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A Population of Linear, Second Order,
Elliptic Partial Differential Equations
on Rectangular Domains. Part I*

By John R. Rice, Elias N. Houstis and Wayne R. Dyksen

Abstract. We present a population of 56 linear, two-dimensional elliptic partial differential
equations (PDEs) suitable for evaluating numerical methods and software. Forty-two of the
PDEs are parametrized which allows much larger populations to be made; 189 specific cases
are presented here along with solutions (some are only approximate). Many of the PDEs are
artificially created so as to exhibit various mathematical behaviors of interest; the others are
taken from “real world” problems in various ways. The population has been structured by
introducing measures of complexity of the operator, boundary conditions, solution and
problem. The PDEs are first presented in mathematical terms along with contour plots of
the 189 specific solutions. Machine-readable descriptions are given in Part 2; many of the
PDEs involve lengthy expressions and about a dozen involve extensive tabulations of
approximate solutions.
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1. Introduction. The motivation for creating this PDE population is for use in the
evaluation of numerical methods and PDE software. The need and rationale for a
systematic approach to such evaluations is given in Rice [10], Houstis and Rice [8],
Crowder, Dembo and Mulvey [2]; it suffices here to say that a properly chosen
problem population is an essential ingredient for a sound evaluation of numerical
methods and software.

A useful population of PDEs is inevitably very lengthy and this one is no
exception as one sees from the last two appendices. Thus in the body of this paper
we discuss the sources of the PDEs, how they are described in the appendices and
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how a structure has been created in the population through the use of quantitative
(but subjective) measures of features.

It is important that one be able to create relevant subpopulations as one
inevitably wants to evaluate methods for particular subclasses of PDEs (e.g.,
separable, with singularities or with mixed boundary conditions). Experience shows
that no one universal method is best for all PDEs (even in this rather restricted
context) and one of the important tasks of research is to create and/or identify
methods that are especially efficient for particular classes of PDEs. Once one
embarks on such a task one sees that this population, which originally might seem
large and bulky, is actually rather small for the uses to be made of it. It is only the
fact that it can be substantially expanded in various directions through the
parametrization that gives one hope that it is adequate for a wide variety of
evaluations.

2. Characteristics of the Problems. A source parameter is assigned to each PDE
which ranges from O (artificial problem) to 100 (actual real world problem). This
feature, as the others introduced later, is subjective in nature and the values given
must be taken as approximate indications of our intuitive feelings. The PDE
u,. + u, =1 might be completely artificial for one person and be the actual
applications PDE for another. We have at least tried to be consistent in these
values.

2.1. Sources. Many problems have been normalized so the maximum value of the
solution is 1.0 and almost all have this value between .1 and 100. Many of the
domains have been standardized to the unit square, 0 < x, y < 1. The sources of
the PDEs are:

A. Problems used in previous studies. Nine problems are included which were
used by Eisenstat and Schultz [3] or Houstis et al. [4] and [5]. Subsets of this
populaton have been used by Houstis and Papatheodorou [6] and [7] and Lynch
and Rice [9]. Some of these PDEs have had parameters added and all have been
normalized so the maximum value of the solution is about 1.0.

B. Artificial problems. Many problems have been created just to exhibit various
mathematical behaviors of interest (e.g. singularities, oscillations or wave fronts).
Such behaviors are important for theory or application (or both) and one needs to
have them present in the population in an easily identifiable manner.

C. Problems adapted from the “real world”. A persistent difficulty is the desire to
have PDEs which represent the “real world” and the necessity to know their true
solutions. Among the strategies to adapt real world problems we have used:

(i) choosing explicit functions which model the physical solutions and then
determining appropriate boundary conditions and/or right side to make this the
true solution;

(ii) using truncated series expansions (of high accuracy) with appropriate small
modifications in the boundary conditions or right side;

(iii) solving nonlinear problems approximately, then substituting the tabulated
numerical solution into the operator (using quadratic interpolation from a 10 by 10
grid) to obtain a linear problem which is, in turn, solved approximately. In these
cases the true solution is not known, but the machine-readable population contains
tabulated values of a hopefully accurate numerical solution.
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2.2. Problem Features and Complexity Classifications. We identify as problem
features the smoothness and local variation of operator, the boundary conditions
and the solution. These features are quantified on a one-dimensional scale of 0 to
100 even though there are rather independent properties that can be called
smoothness or local variation. These features are measured subjectively from the
following descriptions of the scale.

Smoothness. This refers to the mathematical properties of the functions or
operators involved. Key points on the scale are

00 = entire functions or constants,

10 = analytic; very well behaved,

30 = very smooth, some higher derivative (5 or so) discontinuity possible,

50 = still smooth, third derivative discontinuity possible,

70 = not rough to the eye, but possibly only 1 continuous derivative,

80 = continuous, functions might be theoretically smooth but rough on a gross
scale,

90 = possibly discontinuous, nearly singular functions or operators,

100 = strong singularities like 1/x or 1/x2.

Local variation. This refers to how much a function changes (relative to its size)
in a small part of its domain. These variations might be oscillations, wave fronts,
peaks or boundary layers. Key points on the scale are

00 = very smooth, uniform,

10 = mild variation, probably convex, some nonuniformity, e.g. sin(2x), e** on
[0, 1},

25 = modest variation of oscillation; mild wave front or peak, e.g. sin(6x),
1/(1 + 100x* on [0, 1),

40 = considerable peak or oscillation; change of magnitude occurs within 10—
15% of domain,

60 = sharp peaks, wave fronts, boundary layers or oscillations; 100% change in
magnitude occurs within 5% of domain,

75 = practically a discontinuity in magnitude; continuity observable only with a
fine scale examination,

90 = actual discontinuity in magnitude; extreme oscillation, step functions, e.g.
sin(300x) on [0, 1].

The overall problem complexity is represented by the average of the above six
feature measures. The problems in this population do not have complexities
exceeding 58 (only one exceeds 50), a level which might be interpreted as “rather
messy with one or two substantial complications”. The problem feature measures
are included in the descriptions along with the source parameter.

Appendix 1 presents some summary information about the population. Tables
are given which

A. group the PDEs according to types of the operator and boundary conditions
(e.g. Helmholtz and Dirichlet or constant coefficients and mixed),

B. list the 56 PDEs with abbreviated feature descriptions,

C. group the PDEs according to the smoothness of the operator and right side,

D. group the PDEs according to the smoothness of the solution.
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3. Format of Problem Descriptions. Appendix 2 contains a mathematical descrip-
tion of each PDE along with contour plots for each specific instance included in
the set of 189 PDEs. An example is shown in Figure 1. The description begins with
a problem number and source followed by a mathematical description of the PDE.
Then brief comments are given for the operator, right side, boundary conditions,
solution and parameters (if any). Sometimes functions appearing in the mathemati-
cal description are defined in these comments.

Four generic functions are used:

f(x, y) = right side of PDE determined so that the given true solution is correct.

f(x), g(y) = right sides of boundary conditions determined so that the given true
solution is correct.

T(x, y) = the true solution, used in the coefficients of some PDEs derived from
nonlinear problems.

r(x,y) = an approximate solution used in some PDEs whose true solution is
unknown.

Contour plots are given for one or more particular PDEs for each problem. The
border of the plots contains the following information:

(1) values of the parameters, the variables 4, B, C, etc. denote a, B, v, etc.

(i) maximum and minimum values of the solution; the contours are equispaced
between these values.

(iii) the classification parameters in the form

S.P 01.02 BI1.B2 S1.852

where

S = source parameter P = problem complexity

al = smoothness feature a2 = local variation feature
and a = O for the operator, B for the boundary conditions,

S for the solution.

The machine-readable description of the PDE population consists of two files:
EQNFIL and MACFIL. EQNFIL has 189 entries which are either complete
statements of the PDE in the ELLPACK language (see Boisvert, Houstis and Rice
[1]) or a reference to an entry in MACFIL with values given for parameters. See
Figure 2 for a short example. The information given starts with the problem
number, feature parameter values and a code for various attributes of the PDE
which are used within the ELLPACK system. The machine-readable description
uses A, B, C, etc. for a, B, v, etc. Then ELLPACK language code is given for the
operator and boundary conditions; this code should be self explanatory once one
sees the UXX$ represents u,,, etc. Finally, there is a Fortran code for any
functions that appear in the operator, right side or boundary conditions. This latter
code averages about 20 lines and can be as much as 150 lines (excluding tables that
are part of some problems). These descriptions are given in Part 2 of this report.

MACEFIL entries are just like EQNFIL descriptions of a PDE except that the
places where parameter values are to be substituted are indicated by &A, &B, etc.
A refers to the first parameter, B the second and so on. There are somewhat more
than 8500 lines in these two files.
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Solution:

Parameter:

Boundary conditions:

100. Strong wave fronts for
a adjusts size of discontinuity in operator
coe fficients which introduces large, sharp jumps in

Dirichlet, homogeneous
Approximate solutions given for o =1, 10,
a >> 1.

PROBLE'H 28- 1
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PROB 28 Artificial 55“
wu ) + (wu ) =1 where w=a if 0 < x,¥y < 1.

X x vy = 1 otherwise g
DOMAIN ([-1,1] x [-1,1] 1
B8C u=0
TRUE unknown El
Operator: Self-adjoint, discontinuous coefficients. N
Right side: Constant

-.0000

\TURES: 008.03 000.00 005.00 007.03 o
-.2933

MIN=

solution. 14
e 22 g oaoon ?
2 Y
g =1
S g 3
S 2
6 g%
S, . S,
P &
8 o
e~ o
4 B
£ &) E2
™ o0 oo A0 -0 o200 X 20 0 1 . 1000
FIGURE 1

An example of the mathematical description of a PDE along
with some contours

*EOR
*EOF

Raz 22222 2222223
* PROBLEM 2 »

E22 1T 2T TS

*EOR

»

» 000.04 000.00 004.05 010.02

* 2000200000020

1 TWO DIMENSIONS

1 UXXS + (1,+YRYIUYYS — UX$ — (Ll.+Y»Y)HUYS = F(X,Y)
2 MIXED

2 X=0. » MIXED = (10U + € 1.)UX = 0.27#EXP(Y)

2 X=1. » MIXED = (1.0U + (-1.0UX = 0.

2 Y=0., » MIXED = (1.)4U + € 1.)UY = 0.27%EXP(X)

2 Y=1. » MIXED = (1.)U + (=1.)UY = 0.135*%(ALOG(2.)=1.)#(XeX=X)#x2
3 FUNCTION TRUE(X»Y)

3 TRUE = 0.135#(EXP(X+Y)+(X#X~X)##2#AL0G(1.+Y*Y))

3 RETURN

3 END

3 FUNCTION F(X»VY)

3 F = 0.135#( (-4, %XnxXxX+18,#X%#X-14,#X+2, )#ALOG(1.+Y»Y)
3 $ = 2. ((XRX=X)#n2) 8 (YrY+YRn3+yY—] )/ (1, +YnY) )

3 RETURN

3 END

*EOR

'EOF

B0 36006 200

# PROBLEM 3 »
T T
’

R
#*PARAMETER SET 1(A=1.5)
* 000.43 030.60 000.00 070.40
EXPAND 3-1.57
*EOR
#*PARAMETER STT 2(A=2.5)
» 000.35 080,50 000.00 060.20
EXPAND 372.57
*EOR
#PARAMETER SET 3(A=3.5)
* 000.28 070.30 000,00 050.15
EXPAND 3/3.57
*EOR
#PARAMETER SET 4(A=4.5)
* 000.23 055.20 0n0.00 n4n,20
EXPAND 374,57

FIGURE 2

A sample from EQNFIL showing a short PDE description in machine-readable
Jorm and a reference to a similar description in MACFIL
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Appendix 1: Tabulations of Population Characteristics

Table 1

Classifications of Problems
According Lo Operator and Boundary Conditions

Constant Coeflicients

Non-Constant Coefficients

56

Operator
Dirichlet Necumann Mixed Dirichlet Neumann Mixed
Laplace 3, & 7, 4, 31, 35,
8, 10, 11, 38, 66
17, 33, 34,
35, 47, 50
Helmholtz 9, 41, 53 8, 20, 39,
Type 44, 45, 48,
49
Self-Adjoint 5 1, 13, 22, 1, 19, 238,
25, 28, b4 52
General 14, 46 42 43 12, 15, 16, | 24 2, 23, 24,
18, 21, 26, 40, 51
27, 29, 30,
32, 36, 37,

481

Note that problems 1, 4, and 35 appear in two places in the table since they have
boundary conditions of the form ¥ + auy = g and hence have Dirichlet boundary
conditions for a = 0. Problem 24 appears in two places since it has boundary
conditions of the form Bu + u, + u, = 0 and is Neumann for 8 = 0.
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Problem Characteristics

Table 2

The principal characteristics are tabulated below using the following

encodings:
A Analytic N Neumann Boundary Condition
BL Boundary Layer NS Nearly Singular
C Constant (coeflicients) 0 Oscillalory
cc Computationally Complex P Parameterized or Peaked
D Dirichlet Boundary Condition S Singular (infinite)
E Entire SD Singular Derivative
H Homogeneous u Unknown
J Jump Discontinuity \S Variable Smoothness
M Mixed Boundary Condition WF Wave Front
Problem 0 N Right Solution Boundary D .
Number perator Side Conditions omain
1P A B B M Unit Square
2 B A A M, H Unit Square
3P C S,SD S,SD D.H Unit Square
AP C B E M Unit Square
5P C B B D.H Unit Square
6 E,NS A A0 D.H Unit Square
7 C C SD D,H Unit Square
8P C SD SD,WF D Unit Square
9P C.NS E,NS k.BL D Unit Square
10P C E,P EP D.H Unit Square
11P C A0 A0 D Unit. Square
12P E.0 E.0 1.0 D Unit Square
13 J S SD D Unit Square
14P C S S D Unit Square
15P ANS S SD D Unit Square
16P ANS c U,BL D,H Variable Square
17P C A,NS A NS, WF D Unit Square
18P I A,NS A,NS,WF D Unit Square
19P S S B M.H Square
20P NS,P,CC P EP D Rectangle
21 E E r D Unit Square
22 SD S B D Unit Square
23P SD SD ZD,WE M,H Unit Square
24P S,NS S,NS u,p M,H Square
25P SD S E D,H Unit Square
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Table 2

Problem Characteristics

Problem Right Solution Boundary .

Number Operator Sigde Conditions Domain
26P A A U,SD D,H Variable Square
27 A NS Cc U,BL D.H Square
28P J C U,WF D,H Square
20P S H U,VS,BL D Unit Square
30P A,CC A,CC ANS D Umt Square
31 C C E,(SD) M Square
32 A A E D,H Reclangle
33 C E E,O D Rectangle
34 [ C E,(SD) D Square
35P C H E,0,BL M Square
36P S S A,BL D Unit Square
37 E E E D Unit Square
38P C H E,0,VS D Rectangle
39P CC, 8 CC,S U,BL D,C Unit. Square
40P E A A M Urnut Square
41P C,NS SD,NS SD D.H Square
42P C H A0 N Variable Rectangle
43 C H E M Square
44P CcC cC U,BL D.H Unit Square
45P C,NS H U,BL D Unit Square
48P C,NS H U,BL D Variable Rectangle
47P C S SD,VS D Unit Square
48P cc ccC U u Unit Square
49P cc cC U,SD,BL D,C Unit Square
50 C H E.O D Reclangle
51P S C U,SD,WF M,H Unit Square
52P CcC H u,0 M, C Unit. Squarce
53P C.NS BE,0 E.O D Unit Square
54P E.CC S,cC SD,VS D Unit Square
55P C H S,VS, BL M Reclangle
56P S cC U,0.(SD) M Reclangle

483
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Table 3

Classifications of Problems
According to Smoothness of the Operator and Right-Side

(A=Analytic; C=Constants; CC=Computationally Compli-
cated; DD=Discontinuous Derivatives; E=Entire;
0=0scillatory; P=Peak; S=Singular)

Smoothness X
Operator Right-Side Problem Numbers
C o} 7, 31, 34, 35, 38, 42, 43, 45, 48, 50, 55
C E 4, 5,9, 10, 33, 53
C A 11, 17
C DD 3, 8,41
C S 3, 14, 47
C 6] 6, 11, 53
C P 10
E E 12, 21, 37
E A 2, 6, 18, 40
E S 54
A C 16, 27
A E 1
A A 26, 30, 32
A S 15
DD C 28
DD DD 13, 23, 25
DD S 22, 25
S C 29, 51, 56
S S 19, 24, 36
o] A 6
0 o] 12
C CcC 17, 18
S CcC 56
cC C 52
cc P 20
cC cc 30, 39, 44, 48, 49, 54
Table 4
Classifications of Problems
According to Smoothness of the Solution
Solution Smoothness Problem Numbers
Entire 1,4, 5,9, 10, 12, 19, 20, 21, 22, 25,
31, 32, 33, 34, 35, 37, 38, 43, 50, 53
Analytic 2,6, 11, 17, 18, 30, 30, 40, 42
Singular Derivatives 3,7, 13, 14, 15, 41, 47, 51, 54, 56
Oscillatory 6, 11, 12, 33, 35, 38, 42, 50, 53, 56
Wave Front 8, 17, 18, 23, 28, 561
Discontinuous Derivatives | 8, 23
Singular 54, 55
Boundary Layer 7,9, 15, 16, 27, 29, 44, 45, 46, 49
Peailc 10, 20, 24
Tabled Solution 16, 24, 26, 27, 28, 29, 39, 44, 45, 46,
48, 49, 51, 52
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APPENDIX TWC: MATHEMATICAL DESCRIPTIONS MID STLUTION CONTOURS

Solution:

Parame ter:
boundary
a=0.1,

Boundaty conditions:

Mimed except for
Entire, independent of a.

a= 0.

a introduces normal derivatiw into

conditions.
1.0 and 10,

Problems 1-2 to 1-4 have

-

PROB 1  actificiar 712,13 :

(o“yux)l + (.—x‘y‘»)y_ Wil +x+y)=f¢f ¢/
DOMAIN unit square
BC utou =9 \
TRuE .75¢™ sin (nx)ain tvy)
Operator: Self-adjoint, analytic
Right side: Entire

PROB 2

Artificial (12,13}
+ {1 + yz.‘u

-ux-(!‘yzluy-!

xX
DOMAIN unit square
8cC u-u, vae
TRUE
235+ x? - xllogtl + ¥y
Operator: Entire
Right side: Analytic
Boundary conditions: Mixed
Solution: Analytic
Parameter: None

PROB

Solution:

I

Bowndary condition:

3 accificiar 113

u +u =f
Yy

X
DOMAIN unit square
8c ue 0
TRUE ctx® -x (ya -y}, c=1/(a
Operator: Laplace
g Right side: singular for a < 3’

o/ (1-a)  1/(1-a)

Dirichlet, homogeneous

Singularity of variable strength

Parameter: o adjusts singularity strength




PROB 4 tificia 17.12,13)
u +

x+y
u = 6 e (xy + x + y - 3)
Yy xy

xx

DOMAIN unit square 2

8cC u=0 for x"O;u-u(y-y)ux-g for x=0
TRUE 15 (x - x%) ty - ¥2)

Operator: Laplace

Right side: Entire

Boundary conditions: Mixed except for a = 0

Solution: Entire, independent of a

Parameter: a introduces normal derivative into
boundary conditions.

Problems 4-2 to 4-4 ha
a=20.1, 1.0 and 10. ve

PROB 5 Artificial {13,14)]

4u +u - gu = £
YY

xX
DOMAI(IN unit square
8C u=0

TRUE 2(x2 - x) (cos{(2my) - 1)

Operator: Constant coefficient, separable

Right side: Entire

Boundary conditions: Dirichlet, hcmogeneous
Solution: Entire, independent of a

Parameter: a makes operator more singular without

affecting solution., Problems 5-2 to 5-7 have
a=5,8,10,20,64 and 100.

PROB 6 Stratospheric physics [13,14,16]

u + uyy- (160 + cos (2n1x) + 8in(3vry)ju =

xX
DOMAIN unit square
8C us o0
TRUE

4

-0.31 (5.4-cos (47x) ) Sin (nx) {y>-y) (5.4-cos (47y]) (1/ (1+¢ }-.5)

2
¢ = aix-.512+4(y-.5)
Operator: Entire, oscillatory, somewhat singular
Right side: Analytic
Boundary conditions: Dirichlet, homogeneous
Solution: Analytic, oscillatory

Parameter: None

PROB 7 Artificial (6]
uxx +u =1

DOMAIN unit square

BC u=20

. -9 e
TRUE Approximate series solution gives 10 accuracy,

Operator: laplace

Right side: Constant

Boundary condition: Dirichlet, homogeneous

Solution: Has logarithmic sinqularities at corners in
second derivatives; approximate solution is a
onlynouial.

Parameter: None

A2-2




Boundary conditions: Dirichlet

Solution: Wave front along a right angle joining two
regions where it is constant.

Parapeter: a adjusts width and sharpness of wave front.

82 '
V2T V22

PROB g Artificial usf

u + u - 100u = .S{a” - 100)coshiay!/cosha
XX YY

DOMAIN unit square

BC ueg

TRUE .5(cosh 10x/cosh 10 + cosh ay/cosh a)

Operator: Helmhotz, constant coefficients, somewhat
singqular.

Right side: Entire but nearly singular for o * 10.

Boundary conditions: Dirichlet

Solution: Boundary layer, nearly singular.

Parameter: o adjusts strength of y-side boundary layer.

2
g .m» >3
_r \~ X (]
———— \l'
) :
L} 11
L, = A -
'.< ’.1
l1 .d - e
: ]
£ y & v S v { X
F L] E 4 A -0 F 1998

F_J
4
) 4




e B A 2 L 1 Y

oA Wilga)J PVEATW &LUVE 4ELSV

Parameters: ¢ adjusts strength of the peak, B8
it in the y-direction.
" 10- 2
8 s 0. oS 1 ror60.0 Ce-d 61
4 L]
L1 L,
"" ..4
L .‘z
‘ Y v T ..L
- - - = ™ - - R -
0- 5
it 3ok q . otum
.1 .-4
‘1 Q.
L B o 3
‘. .*
A
. Bl T v l . 1
)= - - -~

g

i LA

L.




Solution: Oscillatory
Parameter: o adjusts frequency of oscillations

A
¢
f
!
L
|
|
=
q
PROB 12 Artificial -
+u_ + (1 + szn(cx))u - cos(ay)u = f
Yex YY t4 %
DOMAIN unit square
8C u=g
TRUE cos(By) + sin B(x -~ y) i
Operator: Oscillatory, Laplacian plus lower terms =
Right side: Oscillatory, analytic L
Boundary conditions: Dirichlet
Solution: Oscillatory, entire
Parameter: o« adjusts oscillation in PDE coefficients.
B adjust oscillation in the solution. 1
‘ReP ”q:?x; (10D. &:P mu- i Bo%F .e:f'.x m::t.o.'ih.m 1
/' - k -
T SN s
/\// ﬁ Eg l’. ' ‘ { F L

FTRNACSY 000,77 Q0S.60 000.00

(EATURES ¢ ODD. 12




]Solution: Derivative in x is singular.
Parameter: None

PROB 14 woree

u + 2u + 3u -~ 4u ~u=¢
xx Yy x Y

DOMAIN unit square ,
BC u=0, y=0; u=y, x=0; usg, x=1; usl-.Ba+ajx-.8| for y=1.

TR - - -
UE y(l-~- .802 Y, clx- .8|2 y] + Xxye xy(y - 1)

Operator: Constant coefficients

Right side: Line of singularities at x = .8

Boundary conditions: Dirichlet., discontinucus derivative

Solution: Line of singularities of variable strength
along x = .8.

Parameter: a adjusts strength of the‘'singularity

PROB Wktxtxcul T . 4

n' + c/(y-*'nuy- £

L D
DOMAIN unit square
8C u=g
TRUE 8  §

[y" + costxy’) = 1)x°(x - 1)° R

.0pcrntor: Laplace plus nearly singular derivative temm 1

Right side: Singularity in B8 - 1 y-derivative, nearly )
singular for small vy.

Baundary conditions: Dirichlet U

Solution: Boundary layer at y =0, derivative singular.

Parameters: a, Y adjust operator singularity, 8 adjusts L
unrelated derivative singularity in solution. -
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Parameter:

side.

- 1

PROB 17 Ariif;cialr

APPAVALIRGLE BUAUVAVILSG YaiVEall LUL W T Aes AV
8 adjusts the size of the domain and right

u +
%X
DOMAIN unit square
8C usg
TRUE 2 3 3., 2
Y +(a(Bx)7/(1+(Bx)))7) | sin(x - y + .5)
Operator: Laplace
Right side: Large values for x near .15
Boundary conditions: Dirichlet
Solution: Sharp wave front near x = .15, entire.
JParameters: a, B adjust the strength and shape of the

wave front.

YIS

g 28 &

1.

-.111

FERTURES: 000.07 Ol‘-lﬂ 000.00 010.10

DOMAIN
8C
TRUE

Operator:

Solution:
Solution

PRO B 1 8 Artificial

e-[y24 (@ (8x) 3/ (1+(8x)>)) 2

Right side:
Boundary conditions:

Parameters:
wave front.

-X
- +3u=¢
+ (1 + xy)uyy + cos(x)ux e uY u
unit square

us=g

+ gin(x -y + .5)

Entire
Large values for x near
Dirichlet
Sharp wave front near x = .15, entire.
is the same as in the preceding problem.
a, 8 adjust the strength and shape of the

.15

A2-7
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FERTURES: 000.17 010.20
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I Prodilen.
Parameter: -.5 < g < 1 1is a physical parameter.

Problem 19-2 has a = (.25

pROB 20 From Uyt uyy = e: (1)

Yax
DOMAIN fo,.S) x [0,.75)
BC -u=g . 2
TRUE 10¢(x)¢ly) + a where v (x) = e-lOO(x-.S‘) (xz-xJ

Operator: Helmholtz type, approximates nonlinear
operator.

Right side: Sharp, large values neay x = y = .5,

Boundary cond:itions: Dirichlet, homogeneous.

Solution: T has a peak at x = y = .5,

‘Parametet: a adjuste siroularity of operator.
Problem 20-2 has a = 10.

PR—tés 21 mficial

Auxx + Buxy + Cuyy = f, A=C=1]+ Tz. B = °2T2
DOMAIN unit square
8C u=g
TRUE ex+y

Operator: Entire, has mixed derivative term.
Right side: Entire

Boundary conditions: Dirichlet

Solution: T 1is entire

Parameter: None

_——

[pRolB 22 ?lastivplastic torsion [15)

w(u +u ) +wu +wu =€, w defined below
Yy X X Yy

XX
DOMAIN unit square
8C us=g
TRUE

(17.06 + 3.62(x2 + y)1(x2 - 1) (y2 - 1)

Operator: Expanded form of self-adjust problem, discon-
tinuous coefficients. w = 1/7996 if A < .0025

we 1/(236 + 19.4/A) if A > .0025 where A =
Right side: Singular
Boundary conditions: Dirichlet
iSolution: T is a quartic polynomial

Parameter: None

hA2=8

]
iy



TRight; side: Analytic
Boundary conditions: Mixed

Solution: Has jumps in third y-derivatives.
Parameters: Three cases for w given in terms of

/- 'r;‘:d»'r;,c-l. w = 1/(a + BAa)
e[A/(u*BA)]/A

D S T e e T T s T T T

¢ = 3. w = atanh(BA)/A

Physical parameters a,8 of (387.75,50) and
{554.5,.544) have been used in practice.

£ 23 3 -
g TR e 5150.0. C:1. 9:2.39 8 (ARbus. B=p.55. C=1. 2=0.10)
- | T -1 ‘ Lo

A J

! l
f
]

|
-

S Em
| g

t
!
l
t
|

?
n
S




jeeundary conditions: Mixed, homogeneous.
Solution: Approximate solutions given for 8 cases.
Parameters: a,8 and Yy are physical parameters, 1
1. a= .25 8 = 100 yes -1
2. a = .25 8 =1000 vy = .1 Q
3. a= .5 g =1 y = -.01 -
4. o = .5 8 = 10 Y = -,
. a=1 g =1 Y * =.1 ]
6. a =] B = 10 Y= =1
7. a=1 8 = 100 Yy = -1, t
8. a =] g = 1000 vy = -1. )
|
|

~n3
! m "~ .
!'2353 &i.. Cs-0.01) § (%090, &10.. C=0.10)




side without affecting solution. Problems 25-2 to
25-4 have a = 2.5, 3.5 and 4.5

PROB 26 Viscous flow [3)

“xxmyy*hu =-50ax/B where n-(a‘tx ) R M63(1+x ) /n
ODOMAIN (0,a) x [0,a])

Parameter: a affects smoothness of operator and right :l

8C u=0
TRUE unknown
Operator: Laplacian plus term. For a =1 it is

expansion of a self-adjoint operator.
Right side: Analytic
Boundary conditions: Dirichlet, homogeneous
Solution: Approximate solutions found for o = 1,5
and 10.
Parameter: a is a physical paramster adjusting the
' domain and entering the coefficients.

o * ! e - 2
- 4
L !4r—_\\
.1 ‘ !u
g ]
] L L
— | — ,
F F an x N ¥} o AD X 40 L F ]
pROB 27 Distribution of diffused puticles (3]
1
= == —_ t = =100
S * Ut Tyt RNy !
DOMAIN  (.1,1) = [.1,1)
8C u=20 e
TRUE unknown
Operator: Wearly singular, analytic ’.
Right sida: Constant §
poundary conditions: Dirichlet, homogeneous
Solution: Approximate solution giwven. 1
Parammter: HNone
1
LI
)
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100. Strong wave 1ronts 0L G 77 &

Parameter: o adjusts size of discontinuity in operator
cosfficients which introduces large, sharp jumps in
solution.

2% 3

. e
PROB ig Many physical interpretations (10)

a
u + u $=—u =0
xx Yy Y
DOMAIN wnit square
8C ve X - y)/a
TRUE unknown
Operator: Llaplace plus singular u_  term.
Right side: Homogeneous y
Boundary conditions: Dirichlet
Solution: Five approximate solutions given, some are
difficult.
parameter: a changes physical application: a e 1,
potentials; a = -1 streamlines; a = 3, torsion
and o = -3 0or 5, stresses.

PROBLEN pza-a.u
| LN ) '1 .1

fﬁ

-
i

Y N Y J
a B

IJ‘




Solutio;n: Complicated behavior, with wave fronts, etc.
Parameters: a, 8, Y adjust the contribution of 3
independent complexities of the problem.

PROBLEN 30- 2 _
g !%:.C. 8:2.C. Cs0.5,

40~




Right side: éonstant )
Boundary conditions: Mixed

Solution: Harmonic poly. expansion for homo. BC. 1.
Parameter: None -

PROBﬁ Strcess3 in helical spring [5)

oy T -y Yy £
DOMAIN [-.5,.5) x [-1,1)
8C u=0
TRUE (1-y2(1-4x%) (5-y>) (.0004838y + .0010185)
Operator: Analytic
Right side: Analytic
Boundary conditions: Dirichlet, homogeneous
Solution: Polynomial obtained by Ritz method for a
physical problem.
Parameter: The S5 in the operatnr is a value of a
physical parameter.

pROB 33 Torsion on a shaft {S)

- f
Yxex
DOMAIN {0,1)] x [~1,1)
eC ueg
TRUE p =14 + Y133, q =_14 "_133. r= (7-q)/(t-’i 3.
t(y) = l-yz, C(x) = e px _ e x’ B(x) = (7-p)r/16C(x),

A(x) = rC(x) + e %, TRUE = tly)[Alx) + t(y)B(x)]

Operator: laplace

Right side: BPEntire

Boundary conditions: Dirichlet
Solution: BPEntire

pROB 34 From infinite region problem (%) ;"
ll

Operators: Laplace

Right side: Constant

Boundary conditions: Dirichlet |

Solution: Harmonic polynomial expansion for BER
homogeneous boundary conditions. '

Parameter: None —

A2-14

--1
vy '(
DOMAIN  [-1,1] x (-1,1] aly
8C u=g ,‘{
|
TRUE 95776 - (x2+y2)/4 - 10476 (P-exPyleyd)nioa2e N
+ 429 (x -28x6y2+70x y 28x2y6+‘y8)/319424 .l }




AT R ETE-a T T T T e o :L

Solution: Harmomic polynouhl co-binaticn. “
Parametar: a adjusts contribution of mimed boundary .‘E
condition; a = 0 is the physical problem. by

. » - - . A - - = m y

PROB 36 MBPtOG from Problem 27 !..‘E

(1+8)u _+ R SERR - -1 15

x*ﬂ x vy x+a y L]
DOMAIN unit square (x+a)
B8C u=g "
TRUE Q- B)exw + Bloge(x + a) K
Operator: Possibly singular coefficients for a = O. 5.

Right side: Analytic except for a = 0; then singular.

Boundary conditions: Dirichlet

Solution: Logarithmic singularity for a = 0. L

Parameters: a adjusts distance of sinqularity from
domain, B8 adjusts relative size of exponential and
logarithmic terms in solution.

W IR EG Y-t
| \. - ) | |' ] lr ' ir T
‘L\\ \ ! , :
. ! ‘ ’
{
i) N K
’ ' \\ i [
r\ \\\ \z‘ J \ :
S ] !
£ . B, . l
; \.\ !E“‘ Wt '
: T %y ' L ! i
"__.,__ —_— ———— .t T g ~+;.l— &y
o Fy 9 L ad ”e - [had " P ] L. 4 y F



SOUNGATyY cOnditadns: Laiicniet
Solution: Entire
Paramater: None ‘4—

PROB 38 Electrostatics [11]

Yiex =0
DOMAIN (-w/2,n/2) x [0,1)
8C ue g for x= *v/2, y=1; uy-g for y=0

TRUE _/55a
e cos [ (2a+1)x)sinh[(2a+1)y])/ (2a+1)

Operator: Laplace, homogeneous
Right side: Zero

Boundary canditions: Mixed

Solution: BEntire, may be oscillatory.
Parameter: a adjusts the oscillatiaons.

9 -~ - - Eap ;
S b -~ i ' .".
. .'I \—’ ' ! A - -/ / \
. . | .

* — >t
\ \-/// ."A.
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CalliLatlou 101 J Cadbes.
Parameters: h(x) = 1/x for B8 = .5,1 (Cases 1 and 2)

h(x) = e for B8 = .25,.5,1 (Cases 3, 4 and 5)

»- 2
?x':‘m/n J0Ry W 1jei/X)

PROB 40 Hadamard's example [17)

2
xx + (l+x )“YY yu s f

|

OOMAIN unit square \
8C u=qg for y=0 or 1, cu+8ux-g for x=0 or 1. 1
TRUE 10910“”1,/“”1” . e2lx+y)/(2+x-y)-2 _
Operator: Entire K
Right side: Analytic
Boundary conditions: Mixed L §
Solution: Analytic
Parameters: a and £ adjust the contributions to the L

mixed boundary condition on two sides. Problem 40-2 b

A2-17



H Right side:
Boundary conditions:
Solution;

1/k3. The solution has derivative sinqularities.
Paramaters:
nearly singular.

Operator:
Right side:
Boundary conditions:
Solution:
Parameters:

Series for function with sinqularities.
Dirichlet, homogeneous.

Infinite series converging like

a adjust u term, possibly makes operator

R

| PROB Zi Artificial ({20)
u + +

u u -ue
xX Yy Y
DOMAIN [(a.8]) x [0,1]
8C =g
[Peue .

(8-0)2

0

(8=a)

2 2
. y/2 sinh/% R . v sin[yw(x-o)]

Constant coefficients, homogeneous.

Zero

(a,8) for domain,

RO 2
(k" * )

1 A Y g on
[ o

3

A\

3

<

8 is number of terms in series.

Neumann (but PDE solutiom unique)
Analytic, can oscillate as 'y increases.
Y adjusts oscillations.

4

i

.

.1

—
'
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Right side: Zerxo .
Boundary conditions: Mixed
Solution: BEntire
Paramsters: None

m |
B

R

e
PROB 44 From nonlinear problem [20)
u

+u +wus=yw
Yy

xx
DOMAIN unit square
8C us 0
TRUE unknown

Operator: Helmholtz type
Right side: Complicated

Boundary conditions: Dirichlet, homogenecus !ﬁ
Solution: Approximate solution given for r = r(x,y) [
tabulatéd from a solution to the nonlinear problem; r .
should be 1
wix,y) = -a2 (1-r) P71 (YOF/ QYD1 | .
Parameters: a,8, v and § are physical paramsters. 7
Four cases are given: >
1., a=1,425 B =1 y=.,5 § a2 L 3

2, a=10 =]l y=».5 §=2
3. a= 1,425 B = 2 Yy= .08 § =25 A
4. a = 1.425 B w2 yw= 5 § =2 1
 §
AN
(AT0 0. Bal: Co.80. O2) e t
- L O X
n.f
i’
]
U-




Parameters: a and 8 are physical parameters. Three ]
cases are given: (1,2), (1,1000) and (2,2). :
PN uS- 2

pROB 46 Magnetohydrodynamics [19!

+u - 8u =0
Txx YY Y

DOMAIN (0,a] x [0,1)

BC u=0 for x=0,a; u=1 for y=1; u=-1 for y=0

TRUE Unknown

Operator: Constant coefficients, homogeneous.

Right side: 2Zero

Boundary conditions: Dirichlet

Solution: Approximate solution given for 4 cases:
a=]1 and B =2, a=4 and £ = 2, a= 4 and
leoaa-e and £ = 2.

X \ PROBLEN wb-
.@ —— \;!zMI&G (mm ?m C1.28

“%‘: i
IER .08 000.00 ,000.00 @
% .99 0.7

"lh: -l 1 =

‘(
H
f
R

!
)



Jtion: Singuiarity Ol valiadle stiviiyddl.
Parameter: o adjusts singularity strength.
L}
}
b,
8.
|
| - Y B
- - - -m m - - - - m o

X X
PROB 48 roniinear aiffusion in catalyses (2]

(Y--l)e (aB(1-r)) /(148 (1-:'”1: -

u__ +u -1.425r 0
xx Yy

DOMAIN unit square

BC us1

TRUE Unknown

Operator: Helmholtz type, homogeneous

Right side: 2ero

Boundary conditions: Dirichlet

Solution: Approximate solution given for r = r(x,y)
tabulated from a nonlinear PDE solver; r should be u.

Parameters: (a,8,y) are physical parameters. 5 cases

giwn: (1'00‘02)' (1;-0‘,25), (2.-04'2)' (2'00"25)
and (2,.5,2).
o4 - A3
X% RS e
s. - ‘;
2. ]
LB - b :
. B
£ L E L \ J i
! ; . . ~—
- - ., = -~ - -~ x - -

AZ-21
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should be u,

w(x,y) = -(1.425)2 ((1+8-1)/£]
Parameters: (a,8,y) are physical parameters. Four

cases are given: (1,.5,2), (1,.5,23), (2,.04,2) and

(2,.5,2).

a~-l y(r-2/r
€ .

VARES 008 010
iz 1.

1

b ]

N p p ‘ y
pROB 50 Artificial [27])

u + u - 0
XX YY
DOMAIN fo,n] x 10,1}

gguga 38in(x)/4=sin(3x),y=0; u=0,x=7,y=l; u=sinrvy, x=0
3sinh(l-y)sinx _sinh3(l-y)sin3x sinh7(l-x}sinmy

4sinhl sinh3 sinhw
Operator: Laplace, homogeneous
Raight side: Zero
Boundary conditions: Dirichlet
Solution: Entire
Parameters: None

A2-22
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A e A e
Solution: Has singularity, unusual behavior. '
Parameters: a adjusts position of change in boundary ll-
condition for y = 1. -
-~

PROB 52 Nonlinear reaction (2]

4 + + - -
r(uxx uw) rlux rzuy au 0
DOMAIN unit square
8C U +u, =1

TRUE Unknosn

Cperator: Expanded from self-adjoint PDE, homogeneous.

Right side: Zero

Boundary conditions: Mixed

Solution: Approximate sclution for r(x,y) tabulated
from nonlinear PDE solver; r should be 11/(1 +10u):

r. ,r. are finite differences for r ,r .
1772 x'"y

Parameter: G = physical parameter.

RL il

falp ]

p
F_J 1.00




Solution: Entire, oscillatory

Parameters: a can make oparator nearly singular. 8
adjusts the oscillations of the solution.

ey, el

PROB 54 Aiticia

(1+x2)u__ +(1+a2)u_ +2xu +16yAu -(1+(8y-x-4)2)y = f
xx y x = 4y? + a
DOMAIN unit square Aly) ¥y
8C u=g 3
TRUE B = max{0,(3-x/A(y))"], C = max(0,x-A(y)])

D=0 if Cc< .02, D=e % if c> .02

u(x,y) = 2.25x(x-1\(y))2(1-D)/(4A(y)3)+1/(1+(8y-x-4)2)

Operator: Expanded form of self-adjoint operator.
Analytic.

Right side: Complicated with possible wild behavior.

Boundary conditions: Dirichlet

Solution: Wildly behaving for a possible, has

singularities for x - 4y“ = a or 4y = -q.
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| = 4{+ X% 0 Y A
A(x) x x>a B(x) 1
1 X <a or C=]
C(x) = {0 x>0 and C=2 D(:
3
<
G(x) = {lg"(‘a_x) 5 HX) _{o
7 e /8 x>a e
Solution: Has singularities at bor
ing behavior.
Parameters: a, B are physical pa:

different physical models.

Four
1. a=1, =3, c=1 3. a:

3. a=3, 82, c=] 4. a

\a» e tam am , = e ree e
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Right side: d(onstant

Boundary conditions: Mixed
Solution:
Parameters: a = order of Gauss quadrature for integral, 8= no.

B
NIw

1

ik

%to'c

Lee's
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2i8°e

Nl
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(%9 0=y

8 ‘0w

(1=

11°@ ‘€

Series expansion approximates electrostatics solut{
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CENERAL DESCRIPTION:

CENPGCM GENERATES AN ELLPACK PROGRAM ACCORDING TO THE SPEC
TIONS GIVEN IN AN ENCODED INPUT STRING. THE RESULTING ELLPH
PROGRAM 1S WRITTEN ON FILE PGMFIL.

ENCODED ELLPACK PROGRAMS:

HHERE N1
N2
N3
N4

NS

MG

N7
N8

THE ELLPACK PROGRAM TO BE GENERATED IS ENCODED AS FOLLOMS
N1-N2/N3/N4/NS/NE/ N7/ N8/ COMMENT/

IS THE NUMBER OF THE PROBLEM TO BE SOLVED

IS THE PARAMETER SET NUMBER (IF ANY)

IS THE OPTIONS SECMENT NUMBER,

IS EITHER M1 OR M1,M2 OR Mi.M2,M3 GIVING EITHE|
GRID NUMBER OR THE SIZE OF A @ OR 3 DIMENSIONA
UNIFORM GRID RESPECTIUVELY.

1S EITHER M1 OR M1,PARAMETER LIST, WHERE M1 IS
HODULE NUMBER OF THE DISCRETIZATION MODULE AND
PARAMETERS ARE OPTIONAL PARAMETERS HHICH ARE T
PASSED TO THE MODULE.

GIVES THE MODULE NUMBER AND PARAMETERS OF THE
INDEXING MODULE RS IN NS,

GIVES THE MODULE NUMBER AND PARAMETERS OF THE
SOLUTION MODULE RS IN NS,

IS THE OUTPUT SEGMENT NUMBER.

COMMENT IS A COMMENT OF .LE. SO CHARARCTERS. IF T

FIRST CHARACTER OF THE COMMENT IS S, THEN
SUMMARY OF THE RUN IS PLACED ON THE FILE |

THE PROBLEM NUMBER IS A FILE NUMBER IN FILE EQONFIL.
THE PROBLEM. GRID, OPTIONS AND OUTPUT NUMBERS ARE RECORD
NUMBERS IN THE FILES MACFIL, GRDFIL., OPTFIL AND OUTFIL RE
TIVELY. THE PARAMETERS N6 AND N? MAY BE NMALL IF NO INDEXI
SOLUTION MODULE IS REGUIRED. THE PARAMETERS N3 AND N8 MR
NULL TN WHICH CASE THE FOLLORING DEFAULT SEGMENTS ARE USE

OPTIONS. TIME S MEMORY $ LEUELsO
ouUTPUT. MAX-U $ MAX(20.20)-ERROR

FILES USED BY GENPCM:

(a1slslaslalslislialslislaslslslsislisislialinlislialalsiglialslislislialsisliaslalslislislisislinialslisliaslislalslialaslalslinlsls)

FORTRAN [0 UNIT NUMBERS FOR THE FILES USED BY GCENPGM ARE
RSSIGNED IN THE BLOCK DATA SUBPROGRAM. THE PURPOSE AND FORM
THESE ARE RS FOLLOWS:



OOOOOOOOO0O0O0O00OOO00O0O0O0O00O000OOOOO0OOOOOOOOOaOOOOOOOOOOOOOOOOOOO

EONFIL IS DIVIDED UP INTO (SUB) FILES HHMICH ARE IN TURN D
UP INTO RECORDS. THE FILES ARE NUMBERED 0, 1. 2....ETC. AND
ECORDS WITHIN EACH FILE ARE SIMILARLY NUMBERED 0. 1. 2-...5‘
THE END-OF-FILE AND END-OF -RECORD ARE DESIGNATED BY eEOF AND
RESPECTIVELY (°EODF AND "EOF RESPECTIVELY ON NON-CDC INSTALLA

FILE 0 CONTAINS A DESCRIPTION OF THE PURPOSE AND ORGANIZA
EONFIL. FILES 1» 2y 3v... CONTARIN THE INFORMATION NEEDED TO
ATE THE ELLPACK PROGRANM CORRESPONMDING TO PROBLEMS 1, 20 3v..
RESPECTIVELY OF THE ELLPACX PDE POPULATION. AS MENTIONED ABO
FILES ARE DIVIDED INTO RECORDS WHICH HAUVE THE FOLLOWING FORM

RECORD 0 CONTAINS THE ELLPACK PDE POPULATION PROBLEM M
RECORDS 1+ 2s... MAY TAXE ONE OF THE FOLLOWING FORMATS:

ALTERNATIVE 1:

LINE 1t LINE 1 IS EITHER BLANK OR CONTARINS DESCRIPTIUE I
TION SOME OF WHICH BECOMES A COMMENT IN THE GEMERATED ELL
PROGRAM. IF NON-BLANK, LINE 1 CONTARINS THE PARAMETER SET
IN I3 FORMAT STARTING IN COLUMN 16+ FOLLONED BY THE PARRAM
OF THE PROBLEM IN FREE FORMAT STARTING IN COLUMN 19.

LINE 23 LINE 2 CONTRINS THE COMPLEXITY MEASURES OF UARRIO
PROBLEM FEATURES IN FREE FORMAT STARTING IN COLUMN 11. T
INFORMATATION BECOMES A COMMENT IN THE GENERATED ELLPACK |

LINE 3t LINE 3 CONTAINS THE PROBLEM TYPE INFORMATION STA
IN COLUMN 11 WHICH IS USED TO TEST THE COMPATIBILIY OF TH
BLEM WITH THE ELLPACK ROUTINES SELECTED IN THE ENCODED PRI
(SEE ROUTINE COMPAT). THIS INFORMATION BECOMES A COMMENT
GENERATED ELLPATK PROGRAM.

