*AMlS; 

llJI 
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e 

'END' 

AM4C*:= A[-4]; AM3C*:= A[-3]; AM2C*:= A[-2]; AMlC*:= A[-1); 
AM4S*:= A(-4]; AM3S*:= A(-3); AM2S*:= A[-2]; AMlS*:= A[-1]; 

'IF' BACKWARD GS 
'THEN' 

-( ( AM4C+AM3C+AM2C+AM1C)+*( AM4S+AM3S+AM2S+AM1S) )/ 
( (A[O)+AP4C+AP3C+AP2C+AP1C)+*(-AP4S-AP3S-AP2S-AP1S) ) 

- ( ( -AM4C-AM3C-AM2C+AM1C) +* (-AM4S-AM3S-AM2S+AM1S) ) I 
( (A[O] -AP4C-AP3C-AP2C+AP1C) +* ( AP4S+AP3S+AP2S-AP1S) ) 

- ( ( -AM4C+AM3C-AM2C-AM1C) +* (-AM4S+AM3S-AM2S-AM1S) ) I 
( (A[0)-AP4C+AP3C-AP2C-AP1C)+*( AP4S-AP3S+AP2S+AP1S) ) 

-( ( AM4C-AM3C+AM2C-AM1C) +* ( AM4S-AM3S+AM2S-AM1S) ) / 
( (A[O]+AP4C-AP3C+AP2C-AP1C)+*(-AP4S+AP3S-AP2S+AP1S) ) 

'ELSE' 
( 

-( ( AP4C+APJCiAP2C+APlC)+*(-AP4S-AP3S-AP2S-APlS) )/ 
( (A[O]+AM4C+AM3C+AM2C+AM1C)+*(+AM4S+AM3S+AM2S+AM1S) ) 

-( ( -AP4C-AP3C-AP2C+AP1C)+*( AP4S+AP3S+AP2S-AP1S) )/ 
( (A(O]-AM4C-AM3C-AM2C+AM1C)+*(-AM4S-AM3S-AM2S+AM1S) ) 

-( ( -AP4C+AP3C-AP2C-AP1C)+*( AP4S-AP3S+AP2S+AP1S) )/ 
( (A[0)-AM4C+AM3C-AM2C-AM1C)+*(-AM4S+AM3S-AM2S-AM1S) ) 

- ( ( AP4C-AP3C+AP2C-AP1Cl +* (-AP4S+AP3S-AP2S+AP1Sl ) I 
( (A [ 0] +AM4C-AM3C+AM2C-AM1C) +* ( AM4S-AM3S+AM2S-AM1S) ) 

'FI' 

'PR' EJECT 'PR' 
'PROC' ('STAR')'REF' {)'REAL' DEC ZEBRA STAR= DEC GS STAR 

'PROC' ZEBRA STAR FT= ([)'REAL' A, 'REAL' PH,TH)'CAP': 
'BEGIN' 

'REAL' AM4C := COS(PH+TH) AM4S := SIN(PH+TH) 
AM3C := COS(PH ) AM3S := SIN(PH ) 

AM2C := COS(PH-TH) AM2S := SIN(PH-TH) 
AMlC := COS( TH) AMlS := SIN( TH) 

'REAL' AP4C := A[4]*AM4C AP4S := A[4]*AM4S 
AP3C := A[3)*AM3C AP3S := A(3]*AM3S 
AP2C := A[2]*AM2C AP2S := A[2)*AM2S 
APlC := A[l]*AMlC APlS := A[l]*AMlS 

' 
; 

; 

AM4C*:= A[-4]; AM3C*:= A[-3]; AM2C*:= A[-2]; AMlC*:= A!-1]; 
AM4S*:= A[-4]; AM3S*:= A[-3); AM2S*:= A!-2]; AMlS*:= A[-1]; 

'COMPL' AOO = 
( -AM4C-AM3C-AM2C-AP2C-AP3C-AP4C) 