REMAINING LINES: THE REMAINING LINES OF THE RECORD CONTA
INFORMATION COPIED INTO THE EQUATION. BOUNDARY AND FORTRA
MENTS OF THE CENERATED ELLPACK PROGRAM IN THE ABOUE ORDER
THE EOURTION, BOUNDARY AND FORTRAN CARDS ARE MARKED BY A

OR 3 IN COLUMN 1 RESPECTIVELY. NOTE THAT FORTRAN CODE SH
BEGIN IN COLUMN ? RS USUAL AND THAT A FORTRAN COMMENT CAN
WRITTEN BY TYPING A C IN COLUNN 2. FOR PORTARBILITY PURPO
Pﬁcam—or;necmn IS DETECTED BY THE PRESEMCE OF A *=* (D

ALTERMATIVE 2:

LINE 1t LINE 1 CONTRINS THE PARAMETER SET MUMBER IN I3 F
STARTING IN COLUMN 16+, FOLLOWED BY THE PRRAMETERS OF THE |
BLEM IN FREE FORMAT STARTING IN COLUMN 19.

LINE 23 LINE 2 CONTRINS THE COMPLEXITY MERSURES OF URRID
PROBLEM FEATURES IN FREE FORMAT STARTING IN COLUMN 11. T
INFORMATION BECOMES A COMMENT 1IN THE GENERATED ELLPACK PR

LINE 3t LINE 3 IS OF THE FORM EXPAND N/N1,N2s....NK/ STA
IN COLUMN 1. THIS SPECIFIES THAT MACRO N (THE NTH RECORD
MACFIL) SHOULD BE EXPANDED HITH ACTUAL PARAMETERS N1,N2..
REPLACING THE DUMMIES &A+8B+8Cs...ETC. THE PARARMETERS MA
CONTRIN ANY CHARACTERS EXCEPT A BLAMK., COMMA OR SLASH AND
MAY BE MO LONGER THAN 30 CHARACTERS.
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GENERATE THE ELLPACK PROGRAMS CORRESPONDING TO PROBLEMS 1. 2.
OF THE ELLPACK PDE POPULATION. ALTHOUGH SOME OF THE PROBLEME
NOT PARAMETERIZED AND HENCE HAUE MO MACRO CALLS. YET, THERE ¢
WMSFRTIGSEPROBLENSMWILSOMTMW
MACRDO NUMBERS MAY BE IN A ONE-TO-ONE CORRESPONDENCE. RECORDS
1+ 2¢ 3... HRUE THE FOLLOWING FORHAT:

LINES 1-3: LINES 1 THROUGH 3 CONTAIN THE MACRO NUMBER.

LINE 4: LINE 4 CONTAINS THE PROBLEM TYPE INFORMATION STAf
IN COLUMN 11 WHICH 1S USED TO TEST THE COMPATIBILIY OF THE
BLEM UITH THE ELLPACK ROUTINES SELECTED IN THE ENCODED PRC
(SEE ROUTINE COMPAT). THIS INFORMATION BECOMES A COMMENT
GENERATED ELLPACK PROGRAM.

REMAINING LINES: THE REZMARINING LINES OF THE RECORD CONTA
INFORMATION COPIED INTGC THE EQUATION. BOUNDARY AND FORTRA!
MENTS OF THE GENcRATED ELLPACK PROGRAM IN THE ABOUE ORDER.
THE EQUATION. BOUNDARY AND FORTRAN CARDS ARE MARKED BY A |
OR 3 IN COLUMN 1 RESPECTIVELY. NOTE THAT FORTRAN CODE SH(
BEGIN IN COLUMMN 7 RS USUAL AND THAT A FORTRAN COMMENT CAN
WRITTEN By TYPING A C IN COLUMN 2. FOR PORTABILITY PURPQ!
I:'Ec’aww ;R’c.CORD IS DETECTED BY THE PRESENCE OF A °*-* (D¥

OPTFIL

OPTFIL CONTARINS INFORMATION WHICH MAY BE USED TO GEMERATE
OPTIONS SEGMENT OF THE ELLPACK PROGRAM.

OPTFIL IS DIVIDED UP INTO RECORDS WHMICH ARE NUMBERED 0, 1.
ETC. THE END-OF-RECORD IS DESIGNATED OF stOR (°EOR ON NON-CI
INSTALLATIONS) .

RECCRD 0 CONTAINS A DESCRIPTION OF THE PURPOSE AND ORGANI.
OF OPTFIL. RECORDS 1. 2+ 3v... HAUE THE FOLLOWING FORMATS

LINE 12 LIKE | CONTARINS THE RECORD NUMBER.

LINE 21 LINE 2 MUST CONTAIN THE 8 CHARACTERS OPTIONS. IN
COLLM%!'B- FOLLOWED ON THE SAME LINE BY ALL OF THE OPTII

GRDF IL

GRDFIL CONTAINS INFORMATION WHICH MAY BE USED TO GENERATE
GRID SEGMENT OF THE ELLPACK PROGRAM.

GRDFIL IS DIVIDED UP INTO RECORDS WHICH ARE NUMBERED 0, 1
ETC. THE END-OF-RECORD IS DESIGNATED OF SEOR (°EOR ON NON-C!
INSTALLATIONS) .

RECORD 0 CONTRINS A DESCRIPTION OF THE PURPOSE AND ORGANI.
OF GRDFIL. RECORDS 1. 2+ 3s... HRUE THE FOLLOWING FORMATS:

LINE 12 LINE 1 CONTAINS THE RECORD NUMBER.

REMAINING LINES: THE REMRINING LINES OF THE RECORD CONTA
GRID SEGMENT EXACTLY AS IT WILL APPEAR IN THE GENERATED €
PROGRAM. TO SPECIFY AN ELLPACK CONTINUATION LINE, TYPE A
(DOT) IN COLUMN 2. THE INFORMATION OF THIS RECORD IS COP

4
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RECORD O CONTRINS A DESCRIPTION OF THE PURPOSE AND ORGANI.
OF OUTFIL. RECORDS 1., 2» 3s... HAUE THE FOLLOWING FORMAT:

LINE 1t LINE | CONTARINS THE RECORD MNUMBER.

REMAINING LINES: THE REMAINING LINES OF THE RECORD CONTA
QUTPUT SEGHMENT EXACTLY AS IT WILL APPEAR IN THE GENERATED
PACK PROGRAM. TO SPECIFY AN ELLPACK CONTINUATION LINE, T
*.* (DOT) IN COLUMN 2. THE INFORMATION OF THIS RECORD IS
DIRECTLY INTO THE QUTPUT SEGMENT OF THE GENERATED ELLPACK
PROGRAM. FOR PORTABILITY PURPOSES., THE END-OF-RECORD IS

DETECTED BY THE PRESEMNCE OF A *-° (DRSH) IN COLUMN 1.

MODATA

LR N

MODARTA CONTAINS THE INFORMATION NEEDED TO DECODE ENCODED |
PROGRAMS AND CHECK COMPATIBILITY.

LINE 1| HAS THE NUMBER OF MODULES (NRMODS) IN I3 FORMAT. |
FOLLOWS NRMODS PAIRS OF LINES. THE FIRST OF EARCH CONTAINS A
INTEGER IN THE RANGE l....,NRMODS IN I3 FORMAT AND AN ELLPAC
MODULE NAME STARTING IN COLUMN 6. THESE GIUE THE CORRESPOND!
BETHEEN MODULE NUMBERS USED IN ENCODED PROGRAMS AND THE MNAME!
OF MODULES TO BE USED IN THE GENERATED ELLPACK PROGRAM. THE
LINE OF THE PAIR CONTARINS A LIST OF INTEGERS IN 4X,3013 FORM
THE MODULE NUMBERS THAT MAY IMMEDIATELY FOLLOW THIS MOMAE I
ELLPACK PROGRAMS. AFTER THIS SET OF LINES THERE 1S ONE LINE
CONTAINING A SINGLE INTEGER IN I3 FORMAT GIVING THE NUMBER Of
DISCRETIZATION MODULES (hRDIS). THIS IS FOLLOWED BY NRDIS L
ERCH CONTAINING A MODULE MUMBER IN 13 FORMAT AND (5 DIGITS
STARTING IN COLUMN S GIVING HODULE COMPATIBILITY INFORMATION
(SEE ROUTINE COMPAT).

sssnse ALL INPUT FILES MUST BE TERMINATED BY A CARD esess
esneses HITH A $ IN COLUMN ONE. sssas

THE OUTPUT FILES PRODUCED BY GCENPGM ARE:

STANDARD OUTPUT = SUMMARY OF WORK DOME, MESSAGES.

PGMFIL = THE GENERATED ELLPACK PROGRANMS, SEPARATED BY stO

HEADER = A SUMMARY OF THE PROBLEM. ITS CHARACTERISTICS, A
THE SOLUTION METHOD ARE SAUED HERE FOR LATER
PROCESSING. THE COMMENT INCLUDED WITH THE ENMCODE
INPUT IS ALSO HRITTEN HERE. SEE FORMAT 202S.

FORTRAN 10 UNIT NUMBERS FOR THESE FILES ARE SPECIFIED IN
BLOCK DATA SUBPROGRAM

NON-STANDARD FORTRAN

THIS CODE CONFORMS TO STANDARD FORTRAN (19669 WHEREVER POSSI
SEVERAL SYSTEM FUNCTIONS ARE CALLED HOMEVER. TREY ARE:

DATE — INTEGER FUNCTION RETURNING DATE IN A8 FORMAT. C
IN MAIN PROGRAM

CLOCK —— INTEGER FUNCTION RETURNING TIME IN RS FORMAT. C
IN MAIN PROGRAM

(IF THESE ARE REMOVED THE WRITE STATEMENT FOLLOWING TH

S
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SKIP =- CDC ASSEMBLY LANGUAGE ROUTINE WHICH PROUIDES AUTON
FILE AND/OR RECORD SKIPPING. SEE THE DISCUSSION
BELOW UNDER SKIPPING FILES AND RECORDS.

THE PROGRAM CARD IN THE MAIN PROGRAM MUST BE REMOUVED FOR NOMN-
CDC INSTALLATIONS.

SKXIPPING FILES AND RECORDS:

THE METHOD OF GENERATING ELLPACK PROGRAMS USED IN GENPGM |
ITATES HAUING THE ABILITY TO SXIP FILES AND/OR RECORDS ON FII
EGONFIL, MACFIL, OPTFIL., GRDFIL AND OUTFIL.

FOR EXAMPLE, IF THE ENCODED PROGRAN WERE TO REDUEST PRUBLI
IT WOULD BE NECESSARY TO SKIP FILES (PROBLEMS) ON EGNFIL TO |
AND THENe WITHIN FILE So SKIP RECORDS (PARAMETER SETS) TGO RE
3. MOREOVER. SINCE PROBLEM S CALLS MACRO S, IT HOULD ALSO B
NECESSARY TO SKIP RECORDS (MACROS) ON MACFIL TO MACRO S. Sl
SXIPPING MAY BE DONE ON OPTFIL. GRDFIL OR OUTFIL DEPENDING O
THE ENCODED PROGRAM.

IN ORDER TO AUOID THE SLOW PROCESS OF SCANNING THROUGH TH!
FILES LINE By LINE TO FIND THE DESIRED FILES AND-OR RECORDS,
HAUE TAKEN ADUANTAGE OF SOME NON-PORTABLE FEATURES OF THE PU
CDC INSTALLATION. THE END-OF-FILE AND END-OF -RECORD MARKERS
eEDF AND sEOF RESPECTIUVELY (OR *EOF AND *EQCR RESPECTIVELY) H
SPECIAL MEANING TO THE CDC FILE SYSTEN. WE PROUIDE FOR CDC
INSTALLATIONS THE CDC ASSEMBLY LANGUAGE (COMPASS) PROGRAM SK
HWHICH USES THESE MARKERS TO GIVE ESSENTIALLY °AUTOMATIC® SKII
OF FILES RND-/OR RECORDS.

ALTHOUGH THESE FEATURES ARE NON-PORTABLE, MANY MACHINES H
S1::TLAR CONVENTIONS. MHERE POSSIBLE WE STRONGLY SUGGEST THA
ON HOM-CDC INSTALLATIONS THE *EOF AND °*EOR MARKERS BE REPLAC
THE LOCAL END-OF-FILE AND END-OF-RECORDS MARKERS AND THAT TH
COMPRSS PROGRAM FILES BE REPLACED BY A SIMILAR LOCAL ASSEMBL
LANGUAGE PROGRAM WHICH WOULD PROVIDE FOR FAST SKIPPING OF FI
AND-/OR RECORDS.

SINCE THESE FERTURES ARE NOT AVAILABLE ON SOME MACHINES, |
PROVIDE AS COMMENTS IN THE COMPASS PROGRAM FILES. TWO FORTRA
ROUTINES, SKIPF AND SXIPR. WHICH SKIP FILES AND RECORDS RESP
JUELY BY SCANNING FOR THE CHARACTERS °EOF AND "EGR IN A4 FOR
STARTING IN COLUMN 1. ON THE PURDUE CDC INSTALLATION. THIS
METHOD OF SKIPPING IS UP TO AN ORDER OF MAGNITUDE SLOWER THA
THE *AUTOMATIC® SKIPPING DJSCUSSED ABOVE.

cccccccmccccccccmccccccccccccccmccccccccccccct:ccccccccc
c
INTEGER CODE(400)+CODIM. CLEN.PTR,LINE(80), PTYPE(15).PCHAR
s D1SMOD, INDHOD, SOLMOD. EONREC. OPTREC. OUTREC, GRDREC.
$ ALGST. ALGEND. COMENT (1Q0) » DISPAR, PROBNO, PRPARM(S50)
s CHARC . CHAR s PNCHEK

o000

USAGE OF CERTAIN LOCAL VARIABLES ————

CODE = THE ENCODED INPUT PROGRAM. (VECTOR)
CODIM = MAX LENGTH OF AN ENCODED INPUT STRING
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IN THE ENCODED INPUT STRING CODE.

COMENT = THE COMMENT IN THE ENCODED INPUT STRING CODE. (WA
FATAL = SWITCH INDICATING WHETHER AN ERROR HAS BEEN DETE!
PROBNO = PROBLEM NUMBER FROM EQNFIL.

PRPARM = PROBLEM PARAMETERS FROM EONFIL (VECTOK).

GLOBAL URRIABLES

INTEGER EONFIL.GRDFIL.OPTFIL.OUTFIL,MACFIL, PG IL . PARAMN, CI
SLASH. LPAREN, RPAREN, BLANK . AP, E+ ZERD, ONE » THO» THRE]
MODNAM, DMTYPE, UAL 1D, LEVEL » DOT» NULL « NRMODS,
NUDCOL, STAR, DOLLAR s HEADER, DIGI T, LETTER. MODATR. DRSI

LOGICAL FATAL

COMMON ~ GLOBAL ~ EGNFIL.GRDFIL.OPTFIL,OUTFIL.MACFIL,PCHF

HEADER, COMMA. SLASH, LPAREMN, RPAREN, BLAMK , f
DOT,. DOLLAR, STAR, NULL » ZERD, OMNE . THO» THREE
MODATAR. DASH,

PARAM (104 35) « MODNAM(70, 10) DMTYPE (70, 15
VAL ID(70,20), IZEROS(15). DIGIT(10), LETTE!
LEVEL » NRMODS . NWDCOL, FRTAL

DATA CODIM-/400/,NRTYPE/15/.CHARC/ | HC/
REARD TABLE OF MODULE INFORMATIONM
REAL PAST FILE DOCUMENTATION

2 READ(MODATA. 2042)CHAR
IF (CHAR .ME. DASH) GO TO 2

READ(MODATA, 2029 )NRMODS
IF (LEVEL .GT. 2) HRITE(6,2032) NRMODS
DO S I=1.MNR™0ODS
READ(MODATR, 2030) No (MODNAM(NsK) e K=1,10)
NP1 = N+l
READ(MODATA. 2036) (VALID(NPL1,K),K=1,20)
IF (LEVEL .LE. 2) GO TO S
NONZ = 0
DO 3 J=1,20
NONZ = NONZ + 1
IF (VALID(NP1,MONZ) .LE. 0) GO TO 4

3 CONTINUE
4 CONT INUE

HRITE(6,2033) N. (MODNAM(N.K) . K=1,10), (VALID(NP1,K),
S CONTINUE

READ(MODATA, 2029) NRDIS

IF (LEVEL .CT. 2) MWRITE(6.,2034) NRDIS

DO 10 I=1,NRDIS
READ(MODATR, 2031) No (DMTYPE(N,K)+ K21, NRTYPE)
UALID(1,1) = N
IF (LEVEL .GT. 2) KRITE(6,2035) No (DMTYPE(NsK)sK=]1oNR

10 CONTIMNUK
UALID(1.NRDIS+1) = 0

GET ENCODED PROBLEM

FATAL = FALSE.

WRITE(6,2001)

CALL INCODE(CODE.CCDIM. CLEN.PTR)
20 CONTINUE

IF (CLEN .EQ. 0) GO TO 900

CET PROBLEM NUMBER
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IF (PROBNO .NE. PNCHEK) CALL ERREND(S, EGNFIL)

CHETK FOR PARAMETER SET MUMBER

IF ((CUK(PTR’l) umo mm ) omo
(CODE(PTR‘I) oEOo DOT ) omc
(CODE(PTR~1) .EO0. COMMA)) G0 T0 21

NPMSET=)
CALL SKIPR(C.EQNFIL)
GO 70 23

CONTINUE

SXIP RECORDS TD PARAMETER SET

N"MSETeNUMBER(CODE, PTR)
IF (NPMSET .EG. 0) NPMSET=l
CALL SKIPR(NPMSET~1,EQNFIL)

URLIDATE PARARMETER SET NUMBER AND GET PARAMETER INFOD

CONTINUE
READ(EQNF IL, 2041 YNPSCHEX » (PRPARM( [ ), I=1,50)
NPSCHEK eNPSCHEK +0
IF(NPSCHEX .EG. 0) NPSCHEK=1 .
IF (NPHSET .NE. NPSCHEK) CALL ERREND(7,EONFIL)
CALL GETULN(EONFIL.LINE)
HRITE(PGMFIL,»2000) (CODE(I)»I=1.CLEN)
HRITE(PGMFIL,2009) PROBNO, NPMSET, (PRPARM(I), I=1.50),
J 0 (LI"E(I)OI’?OSO)
=

DO 30 K=1,4
IFIRST = 10eK+}
ILAST = IFIRST+S
DO 23 I=IFIRST, ILAST
J = Je]
PCHAR(J) = LINE(I)
CONTINUE
J = ]
PCHAR(J) = BLANK
CONT INUE

CHECX FOR MACRC CALL

CALL GETLN(EONFIL,LINE)
IF (LINEC(]1) .EQ. E) "CALL EXPAND(LINE.FILE)

PICK UP PROBLEM TYPE INFORMATICN (PTYPE)

Jd=0
DO 35 I=11.23
J=Je |
PTYPE(J) = LINE(])
CONTIMUE
HRITE(PGQFIL,2011) (LINECI),I=11,23)

CENERATE EQUATION SEGMENT

HRITE(PGFIL,2012)
CALL COPYRC(FILE,PGMFIL«BLANK, THO. LINE, . TRUE.)

GENERATE BOUNDARY SEGMENT

HRITE(PGMFIL,2013)
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CONTINUE
PROCESS OPTIONS RECORD

MNOTE—- THE PREPROCESSOR LIMITS OPTIONS SEGMENTS TU OM
LINE EACH. MENCE WE ASSUSME OPTIONS FILE RECORI
HAVE THE WORD OPTIONS. AT THE START OF EACH LII

OPTREC = MUMBER(CODE,PTR)
IF (OPTREC .EQ. 0) GO TO 4S

SKIP RECORDS TO OPTION

REZHIND OPTFIL
CALL SKIPR(OPTRCC.OPTFIL)

UALIDATE OPTION MUMBER

RERD(DOPTF IL. 2040 )NUMOPT

IF (NUMOPT .NE. OPTREC) CALL ERREND(9,0PTFIL)

ESL%OCSO?Y?C(OPTFIL-PG!"FIL-MMDhSHoLINE-.TRUE.)
0

USE DEFAULT SEGMENT

CONTIMNUE

HRITE(PGMFIL,2026)
CONTINUE

PROCESS GRID SEGMENT

GRDREC = NUMBER(CODE.PTR)
IF (CODE(PTR-1) .EO. SLASH) GO TO 60

UNIFORM GRID SIZE 1S GIVEN IN ENCODED PRUGRAM
NX = GRDREC
g = IOQ.I'IBSR(COK-PTR)
=
IF (CODE(PTR-1) .EQ. COMMA) N2 = NUMBER(CODE.PTR)
PTYPE(14) = ZERO
PTYPE(15) = TUWD
IF ((NX .EG. NY) .AND. ((NX .EQ. N2) .OR. (N2 .EO.

$ PTYPE(14) = TWO

60

HRITE(PGMFIL,2002) NX.NY
IF (N2 ,GT. 1) WRITE(PGMFIL.,2003) N2
GO TO 70 '

NON-UNIFORM GRID CIVEN IN FILE GRDFIL
CONT INUE
PTYPE(14)=ZER0
PTYPE(1S) = ZERO
SKIP RECORDS TO GRID

REWIND GRODFIL
CALL SKIPR(GRDREC,GRDFIL)

UALIDATE GRID NUMBER
READ(GRDFIL,2040) NGRDRC
IF (NGRDRC .NE. GRDREC) CALL ERREND(10,GRDFIL)
HRITE(PGMF IL,2024)
CALL COPYRC (GRDF IL, PGMF IL» BLANK. DRSHs LINE, . TRUE. )
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PROCESS INDEXING SEGMENT

80

INDMOD = NUMBER(CODE.PTR)
IF (INDMOD .GT. NRMODS) GO TO 800
IF (INDMOD .EQ. 0) GO TO 80
HRITE(PGMFIL,200S)
CALL WRTMOD(INDHMOD, CODE. CLEN. PTR)
CONTINUE

PROCESS SOLUTION SEGMENT

SOLMOD = NUMBER(CODE, PTR)
IF (SOLMOD .GT. NRMODS) GO TOD 800
IF (SOLMOD .EQ. 0) GO TO SO
HWRITE (PGMF IL,2006)
CALL HRTMOD(SOLMOD, CODE, CLEN, PTR)
CONTINUE
ALGEND = PTR-}

PROCESS OUTPUT RECORD

95
100

OUTREC = NUMBER(CODE,PTR)
IF (OUTREC .EQ. 0) GO TO 95

SKIP RECORDS TO OUTPUT RECORD

REUIND OUTFIL
CALL SKIPR(OUTREC, QUTFIL)

UVALIDATE OUTPUT RECORD

READ(OUTFIL, 2040) NOUTRCD

IF (KOUTRCD .NE. OUTREC) CALL ERREND(11,0UTFIL)
HRITE(PGMFIL,2007)
%%OC%?C(QJTFIL-PW IL+ BLANK» DASH, LINE, . TRUE.)

USE DEFAULT SEGMENT

CONT IMUE

HRITE(PGHFIL,2027)
CONTINUE

WRITE A SEQUENCE SEGMENT ONTO THE ELLPACK INPUT PROGRAN

CHECK PROB/DIS COMPATIBILITY ANMD MODULE SEQUENCE LEGALITY

105

HRITE(PGIHFIL,2019)
IF (DISMOD .NE. 0) WRITE(PGM¥IL,.2020)
IF (INDMOD .NE. 0) WRITE(PGMFIL,2021)
IF (SOLMOD .NE. 0) HRITE(PGIL,2022)
HRITE(PGMFIL,2023)
IF (DISMOD .NE. 0) HWRITE(PR¥IL.2028)

IF (LEVEL .LT. 1) GO TO 10S
IF (DISMOD .EQ. 0)

WRITE(PGMFIL.2010) PROBNO, (PTYPE(I), I=1,NRTYPE),
OPTREC, DISMOD, (IZERUS(I), I=],
INDMOD, SOLMOD, OUTREC
IF (DISMOD .NE. 0)

HRITE(PGMFIL,2010) PROBNO. (PTYPE(I), I=1,MRTYPE),
OPTREC, DISMOD, (DMTYPE ( DISHOD,
I=1, NRTYPE),» INDMOD, SOLMOD, OUT

CONTINUE

10



120 CONTINUE
IF S(COIE:PTR) .EQ. SLASHW) .OR. (J .GE. 100)) GO TO i
= J
COMENT(J) = CODE(PTR)
PTR = PTR¢}
G0 T0 120
130 CONTINUE

PICK UP TODAYS DATE AND CURRENT TINE
RDATE = DATE(O)
RTIME = CLOCX(0)

HRITE INFO ONTO HEADER FILE

IF (COMENT()1) .EO0. DOLLAR)

HRITE (HEADCR, 2025) PROBND» NPMSET.RDATE, RTIME,
(COMENT(I)s1=1,100), (PRPARN(]1), I=],!
(PTYPE(I)s I=1+15), (PCHAR(I)» I=1,27),
(CODE(1)s I=ALGST, ALGEND) -

(ple)

(g]n)

READ NEXT PROBLEM

200 CONTINUE
CALL INCODE(CODE.CODIM.CLEN,PTR)

CO TO 20
ABNORMAL TERNIMATION OF CENERATED PROGRAN

800 CONTINUE
FATAL = .TRUE.
HRITE(PGMFIL.201S) STAR, STAR, STAR
HRITE(8,2015) BLANK, BLANK s BLANK
HRITE(PGI¥ IL, 2008)
END FILE PRIFIL
G0 TO 200

c
g PROGRAN EXIT
900 CONTINUE

CaLL OFFSU(])
IF (FATAL) CALL ERREND(1.IDUM)

000

a0 O

c
;
2000 FORMAT(1He/4He  ,26(1H-)

730H* PDE METHOD COMPARISON TEST

$

$ 74N 128(1H=)/1Hs
L 729K ENCODED PROGRAM IS
$ 7(1He, 10X, G0RY))

2001 FORMAT(IM1)
2002 FORMAT(SHGRID.» SXo 1 1HUNIFORN X =, I3 3Xs 1HS+ 3Xs 1 IHUNIFOR
2003 FORMAT (21X, 11HUNIFORN 2 =,13)
2004 FORMAT (1He/ 1 SHDISCRETIZATION. )
2005 FORMAT (SHINDEXING. )
2006 FORMAT (SHSOLUTION. )
2007 FORMAT ( 1He/7HOUTPUT. )
2008 FORMAT (1He/1He, 70( 1H=) 74HEND. )
2009 FORMAT(1He/19H4»  PROBLEM MRTBER , I3. 1H-. I3, S0R1
7194e  PROBLEM TYPE = ,44A41)
2010 FMT(IHOIIH'.?O(IH-)IIH!
738He  ELLPACK PROGRAM GENERARTION SWMMARY /lHe
8 714+, 10X+ 24HPROBLEN MUMBER ® 13, 8X%s BH(TYPE=, 15

11



2021 FORMAT (14X, BHINDEXING)
2022 FORMAT (14X, BMSOLUTION)
2023 FORMAT (14X, BHOUTPUT)
2024 FORMAT(SHGRID.)
aoassl"m‘r(/gggﬁx. A8, 1Xs R9s 2Xs 100A174X, SOR1 . IXs 15A1+ SXe 27A1
/
2026 FORMAT(4IHOPTIONS. TIME MEMORY LEVEL =0 )
2027 FORMAT(1He/40HOUTPUT. MARX-U ) MAX(20. 20)-ERROR |
2028 FORMAT (14X, 4HTEST)
2029 FORMAT(I3)
2030 FORMAT(13,2%s 10A4)
2031 FORMAT(13.,2%s30R1)
2032 FORMAT(1M1+100(1H-)/38Xs21HM O DU L E DA T As1X.100(]!
SX¢ 2OHMUNBER OF MODULES = , IS///
2% GHMUMBER » 1 2Xe dHNAME, 31X,
1SHLEGAL FOLLOHERS/72Xe SC1H=)¢ 12Xe 4 (1H=)0s 31Xs 1S(IH-
2033 FORMAT(3Xs 144 3%, 10R4, 1X. 2013)
2034 FORMAT (/71X SHTHERE ARE +13.34H DISCRETIZATION MODULES.
$ 772%e 1 3HHODULE NUMBER, 4%, 1BHCOMPATIBILITY INFO/
b @Xe 13C1H=), 4%, 18(1H-)7)
2035 FORMAT(SX, 14, 10X 30R1)
2038 FORMAT(4X,3013)
2037 FORMAT(BORL)
2038 FORMAT(/T11.137)
2040 FORMAT(TB, 1)
2041 FORMAT(T16, 13:50A1)
2042 FORMAT(AL)
csooo FORMAT(IL)

L XX

End
BLOCK DATA

THIS BLOCK DATA SUBPROGRAM PERFORMS TABLE INITIALIZATIONS FO
THe PROGRAIY GENPGM

CLOBAL URRIABLES

INTEGER EONFIL.CRDFIL.OPTFIL.OUTFIL, MACFIL.PGMFIL,PARAM,C
SLASH, LPRREN, RPAREN. BLANX » AMP, E» ZERT, ONE» THO» THRE
MODeAM, DMTYPE» VAL ID. LEVEL » DOT, NMURL » NRMODS,
NUDCOL » STRR » DOLLAR HEADER, DICI T, LETTER, MODATA. DRS:

LMICRL FATAL

COMMON ~ GLOBAL - EQMFIL.GRDFIL.OPTFIL.OUTFIL,MACFIL,PGIF

HEADER » COMMA, SLASH. LPRREN, RPAREM . BLANK »
DOT. DOLLAR, STAR, NULL » ZERD, ONE» THO» THREE
MODATA. DASH,

PARAM( 10+ 35) s MODNAM(70.10) ¢ DMTYPE(70, 1S
UVALID(?0.20), IZERDS(1%5),DIGIT(10), LETTE
LEVEL » NRMODS» NUDOOL» FATAL

(slslalnlglaly]
"ne

INITIALIZE CONSTANTS

MEANING OF SELECTED CONSTANTS ———-
EONFIL.GRDFIL.OPTFIL.MACFIL . PGMFIL. HERDER, MODATA =
FORTRAN IO UNIT NUMBERS
LEVEL = DEBUG PRINT LEUVEL. MAY BE | TO S.
NUDCOL = NUMBER OF COLUMNS IN THE ARRAY UALID

DATA
: enrnxi.mme.. WWI%»W!L. PG‘FIL.WI%-HERE%.M

’
$ COMMA. SLASH. LPAREN. RPAREN, BLANK. RIPE  » DOT. STAR DOL
1e

OO0OOODONO
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SUBROUTINE INCODE (CODE.CODIMsCLEN.PTR)

INCODE RERDS THE E«CODED ELLPACK PROGRAM FROM 10 UNIT S. THE
IS ARSSUMED TO START O A NEW CARD AND CARDS ARE READ UMTIL T
INPUT IS COMPLETE (1.E. 8 SLASHES ARE FOUMD). THE URRIABLE O
GIVES THE MAX ALLOMABLE LENGTH OF THE INPUT STRING. BLAMKS A
SOUEEZED OUT OF THE INPUT AND THE RESULTING STRINC 1S PLACED
THE ARRAY CODE. TPELENSTHG‘T)-E STRING IS THEN CLEN.

PTR 1S INITIALIZED TO 1

INTEGER CODE(400),CODIN.CLEN, PTR
CLOBAL UARIABLES

INTECER EONFIL.GRDFIL,OPTFIL.OUTFIL,MACFIL.PCI IL , PRRAM. O
SLASH: LPAREN: RPRREN, BLANK s AMP 4 E « ZERD» ONE » THO» THRE]
MODNAM, DTYPE, UAL I D. LEVEL , DOT, NULL - NRMODS,
NUDCOL » STRR» DOLLAR. HEADER, DICI T, LETTER, MODATA,DRS!

LOGICRL FATAL

COMMON ~ GLOBAL EOMFIL.GRDFIL, OPTFIL,OUTF IL. MACFIL.POMF

LK K

3 HEADER . COMMA SLASH. LPAREN. RPAREN BLANK » |
$ DOT. DOLLAR, STAR« MULL » ZERQ+ OMNE + THO» THREE
$ MODATA DASH,
$ PARANM(10: 35), MODNANM( 70, 10) . DITYPE(70, 15
S UVALID(70,20), IZERDOS(15)+DICIT(10), LETTE
$ LEVEL » NRMODS, NUDCOL s FATAL

PIR = |

IBECIN = |

IEND = BO

NSLARSH = O

NONBLK = 0

10 CONTIMUE

CHECK IF INPUT IS TOO LONG
IF (IEND .GT. CODIM) CO TO 600
READ(S, 1000) (CODE(]), I=1BEGIN, IEND)
IF (CODE(1) .E0. DOLLAR) GO TO 300
DO 20 I=IBECIN. IEND
IGNORE BLAMNKS
IF (CODECI) .EQ. BLANK) GO TO 20
NONBLK = NONBLK+]
CODE(NONBLX) = CODE(I)
COUNT SLASHES
IF (CODE(NONBLK) ,E0. SLRSH) NSLASH = NSLASH+1
20 COMTIMUE
IBEGIN = NONBLK+]
IEND = IBECIN+79
CHECX IF INPUT IS COMPLETE
IF (NSLASH .LT., 8) CO 1O {0
CLEN = NONBLK
IF (LEVEL .CT. 0) WRITE(6,2000) (CODE(I),I=1,CLEN)
RETURYN -

END OF DATA

S00 CONTINUE
CLEN = 0
RETURN

c
C ERRDR IN INPUT

600 CONTINUE
FATAL = .TRUE.

13



o000 O0000

NUMBER CONVERTS CHARACTERS IN THE ARRAY CODE (80A1) TO A DEL:
INTEGER. ION BEGINS HITH THE CHARACTER CODE(PTR) AND
STOPS HHEN ONE THE CHARACTERS 7, ()8 IS ENCOUNTERED.

INTEGCER CODE(400).PTR.CHAR
GLOBAL URRIABLES

INTEGER EONFIL.GRDFIL+OPTFILs OUTFILs MRCFIL . PGIMFIL . PARAM, (X
SLASH, LPAREN, RPAREN, BLANK » AMP, £+ ZERD, ONE » THO» THRE]
HODNAM, DMTYPE, URL 1Ds LEVEL » DOT, NULL » NRMODS,
NUDCOL, STAR, DOLLAR, HEADER, DIGIT, LETTER, MODATA, DASH

LOCICAL FATAL

COMMON ~ GLOBAL ~ EONFIL.GRDFIL,OPTFIL, CUTFIL,MACFIL.PCMF.

$ HEADER» COMMA» SLASH, LPAREN, RPAREN, BLANK , ¢
$ DOT. DOLLAR, STAR, ML » ZEROs ONE» TWO, THREE.
$ MODATA, DASH,
$ PARRAN( 10, 35) » MODNAM(70,10) » DMTYPE(70, 1S
$ VALID(70,20), IZERCS(15), DIGIT(10), LETTE!
$ LEVEL « NRMODS» NUDCOL, FATAL
=0

K = PTR

10 CONTINUE
CHAR = CODE(K)

CHECX FOR END OF NUMBER

IF ((CHAR .EQ. SLASH ) .OR. (CHAR .EG. COMMA ) .OR.
$ (CHAR .EQ. RPAREN) .OR. (CHAR .EQ. LPAREN) .OR.
: (CHAR .EQ. DOLLAR) .OR. (CHAR .EO. DASH ) .OR,

(CHAR .EQ. DOT ) GO TO
FIND WHICH DIGIT IS IN CHAR
DO 1S J=1,10
IDIGIT = J-}

IF (CHAR .EQ. DIGIT(JY) GO YO 20
1S CONTINUE
NOT A DIGITY
CALL ERREND(2,CHRR)
20 CONTINUE
DIGIT FOUND
N = 10sN ¢+ IDIGIT
K = K¢}
GO T0 10
SO0 CONTINUE
NUMBER = N
PTR = K+{
IF (LEVEL .CT. 3) HRITE(6,3000) NUMBER
RETURN

c
3000 FORMAT(8H NUMBER=, I10)

o000 00000

END
SUBROUTINE GETLN (FILE.LINE)

GETLN RETURNS THE NEXT LINE (80AR1) FROM THE GIUEN FILE.
IF FILE IS THE MACRO FILE THE LINE IS SCANNED FOR DUMetY
PARAMETERS WHICH ARE THEN EXPANDED.
INTEGER FILE,LINE(80),M_INE(80),0UT
CLOBAL UARIABLES
INTEGER EQNFIL.GRDFIL.OPTFIL,OUTFIL,MACFIL,PGMFIL. PARAM,C

14
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10

S0

60

READ(FILE,1000) C(LINE(I),I=1,80)

IF (LINE(1) .EQ. DOLLAR) GO TO 900

IF (LEVEL .GT. 3) WRITE(6,3009) (LINE(I),I=1,80)
IF (FILE .NE. MACFIL) GO 70 S00

EXPAND MACRO PARAMETERS

INw |
OUT = 0
CONTINKE
IF (CIN .GT. B80) .OR. (OUT .GE. 80)) GO TO 100
SCAN FOR AMPERSAND (SIGNALS PARAMETER)
IF (LINECINY .EQ. AMP) (GO TO SO
OUT = QUT+]
NLUINEC(OUT) = LINECIN)
IN = INe}
GO TO 10
HAUE A PRRAMITER
CONTINUE
INP1 = IN+)
DO S5 I=1.10
NPRRAN = 1
IF (LINECINPL1) .EQ, LETTER(I)) ©O TO S8
CONTINUE
UNDEF INED PARAMETER
CALL ERREND(B.LINEC(INP1))
CONTIMNUE
K e}
REPLACE DUMMY PARAMETER HITH ACTUAL PARAMETER
CONTINUE
IF ((x .GT. 30) .CR. (PARARM(NPARRAM,X) .EQ. BLANX

 J GO TO 80

80

100

o000

120

140
500

(glglg]

900

c
1000
3000
3001

OUT = QUT+1
NLINE(OUT) = PARAM(NPARAM,K)
K = Kel
GO TO 60

CONTINUE

IN = IN+2

GO TO 10

CONTINUE

RETURN LINE HITH EXPANDED PARAMETERS

DO 120 I=1,80
LINECI) = BLANK
CONTINUE
DO 140 I=1,0UT
LINECI) = MUINECD)
CONTINUE
IF (LEVEL .GT. 3) HRITE(6.3001) (LINE(I).]1w1,80)
CONTINUE
RETURN

ERROR EXIT

CONTINUE
CALL ERREND(3.FILE)
RETURN

FORMAT(80A1)
FORMAT(EM LINE=,80A1)
FORMART(1SH EXPANDED LINE=,80R1)

1S



g GLOBAL UARIABLES

(aXalg]

(alglglg]

(]

(glgly] [(alnly)

(algln]

INTEGER EONFIL.CRDFIL.OPTFILOUTFIL . MACFIL, PGMFIL, PARAM, CI
SLASH, LPAREN RPAREN. BLANK » AMP, E+ ZERO, ONE» TWO+ THRE!
MODrAM, DMTYPE . UALIDs LEVEL » DOT, NULL » NRMODS,
NUDCOL,» STAR» DOLLAR, HEADER, DIGI T, LETTER, MODATR, DASI
LOGIC“L FATAL
COMMON ~ GLOBAL ~ EOGNFIL.GRDFIL,OPTFIL,OUTFILMACFIL.PCMF
HEADER, COMMA+ SLASH, LPAREN: RPAREN, BLANK » |
DOT, DOLLAR, STAR, MULL » 2ZERD. ONE » THO» THREE
MODATA. DASH,
PARAM( 10, 35),MODNAM(70, 103, DMTYPE(70, 15
UARLID(70.20), IZERDS(1S). DIGIT(10).LETTEI
LEVEL » NRMODSs NUDCOL s FATAL

U X X X N

PICK UP MACRO NUMBER

LPTR = 8
MACND = NUMBER(LINE,LPTR)
IF (LEVEL .GT. 1) WRITE(E,3000) MACND

ASSEMBLE TABLE OF ACTUAL PARAMETERS

FIRST BLANX OUT THE PARAMETER TRBLE
DO S I=1,10
DO S J=1,30
PARRAM(I,J) = BLANK
S CONTINUE
NCH = 0
NPARAN = |

10 CONTINUE

CHECK FOR END OF LAST PARAMETER
IF (LINE(LPTR) .EQ. SLASH) GO TO 50
CHECK FOR END OFf CURRENT PARRAMETER
IF (LINE(LPTR) .EQ. COMMA) GO TO 40
NCH = NCH+1
PARAM(NPARAM, NCH) = LINE(LPTR)
LPTR = LPTR+}
GO 70 10

40 CONT INUE

NPARAM = NPARAMe]
NCH = 0

LPTR = LPTR+}

GO 7O 10

S0 CONTINUE

IF (LEVEL .GT. 1) HWRITE(E,3001) NPARAM, ((PARAM(I,J),
] J=1,30),. [=1, NPARAM)

SKIP RECORDS TO MACRO
FILE=MARCFIL
REWIND MACFIL
CALL SKIPR(MACND.MACFIL)
VALIDATE MACRO NUMBER

READ(MACF IL» 3002 YMNCHEK
IF (MACNO .NE. MNCHEK) CALL ERREND(8.FILE)

READ FIRST LINE OF MACRO

CALL GETLN(FILE.LIMNE)
RETURN

16
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c
1000 FORMAT(8B0AL)

o000 00000

ARRAY LINE.

INTEGER IFILE,OFILE.LINE(80),PUTC,ENDC

LOGICAL NEEDLN
GLOBAL URRIABLES

INTEGER EOGNFIL.GRDFIL,OPTFILsOUTFIL.MACFIL.PGMFIL, PARAM,C
s SLASH, LPAREN RPAREN. BLANX + AMP+ E+ ZERQ, ONE» TWO. THRE]
 d MODNAM, DMTYPE » URL IDs LEVEL » DOT» NULL » NRMODS.,

s NUDCOL . STAR, DOLLAR HERDER, DIGI T+ LETTER, MODATA. DASI

LOGICAL FATAL

COMMON ~ GLOBAL ~ EONFIL.GRDFIL,OPTFIL.OUTFIL+MACFIL.PGHF.

IF (NEEDLN)

10 CONTINUE

HEARDER, COt™MAs SLASH. LPAREN. RPAREN» BLANK o f
DOT, DOLLAR STAR NULL » ZERD, ONE » TWO» THREE,
MODATA, DASH,

PRRAM( 10, 35) MOBNAM( 70, 10) DMTYPE(?0, 1S
UALID(70.20), IZERDS(1S), DIGIT(10).LETTE!
LEUVEL » NRXODS NUDCOL FATAL

CALL GETLNC(IFILE.LINE)

IF (LINEC(1) .EQ. ENDC) GO TO 30
IF (PUTC .NE. NULL) LINE(]) = PUTC
IF (LINE(2) .NE. DOT) GO TO 20
LINEC1) = DOT
LINE(2) = BLRNK

20 CONT INUE

HRITE(OFILE, 1000) (LINE(I),I=1,80)
CALL GETLN(IFILE,LINE)

GO T0 10

30 CONTINUE
RETURN

END

SUBROUTINE LRTMOD (M3ODULE.CODE.CLEN,PTR)
HRTMOD GENERATES A MODUWLE SEGMENT (DIS., INDEX OR SCL) WMICH
MODULE MUMBER MODULE. THE ENCODED ELLPACK PROGRAM CODE IS CH
FOR THE PRESENCE OF MODLE PARARMETERS WHICH ARE ALSO WRITTEN

INTEGER MODULE,CODE(CLEN). PTR. CLEN,PSTART, PSTOP

GLOBAL UARIABLES

INTEGER EONFIL,GRDFIL.OPTFIL, OUTFILMACF IL+ PGMFIL, PARAM, C

" v

SLASH. LPAREN RPAREN. BLAINX » AMP, E+ ZERD. ONT» THO» THRE
MODNAM. DMTYPE. UAL I D LEVEL . DOT. NULL « NRMODS,

NUDCOL » STAR » DOLLAR HEADER, DICI T, LETTER, MODATA DRS

$
LOGICAL FATAL

COMMON ~ GLOBAL - EONFIL.GRDF IL.OPTFIL.OUTF IL,MACF IL, PGMF

HEADER » COMMA . SLASH. LPAREN, RPAREN, BLANK,
DOT. DOLLAR, STAR, NULL » ZERD, ONE » TWO+ THREE
MODATA. DASH,

PARAM (104 35) s MODNARM( 70, 10) BMTYPE(70, 15
VALID(70.20), I2EROS(1S),DIGIT(10).LETTE
LEVEL » NRMODS, NUDCOL» FATAL

c
E HRITE OUT MODULE NRME
WRITE(PGMFIL.2000) (MODNAM(MODULE.K)+K=1,10)

17
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c

PARAMETERS ARE NOW IN CODE(PSTART+1) TO CODE(PSTOP-1)
20 CONT INUE

PSTART = PSTART+}

PSTOP s PSTOP-1

IF (PSTART .CE. PSTOP) GO TO 100

HRITE(PGMFIL.2001) LPAREN, (CODE(I), I*PSTART, PSTOP)+ RPA
PTR = PSTOP+2

100 CONTINUE
RETURN

2000 FORMAT(1H., 14X, 16A4)
2001 FORMAT(1H.+20X.S0A1)

OO0OO0OOO00O00O0OONO0O00OOO0OO0000000000000000000000 (9]

(@]

END
SUBROUTINE CONPAT(PTYPE.DISMOD. NRTYPE. NX. NY. N2, DISPAR, CODI

COMPAT USES THE PROBLEM TYPE INFO (PTYPE) AND DISRETIZATION |
INFO (DMTYPE) TO DETERMINE WHETHER MODULE DISMOD IS COMPATIB
HITH THE GIVEN PDE PROBLEM. THE NRTYPE (NOW 1S) ITEMS IN THE
PTYP? AND IH EACH ROW OF THE TABLE DMTYPE HAUE THE FOLLOHING
MEANINGS --

UALUE PTYPE MEANING DMTYPE MEANING
0 ITEM NOT PRESENT ITEM MUST NOT BE PRE
1 ALHAYS MATCHES ALUAYS MATCHES
e ITEN PRESENT ITEM MUST BE PRESENT

THE 14 ITEMS CURRENTLY CHECKED FOR COMPATIBILITY ARE

CONCERNING THE OPERATOR

TRO DIMENSIONAL

THREE DIMENSIONAL
POISSON EQUATION
LAPLACE EQUATION

UX OR Uy TERMS
CONSTANT COEFFICIENTS
SELF-ADJOINT FORM

OCONOTWBRLWN-

CONCERNING THE BOUNDARY CONDITIONS
10 DIRICHLET PROBLEM
11 SOME NORMAL DERIVATIUE CONDITIONS
1e SOME MIXED CONDITIONS
13 HOMOGENEOUS
CONCERNING THE GRID
14 HX=HY (=H2)
1S UNIFORMN GRID

OTHER CHECKING THAT 1S DONE IS

1. FOR UNIFORM GRIDS, THE PROBLEM DIMENSION AND THE GRID
DIMENSION ARE CHECKED FOR CONSISTENCY.
2. FOR THE FFT 9-POINT DISCRETIZATION MODULE WE CHECTK FOR
A. PARAMETERS MUST BE PRESENT
B. IF IORDER=E IS THE PARAMETER PROBLEM MUST BE POI
C. THE GRID MUST BE A POMER OF 2

INTECER DISMOD. PTYPE(NRTYPE ). NRBAD. INCOMP(20)+ DISPAR, CLEN
s CODE (CLEN)

18
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000

OoO0O000000000

s LEVEL. NRMODS, MUDCOL+ FATAL

CHECX IF A DISCRETIZATION MODULE IS PRESENT — IF NOT., WA
IF (DISMOD .ED. 0) GO TO 50O

DETERMINE WHICH RON OF DMTYPE CONTAINS INFO ABOUT MODULE DIS

=
IF (UALID(1,.,K) .EQ. DISMOD) GO TO 20
10 CONTINUE
GC TO S10

COMPARE PTYPE(.) AND DMTYPE(K..) FOR COMPATIBILITY

20 CONTINUE
NRBAD = 0
DO SO I=1,NRTYPE
IF (PTYPE(I) .EQ. ONE) GO TO S0
IF (DMTYPE(K.I) .EQ. ONE) GO TO SO
IF (PTYPEC(I) .EQ. DMTYPE(K,1)) GO TO SO
NRBAD = NRBAD*!
INCOMP(NRBAD) = I
SO0 CONT INUE
IF (KRRBAD .NE. 0) GO TO 500

NOW CHECX IF NON-UNIFORM GRID IS COMPATIBLE WITH PROBLEM DIM

IF (PTYPE(1S) .EQ. ZERO) GO TO 95
IF (C(PTYPE(1) .EQ. THO) .AND. (NZ .LE. 1)) .OR.
s ((PTYPE(2) .EQ. TWO) .AND. (NZ .GT. 1))} GO TO 95
FRTAL = ,TRUE.
HRITE(PCMFIL.2018) STAR,STAR,STRR
HRITE(B,2018) BLANK, BLANKs BLANK
gs CONTINUE

THE FOLLCWING ARE SPECIAL CHECKS FCR PARTICULAR MODULES

-—- THIS SECTION OF CODE MUST BE CRANGED HHEN MODULES -—
== RARE RENUMBERED. —

CHECX FFT 9-POINT

IF (DISMOD .NE. 9) GO YO 110
IF (CODE(DISPAR-1) .NE. COMMAR) GO TO S20
IORDER = CODE(DISPAR+7)
IF (‘IORDER .EQ. SIX) .AND. (PTYPE(3) .NE. TWO)) GO T
IF (MOD(NX-1.2) .NE. 0) GO TO S40
110 CONTINUE

0O00000

0o

NORMARL EXIT -- MODULE COMPATIBLE WITH PROBLEM

HRITE (PGMF IL,2000)
GO TO 900

ABNORMAL EXITS
13



WRITE(6,2002) BLANK, BLANK, BLANK,DISMOD
GO T0 900

FFT 9-POINT PROBLEMS

S20 CONTINUE
FATAL = .TRUE.
HRITE(PCMF IL,2003) STAR, STAR, STAR
HRITE(6,2003) BLANK, BLANK, BLANK
GO TO 900

S30 CONTIMNUE
FATAL = .TRUE.
HRITE(PGMFIL,2004) STAR.STAR. STAR
HRITE(6,2004) BLANK, BLANK» BLANX
GO TO 900

540 CONTINUE
FATAL = ,TRUE,
IRITE(PGMFIL.200S) STAR.STAR, STAR
HRITE(6,2005) BLANK» BLANK » BLANX
GO TO 900

NO DISCRETIZATION MODULE PRESENT — PRINT RARNING
600 CONTINUE

HRITE (PGMFIL,2007) STAR, STAR, STAR

URITE(6:2007) BLANK, BLANK, BLANK

(alp]

c
c

c
900 CONTINUE
c
2000 FORMAT(1He / 4lMe PROBLEM/DIS MODULE ARE COMPATIBLE
2001 FORMAT(A1/A1+40H----— ERROR IN PROGRAM

N ENCODED
/géi;m PROBLEM-/DIS MODWLE INCOMPATIBLE IN I
’ )
2002 FORMAT(A1/Al,40H—-~-~ ERROR IN ENCODED PROGRAM
781+ 7XsBKMODULES 13+ 3iH IS NIT A DISCRETIZATION MOD!
2003 FORMAT(A1/Al, 40H=----=-- ERROR IN ENCODED PROGRAM
7A1+40H FFT 9-POINT MUST HAVE A PRRAMETER
2004 FORMAT(AL/Al.40H-——==— ERROR IN ENCOJED PROGRAM
7Al, 40H FFT S-POINT MUST HAUE POISSON ean
+40H WHEN IORDEReE
2005 FORMAT(AL/A1s40H-~~~~~ ERROR IN ENCODED PROGRAM
7A1+40H FFT 9-POINT MUST HAVE GRID OF SIZ
+40HE (2eei)-1
2007 FORMAT(R1/A]+40H-————— WARNING
7A1+40H O DISCRETIZATION PRESENT )
2018 FORMAT(A1/Al,22H--—~-— ERROR IN INPUT
7A1s 444 GRID DOES NOT MATCH PROBLEM DIMENS

B_VO_We_w__uwn

(g
L J

END
SUBROUTINE LEGAL (DISMOD. INDMOD. SOLMOD)

LEGAL DETERMINES WHETHER THE SEQUENCE OF MODULES (DISMOD, IND
SOLMOD) IS LEGAL, I.E. HMETHER THESE MODULES ARE COMPATIBLE.
THE SET OF ALL LECAL SEQUENCES IS REPRESENTED BY THE CONNECT
TABLE UALID. MODULE J MAY FOLLOW MODWLE I IF AND OMLY IF J

APPEARS IN ROH I+1 OF THE ARRAY UALID. THE LAST ENTRY IN EAC
ROW IS ZERO. ROW 1 CONTAINS THE INDICES OF THOSE MODWLES WMII
ARE PRECEEDED BY NO OTHERS.

INTEGER DISMOD. INDMOD. SOLMOD. MODULE(4), SEQLEN
LOGICAL FOUND

GLOBAL UARIABLES

NONONONQON

(glglg)

20
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T T R R TR R R TR, WY T T ERRE YRRV TRE R —

SEOLEN = |

MODWRE(]1) = O

IF ?OISHOD .€EQ. 0) GO TO 10
SEULEN = SEQLEN+S
MODULE (SEQLEN) = DISMOD

IF C(INDMOD .EQ. 0) GO TO 20
SEOLEN = SEQOLEN+]
HODULE(SEQLEN) = INDMOD

20 CONTINUE

IF (SOLMOD .EQ. 0) GO TO 30
SEOLEN = SEQLENS]

RODULE (SEQLEN) = SOLMOD
30 CONTINUE

CHECK FOR LEGALITY

IF (SEOLEN .EQ. 1) GO TO 210

MRINT = SEQLEN-)

DO S50 K=1,NRINY
CHECK IF MODULE(K+1) MAY FOLLOW MODULE(K)
NEXT = MODULE(K+1)
NOH = MODULE(K)+1
IF (LEVEL .CT. 3) WRITE(G.3000) MOJULE(X), (UARLID(NOW.

 J 11=1.20) NEXT
FOUND = .FALSE.
Is=1

40 CONT INUE
SEARCH FOR VALUE NEXT IN ROM NOW OF UALID
IF (UALID(NOW. 1) .ED. O0) GO TO 4S5
IF (UVALTD(NOM. 1) .EQ. NEXT) FOUND = ,TRUE.

I a1+
GO 70 40
43 CONT INUE
IF (.NOT. FOUND) CO TO 220
S0 CONTINUE

N = MODULE (SEQLEN)+)
IF (VALID(N,1) .NE. 0) GO TO 220

c
E NORMAL EXIT -- EXECUTION SEQUENCE LEGAL
HWRITE (PGMF IL,2000)
c GO TO 300
Cc.'. ABNORMAL EXIT —— EXECUTION SEQUENCE ILLEGAL
210 CONTINUE
HRITE(PGI¥ IL,2001) STAR,STAR, STAR
HRITE(6+2001) BLANK, BLANK . BLANK
GO TO 300
220 CONTIMNUE
FATAL = ,TRUE.
WRITE (PCMFIL,2002) STAR,STAR, STAR
c WRITE(6-2002) BLANK, BLAMK. BLANK
300 CONTIMUE
c RETURN
2000 FORMAT ( 1He/221e MODR.E SEQUENCE 1S LEGAL)
2001 FORNAT(RUM-33H--—- HARNING

Al,31NH MODULE SEQUENCE 1S NULL )
al



[g1elnl

CLOBAL UARIABLES

INTEGER E‘?’ILO GRDFIL,OPTFIL.OUTFIL, MACFIL . PGMF IL » PARAN. (X

ASH. LPAREN, RPARENs BLANK « AMP, E+ ZERO, ONE+ THO» THRER
MODNAM, DHTYPE, UAL 1D, LEVEL » DOT» NULL » NRMODS,
NUDCOL » STAR, DOLL AR+ HEADER. DIGI T, LETTER, MODATA, DASH

LOGICAL FATAL

COMMON ~ CLOBAL -~ EOMFIL.GRDFIL,OPTFIL.OUTFIL+MACFIL,PGHF ]

UK R X X X J

HEADER . COMMA. SLASH, LPAREN, RPAREN, BLANK , /
DOT. DOLLAR, STAR, NULL » ZERC, ONE » THO» THREE
MODATA. DASH,

PARAM( 10, 35)+ MODNAM( 70, 10)» DNTYPE(70, 15
VALID(70,20), IZERPOS(1S),DIGIT(10),LETTES
LEUZL . NPMODS. NUDCOL. FATAL

INTEGER ERRMSG. IPAR
CALL ONSH(1)

CALL REMARK (MRS 04008000000 080808000880000000 )
CALL REMARK ( 32HERROR-IN-ENCODED-ELLPACK~PROGRAM ;

CALL REMARK (32HS 0200 0000000000000080008000000
WRITE(E6.,2000)
END FILE PG IL

GO TO (10+20¢30+40+50+60.70+80,30, 300+ 1100 1200 130)» ERRMSG

10

30

40

SO0

60

70

80

90

100

110

120

130

CONTINUE
sTOP

- CONTINUE

WRITE(6,2020)
STOP

CONTINUE
HR1TE(6,2030)
STOP

CONTINUE
HRITE(6,2040)
STOP

CONTINUE
HRITE(6,2050)
STOP

CONTINUE
HRITE(6,2080)
STOP

CONTINUE
URITE(6.,2070)
sToP

CONTINUE
HRITE(6,2080)
STO0P

CONTINUVE
HRITE(6,2090)
STOP

CONT INUE
HRITE(6.2100)
STOP

CONT INUE
HRITE(6.2110)
STOP

CONTINUE
URITE(6.2120)
SToP

CONTINUE

IPAR

IPAR

IPAR

IPAR

IPAR

IPAR

IPAR

IPAR

IPAR

IPAR

IPAR



2080 FORMAT(8X, 4OHINMUALID MACRO MUMBER SPECIFIELD FOR FILE .I3)
2030 FORMAT (X, 42HINUALID OPTIONS MMBER SPECIFIED FOR FILE 1.
2100 FORMAT(8X. 39HINUALID GRID MUMBER SPECIFIED FOR FILE ,»13)

2110 FORMAT (8X, 49HINUALID OQUTPUT SECMENT NUMBER SPECIFIED FOR |
2120 FORMAT(8X, 41MINUALID RECORD NUMBER SPECIFIED FOR FILE ,13.
2130 FORMAT(BX,48HNO PROBLEM NUMBERED SPECIFIED IMN EMCODED PRO(
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IDENT SKIP

AUTHOR: JOMN F. BROPHY
DEPARTHMENT OF MATHEMATICS
PURDUE UNIUERSITY
NOVEMBER 1. 1979

THIS CDC ASSEMBLY LANGUPGE (COMPASS) ROUTINE PROVI!
AUTOMATIC SKIPPING OF FILES AND RECORDS. THE CALLING
ARE GIVEN BY:

CALL SKIPF(NSKIPS.FILE}» OR SKIPR(NSKIPS,FILE)
HHERE NSKIPS 1S THE NUMBER OF FILES OR RECORDS RESPEC
TO BE SKIPPED IM FILE. SEE THE DISCUSSION OF SKXIPPIM
AND RECORDS IN THE COMMENTS IN GENPCM.

ENTRY SKIPR.SKIPF
PS

3.7 -5

RJ sXGETBR
SAl Bl

R X1.RDR
SKIPF X2,X1.R
READ X2.R

EQ SKIPR
PS

SBe -B2

RJ =XGETBA
SAl Bl

R X1+ RDF
SKIPFF X2¢X1sR
READ X2.R

(2] SXIPF
END

THE FOLLOWING FORTRAN ROUTINES ARE PROVIDED RS SUB
FOR THE COMPASS ROUTINE SKIP FOR INSTALLATIONS WHERE |
FILE AND RECORD SKIPPING CANNOT BE IMPLEMENTED.

SUBROUTINE SKIPF(MSKIPS.FILE)

THIS ROUTINE SXI1PS NSKIPS FILES IN FILE BY SCANNING FI

END-OF -FILE MARKER °"EOF IN A4 FORMAT STARTING IN COLUMN
INTEGER FILE.EOF, EOF CHEX

DATA EOF /4H’EOF /

NSKIPED=0

00 READ(FILE.300)EDFCHEX

(EOFCHEK .EQ, 4H$ ) CALL ERREMD(S.FILE)
(EOFCHEK .ME, EOF) GO TO 100

NSK IPED=NSKIPED+* 1

a3



oC
*300
oC

NSK1PED=0
NNSK ] PS=NSKIPS
IF (FILE .EQ. EONFIL) MNSKIPSsNNSKIPS+}

READ(FILE, 300)EORCHEK

IF (EORCHEK .EQ. 4HS ) CALL ERREND(12,FILE)
IFf (EORCHEK .EQ. EOF) CALL ERREND(12,FILE)

IF (EORCHEK .NE. EOR) GO TO 100
NSK1PED=NSKIPED+]

IF (NSKIPED .LT. NNSKIPS) GO TO 100

RETURN

FORMAT (R4)
END
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EONFIL CONTAINS THE IMFORMATION NEEDED TO GEMERATE
BOUNDARY AND FORTRAN SEQMENTS OF AN ELLPACK PROGRAM.

EOGNFIL IS DIVIDED UP INTO (SUB) FILES WHICH ARE IN
UP INTO RECORDS. THE FILES ARE NUMBERED 0. 1, 2....E
RECORDS HWITHIN ERCH FILE ARE SIMILARLY MNUMBERED 0. 1.
THE END-OF-FILE AND END-OF-RECORD ARE DESICNARTED BY st
RESPECTIVELY (°*EOF AND *EOF RESPECTIUVELY OM MOM-CDC It

FILE 0 CONTAINS A DESCRIPTION OF THE PURPOSE AND OF
MIL. FILES 10 2- 3!000 mﬂl" M IWMTIG‘! PEE
ATE THE ELLPACK PROGRAM CORRESPONDING TO PROBLEMS 1. ¢
RESPECTIVELY OF THE ELLPACK PDE POPULATION. RS MENTIO®
FILES ARE DIVIDED INTO RECORDS WHICH MAUE THE FOLLOMWIF

RECORD 0 CONTAINS THE ELLPACK PDE POPULATION PR(
RECORDS 1+ 2+... MAY TAKE ONE OF THE FOLLOWING FORF

ALTERMATIVE 1t

LINE 12 LINE | IS EITHER BLANK OR CONTAINS DESCRIF
TION SOME OF WHICH BECOMES A COMMENT Ity THE GENERA!
PROGRAM. IF NON-BLAMK, LINE 1 CONTAINS THE PARAME
IN 13 FORMAT STARTING IN COLUMN 16. FOLLOWED BY T
OF THE PROBLEM IN FREE FORMAT STARTING IN COLUMN 1¢

LINE 2¢ LINE 2 CONTAINS THE COMPLEXITY MEASURES OF
PROBLEM FEATURES IN FREE FORMAT STARTING IN COLUMN
INFORMATATION BECOMES A COMMENT IN THE GEMNERATED EL

LINE 3: LIME 3 CONTARINS THE PROBLEM TYPE INFORMAT]
IN COLUMN 11 WHICH IS USED YO TEST THE COMPARTIBILI
BLEM WITH THE ELLPACK ROUTINES SELECTED IN THE ENCC
(SEE ROUTINE COMPAT). THIS INFORMATION BECOMES R (
GENERATED ELLPACK PROCRAM.

COMPAT USES THE PROBLEM TYPE INFO (PTYPE) AND DISRE
MODULE INFO (DMTYPE) TO DETERMINE WHETHER MODULE DI
COMPATIBLE WITH THE GIVEN PDE PROBLEM. THE NRTYPE |
ITEMS IN THE ARRAY PTYPE AND IN EACH ROH OF THE TAl
HAVE THE FOLLOWING MEANIMNCS:

vaLUE PTYPE MEANING DMTYPE M
0 ITEN NOT PRESENT ITEM MUST NOT
1 ALHAYS MATCHES ALUAYS MATCHES
e ITEM PRESENT ITEM MUST BE F

THE 14 ITEMS CURRENTLY CHECXED FOR COMPATIBILITY A%

CONCERNING THE OPERRTOR

THO DIMENSIONAL

THREE DIMENSIONAL
POISSON EQUATION
LAPLACE EQUATION

UX OR UY TERMS
COMSTANT COEFFICIENTS
SELF-RDJOINT FORN
HOMOCENEOUS

VNN DWN -
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KEMRININGL LIROe Tt KEMHINITGL Lo U T KLLUK
INFORMATION COPIED INTO THE EQUATION, BOUNDARY AND
MENTS OF THE GENERATED ELLPACK PROGRAM IN THE ABOU
THE EQUATION, BOUNDARY AND FORTRAN CARDS ARE MARKE
OR 3 IN COLUMN 1 RESPECTIVELY. NOTE THAT FORTRAN
BEGIN IN COLUMN 7 AS USUAL AND THAT A FORTRAN COMM
WRITTEN BY TYPING A C IN COLUMN 2. FOR PORTABILIT
}rccg{mu;c:r-kecmn 1S DETECTED BY THE PRESENCE OF R
N 1.

ALTERNATIUE 2t

LINE 1t LINE 1 CONTRINS THE PARAMETER SET NUMBER
STARTING IN COLUMN 16, FOLLOWED BY THE PARAMETERS
BLEM IN FREE FORMAT STARTING IN COLUMN 19.

LINE 2: LINE 2 CONTRINS THE COMPLEXITY MEASURES O

PROBLEM FERTURES IN FREE FORMAT STARTING IN COLUMN

Igf;FORMTION BECOMES A COMMENT IN THE GENERATED ELL
aM.

LINE 3t LINE 3 IS OF THE FORM EXPAND N/N1sN2s .oor
IN COLUMN 1. THIS SPECIFIES THAT MACRO N (THE NTH
MACFIL) SHOULD BE EXPANDED WITH ACTUAL PRRAMETERS
REPLACING THE DUMMIES 8R.8B,8C,...ETC. THE PARAME
CONTARIN ANY CHARACTERS EXCEPT A BLANK, COMMA OR SL
MAY BE NO LONGER THAN 30 CHARACTERS.

RELATED FILES: GENPGM, MACFIL., OPTFIL., GRDFIL., OUTFI
*EOR
*EOF
ssssansssssanse
e PROBLEM | =
sssscssssassasse
*EOR

SPARAMETER SET 1(A=0.0)

WWWWWWWWWWWWWWWWRNNNRONNR -~ ¢ ¢

000.04 006.0S 000.00 006.05
2000002002002
THO DIMENSIONS $ SELF-ADJOINT
EXP(XeY)UXXS + EXP(-XeYIUYYS = 1./(1.¢XeVIUS =
DIRICHLET $ HOMOGENEOUS
X=0, » U=0.
x-lo ’ U-OO
Y=0. » U=0.
Y.lo * U'O.
FUNCTION F(XsY)
coMHonN ~CONCON- PI
DATA PI/3.14153265358379/
PX = PleX
PY = Pley
SPX = SIN(PX)
SPY = SIN(PY)
EXY = EXP(XeY)
F = 758 (EXYeEXYaSPYe( (2, sYeY-PloP])aGPX+3,eP]ayel
+ PleSPXe(XeCOS(PY)-PleSPY)-EXYSSPXeSPY/ (1,+X+Y)
RETURN
END
FUNCTION TRUE(X,Y)
CoMmonN ~CONCOM~ P
TRUE = ,7SefEXP(XeY)sSIN(PIeX)eSIN(PleY)
RETURN
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EXPAND 1-/0.1/

*EOR

OPQRGHETER SET
000.04

EXPQND 171.0/

*EOR

OPRRQHETER SET
000.04

EXPﬂND 1710.7

3(A=1,0)

006.05 000.00

4(A=10.)

006.05 000.00

006.0S

006.05

*EOR
*EOF
sscssscsssssass

® PROBLEM 2 =

(T 2222222222173

*EOR

000.04 000.00
2000200000020
THO DIMENSIONS

004.05

HIXED
X-o. 1]
Xel, o
Y.OO *
Y.ln *
FUNCTION

MIXED
MIXED
MIXED
HIXED =
TRUE (X, Y)

1.
(1.
(1)U
t1.y

*
*
= <+
+

RETURN
END
FUNCTION F(X,Y)

s
RETURN
END

WLWWWWWWWWRNNNNUNN—— 0 0 ¢

010.02

UXXS + (1.¢YeYIUYYS - UXS - (l.+YeY)UYS = F(X, V!

0.27eEXP(Y)
0.
0.27°EXP(X)
0.13S*(ALOG(¢

TRUE = 0.13S®(EXP(X+Y)+(XexX-X)®02eR DOGC(].+YeY))

F = 0.1350( (-4,eXeXeX+]8.0xX8X-14,8X+2,)8AL0G{],.2Ye
- 2.0 (Xex-X s a(YoYeysa3ey=] )/ /(].sYoY) )

"EOR

'EOF

(2 2 XX  XTXTX122723

o PROBLEN 3 »

(a2 2 2 2222 X127 ]

*EOR

!PﬂRﬂHETER SET
000.43

EXPﬁND 3/1.57

"EOR

*PARAHETER SET
000.35

EXPOND 3.2.5

"EOR

OPﬁRﬂHETER SET
000.28

EXPAND 3/3.5/

"EOR

OPnRﬂﬂETER SET
000.23

EXPAND 3/4.5

1(A=1.5)

090.60 000.00C

2(R=2.5)

080.50 000.00

3(A=3.5)

070.30 000.00

4(A"4.5)

0SS.20 000.00

070.40

060.20

050.15

040.20

*EOR
*EOF

(XXX 2272 22T XY Y
e PROBLEN 4 o

(2222222212211

e’



3 RETURN

3 END
*EOR
OPMETER SET 2(R=0.1)
000.02 004.00 000.00 006.00
EXPMD 4/0.17
*EDR
*PRRAMETER SET 3(AR=1,0)
. 000.02 004.00 000.00 006.00
EXPAND 4/1.0/
*EOR
'PRRF\HETER SET 4(Rz10.)
000.02 004.00 000.00 006.00
EXPRND 410,/
*EOR
'EOF
(2222222 222 2X7])
o PROBLEM 5 =
(T2 22212122 22XY]
*EOR
-PﬂRnHETER SET 1(R=0.0)
000.01 002.00 000.00 006.00
Em S/0.7
*EOR
-PARMETER SET 2(a=5,0)
000.01 002.00 000.00 006.00
"m S/5.7
*EOR
OPﬂRﬂﬂETER SET 3(R=8.0)
000.01 002.00 000.00 006.00
"X?RND 58.7
*EOR
‘PRRMETER SET 4(R=10.0)
000.03 010.00 000.00 006.00
EXPﬂND $/10.7
'EOR
OPﬂRQHETER SET S(R=20.0)
000.04 015.00 000.00 006.0S
EXPﬂND $-20.7
*EOR
OPNQQHETER SET 6(RA=E64,0)
000.06 030.00 000.00 006.00
EXPQND S/64./
*EOR
oPaRanETER SET 7(A=100.0)
000.08B 040.00 000.00 006.00
EXPQND S,100.7
*EOR
' EOF
L1222 2222,2221)
e PROBLEM 6 o
(122222222212 227
*EDR
[ ]
. 008.16  040.20  000.00  008.30
» 2000001002002
1 THO DIMENSIONS
1 UXX$ + UYYS - COEFU(X.YIUS = F(X,Y)
2 DIRICHLET $ HOMOGENEOUS
e X=0, +» U=0.
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RETURN
END
FUNCTION F(X,Y)

2

TL @ T2 & ¢ T3YYeTqeTS »
2.8T3YeT4veTS «
2.8T3YeT4eTSY »

T3eTavyeTS o
2.2T3eT4YeTSY +
T3eT4#TSYY)

F = =0,31 & ( UXX + UYY - COEFU(X,Y)eU )

RETURN

END

FUNCTION COEFU(X.Y)

CoriON /CONCOMs PI, FOURPI

COEFU = 100. + COS(2.9Plex) + SIN(3.#PleY)

RETURN

END

X X X N N X K R N

3

g

3 COmMHON ~CONCOM~- PI, FOURPI

3 CFPX = COS(FOURPIeX)

3 T = 5.4 - CFPX

3 TIX = FOURPI«SIN(FOURPIeX)

3 T1XX = FOURPlee2e(FPX

3 T2 = SIN(PleX)

3 12X = PleCOS(PleX)

3 TeXX = ~Ples2aT2

3 T3 = Yeu2 - Y

3 T3Y = 2.eY - 1,

3 T3vY = 2.

3 CFPY = COS(FCURPIevY)

3 T4 = 5,4 - CFPY

3 T4y = FOURPIeaSIN(FOURPIeY)

3 T4VY = FOURPIee2eCFPY

3 PH]I = 4.0((X-0.5)ee2 + (Y-0.5)ss2)
3 PHI2 = PHlse?

3 PHI3 = PHI2ePN]

3 PHIG = PHI3ePH]

3 PHIX = B,e(X=0.5)

3 PHIXXs 8,

3 PHIY = B,e(Y=0.5)

3 PHIYY=s 8.

3 TMP = §./(1.+PHIS4)

3 TMPR = THPee2

3 TMP3 = THPRe TP

3 15 = TP - 0.5

3 TSX = —4,.#PH]3ePRIXeTHP?2

3 TSXX = 32.#(PHI3ePHIX)ee2eTMP3 - 12.0PHI2ePHIXwe2s
3 $ - 4,*PHI3ePHIXXeTMP2

3 TSY = -4.«PHIJePH]YeTHP2

3 TSYY = 32.#(PHI3ePH]Y)ee2eTMP3 - 12.#PH]I2ePH]Ywe2s
3 $ - 4. %PHI3«PHIYYeTMP2

3 §] =Ti @« T2 e T3 e 74 «T5

3 UXX = T3 @ T4 e ¢ TIXXeT2eTS +
3 2.8TIXaTOX*TS «
3 2.8T1XeT2eTSX +
3 T1eT2XXeTS +
3 2.8T1eT2XeTSX
g T1eT2eTSXX)
3

3

3

3

3

3

3

3

3

3

3

3

3

*EOR
*EOF
sssantnacescsece

o PROBLEM ? e

(222 2424222222224



DATA N/16/, N2B/4/, NR/2/,

XB(1),¥YB(1)» XB(2),YB(

/ 0.' 0-. 1.'

QB / -203580 '0.785-
DATA C

7/ .1469642607553E+00,
.2394115460351E-05,

X X X NER X X

DATA PI-3.14159265358979~.
GABS(X, ¥Y) = SORT(XeX + YeY)
RCST = X - 0.5
RSNT = ¥ - 0.5
R = QABS(RCST,
SUM = ReR/4.
L =]
SUM = SUM + C(L)
RKCSXT = |
RKSHKT = 0
DO ! K=1,N
TEMP s
RXSNKT =
RXCSKT = TEMP
IF ((K.GT.2) .AND. (MOD(
L =L+}
SUM = SUM + C(L)®RKCSKT
CONTINUE
DO 2 I=1.NZB
ZR = X - XB(I)
21 = Y - ¥YB(])
HR = QABS(ZR., Z21)
IF (R .NE. 0.)
HI = QRRC(ZR, 2I)
IF (NI .GT. AB(I))
TR = ZReliR - ZIel]

RSNT)

WWUWWWWWWWWWWWWWWWWWLLWLWWWWWWLWWWWWWWWWWWWWWWWWWWW

-.2983663620768BE-01, -
.3183093062144E+00, -

2)s XB(3)»YB(I)»
Os» ) P

0.?85. 2.358/

.2000000125856E+01, .10
.9430873889679E-03, .43
.3183099062144E+00, -, 31
+3183093062144E+00~

THOP1/6.28318530717958

XB(4),

00.

RCSTeRKCSKT - RSNTeRXKSNKT
RSNTeRKCSKT + RCSTeRKSNKT

HR = ALOG(HR)
HI = HI - TWOPI

Tl = 2ReUI + ZI®WR
L =L+l
SUM = SUM + C(L)®(ZReTI + Z]eTR)
2 CONTINUE
TRUE = Sum
RETURN
END
REAL FUNCTION QARG(X: Y)
GARG = 0
IF ((X.NE.0.) .OR. (Y.,NE.O0.)) DOARG = ATAN2(Y,X)
RETURN
END
*EOR
*ECF
(2212 2222117 Z17)
» PROBLEM 8 =
YT TR YT LYY
*ECR
*PARAMETER SET 1(R=0.1)
s 000.32 070.30 000.00 0S0.40
EXPAND 8-0.1/
*EOR ,
*PARAMETER SET  2(R=0.15) P
bt 000.38 080.40 000.00 060.50
EXPAND 8/0.15/
*EOR
*PARAMETER SET  3(A=0.3S)
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OPRRMETER SET 1(AR=10.0)

002.18  040.00  000.00  006.60
EXPAND 8/10. 7
*EOR
ePARAMETER SET  2(A=20.0)
. 002.26  040.45  000.00  006.65
EXPAND 9/20.
*EOR
OPRRRHETER SET  3(A=S0.0)
002.27  040.45  000.00  006.70
EXPAND 950,
*EOR
»PARAMETER SET  4(A=100.0)
. 002.29  040.45  000.00  006.80
EXPAND 9-100.~
*EOR
*EOF
rxrrxrr oz, 22 1Z]
e PROBLEM 10 e
NNV NBESN
"EOR,
-PaRnHETER SET  1(A=10.0, B=0.5)
000.04  005.10  000.00  00S.0S
ExPnnn 10/10.,.5/
*EOR
*PARAHETER SET  2(A=S0.0. B=0.5)
000.16  025.40  000.00  008.25
EXPAND 10/50., .5/
"EOR
*PARANMETER SET  3(A=100.0., B=0.5)
. 000.23  040.60  000.00  ©010.30
EXPAND 10/100.,.5/
*EOR
-PaenNETER SET  4(R=500.0, B=0.S5)
000.32  065.70  000.00  020.3S
EXPAND 10/500, .5/
"EOR
*PARAMETER SET  S(AR=1000.0, B=0.S)
000.38  080.75  000.00  035.40
Expann 10-1000.,.5/
"EOR
*PARRHETER SET B(R=10.0, B=20.117)
000.04  005.10  000.00  005.0S
EXPAND 10/10..117/
"EOR
ePARAMETER SET  7(A=50.0, B=0.117)
. 000.16  025.40  000.00  008.25
EXPAND 10-50.,.117/
*EOR
SPARAMETER SET 8(AR=100.0, B=0.117)
000.23  040.60  000.00  010.30
EXPAND 10100, 5,117~
"EOR
-PﬁRnﬂETER SET  9(A=S00.0, B=0.117)
000.32  065.70  000.00  020.3S
Expnnn 10-500.,.117/
ePARAMETER SET 10(A=1000.0, B=0.117)
. 000.38  080.7S  000.00  035.40
EXPAND 10-1000.,.117~/
'EOR
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Cm SET  3(A=JI*P])

000.15 006.40 000.00 006.40
EXPMD 1173.#P1/
*EOR
WTER SET  4(A=S+P])

000.22 006.60 000.00 008.60
EXPMD 11/5.%P1/

*EOR

SPARAMETER SET  S(Am10eP]l)

o 000.27 006.7S 000.00 006.7S
EXPAND 11/10.ePl/

* EOR

*EOF

scnvecssanannss

« PROBLEN 12 »

sencevessenssse

*EOR

-Pmm SET 1(R=Pl, B=PI)

000.0S 006.10 000.00 006.10 "
t.:g;:m 1273.14153265358979; 3. 14159265358979~/
m SET 2(R=Pl, B=10.0)

000.12 006.30 000.00 006.30
F)E(F;“D 1273.14159265358979, 10.~
OMR SET  3(A=10.0, B=PI)

000.12 006.30 000.00 006.30
Em 12710.,3.14159265358979/

*PARAHMETER SET 4(A=20,0, BsPI)
. 000.22 006.60 000.00 006.60
gé&ann 12/20.,3.14153265358979/
OPMTER SEY S(A=10.0, B=10.0)

000.12 006.30 000.00 006.30
Em 12’10."00
*EOR
-Fm SET B(A=10.0, B=20.0)

000.22 006.60 000.00 006.80
Exmnn 12710.,20.7

"EOR

*EOF

L 2222222272222 2]

o PROBLEM 13

(222 222 2- 2 113

*EOR

-

. 000.48  090.90  0C0.00  080.25
. 2000002002000

1 THO DIMENSIONS $ SELF~-ADJOINT
1 COEF 1 (X, Y)UXXS + UYYS = F(X,Y)
2 DIRICHLET

2 X=0. » U=TRUE(X,Y)

2 X=1. » USTRUE(X,Y)

2 v=0. » U=TRUE(X,Y)

e Yol, » U=TRUE(X,Y)

3 FUNCTION COEF1(X,Y)

3 COEF] = 2,

3 IF ( X.LT..4 ) COEF1 =1.

3 RETURN

3 END



3 RETURN
3 END
3 FUNCTION TRUE(X.Y)
3 FX2 = .7 + ,50(X-,4) + (X=,4)002/(|¢XeX)
3 TRUE =AMINL (X+,.3,FX2)e(),.*(Y-],)eaeEXP(~Y))
3 RETURN
3 END
3 FUNCTION CDXU(X,Y)
3 Chxy = 0,
3 RETURN
3 END
3 FUNCTION CDYUIX,Y)
3 CDvu = 0.
3 RETURN
3 END
*EOR
*EOF
2000000000000 00
o PROBLEM 14 o
200N 0OOGORRRGS
'EOR
OPRRQNETER SET 1(R=0.01)
000.28 045.0S 060.0S 045.0S
EXPQND 14-0.01~
*EOR
.PGRQNETER SET  2(R=0.1)
000.34 060.05 070.0S 060.0S
EXPQND 14/0.1~
*EOR
OPQRQHETER SET 3(R=1.0)
000.39 065.10 07S.10 065.10
EXPQND 14/1,0/
*EOR
*EOF
(2211222122122 2 )
o PROBLEH 15 e
(222 21222122222 ]
*EOR
'PﬁﬂﬁﬁETER SET 1(A=0.2, B=1.5, C=0.1)
000.28 095.00 000.00 070.00
EXPMD 157.2¢1.9+0. 1~
*EOR
!PRRQHETER SET 2(ms=1.0, B=2.5, C=0.1)
000.17 050.00 000.00 050.00
EXPQND 15/10'2 S 001/
*EOR
OPRRQHETER SET 3(A=0.2, B=1.S, C=0.04)
000.27 0380.00 000.00 070.00

gg?‘n 157.2+1.5,0.04~/

om SET 4(R=0.2,
000.15 040.00

EXP“ND 157.2:2.5+0. 04/

B=2.5, C=0.04)

000.00 050.00

*EOR
*EOF
NN NSNS0 080
e PROBLEN 16
(222X X2 I T YY Y]
*EDR

SPARAMETER SET  1(B=!.)



*PARAMETER SET 1(R=1.0, B=2.0)

bt 000.08 002.20 000.00 010.15
EXPMD 1?/10020/
*EOR

OPRRQNETER SET 2(A=5.0, B=3.0)

000.20 010.50 000.00 020.40
EXPRND 17/5..3.7
*EOR
OPQRRHETER SET 3(R=8.0, B=5.0)

000.4S 040.80 000.00 080.70
EXPGND 17/8.4+5.7

*EOF
sssscsnscsccese

e PROBLEN 18 o

(2222 222222222

*EOR
oPARAMETER SET  1(AR=!.0, B=2.0)
bt 003.07 010.10 000.00 010.10

EXPAND i8-1..2.”/

*PARAMETER SET  2(A=S.p. B=3.0)

bt 000.11 010.20 000.00 020.15
EXPAND 18/5.,3.7

000.32 010.70 000.00 070.40
EXPﬂND 18/8..5.7

'EOR

*EOF

22222222 22T X

e PROBLEM 13 e

(X222 2 21

*EOR

*PARAMETER SET  1(Aw0,1S)

. 008.15  070.10  000.00  006.0S
EXPAND 19/0.15/

'EOR

OPRRnﬂETER SET 2(A=0.2S)
008.17 080.10 000.03 006.05
EXPnﬂD 18-, 25/

*EOR
*EOF
000000000000
e PROBLEM 20 e

1 222 222122222244
*

-PﬂRhﬂETER SET  1(R=0.0)

007.23 040.60 000.00 010.30
EXPRND 20-/0./

*EOR
OPQRRHETER SET 2(R=10.)

007.23 040.60 000.00 010.30
EXPﬂND 20-10.~/

*EOR
*EOF
ssssssscccacese

e PROBLEM 21 e

2000000000 GRES



RETURN

END

FUNCTION B(X,Y)

B = -2.*TRUEX(X,Y)eTRUEY (X, Y)
RETURN

END

FUNCTIDN C(X.,Y)

C=1. ¢ TRUEY(X,Y)we2
RETURN

END

FUNCTION TRUEX(X,Y)
TRUEX = EXP{X+Y)
RETURN

END

FUNCTION TRUEY(X.Y)
TRUEY = EXP(X+Y;
RETURN

END

FUNCTION F(X.,Y)

TUXX = EXP(X+Y)

TUXY = TUXX

TUYY = Tuxy

F = A(XsY)OTUXX ¢ BiX,Y)OTUXY ¢+ C(X,Y)eTUYY
RETURN

END

FUNCTION TRUE(X.,Y)
TRUE = EXP(X+Y)

RETURN

WWWWWWWWWWWWWWWWWWWWWWWWWWWWW

SN0 0000000

® PROBLEM 22 e

(122222222222 223

*EGR

008.3!¢ 090.8S 000.00 004.05
2000200002000
TWO DIMENSIONS
H(X,s YIUXXS + HIX:YIUYYS ¢ HX(X.YIUXS +
HY(X: YIUYS = F(X,Y)
DIRICHLET
X=0. o+ U=sTRUE(X.Y)
X=l, +» UsTRUE(X.Y)
vY=20, o+ U=sTRUE(X.,Y)
Y=l. » UsTRUE(X,Y)
FUNCTION W(X,Y¥)
COommON ~CONCOM- Ci.C2
DATA C1., C2- 17.06, 3.82/
Fl = (XeX-1,)e(Yey-1,)
IXFl = 2, exe(Yey-1,)
DYF]l = (XeX-],)e2 oY
UX = CleDXF]1 ¢ C2eDXFle(XeX+Yey) « CoafFle2, eX
UY = CleDYF] « C2eDYFle(XaxXeyoy) + CRuFle2, oy
A = SORT(UXeUX + UYeyy)
W= 7996.
IF (A .CT. .0025) U = 19.47A + 236.
RETURN
END
FUNCTION WX(X.Y)
COMMDN ~CONCOM- Cl.C2
Fl = (XeX-1.,)e(YeY-1,)

WWWWWWWWWWWWWWWWMORNRINN e~ -~ ¢ ¢ 0
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RETURN

END

FUNCTION HY(XsY)

HY = (X(Y.X)

RETURN

END

FUNCTION TRUE(X.Y)

COMMON ~CONCOM- C1.C2

Fl = (XeX-1,)e(YeY=1,)

TRUE = CleF] + C2efFle(xXexe+yey)

RETURN

END

FUNCTION F(X,Y)

CoMMON ~CONCOM- Cl.C2

Fl s (XeX-],)e(vVey-1,)

DXF1 = 2,eXe(VYey-1,)

DYF1l = (XeX-1,)e2 ey

= CleDXF1 ¢ C2eDXFle(XeXeYay) + C2oF 02, 08X

UY = CleDYF]l < CoeDYFle(Xex+vay) + ComwFle2 ey
DXXF1 = 2.e(Yevy-],)

DYYF]l = (XeX-1,)e2,

UXX = CleDXXF)l < C2eDXXFle(Xex+Yeay) + C2eDXF]le2, oX
CoeDxF1e2, eX + C2eFlep,

UYY = CleDYYyFl + C2eDYYFle(XeXeYay) ¢ C2eDYFle2, oy
| C2eDYF1e2,eY + C2eF 02,

F & H(XeY)®(UXX+UYY) + HUX(X.Y)OUX * WY (X.Y)OUY
RETURN

END

WWWWWWWWWWWWWWWWWWWWWWWWWWWW

*EDR
*EOF
scansssssnnsnne

* PROBLEM 23 o

(222 222 422222227

*EOR

*PARARMETER SET 1(R=387.7S, B=50.0, C=l, D=0.10)
o 009.47 060.70 020.00 070.60
EXPAND 23/387.75,50.,1+0.10~/

*EOR

SPRRAMETER SET  2(R=S554.5, B=0.554, C=1, D=0.10)
o 009.50 070.80 020.00 070.60
EXZSND 23/554.5,.544,1.,0.10~

'E

OPﬂRﬂﬂETER SET  3(R=387.7S., B=50.0, C=2. D=0.15)
009.52 080.30 020.00 070.60
EXPRND 23/387.75.50.,2,0.15~

*EOR

*PARAMETER SET  4(R=554.S5, B=0.554, C=2, D=0.15)
. 0038.52 080.80 020.00 070.60
EEE:ND 23/554.5,.544,2,0.15/

*PARANETER SET  5(A=387.7S. B=50.0., C=3, D=0.20)
d 009.S3 08S.80 620.00 070.60
EXS:ND 23-387.75.,50.,3,0.20~

'E

oPARAMETER SET  6(A=554.5., B=0.554, C=3, D=0.20)
. 009.53 08S.85 020.70 070.80
EXPRND 23/554.5, .544,3,0.207

'EUR

*EOF

(2224222222232 ]

® PROBLEM 24 e



*EOR

-PMMETER SET 4(A=0.50., B=10., C=-0.10)
007.07 01S.10 005.00 010.00

EXPW 2470.50,10.,-0.10,4/

*EOR

SPARAMETER SET S(R=1.00, B=1., C=-0.10)

L 007.0S 01S.10 005.00 000.00
rw 24-1.00,1.,-0.10.57

OPMTER SET &(A=1.00, B=10,. C=-0.10)
007.07 015.10 005.00 010.00
EXPMD 24/1.00+10..-0.10,6~

*EOR

*PARAMETER SET 7(A=}1,00, B=100., C=-1.00)

- 007.14 015.10 005.00 015.37
EXPAND 24-1.00,100.,-1.00,7~

*EOR

SsPARAMETER SET 8(R=1.00., B=i000., C=-1.00)
L 007.10 01S.10 005.00 010.20
EXPAND 24-1.00,1000.,~1.00.8~

‘EOR

*EOF

(22 222222222227 ]

® PROBLEM 25 o

L 242422222222 27

*EOR

SPARAMETER SET  1(A=1.5)

ot 000.18 065.40 000.00 006.0S
EXPAND 25/1.5/

*EOR

OPMETER SET 2(ha=2.5)
000.14 055.20 000.00 006.05
EXPMD e5/2.57

'EOR

SPRRAMETER SET  3(R=3.5)

bt 000.12 045.15 000.00 006.0S
EXPAND 25-/3.5/

*EOR

OPMTER SET 4(R=4.5)
000.11 03S.20 000.00 076.05
EXPMD 25/4.5/

*EOF
0000000000000 0
e PROBLEN 26 e
20000000 OGOORES
"EOR
OPMTER SET 1(A=])

007.03  010.00  000.00  00S.02
E)m e671.,17
"EOR
OPRRMETER SETY 2(A=S)

007.04  010.00  000.00  010.02
EXPAND 26/5. .3/
"EOR
*PARAMETER SET  3(A=10)

008.04  010.00  000.00  013.02
EXPAND 26.10..3”

*EOR
'EOF
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wuuwwuwwwawuuuwwwwwuwuuwuuwguuuwwuuuuwuuwuwuuggggwuwuuuuuwuuuwm

Y-la ’ U’o-
FUNCTION TRUE(X.Y)
REAL DERUSL(6)s» GRID(20),» TABLE(20.20),
T1B1(100), T1B2(100), T1B3(100), T1B4(100)
EQUIVALENCE (TABLE(1, 1) » T1B1(1)),

$
$ (TABLE(1,
$
$

DATA NGRID.
DATA GRID-0.1000000,

$0.2894737,
$0.5263158,
$0.7631579,
$1.0000000~

APPROXIMATE SOLUTION OF PROBLEM USING
S-POINT STAR (20 X 20 GRID)

DATA T1BLl~/

P K KX KR N X K

00000000
.000000,
.000000,
2.331187,
6.280833,
5.267140,
.212529.
1.266651,
1.567710,
. 000000,
2.411?48.
4.225083!
1.948547,
1.251265,
3.379439,
2.846377,

DATA T1Be/

CYX XX X K N K K R K X R R

2.028654,
3.573599,
1.671219,
1.205383,
3.272186,
2.777809,

+ 445506,
2086875?'
3.333606.

.000000.
1.898254'
3038 145'
1.61 75?'
1.100502,
3.028509,
2.634821,

DATA T1BY/

XX K K R K N _J

1.739828,
3.158241,
1.546922,

0381139'
2.742733,
2.457377,

.340371,
2.0839478,

6)

» T1B2(1)),

(TRBLE(1,11) » T1B3(1)),
(TABLE(1,16) » T1B4(1))

NGRDD-/20.

0.3368421,
0.5736842,
0.8105263, 0.8578%48,

.000000,
.000000,
.000000,
.000000,
3.08967S,
BOW?OO
4.318752,
.%48100
1.407139,
1.455809,
.000000,
2.868264,
4.197475,
100453570
1.658857,
3.550801,
2' 3380030

.000000,
ao4l42550
3.555061.

.902587,
1.599694,
3.441889,
2.283302,

.806807,
2.968850,
30 099227.