+*( -AM4S-AM3S-AM2S+AP2S+AP3S+AP4S) ) I 
(A!OJ+AMlC+APlC ) 

+* ( AMlS-APlS ) ) 

AOl = 
AM4C-AM3C+AM2C+AP2C-AP3C+AP4C) 

+*( AM4S-AM3S+AM2S-AP2S+AP3S-AP4S) ) I 
(A[O]-AMlC-APlC ) 

+*( -AMlS+APlS ) ) ; 

'COMPL' El = AOO*AOO 
E2 ~ AOl*AOl ; 

'COMPL' Ell= O.S*(El+AOO) 

e 
fatext 

I 

'END'; 

E22= 0.5*(El-A00) , 
E33= 0.5*(E2+A01) , 
E44= 0.5*(E2-A01) 

(Ell,Ell,O ,O ), 
(E22,E22,0 ,O ), 
(0 ,0 ,E33,E33), 
(0 ,O ,E44,E44) 

'PR' EJECT 'PR' 
'INT' ILUDECNl := 5, ILUDECN2 := 200; 
'REAL' ILUDECTOL:= 1.0E-7; 'BOOL' ILUDECOY.:= 'TRUE'; 

'PROC' ILUDEC = ('STAR' M, 'REF' (]'REAL' L,U)'REAL': 
'BEGIN' 'REAL' TOL= ILUDECTOL; ILUDECOK:= 'TRUE'; 

i$# 

i$t 

'REAL' MO:= M[O,O], 
Ml:= M[O, l], MMl:= M[0,-1), 
M2:= M[l,-1), MM2:= M(-1,1], 
M3: = M [ 1, 0], MM3: = M [ -1, 0] ; 

'BOOL' NEG= MO<O; 
( NEG ! MO:=-MO; Ml :=- Ml; M2 :=- M2; M3 :=- M3; 

MMl:=-MMl; MM2:=-MM2; MM3:=-MM3); 
'REF''REAL' LO= L[O):= MO, 

Ll = L[l]:= MMl, Ul = U[l]:= Ml, 
L2 = L[2):= MM2, U2 = U[2]:= M2, 
L~ = L(3]:= MM3, U3 = U[3):= M3, 
L4 = L[4] U4 = U[4]; 

'REAL' Z,ERR:= l.OElOO; 

'PRIO' <:= = l; 
'OP' <:== ('REF"REAL' X,'REAL'A)'VOID': 
('REAL' XX=X; X:= A; ERR+:= 'ABS' ((X-XX)/(TOL+'ABS'X)) ); 

Z := M0/2; 
LO:= 'ABS' Z + SQRT(Z*Z - Ll*Ml); 
# SQRT(<O) ALLEEN MOGELIJK BIJ M0**2 < Ml*MMl ! ! ! ! ! ! 
Ul:= Ml/LO; 
U3:= M3/LO; 

'TO' ILUDECNl 'WHILE' ERR>TOL 
'DO' ERR:= 0.0; 

L2 <:= MM2 - Ul*L3; 
U2 <:=( M2 - Ll*U3)/LO; 
Ll <:= MMl - U2*L3; 
Ul <:=(Ml - L2*U3)/LO; 
LO <:= MO - Ll*Ul - L2*U2 - L3*U3; 
U3 <:= M3/LO 
; DECN+ :=1 

'OD'; 

L4 := Ul*L2; U4:= Ll*U2; 

'TO' ILUDECN2 'WHILE' ERR>TOL 
'DO' ERR:= 0.0; 

z := LO - U3*L3; 
Ll <:=(MMl*LO M2*L3)/Z; 
12 <:=(MM2*LO - Ml*L3)/Z; 
Ul <:=( Ml - MM2*U3)/Z; 
U2 <:=( M2 - MM1*U3) /Z; 
z :=( MO - Ll*Ul - L2*U2)/2; 
LO <:= 'ABS' Z + SQRT(Z*Z - L3*M3); 
U3 <:= M3/LO 
; DECN+:=l 