.000000,
2.260548,
3.378907,

.875612,
1.462205,
3.1964483,
2.1?5900'

.000000,
2.078272,
3.163557,

.842118,
1.305993.
2.906054,
2.041654,

. slss%.
203410330

20~/

0.1473684,
0.384210S.
0.6210526,

.000000,
.000000,
.000000,
.000000,
3.848034,
6.741719,
3-1249?5.
0561946.
1.519366,
10287426'
.552553'
3.286824,
40039408.
.000000,
2.066712,
3.631853,
1.891?98'

.464187,
2.768664,
3.426466,

.000000,
1.994a88’
3.524660,
1.6858372,
1.178974.
3.210428,
20742008’

. 4321%'
2.597361,
3.267262,

.000000.
1.8254020
3.285531,
1.58577S,

+394736,
2.3933739,
3.071640,
.000000.
1.634778,
2.9938906,
1.497066,
.903818,
2.551814,

.000000,
.000000,
.000000,
.000000,
4.5763S5,
6.698443,
1.683172,
.745076,
1-5989380
1.060624,
1.000754,
3.64882S,
3.741501,
.000000,
2.458812,
3.811042.
0912854'

.840562,
3.076216.
3.179470,

.000000.
203?4329'
3.508960,

2.832076,
3.042015,
.000000,
2.179265S,
3-2840?70
.861033,

0?149910
20871785.
2.872382.

.000000.
10355353.
3.012788,

.817794,
1.204466,
20 710515.

38

0.1947368.
0.4315789,
0.6684211,
0.905263¢2.



.465007, .B23554., .787267, .950892., 1.108899,
1-385383- 114&081. 1-569‘??0 105163820 1.5079570
1.433466, 1.237622, .948177, .544009. .000000.

.12082S5, .218604, .322383, .433139, .S48090,

.776212, .881823, .976602, 1.056454., 1.116997,
1.160107, 1.130482., 1.0S6126, .925841, .723818,

.000000, .000000., .062599, .113172, .1671S51,

.285452, .346593. .406606, .463546, .515437,

.595592, .61912], .627881., .618299, .S8S6395,

.420924, .259428., .000000. .000000, .000000.

.000000, .000000, .000000, .000000., .000000,

.000000, .000000. .000000. .000000, .000000.

.000000, .000000., .000000, .000000, .000000/

INTERPDLATE NUMERICAL SOLUTION BY QUADRATICS
CALL QUADRD(X. Y. TABLE,GRID,CR1D, NGRID, NGRID, NGRDD,
TRUE = DERUSL(B)

RETURN

END

FUNCTION E(X,Y)

E = 1.7(TAN(Y)ee3exee2)
RETURN

END

U R X XK RN LN N NN )

*EOR
*EOF
ssncscsccceBO NN

e PROBLEM 28 e

(122422 2222 a2 ]

*EOR
*PARAIMETER SET  1(A=l.)
d 008.03 000.00 005.00 007.03

EXPAND 2871..5/
OPﬁRﬂﬂETER SET 2(A=10.)

008.0S 000.00 00S.00 010.1S
EXPRND 28710..27
*EOR
OPQRQHETER SET  3(R=100.)

008.06 000.00 005.00 010.22
EXPQND 28-100.,3/

*EOR
'EOF
200000 ONLHANGGS
e PROBLEM 29 e
(I3 2 X122 XYYy}
*EOR
CPRRRHETER SEY 1(A==3,)
008.18 090.05 000.02 010.02
mn 23/"3- * 1/
*EOR
OPARﬁﬂEYER SET 2(A=-l1.)
008.18 090.05 000.00 010.00
EXPRND 29/-1..27
*EO0R
'PRRRHETER SET 3(R=l.)
008.19 090.0S 000.00 0:10.10
EXPﬂND 2971.+3/
*EOR

- o an -— - -




*EOR

'PﬂRﬂﬂETER SET 1(R=1.0, B=8.0, C=-1.0>
000.16 010.40 000.00 010.3%

EXPMD 30/1.¢8.0-1.7

*EOR

OPﬁRﬁﬂETER SET 2(R=1.0, B=2.0, C=0.95)
000.06 006.10 000.00 006.1S

EXPRND 30/71.42.+5.7

*EOR

OPﬂRﬁﬂETER SET 3(A*23,0, B=2.0, C=1.0)
000.19 030.30 000.00 030.2S

EXPﬂND 30/23.42.01.7

*EOR

'PﬁRRﬂETER SET 4(A=*10.0, B=11.0, C=0.0)
000.13 010.30 000.00 015.25

EXPﬂﬂD 30/10.411.+0.~

*EOR

'PﬂRﬂﬂETER SET S(AR=100.0, B=2.0, C=2.0)
000.19 030.30 000.00 030.25

rXPﬂﬂD 30/100.¢2.02.7

*EOR

'PQRQHETEQ SET 6(A=10,.0, B=4.9, C=1.0)
000.13 010.30 000.00 015.2S

EXPRND 30/10.+4.51.7

*EOR

sPRRAMETER SET 7(R=4.0, B=S5.0, C=-0.5)

. 000.10 006.25 000.00 010.20
Emn 30/4. '500-005/

*EOR

*PARAMETER SET  ©5(A=23.0. B=6.0, C=2.0)

. 000.10 006.25 000.00 006.25
EXPAND 30/3.¢6.+2.7

*EOR

OPQPQHETER SET  9(A=0.S, B=3.0, C=10.0)
000.09 006.20 000.00 006.20
EXPQND 30-. 5-3.-10 7

*EOR
*ECF
(XXX 2222212223
® PROBLEM 31 »

(2222222222227

*EOR

008.04 002.00 004.08 006.05
2020021000020

UXXS$ + UyYs = -],
MIXED

TWO DIMENSIONS $ CONSTANT COEFFICIENTS $ POISS

WWWWWWWWWWRHNRNMN-—-— ¢ ¢ ¢

X=-1. + MIXED
+ MIXED
Ys-ln ’ "IxED

Y= 1. MIXED

(1)U + (-]
(1)U + 1
(1)U + (=l.)UY
(1)U + ¢}

TRUE (X, Y)
TRUE(X,Y)
TRUE (X, Y)
TRUE (X, Y)

U
annn
+ 14+

FUNCTION TRUE(X,Y)
COMMON ~CONCOM- A0, A2, A4, RB
DATA A0, A2:R4, A6 ~.B821564,-.0144, .0000493,-.000000

Xe =

XeoX

X4 = X2eX2
X6 = X4ex2
X8 = XbeXe
X10= XB8eXx2

Xles

X10eX2

Y2 = Yey
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X2 = XeX
X3 = Xex2
XS = X3exe
X7 = XSex2
X9 = X7«X2
X1ll= X3exXe
Ye = vevy
Y4 = Y2eve
YE = Y4eve
Y8 = Ygev2
Y10= YBeyY?2

DUX = -, SeX + R2e(4, eX3-12,.eXeY2) +

] Rde (8, eX7~168, #XSeyY2+280. eX3eY4-56. eXeYE) +
$ AB® (12.90X)1-B60.#X3eY2+3960. eX7#Y4-5544, X5
] 1980. eX3%Y8-132,8XeY10)

RETURN

END
FUNCTION DUY(X.Y)
DUY = DUX(Y, X)
RETURN
END

WWWWWLwWWWWLWwWwWwWwWwwWwWwwWww

*EOR
*EOF
(XX 22222 244 12424
o PROBLEH 32
FY XYY Y YT S Ty Y Y )
'EOR
3
009.07 010.05 000.00 010.15
2000200002002
THO DIMENSIONS
UXXS + UYY$ + 3./(S.=-YIUYS = F(X,Y)
DIRICHLET & HOMOGENEOUS
X=-,5 , U=0.
X= .5 » U=0.
Yg-lo ’ U=0.
Y= 1. +» L=0.
FUNCTION TRUE(X.Y)
DATA A,B ~.001018S,.0004838~
TRUE = (l.-Yey)e(}l.-4. exex)e (5, -Y)esu3e(R+Bay)
RETURN
END
FUNCTION F(X,VY)
DATA A,B ~.001018S,.0004838~
2 = A-AsYee+BeY-BeYwa3
C = |,~4.eXeep
Y = S5,-Y
T2 = TeT
T3 a T2eT
UXX e -8,eZeT3
Uy = Qe((B-2.eey-3,0BeYne)eT3 -3, ,#2eT2)
UyY = Qe((-2.%A-5,eBeY)eT3 - G.e(B-2,eReY-3. eBeyed
+ 5.02e7)
RETURN

WWWWWWWWWWWWWWWWWWWONNRN—— o ¢

'EOF

(22 2 2222112 01 22 24

e PROBLEM 33 o

(22222222413
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Kl = SORT(14,.+5133)

K2 = SORT(14.-5133)

R a (=7,+S133)/(2.#5133)
B = (-7.-S133)eA/16.
EKIX = EXP(K1eX)

EK2X = EXP(K2eX)

EDIFF = EXKIX - EK2X

F1 = ASEDIFF + EK2X

F2 = BeEDIFF

Y21 Ld IO-Y.Y

TRUE = Y2)e(Fl < Y2leF2)
RETURN

END

FUNCTION F(X,VY)

S133 = SORT(133.)

Kl = SORT(14.+5133)

K2 = SGRT(14.-S133)

A = (-7.+S133)/(2.e5133)
B = (-7.-5133)eR/16.
EKIX = EXP(K]1eX)

EKEX = EXP(K2eX)

EDIFF = EX1X-EK2X

F1 = AeEDIFF + EK2X

F2 = BeEDIFF

Y2l = ],-YeY

DEK1X = KleK]eEK]1X
DEK2X e K2eK2eEK2X
DEDIFF = DEKIX - DEK2X
DDFl = A*DEDIFF + DEK2X
DDF2 = BeDEDIFF

UXX = Y21e(DDF1 » v2leDDF2)
UYY = -2.#(F) + 2.0(],.-3.evey)ef?)
F o= UXX + Uvy

RETURN

END

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW

*EOR
"ECF
sscccscseaccnacee

e PROBLEM 34 o

*EOR

008.03 002.01 000.01 008.0S
2020021002000
THO DIMENSIONS 8 COCNSTANT COEFFICIENTS $ POISS
UXXS + UYYS = -},
DIRICHLET
X3-1. » UsTRUE(X,Y)
Xs 1, » U=TRUE(X,Y)
Y==1., +» UsTRUE(X,Y)
Y= 1. o« USTRUE(X,Y)
FUNCTION TRUE(X,Y)

WLWWWWWWWWW WD —9 8 ¢

X2 = Xex

X4 = X2eX2

X6 = X4qex2

XB = Xgex2

Ye = YeVY

Y4 = Yooy

YE = YqeyQ

Y8 = vGevye

TRLE = 0‘?95778 - .25’0(24'“(2) +
(-14476,0(X4-6,eX2eY2+Y4) <
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TWO DIMENSIONS $ CONSTANT COcPFICIENTS 8 PUISSL
LAPLACE
UXX$ + UYYs = 0.
DIRICHLEY
Xe=1, » U=TRUE(XsY)
Xe 1. » UsTRUE(X,VY)
vya=1, » U=TRUE(X,Y)
vy= 1. » UsTRUE(X,Y)
FUNMCTION TRUE(X.Y)

1 W W W W W W W W LW W W WM MU e e e

X2 = XeX

X4 = X2eX2

X6 = X4qeX2

X8 = Xbex2

Ye = Yey

Y4 = YgevYe

Y6 = Ydev2

Y8 = YEevy?

Ul = X4 - B.eX2ey2 + Y4

U2 = XB - 2B.exbev2 + 7C.#X4e'& - 2B.eX2eYp + VY8
TRUE = 1.1786 - .180leyl + .008eU2
RETURN

END

*EOR
OPﬂRQHETER SET 2(R=0.1)

009.11 000.00 000.1¢C 306.59
EXPRND 35/0.17

*EOR

oPARAMETER SET  3(AR=1.0)

o 009.11 000.00 000.10 0C6.50
EXPAND 35-1.0~

*EOR

OPQRGHEYLR SET  4(R=10.)
009.11 000.00 000.10 006.50
EXPQND 3571C.7

-——— - —— - -

*EOF
sssccessesvssee
o PROBLEM 36 e
sescencscesecece
'E
'PRRQHETER SET (A=0.0, B=0.0)
008.28 098.60 000.09 006.0S

EﬁPﬂND 36/0.0,0.0~

ORrR

*PARAMETER SEY 2(A=0,1, B=-0.5)

. 006.23 080.25 000.2C 010.1S
£XPAND 36-/0.1.-0.5/

*EOR

oPARAMETER SET  3(A=0.0. B=1.0)

. 007.49 100.45 000.00 100.50
EXPAND 36/0.0.1.0/

*EOR

OPGR%HETER SET  4(R=0.5, B=0.0)
006.20 08¢.25 000.00 005.00
EXPQND 36-0.5.,0.07

*EOF

e PROBLEM 37 e

(XXX XYL R L L]
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END

FUNCTICN B(X,Y)

B = -2.eTRUEX(X.Y)®TRUEY(X,Y)

RETURN

END

FUNCTION C(X,¥)

C > 1. + TRUEY(X,Y)ee?

RETURN

END

FUNCTION TRUEX(X,Y)

TRUEX = (2.#(X-3.0Y) ¢ (X-3.eY)ee2)eEXP(X-Y)
RETURN

END

FUNCTION TRUEY(X,Y)

TRUEY = (-B.®(X=3.8Y) = (X-3.eY)we2)efXP(X-Y)
RETURN

END

FUNCTION F(X,Y)

EXMY= EXP(X-Y)

XM3Y= X=3,eY

UXX = (2, + 4,.9XM3Y + XM3Yes2)eE XY
UXY = (-B. - B.8XM3Y - XM3Yex2)sfXMY
UYY = (18, + 12.eXM3Y + XM3vee2)efxMY
F = A(X, Y)eUXX+B(X, Y)eUXY+C (X, Y)sUYY
RETURN

END

FUNCTION TRUE(X,Y)

TRUE = (X-3,#Y)we2eEXP(X-Y)

RETURN

END

WWWWWWWWWWWLWWWWWWWWWWWWWWWWWWWWW

*EOR
*EOF
nenscssscasnces

® PROBLEM 38 «

(X2 2222222 22 X2 1)

*EOR

*PARAIETER SET 1(R=1.0)

L 000.08 000.00 000.20 208.25
EXPAND 38/1.0~

*EOR

OPRRRNETER SET 2(R=3.0)-
000.13 000.00 000.30 010.40
EXPQND 38/3.0~

*EOR

®PARAMETER SET 3(R=7.0)

- 000.26 000.00 000.80 015.80
EXPAND 38-/7.0/

*EOR

*EOF

(2 2222122222222

* PROBLEM 33 =
BN GOISIGREBES

sPARAMETER SET 1(B=0.50, H(X)=1/X)

a o 005.23 090.10 000.0GC 010.25
EX;:ND 39/1,0.50/
'E

lPRRﬁHETER SET 2(B=1.00, H(X)=1/X)
005.22 090.10 000.00 010.20
EXPRND 38/2,1.007
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“eOR
*EOF
ssnssnsassescss

o PROBLEM 40 o

SessNsssssnense

*EOR
*PARAMETER SET  1(A=0.5, B=0.5)
. 000.10  010.08  010.08  015.10
EXPAND 40-0.5,0.5~
*EOR
*PARAMETER SET  2(A=0.1S, Bx0.85)
. 000.13  010.08  025.10  015.10
EXPAND 40/0.15,0.85/
*EOR
*PARAMETER SET  3(A=0.85, B=0.15)
000.09  010.08  005.08  015.10
EXPAND 400,851 0. 15/
*EOR
*EOF
2222232222122 2]
e PROBLEM 4] e
(2222122222223
*EOR
SPARAMETER SET  1(A2-10.0, B=5)
000.02  002.02  000.00  006.04
EXPAND 41/-10.0,5/
*EOR
*PARAMETER SET  2(A=1.0, B=10)
. 000.02  002.02  000.00  006.04
EXPAND 41-1.0,10~
*EOR
*PARAMETER SET  3(A=-10.0, £=25)
000.02  002.02  000.00  006.04
EXPAND 41-10. 0,25/
*EOR
" EOF
(2222222222222
e PROBLEM 42 o
(2222222222222
*EOR
*PARAHETER SET  1(A=0.0. B=1.0. C=1,0)
000.04  000.00  00C.02  010.10
EXPAND 42.0.0.1.041.0/
*EOR
*PARAMETER SET  2(A=-1.0, B+2.0, C=2.0)
000.05  000.00  000.95  0:0.15
EXPAND 42/-1.002.0,2.0/
*EOR
*PARAMETER SET  3(A=-1.0, B=2.0. C=5.0)
000.08  000.00  000.10  010.30
EXPAND 42/-1.0+2. 0 5.0/
*EOR
*EOF
L2222 22 122222 2]
e PROBLEM 43 e
(2222222222 y)
*EOR
[ ]
. 000.62  000.00  000.00  0CG.04
. 2000220200020
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3 EXPX = EXP(X)

3 SINH = 0.Se(EXPX-1./EXPX)

3 RETURN

3 END

3 FUNCTION G(Y)

3 G = SIN(Y) - COS(Y)

3 RETURN

3 END

*EOR

*EOF

g 222 2212211223

® PROBLEM 43 o

fi 22 . 222222112223

'EOR

*PARAMETER SET 1(A=],425, B=1, C=,50, D=2)
- 008.03 010.03 000.00 005.02
EXPAND 44/1.425,1,.50:,2:1~/

*EOR

OPN?RﬂETER SET 2(R=10.0, B=!{» C=.50, D=2)
008.03 010.03 000.00 00s5.02
EXPMD 44/10.0+1,.50.2.27

*EOR

SPARAMETER SET 3(A=1.425, B=2, C=,04, D=29)
- 008.02 010.03 000.00 000.00
E)E(&QND 44/1.425,2,.04,25.3/

*PARAMETER SET 4(A=].425, B=2» C=.50, D=2)
L4 008.02 010.03 000.00 000.00
ExiPaND 44/1.425,2, .50'.204/

*EOR

*EOF

® PROBLEM 4S5 e

*EOR

SPARAMETER SET 1(A=2, B=1)

. 008.03 008.03 00S5.00 000.00
EXPAND 45-/2.+1,17

*EOR

OPMTER SET 2(R=1000., B=l)

008.14 008.03 00S.00 010.80
Em 45-/1000.+ 1,27
*EOR
OPMTER SET 3(A=2, B=2)

008.03 008.03 00S.00 000.00
"XPRND 45/2.+42+37

'EOR
*EOF
2000000002 RBGGE
* PROBLEM 46 «
So0000n00800000
*EOR
*PARAMETER SET 1(R=1,, B=2,)
L 008.05 000.00 000.00 010.20
EXPAND 4671..2..1~
‘EOR
.PQRMETER SET 2(A=4,, B=2.)
008.06 000.00 000.00 010.25
EXPRND 48/4.+,2.027
*EOR



*EOR
SPARAMETER SET  1(A=3.0)

L 000.44 090.60 000.10 070.3S
EXPAND 47-3./
*EOR
OPQRRHETER SET 2(A=5.0)
000.34 080.50 000.00 060.15
EXPQND 47/5,.7
*EOR
oPARRMETER SET 3(A=7.0)
L] 000.27 070.30 000.00 050.10
EXPAND 47/7./
*EOR
'EOF
0000000000000 0
e PROBLEM 48 o
(X 2zrrr a2 r2yy
*EOR
*PARAMIETER SET 1(A=2, B=.04, C=1)
. 008.03 0190.03 020.00 9¢s.02
EXPAND 48/2,.04,1, 1~/
*EOR
SPRRAMETER SET 2(R=25, B=.04, C=1)
. 008.04 010.93 000.00 00S.04
EXmPNﬂ) 48/25,0.04, 1,2/
i X
OPﬂRﬂﬂETER SET 3(R=2, B=.04, C=2)
008.04 010.03 000.00 00S.04
“XPMD 4872, .04,2+3~
*EOR
oPRARAMETER SET 4(A=2S, Bs.04, (C=2)
. 008.04 010.02 020.09 105.04
£XPAND 48-25, .74.2,4~/
*EOR
*PARAMETER SET S(R=2:, B=.50, Cs2)
- 008.04 010.03 000.00 005.04
EXPAND 48/2, .50:2:57
*EOR
*EOF
(22 XXX2 22 22222
o PROBLEM 49 e
(2222222 X321 22 27
'EOR
OPﬁRQﬂE7ER SET 1(A=1, B=.50, C=2)
008.04 010.03 000.00 005.04
EXPRND 4971, .50.24 L7
*EOR
'PﬂRﬂﬂETER SET 2(A=1, B=.50, C=25)
008.14 010.03 000.00 020.50
EXPGND 49/1.,.50.25,2/
*EOR
ePARAMETER SET 3(A=2, B=,04, C=2)
L4 008.02 010.03 000.00 000.00
EXPAND 4972, .04.2,37
*ECR
OPﬂRﬂﬂETER SET 4(As2, B=,50, C=2)}
008.02 010.03 000.00 000.00

EXPﬂND 49/2-.50 24/

*ECR
*EOF
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e Y=0., » UsQ./73*0INR(X)=01IN(3.eX)
e Y=1. » U=0.
3 FUNCTION TRUE(X,Y)
3 DRTR P1/3,14159265358379%/
3 Tl = 3.eSINM(1.-Y)®SIN(X)/(4,9SINH(1.))
3 T = SINH(3.0(]1,-Y))eSIN(3.*X)/SINM(3.)
3 T3 = SINH(PIe(PI-X))eSIN(PIeY)/SINH(PIePI)
3 TRUE = T1 - T2 + T3
3 RETURN
3 END
3 FUNCTION SINM(X)
3 EXPX = EXP(X)
3 SIMH = 0.Se(EXPX-1./EXPX)
3 RETURN
3 END
*EOR
*EOF
(22222222221 2 22
e PROBLEM OS] e
(XXX X222}
*EOR
OPWETER SET 1(R=0.3)
003.38 100.05 090.0S 010.15
EXPMD S$170.3.1~/
*EOR
WTER SET 2(A#=0.5)
008.37 100.0S 090.0S 010.10
EXPMD S51-0.5.27
*EOR
OPQRRHETER SET  3(R=0.6)
009.386 100.0S 090.0S 010.0S
"”(PQND $1/0.6+3~
*EOR
*PARAMETER SET  4(R=0.7)
° 003.36 100.05 030.0S 010.05
EXPAND S1/0.7,4~
*EOR
*EOF
(XXX 22, 2222222 ]
o PROBLEM S2 e
[ 2122222222222 2
*EOR
*PARAMETER SET 1(A=2.)
d 00€.06 010.0S 005.00 010.05
EWD &/ao' 1/
*EOR
OPGRRNETER SET 2(R=4.)
008.07 010.07 00S.00 015.07
EXPRND Ses4..27
*EOR
OPRRMETER SET 3(A=43.)
008.15 010.25 005.00 015.3%
EXPQHD 52/49.,3/
*EOR
*EOF
(222, 222212222}
® PROBLEM S3 e
(1222222222222 2]
'EOR,

*PARAMETER SET

1(#3000' 3.2000)
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ExXPAND 53-30.,10.7

*EOR
*EOF
ssncsnssnsasane
e PROBLEM 54 o

(X1 22222 22%2)

*EOR
OPQRRHETER SET 1(R=0.95)
000.09 0:10.05 000.10 010.20
EXPRND S4/.5/
*EOR
OPﬂEﬂﬂCTER SEY 2(A=0.9)
000.17 010.20 000.25 015.30
EXPRND 54/0.9/
*EOR
*EOF
VRNV RNONOGNONONS
e PROBLEM S5 ®
OO NNBREE0B000E
*EOR
*PARANETER SET 1(A=!.,» B=3., C=1)
L4 008.13 000.00 005.20 020.3S
EXPAND 55/1.:3.010 17
' EOR
oPARAMETER SET 2(AR=3., B=2.. Cal)
. 008.12 000.00 095.20 013.35
EXPAND S55/3..2.:1027
*EOR
.PGRRNETER SET 3(As)., Bb=3., C=2)
008.15 000.00 005.20 Je7.40
EXPQND 55/1.¢3.42:37
*EOR
oPARAIMETER SET 4(A”=6., B=2.., (=2)
. 008.07 000.00 005.20 005.10
EXPAND §S/6.+2.020 4/
*EOR
*EQF
rYxyrxxxxz22z222 2}
o PROBLEM 56 ®
Yy I Y Y Yy
‘EOR
SPARAMETER SEY 1(A=0, B=l)
. 050.53 100.80 030.35 050.25
EXPAND 56701~
*EDR
.PWWVEQ SET 2(R=0, B=4)
£50.58 100.80 030.4S 050.40
EXPRND S6/70.4/
'EOR
*PRRAMETER SET 3(A=3, B=1)
. 050.53 100.80 030.35 050.25
EXPAND 56/3+1/
OPRRRHETER SET 4(R=3, B=4)
050.S8 100.80 030.45 0590.40
EXPﬂND 563,47
*EOR
SPRRAMETER SET S(A=3, B=®)
. 050.58 100.80 030.4S 0%0.45

EXPAND SE6-3,8/
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MACFIL IS DIVIDED UP INTO RECORDS WHICH ARE NUMBERE
ETC. THE END-OF-RECORD IS DESICNARTED BY sEOR (*EOR On
INSTALLATIONS) .

RECORD 0 CONTRINS AR DESCRIPTION OF THE PURPOSE AND
OF MACFIL. RECORDS 1, 2, 3... CONTAIN THE INFORMATION
GENERATE THE ELLPACK PROGRAMS CORRESPONDING TO PROBLEN
OF THE ELLPACK PDE POPULATION. ALTHOUCH SOME OF THE F
NOT PARAMETERIZED AND HENCE HAUE NO MACRO CALLS, YET,
DUty RECORDS FOR THESE PROBLEMS ON MACFIL S® THAT THE
MACRO NUMBERS MAY BE IN AR OME-TO-ONE CORRESPONDENCE.
1. 2+ 3... HRUE THE FOLLOHING FORMAT:

LINES 1-3: LINES 1 THROUGH 3 CONTARIN THE MARCRO Nur

LINE 43 LINE 4 CONTAINS THE PROBLEM TYPE INFORMATI
IN COLUMN 11 KHICH IS USED TO TEST THE COMPRTIBILIY
BLEM WITH THE ELLPACK ROUTINES SELECTED IN THE ENCC
(SEE ROUTINE COMPAT). THIS INFORMATION BECOMES R C
GEMNERATED ELLPRCX PRQGRAM.

COMPAT USES THE PROBLEM TYPE INFO (PTYPE) AND DISRE
MODULE INFO (DMTYPE) TO DETERMINE WHETHER MODULE DI
COMPATIBLE WITH THE GIVEN PDE PROBLEM. TrE NRTYPE (
ITEMS IN THE ARRAY PTYPE AND IN EACH ROW OF THE TRE
HAVE THE FOLLOWING MEANINGS:

UALUE PTYPE MEANING DMTYPE ME
0 ITEM NOT PRESENT ITEM MUST NOT
1 ALHAYS MATCHES ALHAYS MATCHES
2 1TEM PRESENT ITEM MUST BE F

THE 14 ITEMS CURRENTLY CHECKED FOR COMPATIBILITY AR

CONCERNING THE OPERATOR

TWO DIMENSIONAL

THREE DIMENSICNAL
POISSON EQUATION
LAPLACE EQUATION

UX OR UY TERMS
CONSTANT COEFFICIENTS
SELF-RDJOINT FORM
HOMOGENEOUS

Uxy TERM

CONCERNING THE BOUNDARY CONDITIONS
10 DIRICHLET PROBLEM
11 SOME NORMAL DERIUVATIVE CONDITIONS
ie SOME MIXED CONDITIONS
13 HOMOGENEOUS

CONCERNING THE GRID
14 HX=HY (8HZ)
1S UNIFORM GRID

REMAINING LINES: THE REMAINING LINES OF THE RECORI
INFORMATION COPIED INTO THE EQUATION, BOUNDARY AND
MENTS OF THE CENERATED ELLPACK PROGRAM IN THE ABOUE
THE EQUATION, BOUNDARY AND FORTRAN CARDS ARE MARKEI
OR 3 IN COLUMN 1 RESPECTIVELY. NOTE THART FORTRAN (
BEGIN IN COLUNN 7 RS USUAL AND THART A FORTRAN COMME

S1

WARNOWN L WM —



EXP (XeY)IUXXS
MIXED

+

EXP(-XeY)UYYS = Ll./7(1.+XeYIUS =

X=0, o MIXED = (1.)U + (-(8R))IUX = GXOC(Y)
X=1. +» MIXED = (1.0U + ( &R HUX = GXI1(Y¥Y)
Y=0. » MIXED = (}.)U + (-(3R)IUY = GYO(X)
Y=1. « MIXED = (J.)U + ( &R IUY = GY1(X)

FUNCTION TRUE(X.Y)

COMMON /CONCOM~ Pl

DATA P1-3.14159265358979~/

TRUE = ,7SeEXP(XeY)eSIN(PIeX)eSIN(PIeY)
RETURN

END

FUNCTION F(X,Y)

coMmMon /CONCOM- PIT

PxX = Plex

PY = Pley

SPX s SIN(PX)

SPY = SIN(PY)

EXY = EXP(XeY)

F s 79 (EXYSEXYeSPYe((2,eYeyY-PlaP])aSPX+3, sPlaYel]
b PleSPxe(XeCOS(PY)-P[eSPY )-EXYSSPXeSPY /(] ,+X+Y)
RETURN

END

FUNCTION GXO(Y)

COMMON /CONCOM- PI

GX0 = -(&R)wPe 7SeSIN(PJey)
RETURN

END

FUNCTION CX1(CY)

COMMON /CONCOM~ PI

GX1 = =(8A)ePle 7Se«EXP(Y)eSIN(P]eY)
RETURN

END

FUNCTION Cv0(X)

ComMMoN ~CONCOM- P

GY0 s -{4R)ePJe 7SeSIN(PlexX}

RETURN

END

FUNCTICN GY1(XD

COMMON /CONCOM/ PI

CYl = -(8A)eP]e 7SeEXP(X)eSIN(PIeX)
RETURN

END

FUNCTION CDXU(X,Y)

CDX1) = YeEXP(XeY)

RETURN

END

FUNCTION CDYU(X,Y)

CDYU = -XeEXP(-XevY)

WWWWWWWWWWLWWWWWWWWWWWWWWWWWWWWWWWWWWWLWWWWWWWWWWN R NI -

RETURN
END
*EOR
SHHO0ORNGOGGGSS
« MACRO g2 o
[ 12221 XXXY Y]
'EOR
20000000 RN0OMN
* MACRO 3 e
(122222222222 ]
. 2020021002002
1 THO DIMENSIONS $ CONSTANT COEFFICIENTS 8 P

Se



A2 = LA-2.
INITL = 0
10 CONTINUE
TRUE = Ce(xwe(LR)=X)e(Yae(LA)-Y)
RETURN
END
FUNCTION F(X.Y)
COMMON ~CONCOM- C,CRAL,ARM2, INITL
IF (INITL .EQ. 0) GO TO 10
C s 1.7((8R)ee((LR) /(1. -(8A)))
~(8A)ea(l,/7(1.-(8R))))ee2
CAALl = Ce(RR)®((LARI-1.)
AM2 = tA-2.
INITL = ©
10 CONTINUE
IF ( X,EQ.0. .OR. Y.EQ.0. > GO TO 20
F = CARAls(XeepM2e(Yee(LR)-Y) ¢
3 YeeoqM2e(Xee (3R)-X) )
RE TURN
20 F = O,
RETURN
END

- - - - - - - - -

WWWWWWWWWWWWWWWWWWWWWW
"

(2222222222 ;)
o MACRO 4 o
200000060 ROGS
202002000020
THO DIMENSIONS $ CONSTANT COEFFICIENTS $ POISS
UXXS + UYYS = B.eoXaYaEXP(X+Y)e(XeY+Xey=3.)
HMIXED
X=0. » MIXED = (10U ¢ (=(3A)(Y-YaY))UX = G(Y
XSI. 14 U'O.
Y-o. ’ U.Oo
Y.xn ’ U=00
FUNCTION TRUE(X,Y)
TRUE @ 3,eZXP(X+Y)eXeve(] -X)a(]l,=Y)
RETURN
END
FUNCTION G(Y)
TEHP s (Y=-Yev)ee2
G = —(LA)STEMPe3, #EXP(Y)
RETURN
END
*EOR
(22222111221}
« MRCRO S o
(22222 X2 2T 1L 2
2000021002002
THO DIMENSIONS $ CONSTANT COEFFICIENTS
4. UXXS + UYYS = (LAIUS » F(X,VY)
DIRICHLET $ HOMOGEMEQUS
x-o. 14 U’O.
x-lo ’ U'o-
v=Q, , U=0.
Y'lo ’ U=Ou
FUNCTION TRUE(X.Y)
COMMON -CONCON- THOPI
DATA THOP!-6.28318530717958~/
TRUE = 2.eXe(X~-1.)e(LOS{THOPIaY)-1.)
RETURN
END

WWWWWWWWWRINNNY- -~ @
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*EOR

H000000000000

®* MACRO 7 o

SN0 000H020000

*EOR
£ 222 221 . 222X 2]
« MACRO 8 o

L 22 el a2 222177 ]

2020021002000

UXXS + UYYS = D2P(X)eP(Y)+P(X)#D2P(Y)
DIRICHLET
X=0. » U=TRUE(X.Y)
X=1. » U'TRUE(X-Y)
Y=0. « UsSTRUE(X,Y)
Y=, » UsTRUE(X.Y)
FUNCTION TRUE(X,Y)
TRUE = P(X)eP(Y)
RETURN
END
FUNCTION P(X)
CoOMHON ~CONCOM/ AR+ B
DATA A B/1.s 0.7
X1l = LA
)'Q = 1. - (&ﬁ)
IF (X .LT. X1) GO TO |
IF (X .GT. X2) GO T0 @
DPHI = B - R
DX = X2 - X1

b /DXee4 + S.oD0PH]le(X-X1)003e(X=X2)ee2/IX0as5
RETURN
1 P=A
RETURN
ePsB
RETURN
END
FUNCTION D2P(X)
COMMON -CONCOM~- R.B
Xl = A
X2 = 1, - (&R)
IF (X .LT. X1) GO TO |}
IF (X .GT, X2) GO 70 !
DPHI = B - A
X = X2 - X1
c3 DPH]I/DX#e3
(ol } =3.#DPHI/7DXenq
CS 8.9DPHI /DXweS
D2P = B.oC3e(X-X1)+6,0C4e(X=X1)8(X-X2)+
$ 6.9C4n(X-X]1)002+5, aCSe (X=X]1)#(X-X2)wae
$ 12.0CSu(X-X])ea2e(X-X2)+2,0CS#(X~X])es3
RETURN
1 D2P =0,
RETURN
END

WWWWWWWWWWWWHUHWWWWWLWWLWWWWWWWWWWWWWWWWWWWWWRIO RN -~ - e

TWO DIMENSIONS $ CONSTANT COEFFICIENTS $ POISS

P = QA + DPHI#(X-X])ee3/(Ixee3)=3,eDPH]e(X-X])ea3a(

*EOR
ssonansnannne

® MRCRO S »

(2212 X222 227 )

. 2000020002000
1 THO DIMENSIONS $ CONSTANT COEFFICIENTS

54



3

END

'EOR

(22222222722 1]

* MACRO 10 »

Soocasessesns

WWWWWWWULWWWWWWWWWWAINRNR) -~ g

2020021002002
THO DIMENSIONS 8 CONSTANT COEFFICIENTS
UXXS + UYYS = F(X.Y)
DIRICHLET $ HOMOGENEDUS
X'O. . U=0-
X'l. * U:OO
Y‘Oo L4 U’Oo
Ysi. o U.00
FUNCTION TRUE(X.Y)
U = -LA4((X=,5)002+(Y=(LB))#e2)
TRUE = EXP(U)axXe(X-1,)sYe(Y-]1.)
RETURN
END
FUNCTION F(X,Y)
TEMP = EXP(-4Ae((X-,5)ee2+(Y-(4B))ee2))
UXX = TEMPsYs(Y-1.)e(-2,08Re(X-,5)=
(=2.%8AeXe03+3 0LQReX0e2+ (2, ~LR)IOX~]1,)+
(-B.%8LAnXee2+G ofRexX+(2,-4R)))
UYY = TEMPeXa(X-1.)e(=2,08Re(Y-4B)e
(=28iAeyYen3s2 olRe(],.*iB)eyeas
2.%(1.-4R"LBIeY-]| )+(-6,0lReYee2+
4,08Q8 (], +4B)ev+2, . 0(].-3ARLB)))
F = UXX + UvYy
RETURN
END

'EOR

(i X121 22 2]

® MACRO 11 o

[ 44 2221 2222 7]

WWWWWWWwWWwWWWWwWwwWww N —- ¢

2020021002000
THO DIMENSIONS $ CONSTANT COEFFICIENTS
UXXS < UYYS = F(X,Y)
DIRIOHLET
X=0, » U=TRUE(X,Y)
Xs), o« UsTRUE(X.Y)
vY=20. o+ U=TRUE(X,Y)
Y1, +» UsTRUE(X.Y)

FUNCTION TRUE(X,Y)

COMMDty ~CONCOM- P

DRTA P1/3.14158265358979/

TEMP = X-Y+2.

TEMP4 = TEMPe«d

TRUE = SIN(LASTEMPAeTEMP/(1.+TEMP4))

RE TURN

END

FUNCTION F(X,VY)}

CoOMHMON ~CONCDONM- PI

H s X-Ye¢2,

R = [ee5

U = R/S

AU = LAeU

RX = S,eljeeq

RXX = 20.eijee3

SX = 4,e{jee3

P



*EOR
(2 o 22 2212122 7]
e MACRO 12
[ 22 222222, 21 27
2000200002000
THO DIMENSIONS
UXX$ + UYYS + (1.+SINCLA=X))IUXS
- COS(&AeY)IUS = F(X,Y)
DIRICHLEY
X=0. » U=TRUE(X,Y)
X=1, » U=sTRUE(X,Y)
Y=0, » U=TRUE(XsY)
Y=1. » U=TRUE(X,Y)
FUNCTION TRUE(X,Y)
TRUE = COS(&BeY)+SIN(&B®(X=-Y))
RETURN
END
FUNCTION F(X,V¥)
BXHY = LBe(X-Y)
UX = 4BeCOS(BXMY)
B2 = {(LB)«(4B)
UXX = -B24SIN(BXMY)
U = COS(&BeY)+SIN(BXMY)
UyY = -BeeU
F = UXX + UYY + (1.+SINCLA®X))eUX
$ - COS(aAnY)ey
RETURN
END

uuuwuuwuuwuuuuummmmm:—wr— [ ]

*EOR

La X2 2222 11 L]

® MACRO 13 =

Laald a2l 222

'EOR
[ Y Y Y Y Y YY)
e MACRO 14
sssnenssnsssse
2060220002000
CONSTANT COEFFICIENTS
UXXS + 2.UYYS + 3.UXS - 4,UYS — US 3 F(X,VY)
DIRICHLET
X=0. » Us=Y
X=1. » U=TRUE(X,Y)
Y=°. ] lj‘o.
Y=1. » U=l, - 0.8¢(8R) + (LA)I*RBS(X-0.8)
FUNCTION TRUE(X,Y)
TRUE = Ye(]l.-.8%(8R)0e(2,-Y)+(&A)*ABS(X~,8)ee(2,~Y
XeveEXP(~-XeY)
e(yY-] o)
RETURN
END
FUNCTION F(X,Y)
0= (2.-Y)*ALOG(ABS(X-,8))
P = 1.-.8e(8R)ee(2.-Y) + (LA)*EXP(Q)
DX0 = (2.-Y)eG(X)/7ABS(X~-.8)
DXXQ = —(2.-Y)eG(X)we2/ (X-,8)eep
DvQ = -ALOG(ABS(X-.8))
DyvyQ = 0.
DXP = LAeDXOQeEXP(Q)
DXXP = (8R)eDXXQ*EXP(0)+(LA)*DXQew2eEXP(Q)
DYP = .8¢ALOG(LR)SEXP((2.-¥)*ALOG(&R)) +
] &A)*DYO*EXP(Q)
DYYP = -.BeAL0G(LA)»e2eEXP((2.-Y)*ALOG(LAR) I+

S6

“w
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3 RETURN
3 END

*EOR
[ 12 11X TZ1 112}
e MACRO 1S e
(222 2211 T1 X}
2000200002000
THO DIMENSIONS
UXXS + UYYSs + (LR)/(Y+(ACIHUYS = F(X,¥)
DIRICHLETY
X=0. » U=TPUE(X.Y)
X=1, o U=TRUE(X.Y)
v=0, s U=TRUE(X,Y)
ysl, » UsTRUE(X.Y)
FUNCTION TRUE(X.Y)
TRUE = (Yee(&B) <« COS(XeYey)-]1,)exXexe(X=-], )ee2
RETURN :
END
FUNCTION F(X,¥)
F1 = YeelB + COS(XevYeY) - 1.
IXF1 = -YeveaSIN(Xeyey)
DOF 1 = -YeedalDS(XeYeY)
F2 = XexXe(X-1,)®(X-1,)
D¥F2 = 4,eXee3 - g, exeX + 2, eX
Wa - la..x.x - 12..)( + a.
UX = DXFleF2 + FleDXFe
UXX = DXXFleF2 ¢ DXFleDXF2 + DXFleDXF2 + FleDXXF2
DYF1 = LBevea(3B-1.)-2.0exeYeSIN(XeYeY)
DYYF1l = LBe(&B-1.)eYee(&B-2.)-2.08XeSIN(XeYeY)~
$ (2.00XeY)nee(0S(XeYeY)
Uy = DYFlef2
UYy = DYYFleF2
F = UXX + UYY + (3R)Z(Y+(&C))eyUy
RETURN
END

WWWWWWWWWWWWWWWWWWWWWRUINIVRI R - -8

*EOR

« MACRO 16 o
aecasssssssase
2000200002002
THO DIMENSIONS
UXX$ + UYYSs + (500,7(250.eY-1.))UYS » -],/8Bee
DIRICHLET $ HOMOGENEOUS
X’O. ’ U=°o
X=&B , U=0.
Y'O- ’ U’O.
vy=4B » U=0.
FUNCTION TRUE(X,»Y)

Y Y Y Iy ey 222 Y22 2 2 o 12 2 22 22 2 d 2 o
[ ]

. MACRO 16 PARAMETERS

[ )
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[z Xn]

$0.7368421, 0.7894737,
$1.0000000~

DATA GRID2-0.0000000,
$2.1052632, 2.6315789,
$4.7368421, 5.2631579,
$7.3684211, 7.8947368,
$10.000000/

0.8421053,

0.5163158,
3.1578947,
5.7894737,
8.42105¢26.

APPROXIMATE SOLUTION OF PROBLEM USING
P3-C1 COLLOCATION (8 X 8 GRID)

DATA T1Bl/ .000000,
$ .000000. .900000,
0000000' 0000000'
.000000, .000000,
.B45004, .667101,

[
—

.667101, .845004,
.137048, .236861,
.212208, -.351906,
.044762, .112455,
.000000, .000000,
0046048! 00?8274!
.130279, .106132»
.003557, -.003242,
.030544, .044457,
.111355, .111355,
004445?' 0030544'

DARTA T1B2-s .000000,
.063396., .076176,
0034823' .088842'
.026502, .013971,
.042343, .054096,
.091323, .091329,
0054098I o°42343l
.016673,» .031077,
.078918, .083398.
.072430, .064370.
.000000, .000000,
.062755, .063986,
.07933S, .075547,
.03107S5, .016733,
004236?0 '0523320
.076961., .076361,
.052332. .042367,

DATA T1B3/ .000000,
+ 057737, .063711,
.071081, .068146,
.029464, .015968.
00387030 00474160
QOS??S" 008?7840
00474160 00387030
.014413, .026379,
00589580 00812750
.055338, .050518,
00000000 oOOOOOO'
.046011, .050300.
0035418. 0053408’
00243490 00133800
023782, .035988.
.049614, .0439614,

L X K A N XX X R N X N N-X N L X X X K X K R N N R N N R X
]

P X XN X K K X X R

.614187,-1,.614187,-1

. 000000,
.000000,
.000000,
.000000,
.268576,
. 349772,
.752183,
.270609,
.428204, -
0224243l
. 003242,
.105132'
.076174,
.000000,
. 050368'
01043030
.019390,

.013971,
0088843'
.076176,
.£00000,
. 064900,
. 088333,
.029741,
00438660
. 085685,
. 054754,
00187330
.075547,
. 069986,
.000000,
. 060529,
.0753050
0030“97'

.015588-
.058145-
.063711,
.000000,
. 054403,
. 066459,
. 028075,
.036211,
00684250
.044187,
00133800
.053406,
.050300,
.000000,
00‘0808'
.0487730

S8

p‘ 388' 0.5
1.0526318- &.5
3.6842105, 4.2
803157895' 5-8
8-9473884' 9.4
.000000, .0000
.000000, .0000
.000000, .0000
.000000, .4373
-.282318, =-.8651
.865116, -.2823
.437323, .0000
.224243, .l1124
.428204, -.3519
.270609, .2368
.003557, .0037
.130279, .1433
.046046, .0203
.000000, .0098
.077176, .0827
.092789, .0771
.009896., .0000
.026502, .0387
.094823, .0930
.063396, .0513
00000000 .0158
.074556. .0825
.082564, .0745
.015853, .0000
.054754, .0643
.08568S, .0833
.043666, .0310
.031075, .0433
00?9335' .08!2
.062755, .0539
.000000, .0l64
.067076, .0720
.072004, .0670
.016475., .0000
’029464l 0040?
.071081+ .072S
.05?7737, .0501
.000000, .0152
.059840, .0638
.083835. cosse
.015271, .0000
1044187. .0505
.06242S, .061¢
.036211, .0263
.024349, .033¢C
.055418,° .0564
.046011, .0403
.000000, .0l2l
.044458, .0470
.04708S, .0444



.010637,
.012187,
. 006573,
.000000,
.000000,
.000000,

DATA T2Bl~/
.000000,
. 000000,
.000000,

308411?5.
7.952477,
4.942613,
.461828,
2.522111,
2.310499,
.000000,
. 006650+,
.004448,
.006343,
.OEBSlSt
.034958.
.027114,

DATA T2B2/
.041151,
. 048744,
.022290,
.034447,
. 058058,
.041830,
.C14Z2C5,
. 059531,
. 056050,
.000000,
. 052736,
.LB83752,
. 027527,
. 037325,
. 0851379
-0452879

DATA T2B3~/
. 0519150
. 0682715,
.027148,
. 035987,
.061298,
. 043815,
.013709.,
. 054625,
.051503,
.000000,
.043481,
.0351976,
. 023282,
. 028607,
.047016,
. 034455,

DATA T2B4~
$ .033474,

LK X K X X

LE X K XK' X K X NUE X N R N K} (X XXX XXX L KX XX X X X

LK N K R KX K K X NN X

.011357,
0011885'
.004061,
.000000,
.000000,
.000000,

.000020,
.000000,
.000000,
.000000,
4.942613,
7.952477,
3-“1175'
.907873,
2.666250,
2.035971,
.000000,
. 005866,
.005073,
0004144.
.027114,
.034958,
.022919,

.000000,
. 0446800
.047169,
.012342,
.041830,
.058058,
.034447,
. 02623,
061777,
.051e221,
.000000.
. 057767,
. 081402.
.015010,
. 0482870
.065137,
. 037325,

.000000,
.056847,
.060411,
. 0 l 4815'
.04381S.
.061238,
. 035387,
.024977,
.56634,
.047161,
.000000,
004?391'
.050184.,
.012843,
0034455'
.047016.
. 028607,

.000000,
.036241,

.01186S,
0011357!
.000000,
.000000,
.000000,
.000000,

.000000,
.000000,
.000000,
.000090,
5.905559,
7.740846,
2.627€60.
1.325933,
2.738883,
1 L] 704934'
. 004144!
. 005073,
. 005866,
.0090000,
. 030140!
. 034547,
.017273,

.012342,
.047168,
. 044680,
.000000,
. 047590'
. 0570?1 ’
. 025208'
.CJC834,
. 062886,
. 044885!
.015010,
.061402,
.057767,
.000000,
. 052894,
. 063968,
. 027595'

.014816,
. 08041 1 ’
. 05884?'
.000000.,
. 049968,
.060220.
. 026261,
.034123,
. 057626,
.04144],
.012843,
.050184.
.047391,
.000000,
.038948,
. 048258.
.021157,

.010412,
. 038203,

.012187,
.010637,
.000000.
.000000,
.000000,
.000300,

.000000,
.000000,
.000000.
.000000,
so ?04859..'
7.320925,
1.335077.
l . 704934l
2.738883,
1.325933,
.006349,
. 004448'
. 008850.
.000000,
. 0322656,
.033690,
.009788,

. 0&2900
.048744,
.041151,
.000000.
.051948,
.055069,
.013829,
. 044885'
. 0828850
.036834,
.027527,
.063752,
.052736,
.000000,
. 057949,
.061504.
.015044,

.027148,
.052715l
.051915,
.000000,
.054857,
.058039,
.014364,

.041441,

. 057626,
.034123,
. 023282,
.051976,
. 043491 ’
.000000,
.042319,
.044723,
.011754,

.018546,
. 039452,

S9

.0123
.0096
.0000
.0000
.0000
.0000

.0000
.0000
.0000
1.3350
7.3209
6.7046
.0000
2.0359
2.6662
.3078
.0072
.0041
.0072
.0097
.0336
.032e
.0000

.0302
. 04385
.0364
.0138
.0550
.0518
. 0000
.0512
.0617
.0268
.0378
. 0648
.3461
.0616
.0579
.0000

.0372
.0638
. 0454
.0143
. o&o
L o“s
.0000
.047}1

.0249
.0316

.0383
.0117
.0447
.0423
.0000

.0248
. 0400



3 $ .000000. .0Q00000. .000000. .000000. .000000.
gt $ .000000., .000000. .000000, .000000, .000000/
gg INTERPOLATE NUMERICAL SOLUTION BY QUARDRATICS

3 CALL QUADRD(X. Y. TRBLE, GRID&A, GRID&EA. NGRID. NGRID, NG
3 s DERVSL )

3C

3 TRUE = DERVSL(SB)

3c

3 RETURN

3 END

*EOR

(XXX YXXYXYXZI XY
® MARCRO 17 e
(22 I X2 IXX2 1)
2020021002000
THO DIMENSIONS § CONMSTANT COEFFICIENTS € P
UXX$ + UYYS = F(XdY)
X=Jd. » U=sTRUE(X,Y)
X=1., o« UsTRUE(X,Y)
Y=0. » U=TRUE(X.Y)
Yel., o UsTRUE(X.,Y)
FUNCTIDN TRUE (X,Y)
COMMON ~/CONCOM- A.B
DATA AyB 74AR.4B/
BX3 = (BeX)ee3
TRUE = SIN(X-Y+.5) + EXP(-YaY-(ReBX3/(1.+BX3))en2)
RETURN
END
FUNCTION F (X.VY)
CEriCHi #/CONCOM- R.B
3X = (Bex)ee3
DK = §,eXeBea3
IH = DDHeX- 2,
H = 1. + DHeX/3.
G = Ae(H-1,)
DG = A=DH
FE = G/H
DDG = A«*DDH
CFE = DG/H - Ge*DH/ (Hew2)
DDFE = (HeDDG - 2.¢DGeDH - GeDDH + 2.#GeDHeDH/H)/H
S = FESFE
DS = 2.¢FEeDFE
ODS = 2.«(FEeDLDFE + DFEeDFE)
SINXY = SIN(X-Y+.S)
EE = EXP(-vey-S)
UXX = =SINXY ~ EEe(DDS-DSeDS)
UYY = =SINXY ~ EEe2.e(],.-2,.0YeY)
F = UXX + UYY
RETURN
END

WWWWWWWWWWWWWWWWWWWWWWLWWWWWWWWAOMNINRN -

*EOR

(2 XXX XXTX2I X2 1]

e MACRO 18 o

009000000080 000

2000200002000

TH0 DIMENSIONS

UXXS + (1,+XeY)UYYS + COS(XILXS - EXP(-X)UYS +
DIRICHLET

X20, » U=TRUE(X.Y)

[AS RV R Rl

60



DDH = §.eXeBee3

DH = DDHex-/2,

H s ], + DHeX/3,

G = AW(H-1.)

DG = ReDH

DDG = A*DDH

FE = G/H

DFE = DG/H - GeDH/(Hee2)

DDFE = (H®DDG - 2.¢DG*DH - GeDDM ¢+ 2.eGeDHeDH/H) /M
S = FEeFE

DS = 2.oFEeDFE

DDS = 2.e(FE#DDFE + DFEeDFE)
SINXY = SIN{X-Y+.5)

EE = EXP(-YeY-S)

UXX = -SINXY - EEe(DDS-DSeDS)
UW - -SINKY - EE'E-'(I.'E..Y'Y)
UX s -2.oDFEeFESEE + COS(X-Y+.5)
Uy = =2,eYeEE - COS(X-Y+.S)

U - TRUE(XOY)

F om UXX * (1.eXeY)eUyy « COS(X)eUX-EXP(-X)eUY+3,.8U
RETURN

END

WWWWWWWWWWWWWWWWWWWWWwW

*ER
[ RXER 22222224
® HACRO 19 ®
L2 2212227732
2000002000202
THO 'DIMENSIONS $ SELF-ADJOINT
H(Xe YIUXXS + W(XsYIUYYS = F(XoVY)
HOMOGENEQUS
X=0.5 » UX=0.
X=1.0 * U =°o
¥=0.5 » U¥Y=0.
Y*l-o ’ u 30.
FUNCTION H(X.Y)
coMMON /CONCOM~ PI
DATR P1-/3.14159265358873/
H & ((PIeCOS(PleX)#SIN(Pleay))ne2 +
s (P1eSIN(PleX)eCOS(Pley))ee2)nuiA
RETURN
END
FUNCTION TRUE(X,Y)
COMMON ~CONCON- PI
TRUE = SIN(PleX)sSIN(PIeY)
RETURN
END
FUNCTION CDXU(X,Y)
COMMON ~CONCON/ P
CDXU = (LRISH(X.Y)®e(1.=1./(3R))SPIePIeSIN(2,#P] X
s COS(2.#PleY)
RE TURN
END
FUNCTION CDYU(X,Y)
COMMON ~CONCOM- P1
CDYU = CDXU(Y,X)
RETURN
END
FUNCTION F(XsVY)
COMroN ~CONCOM/ Pl
Pl2 = PI = P1
SINPIX = SIN(P]eX)
SINPLY = SIN(Pley)

uuwuuuuuuwuuwuuwuuuuuuwuuwwummn;_mm»» .
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e MACRO 20 e

(224 222222777 ]

RETURN
END

RETURN
END

RETURN
END

DDPHI =
RETURN
END

WWWWWWWWWWWWWWWWWWWWWWWWRIONNNNNU R - ¢

2000000002000
THWO DIMENSIONS
UXXS + UYYs - EXP(TRUE(X.Y))US = F(X,Y)
DIRICHLET
X80,00 » U=TRUE(X,Y)
X=0.50 » U=TRUE(X,Y)
¥=0.00 » UsTRUE(X,Y)
¥=0.7S + UsTRUE(X.Y)
FUNCTION TRUE(X,Y)
TRUE = 10.oPHI(X)®PHI(Y) + (&R)

FUNCTION F(XsY)

U = 10.9PHI(X)*PHI(Y) + (&R)
H = EXP(U)

UXX = 10.eDDPHRI(X)ePHI(Y)
UYy = 10.oPHI(X)eDDPHI(Y)

F = UXX + UYY - Wsy

FUNCTION PHI(2)
PHI = (2-1.)0Z2e¢EXP(~-100.#(2-,5)ea2)

FUNCTION DDPHI(2)
DH = -200.#(2-.5)
DC = 2..2-1.

H = (2-,5)eDH2.
G = 2e(2-1.)

(-200.G + 2.#DHeDG + DHeDHeG + 2.)eEXP(H)

'EOR

(2222222 2XX )

* 4ACRO 21

L 4222312 2X2]]

E0R

(A2 222 22222 1 2]

® MACRO 22 »

(A4 X122 2212

*EOR

(222221222222 ]

* MACRO 23 »

(XXX 212222 X2 2J

RETURN
END

WWWWWWRINRNNMN) - —— ¢

2000200000200
THO DIMENSIONS
HAC(X, YIUXXS + WAC(Xs YIUYYS ¢ DXHAC(X.YIUXS +
DYUWAC(X. YIUYS = F(X,Y)
XSO. ’ L!X‘OQ
X=1. » Ux=0,
Y=0. . U =TRUE(X.,Y)
Yel., » U =TRUE(X,Y)
FUNCTION TRUE(X.Y)
COMMON /CONCON- PI
DATA P1/3.14159265358979/
TRUE = COS(PIex)e(P(Y)+1.)
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UXX = -PIeP]eCOS(PIeX)®(P(Y)*]1.)
UXY = -PI#SIN(PleX)eDIP(Y)

HX = (UXeUXX+UYeUXY)/H

AL = -(4B)*HX/(3A+(LB) ek )uep
RETURN

END

FUNCTION OVHL(X,Y)

COMMON -CONCOM/ PI

UX = -PleSIN(PIeX)®(P(Y)+1.)
Uy = COS(PleX)eDIP(Y)

H = SORT(UXeUX + UYeUY)

uvy = COS(Plex)eD2P(Y)

UXY = -PleSIN(PleX)eD1P(Y)

HY = (UXeUXYeUyeUYY)/H

LYWLl = -(8B)*HY/(LR+(LB)eH)ee2
RETURN

END

FUNCTION H2(X,Y)

coMMON ~CONCOM- PI

UX = -PIeSIN(PIax)#(P(Y)+].)
Uy = COS(Plex)sDIP(Y)

H = T(UXeUX « Ureyy)
we = (H/(8R*(LB)*H))/H
RETURN

END

FUNCTION DXH2(X.Y)

COMMON ~/CONCOM-» P

UX = -PIeSIN(PIeX)e(P(Y)+l,)

UY = COS(PI#X)#DIP(Y)

H = SORT(UxX#UxX + UYelUY)

UXX = -PIePleCOS(Plex)e(P(Y)+].)
UXY = -PIsSIN(PlsX)eDiP(Y)

HX = (UXeURX+UY2UXY) 'H

DX = —HX/7Hee2eEXP (H/ (LR+(LB)*H) )+
$ (QR)®(HX/(8A+{8BIeH)ee2)/H
3 OEXP(H/(8A+(&B)eH))

RETURN

END

FUNCTION DYHR(X.Y)

conMonN /CONCOM- PI

UX = ~PJeSIN(PIeX)#(P(Y)*],)

Uy = COS(PIsxX)eDIP(Y)

H = SQRT(UXeUX + UYelUY)

uyy = COS(PIeX)eD2P(Y)

UXY = ~P]leSIN(PIeX)sDIP(Y)

HY = (UXeUXY+UYeUYY)7H

DYH2 = ~HY/MesReEXP(H/ (LA+(4B)eH) )+
$ (RIS (HY/ (4a+(8B)eH)we2)/H
$ *EXP(H/ (RA+{LB)*H )

RETURN

END

FUNCTION H3(X,Y)

COMMON /CONCOM- PI

UX = -PleSIN(Plex)e(P(Y)el.)

Uy s COS(PIeX)eD1IP(Y)

H = SORT(UXeUX + UYeUy)

H3 = AR/HeTANH(ABeM)

RETURN

END

FUNCTION SECH(X)

EXPX = EXP(X)

SECH = 2./(EXPXel./EXPX)

RETURN
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FUNCTION DYW3(X.,VY)

COMMON /CONCOM/ P

UX = -PleSIN(Plex)e(P(Y)+]l,)

UY = COS(PIeX)eD1P(Y)

H = SORT(UXeUX + Uyveuy)

uvyy s COS(PIeX)eD2P(Y)

UXY ® -PleSIN(PleX)eDIP(Y)

HY s (UXeUXYeUYsUYY) /M

$ ®EXP(H/ (LR* (8BIOH))

DYW3 = (LRI (LBIeSECH{ (LB)eH)ee2eY /H
$ -{LA)STANH( (LB)oH ))oHY /Hae2
RETURN

END

FUNMCTION F(X.Y)

Co"MOnN ~CONCONM- PI

UX = ~PIeSIN(PIeX)e(P(Y)+]1.) .

UXX = -PIeP]eCOS(PIexX)e(P(Y)+l.)

Uy = COS(Plex)eDiP{YVY)

UyY s COS(Plex)eDeP(Y)

F oz HACIXs VYO (UXXeUYY ) +DXHAC (X, ¥Y) @UX+DYRAC (X,
RETURN

END

FUNCTION P(X)

DATA A, B, C 1.0, C.0s &D~-

Xt = .5-¢C

X2 = .5«

IF (X .LT. X1) GO YO !

IF (X .GT. X2) GO T0 @2

CPHI =B - A

DX = X2 - X1

P =RA+ 3PH]e(X=-X1)we3/ (DXen3)-3, eDPHIe(X-X])
$ /DXseq + §.0DPH]e(xX-X]1)003e(X-X2)0e2 / IX0w
RETUPN

= R

1
RETURN

P =B

RETURN

END

FUNCTION DIP(X)

DATA A+ B, C 1.0, 0.0, &D~/

Xl L] .5 - C

X2 = 5+ C

IF (X ,LT. X1) GO 7O !

IF ¢(x .GT, X2) GO 7O 1

DPH] ¢ B - A

DX = X2 - X1

DIP = 3.¢DPHle(X-X))eep/ (IXee3)-9, eDPH]® (X=X
$ /DXeeq +18.8DPHIe(X-X]1)ee2a(X-X2)ee2 ]
$ -3.#DPH]®(X-X1)er3/DXeeq
$ +12.¢DPH]e(X=X]1)003e(X-X2) /IxXees
RETURN

DiP = 0.

RETURN

END

FUNCTION (X)

DATA R, BIT 1.0, 0.0, 8D~

xl = -S - C

2= .5+

IF (X .LT. X1) GO TO0 |

IF (X .GT. X2) GO Y0 1

DPH] e B - R

DX = X2 - X{

C3 = DPHl/0Xee3



® MACRC 24 o

T YYYY T VYR YA
L 2000200000022
1 THO DIMENSIONS
i UXXS = UYYS + W(X.YIUXS ® F(X,Y)
2 MIXED $ HOMOGENEOUS
2 xs0.1 » MIXED = (LB)U + (1.)UX * (1.)UY = 0.
e X=1.0 » MIXED = (&B)U + (1.0UX + (1.)UY = 0.
2 ¥=0.1 » MIXED = (&B)U + (1.)UX + (l.)UY « O,
4 vy=1.0 » MIXED = (LBOU + (1.)HUX + (1.)UY = O,
g FUNCTION TRUE(X.Y)
C
3C [(YXIXYYYXYRYXYRYYRY YR YYIRY YR 2R YR YL 22 22 o 21122 222
3C .
gg . MACRO 24 PARAMETERS
[ ]
3C BN000000NABURRNRRONNGNA00000000000RENRBINLENIIONPN
3C -
3C . I ¢ B 1 c 1 D
3C L e et Setttttated Setettabdebedied St
3C . 0.25 1 100 I -0.10 I
3C U 1 1 i
3C . 0.25 1 1000 I -C.30 [ 2
3C . 1 I I
3C - 0.50 1 1 1 -0.01 I 3
3C ] I 1 1
3C o 0.50 1! 10 I -0.i0 I 4
3C L4 1 I I
3C ] 1.00 1 1 I =-0.10 I S
3C L4 1 I 1
3C . 1.00 I 10 I -0.10 I B
3C . 1 T I
3C . 1.00 1 100 [ =-1.90 1 7
. 1 I 1
. 1.00 I 31000 I ~-1.00 I 8
)
000000008 0bINNsNNe00RcEEsENRRLNRORNERRRRRRNNRES

REAL DERUSL(E), GRID(20)s TRBLE(20.20),

TiB1(100J,
T2B1(100),
T3B1(100),
T4B1(100),
TSB1(100),
TEB1(100),
T7B1(100),
T8B1(100),

T1B2(100),
T2B2(100),
T3B2(100),
T4B2(100),
TSB2(100),
T6B2(100),
T78B2(100),
T8B2(100?,

Ti1B3(100),
T2B3(100),
T3B3(100),
T4B3(100),
TSB3(100),
T6B3(100),
T7B3(109),
18B3(100),

T1B4(100),
T2B4(100),
T3B4(100),
T4B4(100),
TSB4(100),
T6B4(100),
T7B4(100),
T8B4(100)

EOUIVRLENCE (TABLEC(L, 1)
(TABLE(1, B) »
(TABLE(1,11)
(TABLE(1+16)

DATA NGRID., NGRDD-20., 20/

DATR GRID-/0.1000000. 0.1473584,

$0.2894737, 0.3368421. 0.384210S.

$0.5263158, 0.5736842. 0.6210526»

$0.7631573, 0.8105263., 0.8578948,

$1.0000000/

APPROXIMATE SOLUTION OF PROBLEM USING
P3-C1 COLLOCATION (8 X 8 GRID)

DATR T1Bl/ 5.947140,-1.985312,-1.841566,
$ -.275850, -.190S52, -.135905, -.:04104,

85

T&DB1(1) ),
T4DB2(1)),
TLDB3(1)),
T4DB4(1))

0: 194?&'
0.4315789,
0.6684211,
0.80S2632,

VMRAR AL

0.242!
0.4789
0.7157
0.9526

'.84?610
e 07*19.



w(dhﬂd(d(d*%hﬂdtdh)hﬂd(d&JhJh)hﬂdtdtdhiu(d*%hﬂhihﬂdtdtd&dhlw(JuJhﬂdtdtﬂh)hw%tdudh)UHJtthhﬂdtﬂhﬂdtdh)hﬂdtdg‘hﬂd

$ .442757, .357037,
$ .116]168, .085766,

DATA T1B2/-1.333252,
1.031383, .836326,
029574?. 02397520
.058“38. .03143?0
1.321198, 1.145069,
.434900, .35658S,
.116267. .085189,
1.569241. 1.500241,
.603353, .501659.
.184114, 145758,
.004361, -.782273,
.783553., .652149,
.263930, .215689,
.050981. .026371,
.B92689, .B80S670.
.353462, .234906.
.088183, .071821,

XX X X R X X X N X N N K ¥

DATA T1B3- -.563133,
.617529, .S529291,
.223126, .183079,
. 043236, .022787,
.677625. .619581,
.287247, .241166,
.081582, .059429,
.712754, .711772,
.350091, .299381.
.119083, .094330,
.003178, -.358320,
.406022, .351899,
. 154740, .127701.
.030488, .(16082.
.426427, .330566.
. 185381 * . 1565380
.053866, .039470,

DATA T1B4s ~-.2647S2,
.281741, .243068,
01074750 00885490
.021248, .011241,
.279588, .253203,
.118131, .083710,
.034636, .025352,
.300253, .270576,
.114500, .098110,
.039449, .031228.
.001172, =-.136533.
0080391' 00782170
.032812» .026864,
.0065?S, .00356S,
.023803, .020102.
.008609, .007233.
.002573, .001913,

DATR T2B1/ .020503.
$ ‘.024519. ‘.0174330
$ ‘.0045?9. --0037450
$ -.001163, -.0007SS,
$ 1.537994, 1.182641,
$ .280418, .214742,

X X R X KN N X N N N N N N

POAPARAVNVAVNAVVLLLLN

0288?9"
.058302,

2.129313,
.678080,
.192711,
.005423,
. 956455,

1702,
.0S6817,

1.165376,
.413736,
.111953,

1.220587,
.556335,
ol741059
. 004638,
.697903,
.244300,
004?0580

.933139.
.451081,
. 148431,
.00392¢€,
0542300'
.200784,
. 039094,
. 586039,
0252503'
.072406»
.582193.
.3029!2.
. 103346,
.002794,
.343038,
-131194,
. 025829,

. 442604,
.209160,
-072451’
.002007,
.220467,
.083473,
.016809,
.203343,
. 082209,
.024017,
.199651,
. 064822,
. 022154,
L] 000?23'
.017100,
.006054,
.00} 322,

-0138403'
-.012868.
-0003018'
-.000041,
.808284.
. 166834,

.234286.,
. 032230,

2.004083,
+549958,
01528080

-1. 1348580
. 785785,
. 236866+

. 030344,

1.027406,
33412640
. 08!748'

1.250749,
.464370,
. 137822,

".881 002.
. 5982875,
. 199721,
. 024826,

.844760,
.382281-
«117603,
.482387,
.467650,
.165144,
.020536,
053?103'
.212863,
. 052927,
.600844,
.2583938.
.08260S,
T 308859.

.296757,

.108120,

00‘38330

. 435370’
.173230.
0057527’
-aalss?'
. 190078,
.083067,
.008944,
3182382'
. 0639574,
.017882,
-3831110
-05535?0
.017549,
e 0“951 *

-0143340

.005017,

-000?67'

-.1 107550
-,009768,
-.00243S,
'.?41 7940
629514,
. 1394?30



ththd(JhJhﬂd(dLJ#%“HJ(JU’hNd(Jh)hNd(Jh’hﬂd(Jtth?‘thldtdthHd(Jtdh)th(JldthtJ#‘hNJLJhththdtJh)thth)hNd

1-17?533'
. 325604,
.059538,

1.555952,
.478747,
. 123185,

1.938513.
.667323,
.197211,
.000533,
-8?5821'
.284415,
.050811,

20033154.
’388441|
01020?8!

DATA T2B3~
158383Sl
.238070,
004283?‘
777727,
.30792S,
.084041,
.872088,
.377311.
.12433S.,
. 000330,
.442722,
. 162463,
. 029587,
.481266.
. 194950,
. 054426,

DATA T2B4~
.301810.
.110735,
.020211,
.308098,
. 120975,
.034084,
.34401C,
.114743,
.038327,
.000109,
. 084763,
. 029629,
.005416.
. 002640,
.000911,
.0002S8.

DATR T3Bl~/
S.702606,
$.451070,
5.17?‘97'
5.59008S.,
50321???'
$.073308,
S.512315.
3. 185234,
4.960598,

[ XK. X KX R KX X X X X N N N} L R X X XX X X X X X X X X X ]

LK X X X X N N X N N N NN X"X

[ X X K X N N N N ]

0945?480
.262651,
.029518’
1.310861,
.330803,
. 088788,
1.752303,
.551478,
0154988'
-0082830l
. 733206,
.231223,
.024698-
03089‘2'
.317626,
.0732?0-

-.045262.
.580390.
. 194287,
. 0208638,
.691978,
.25730S,
.060210.
.818037,
. 320947,
. 097762,

-.028625,
.3?3358!
+ 133350,
.014328,
.428403,
. 1684031,
.039238,

-.02070S.
.257700,
. 080760,
.209795.
.270828.,
.1018621,
n024533I
.290702,
.09?923!
.030064.

-tooassa'
. 070630,
0024080'
. 002668,
.002238,
.000761,
0000187'

80100890'
S5.6618%3,
S5.407568.
S.129447,
S.537480.
S5.281188,
5.028373.
S5.427096.
5.147810,
4.921148,

. 761053,
0309938'
.000602,
1.081989,
.318292,
. 057337,
1.362360,
.452412,
.11?755'
1.549239,
08113040
0185514.
.000439s,
. 776062,
.2819070
.048815.

. 159650,
.491027,
. 156568,
00004130
. 597660.
0213801'
00383720
.sss‘aln
.c69%212,
10?41?10
.721378,
. 324617,
.107882,
.000287,
.371283.
. 136€88.,
.02‘845.

.533350.
0220058'
. 073332,
.000201.
.232401,
00848510
.015757,
.21705S8.
.081482,
. 022849,
.213308,
.059831,
.019766,
.000053,
.001853,
.000633,
.000123,

5.995871,
S.619429,
50383033.
S.080941,
5.483308.
S.240684,
4-88‘751.
5.357731,
S.111952,
4.880622.

P

'8139?0'
.165240.
-.090438,
.880512,
.2570990
.028129,
10158458’
03714925
. 084574,
1.463033.
.507666,
.145717,
-.053121,
.653020,
.212944,
.022573,

1.036960.
.413897,
. 123078,
.038786.,
.510473,
.17441S,
0018564'
. 596446,
.225894.,
.053339.
.6306.9,
.275935.
. 085058,
0024485l
.3173860,
.112012,
.012022.

.48083S,
. 187633,
.058145,
.0:7017,
. 198336,
.069677,
0007889'
. 18842S,
0088?82.
00187680
.167012v
.050778,
. 015495,
.000470,
.001543,
.000S21 .
.000063,

508?1823!
5-5??221'
5.317831,
5.8407C6.
S.442325,
S.200820.
4.938880.
S.308021,
5.074866.
4.838836.

67

.4966

. 1262
2.3256
.7185
.2059
.000S
.9790
.3038
.0543
. 1811
.4203
. 1106
'ms
+5490
.171S5
.0004

.8977
. 3456
.0933
.9788
.43338
. 1407
.0003
.S175
.1877
.0337
.S72l
.2327
. 0646
.6290
.271?7
.0909
.0002

. 3944
. 1577
.0442

[

4.7970
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CE K K X N N N N N X N ]

C A N N N N N N K NN X' X K" ¥

40 3599!5’

4.184718.
4.383893,
4.237172,
4.085533,
3.893072,
4.110768,
303811010
3.814027,
3.983277,
3.872498,
3.729707,

DATA T3B3/

3.790149,
3.681835,
3.5340889,
3.667730.
3.577019,
3.453141.
3.548072r
3.467688.,
3.365478.,
3.217744,
3.3538%59,
3.271273»
3.150129,
3.238991,
3.172160,
30 0733?00

DATA T3B4/

L X NN X N N N N N N K R XK X J

3.087111,
3.019063,
2.915729,
2.975611,
2.921449,
2.839624,
2.864085,
2.820014,
2.755778,
2.654328,
e. ?I“Ol 14
2.684990’
2.587958-
2.606932,
2.568815,
2.509313,

DATA T4B1~/

[ A R K R K E' X N X _X_X X J

1.119692,
-.170782,
-.132897,
2.412137,
.085165,
-.116948,
4.035369,
] 442300'
-.067353,
-.0S2115,
.8839150,
.031393,
e 047518'

4.332728,
4.150948,
40 3543320
40 2‘%530
4 . 057044-
4.219448,
4.090763,
3.956315,
3.781518,
3.865573,
3.851006,
3.700826,

308770380
3.774335S,
3.660646,
3.504234.,
3.653638,
3.553065,
3.427792,
3.532833,
3.452553,
3.345030,
3.416359'
3.342176»
3.254354,
3o 124822'
3.2291 13'
3.158105,
3.052882,

3.1356%8.
3.078031,
3.005139,
2.893150,
2.967704,
2.910116,
2.822046,
2.856668.
2.810686,
2.742460,
2. ?41584.
2.707890.
2.654696,
2- 570844.
2.601710,
2.560704,
2.497112,

8.462363,

.686356,
-. 193939,
-.112366,
1.671142,
-. 011455,
e 108?5'
2.897626,

. 885380.
-.076432,
4.0386823,

. 622425'
-.006138,
) 043458'

40 3050380
4.117543,
4.327911,
4.130604,
4,026982,
4 . 15?6820
4.070349,
3.3303S9,
3. 74?525'
3.947210,
308288?8'
3.672144,

3.858012.

3.757511,
3.637648,
3.472824,
3.633273,
3.540188,
3.401330,
3.519818,
3.4338020,
3.322846,
3.401356,
3.329652,
3.236003.
3.097188.
3.21841S,
30 143-348'
3.031203,

30 l 24831 L
3. 05??05.
2- 989285’
2.868488,
2.959510,
2.897967,
2.803101,
2.850000,
2.801938,
2.727762,
2.738331,
2. 7004&.
2.643020,
2.551876,
2.596016,
2.551972,
2.483354,

5. 9491 130

. 354194.
-.1992SS,
-.093603,
1.114009,
-.071247,
e 094?84'
2.049790,

. 133122,
-.078246,
3.181783,

.422364,
-.023496,
~-.038237,

‘ - 27?089.
4.081651,
4.304688,
4.1655393.
3.995085S,
4.173376,
4.049325,
3.903223,
4.044214,
3.829389,
3.806423,
3.640683,

3.838948,
3.739733,
3.613971.
3,717270,
3.624938,
3.520423,
3.372338,
30 507435'
3.421183,
3.298567,
3.388281,
3.316277,
3.216636,
3.273821,
3.208230,
3. 128063,
3.007057,

3.114472,
3.056363,
2.973095,
3.001409,
2.950949,
2.884362,
2. 78241 l ’
20843237'
2. ?913580
2.71134S,
20 7327400
2.692271,
2.630965,
2.6139Se,
2.539309,
2.542578,
2.4683395,

3.893557,

.122357,
-.190126,
6.873022,

.719827,
e 1029340
e 0881?3'
l 0455449’

.050128,
-0075441 ’
2.340216,

.277028,
-.042553,
3. 25474‘ ’

68

4.2467
4.,0443
4.2817
4.13398
3.8631
4.‘511\
4.0275
3.8748
4,.0248
3.9113
3.7814
3.6074

3.8220
3.7218
3.5887
3.6931
3.609¢6
3.4990
3.3428
3.4940
3.4036
3.2741
3. 3?“
3.3024
3.1959
3.2608
3.1968
3.1108
2.9808

3.1055
3.0453
2.9553
2.9922
2.9417
2.8709
2.7597
2.8354
2.7802
2.6946
2.7270
2.6842
2.6177
2.6148
2.5833
2.5324
2.4519

2.6554
-.0203
4.9748

.4312
-.1206
-.0700
1.0128
-.0099
e 0884
1.6932

.1649
-.0487
2.5149



. 039813,
-.006340,
.43500S,
. 089352,
.005186,
. 583397,
- 14?8010
. 023758,

JATA T4B3~
. 3291 37'
. 08456S.,
. 012262,
.432141,
. 123840,
.027874.
. S?BGBSI
.170178,
. 047258,
.006123,
.220172,
. 069331,
. 0 155830
.2810!8,
. 092342'
. 026384,

DATA T4B4~
. 166673,
. 058543'
.014704,
.210020,
. 071136,
. 022375,
.281368,
. 084802,
.023338,
. 0065582,
. 099864,
. 034301,
.010537,
. 1213?4’
.038077,
.013862,

DATA TSBL~-
7.561110,
7.123381,
6.67923S,
7.520794,
7.001080,
6.588429,
?.573566,
6.870018,
6.486287,
6.076931.,
6. ?4215?'
6.375637,
s- 002884'
8- 8257240
6.256510,
5.922473,

WWWWWWWWW
CE X K R N X" X"

wuuwwwuuuuuuwuuuuun
[ X X X R XN N X X K" NN N N N

(g}

Huwuwwwuuuuuuuuuuu
CX K XN X N X N N N N N N X

WWWWWWWWWWWWWWWWWW
CX K N X K X K N N X X N N N N

.024350,
1-47}182'
.343815,
0084589'
.0008S1,
.465278,
.114640,
.015623.

. 061%2'
.266026,
.064881,
. 007262,
. 50748'
.1085290,
. 020233,
. 4591 72.
. 140%3'
. 038??5'
. 882460|
. 1825538,
.0S6000,
. 010865,
.230253,
. 076566,
. 020493,

.514150,
. 138952,
. 048434.
.C10728,
. 1?22430
. 0538383,
.017743,
.ecl110,
071711,
. 024055,
.333703s
. 0823892,
. 023123'
.008110,
. 096567,
.032071,
.010676,

8.451907,
7.486820,
7.051664,
6.603174,
7.403041,
6.931960,
6.515839,
?.375069,
6.802704,
6.421324,
7.241904,
s. 873?400
6.317330,
5.934635,
8.547891 ’
6.202310,
5.860024.

-

.012999,
1.1118S83,
.269478,
.045371,
-.002208,
.377301,
. 087670,
.009232,

.789780,
.214746,
.049¢281,
.003286,
.237740,
.080223,
.014107,
.372756,
.114070,
.02811S,
.503993,
. 151500,
.044910,
.0C6836,
. 192056,
. 063038,
.015348,

. 376666,
.116443,
. 038105,
. 007232,
. 143432,
.0439723,
.013706,
. 178531,
.060001,
. 019531,
.242500,
. 063435,
. 024352,
.005947.
.078507,
.02701¢2,
.00859S.,

B8.207343.,
7.410170,
6.9785398,
6.527270,
7.237073,
6.863833,
6.445170,
7.217069,
6.740065,
6.354890,
7.1939386,
6.610:S1,
6.256861,
5.864770.
6.480668,
6.149232,
S.797525,

. 004383'
.868726,
.2091?5,
.030627,
1.246170,
. 300552,
.065288,
.00459S,

.6a2eeel,
. 173041,
. 038820 ’
.9l12l4e,
.235239,

4 0082314‘

. 009088'
. 303262,
. 092871 ’
.021086,
. 338588'
. 125706,
.035534,
.522378,
. 159745,
.0514C7,
.010979,

.298583,
.037979,
.030803,
. 445677,
.120038,
.€41239,
.010168,
. 1454086,
. 050562,
.015722,
. 187635,
.05861%,
.020108,
.2915938,
. 064820,
. 0228693,
. 006765,

7.914820,
7.335323.
6.904934,
8.0387368,
7.217353,
6.797369,
6.371828,
7.110621,
6.67672S,
6.286777,
7.044271,
6.549755,
6.19603S,
6.891380,
6.42056S,
6.095480,
5.730913,
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-.0003
.6830
.1601
.01394
.9272!
.2383
.0481!
.000S:

.5008
.1370
.0265
.6768
.1920

. 0428

. 2514'
.0749
.0151
.3242
. 1034‘
.0276
.4348
. 1333
.0417
.0071

.2432
.0815
.024S
. 3293
.1007
.0339
. 0070
.121¢2
.0424
.0122
.ld%
.0491
.0164
.20380
.0539
.0189
.00S1

7.76860
7.26864
6.8304
7.9372
7.1416
6.7274
6.2978
7.016S
6.€E137
6.2183
6.9128
6.4920
6.133¢c
6.8545
6.363€
6.0387
5.6616
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S.066381,
5.414588,
s. aeasll.
5.0073SS,

DATA TSB3-

5.152510,
4.988081,
4.752893,
S.01220S.,
4.870360,
4.692342,
4.878393,
4.740791,
4.603237,
40347304.
4.602276.
4,492571,
4,32497¢,
4.46165S.,
4.367813,
4.250122,

DATA TS5B4/

AR ANNRAANRANAIN AW

4.258958,
4.175380,
4.053732,
4.118002,
4.044101,
3.959151,
3.982736,
3.906352,

307100300
3.765075,
3.705307,
3.627280,
3.627583,
3.56538S,
3.508850,

DATA TEBl/

X K K K N N N N N N K N N X _JN

.278269,
T 04828?0
-.03S812,

.607606,

.018380,
-.031784,
1.020573.,

.111781,
-00183700
-.014011,

.228138,

.008S38.,
-00125300

03808170

. 048235,
-.005302,

JATA TEB2/

.17831S.
3 022731 L
=.003973,

S.006240,
5.3811S9,
S.186118,
4.958858,

S.319446,
S.126437,
4.3956379,
4.695572,
4.987074.
4.845227,
4.651468,
4.847987,
4.719777,
4.574839.
4.718051,
4.58501 0,
4.471453,
4.278039,
4.44519S,
4.350978,
4.22:759,

4.349716,
4.246139,
4.160836.
4.018013,
4.104503,
4.03171S,
3.939216,
3.965774,
3.89433S,
2.8264€8,
3.833040,
3.755100,
3.685627,
3.3587011,
3.615350,
3.55613¢,
3.4938625,

ao 131103.
. 138182'
‘.053?48-
-.030146.
.420066,
-.006061,
‘.029441'
.733228,
.066581,
-00208640
1.047003,
01802850
-.001256.
e 011548.
.267630,
00301750
-.007356,

08785850
.134153,
.013584,
-.004557,

409390?30
5.349136,
5.162679,
4.907252,

S.281511,
S.100061,
4.922929,
4,.628757,
4.963226,
4.818%20,
4,.605270,
4.8231S6,
4,699873,
4.542751,
4.687451.
4.567533,
4.448286.,
4.21647S,
4.428861,
4.33353¢c,
4.188259,

4,325308,
4.232599,
4.143493,
3.965208,
4.091829,
4.018934,
3.91560S.,
3.952042,
3.885¢29.
3.81289%5,
3.817178,
3.744887,
3.684873,
3.55732¢2,
3.604228,
3.547401}.,
3.48657S,

1.496967,
. 084023,
-.054622,
e 024971 *
.27929S.,
-.021100.
-.025588.
.519261,
.034367,
~.0210S8,
.809342,
.109319,
e 007437'
-.010242,
.201789,
.017016,
-.007678.

.520597,
. 099464,
.006582,
"-0047:80

5.538519,
5.319534,
S.128337,
4.84763S.,

S5.2423283,
5.07317S,
4.886790,
So 110889'
4.940486,
4.791230,
4.550€663,
4.801484,
4.677484,
4.505461,
4.8512?1'
4.543676,
4.423227,
4.5312S3,
4.41¢208l
4.315763,
4.147454,

4.305048,
4.218536,
401255510
4,172958,
4.079917,
4.005618,
3.8853S8,
3.939320,
3.873814,
3.795558,
3.801574,
3.734579,
3.67426S,
3.670412,
3.5833C9,
3.537357,
3.448304,

. 979879,
. 025373.
-00518240
1 . ?35350 .
. 1738298,
-.028962,
-.022120,
.368726.
‘0118380
-.020275,
.S96013,
.071310,
-.01093S,
.8339483,
. 146273,
.007390,
-.007620.

33982790
.072496.,
. 002353,
.563832,
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5.4938
S.2892
S.0901
4,7799

S.2089
S.0464
4.8469
4.9174
4.7609
4.485]
4.7802
4.6543
4,.4638
4.6395
4.5317
4.3951
4.5042
4.3988
4.2954
4.0902

4.2882
4.2056
4.10S2
4.151S
4.0680
3.9913
3.8414
3.8275
3.8625
3.7734
3.7883
3.7254
3.6626
3.6559
3.5840
3.528S
3.4107

.6669
-.0107
-.0472
1.2541

.1061
-.0332
-.0187

.2566
-00034
-.0184

.4324

.043}
-.0126

.6447

.1044

.0008
-.0071

.3049
.0511
-.0008
. 4256



DRTAR TEB3- .300652,» .221853, .176918, .1447
.098833, ,081831, .067819, ~.0S6217. .0460
.030534, .024416. .019321, .014994, .0113:
.005817, .003762. .002027, .26284S5. .1836
.l1e7842, .105877, .088823, .074500., .062S
.043697, ,036268. .029863., .024306., .0195
.011838, .008807,» .00626S. .004209., .0026
.168751, .13600S., .112830, .093866., .0797
.057169, .048643, .040888, .03441S5., .0287
.019236, .015290. .011790, .008763. .00862
.002768, .203032, .149453, .120359, .1002
.071623, .0B611:39. .0522B4, .044767., .0381
.027236, .022533, .C1€8508, .Cl14733., .0l12
.00S522, .003591, .002544, .178535, .1309
.088684, .074609., .0633835, .054817, .0472
.034908., .029874, .025344, .021158, .0173
.010259, .006330. .004022. .002007, .0023

DATA TG6B4/ .15658S. .114941, .093172., .0780
.056583, .048682, .0421c0., .036S72, .0314
.023126, .019378, .015906. .012459, .0088
.001821, -.000933, -.000358, .136790., .1014
.068233, .057591. .0494C6. .042670., .0370
.027887, .024080. .020B816, .017362, .0l42
.00758%, .003374, -.0024.8., -.007273, -.003S
.087270, .070269. .058450, .04904S. .042]
.031455, .027460., .02377S, .020650, .0177
.012370, .009501., .006488., .002370, =-.0083

-.014541, .103587, .075445. .059652. .0488
.034633, .02S701, .0257:8, .022423,» .0194
.014672, .012521. .010508, .0083CS. .00S?

-.011596, -.045594, -.041695. ,09152?., .0650
.039073, .031937, .026743. .022800. .019S5
.014854, .012874, .01158S, .009730. .0083
.005S056, .005527, .001336, -.03097S. -.0481

DATAR T7Bl/ 3.7177939.-1.241619.-1.152721, -.4038
-.174139, -.120748. -.CB6490, -.066498, -.0510
-.031918. -.025655., -.020768, -.016846, -.0136
-.008462, -.006239, -.002526.-1.480963,-2.3603

.584620, .526493., .364134, .238076. .2283

.137203, .10S5135., .081732, .069712., .0535

.035%62, .026360, .021203. .013266., .0020

.815593, 1.2316866, .9856392. .7B8932B. .5958

.361042, .277826,» .224580, .178583., .1432

.093828., .075?77, .0600S54., .045304, .0327

.003443,-1.442117, 2.061227, 1.707153., 1.0762

.680365, .S535209, .423538. .337853, .2721

.178337, .145168., .11713S. .094018., .0737

.03853?, .02iS517» .003785,-1.085097., 1.836S

.047130, .B669S6., .700857, .563660. .4540

.299404, .243657, .1988.6., .162613, .1312

.082267, .061043, .042134, .023143, .0033

DARTA T?B2, -.877438, 1.348960, 1.283125, .3640
.679827, .556314., .456192. .373978, .3073
.207482, .16980S. .1376939., .110093. .08S8
.043091., .023411, .004071, -.716823, 1.1960
.864355, .7557?539, .63B0SS. .S30366, .4411
.304297, .2S2393, .20876S., .171407, .1393
.086630, .064053., .043241., .023378. .0040

1.002384, .9743:7, .770192, .685831. .5888
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‘69221b°
*G2EE08° T
*2S0130°
‘9p62eSe”
*G922€0° T
‘084610°
*2048¢€1°
BTSN
+188CH1° -
‘665850 °
‘025812’
‘SHL9eT T
*€£00100° -
‘€18E00° -
‘0£S220°-

*020100°
*2939200°
*00€EE20"
‘€9e€220 ° -
‘€01820°
‘18$340°
‘6839282 ° -
‘84v820°
‘366001 °
‘0P3LIT -
‘PI3110°
‘858401 °
‘Spo9ee”
‘80S810°-
‘SESE660°
‘1122€2°

‘opSO00 °
‘08v691°
‘624E5E°
‘S6E810°
Wi 1448
*S8862t °
‘$86900°
‘SegEll”
‘195662 °
‘086492 ° ~
‘Siv180°
‘229858 °
‘SEIpS°
‘61£0S0°
‘gesvoe’
‘128060 °

‘1538660 °
‘2Ep80L "
‘0092€L”
*ScE0380°
*LIPSES”
‘¥89819°
‘v58220°
‘€04289T°

£ 1 2%

~09%000°
‘81v901°
*10081S5°
‘TTERLT”
*159280°
‘6LLETE”
‘B6ITEE”
‘€099E0°
‘06E04T°
*249S8EL”
‘638 000°
‘06b120°
*029v0L *
‘€S%606°
*082100°
‘ob8H00°
‘8820€0°

~S0S011°
‘2s1100°
*920600°
‘ggaieo”
‘p19610°
‘PHPIPEO”
*204¢80°
‘1SIBET "
*8350%0°
‘S6EJTT”
‘€6seed”
‘48E629°
‘€60821”
‘soevee’
‘900%00°
‘1EP8IT
‘0090sa*

72ESE00°
*S6S090°
‘166061°
‘p0SBEE *
‘p265E£0°
‘21B02T*
‘06SESE *
¢202210°
‘SL06ET °
‘0Lb0PE”
‘2eEp200°
MEM OIS
¢2545628°
‘res”
‘218690°
‘ottIve’
*2161E5°

~02SE00°
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‘€66180°
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‘83L2r0°
‘80Lvoe*’

1

2
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‘Biblecs”

‘82€£220°
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‘gce901°
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‘61TH10°
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‘osgete”
‘012pE6”
*924510°
‘Iviced”
‘88b20v°
‘2lelstT”
*285100°
*042300°
‘2bv630°

‘Epp99T°
‘0pbE200°
‘$03C10°
‘ELPSED”
‘SSEYOD”
*3002%0°
‘6ebbil”’
‘€ESSY0”
*6Se180°
‘gB02ET "
*GSEBEO”
‘685500°
‘EBPEDPT”
*201ep1”
*SEESE0”
‘2pbibel”
‘¢S0662°

‘gsS8810°’
‘805080 °
‘1oveee”
‘926861 °
*69SSS0°
‘686861 °
‘830600 °
‘2L8leo”
‘pTBSIAT*
*SE208E”
‘SpI1ET0°
‘2ee8ei”
‘PEVEEE’
*19v01¢E”
*€S5160°
‘Sgeese”
‘629629°

‘€v6610°
‘p91EST”
*L1EBID”
‘s81eed”
‘068501 °
*8602€EE *
‘€£392028°
‘¥562390 °
‘2resve’

i

e

‘eeocll |

‘goebvo’
‘026€22°
‘€T0ETB”
2p9G00°
‘I8TEET "
‘g1826d°
‘686218°
*268690°
‘£ve89e”
22vS0E”°
‘pp2920°
‘6SE601°
‘00cPIS”
*92000C°
926100 °
‘222800
‘0Stper”

‘2880E0°
‘$0TH»00°
‘S1p210°
‘EPSEBT
*290900°
‘SET6EP0°
‘254821°
*080210°
‘6£6290°
‘HELPPT”
*386840°
‘6EBGS0”
‘pIcE3”
H22110°
‘ETIHO°
*€SE031°
‘666062

‘B62LET0°
‘€62101°
‘es6152”
*1$8000°
‘662940 °
*2gteaee”
*0S628E *
‘v1EGPO°
‘oP6PET
*28280%°
*02€920°
*0S29ST1°
‘61988E "
‘€H0EQ0 "
‘pT9SIT”
‘ceegae ”
‘19€909°

*SG2LED”
‘6b2S81”
‘029v8b°
‘018€£00°
R3S
‘2S61I6E°
‘05688 °
‘€EESBO”
‘38Lp6e°

e

‘1000 " -

‘€01330°
‘83¢bee”
‘802910°71
‘geeted
*629891°
*4285223°
‘608501 * -
‘6£6880°
‘2PEDEE”
‘128526° T
*GSSHEQ °
‘81S0PT°
‘GS16ve”
*489000°-
‘Spr00° -
‘060110° -
‘€2821¢

*2E8100°
‘€£S0S00°
‘STIEPIO”
‘20022S° -
‘8S8ET0 "
‘101280
‘688580 ° -
‘8239000°
‘vI¥520°
M4444°10
‘92EL2E0 "~
‘611320
‘28veEBT *
‘PSSSH0° -
*S08290°
‘SeT1EBT”
‘902041 °-

‘9HpST00°
‘e8seet”
‘p90182°
‘ov6200° -
‘168460°
*2EP192°
‘pIbTES "~
*1£2690°
‘9122
‘0ECTBY
‘2sESvo”
‘201981 °
‘SHEEED *
‘v62210°
‘8602p1°
‘8068LE"
*67609€ -

*161950°
‘116022°
*22118S*
‘€pe120°
R3S
*60009%°
‘9624260 "~
*9S6601°
*225esE”

¢201
‘0!
‘8
1L
‘HES
‘B0¢
‘6E!
*G8.
‘BE!
‘20,
80
M T4
a1
*2S.
44
‘0L
Vas:t

¢ L6
* TH
‘92
‘63,
‘611
‘29
*S9
*BS!
*06¢
492
‘vl
*90:
‘eel
* 86!
‘86
* T
%8,

‘p8:
‘92N
‘TE!
* 184
‘63.
*SE
‘p6(
‘62!
‘69
‘S
*LE.
‘Sl
‘14!
*9E
*0S.
‘1g
st8,

*69.
4L
*26l
*90¢
‘ge!
‘69
* 1Lt
*0S!
‘2L



.578200, .S559233, .47126S,
.288192, .249820, .213SE3,
.100940, .077790, .056495,
.J001SS, -.018770, .480933,
.328115, .287828B, .251099.
.132653, .108286., .(085488,
.009812, .000840, -.000069,
.344744, .313372,» .277815,
.157668, .133718, .111141,
.027627, .0086387, =-.006648,

DATA 78B4, -,013563. .3S6172.
.22735%, .188706, .173215,
.088771, .069761, .0S1311,

-. 030504, -.035025, -.001270,
.222391, .19981S5, .17564S,
.097603, .081535, .965998.