D 



-
'END' 

'OD'; 

ILUDECOK:- ERR<= TOL; 
( MONI 'ANO' 'NOT' ILUDECOK 
! PRINT ( (NEWLINE, " ILUDEC ! ! ! ",ERR, TOL, 

NEWLINE,M,NEWLINE,L,U,NEWLINE)) 
JI 
(NEG!LO:=-LO;Ll:=-Ll;L2:=-L2;L3:=-L3); 
L4:= Ul*L2; U4:= Ll*U2; ERR 

'PROC' DEC ILU STAR = ('STAR' S) 'REF' []'REAL' : 
'BEGIN' [0:4]'REAL' LL,UU; ILUDEC(S,LL,UU); 

'PEAL' L4 = LL[4],U4 = UU[4], E = 1.0E-9; 
'HEAP' [-4:4]'REAL' A; 
A {-3:3@1] := (-S[l,O]+S(-1,0],-S[l,-l]+S[-1,l], 

-S[O,l]+S[ 0,-1] , S[O,OJ , S[O,l]+S[ 0,-1], 
S[l,-l]+S[-1,1] , S[l,O]+S[-1,0j); 
( 'ABS'L4<E 'AND' 'ABS'U4<E 

A[-4) :=A[ 4):= O; A[O]+:= 1; 
( MONI ! PRINT((NEWLINE," N.B. DECILUSTAR")) 
A[-4] 1= L4-U4; A[ 4]:= L4+U4 

); A 
'END' 

'PROC' ILU STAR FT 
'BEGIN' 'REAL' A4C 

A4S 
AlC 
AlS 
A2C 
A2S 
A3C 
A3S 

([]'REAL' A, 'REAL' PH,TH)'CAPD': 
A( 4]*COS(PH-2*TH), 
'[-4]*SIN(PH-2*TH), 
·•[ l]*COS( TH), 
A[-l]*SIN( TH), 
A[ 2]*COS(PH -TH), 
A(-2J*SIN(PH -TH), 
A[ 3]*COS(PH), 
A[-3J*SIN(PH); 

e 

(( A4C +* A4S )/ 
• (-A4C +*-A4S ) I 
, ( A4C 1 * A4S ) I 
, (-A4C +*-A4S )/ 
) 

( ( A[O]+A1C+A2C+A3C+A4C 
( ( A[O]+AlC-A2C-A3C-A4C 
( ( A[OJ-AlC-A2C1A3C+A4C 
( ( A[O]-A1C+A2C-A3C-A4C 

+* ( A1S+A2S+A3S+A4S )) 
+* ( A1S-A2S-A3S-A4S )) 
+* (-A1S-A2S+A3S+A4S )) 
+* (-A1S+A2S-A3S-A4S )) 

'END' 
'PR' EJECT 'PR' 

'PROC' ILLUDEC = ( []'REAL' JAC, 'REF' []'REAL' DECOMP ) 'VOID' : 
'BEGIN' 'REAL' TOL = ILUDECTOL; 

'REAL' 00,LL,II,L DINV U,S,ERR:= l.OElOO; 

I PP.IQ' <: = = 1; 
'OP' <:= = ('REF''REAL' X,'REAL'A)'VOID': 
('REAL' XX=X; X:= A; ERR+:= 'ABS' ((X-XX)/(TOL+'ABS'X)) ); 

'HEAP' [-l:+l]'REAL' D; 
[-2:+2]'REAL' DINV; 
[-1:+2j "REAL' L DINV; 
[-l:+l]'REAL' DEC; 

D [-1: +1] := JAC[-1:+1]; 

'TO' JI.UDECN2 'WHILE' ERR>TOL 
'DO' LL:= D[0]/2; 