-.002308, -.029346, -.067240,
.227875, .20:050, .156672,
.090364, .077323, .085074,
.21891%, . 0045835, -.011847,

-.012513, -,00S571, .139887,
.063663, .054263,» .046549,
.020740, .01383S5, .006983,

-.1639835, -.520170, -.C27095,
.001880, .001823, .001377,
.000691, .0005S51i, .000413,

-.00074S, .000224, -.006217,

L N N K X X K N %

CEX K X X K N A N N N K X X N XN

00

[

TRUE = DERJVSL(E)

RETURN

END

FUNCTION H(X,VY)

DATR PI1/3.1415326567

T = LAePJey

W= 32,eTeCAS(TeX)/SIN(Tex)
RETURN

END

FUNCTION F(X,Y)

DATA PI1/3.141532656/

T = &AePJey

F = 4CeToCOS(TeX)/SIN(TeX)se3
RETURN

END

NLJh)u(dth&J&NJ&Jh)&“d?ghHJ(Juﬂd}%béhﬂdtdhﬂd(JthtthdOJ&HthJ%%hHJtJhthththd‘

.428024,
. 181838.
. 037645,
.475888,
0217590'
.063739,
-.01606%.
n243Q1 ’
.0839303,
e 012317'

.340725,
.15C157,
.032011,
-.011102,
. 153331,
.05051S,
-.073523,
. 139058,
. 054000,
‘.033:730
. 1 148330
.033878,
-.0022S1,
-.000293,
.001170,
.000247,
-.024134,

. 37390835,
. 152738,
. 021343l
. 406673,
. 13855?.
. 043229,
.420251 .
.212485S,
.068671,
e 00046‘!

.284037,
.127881,
.010300.
. 2768359,
. 133165,
0034d3l|
-.002858,
. 121‘11!
.042863;
‘.1285771
. 084224,
.032833,
-.017543,
. 003324,
+000993,
. 000083,
-.002506.

INTERPOLATE NUMERICAL SOLUTION BY QURDRRTICS
CALL QUADRD (X Y+ TRBLE+ GRIDsGRIDs» NGRIDs NGRID NGRDO,

*EOR

sscunssesssne

* MACRC 25 =
sessssnsssvee
2000200002002
THO DIMENSIONS

DIRICHLET $ HOMOGENEOQUS
x=0. » U=0.
X=1. o U=0.
vy=0. » U=C.
Y=1. » U=0.

LUV VIVl ol

?3

(-X08lAIUXXS - (YaelA)UYYS - (LAsXee(iA-1.))N
(LAsYee (LA-1.))UYS + ((XeY)esln)US = F(X,Y)



3 TUY = EXEY3e(l, = Y - YeY)exXMXX

3 TUYY = EXEY3e(-3eY-Yey)exXMXX

3 F = -XeegA oTUXX - YeslA & TUYY ~ LA @ Xea(iA-1.)e
3 $ LA @ Yee(RAa-1.) & TUY « (XeY)ealA oTY

3 RETURN

3 END

*EOR

XYY Y2 Y Y Y STy

® MACRD 26 o

[ YYTZYYTY Y YY)

. 2000200002002

: THO DIMENSIONS

1 UXXS + UYYS « AIX)IUXS = F(X)

4 DIRICHLET $ HOMOGENEOUS

2 )(30. * U=0-

e X=4R » U=0.

2 Y=Oo 1] U-Oo

e Vg&ﬁ 1] U.OQ

g FUNCTION TRUE(X,Y)

o}

3C CEANOBEEEERANNNEIEERNNICEEBRANERNVONOBRESNIRIVINOBOS
3C .

3C . MARCRD 26 PARAMETERS

3C [

3C PN NINNGESOEOEONEEOOORNNGOOOOEEDIRNERNNABILGLIINNOS
3C -

3C . A 1 B

3C . ———]e—

3C . 1 I 1

3C . 1

3C . s 1 2

3C . 1

3C . 10 I 3

3C .

3C CERNNGBESHITARIVROVANRNCNC0ES 2 SNNNCCODEDHAININOGRE
ki

3 REAL DERUSL(B)» TRBLE(20,20), GRID1(20),

3 4 GR1D2(20), GRID3(23).

3 TIB1(100), TiB2(100>, T1B3(100), T1B4(100).

3 $ TeB1(100), T2B2(100), T2B3(100). T2B4(100),

3 3 T3B1(100), T3B2(100), T3B3(100), T3B4(100)

3 EQUIVALENCE (TABLEC(1, 1) » T&BB1(1)),

3 (TABLE(is, 6) » T&BB2(1)3},

3 4 (TABLE(1,11) » T&BB3(1)3},

3 3 (TABLE(1,16) » T&BB4(1))

3 DATA NGRID, NGRDD-20, 20~/

3 DATA GRID1-0.0000000, 0.0S26316, 0.1052632. 0.1S7E
3 $0.2105263, 0.2631S79, 0.3157895, 0.3684211, 0.4210
3 $0.4736842. 0.5263158, ©.5783474, 0.6315789. 0.684c
3 $0.73688421, 0.7834737, 0.8421053, 0.8947368, 0.9473
3 $1.0000000/

3 DATA GRID2-0.0000000, 0.2631579, 0.5263158, 0.7894
3 $1.0526316, 1.315788S, 1.5789474, 1.8421053, 2.105¢
3 $2.3684211, 2.6315789, 2.8947368, 3.1578947, 3.4210
3 $3.6842105, 3.9473684, 4.2105263, 4.4736842, 4.736E
3 $5.0000000~

3 DATA GRID3-/0.0000000, 0.5163158, 1.03526316+ 1.578€
3 $2.i052632, 2.6315783, 3.1578947, 3.684210S, 4.210°%
3 $4.7368421, 5.2631579, 5.7894737. 6.3157895, b6.842]
3 $7.3684211, 7.8947368, B.42}0526, B.9473684, 3.473¢
gc $10.000000~
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.000000,
. ‘44812'
. 488031 *
. 154880.
03888400
.646884.,
.345776.,

DATA T1B2/
.618776,
.6728310
. 2043890
. 458858,
08076780
.423187,
172777,
.844084.
0835518.
.000000,
. 748331,
. 8094020
.238331,
0515380'
.908873'
. 48937 l *

DATA T1B3/
. 762075,
08237850
.241813,
.5086850
.830731,
.461928,
01727770
. 844024,
.B35516,
.000000,
'8777720
. 735204,
.220118,
.413304,
. 7373933,
. 330028,

DATR T1B4/
.541872,
590636,
. 183171,
.301010,
.531294,
.287969,
.077817,
. 3803483,
.294592,
.000000,
. 177856,
. 195348,
. 068245,
.000000,
.000000,
.000000,

CE K K N N N X N X X N K N N N

X X X X N N N N X N N N X N X J

U R R N X N N N K N N

DATR T2Bl~/

.000000,
.491633,
.447462,
00805940
. 463675,
.62610S,
.267031,

.000000,
.684134,
.6173395,
. 104343,
-5799910
.780758,
. 324204,
. 337838,
.864032,
.545414,
.000000.
082721?l
.741012,
012044?.
.6521?77,
.8?58870
. 358024,

.000000,
.842388,
. ?539770
01220950
.640407,
.B860421,
.352586,
. 337838,
. 8840 32’
.545414,
.000000,
.7493086,
674014,
0111818|
.5284381,
.713799,
0239?950

. 000000,
0599148'
.542855,
. 094230,
. 380454,
05145250
.223801,
.152142,
. 389856,
.256281,
.000000,
. lm3°’
.180582’
. 038037,
.000000.
.000000,
.000000,

.000000,

'106818'
.521213,
.400612,
.000000.
.541872,
.5390636.
.183171,

.148361,
. 725081,
.S5037S,
.000000,
B7777&,
. 735204,
.220118.,
.48785¢2,
.858098.,
. 446823,
. 179440,
0876422'
.658381,
. 000000,
. 762075,
.82378S.
.241813,

. 182740,
08824570
.669666+
. 000000,
.748331,
.809402,
.238331,
04878520
.858038,
. 446623,
. 162509,
.794040,
.599943,
.000000,
.618776,
.672691,
.204389,

. 1293926,
.535105-
.484873,
.000000,
.44486.2,
.486031,
. 154880,
02198880
. 338002,
.2133945,
.042634,
.208277,
. 1626S7,
.000000,
.000000,
.000000,
. 000000,

.000000,

. 20848"
0534100'
. 347072,
.000000,
.5938148,
.542855,
. 084230,

. 2900940
0742592'
.473371,
.000000,
. ?45308'
0874014’
011:8180
0816534'
.829142,
0341541'
. 350867
0897075.
.ss45:2.
.000000,
.8423880
.753977,
. 1220950

.357318,
08134250
.573930.
.000000,
08272170
.741012,
.120447,
.616634,
.829142,
.341541,
.3177S58,
.813018,
.515620,
.000000,
0884t34.
.6173395,
. 104343,

025‘044'
.8505220
.418680,
.000000,
.4381633,
. 447462,
.080594,
.277620,
. 3761430
. 167776,
.083348,
.213527,
.142188,
.000000,
.000000,
+000000,
.000000,

. 060000,
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$ .695443, .811300, .B86280S. .857289, .8090
$ .643302, .S549094., .457293, .372718, .2964
$ .170743, .119718, .075076. .03S566. .0000

DARTAR T2B2/ .000000. .299704, .S66987, .7744

(3]

.968026, .96579S, .915086, .832302. .7328
.523721,» .427567, .340413, .283309, .1959
.085726, .040429, .000000, .000000., .3210
.832154, .976754, 1.045908., 1.046674, .99%47
.801115, .687293, .574760, .469854, .3743
.215416, .150580, .0933951, .044183, .0000
.335930, .636759, .B”2549., 1.026008., 1.1008

1.051%08, .961181, .8S0211, .730602, .6117
.399:31, .308845, .229647, .18040S, .0933
.000000, .000000, .345240, .ES4738, .8373

1.135704, 1.140S538, 1.0878056, .9957?58, .8818
.635824, .520832,» .415256, .321371, .2389
.103868, .048706, .000000, .000000, .3497
.910388, 1.072339, 1.152813, 1.158518, 1.1056
.857483, .772483, .647716, .S530542, .4232
.243531, .1€8990, .105809, .049532, .0000

DARTA T2B3- .000000, .349799, .663544, .9103
i.152813, 1.158518, 1.105685, 1.012777, .B8374
.647716, .530542, .423247, .32758l, .2435
.105809, .0495382, .000000, .000000, .34S2
.897948, 1.0S7089, 1.135704, 1.140559, 1.0878
.8818S6, .758614, .63SB824, .S520632., .4152
.238928, .166812, .103888, .048706, .0000
.335930,» .B36759, .B72549, 1.026008. 1.1008
1.051508, .96.191, .8S0211., .730802, .6117
.399131, .30884S, .229647, .16040S, .(989
.000000, .000000, .321058, .608088., .£321
1.045908, 1.046574» .994722, .30C7380, .8011
.574760, .469854, .374373, .289632, .2154
.093951. .044183, .000000, .000000, .2997
.7744:8, .906644, .968026, .965795, .9150
.732335, .627401,» .523721, .427567, .3404
.195928, .137123, .08S5726. .040429, .0000

DATAR T2B4- .000000, .270292. .S510525. .69%54
.86280S, ,857283, .809007?, .732986, .6433
.457293, .3727:8, .29B468, .229286, .1707
.07507?6, .G35568., .007000, .000000, .2300
.588658, .EBB3554, .723241., .714863, .6711
.528963, .4489927?, .373668, .303966, .2415
.139261, .097998, .061685, .029424, .0000
.176184, .331016, . 447048, .515726, .5418
.495973, .444483, .386486., .327343, .2708
.174553, .135020, .100848, .071197, .0452
.000000, .000000, .102525, .191764, .2571
.30609S, .287702» .275360., .244927, .2116
.147023, .119082, .094408, .073060., .0547
.025009, .012448, .0000CO., .00C000., .0000
.000000, .00C000. .000000, .000000, .0000
.000000,» .000000., .000000., .000000., .0000
.000000, .000000, .000000. .000000., .0000

DATA T3B1- .000000, .000000,» .000000,» .0000
.000000, .000000, .000000, .000000., .0000
.000000, .000000, .000000. .000000, .0000
.000000, .000000.» .000000, .000000, .1367
.300166, .309204, .286664, .248177, .2049
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DRTA T3B2~/
.871521,
. 26?7280
.031790,
.885147,
.484381,
. 035551 ’
03904580
. 769750,
. 178587,
.000000,

1 . 008835'
. 3254520
.038706.,
.953417,
.541?840
. 098238,

DARTA T3B3~/
1.020257,
.331563,
.039450,
+ 342756,
. 5324960
. 096339,
. 390488.
. 769750,
. 1 785870
. 000000,
.935238,
.294030,
.034918,
.832755,
.443463,
.078670,

CE R X X X N N N X N R X X X

Y DR XN KN K N R

DATA T3B4/
.783379,
.233482,
. 02??5] *
.653481.,
.320122,
. 055604,
.225332,
.368813,
.0772867,
.000000,
.2855640
. 074440,
.003126,
.000000,
.000000,
.000000,

INTERPOLATE
CALL QUADRD(
$

L X RN N R R X K KR R X N

—

[

.000000,
.?8S942'
.203343,
.014504,
. 357941,
. 380883,
. 0580835,
.713611,
083?1420
. 130?09.
.000000,
. 818304.
.248203,
.017565,
.038004,
.427941,
. 055777.

.000000,
0932182'
.252981,
. 017894,
. 025437'
.420307,
. 064518’
.713611.,
-63?142’
.130709,
.000000,
.848686,
.223721,
. 015888,
.897181,
. 3‘76480
. 052?940

. 000000,
-702581 ’
. 178948’
. 012?19’
.6393679,
0248880’
. 037472,
. 404604,
.296628»
.056478,
.000000,
.248177,
.055969,
. 004383’
.000000,
.000000,
.000000,

NUMERICAL

DERUSL)

TRUE = DERUSL(B)

RETURN
END

-

—

. 356408,
. 573328'
01515320
.000000.
. 9352380
.294030,
. 034918,
.820844,
.513691,
. 082514,
. 398828,
. ?94843'
. 185921,
.000000.
.0202S7,
.331563,
.039450,

.402888.
.80715S,
. 189557,
.000000,
. 006835,
0325452'
. 038?08’
.920844,
. 513891 ’
.082514,
.376737,
. 730092,
.167338,
.000000,
.871521,
.267728»
.031790,

.327257,
. 59?871 *
. 132044,
.000000,
.BE3031,
. 190431,
. 022729,
. 5075480
.233567,
. 040 l 14'
. 1357890
.204969,
.041R10,
. 000000,
.000000,
.000000,
.000000,

0849089'
oss3$8'
111112,
.000000,
. 848686,
. 223721 ’
. 0 15888’
.399854'
.404848,
. 061978,
. 723526,
.659279,
. 1381 189
.000000.
.932162.
. 25238‘ .
.017894,

. 737259,
.670167,
.138799,
.000000,
.918904,
. 248203'
.017S6S,
. 999654,
. 4048480
.061978,
08875490
.602415,
. 122430,
.000000,
.786942,
.203343,
.014504,

.594199,
04883?8’
. 096533,
.000000.,
.589513,
. 143%30
.010482,
0532131 ’
0180824'
.027141,
.242995,
. 1532070
.030429,
+000000,
. 0000000
.000000,
.000000,

.8327
. 4434
.0786
.3767
. 7300
.0000
. 9733
.3130
.0372
.9427
.5324
. 0963
.4028
.8071
. 189S5
.0000

.9534
.5417
. 0982
. 3338
.7948
. 1859
.0000
.9793
.3130
.0372
.885S1
.4843
. 0866
. 3564
.6738
.1519
.0000

. 7585
. 38393
. 0683
.2850
.4977?
.1072
.0000
.5020
« 1376
.olss
.3001
llan
.0216
.0000
.0000
.£000
. 0000

SOLUTION BY QUADRATICS
X+ Yo TARBLE, GRI D& B, GRID& B+ NGRIDs NGRIL



*EOR

(o X2 122 a2 2217
® MACRO 28 e
(XX 2222 222217
L 2000002002002
1 TWO DIMENSIONS $ SELF-RDJCINT
1 H(X, YIUXXS * H(XsYIUYYS o ].0
2 DIRICH_ET 8 HIMOGENEOUS
2 K== l « ® U‘O .
2 x: 1 . ¢ U‘O .
2 Y=-1. « U=Q,
a Y‘ 1 . 0 U.U .
3 FUNCTION TRUE(X, Y]
3C
3L SENCO0RO000ONNNETCORAND000000ER0IHABINNTTOTDODBH
3C L
gg L] HACRO 28 PARRAMETERS
[
3c SBBBNRNNGVRVO0O0IRRINENGVDOOSIIDRORBOINNAINRENES
3C o
3C [} A I B
3C . -1
3C . 1 1
3C L 1
3C L 10 1 2
2C . I
3C L 1000 I 3
3C [
c SLONOANONTOOSIIIINNBNNT 008 0D0HLLHHBASSEHDHINODO6S

REAL DERUSL(E).» GRID(20). TABLE(20.20),
TiB1(100)s T1B2(:00)s T1B3(100), T1B4(100),
TeB1(100), TeB2(100), T2B3(100), T2B4(100),
T3B1{100), T3B2(100), T3B3(100), T3B4(100)

EQUIVALENCE (TABLE(1. 1) » TABBl1(1)),

(TABLE(1ls B) » TABB2(1))s
(TABLE(1,11) » T&BB3(1)),
(TABLEC(!,16) » T8BB4(1 )

CATA NGRID, NGRDD. GRID ~20, 20, -1.0000600. -.894

$-.7894737, -.6842105, -.5789474, -.4736842. -.368

$-.2631573. -,1578947, -.0526316+ 0.0526316, 0.157

$0.2631579. 0.3684211, 0.4736842, 0.5789474, 0.684

$0.789473?, 0.8947368. 1.0000000/

APPRTXIMATE SO'.UTION OF PROBLEM USING
LYAKANQU-CG4 - ITMAX=1!, DEMAND=6, 21 X 21 GRID)

DATA T1Bl- .000000, -.000125., =-.00014S, -.000140
-.000125, -.000119, -.000113. -.02001089, -.000106
-.0001C9, -.000113, -.000119., -.000125, -.000133
-.00014S. -.000125., .000000, -.000125., -.018881
-.041981, -.049498, -.055241, -.059547. -.062627
-.065587. -.065587, -.064613, -.062627. -.059547
-.049498, -.(41981, -.032143, -.018881., -.00012S
-.032143, -.056504, -.07S5177, -.0838670, -.100830
-.115263. '.119155- ‘.1210880 -.121088. -0113158
-.109235, -.100830, -.089670, -.07517?, -.056504
-.00014S, =-.000140. -.041981, -.075177, -.101358
-.138030. -.150180, -.158919, =-.164577, -.167357
-.164577, ~-.158919., -.150180, -.138030, -.121994
-.075177, =-.041981, -.000149, -.000133, -.049438
-.121994, -.147801, -.168023, =~.183444, -.194570
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=-.000113,
"-231550-
-02823310
’-1‘9!55-
’.18?3570
-.2932911
-.205343,

DARTA T1B3~/
e 235?,00
-.287744,
'.1210680
’-1845770
e 287?44 »
‘.2017320
-.062627,
-.260928,
e 244353'
-.000113,
-.209866.
~.254578,
-.103923S,
~. 138030,
-.235770,
_-1680290

DATR T1B4/
—.168029'
—0201798.
-.083670,
-01013580
-. 167357,
-.121994,
-n032143'
-.115263,
-. 109238,
-.000145,
-.055241,
-.064613,
-.032142,
=.600140,
’.0001060
-.000133,

DARTA T2Bl~/
'.000‘190
-.000058,
-.000137,
‘.038558v
-.051238,
-0038827.
-.02852¢2,
-.090836,
-.080933,
-.000155S,
-.1108S8,
-.117273,
'.05577?0
-.100207,
'.1433850
-.100705,

DATA TeB2~/

X K X X X N J

P N LR X K X NN X R N K N K. X X X N X X N X X X J

WWWWWWWWWWWWWWWWWwWwW
X K X N N K N N N N N BN R N

-00001090
-025‘578'
-.271360.
—0084813.
-.205343,
—-2932910
~.167357,

-.000106,
-.259321,
-.276505,
-.065587,
-.2017320
—0287?44'
‘-1545770
_ollsesai
-.271360,
'.223009-
'.000119-
-.230181,
-.244953,
-005954?'
-.168029,
—0235770'
-0138030'

-.000133,
-. 183444,
-.1945700
-o°48438'
'.121994o
-018735?’
e 101358’
'.0555040
-01181560
--1008301
'.000125-
-.059547,
-.062627,
-.018881,
-.000133,
-.000106,
-.000140,

.000000.
-.0001C7,
-.000060,
-.000122,
-l0422830
-.050636.,
-.033565
-.049259,
-.092081.,
e 075283'
'.0001390
-.11781S,
‘-112551-
--0325530
‘.1188290
-.1408S0,
-.084718,

-.000118,

-.064613,
-02?1380’
-.254578,
-.000109,
-0235770.
-.287744,
-.121068,

e 03558?.
-.27650S,
-.2%9321.,
-.000106,
-.231560,
-.282331.
-.118156,
-. 158919,
-.27650S,
-01945700
-.0535470
-.244933,
-.230181,
-.000119,
-.1917189,
-.231580'
-01008300

'-0494380
=.194570,
’ox8344‘0
-.000133,
-.138030,
-0184577’
-.075177,
-.075177,
e 1810680
-.083670,
-00188810
'.08?9270
'.0595470
-.000125,
‘.000125-
-.000103,
-.000145,

-0000125.
-.000093,
=.000074,

.000000,
'.048292'
-.048518,
‘.028339|
-.064310,
~.091967,
-.067888,
-.036556,
“.1217460
-0‘08441.
=-.000164,
-.131484,
-. 136228,
-0053891.

‘.0463920

‘.1191560
-0232331.
-0231550'
-.000106,
e 253321 ’
-.276505,
-.065587,

-.121068,
-02877440
-08357700
-.000109,
-'254578l
-.271360
-.064613,
-.194570,
-.276505,
--158319'
--1032350
'.254S?8|
-.209855-
-.00012S,
-.209866,
-.223009,
-.055241,

-¢085870.
-02017920
e 188089’
-.000140,
-.150180,
‘.158919-
'.041381-
-.089670,
-.121068.,
~.075177,
~.032143,
-0084813'
-.055241.

.000000,
-.000118,
-.000113.
-.000125,

-.000145,
-.000082,
-.00008S,
'.000125.
-.048948,
-.047872,
-.015913,
-.075204,
-.090696,
-.057987,
-00843100
-.123233
-.088505,
“e 0001300
-01398800
-.130168,
-.036279,

'.0828430
79

-. 1645
'.287’
-.2017
-.065%
-.2765
-.2593
-.0001

‘.1873
-.2332
-.2053
-006‘8
-.2713
-.2545
-50001
-.2230
-.2713
-.1152
-.1501
-.2593
-.1834
'.0552
-.2230
-.2088
-.0001

-.1219
-.2053
-.1478
-00419
-.1589
-.1501
-.0001
-.1008
-.1181
-.0565
-.0418
-.0B655
-.0494
~-.0001
-.0001
-.0001

.0000

-.0001
-.0000
-.0001
-.0170
-.0505
-l0458
-.0001
-00828
-.0884
-.0445
-.0850

-.1108



‘ e 122758'
$ -.107540,
$ -.050246,

DATA T2B3~/
-. 151472,
-.075672.
-.025711,
-.117273,
-.081210,
-.042493,
-.047872,
-.125190,
-.052799,
=.00300s,
-. 1239650,
-.057704,
-.0193330
-.038850S.,
-.05906S,
-. 030565,

X X XX XK XX X R X X N N ]

DATA T2B4/
-.105695.,
-.0424393,
'.014511-
e 07‘708'
-.040188,
-.020492,
-.026339,
-.058265,
-.019333,
-.000014.
--0375210
-.012376,
-. 004593,
-.000164.,

. 000806,
-.000013,

DATA T3B1/
-.000116.
-.000042.
-.00013S.,
e 034550 ’
e 948095'
-.035322.
-.027183,
-.081890.
-.071370,
-.000157,
e 10081 0.
-.100741,
-.050847,
e 091440
-.121752
-.085526,

DATA T3B2/
’.128568'
$ -.115296.,
$ -.056022,
$ -.105876,

[ XXX XX X XK X X K N K X N

(X X X X X XXX X N N K X X X ]

-.14398S,
s 0885090
e 0‘0188'

-.000052,
e 152242'
-.0638153,
-.013567,
e 138228’
-.07S672,
-.0335S6.
-.085218,
-.101763.
-00481?09
-.000074.
-.1275¢26.
-.052793.
-.01018S,
-.112947,
-.054503,
-.024182,

e 000108'
-.103138,
e 038815'
-.007728,
-.084718,
-. 036459,
-.0163%9.
-.044642,
-.045064,
-.017038,
-.0001e22,
e OMo
e 01 leas.
“a 002581 L]
-.000172,

.000020,
-.000014,

.000000,
-.C00102,
-.000041,
-.000121,
-.039624,
-.04534S,
e 030833'
-.046578,
-.082262,
e 065?83.
-.000138,
“e 1058?8'
-.086635,
-.029587,
-.1078183,
-.117848,
-.072880,

-.000116,
-.133662,
-.109297,
-.032230,
-.123467,

-.156029,
-.081210,
-, 028846,

bl 050535-
e 14?678.
y 052155-

.000020,
-. 145501,
-.070241,
-. 023554,
e 1 12551.
-.074288,
-.03881S,
-. 045660,
-.116073,
e 047408-
-.000008,
-.118977,
-.050485,
“e 017038'

-.038827.
-.093104,
-.034868.
-.000013.
-.088567,
-.033556,
-.011671,
hadt 05877?.
-.028846,
e 01451 l'
-.015913,
-.032330,
-.010185,
-.000012,
=.000200,

.000005.
-.000014,

-.000125,
-.000083,
-.000061,

.000000,
e 042393-
“e O“asal
-.024474,
e 080239-
-.081508,
-.060756,
-.034550,
e 108038'
-.091710,
-.000170,
-.117934,
“e 11326?'
-.055817,

-.042993,
~,134274,
e 1029190
=.000219,
e 133582'

e 1538050
-.074288,
-.015610,

i) ososs'
-.119047,
-.054503,
=.000058,
e l«w'
e 0542540
Y 0 12375'
-.130168,
-.069153.
-.030619,
-.030333.
-.083424,
e 041‘520
-.00008S.,
-.116542,
) 0‘5170'
-.00901S,

-.067888,
-00733940
-.030565.
=.000120,
e 085231 .
-.030619,
-.006277,
-.063831,
-.025711,
-.011671,
=.026074,
“e 025293'
-.00801S,

.000000,
-.000224,
~.000004,
-.000012,

-.000145,
-.000071,
-.000073,
-.000125,
-.045057,
-. 042800,
e 014%4'
-.069855,
e 073385'
e 052450

-.060289, .

-.108177,
e 064320
-.000129,
-.123467,
e 1080350
e 0321590

e 076201'
-.131584,
'.095325!
-.000102,
-.137289,
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DATA T3B3/ -.000031, -.045345, -.079925, ~-.10410S,
-.121374, -.113508, -.093592, -.054330, -.010127,
-.0 6, —-.0083%4, -.00748S., -.006489, -.005436,
-.00300S. -.001%81, .000003, -.000042, =-.,%$4253,
-.100741, -.113267, -.115296, -.106166, -.085096,
-.008866, -.009306, -.008554, -.007747, -.006892,
-.004996, -.003920., -.002735, -.001430., .000001,
-.042800, -.074890, -.096635. -.108086. -.109297.
-.073153c -.044400, -.0079179 '.003394' -000"“?0
-.006264, -.005435, -.004536, -.00355S5., -.002477,
-.000000, -.000061, -.040961, -.071370, -.091710,
-.102919, -.093617, -.074048., -.041352, -.006932,
-.006892, -.006264, -.005584, -,.004848, -.004049,
-.002215, -.001160, -.000001, -.000073, -.038S41,
-.085432, -.094851. -.095325, -.086596., -.0638520,
-.0068014, -.006489., -.005981, -.005435, -,004848,
-.003525, -.0027?70, -.001938, -.001019, -.000001/

DATA T3B4/ -.000099, -.035322, -.0607S6, -,.077292,
-.085872, -.078089., -,062040, -.034576, -.0050S51,
-.004996, -.004536, -.004049, -.00352S. -.00295S.
-.00163%, -.000867., -.00000i, -.000114, -.030832,
-.066158, -,072880, -.073105., -.066603, -.053199,
-.003883, -.004283, -.003320., -.00355S., -.00317S,
-.002330, -.00184?, -.001308, -.000698, -.00000],
-,024474, -,040846. -.050947, -.055817., -.056022,
-.041601, -.023489, -.002798. -.00300S. -.002735.
-.002215, -.001938, -.001639, -.001308, -.000936,
-.000001, -.000121, -.014964, -.024140. -.029587,
-.032230, -.029668, -.024230, -.013647, -.001308,
“.0014300 -.00129" 'oOOllGO. -.001019' -.000867,
-.00050?, -.000281. -.000001, .000000. -.00C128,
-.000170, -.000179. -,000219., ~-.000244, -.000378,

.001546, .000003, .000001., -.000000, -.000001,
-.000001, -,000001, -.,000001, -.000001, .000000.

INTERPOLATE MUMERICAL SOLUTION BY QUADRATICS

CALL GUARDRD(X, Y. TRBLE. GRID.GRID, NGRIDs» NGRID, NGRDD.
TRUE = DERUSL(6)

RETURN

END

:UNCIION H(X. ¥)

IF (X .LT. 0. .,OR. Y .LT. 0.) RETURN
H = 4R

RETURN

END

FUNCTION COXU(X,Y)

COXu = 0.

RETURN

END

FUNCTION CDYU(X.Y)
Chvu = 0.

RETURN

END

[ X X X X X XN X X X X X X X X}

:

SO RINE

® MACRO 29 »

SONSSDLLHHNE
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GO0 SRB RIS OO INNINNGNNGRCIVTNO 000000
REAL DERUSL(6). GRID(20), TABLE(20,20),
s T1B1(100), TiB2¢(100), T1B3(100), Y1B4(100)
TeB1(100)., T2B2(100), Y2B3(100)., T2B4(100)
: T3B1(100). T3B2(100), Y3B3(100), T3B4(100)
T4B1(100), T4B2(100), T4B3(100), T4B4(100)
TSB1(100), TSB2(100), TSB3(100), TSB4(100)
EQUIVALENCE (TABLEC1, 1) » T&BB1(1))»
$ (TABLEC(1, B6) » T&BB2(1))»
$ (TABLE(1,11) » T&BB3(1)),
$ (TABLE(1, 16) + T&BB4(1))

DATA NGRID,» NGRDD., GRID 20, 20» 0.000000, 0.0
$0.1052632, 0.1578947, 0.2105263, 0.2631579, 0.3
$0.3684211, 0.4210526. 0.4736842, 0.5263158, 0.5
$0.6315789, 0.6842105. 0.7368421. 0.7834737, 0.8
$0.8947368, 0.9473684, 1.0000000~/

APPROXIMATE SOLUTION OF PROBLEM USING

P3-C1 COLLOCATION (8 X 8 GRID)

DATA T1B1- .000000, -.017544, -.035088, -.052¢
$ -.087719, -.105263, ~-.122807., -.140351, -.157€E
$ -.192982, -.210526, -.228070, -.245614, -.263!
$ -.2938246, -.315789, -.333333, .017544, -.009:
$ -.052066, =-.069310, -.08763%5, -.105258, -.l122¢
$ -.157943, -.175454, -.182994, -.210590, -.228(
$ -.263221, -.28029S, -.293006, -.315886, -.3157
$ -.003928, -.030358, -.050572, -.069183, -.087]
$ -.122592, -.140175, -.15?761, =-.175294, -.192t
$ -.227753, -.245133, -.262279. -.278698, -.294¢
$ -.298246, .052632, .008113, -.022760, -.045¢
$ -.0854391, -.103763, -.121716, -.139484, -.157]
$ -.192134, -.209518, -.226619, -.243522, -.2597
$ -.286298, -.290354, -.280702. .070175, .023¢
$ -.038130, -.061000, -.081863, -.101131, -.119¢
$ -.155627, -.173151, -.190460, -.207536, -.224(
$ -.254583, -.266504, -.274840, -.274665, -.263!

DATA T1B2, .08?719, .040451, .002569, -.027¢
$ -.076171., -.096739, -.116130, -.134695, -.1527
'-187332| '.2038700 -.219558- '.234100- - 2467
$ -.260683, -.257850, -.245614, .105263, .057
$ -.015458, -.043422, -.068137, -.090047, -.110¢
$ -.148082, -.165632, -.182446, -.1398439, -.213(
$ -.236981, -.243763, -.246119, -.241161. =-.228(
$ .074559, .033319, -.001588, -.031563, ~-.058(
$ -.102828, -.122768, -.141406, -.158954, =,175¢
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[ A K X X N X X X X N X X J

. 065868,
-. 090982,
-. 160963,

018‘593'
-.030059,
“e 1284580
“e 122807’

0043483.
) 082579!
-.11981S,

. 129038,
-.024183,
-. 095982,

DRTR TiB4r

(A XX XXX X N X X X N XK X J

. 0948280
-.028133.
“e 0?51?9'

. 180002,

. 038764,
-00413930
.265675,
.116143,
.014640,
.035088,
. 199541,
. 088355,
.002626,
.280702,
» 175439,
.07017S,

DATR TeBl~/

X X X XXX X N XK N X X K X X J

-.263158,
-.578947,
-.894737,
-. 148470,
-.4893%3,
-.782859,

.016487,
-03492410
-.663414,
-.894737,
'.2125480
-.538636,
-.808486,
e 045374.
-.404399,
“a Sm?l 1]

DATA T2Be/

[ XX XXX X X K X N N J

-. 1360883,
e ‘722490
-.709760,

. 052444,
-.327033.,
-.600682,

.273530,
-olssaslt
-.473261,
-.631579,

. 013880.
-.331162,

.032081,
Te 1085300
-0182215'

01230‘40
-.052101,
e 138350

.228070,

. 016440,
-u°95?°?'
-.114558,

. 096869,
-.041729,
e 0989750

5283158'
.069220,
-.041853,
-.074817,
ulSlS?B'
.021220,
-.048063,
.236579,
. 096355,
. 002247,
.315789,
.178230,
.072156,
-.008402,
. 253158'
ulS?BSS'
. 052632,

.000000,
-.315789,
-.6315739,
-u947388'
-.203197,
-.521890.,
-'8388?70
-.059543,
-0‘027820
-.713606,

01578850
-.270108,
-05854890
--83?5910
-. 113404,
-1457517.
~-.730167,

.263158,
-0198361’
-.520841,
-.728217,
‘.0210530
-.379682,
-.632002.

0185941'
-13247‘90
-0513414'

0421053l
e osaao“
-.3776e8,

00018440
= 1239?5'
-.159438,

. 085583,
~.07181S,
e 1‘1211.

. 183677,
-.0079861,
e 10638?'
-. 105263,

.067742.
-.057183,
-50985830

0223164'
0045823'
-10535580
=-.07017S,
0135338'
. 005257,
-.052331.,
.20921 4,
00775470
-.008879,
.283347,
01587250
. 056530+
e 0175‘4’
c&‘%l"
. 140”1 [ ]
. 035088,

'.0528321
-0388421l
-0684211.
-1.000000,
-.257116,
--5?43950
-.88394S,
e 1241521
-.455824,
=-.762367,
.0825270
-.326005,
-.6387490
-.842105,
-.177483.,
-.508870,
-.761331,

. 166640,
-08578050
-.566837,
-.736842,
-.089656,
-.4293550
‘.65765‘0

.105241.
-.280129,
-.549001,

. 327628,
-.1 14462'
-.420630,

-.025185,
-. 137237,
e 1&224'
.051896,
-.089370,
-.142517,
.143248,
'.023942.
-l 14452’
.24561 4,
. 041222'
-.070497,
e 094947-

. 186?71 ’
.02‘450'
-.063003,
.280702,
.101068,
T 009094'
-.053958,
.183535,
.060104,
e olasaal
.265378,
. 140957|
.041817,
.333333.
.228070,
.122807,
'017544’

T 105263.
".421 053.
e 738842.

.052632,
-0310570l
-.626929,
‘.928898.
e 183241 L}
-0508523l
e 808441 ’
-.018256,
-.380681.,
-.686708,

0210528'
".237384'
-0558s75l
'.781428.

.073302,
-.314338.
-.609867,

03157890
-.153551,
-.477742,
-0875148'

.030468,
“e 332?70'
-.578153,

.240616.
-.173266.,
-.459811,
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=.0494
-.1480
.021S
-.1047
-.140%
. 1065
-.0496
“e 11951
.2030
0171
-.0818
-.0877

.1533
. 0050
-.0701
.a“a
.0786
-.021?7
-.0526
.1598
.0437

=.4946



0

hlhlh“d(d(JhJthl&JhNd(thth(dg%hlh)h)hlh”dIJCA(JGJthJhJthJthJhHJ(JthJh)th(d(dldtJthJhlhHJ(d(Jh)h)h)hthJ(Jtﬂh’

.12e120.
-. 184554,
-.368421,

.312157,
. 02?:: 480
'.2851780

.511174,

.141780,
'.1361390

DATR T2B4/
.443%12,
.108209,

. 146?040
. 63?482'
.285832.

-.004764,
.828228.
. 470882,
. 15871S,

-.105263,
.658819,
.337707,
. 039378,
L 8421 05.
. 526316,
.210526.

DARTA T3B1l/
.263158,
. 578947'
.894737,

~.2E821 .6,
-.182834,
.273606,
-.164065,
-.237721,
. 102532,
. 854737.
-.230304,
. 0!4858'
.562403.
-.266856,
“ 1 l 19860
. 3’8817.

DATA T3Be/
'08708900
-.016999,

. 494767,
-.328767,
-.149164,

. 2832280
-.375145,
-.260013,

. 073388,

.631579,
-, 354440,
-.086080,

.376217,
-.438444,
-.223610,

. 164387.

L X X X X N N K" ¥

X K X K N N R X N N N NN N N I X K X R R R R NTR N N N N N N

CXX RN XX AN K NN N N

.063471.
-.224699.
.684211.
-2‘3120’
-.076069,
‘-232448!
-442595'
.088112,
-0172985.

.788474,
.382753,
.060731.
’-180313-
. 5?4185'
.233188,
~.046724,
. 764759,
,416083,
011103?'
.9473€8,
603766,
.2B6357,
-00075190
.789474,
0673884.
. 157895,

.000000,
.315789,
.631573,
.947368,
-.272181,
e 138%0'
. 406404,
-.231758,
-.208132,
. 190674,
-.157885,
-02099450
-082709'
.6948¢26.,
-.263200.
-.059e81,
-417398'

-.263158,
o 2482430
. 049084,
.610710,
-.316784,
-00964300
. 355965,
-03725510
-02185840
. 149693,
-.421053,
-.323089,
-.023048,
.474334,
-.415643,
-.170842,
.246292,

0007914.
-0281348'
.602248,
. 187090,
= Xa°31 0'
-3315789‘
. 377089,
.038316»
-0208238’

714222,
.323829,
. 014356,
‘.2‘0526.
05129130
. 182184'
-.086407,
. 703040,
. 362481,
.084438.
.886810,
.549348,
.235391,
-. 652632,
. 736842,
-421053.
. 105263,

. 052632,
.368421,
0584211.
1.000000,
-.293492,
-.073179,
.524862,
-.264326,
-.16118S,
. 293646,
-.201543,
-. 1808645,
. 158834.
. 842105,
‘.248828'
.000565,
.530785,

. 284434'
-.214123,
.la2232e,
. 736842,
-.236327,
=.037501,
. 457730,
-. 363454,
-.171763,
.232192,
~.420442,
-.2B6214,
.045341,
0578947'
-.386610,
'.1134‘00
.334647,

-.044743,
-.294280,
.524256
0128944'
-.1615189,
. 736842,
. 31‘388.
“e 008753’
’.2354850

. 542438,
. 28? 053 [
'-029808.
.842105.
.453548.,
.132813.
-.123590,
.642868,
. 309772,
.018966,
.82B4eS,
.4395547,
.185350,
1.000000.,
.684211,
.368421.
.052632,

« 105263,
.421053,
. 736842,
’-0526320
-.274777,
-.003713,
« 707392,
-.273787,
. ‘09288'
.414437,
'-828105.
-.143053-
.243620,
-.210526,
‘.228531.
. 067608,
.653952,

it 294985.
-.174897,
.202854,
'.315?89.
-.269691,
. 027617,
. 566747,
'.3475880
~.118051,
.321164,
-.413283,
'.243975'
nllsesa'
-.473684,
e 353484.
-.051378,
.427671,

84

-.0944
-.3230
.4500
.073%
~.1885%
.6579
. 2542
-.263!

.573%:
L axa“
.0713
L7711
. 3959
.085H
-.1578
.5843
.2532
-.0240
7710
.4424
.1358
L9473
.6315
.3157
.0000

015?}

4736

- 78%‘
-.1043
0254¢
.0815
.9473
-.2784
. 0487
.5408
--2410'
-.0980
.3381
.2433
. 1958
. 14224
.7894

-.2959
. 1289
291X
-:32”
--2353

.6842
-.3243
. 0606
.4179
-.3997
. 1965
.1988
-.4687
-.3148

.0154

.5263
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$ -.235313, -.177215,

s
$
$
$

CE X X R K R N X N X R N N

L X K X K K X X J

. 158030,
-.641629.
-.375069,
b 0241300

DATA T3B4/

-.598737,
-.299308,

3 08887 1 ’
-.723312,
-.437570,
-.101112,
-.854617,
-.571204,
‘-252345.

. 105263,
=-+7040339,
-0392150.
-00832920
-.842105,
-05263180
-.210526,

DATA T4B1~/

008?719.
. 192382,
0238248'
309%558.
6.601650,
5.769648,
-0281251'
e 1252?8'
00?8983'
02882480

.235011,
-.603775,
-. 322306,

. 042981 14

’.789‘740
’.5538270
'.243115.

.138074,
'.8801223
-.384927,
~.039668,
-.810225,
-.519912.
-.195923.
-.947368.
-.553643.
-.338693,
-.00618%2,
-.789474,
-.473684.,
-. 157895,

.000000,
. 105263,
.210526,
. 3157883,
4.862853,
6.596406,
4.538145,
'.12452?'
-.1104€3,
. 190508,
'-0528321

$-1.788466,-1.933602,

$-1.958244, -1 .905362,
$ -.593222, -.164227,
$ -.668069, -,8239393.
$-1.013631, -.997771,
3 ‘.5675300 -.407092,
DATR T4B2/ -.087719.
’ -0812%0. -0580?400
¢ -.641655, -.597507,
$ -.076052, . 079140,
$ -.352243, -.411200,
$ -.48915]. -.47130S,
$ -.210532, -.120470,
$ -.190?775, -.241065S.,
’ -0372808' '.3899120
$ -.240887. -.187413,
s 02105260 -01403510
$ -.293103, -.302121,
$ -.246532, -.216263,
$ .040710, .113479,
$ -.23724S. -.252414,
$ -.241066. -.223309,
$ -.056900, -.007999.
DATA T4B3~ -.175439,
$ -.240709, ~-.240109,
‘-1722530 ‘01455510

-0118293'
.315789,
‘.582507.
-.267323,
.113444,

-.757741.,
-.508561-
e 184898.

.210526,
-.634527,
-.330963,

. 023764,
~.764943,
-.468482,
e 138598.
-.901763,
-.6502053,
-.284712,

0052632'
-.736842,
-.4210530
-.105263,

. 0175‘4.

. 122807,
.228070,

. 333333,
6.117348,
6.658000,
3-?8874s.
-.151831i,
-.10518%,
02314540
-‘5211190
-1.998913,
-1.801071,
.280?02v
"-8893?4|
-.965932,
-.15273%6.