S := LL*LL-D[l]*D[-1]; 
( S<O ! 'GOTO' EXEPTION ); 
DO:= LL + SQRT(S); 
LL:= -D[-1]/DD; 
DEC [OJ:= DD; DEC[-1] := LL; DEC[l] := -D[+l]/Dil; 

fatext 

'OD'; 

e 

DINV[OJ:= (l/DEC[0])/(1.0-DEC[l]*DEC[-l]); 
'FOR' K 'TO' 2 
'DO' OINV(-K):= DINV[l-KJ*DEC[-1); 

DINV[ K):= DINV[K-l]*DEC[+l] 
'OD'; 

'FOR' K 'FROM' -1 'TO' 2 
'DO' L DINV[KJ:= JAC[-3)*DINV[K ] + 

JAC(-2)*DINV[K-1) 
'OD': 

ERR:= O; 
'FOR' 
'DO' 

'OD' 

K 'FROM' -1 
L DINV U := 

D[K] <:= 

'TO' 1 
L DINV[K )*JAC[3) + 
L DINV[K+l]*JAC[2); 

JAC[K] - L DINV U 

EXEPTION: 
( MONI 'AND' 'NOT' (ILUDECOK:= ERR<= TOL ) 
! PRINT ( (NEWLINE, " ILUDEC ! ! ! ",ERR, TOL, 

NEWLINE,JAC,NEWLINE,DECOMP,NEWLINE)) 
); 
DECOMP:= D 

'END'; 

'PROC' DECILLUSTAR = ('STAR' STAR )'REF' []'REAL': 
'BEGIN'[-3:3]'REAL' JAC; 

'ENO'; 

JAC(-3:-2):= STAR(-1, 0:1]; 
JAC(-1: 1]:= STAR[ 0,-1:1]; 
JAC[ 2: 3):= STAR[ 1,-1:0]; 
'HEAP' [-3:6]'REAL' C; 
C [-3: 3]:= JAC [-3:3); 
ILLUDEC(JAC,C[4:6@-l)); 
c 

'PROC' ILLU STAR FT= ([]'REAL' c, 'REAL' P,T )'CAPO': 
ILLUFT(C,P,T ),ILLUFT(C,P+PI,T ), 
ILLUFT(C,P,T+PI),ILLUFT(C,P+PI,T+PI) ); 

'PROC' ILLUFT = ([]'REAL' C, 'REAL' P,T )'COMPL': 
'BEGIN' []'REAL' A= C[-3:3@-3], D = C[4:6@-1]; 

'REAL' SP = SIN(T ), CP = COS(T ), 
ST= SIN(P ), CT = COS(P ), 
SZ = SIN(P-T), CZ = COS(P-T); 

'COMPL' 
DB= ( D[ 0]+ (D[ l]+D[-l])*CP )+*( (D[ 1)-D[-l])*SP ), 

'END'; 

CB= (A[ 0]+ (A[ l]+A[-l])*CP )+*( (A[ 1]-A[-l])*SP ), 
LB= ( A[-3]+ (A[-2] ) *CP ) +* ( (A [ -2] ) *SP ) , 
UB = ( A[ 3] + ( A[ 2])*CP )+*( ( -A[ 2))*SP ), 

LPU= ( (A[3]+A[-3])*CT + (A[2]+A[-2])*CZ) +* 
(A[3]-A[-3])*ST + (A[2]-A[-2})*SZ ); 

(LB*UB+DB*(OB- CB))/ 
(LB*UB+DB*(DB+LPU)) 

I SEVEN-POINT SIGESTAR 
'PR' EJECT 'PR' 



-#'PROC' SIGESTARS=('STAR'S, 
'REF' [,]'STAR' PROLN,RESTR,DIF,CGC)'VOID': 

'BEGIN' 'REAL' MD1,MD2,MD3,MD4; 
'FOR' I 'FROM' 0 'TO' 1 'DO' 
'FOR' J 'FROM' 0 'TO' 1 
'D'.l' PROLN I I, J] := 'HEAP' 'STAR' ; 