-.233716,
-.686680,
-.535511,

.245614,
-.443739,
-.,443364.,
-. 009589,
’.287155.
'.350?45.
-.125%738.
'.1849850
- 03040300
-. 173260,

. 192382,
-.25%829,
-.aoon%'

. 0‘91 l l L

-. 193402,
-.23474}),
'.1168050

‘.0524140
‘.?35842.
-.519474,
-.210183,

. 186604,

-.72148S,
‘.4571980
-.124821,
‘-848‘05.
‘.58?43?o
-.275671,
.083453,
-.718473,
--415888'
-.080211,
-.853271,
- 0550034'
-.23C199,
-1.000000,
--884211-
’-3884210
-.052632,

-035088’

. 140351 L
n245814.
-.017544,
6.426946,
6.732147,
2.09e877,
-.209368,
-.09c548,
.205238,
-.903987,
-2.010344,
-1 .s18921-
-.070175,
-.971236,
-0914458'
.051074,

. 3510?0.
-.634155,
-.451684.
-‘1052530
‘-480297|
-.404904,

. 104826.
‘.3247330
-03429650
-.056188,
-.222617,
-.299167,
-.135148,
-.157895,
-.263839.
-.172697,

. 109557,

‘.3]5444.
i 224928.
-.08233S,

8s



hHJhJuﬂdhﬂd’%thHdhﬁhﬂdtdhﬂd(JUJUHJOJhﬂdtdgghﬂd(JhHJtJth(Jh"dh"d(Jh“d(J#%th(JQHJMHJGOQHJtJ&JhHJLJthg%U

$ -.042360,
DATAR T4B4~ -.263158.

-.014041,

$ -.229681., -.217448.,
$ -.135557, -.115580,
$ .006752, .037022.
$ -.25?735, -.246280.
$ -.172053, -.154503,
‘.053245! ‘.029640-
$ -.290171., -.278645,
$ -.206658, -.1B89959,
$ -.099530, -.07958!.,
$ .035088. -.315789,
$ -.241813, -.225459,
$ -. 138829. T 120788.
$ -.025403., -.004737,
$ -.280702, ~-.263158,
$ -.175439, -.15789S,
$ -.070175, -.0S2632.

DATA TSB1- .000000,
$ ,052632, .063158.
$ .115789. .126316,
$ .178947, .189474.
$ 3.845616., 4.555738.
$ 7.859281, 7.85875S,
$ 5.661400., 4.360014.
"lo0482290‘1.4878510
$-3.631497,-3.656860.
$-3.155918, ~2.624656.

$ .178347, -.031579,
8-3.412554.-3.851044.
$-..07033S, -.469565,
$ -.407197, -.S35131.
$ -.556805, -.542101,
$ -.169858, -.17087S.

DATA TSBe- -.0S2632.
$ -.585268., -.682092,
$ -.676353, -.631690.
$ -.129056., .004746.
$ -.307553, -.367719.
$ -.479430. -,468393,
$ -.236533, -.164422.
$ -.134875, -.170540.,
$ -.282607, -.28077S,
$ -.195461, -.154409.
$ .126316., -.084211.,
$ -.200401, -.208348,
$ -.177386, -.158619,
$ .0104S6, .060070.
$ -.151462., -.161565.
$ -.155206, -.144482.
$ -.043340., -.013548.

DATAR TSB3/ -.10S5263,
$ -.149109, -.148384,
$ -.106595, ~-.091501.,
$ .024365, .057337.
$ ‘.1409240 -.142652.
$ -.117271. -.106718,
$ -.028622, -.003969,

.017239,

-.262081,
-.203552,
e 094348.

.0701?S.,
-.233442,
-.136110,
-.004409,
-.266112,
-.173085,
-.059033.
. 303547.
-.20864S.
-.102480.

. 017544,
-.245614,
“e 140351 L
-.035088,

.010S26,

. 073684.

. 138842'
.200000,
5.907821,
7.914327,
3.80598S,
-2.066370,
=-3.713229,
-2.168619,
-.855954,
-3.368029,
-2.976%ee.
. 168421,
‘.4?4548'
-05013620
.081414,

T 225883'
e ?008030
“e 5887280

. 147368,
-.4069%968,
-0448349'
-.066036.
. 20?148.
e 2775030
-.110903.
e 1192?5'
-.211380,
) 134518v

. 115783,
-. 165974,
-.130676,

. 022789,

e 123!04!
-. 1448634,
-00741820

'09473?0
-. 141578,
-.094467,

. 021879,

.05087¢,

~.25700S,
‘¢188204o
‘.0715581
-.28070¢2.
-.219533,
-.116865,

.0228083,
-.252624.,
-.155460,
--03?7291
-.2883923,
-.191486,
-.J0837E3,
-.333333,
-.228070’
-.122807,
-.017544,

.021053.
.084211.,

. 1473868,
-.0105281
6.453454,
7.677588.,
2.12788S.
-2.628114,
=-3.706540.
-1.798501.
-1.37801S.
’3.44?1?10
-2.535141.,
-.0421C5,
-.607559,
-.4%2700.,
. 130547,

‘.3242680
‘.7086830
-0470424l
e 0831580
'.4435600
‘.4135640

.031173.
-.238737,
‘.2685770
‘.085388.
-.147730,
-.209573.
--1055130
-.09473?l
‘-1589?40
-.1138570

.061583,

e 134544'
e 138223'
“e 053871 ’
-.115789,
e 138489.
-.080494,

.051007,

86

.0877

-.2499
-.1719
-,.0473
-.2755
- . 0%7‘

L] 0%‘
-.2376
e 13?3
-.0148
-.2737
e 17425
-.0648
-.315?
-.210S
-.1052

.0000

. 0947
.1578
.681¢2
7.244]1
7.0388
.1894
-2.9010
-3.6244
-1.0199
-1.9088
-3.4834
-2.1:2l
--3?14
-08070
-.4108
.1578

-.4314
-.7138
-.3733
-. 1676
‘03684

.1368
-.2550
-.2488
-.0%12
-.1705
-.2033
-.0718
-.1206
-.167%
-.0941

.1052

-01429
-.1300
-.0311
-01282
-.1332
-.0646

. 0842



-.082267, -.070591, -.058256. -.045046, -.030954.

.001454, .020411., .04210S, ~.168421., -.1668S9,
-.156940, -.149881, -.141845, -.133140, ~-.123867,
-.103979, -.093449, -.082S36, -.071224, -.059442,
e 03‘0820 e 0200830 e 00‘“50 . 01213‘- . 0315?9'
-.17539}, -.168879, -.161370, -.153125., -.143910,
-.124808, -.114637., -.104422, -.0938S1. -.083056,
-.060764, -.049059. -.036978., -.024338, -.010587,

.021053, -.189474, -.182933, -.174334., -.165200,
--145781' e 135822' -012%19' ) 11&3" e 10‘853'
-.083654, -.072916, -.062044., ~-.05097S, -.039742,
-.016201, -.003611. .010S26., -.200000. ~.189474,
-.188421, -.15789S, -.147368, -.136842, -.126316,
-0105283' _.094?370 “e 0842110 ‘00738840 -0083‘580
-.04210S, -.031573, -.021053, -.010S26., .000000/

INTERPOLATE NUMERICAL SOLUTION BY QUADRATICS
CALL QUADRD(X,Ys TABLE. GRID:GRID,NGRIDs NGRID, NGRDD,
TRUE = DERUSL(S&)

RETURN

END

FUNCTIDN W(Y)

u ' o.

IF (v .EQ. 0.) RETURN
H = &AsY

RETURN

END

(X X X X X X X N N N X N X X ]

UNUUUUNURURN%RHUNUUUU“QUUU“UUU

*EOR
(2 X2 2 XX XXXXYJ
* MACRO 30 e
(22212 X121 21}
2000000002000
THWO DIMENSIONS
COEF1(X,YIUXXS « COEF2(X,YIUYYS + COEF3(X,Y)US
DIRICHLET
X=0. + U=sTRUE(X,Y)
X=1, » U=TRUE(X,Y)
Y=0. + U=TRUE(X,Y)
Y=l. o UsTRUE(X,Y)
FUNCTION COEF1(X.Y)
COMHMON ~CONCOM- A, B.C
DATA R«B.C 78R, 8B, &C~
COEF1l = 2, ¢ (Y-1.)eEXP(-ReYesd)
RETURN
END
FUNCTION COEF2(X,Y)
COMMON ~CONCOM~- A+ B.C
COEF2 = 1. + 1.7(1,.+(2.oX)=ep)
RETURN
END
FUNCTION COEF3(X.Y)
COMMON ~CONCOM/ A.B.C
COEF3 = Ce( Xe(X-1.,) + (Y-,3)e(Y=-,7) )
RETURN
END
FUNCTION F(X.Y)
COMMON ~CONCOM- A.B.C
F g 0.0
IF ((X .EQ. 0.0) .AND. (B .LE. 3.0)) RETURN
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3 S3 = SIN(XeYy)

3 XY3 = X+¥

3 U3 = CexXyY3e(C3

3 UXX3 = -Ye(2,eCeS3 + Yey3)

3 UYY3 = -Xe(2.eCe53 + XeU3)

3 COELl = 2, + (Y-].)eE2

3 COER = 1, « 1./(1,+2.oXeP])

3 COE3 = Ceo(Xe(X-1.)+(Y=-,3)e(Y-.7))

3 F = COEl®(UXX]1+UXX2+UXX3) ¢ COE2e(UYYi+UYY2+UYY3)
3 RETURN

3 END

3 FUNCTION TRUE(X.Y)

3 Co™MON ~CONCOM- AR, B, C

3 TRUE = (Xevev),s(],+(2,eX)ee(B-1.))

3 s + (V=1,)0(],+X)eEXP(-AeYeed)

3 b 3 + Co(X+Y)I0COS(XeY)

3 RETURN

3 END

'EOR

(XXX XXX ZYZYY)

® MACRO 31 o

(2 X2 XS XTI Y]

'EOR

(I XX XZXXX X YY)

® MACRO 32

(222X XXX

'EOR

(22X 22X X1XX2Z}

® MICRO 33 »

(X222 XTI Y]

'EOR

(X222

® MACRO 34 »

(XTI XXX Y2 XY X}

*'EOR

[ XX 2 XXX Y XYY Y]

o MARCRQ 35 o

200080002 K00

Ld 2022021200020

1 THO DIMENSIONS & CONSTANT COEFFICIENTS $ HOMOC
1 POISSON $ LAPLACE

1 UXXS$ + UrYs = 0,

2 MIXED

2 Xs=1, +» MIXED = (1.+(8A)IU + (-(8A)IUX = G(Xe"
c X= 1, o+ MIXED = (1.+(&A))U + (LRIUX & G(X,Y
e ==1. u = TRUE(
e Y= 1. u = TRUE(
3 FUNCTION TRUE(X.Y)

3 X2 = Xex

3 X4 3 XQex2

3 X6 = Xdex2

3 X8 = Xgexe

3 Y2 = Yevy

3 Y4 = YoevYe

3 Y6 = Y4evp

3 Y8 = YBevye

3 Ul 2 X4 - G,eX2ev2 + Y4

3 U2 = XB - 2B.#XBrY2 + 70.eX4qeY4 - 2B8,eX2eVYE + Y8
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‘EOR
(222 2 XTI XT 2 )
®« MACRO 36 e
([ Z 22T YT 21 X
2000200002000
THO DIMENSIONS
(1.¢(BB)IUXXS ¢ (!./7(X+(8R))ee2)UYYS + (2,/(X+
E(X.YIUYS = F(X,¥)
DIRICHLET
xX=0, , URTRLE(X.Y)
X=1. o U=TRUE(>(-Y)
Y=0. +» UsTRUE(XsY)
Y=1. + U=TRUE(X,Y)
FUNCTION TRUE(X.Y)
TRUE = [1.-(&B))eEXP(X+Y)
IF (X+(3R) .NE, 0.) TRUE = TRUE + (&3)eal 0G(X+(8RA)
RETURN
END
FUNCTION E(X.V¥)
E = 1.70(X+(&R)IOTAN(Y))
RETURN
END
FUNCTION F(X.,¥Y)
TEMP = (1.-(&B))OEXP(X+Y)
UX = TEMP + (&B)/(X+(&R))
UXX= TEMP - (8B)/(X+(8A))ee2
Uy = TEMP
uyys TEMP
F o= (1.9(8B))eUXX + 1,./(X+(3R))eaeiYY
$ 2.7 (X+(LR))MUX + E(X,Y)I®UY
RETURN
END

WWWWWWWWWWWWWWWWWWWRAINRINN) »— -

(X212 22222222

® MACRQ 37 »

(22221222131 1)

(A2 X2 12122227

e MACRO 38 o
S0 0000000000
2022021200200
TW0 DIMENSIONS $ CONSTANY COEFFICIENTS $ HOMOG
POISSON $ LAPLACE
UXXS + UYYS = 0.
X=-1.570796327 » U =TRUE(X,Y)
X= 1.5707968327 » U =TRUE(X,VY)
vy= 0. o UY=G(X)
Y= 1. e U =TRUE(X, V)
FUNCTION TRUE(X,Y)
TEMP = 2.#(3R) + 1,
TRUE = EXP(-SQRT(TEMP))eCOS(TEMPeX)eSINH(TEMPeY) /T
RETURN
END
FUNCTION G(X)
TEMP = 2.0(8R) + 1.
C = EXP(-SORT(TEMP) )eCOS(TEMPeX)
RETURN
END
FUNCTION SINH(X)
EXPX = EXP(X)
SINH = (0, Se(EXPX - 1./EXPX)
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a Y'O L U=l . 0

2 Y’l . 0 U‘ 1 . 0

gC FUNCTION TRUE(X,Y)

3(: Yy y Yy s X o Y Y R A X X TR S s s ad Tl L2l e g Ll o
3C .

gc - MACRC 39 PARAMETERS

C -

3c CYTYTY I L e ey ey Y Y Yo Y Y Y Y Y R X2 2 2 2 2 d o 222 ol ol odd g
3C [

3C . A 1 B 1 H(X)

3C . -—=--1 )

3< . 1 1 0.5¢ 1 17X

3C . I I

3C . 2 1 1.00 1 17X

3C . I I

3C . 3 1 0.25 I EXP(X)

3C L4 I 1

3C . 4 I 0.5) 1 EXPX)

3C . I 1

3C . S 1 1.00 1 EXP(X)

3C -

3C FYYYYT LYY YY Y Y YYY Y 2 XYY S T Y Y Y YT R A Y Y Y Y AT 2 2 1L L o g 2o gl 24
3C

3 PEAL DERUSL(8>. GRID(20)., TARBLE(20.20),

3 $ T1B1(100), T1B2(1006)s T1B3(100), T1B4(100),

3 t J T2B1(100), T2B2(100), T2B3(100), T2B4(100),

3  J T3B1¢100), T3B2(100), T3B3(100)., T3B4(100),

3 T4B1(100)., T4B2(100)s T4B3(100)>, T4B4(100),

3 $ TSB1(100), TSB2(100)s, TSB3(100)., TSB4(100)

3 FOQUIVALENCE (TABLEC(1. 1) » T&RBLI(1)),

3 $ (TABLE(:. B) » T&ARB2(1)),

3 < (TARLE(1,11) o TRAB3(1)).

3 s (TABLE(1,16) » T&AB4(1))

3 SATA NGRID., NGRDD. GRID ~-20. 20. 0.0000000. 0.0526
3 $0.1052632, 0.1578947, 0.2105263, 0.2631579, 0.3157
3 $0.3634211, 0.4210526, 0.4736842, 0.5263.58. (.5789
3 $0.6315789. 0.684210S. 0.7358421. 0.78384737, 0.8421
3, $0.8947368, 0.9473664, 1.0000000~

L~

3C RPPROXIMATE SOLUTION OF LINEARRIZED PROBLEM USING
gg HODIE-ACF (MET-OD=4, IORDER=41, 20 X 20 GRID)

3 DRTA T1Bl- 1.000000, 1.000000, 1.000000. 1.000000.
3 $ 1.000000, 1.000000, 1.000000, 1.000000. 1.000000.
3 $ 1.0000°0, 1.000000, 1.000000., 1.000000, 1.000000,
3 $ 1.000000. 1.000000, 1.000000., 1.000000, .614500.
3 $ .761544, .B09864. .844507, .870740, .B91357,
3 $ .821393, .933918, .944293, .953488, .961733,
3 s .976105, .932513, .988561, .994352, 1.000000.
3 $ .559762., .S6€7460, .640266. .698171, .741633,
3 $ .810437, .837105, .860150. .880389. .838392.
3 $ .929362, .942920, .955513., .96733S5., .978571.
3 $ 1.000000, 1.000000, .SS6496. .S29362, .S579361,
3 $ .673668, .714455, .7S50711., .782923, .8115686.
3 $ .B5109S, .BB2600, .902424, .S20837, .83808S.
3 $ .970031, .985148, 1.000000., 1.000000, .551048.
3 $ .545252, .586293, .628471, .669069, .707008.
3 $ .774235, .803898, .831298, .856723., .880431.
gC $ .923671, .943671, .962898., .981590. 1.000000-
3 DATA TiB2- 1.000000. .S550152, .493893. .526003.
3 $ .S38645, .637604, .675565, .711758, .745836,
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$ .636809,
’ '883994'

DATA T1B3/
. 555646+
.?85320'
0346013.
.504643.
.701274,
.892124,
.550921,
0838454'
.839749,
. 000000,
«573040,
«790485,
.952588,
.526003,
. 745836,
. 91204?.

DATA T1B4s
.8284?1'
-83129?'
-%2898'
. 5?9351 ’
081 1888.
. 938095,
.559762,
. 8104370
'923362.

1.000000.
. 8446070
. 944233,
. 388561 14
1.000000,
1.000000.
1.000000,

DATR T2Bl/
1.000000,
1.000000,
1.000000,

.832454,

.945494,

. 983495,

. 68?142'

. 8534320

.850251,

.000000,

. 7575100

-8993650

.978797,

0854989'

.833483,

0945208'

DRTA T2B2/
.693772,
.858492.
. 8890750
.626273,
. 793243,

XX XN KN NN N RN N N X X
[

VAR AVARARVNANAANAIANGS

(X XX XXX X N K NN N N
[

C R N N R

. ?31839.
.9183?1'

1.000000,
.583235,
. 798734,
. 9?3l41 *
. 528520,
.736159,
. 9193880,
.432412,
.674880,
.MSSO
.000000,
.616098,
.820?48.
.876436,
.560375,
. ??7380.
.934972,

1.000000,
.669089,
.856723,
.981590,
.628203,
.837591,
.9544189,
. 567460,
.83710S,
. s‘asao *

1.0000C0,
.870739,
. 353‘88 *
. 994352,

1.000000.

1.00€000,

1.000000,

1.000000,
1.000000,
1.000000,
1.000000,
omes?’
.953931.,
.987932,
.687418,
.883135,
.859905,
.000000,
. 788945,
.315816,
.389500,
. 686480,
omlra'
- 959665,

1.000000,
. 724882,
3 879854 *
. 984658,
. 848558'
.8139562,

b

[

. 765920,
. 946013,

.551712,
.624831 ’
.832309,
.000000,
.553112,
. 763867,
. 9‘?091'
. 508229,
.710483,
. 896434,
. 550434,
.653410,
. 849489,
1.000000,
0538645.
.808045,
.957108,

.551048,
.707008,
.880431,
1.000000,
.673668,
.851050
.970031,
.640266.
.860156,
. 955513,
.614500,
.891357,
.961733.
1.000000,
1.000000,
1.000000.
1.000000.

1.000000.
1.000000.
1.000000.
1.000000,
.890710,
. 961256,
.9982108,
. 73?431 ’
.900089,
.968817,
.675673,
.B16743,
. 930298'
1.000000,
. 719622,
.876322,
.973480,

. 666859,
.755110.
.899948,
1.000000,
.676340,
.844297,

-

. 788735,
.973141,

.490661,
.m%l-
-880891 1]
.000000,
.593351,
.802292,
.973682,
05342359
. 744904,
+923233.
+ 4943926,
05839180
. 876857,
.000000.
.637604,
.836307,
.978697,

.S09468,
0?42029.
.902667,
.000000,
.714454,
.882600+
.985148'
05361?1'
.880389,
. 867335,
.678566,
. 908085,
.969219,
1.000000,
1.000000.
1.000000,
1.090000,

1.000000.
1.000000.
1.090000.
1.000000,
0909188’
cSS??lSO
.996103,
0778523'
-914891 L
. 977140.
.650231,
08412840
.943639.
.000000,
. 751595,
.895978,
osasm'

-820755o
. 783737,
.91m1 ’
1.000000,
.706181,
.867503,

Sl

[

[

-

-

.8303
1.0000

.5030
.6968
.8899
.S516
.8292
.8334
1.0000
. 56865
.7779
. 9492
-514?‘
.7250
.9030
.5501
.B6755
.8628
1.0000

1.0000

1.0000
1.0000
1.0000
.7415
.9237
.9734
.0000
.8123
.9279
.9850

—

1.0000

.6371
.8105
.9362
.6660
.7361
.88392



(A XX XXX XXX N XXX X XN ]

. 3549 03 *
. 82”83 *
.960332,
.8151120
+ 773116
0320589’
.B665755,
.723193,
. 881458,
.000000,
.676340,
. 8442870
. 965578,
.637101,
.810503,
. 9362886,

=3

DATA T2B4~/

C RN N K X N X N K N N K N N X J

0719622'
.876822,
. 973480,
.685324,
.8830480
. 356046,
.687142,
-8634320
.3502510
.000000,
0890710'
o%l&SSO
-ml 08.
4.000000,
1.000000'
1.000000,

-

DATR T3Bl/

U N XN N N R K N X N R RTR ]

1.000000,
1-000000.
1.000000,
0981183'
. 942520,
08!554?'
. MBO'
0920358.
. 883857’
.00000G,
+9229783,
.840452,
.858962,
.9439%63,
.839415,
. 796775,

—

DRTA T3B2/

[ X X X X X X N X ]

08951880
. 731160,
.833163,
. 930817,
.806323,
0?68040'
.975433,
. 835665,
07‘3899'

.582225'
.849508,
. m°3ae'
.633757,
.800823,
.941262,
.612102,
. 752532,
. 903380'
.000000,
.706181,
088?5039
. 9829 1 4 ’
. 6834050
.835331.
0953022'

.000000,
. ?5155'
-895978'
. 386854,
. 722473,
.882481,
.387705.
08874180
.88313S,
.953930S,
1.000000.

.903186,

. %?718.

L] 9981 03.
1.000000.
1.000000.
1.000000,

1.000000,
1.000000,
1.000000,
1.000000,
. 9?4?78'
.936319.
09178240
.97?311,
.808277,
. 859579,
1.000000.
+907830,
.830588.
.908600,
.92S501,
.824843.
.812068,

.000000,
.875226,
0?80512'
0834928'
.908259,
. 780032,
. ?8888"
.950388t
0815323'
. 750769,

[

[

—

711162,
QWG?'
1.000000,
.658128,
.&?282.
051251 *
.619788,
. 780972,
.924017,
omo«'
736197,
0889994’
1.000000.
.693772,
.858492,
+963807S,

05591710
07813440
.913568,
1.000000,
07575103
.839965.
.978797,
+ 737431,
0900089.
.968817,
.741508,
. 923?89'
.973492,
1.000000,
1.000000,
1.000000,
1.000000,

1.000000,
1.000000,
1.000000.
1.000000,
.968325,
.930428.,
. 926266+
. 965896,
.888541,
0859587'
.8845580
.893077,
. 823870'
.000000,
. 307289.
081 x%'
0843193'

. 9?8?29.
.855322,
. 773847,
.000000,
.886160.
0778208'
08288850
. 92879? L]
. 796584,
+ 760494,

—

—

07404480

. 896840,
1.000000,
.685901,
0858‘49’
. 980752,
16392320
08081750
.943843,
0815188'
075538?0
.908815,
.000000,
0724882’
.873354,
09846580

.630817,
'80861‘0
.923308,
1.000000.
. 788945,
.815816.,
. 989500,
.?78528'
.9148391,
.977140,
. 778382,
.935611,
.978713,
1.000000.
1.000000,
1.000000,
1.000000,

1.000000,
1.000000,
1.000000,
1.000000,
095184?'
. 324962,
.947836.
-954481 ’
0888291'
.866290,
.969098,
087889"
.819846,
.00000C,
. 889384,
.801492,
.500164,

. 957520,
.837510.
. 772784'
.000000.
.864630,
« 765637,
.891622,
t903°°4'
. 779308,
.782723,

92

—

—

o~

(S
*

o
o
o
o

1.0000

1.0000
1.0000
1.0000
.9553
.9202
.0000
.9430

-
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XX XX X X N N X X N

. ?90433’

. 755951,
.975433,
QWSSO
. 749899,
1.000000,
.mlso.
0778208.
. 826685,
. 936459,
. &0298'
. 779605,

DATA T3B4/

UL R R XX X X N X

. 907269,
.81199S,
.843199,
0953849'
. 854%0’
. 8221“’
. 888680,
. 320358'
.863657,
.000000.,
. 968325,
.930428.
. 926266,
1.000000,
1.000000.
1.000000,

—

DATA T4Bl/

X X X X X N N N A N N R B X

CE X X N N KX KN N

1.000000,
1.000000,
1.000000.
.987307 .
.962937,
.847416.,
.992618,
.947622,
.S11221.,
.000000,
.948707,
.893260,
.91126S,
. 962366,
.890904,
.865422,

—

DATA T4Be/

09285340
.856650,
.831984,
. 952662,
.885801.
.84310S,
.983141,
.88575S,
. 826886,
.000000,
.913616,
.831783.
0881239'

(]

. ?t
. 779176,
. 950988,
.815323,
0?50769’
1.000000,
.%4689-
. 765637,
oaslm'
.915647,
. 804662,
. 797983,

1.000000,
. 889384'
. 80 1 492’
.900164,
. 938262,
.852072,
+833520,
09??31 1 ’
.908277,
.858573,
1.000000,
.961847,
. 924382'
.9478$'
1.000000.
1.000000,
1.000000,

1.000000,
1.000000,
1.000000,
1.000000,

1.000000.
0938523O
. 886985,
094‘131 L]
0949857'
.880998'
.877300,

1.000000,
. 9147l5’
08‘97273
.933918,
.937079,
.854478,
.859051,
. 998321 [
. 8?13?3'
.828634,

1.000000,
.897256,
.824963.
. 928405.

. 759540,
.820182,
. 95?9?'
. 736581,
. 760494,
.876808,
. 844035'
. ?53520.
.000000,
. 895 188'
.731160,
.833163,

.981280,
.871871,
+794350,
.000000.
. 922979,
. 840452 ’
.858962,
.9558396,
. 89854 l ’
.853566,
.933?84'
0355348'
.820279'
1.000000,
1.000000,
1.000000,
1.000000.

(&3

[

1.000000,
1.000000,
1.000000,
1.000000,
.smll'
.955308,
09558980
977717,
0933185.
.910276.
. 389784,
. 928514,
. 882696,
1.000000,
.937433,
.872412,
-8997$.

.985609,
.90130S,
0845&'
1.000000,
. 821 7280
.845040.
0888?58'
.949601,
.858159,
.836934,
. 982464,
.881562,
.822042,
1.000000,

. 749267,

3 888353'
.303003,
. 778803'
.782728,
.953708.
. 824465'
« 759540,
.000000,
.875226,
.780S12,
. 834928 ’

.962581,
.855227,
. 798081 ]
.000000,
.907830,
0830558’
03088000
.954461,
.888281 .
. 866290,
.987508,
. 9483878,
.918883.
1.000000.
1.000000.
1.000000,
1.000000,

1.000000,
1.000000,
1.000000,
1 . 000000'
. 975413,
. 352007,
. 969798,
.97019S,
.926480,
.915861,
03795380
091878?.
.881288'
1.000000.
.925200,
0885649.
. 937977,

.971226.
. 888439'
.846178,
1.000000.
.906731,
.83812¢2,
.9312e22,
.933061,
. 846489 ’
.854118,
. 96487? ’
.866787,
.824218,
1.000000,

83

(&3

—

[
-

o
o
o
o

1.0000

1.0000
1.0000
1.0000
.9960
.9712
.9493
1.009%0
. 9626
.9203
.9286
.969¢2
.908S5
.8840
.9874
.9132
.8614
1.0000
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. 826886,
1.000000,
. &17260
.845040,
. MS?SGO
. 956880,
.876552,
. 852277'

DATA T4B4/
093?439’
.872412,
.839?36.
. 9369260,
.909s515,
. 884038.
. 99261 8.
'947822.
.911221,
.000000,
. 97981 l ’
.955309,
. 955896,
1.000000,
1.000000.
1.000000,

DATA TSBl/
1.000000.
1.000000,
1.000000,

. 932734,
.977678,
.369210,
. 395523,
. %805“'
. 94832?.
1.000000,
. 968472,
. 934210,
.847751,
. 976750,
.932034,
917771,

DATA TSB2~/
. 955336,
. 910056,
. 934995.
.970401,
.915254,
. 9058?.
. 989442,
.927729,
.8390697,
.000000,
.94541S,
. 832342,
. 92?379'
. 366360,
.904992,
.894206,

[ X X X X N X X J
g

X X X X X X X N X N N N X X X 1

XX NN NN N X X X N X N X J

[ X X X X N X X N X X N X N X N J
—

.828634,
1.000000,
.906731,
. 8381 aa'
.931222,
. 942625,
.885?85'
.8864?80

1.000000,
.925200.
. 855549 ’
.937977,
. 958972,
+900903,
. 89300?.
.385194,
. 940278,
.908277,

1.000000,
.975413,
. 952007,
. 9697398,

1.000000,

1.000060.

1.00000¢C,

1.000000,
1.000000.
1.000000,
1.000000,
. 990248,
. 975333,
. 970876,
.991017,
. 963553,
+ 945492,
1.000000,
. 962159,
.930512,
.%??40.
.9683873,
. 925881 L]
QSESSOOO

1.000000,
. 946673,
.3905888,
. 960986,
. 960583,
.908072,
. 913348'
. 378888,
.318506.
L] 89231 00
.000000,
. 934945,
08888080
. 957054,
.955271,
.897320,
.906628,

[

.835834.
0984181'
.8322S3,
.834620,
1.000000.,
. 928534,
.856650,
.891984,

. 987464,
0913248.
.861458,
1.000000,
.948707,
08932800
.91126S,
977717,
. 933185'
.910276,
.936011.
.97120S,
. 949329,
1.000000.
1.000000,
1.003000,
1.000000,

1.000000.
1.000000,
1.000000,
1.000000,
.987731,
.973173,
. 974928,
. 986469,
. sssaeo 14
. 946555,
.993750,
. 855939 *
.92815S.,
.000000,
.961223»
. 320583,
3 Sq 023? ’

.9391070.
.938185,
.303779,
. 000000,
.950878,
.902163.
.9313S51,
. 958& 1 *
.910031,
. 838239,
. 988983,
. 924884'
.887279,
.000000,
. 944348.
.891181,
. 926653,

—

—

—

.854118,
0%8385'
. 8?8514 L]
.835741,
1.000000.
.914715.,
08497270
.933918,

.974914,
.901745,
-880892'
1.000000,
. 938529,
.886935,
0944131!
-9?0195:
. 925480,
091586‘ *
.991983,
. 967027,
.947623,
1.000000,
1.000000,
1.000000.
1.900000.

1.000000.
1.000000.
1.000000,
1.000000,
.98S194,
.971293,
.383205,
.981881,
.955157,
.950453,
.987473,
. 943896,
.927703,
.000000.
0353555.
. 918549.
.96373S,

. 332128.
.930069,
.904464,
.00000C,
09413S3|
.897969,
.958097,
0857902’
.902587,
.903848,
.sm?o
. 91555.
.883173,
.000000,
.9338959
.887067,
. 956681,

—

—

—

94

.8431

1.0000

.9623
.8909
.8654
.8897
. sm
. 8826
1.0000
. 9626
.9203
. ms
.9879
.9629
. 9474
1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
.9976
. 9826
09888
1.0000
9772
.3515
. 9586
.9811
08441‘
.9299
. 93822
. 9460
.9142
1.0000

.9731
. 925
.9088
.9901
.9321
.8960

1.0000
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093151'
.973182,
. 922506,
.908919.

DATA TSB4/
. 981223'
. 920583,
-94023?'
.981160,
.9441489,
.9239%4e,
. 995523,
. 968054,
.948328.
.000000,
. ”7731 .
. 3731 74.
0974928.
1.000000,
1.000000,
1.000000.

L XX X ]

(A X X X X X X N X K N N N X N J
-

INTERPOLATE NONLINEAR SOLUTION

. 9538097,
. 964256,
-91’5?300
'918438'

1.000000.
. 953559,
. 91&9.
.$37359
.974819,
. 938849,
.936052,
.931017,
.863553.
. 945482'
.000000,
.985194,
. 9? 1233'
. 983205,
1.000000,
1.000000,
1.000000.

[y

1.000000.
. 955396,
.3910056,
. 934995'

. 9322?1 14
.946057,
08“51.
1.000000,
-58472-
.934210,
. 94??51 »
. 986469,
09592210
+346555,
.899760S.
. 982652,
. 969844,
1.000000,
1.000000.
1.000000,
1.000000,

1.000000, .99107(
.946673, .93818¢
0905888' .90377!
-38452! ’ o975?5(
.938831, .383203¢

1.000000, .99375(
.962159, .95593¢
967740, 1.00000¢
.881881, .97726¢
.955157, .95150¢
.950453, .95864¢
.995186, .99273«
.989042! '96%1(

1.000000, 1.00000(

1.000000, 1.00000¢

1.000000, 1.00000¢

1.000000. 1.00000¢

BY QUADRATICS

CALL QUADRD(X.Ys TRBLE, GRIDs GRID+ NGRID, NGRID. NGRD]
TRUE = DERUSL(6)

RETURN
END

FUNCTION H(X)
o0 T0(10,10,20.20,20)+8R

H = 0,0

IF (X .NE. 0.) Hw= {,7%

RETURN

H = EXP(X)

RETURN

END

FUNCTION H(X,Y)

REAL DERUSL(B)s GRID(9), TAB1(S.9), TAB2(9:9),
$ TAB3(S,9), TRB4(9,9), TAB5(S,9)

DATA MGRID, NGRDD. GRID 9, 9, 0., 0.125. 0.250,
$0.375, 0.500, 0.625, 0.750, 0.875, 1.00~

APPROXIMATE SOLUTION OF NOMLINERR PROBLEM FOR NOf
COLLOCATION

DATA TAB1- 1.000000, 1.000000. 1.000000, 1.00000¢
$ 1.000000. 1.000000, 1.000000, 1.000000. 1.00000¢
$ .667850. .?69627, .839584, .891757, .93324.
$ 1.000000, 1.000000., .410154, .S35076., .6501¢f
$ .822954, .88878%., .94649S5, 1.000000, 1.00000¢
$ .483181, .5%4221, .636058, .78S410, .B6371!
$ .773552, .B8556S56, .929943, 1.000000, 1.00000¢
$ .483191, .594221, .6960%58. .78541l1, .8637]!
$ 1.000000, 1.000000,» .410154, .535076, .6S012
$ .822954, .888785, .94649S5, 1.000000s 1.00000
$ .667850, .769628, .83958S, .B891758, .93324.
$ 1.000000, 1.009000, 1.000000, 1.000000. 1.00000¢
$ 1.000000, 1.000000. 1.000000, 1.000000~

95



3 $ 1.000000, 1.000000, 1.000000, 1.000000, 1.000000,
gc $ 1.000000, 1.000000, 1.000000, 1.000000-/

3 DATA TAB3- 1.000000, 1.000000. 1.000000, 1.000000,
3 $ 1.000000, 1.000000,» 1.000000, 1.000000, 1.000000,
3 $ .838216, .907820, .879233, .855269, .84299S,
3 $ 1.000000, 1.000000, .950959, .90289S, .857303,
3 $ .788550, .778103. .820581, 1.000000, 1.000000.
3 $ .884947, .832317, .7871680, .755%22. .7S1881.
3 $ 1.000000, 1.000000, .938682, .B79478, .B824808,
3 $ .747215, .744783, .801431, 1.000000, 1.000000,
3 $ .884%947, .832318, .787160, .755822, .7S188¢2,
3 $ 1.000000, 1.000000, .950960, .9028%85, .857303,
3 $ .7865%S1, .778103, .B20582. 1.000000, 1.000000,
3 $ .938217, .907820, .878233, .855263, .84299S,
3 $ 1.000000, 1.000000, 1.000000, !.000000, 1.000000,
gc $ 1.000000, 1.000000. 1.000000., 1.000000~/

3 DRTAR TAB4- 1.000000, 1.000000, 1.000000, 1.000000,
3 $ 1.000000, 1.000000., 1.000000, 1.000000, 1.000000,
3 $ .959246, .938933, .919863, .904380, .B8978S8,
3 $ 1.000000, 1.000000, .9656833, .933969, .902427,
3 $ .854068., .8503%6., .882916. 1.000000, 1.000000,
3 $ .920374, .883276, .851374, .8B30024, .B29473.
3 $ 1.000000, i.000000, .957565. .916106, .877340.
3 $ .8229%8. .823561., .867130. 1.000000, 1.000000,
3 $ .920374, .883276, .851374, .830024, .829479.
3 $ 1.000000, 1.000000, .966833, .933969, .902427.
3 $ .854068, .850356., .882916., 1.000000, 1.000000,
3 $ .959246, .938933, .919863, .904380, .837858.
3 $ 1.000000, 1.000000, 1.000000, 1.000000, 1.000000,
gc $ 1.000000, 1.000000, 1.000000, 1.000000~/

3 DATA TABS-/ 1.000000, 1.900000, 1,000000, 1.000000.
3 $ :.000000, 1.000000, 1.000000, 1.000000, 1.000000.
3 $ .975113, .962598, .850876. .941611, .938390,
3 $ 1.000000, 1.000000, .979428, .958883, .938986,
3 $ .908740, .907389, .S829229. 1.000000, 1.000000,
3 $ .949842, .92612S5, .805660., .832267, .8923922,
3 $ 1.000000, 1.000000, .97328B7, .846951, .922060,
3 $ .887281, .888697, .818071, 1.000000, 1.000000,
3 $ .949843, .926125, .905660, .892266., .892%21,
3 $ 1.000000, 1.000000, .979431, .95888S, .838987,
3 $ .908738, .907368, .929228., 1.000000, 1.000000.
3 $ .97511S, .962%99., .95087S, .941609, .938389,
3 $ 1.000000, 1.000000, 1.000000. 1.000000, 1.000000.
gc $ 1.000000, 1.000000, 1.000000. 1.000000/

gg INTERPOLATE NONLINEAR SOLUTION BY QUADRATICS

gc CALL QUADRD(X,Y, TRB&R. GRID,GRID, NGRID, NGRIDs NGRDD:
3 H = DERUSL(6)

3C

3 RETURN

3 END

*EOR
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END

FUNCTIDN F(X,Y)

DATA RLOCE10-2.3025850329940/
U B (XeY)/7(2.+X=Y)

UX = 2.0(1,.-Y)/(2.¢X=Y)eeg
UXX = §,0(Y-],)/(2.¢X-Y)ee3
UY = 2.8(1.+X)/(2,.¢X-Y)ea2
UYY = 4,0(1.+X)/7(2.¢+X-Y)ee3
Ul = EXP(2.8U-2.)

Ulx = 2.eUxe|l

UIXX = 2.0(UXX <+ 2,eUXee2)e}
Uly = 2,eUve{]

UlYY = 2.0(UYY + 2, 8UYvee)el]
W B (X+],)7(¥Ye]1,)

WX = |, 7(Y+l.)

WY = —=(X+l.)/7(Ye],)ee2

WYY = 2. 8(X+],)/7(Yel,)ne3

ue ALOG1O(H)

u2x (NX/7W) 7ALOGE L0

Uxx (-(UX/U)ee2) /ALOGELO
uzy (HY/W)/ALOGE LD

u2YyY = (HYY/Z7U - (HY/N)e*e2)/ALDGELOD
WX = UIX + U2x

UxXX = UIXX + UexX

UYY = UlYY + U2vy

F o= UXX ¢ (1,exXue2)eo¥YY - YeUx
RETURN

END

FUMCTION G(X.Y?

DATA ALOCGE10-2.3025850923340/
U = (Xe¥)/(2,.¢X=-Y)

w L] 20.(10-Y)/(eo¢x-v)"a
Ul = EXP(2.eU~2.)

UlIX = 2,eUxXey]

W s (Xe]l,)/(Ye}.)

WX = 1.7(¥+},)

ue = ALOG10CW)

uex = (HXW)7AL0GELD

U= Ul +« W

UX = UIX + Uex

G = LAsU + (&BY*UX

RETURN

END

*EOR
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e MACRO 41 e

(222 22222222 1%
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2000021002002
THO DIMENSIONS $ COMSTANT COEFFICIENTS
UXXS + UYYS + (LAIUS = F(X,Y)
DIRICHLET $ HOMOGENEOUS
x’o. 4 U'o.
X=3,.14159265358%73 ., U=0.
Y.OO . L"o.
Y=3,14159265358979 ,» U=0.

FUNCTION TRUE(X,Y)

DATA P1/3.14153265358979~/

SuM = 0.

DO 100 K = 1,4B
TEMP = 2.eK - ],
SUM = SUM + SIN(TEMPeX)eCOSH(TEMPe(Y-Ple,5))/

$ (TEMPee3eCOSH(TEMPeP]e.5))

9?
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2000220200200
THO DIMENSIONS $ CONSTANT COEFF ICIENTS
UXXS + Uvys ¢ UYS - US = 0.
NEUMANN
XulQ o, UX & =C1(XsY)
XagB » UX = (GCl(X,¥)
v=0. » UY s -G2(X,Y)
yY=1. , UY = G2(XsY)
FUNCTION TRUE(X.Y)
COMMON /CONCO#/ P1
DATAR P1/3.14159265358979/
FO = (AC)#PLl/((&B)-(8A))
Fl = SORT(S.74., +F0*F0)
TRUE = EXP(-Ye ,S5)#SINH(FleyY)eSIN(FOe(X~(8A)))
RETURN
END
FUNCTION Gl(X.,VY)
COMMON ~CONCOM/P1
FC = (0PI ((&BY=-(&A))
Fl = SORT(S.-4. +F0OeFO0)
Gl = EXP(=Y® ,S)eSINH(F1eY)eF0eCOS(FO*(X-(8A)))
IF (ABS(X~(&R)) .LT. 1.E-7) Gl = ~1.+G}
RETURN
END
FUNCTION G2(X.Y)
COMON /CONCON/PI
FO = (LC)*Pl-/((&B)-(4A))
Fl 2 SQRT(S.74, +FO*FC)
G2 = =.SeTRUE(X,Y) + FleEXP(-Y#,5)eCOSH(FleY e
SIN(FO®(X-(4R)))
IF (v .EQ. 0.) G2 = -1.e02
RETURN
END
FUNCTION SINH(X)
EXPX = EXP(X)
SINH = 0.5e(EXPX - 1./EXPX)
RETURN
END
FUNCTION COSM(X)
EXPX = EXP(X)
COSH = 0.Se(EXPX + 1l./EXPX)
RETURN
END

*EOR

000080 N2M0GS

o MACRO 43 »

[ 2222222221

*EOR

(X2 222112 o2 2]

® MACRD 44 »

RV EIVE S

2000001002002

THO DIMENSIONS

UXXS + UYYS + W(X.YIUS = H(X,Y)
DIRICHLET $ HOMOGENEOUS

X.OO 4 U'O.
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REAL DERUSL(G3,

T1B1(100),
T2B1(100),
T3B1(100),
T4B: (100),

GRID(20),

T1B2(100),
T2B2(109),
T3B2(100),
T482(100),

L X N N X N X ]

DATA NGRID,
€0.1052532,
$0.36842!11,
$0.6315783,
$0.8947368,

DATA TIBl~/
. 000000,
.200000,
.000000,
.021191,
.033001,
. 024955,
. 016256,
. 057968,
. 354957,
.000000,
. 06943S,
. 082690,
003?893'
. 061406,
01030780
.0?433?.

DATA T1B2/
.096312,
.116179,
.0507520
.0755070
.130010,
.082153,
.031522,
. 130818,
.le286e,
.000000.
.116179,
.141‘59.
.059913,
.084076,
. 146907,
. 103078,

PR VMRV AVNVRVARAVN AN N
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(TABLE( !,
(TRBLE(1,

EQUIVALENCE (TABLE(1, 1)

6’
11

(TABLE(1+16) »

NGRDD,
0.15?836?.
0.4210526,
0.6842105.
0.9473684,

.000000,
.003000,
.003000,
.000000.
. 02495S.,
.033001,
.021191,
00284980
. 0599130
. 050752,
.000000,
.075507,
. 0?8389’
.021191,
.074337,
. 1030780
.061406,

.000000,
. 105388’
. 1 1 1321 ’
-02?830'
. 0921530
.130010,
.075507,
. 057968,
. 136006,
.111921,
.000000,
. 127650,
. 136006,
. 03514.
.103078,
. 146907,
.084076,

GRILC 720,
0.21052€E3,
0.4736842,
0.7388421,

T1B3(100),
T2B3(100),
T3B3(100).
T4B3(100),
TAEBLI(1)),
TAEB2(1)),
T&EB3(1)),
T&EB4(1))

20,

1.0000000~

APPROXIMATE SOLUTION OF LINEARIZED PROBLEM USIt
HODIE-RCF (METHOD=4,

0.0000000.
0.2631579.
0.5263158,
0.7834737,

TABLE(20,20),

T184(100.
T2B4(100)
T3B4(100)
T4B4(100]

I10RDER=41, 20 X 20 GRID)
.000000, .000000,» .00O0C
.000000, .000000, .000(
.000090. .000000, .000(
.000000, .000000, .00St
.02783C, .029984, .031¢
.032514, .031522, .029¢
.016256, .009616, .000(
-03?893’ 0045181. .050?
.060866, .060866s .0S9
0045!8l’ '03?893. ooae‘
.021191, .037833. .0SI(
.079889, .082630, .084(
.075507, .069435, .061¢
.000000, .000000, .024¢
.084461, .092159, .097;
.101308, .097710. .0Se.
.045161, .02495S., .000(
.027830., .050752, .069
.111921, .116179, .11B«
.105368, .096312, .084«
.000000, .000000, .029
.105368, .115506, .122!
.127650, .122862, .115!
.054957, .0293984, .000(
0079889' 009?7100 olll!
.138564, .138564, .136!
.09?710, .0798639, .057!
.032514, .059913, .082!
.136006., .141459, .l144
.127650, .116178, .10):
.000000, .000000, .033
.118274, .130010, .138
o:“quOO 0138584' 01301
.060866, .03300t, .000!
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. 1 275500
. 054957,
. 039435’
. 118274,
. 084461,

DRTA T1B4~
.084461,
. 101308.
.045161,
.0510510
. 084076,
] 0514080
. 016256,
. 057968,
. 054957,
. 000000,
.027830.
-032514.
.016256.
.000000,
.000000,
.000009,

DATA TeB1/
.000000,
.000000,
.000000,
. 422720,
.468682,
.447250,
. 367756,
. 728757,
.724187,
.000000,
.845933,
0888731 ’
.630506,
.819808,
934720,
.880741,

DATA T2Be/
. 9410550
0%60?30
.714513,
.858258,
.983009,
.923977,
.467014,
. 985772,
.978392,
.000000,
.966079,
.992584,
. 730865,
3 88??4?'
.995?54-
.934720,

DRTA T2B3~/
$ .967321.
$ .993916.