RESTR[I,J] := 'HEAP''STAR'; 
DIF [I,J]:= 'HEAP''STAR'; 
CGC [I,J] := 'HEAP' 'STAR' 

'OD' 'OD'; 

MDl:= MD2:= MD3:= MD4:= -S[O,O]; 
PROLN[@l,@l] [@1, '·lJ := 

(( UNITY, (( O, 
( S[0,-1J/MD2, 
( 0, 

((0,S[-l,0]/MD3,0), 
(0, 1 '0)' 
(0,S( l,O]/MD3,0 )) , 

(( 0, 
( 0, 
(S [ 1, -1] /MD4, 

RESTR[@l,@1] (@l,@l] := 

0, 
1, 
0, 

Q ) I 

S [0, 1] /MD2}, 
0 ) ) ) , 

O,S[-1,1]/MD4), 
1, 0), 
O, 0)) ) } ; 

(( (( 0 ,S[-1,0]/MD3,S(-l,l]/MD4), 
(S[ 0,-1]/MD2, 1 ,S[ O,l]/MD2), 
(S[ l,-1]/MD4,S[ l,O]/MD3, 0 )) , 

UNITY } , ( UNITY, UNITY } ) ; 
DIF [@l,@1] [@1, @1] := 

{( ((0,0,0), (0,0,0), (0,0,0)) I 

(( 0 ,-S[-1,0] ,-S(-1,1]), 
( 0 ,-SI O,OJ-MD2, 0 ), 
(-S[ 1,-1],-S[ 1,0] 0 }} ), 

f( o o ,-s[-1,lJ), 
(-S[ 0,-1],-S( 0,0]-MD3,-S[ 0,1]), 
(-S[ 1,-1], 0 0 )) 

(( o ,-s[-1,0J , o ), 
(-S ( 0, -1], -s [ 0 I 0 J -MD4, -s [ 0, 1 J) , 
( 0 ,-S[ 1,0] I 0 )) }}; 

CGC [@1, @1] [@1,@1] := 
(( (( 0 , S(-1,0]**2/MD3, S[-1,1]**2/MD4), 

( S[ 0,-1]**2/MD2, S[ 0,0] , S[ 0,1]**2/MD2), 
( S[ 1,-1]**2/•''.l4, S[ l,0]**2/MD3, 0 )), 

((0,0,0), (0,-MD~,Ol, (0,0,0)) ), 
( (0, 0, 0) / (0, -MD3, 0) / (0, 0, 0)) 

e 

((0, o, 0) I (0, -MD4, O} I (O, O, 0)) ) ) ; 

'END': 

CGC[O,OJ [0,0]+:= 2*( S[O, l]* S[ 0,-1] /MD2 + 
S[l,-1]* S(-1 1 1] /MD4 + 
S(l, OJ* S[-1, OJ /MD3 

# 

'STAR' UNITY,LAPLACE,LAPLACEC,HALFW,FULLW,LINW; 
'PR' EJECT 'PR' 

UNITY [@l,@11 := ((0, 0,0),( 0,1, 0),(0, 0,0)); 
LAPLACE(@l,@ ] := ( (0, -1, 0), (-1, 4, -1), (0, -1, 0)); 
LAPLACEC[@l,@l]:= ((0,-1/4,0), (-1/4,1,-1/4), (0,-1/4,0)}; 
HALFW [@1,@1] := (( 0 ,1/8, 0 ),(1/8,1/2,1/8),( 0 ,1/8, 0 )); 
FULLW [@1, @1] := ( (1/16, 1/8, 1/16), (1/8, 1/ 4, 1/8), (1/16, 1/9, 1/1611; 
LIN W [@1,@l] := ( ( 0 ,1/8,1/9 ), (1/B,1/4,1/8), (1/8 ,1/8, 0 )); 

'PROC' M= ('REAL' A)'REAL': 
'IF' 'REAL' X, W:= 'ABS'A; W< 0.2 
' THEN' W*: = W; ( (( ( W - 9. 9 ) * W + 99. 0 } * W 

- 1039.5 ) * W + 15592.5) *A /46777.5 

e 
fatext 

'ELSE' X:= ( W-1.0)/W; 

'FI' 

'PROC' 

( W< 19.0 ! X +:= 2.0/(EXP(W+W) - 1.0)}; 
( A> 0.0 ! X ! -X ) 

ILIN = ('REAL' EPSOH, ALF)'STAR': 
'BEGIN' 'REAL' S = 0.5*SIN(ALF)/EPSOH, C= 0.5*COS(ALF)/EPSOH; 

'HEAP' 'STAR' A; A[@l,@1):= 
(( 0 ' -1-C*M(C)-C , 0 ) , 

( -1-S*M(S)-S , 2*( 2+S*M(S)+C*M(C) ), -1-S*M(S)+S ), 
( 0 , -1-C*M(C)+C 

'END' 

'PROC' FEM= ('REAL' All.A12,A22,Al,A2, H)'STAR': 
'BEGIN' 'REAL' X= H/6; 

'HEAP' 'STAR' A; A[@l,@1]:= 

0 )) ;A 

(( 0 , -A11-A12+X*(-2*Al-A2}, A12+X*(-Al+A2l }, 
(-A22-Al2+X*(-Al-2*A2}, 

(All+A12+A22)*2, 
-A22-Al2+X*(A1+2*A2) ), 

A12+X*(Al-A2), -All-A12+X*( 2*Al+A2), 0 )); 
A 

'END'; 

'PROC' ANISOP = ('REAL' EPS,PHI) 'STAR': 
'BEGIN' 'REAL' S= SIN(PHI), C= COS(PHI); 

FEM( EPS*C*C+S*S, (EPS-l)*S*C, EPS*S*S+C*C, O,O,O) 
'END'; 

'PROC' CONVDIF = ('REAL' EPSOH,PHI) 'STAR': 
'BEGIN' 'REAL' S= SIN(PHI), C= COS(PHI); 

FEM( EPSOH, O, EPSOH, C, S, 1) 
'END' 

RSTARDEC := PSTARDEC:= DECSTAR(LIN W); 
AFSTARDEC:= DECSTAR(LAPLACE); 
ACSTARDEC:= DECSTAR(LAPLACEC}; 

I,#$# 'INT' DECN:= 0; 'BOOL' MONI:= 'TRUE'; 
'PR' PROG 'PR' 'SKIP' 

'PR' EJECT 'PR' 

'#$J ;PRINT((NEWLINE," DECN: ",DECN,NEWLINE)) 
#'FOR' K 'FROM' 0 'TO' 1 

'DO' 'FOR' L 'FROM' 0 'TO' 8 
'DO' PRINT ( (liZWLINE," EPS: ", 0. 0001 **K," PHI: ", L, "*PI/8"}); 

'PRINT' ANISOP (O.OOOl**K,L*PI/8); 
'PRINT' CONVDIF(O.OOOl**K,L*PI/8) 

'OD' 'OD' 

'REAL' EPS,X,Y; 
RELFT:= ILUSTARFT; 

'FOR' P 'FROM' 3 'TO' 5 
'DO' 'FOR' L 'FROM' 0 'TO' 7 

'DO' EPS:= O.l**P; 
PRINT ((NEWLINE," EPS: ", EPS," L ", L)); 
'STAR' S= ILIN(EPS,L*PI/4); 
'PRINT' S; 
RELSTARDEC:= DECILUSTAR(S); 
PRINT((NEWLINE,SUP(SMOFUNC,X,Y))); 
PRINT((" X ",X," Y",Y,NEWLINE)) 

'OD' 'OD' 
#'END' 
LIBRARY(NEW,NEW) 
ADD(*,LGO) 

Bi 



-FINISH. 
ENDRUN. 
( # PLAATJE VAN FOURIER GETRANSFORMEERDE 

'REAL' PHII,EPS:= 0.01; 
'FOR' P 'FROM' 0 'TO' 6 
'DO' PHii~= P/16; 

PWH830223 

PRINT((NEWLINE," PHI= PI* ",FIXED(PHII,6,5), 
" EPS = ",FLOAT(EPS,8,2,3),NEWLINE)); 

12'PLOT' (DECILUSTAR(ANISOP(EPS,PI*PHII))) 
'OD' 

'BEGIN' #FATEST,JE PWH/830113 J 
JLUDECOK:= 'TRUE'; 

#'PROC' MCOMP = ('REAL' PH,TH)'COMPL': 
('REAL' CT=COS(TH), ST= SIN(TH), 

CP=COS(PH), SP= SIN(PH); 
((CP+CT)+*(SP+ST))/ ( 4 - ((CP+CT)+*(SP-ST)) )); 

RELFT:= 'PROC' ('REAL' PH,TH)'CAPV: 

-

((MCOMP(PH,TH) ,MCOMP(PH+PI,TH),MCOMP(PH,TH+PI),MCOMP(PH+PI,TH+PI))); 

# 

MAZE:= 1. OE-5; 
'REAL' EPS,X,Y; 'INT' NARCS=l2; 

RELFT:= ILLU STAR FT; 
'FOR' L 'FROM' 0 'TO' NARCS-1 
'uO' 'FOR' P 'FROM' 0 'TO' 5 

'DO' EPS:= O.l*~P; 

'C,D' 'OD 1 

'EtlD' 

PRINT((NEWLINE," EPS: ",FL(EPS)," L ",FL(L))); 
'S~'AR' S= ANISOP (EPS,L*PI/NARCS); 
RELSTARDEC:= DEC ILLU STAR(S); 
'IF' ILUDECOK 
' THEN' PRINT ( (" 

PRINT((" 
'ELSE' PRINT((" 
', ·r• 

",SUP(SMO FUNC,X,Y))); 
X ",FL(X/PI)," Y",FL(Y PI),NEWLINE)) 
ILUDEC FAILURE ",NEWLINE)) 

e IOI fatext 



-FANAL,CM140000,T77,NP. 
ACCOUNT,ll!lllflllllllllllllllllllllilll 
ATTACH,FALIB,ID=PHEMKER. 
A68,P=FALIB/FALIB. 
ATTACH, IM:.:-~. 
LIBRARY,IMSL. 
I.GO. 
'EEGIN' #FATEST PWH/830107 4 
#'FOR' K 'FROM' 0 'TO' 1 

# 

'DO' 'FOR' L 'FROM' 0 'TO' B 
'DO' PRINT((NEWLINE," EPS: ",O.OOOl**K," PHI; ",L,"*PI/8")); 

'PRINT' ANISOP (0.000l**K,L*PI/8); 
'PRINT' CONVDIF (0 .OOOl**K, L'PI/8) 

'OD' 'OD' 

R5TARDEC ;= PSTARDEC:= DECSTAR(LIN W); 
J1FSTARDEC: = DECSTAR (LAPLACE) ; 
ACSTARDEC:= DECSTAR(LAPLACEC); 
YP:= QQ:= l; SIGMA:= 'FALSE'; 

'P.EAL' EPS,X,Y; 
RELFT:= ILUSTARFT; 

'FOR' P 'FROM' 0 'TO' 1 
'DO' 'FOR' L 'FROM' 0 'TO' 

'DO' EPS:= 0.33333333333**P; 

'OD' 'GD' 
'END' 

PRINT((NEWLINE," EPS: ",FL(EPS)," L ",L)); 
'STAR' S= ANISOP(EPS,L*PI/2); 
RELSTARDEC:= DECILUSTAR(S); 
PRINT((NEWLINE,SUP(TLA FUNC,X,Y))); 
PRINT ( (" X ", FL (X/PI)," Y", FL (Y/PI), NEWLINE)) 

~ e ID fatest 