X X X X

U N N X K R N N N NN N N N N LR NN RN N N KR KN R N NN

CEX K N K R N N N N N N N A N X J

. 122862,
. 029984,
. 084481,
. l 18274.
. 089435,

.000000,
. 092155'
.037710,
0024955.
.061406,
. 084078'
.051061,
. 028498’
.059913.
. 050752,
.000000,
.029984,
. 031522'
. 00981 8!
.000000,
.000000,
.000009,

+000000.
.000000,
.0¢0000.
.000000,
. «72500
. 488682’
.422720,
.557305.
. 730855‘
.714513,
.000000.,
.858258,
.854071.,
.422720,
.880741,
0934720°
.819808.

.000000,
. 955858,
. 962863,
.458919,
09?397?’
.983009,
. 8582580
.728757,
. 989182.
OWSO
.000000,
.981719,
. 5891520
.468253,
.934720,
. 3952540
.B87747,

.000000.
.983009.
. 890480 L

.115506,
.000000,
.088312,
01181790
.050752,

. 024955'
.097710,
. 0981590
.000000,
. 069‘35.
. 082630,
. 037893,
.037833,
.060856,
.045161,
.009616,
.031522,
. 029984.
.000000.
.00000¢C.
.000000.
.000000»

.000000,
.000000,
. 0000000
.000000»
.458919,
. 4&2530
. 38?758.
.650506,
. ?31852’
.693893,
.42c720,
. 8840?1 *
.858258,
.000000,
.910053,
. 933563,
.693899,

.458919,
. 962863,
0955858.
.000000,
. 955858,
-%1 ?19'
.724187,
.864071,
.990480,
. 930554,
. 468233,
- 389162,
. 38‘?19.
.000000,
.967321.
.993316.
0731852'

.453882'
.390480.
. 983009'

. 105368,
.000000,
. losm’
.111921,
.027830.

.045161,
.101308,
. 084481 *
.000000,
. 075507,
. 079869,
.021191,
.0451861,
.0608E6,
.037893,
.016256,
.032514,
.027830,
.000000,
.0000900,
.000000,
.000000,

.000000,
.000000,
.000000,
.000000,
.464413,
.467014,
.252731,
. 583899.
.731652.
.650506,
.650506,
. 888?31 ’
.845933,
.000000,
.923977,
.930554.
. 44?7250,

. ?14513'
.966079,
.9410S5,
.000000,
.971133,
.978332,
0454413'
0330554’
.3904800
.864071,
. 730865,
. 932584,
.966078,
.000000,
.883009,
. 990480-
04686820

.731652,
.993916.,
.967321,
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$ .910053.

DATA T2B4/
.910053,
. 933563,
.693893,
.765:19,
08877‘7l
.819808.,
. 367756,
. 728757,
.724187,
.000000,
.458318,
.468253,
. 38??58'
.000000,
.000000,
.000000,

DATR T3B1/
.000000,
. 000000,
.000000,
0013938.
. 030559,
. 023367,
. 015386,
005351?'
005084?0
.000000.
n084138.
QO?SSOS’
.035451,
. 056920,
. 09481"
.068630,

DATA T3Be~/
. 0883330
. 105938,
. 04?033.
. 069552,
.118189,
. 084572,
. 023246,
. 118329,
.111901,
.000000.
. 105938,
. 128288,
. 055233,
. 077125,
. 133068,
. 0948140

DATA T3B3~/
. 107779,
.130850,
. 056072,
. 075906,
. 130650,
. 0926539,

X N N N X N N X N X N X R L K X K N X N N N N N N N N J

CX XXX N XX NN R N N N N N

XX X X N J

.845933,

.000000,
.923977,
0930554'
.447250,
. 819808,
0887?470
. ?SS! ls.
.55730S,
. 730865,
.714513,
.000000,
.4644i3,
.457014,
. 252731 ’
.000000.,
.000000,
.000000,

.000000.
. 000000,
.00C000,
.000000,
.023367,
. 030550,
.019938,
. 026806,
. 055233,
. 04?093.
.000000,
. 069552,
L] 0?341?'
. 019938'
.068630.
. 0942140
.056920.

.000000.
. 086333,
.102187,
. 025957,
.084572,
.118183,
. 063352,
. 0535170
. 123493'
. 102187,
.000000.
.116116,
. 123483.
.030122,
.094214,
- 1330650
. 0??125'

.000000,
.118183,
.125738,
.030550,
. 0926583,
. 130650,
.075806.

.714513,

.447250,
. 930554,
. 92377 L
.000000,
.845933,
.866731,
.650506.
.650506.
.731652,
.6938399.
.252731,
.467014,
. 4544 ‘ 3l
.000000.
.000000,
.0000C0,
.000000.

.000000.
.000000,
. 000000,
.000000.
. 025957,
.03012¢2,
.015385-
. 035451,
. 056072,
. 042060,
.0139938,
. 0?341?'
. 069552,
.000000.
007?715'
. 092653,
00420800

. 0253857,
.102187,
00983300
.000000,
.0396390,
ollslISO
.050847,
.073417,
0125738'
.089487,
.0301e2,
.123493,
. 118115'
.000000,
. 10?7?90
. 130650,
.056072,

.030550.,
oles7389
0“8‘89'
.000000,
. 105938,
. 128288,
.055233,

0458913'

.693839.
.333563,
0910053'
.000000.
'858258'
-8540?1 L
.422720,
0893839'
. 731652,
.650506.,
.367756,
.468253,
0458919'
.000000.
.000000,
+000000,
.000000,

.00C000,
.000000,
.000000.
.000000,
.027881.,
. 029246,
.0038168.
.0420860.
.056072,
. 035451 L]
.035451,
. 0753906,
.064138,
.000000,
. 0845?2'
00894870
.023367,

.047093,
0105938.
.£38333,
.000000,
. 105389’
.111901,
.027881.,
.089487,
0125738O
007341?i
0055233.
0128288.
. 105938,
.000000.
ollGIBS'
.125738.,
.030550,

.056072,
01308500
.107773,
.000000,
.116116,
0123433'
.030122,

101

.0000

.8198
.9347
oGBOZ

.8582
.0000
.7145
. 7308
.5573
.422?7
. 4686
.4472
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0091
.0292
.0278
.0000
.0470
.0552
.0268
.047S
.0?771
. 0569
.0233
. 0894
.0845
.0000

.0641
.1077
L0777
.0278
<1119
. 1053
.0000
.1021
.1234
. 0535
'0758
. 1306
. 0926
.030%
.1257
.1181
.0000

.0771
.0394¢2
.0301
.1234
.1161
.0000
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. 092659,
. 042060,
. 0475329
.07712S.,
. 058820,
. 015386,
. 053517,
.050847,
.000000,
. 025357,
.030122,
.015386.
.000900,
.000000,
.9000G0,

DATA T4Bl/
.000000,
.009900,
. 000900,
.019300,
. 030465,
.023316,
. 015360,
.053363.
. 050796,
. 000000,
. J63956.
. 075662,
L] 035373'
. 056770,
.09388S.
. 068432,

DATA T4B2~
. 088044,
. 1055483,
. 046971,
. 059343,
.117729,
. 084298,
.0231868.
. 1184880
0111‘810
.000000,
. 105548,
. 1277865,
. 0550€83.
.G76874,
.132513,
.09338S.,

DATAR T4B3~/
.107379,
.130110,
. 055903,
. 075662,
.130110,
. 092338,
. 0231869,
. 118466,
.111481,
.000000,

R N K X X N R N N X N N N X N J R XK KX N RN N N N X" NN J

CX K R X N N N N N X N NTN N

XX X X X X N N X ]

.083487,
. 02336?9
. 0589200
.07712S.,
. 047532,
. 026806,
.055233,
. 047093-
.000000,
.027881,
. 029246,
.009168.
. 000000,
.000000,
.000000.

.000000.
.000000.
.000000,
.000000,
.023316,
. 030455'
. 0193000
. 026754,
. 055069,
.046971,
.000000.
.069343,
.073187,
.019900,
. 068432,
. 093885,
.056770,

.000000,
. 086058,
.171821,
. 025836,
. 084298,
.117729.
.069343,
. 053363,
.123001.,
.101821.
.000000.
. 115670,
.123001,
. 030040,
. 093885,
. 132513,
.076874,

.000000,
117729,
. 1252320
. 030465,
.092338,
.130110,
. 075662,
. 053363,
. 1230010
.101821,
.000000,

.084572,
.000000,
. 064138,
. 0?59050
.0354S1,
.035451,
00580720
. 042060,
.009168.
. 029248'
. 027881 ’
.000000.
.000000.
.000000,
. 300060.

.000000,
.000000,
.000000.
.000000,
3 0258959
. 030040,
. 0153860,
.€35373,
. 055903,
. 041959,
. 019900'
.073187,
.069343,
.000000,
. 077478,
.092338,
. 041959.

.0258950
. 101821'
. 0386058,
.000000.
.096058,
. 115670,
. 050706,
00?318?.
. 125232,
.08918S.,
. 030040,
.123001.
. 115670,
.000000.
.107379,
.130110,
.055903.

.03046S.,
. 15232'
.117729,
.000000.
. 105548,
. 127765,
. 055069,
.073187,
. 125232,
.08918S.
.027811,

.07771S,
.000000.
.069552,
. 073417'
.019938,
. 0420500
.056072,
. 035‘51 L
.015386.
.030122,
.025957.
.000000,
.000000,
.000000,
.000000.

.000000,
.000000,
.000000,
.000000,
. 02?81 l L]
. 0&1630
. 009154'
.041353,
.055903,
.035373,
.035373.
. 075662,
0053358'
.000000,
008‘288'
.088185.
. 023316,

. 046971,
105548,
.088044,
. 000000,
.105018,
.111481,
.027811,
.083918S.
. 152320
.073187,
. 055063,
. 1277865,
. 105549,
.000000,
.117729,
. 125232,
. 030465,

.055303,
. 1301 100
.107379,
.000000,
. 115670,
.123901,
. 0300400
.089185,
. 125232,
. 0?318?9
.0507086,
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.056770, .047417, .035373, .019300, .00000¢
.015360, .026754, .033373, .041953, .045697.
.053363, .055059, .055903, .055903, .05506
.050706, .046971, .041958, .035373, .0267S
.000000, .00000n, .008154, .015360, 019901
.025836, .027811, .029163, .030040., .03046!
.030040, .029168, .027811, .025896., .02331I
.015360. .009154, .000000, .000000, .00000
.000000. .000000,» .C00000,» .000000, .00000
.000000, .000000, .000000, .000000, .00000¢
.000000, .000000, .000000, .000000, .00000

INTERPOLATE NONLINEAR SOLUTICN BY QUARDRATICS
CALL QUADRD{X.Y, TRBLE,GRID.GRID,NGRID,NGRID, NGRD!
TRUE = DERUSL(6)

RETURN
END
FUNCTION W{X.VY)

REAL DERUSL(E)s GRID(S), TAB1(9.9), TAB2(S.38).
TAB3(9,9)s TAB4A(S,9)

DATA NGRID., MORDD., GRID -9, S, 0., 0.125, 0.250,
$0.375, 0.500., 0.625. 0.750., 0.87S. 1.00~/

APPROXIMATE SOLUTION OF NOMLINEAR PROBLEM FOR NOf
COLLOCATION

DARTA TABl-/ .000000. .000000. .0J0000. .00000
.000000, .000000, .000000,» .000000, .00000
.05674S, .067036, .070228, .0E7025, .0S574!
.000000., .000000, .0S674S., .091025. .10931!
.109316, .081025,» .0S674S, .000000, .00000
.109316, .132414, .139739, .132414, .10931
.000000, .000000. .070228. .11S060, .13973
.139739, .115060. .070228., .000000. .00000
.108316' -132414' olssm' '132414. ol°s3ll
.000060, .000000. .056744. .039102S. .109311
.108316, .08102%, .056744, .000000,» .00000!
.056744, .067036. .070228, .067036r .05674
.000000, .000000. .000000, .000000, .GO0O0O!
.000000, .000000. .000000. .000000-

DATA TAB2/ .000000. .000000, .000000., .00000
.000000, .000000.» .000000, .000000., .00000!
.770994, .791956, .794924, ,.7919%6. .77089
.000000. .000000, .770983, .829308, .95724
.957243, .928308, .77093%4., .000000, .00000
.957243, .986836, .991138. .986836, .95724
.000000, .000000, .?794824, .961261, .99113
.991138, .961261, .794%924, .000000, .00000
.957242, .986836, .991138, .986836, .95724
.000000, .000000, .770993, .829308, .95724
.957243, .929309, .770893., .000000,» .00000
.770933, .7919S6., .794%23, .791956, .77033
.000000, .000000, .000000., .000000, .00000
.000000., .000000» .000000., .000000-

DATA TAB3- .000000. .000000., .000000. .00000
$ .000000. .000000, .000000» .000000, .00000
$ .0S260S. .061771., .064583, .061771, .05260
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$ .000000, .0000C0, .000000, .000000, .000000,
$ .052468, .061586, .064383, .061586, .0S246S,
$ .000000, .000000, .0S2466. .083345, .099507,
$ .099507, .08334S5., .052465. .000000, .000000.
$ .099507, .1198684, .126259, .118864, .099507,
$ .000000, .000000., .064382, .104531, .126259.
$ .1262%9, . 104531, . 084382, .000000, .000000,
$ .099507, .:i19884, .126259, .119864., .093507,
$ .000000, .000000, .0S5248S, .08334S5. .099507.
$ .099507, .08334S, .05248S5, .000000, .000000.
$ .052465, .061586, .064382, .061586, .05246S.
$ .000000., .000000., .000000, .000000. .000000,
$ .000000, .000000, .000000. .000000~/

INTERPOLATE NONL INEAR SOLUTION BY QUADRATICS

CALL OQUADRD(X,Y, TRBLE,GRID. GRID, NGRID, NGRIDs» NGRDD,
G = DERUSL(B)

H = -(lRee2)e(] -G)ea(LB~1)0EXP(8leieG/(1.+4CeG))

RETURN
END

'EOR
(2222 222222 Y]
e MACRO 45 e
(222221 IXX2 2
2000001202000
THO DIMENSIONS $ HOMOGENECUS
UXX$ + UYYS - (LReR(X,Y)IUS = 0.0
DIRICH.ET
X=0, » UsTRUE(X:Y)
x=l, o USTRUE(X.Y)
v=0. . UsTRUE(X.Y)
Yel. o UzTRUE(X.Y)
FUNCTION TRUE (X,Y)

(T XXX YT IR Y IS S XY X XYY R 22 2 0 X X XXX 2 o o o g2 2o 1
[ ]

. MACRO 45 PARARMETERS

[ ]
Q..i.'....’..........OI..Q......’0..‘.0..’.’0.’0"
[

- A I B 1 C

L o]
- e 1 1 1 1

Y 1 I

L2 1000 I 1 T 2

- 1 1

. e I 2 1 3
-

(1o a2 2 X222 22 o2 J 122 22 XXXy o s X222l oaq 222

REAL DERUSL(8)» GRID(20)s TABLE(20+20),
Ti1B1(100), T1B2(100)s T1B3(100), T1B4(100),
Te2B1(100>, T2B2(100), T2B3(100)s, T2B4(100),
T3B1(100), T3R2(100), T3B3(100). T3B4(100)

EQUIVALENCE (TABLE(1, 1) » T&CB1(1)),

(TABLEC(1, 6) » T&CB2(13),
(TABLE(1+11) . T&CB3(1)),
(TABLE(1,16) » T&CB4(1))

e LT P ELLL Ly

L X X BN X X |
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. 575885 ’
.546386,
.667812,
.B686375,
.636314,
.640631,
.701080,
.634703,
.621247,
.662897,
. 542360 ’
.509482,
. 8327(?50

DATA T1Be~
.616781,
.602502,
.646454,
08288710
.594408,
081883?0
.650435,
. 5942935,
.5938157,
-%8318'
.Soasoao
.587837,
.633458,
.619777,
.584603.
.609482,

DARTA T1B3~/
.601053,
. 586223,
.632033,
.621247,
.586223,
.61099S,
. 850495'
.594295S.,
. 599157'
.666917,
. 81045.
. 5959850
.640630,
.634703,
.601053,
082‘84SI

DARTA T1B4~/
08248450
05103940
. 853849.
.65172S,
.619777,
.8423800
-58537"
. S$3l¢0
. 840630'
.701080,
. 880219'
u84?744'

XXX XX NN KX NN N XN X XX K X N XK N X XK' X X

P XN K N K X' E R X ]

LE X K X X X X X X N R J

.88?3! 1 L
.646386,
.67598S,
.673701,
.633459,
. 646455,
.681074,
.628672,
.sa‘aoe.
.675984,
. 8327280
.608482,
. 8423500

.676140.
.810426,
.605716.
.660218,
.618837.
+594408,
.628671,
.636314.
0531080'
.605715.
.Ss‘el 1 .
. 595985,
.531080,
.64774S,
.609482,
05845030
.619777,

.6562968+
.594408,
. 589481 L
.646386,
.610995,
. 586223,
.821247,
. 8353 14.
.591080,
.60571S,
.67080S,
. 803954.
.599157,
.654633,
06248450
. 801053'
.634703,

05829100
.618637,
18140380
088731 1.
.642360,
.619?77,
.651725,
.673701,
.633458,
.646454,
.712678,
.654632,
.65049S,

. 680220 ’
. 8477450
.686376,
.662897,
.632039,
.653849,
. G?SSBQ ’
.624202,
. 8288720
.691074,
.624845,
.610995,
.653849,

. 580319-
.605716.
.610426,
.676140,
.610426,
. 595986,
0840530v
.624202,
0589481 ’
.614036,
. 84?7451
.591080,
. 595986,
3 85421 0.
.601053,
.5882230
.632039,

.5463870
.589481,
. 5944080
.662966.
.602602,
.587837,
.6334583,
. 5242023
.589481,
. 8140330
.654633,
053915?0
.603954,
.670804,
. 813?80.
.602602,
0848454l

.667312,
08140$0
.618637,
oMlOl
.634703,
.621247,
.662897,
.662896,
.632039,
.653848,
.698559,
.650485S.,
.654632,

065‘633'
.850450
-ssaSSOo
.653849,
.632039,
.662897,
0882897.
.621247,
.634703,
.682909,
.81863?'
08160360
088731 l ’

0648454 ’
.602602,
.616781,
.670803,
.603954.
.58.'157,
.654632,
. 814036'
. 583481 ’
.624202,
.633459,
.587837,
.602602+
.85295?-
05944080
. 589481 L]
.646386,

.632033,
.586223,
.601053,
.6642l1e,
.595986.
.5981080,
.647745.,
0814036'
-589‘81 ’
.624202,
.640631,
-595985-
.610425S,
. 876143I
.610425,
.60571S,
.660220,

.653843,
.610995S,
0824845’
.6391075,
.52857l ’
. 82420 1 L
.675985'
. %3848'
08320330
.662897,
06883740
.647745S,
.660219,
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0001214'
.00121S.,
.0373S6,
.000233,
.000231,
.001460,
. 000275,
.000044,
.000088,

DATA T2Be/
. 000017,
.000008,
.201220,
.000232,
.000002,
. 000045,
. 006384,
.00000},
.000002,
00335710
.000008,
.000000,
.001214,
.000231,
. 000000,
. 000044,

[ X X X R X' X K X}

LA X X X XK R X K X K X X X X ]

DATA TeB3/
.000008,
.000000,
.001214.
.20C231,
.000000,
-0000440
.006384,
.000001,
.000002,
. 033571,
.000010,
.000002,
.001218S,
-000239.
. 000208,
.0000S2,

DATA T2B4~/
.00005¢2,
. 000044,
00012510
. 000485'
.000231,
.000275,
. 008223,
.001214,
.001215,
c03?3560
000638?'
. 006384,
.008223,
.03120S,
. 033589'
. 033785,

X XX N K K K N R AN N X ]

LA X X N X X & X X X X R X N R

.001214,
.001220,
.03120S.
-000232'
.000231,
-008459'
. 000088.
.000044.
.000275,

-033551!
.000010,
.000008,
.006387,
.000045.
.000002.
-0002320
.001214,
.000000,
. 000008,
. 333566,
.000002,
.000000.
.006384,
. 000044,
. 000000'
. 000231,

. 033569,
.000002,
.0000090,
.006384.,
.000033,
.000000,
0300231'
.001214,
.000000.
.000009.
.033579.
.000003,
.000002,
.00638S,
.000052,
.000008,
.000239,

0033785l
.000045,
.000044,
.006373,
. 000275'
.000231.,
. 000468,
. 002597,
. 001214.
.001220,
.048894.,
.008385!
.006384,
.014807,
. 033785,
.033563,
.03:208,

. 001214'
.0012510
. 006463,
.000231,
.000232,
.031205,
.0000S2,
0000044.
.0012S1,

.006387,
.000009,
.000010,
.033551,
.000010,
.000002,
.001215,
.00023!,
.000000,
. 000044,
. 0065384,
. 000000,
.000002,
.033566,
.000008,
.000000,
0001214.

0005384‘
.000000,
.000002,
.033563,
.000003,
.000000,
.001214,
.000231,
.000000.
. 000044,
.00638S.
.000002,
.000003,
.033579,
.000017,
.000008,
.001220,

.006373,
.000044,
.000045,
.03378S,
.000233.
00002310
.001460.
»001460,
0001214.
-001251.
.014807,
. 006384,
.00838S,
.048804.,
.033SS1,
.033566,
. 037356,

.001214,
.001460,
.001460.
.000231,
. ooom’
. 033785,
.000045,
.000044,
00083?3'

.001220,
.000008,
.000017,
. 033579,
.000003,
.000002,
.006385S,
.000044.,
.000000,
.000231,
.001214,
.000000,
.000008,
.033569,
.000002.
.000000,
. 006384,

.001214,
.000020,
.000008,
.033566.,
.030302,
.000000,
. 006384,
. 000044'
.0000Nn0,
.000231,
.001215,
.0000020
.000010,
.033551.,
.000010,
.000009,
.006387,

.001251,
. 000044,
.000052,
.03120S.
.000232,
. 000231 L]
.006469,
. 001251 ’
.001214,
00014800
0008223'
.0083840
. 006m70
. 0658%2,
.033579,
.033571,
0048804.
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3 $ .699604, .701881, .705331, .709998, .71594
3 $ .731934, .742302, .754253, .747913, .73554
3 $ .715943, .708432, .702313, .697507., .69395
3 $ .690446, .63044S, .691610, .693954, .69750
gC $ .708432, .715843, .724941, .735544, .74791
3 DATA T3B2/ .742651,» .730041, .719202, .70999
3 $ .696049, .691128. .687481, .685090., .68389
3 $ .665090, .6874%0, .691128., .6396048, .70231
3 s .719201, .730040, .742649, .738532, .72S72
3 $ .70S331, .697507, .691128. .686117. .68241
3 $ .678750., .678749, .6799%6S. .6824]1. .68611
3 $ .B97S06, .705330, .714€95, .?25720, .73853
3 $ .722%29, .711366, .701881, .693354, .68749
3 $ .678854, .676174, .674942, .6749s2, .57617
3 $ .682410, .637480, .693953, .701880, .71136
3 $ .735528, .733442, .720410, .709167,» .69950
3 $ .685090. .67996S. .676174., .673672, .67242
3 $ .673672, .676174. .679864, .685083, .69160
3 $ .709166, .720403, .733440. .732489, .71936
3 $ .698472, .690445, .683898, .678748, .67434
gt $ .690444, .698471, .708073., .7139364, .73248
3 DATA T3B3- .732483, .71836S, .708074, .69847
3 $ .6E3B%B, .678748, .674941, .672428. .67117
3 $ .672428, .674941, .678748, .683898, .63044
3 $ .708073, .719364, .732487, .733441, .72040
3 $ .699503, .691609, .685083, .679964, .67617
3 $ .672427, .672427, .673671, .676173, .67996
3 $ .691608, .69%9602. .709165. .720408, .73343
3 $ .722527, .71138S., .7018739, .693953., .68748
3 $ .678653, .676173, .674%41. .674941, .67617
3 $ .682409, .687489, .693952. .701879, .71136
3 $ .735527, .738529, .725718, .71459S5, .70S32
3 $ .691126, .68611S, .682409, .679%€3, .67874
3 $ .679963, .682409. .686115, .€31126, .69750
3 $ .7145894, 725718, .738529, .742648, .73003
3 $ .709986., .702310., .686046, .691126, .68748
3 $ .6838%5, .683895. .685088. .6374E8. .69112
gt $ .702310, .709995., .7191399, .?730038, .74264
3 DATR T3B4- ,747909, .735541., .724933, .71594
3 $ .702310. .697504. .6938S52. .691608., .69044
3 $ .691608, .693952., .697504, .702310. .70842
3 $ .724939, .735541. .747909, .7542S0. .74229
3 $ .723240, .715940., .70999S. .70S328., .70187
3 $ .698470, .698470, .699801. .701878., .70532
3 $ .715940, .723241, .7319%1, .742293. .7542S
3 $ .750441, .74045S, .731991, .724938, .71918
3 $ .711363, .709164, .708071, .708072. .70816
3 $ .714693, .719199, .724938, .731991, .74045
3 $ .762107, .771257. .760047, .750441, .74229
3 $ .73003?, .725717, .72252S., .720406, .71936
3 $ .720407, .722525. .725717, .730037, .73554
3 $ .75044}, .760048. .771258. .781809., .?77125S
3 $ .754249, .747908., .742646., .738527, .73552
3 $ .732485. .732485, .733438, .735526. .728Se
3C $ .747908, .754249. .762106, .771257, .78191
3

3C INTERPOLATE NONLUINEARR SOLUTION BY QUADRATICS

3C

3 CALL QURDRD(X.Y, TRBLEs GRID, GRID, NGRID, NGRID, NGRY
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DATA TAB3- .781915, .759066, .743303, .73S5237,

$ .73%238, .743903, .759066, .781915. .75906S,
$ .7189%?, .707336, .704204, .707335., .716957,
$ .759085, .743902., .716956., .638374, .688669,
$ .688668., .698973., .71695S5. .743900, .735236.
$ .688668, .677956, .674465, .677955, .688666,
$ .735234, .732416, .704204, .685311., .674464,
$ .674453, .685309, .704201, .732414, .73%234,
‘ .588356- 0877540 0674483' .m3' -mso
$ .735233, .7438%3, ,.7169S3. .638970. .6BB6E66.
$ .688665. .698970., .7169S2, .7438%98. .7590s51.
$ .7169%2, .707331. .704200., .707332, .716SS2,
$ .759062. .781909, .7S59060., .743897, .73S231.
$ .735232, .743897?, .759061. .781811~/

IF (&B .EQ. 2) GO TO 10

R= 1.0

RETURN

INTERPOLATE NONLINEAR SOLUTION BY QURDRATICS
CALL QUARDRD(X.Y, TAB3,GRID,GRID,NGRID, NGRID. NGRDD, N
R = DERUSL(S)

RETURN
END

*EOR

(1222 2422712 1]

® MACRO 46 »

(22122221222 23

WUHEBBBE888888888888gwmm e

2000220202000
THO DIMENSIONS $ CONSTANT COEFFICIENTS $ HOMOG
UXX$ + UYYs - LBUYS = 0.
DIRICHLET
X=0. « U= 0.
X=3R » U= 0.
YIO. L U=-1n
Y.lo . U‘ l.
FUNCTION TRUE(X,Y)

TSRO NNNEEBB002DBNDNVNBOLA DTN NNNNLEATOSOEHELS
L J

. MACRDO 46 PARAMETERS

L

ORGNBNL RV NONIBABARNBBBIVINB BRGNP IVBBITNVNNON NN

A

W & &

4

Lo o T2 2 L2 oo 22 2 X2 2 2T XX TR e sl as g adddd

REAL DERUSL(B), TABLE(20.20)., GRID1(20),
 d GRID2(20)., GRID3(20). GRID4(20).
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$1.0000000/

DARTA GRID2-0.0000000.
$0.8421053, 1.0S26316.
$1.8947368., 2.1052632,
$2.9473684, 3.1578947,
$4.0000000~

DATA GRID3-0.0000000.
$0.84210S3, ..0526316.
$1.8947368. 2.1052632.
$2.9473684, 3.1578947,
$4.0000000~

DRTAR GR1D4-0.0000000.
$1.6842105, 2.1052632,
$3.7834737, 4.21052863.
$5.8947368, 6.3157895,

0.2105263,
1.2631579,
2.3157835S,
3.3684211,

0.2105263.
1.2631579,
2.315783S,
3.3684211,

0.4210526»
2.5263158,
4.6315789,
6.7388421.

0.4210526,
1 . 47%842.
2.5263158,
3.5789474.,

0.4210526,
1.4736842,
2.5263158,
3.5789474,

0.84210S3,
2.9473684,
S.(0326316,
7.1578347,

.

* L]
UNAEWMN NN ~NNoOOYODD

NNWe= WO WO
- . . L] . -

$8.0000000~
APPROXIMATE SOLUTION OF PROBLEM USING

P3-C1 COLLOCATION (8 X 8 GRID)

DATA T1B1-/-1.000CC0,-1.000000,-1.000000,-1.0000
$-1.000000,-1.000000.,-1.000000,-1.000000,-1.0000
$-1.000000,-1.000000.,-1.000000,-1.000000.-1.0000
$-1.000000,-1.000000.-1.000000,

PRV AVAANANNIAW

LN X N N X R N N N N N N N N.J

C X X N X X

e 81?443.
-.928640,
-.875302,
-.218279,
-.836165,
-.818609,
-.042'40,
'.8877430
'.?857060
'.4251250
-.445435,
'.8314580
-.53333i,

DATA T1B2/

-.507305.,
-.600800.
. 265253,
. 302239,
.$29380,
. 372592,
.083061.,
.42¢2671.,
.3248S3,
.000386,
.288236.,
.361272,
.135706,
. 149636,
-.288862.
-.18?832.

I I T R B B |

DRTA T1B3~/

-. 155888,
-.200813,
-.069654.,
‘.0558450
-.119430,
-.071702,

-.857488,
-0928?510
‘.827951.
-.5133840
-.847318,
-.791142,
-.047770,
=.725177,
. 751106,
.250824,
.530434.,
.691540,
.447016,

. 908657,
.S51224,
. 5819%.
‘.1416730
-.374162,
-.529314,
-030127?0
-.171761,
-.440317,
-.356424,
-.0003083.
-.321231,
-.34545¢2,
-.069764,
“e 1302990
-,2888633,
e 1483780

-.000008,
e 1?80710
-. 13805640,
-.035437,
“e 0?2“40
‘-1134380
-.055412,

-.894001,
-.826530,
--?92383'
-.873778,
-0852382'
-.747734.,
-.227276,
-.750246,
-.725286.
-.047770,
-.593233,
e 883244 .
-.335403,

-.135812,
-.581744,
-.551403,
-.008657,
‘-429104.
-.5193998,
-.212279,
'.245731v
e 4‘3200.
-.306585,
-0089?780
e 345454.
‘.3212450
-.000308,
-.222356.
-.281920,
e loow?o

e 03?03‘ *
‘.1310550
-.175631,
-.000008,
e 08895?0
-.115931,
-.0368938,

.031332'
-0809258'
-3921?08'
-.619858,
-.741340,
--852400.
-.677427,
--4155520
-.765570,
-.68870S,

.006366,
-06354710
-.665984,
-.183134,

'.?52887-
-.600366,
-.SO?S‘S.
‘.001713'
-.4?13320
-.501114,
-.111526.
-.307823,
‘04491480
~.245036.
-. 135734,
‘.3812?2-
-.288229,
-.00001S.,
-0248785.
-.268605,
-.051419,

-.070953.
-.2008S1.
-.155406.
~.0000S2,
‘.098?41:
-.109087,
-.018570,

108

-.2053
-.819¢
=.9115

<0313
-.7894
-.8474
-.568¢
-.5476
-.772¢€
-.6328
-.664E
-.B36¢

. 0063

-.367¢C
-.6101
-.447(
-.1121
~.501¢
-~.4711
-.0017
-.356¢€
-.4403
-.170¢
-.195]
-.3691
-.246]
-.055(
-Oasse
-.248¢
-.000(

-.103]
=.206(
-.130¢
-.0189¢
-.109‘
-.099C
-. 000



thNd(J(d(d(d(JhJthJ%‘th(le(thhlh)h)th(thkHd(JtJ?‘h)h)h)ththJhJththJ(JldtJtdtd,%h}hlhlhlhthJ(JtJ&JthHJ(J(J

$ .309026, .303747,
$ .156400. .0828S5,
$ .324288, .377583,
$ .453498, .453S02,
$ .377831, .324414.
$ .182666, .372736.
$ .605291, .611630,
$ .593524, .S74053,
$ .000000. .000000,
$ .768311, .782081.
$ .794520, .790283,
$ .607330, .378S54,
$ .952230, 1.0063€6,
$ .999377, .999977,
$ 1.006366, .952230,

DATA T2B1--1.000000,
$-1.000000.,-1.000000.
$-1.000000,-1.000000,

$-1,000000,-1.000000,
S ‘o9138510 ‘-3330990
$ ‘.966591- ‘.9558180
$ -.973336., -.936573,
$ -.583009, -.820302,
$ -.925646, -.926188.
$ -.924854, -.9238S1,
$ -.042140, -.047770,
$ -.877901. -.88133%9,
-.883347- -.883194,
$ -.827376, -.677138,
$ -.791510, -.816784,
$ -.836699, -.836071,
$ -,819806, -.792775,

DATAR TeBe2- -.00BES7,
$ -.773474, -.778669,
S -.7820?70 ‘.?812000
$ -.672442, -.473021,
$ -0658234! -08396530
$ -.724377, -.723893,
$ -.700611, ~-.668502,
$ -.349512, -.525281.,
$ ‘-5555410 ‘.8574520
$ -.653070, -.646300.
$ .000386, -.000808,
$ -.572644., -.S579762,
) ‘.5848830 '.583280|
$ -.445900, -.279298B.,
$ ‘.4424120 '.4?3723-
$ -.505164, -.504852,
‘.4788199 ‘.4421910

DATA T2B3~/ -.000008,
$ -.401672, -.409212,
$ -.414331, -,.412966,
$ -.288023, -.168780,
$ ‘-2589490 -.288804.
$ -0315353| "3153510
$ -.288308. -.258768,
‘.051508- ‘.1128980
$ -.202706., -.204138,
$ -.199275, -.192614,
$ .000004, -.000005S,

.293226,
.000000,
.410414,
. 45038?!
.244673,
.473280,
.614897,
.538910,
.364539,
.730041,
.782132,
.000000,
.991341},
. 999039,
.357860,

-1.000000,
-1.000000,
-1.000000,
-1.000000,
-.953?270
-.965444,
-1 -024358!
-0888801'
-.926863,
-.921108.
-.662054,
-08828100
-.881111,
-.047770,
-.828036,
-.83558s.
-.7%83¢21,

‘.4752530
-.781104,
-.778597,
'-00885?0
=-.712947,
-.723272,
-.598330,
-.538374.
-08587200
‘.832?2?.
Y amsa'
-.583272,
-.579754,
-.000908.
-.491462,
- 05041050
e 388005’

e 174350'
-.412868,
-04090“l
-.000008,
-.302458.
-.314671,
-.201567,
-. 154902,
e 204?99!
-.179827,

.016566,

277171,
=.000001,
.431180,
0443745I
. 138975,
.334312,
.614676,
.48‘854-
.600069,
.794434,
. 763066,
.000000,
. 938282,
1.000331,
1.031332,

=1.000000,
=1.000000,
=1.000000,
.031332,
e 983381 ’
-0986943’
-1.053698.
“e 907831 ’
= .925501 .
‘.8%891 .
-0820058'
-0%31 04!
-.878838,
.006366,
-.833113,
-.835566,
-.576948,

-.670613,
-.782017,
- om?07i
-.001713,
=-.719571,
-.72@708,
-0405‘5l ’
-.631821,
-n858345.
-.598584.,
‘.4453590
--584877.
-.5726861,
-.00001S,
-.499207,
~.502988,
-.224010,

‘.2837950
-.414247,
-0401863.
-.0000S2,
-.308542'
'.3131380
-.111454,
'.1807lao
-.204792,
-.154362,
-.007429,

110

.2504
.1385
.4436
.431¢
-.0000
.5787
.6117
L] ”‘8:
.6927
. 7964
.7395
1.0313
1.0003
. 9982
.0000

-1.0000
-1.0000
-1.0000
-.3373
-.9646
.0313
-.9208
-.9263
-.9179



th)h)h)hHJ(dtJthlh)h)hﬂdtﬂ%‘GJh)blhlhlh)h“dtﬂhlh)hlh’h)h’hNJ}%GJ&Jh)hNJtJ&Jh)hJhNJ(Jtd&)h)hlhl%;hﬂd(Jhlh)h)h)h)h)h"d

$ .382444, .381600,
$ .44774S, .538473,
$ .S562762. .561406,
$ .562623, .56432S,
$ .000000» .00000C,
$ .766365, .763300.
$ .769152, .770303,
$ .74768l. .71861186,
$ .952230. 1.006366,
$ .9338977, .999977,
$ 1.006366, .952230,

DATA T3B1--1.000000,
$-1.000000,-1.000000,
$-1.000000.,-1.000000,
”1-000000-‘1-0000000
$ -.952148, -.972313,
’-10001588'-100007180
$-1.013562, -.976641.,
$ -.733253. -.934475,
$ -.923649, -.939790,
$ -.993632,-1.000618,
s -004814°l -004?7?0l
s --999381'-10000133l
$ -.993376,-1.000488,

$-1,003428., -.886322.
$ -.981972, -.995069.
$-1.000876.-1.000032,
$ -.996384, -.382043.

DATA T3B2-/ -.008657.
$ '.997815- -0998527'
S ‘.393335- -09988551
$ -.953296., -.739347,
$ -.874706., -.980749,
$ -.9339426, -.998584,
$ -.991864, -.974667,
$ -.6435138» -.903353,
$ -.99697!, -.896308.,
$ -.995862. -.994877,
$ .000386, -.000909,
$ -.990511, -.992719,
’ e %3844 * T SS:S‘S:
$ -.872526, -.589333,
$ -.9466SS5, -.977289.
$ -.991181, -.930251,
$ -.979124, -.847008.

DATA T3B3-/ -.000008,
$ -.977270, -.981166,
$ -.882252, -.982572,
$ -.818872, -.S21027,
$ -.911476, -.953237,
$ -.97004S5, -.96977S,
$ -.9S3727, -.9115S3.
$ -.464670, -.753857,
$ -.949734, -,.9438093.
$ -.947343, -,3943308.
’ 0000004' ‘00000050
’ ‘.9053?5- ‘.911“57'
$ -.91359S, -.813471,
$ -.705662, -.419556.
$ -.779598, -.832003.

. 384950,
.551996,
. 562954,
0588433'
.688631,
. 769854,
. 768836,
.000000,
0891341’
. 9399039,
. 95?860 ’

-1,000000.
=-1.000000,
=-1.000000,
-1.000000,
-0992515'
-1.000386,
-1.088341,
=-.973754,
-1.,000378,
-1.002758,
-.867063.
-1.000146.,
-.999562,
-.047770,
-.998631,
-.9939824.,
-.982737,

'.734549’
- .998?70.
-.993928S.
-.008657,
-.936110,
“e 998329.
-.928379,
-.967714,
-.997574,
-.988840,
“ 590 183.
-.933539,
-.982700,
-.000908,
- .9854040
-OSSSSOSI
-.848901,

-.525620,
-.982321,
-.980693,
-.000008,
-.983860'
-.9535840
-.787363,
-0883824l
-.950727,
-.931826,
-.421154,
-.91335S,
-.911237,
-.00000S.,
-.845481 L]

326554,
. 562925,
. 562046,
. 353316,
.735748,
. 768829,
. 767486,
.000000.
. 998282'
1.000331,
1.031332.

=-1.000000,
=-1.000000.
=1.000000,
.031332,
-.9388771
-1.0022865»
-1.156170,
-.988436,
-1.000076,
-.982258,
-.9385¢266.
-.9939665,
~1.00C217,
.006366
-1.000227,
-1.000713.
-.8155230

-.951262
-.938758,
‘.99?323.
-0001713l
-omssel
-.999219,
-08833610
-.987938,
-.99691S,
-.967684,
-.872571,
‘.3938340
-.990536.
-.000015,
-.983575,
-.990867,
-.555348,

-.813198,
-.982008,
-.9773942,
e oooosa'
-.96803S,
-.969639,
-.4839058,
-.930362,
-.9499183,
‘.8840550
-0705689.
-0913482'
-0908882'
-.000002,
-.852138|

111

-.0000
.S624
.S5619
.5583
7422
.7700
7715

1.0313

1.0003
.9982!
.0000

-1.0000
=1.0000
-1.0000
-.3913
~.9997
-1.0001
.0313
-.9973
-1.0000
-100388
-.9840
-1.0006
-,9977
-,.78S5
-1.0001
-.939393
.0063

-.9796
-.9930
-.982?
-.6958
"09%7
-.3976
-.0017
-.9339
-.9966
-.9015
-.9584
-.9937
-.9827
-.56t@2
=.9903
-.988S
-.0000



[ XX X X' K X K N R N X X N ] [ X X X X X X X X N X X X'}

.000000.
.1743&.
e 173?18'
-260071,
.952230.
-9999??.
1.006366,

.000000,
01747120
.174737,
. 353805,
100063350
.399977.
.3522300

DATA T4B1-/-1.000000,
$-1.000000,-1.000000,
$-1.000000,-1.000000,

$-1.000000,-1.000000,
-03‘48460 -09382080
‘--%83040 -.966702,
-.984159, -.941488,
-.745919, -.871901,
-0926998. -08285540
-.9268%4, -.927762,
-.042140, -.047770,
-.884008, -.885089.
-.884¢261, -.885423,
-.913185., -.300626,
-08245780 -0833884.
-08385430 -.8372510
-08405090 -.823831.
DATR T4B2/ -.008657,
-.783934, -,783679,
-0783381. -07838540
-.796844, -.721744.,
-.718829, -.727195,
-.726221, -.725239,
-.726149, -.717362,
-.571182, -.665170,
‘-6802010 -.559171o
-.659763, -.661169,
.000386., -.000908,
-.587687, -.586974,
-.586564, -.586662,
-.582873, -.474797,
‘.5059070 -05084SSI
-.507022, -.S06385.
-.507916, -.505027,
DARTR T4B3- -.000008.
-.417933, -.417433.
--4185020 -.4170130
-.408958, -,.310286,
-.320682, ~.319571,
‘0316894' -03188890
-.319410., -.320578,
e 1503080 -02083740
-.206484, -.206203,
-.207072, -.208218,
.000004, -.00000S,
-.085678, -.084329,
e 083339' -00838109
-.080944, ~-.023133.
.039158, .048332.
.054444, 053828,
.048312, .033251,
DATA T4B4- .000000.

.332085’
.174340,
017‘1920
.000000,
.991341,
. 9338033,
.957860,

-1.000000,
-1.000000,
=-1.000000,
-1.000000.
-.956910,
-.966078,
-1.082385,
-.8338702,
-.927720,
-.935713,
-.879855,
-.885004.
-08841050
-00477700
-.836717,
-.836928,
-.861101,

-0718569'
-.783548,
-.783434,
-.008657,
-.725674,
-.725048,
-.731700.
'.555241-
’.580495o
-0660‘63'
-.475176,
-.586653,
-.586950.
-.000909,
‘.50?4580
-.506299,
-.500147,

-.3205720
-.416874,
-.417073,
-.000008.
= 0318531'
-.316780,
-0309297.
-.213207,
‘.2051329
-.209709,
e 028@8'
-0083512'
-.084320,
~.00000S.

+ 050450,

00535280

. 053038,

.200694.

024?8199
.173400,
.175519,
.000000,
.9382820
1.0003910
l u031332.

-1.000000.
-1.000000,
-1.000000,
0031332'
-.965106,
-09832130
-1. 172?5?0
-.919758,
-0927183'
-.908953,
-.904387,
-.8837%4,
-.8850600
. 006366,
-0838284'
-t838573’
-081?8240

-.794851,
-.783265,
-.784196,
-.0017!3,
-.726301,
~.726228,
-.638213,
-nss‘esl’
-.659728,
-.654094,
-.582932,
-0586553'
-.587706.
-.00001S.,
-05074820
-.S5071683,
"039415l'

‘.4[2’3140
-0416337.
-.41823%.
-.000052,
=.317527,
-.316993,
‘.2218359
-.210190,
-.206118,
-0312891.
-.083017,
-00833”.
‘.085“1.
-.000002,

.053013,

. 053394,

.094589,

0188289'
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$ .952230. 1.006366, .891341, .9398282., 1.000331,

$ .939977, .933977. .9399039. 1.000391. .998282.

’ 1-0083889 -3522300 .9578800 1-031332’ .000000/
INTERPOLATE NUMERICAL SOLUTION BY QUADRATICS

CALL QUADRD(X,Y.TABLE, GRIDAC.GRID1,NGRID,NGRID, NGR
DERUSL)

TRUE = DERUSL(6)

RETURN
END

*EOR
(221 1. . Z121Z]
e MACRO 47 o
[ rryrrr_ r2711}
2020021002000
TR0 DIMENSIONS €& CONSTANT COEFFICIEMIS 8 P
UXXS + UYYS = F(X,VY)
DIRICHLET
X=0. + UsTRUE(X.Y)
%=1, o UsTRUE(X:Y)
¥=0., + UsTRUE(X.Y)
Yel, , UsTRUE(X,Y)
FUNCTION TRUE(X,Y)
TRUE = (XeY)ee(,S50(LR))
RETURN
END
FUNCTION F(X,¥)
IF ( X.EQ.0. .OR. Y.EQ.0. > GO TO 10
F = (.5¢(8R))8(.5e(&R)-1,.)e(Xey)ea( Se(LR)=2, )@ (Xe
RETURN
10 F = 0,
RETURN
END

WWWWWWLWWWWWWANIIN N - — 8

*EOR
[T X X122 ZXI21X7)
e MACRO 48 o
0008 NGB 0GNGE
2000003202000
THO DIMENSIONS
UXXS + UYYS + R(X.Y)US = 0,0
DIRICHLET
X'O. L U*l-
X=1, » U=l.
Y-OO » l}‘l.
Y.lo . ‘.Plo
FUNCTION TRUE(X.,Y)

CREEEREEENN0000EIAIDITNIEENNININTENLNENNENESPOIDE
.

L MACRO 48 PARAMETERS

.

NN EEIINNRENNEEIINTNETINIINRNNENNEEINNOINNNNEE
.

gggggggggggummmmm-.

. A I B 1CT1OD
. —===-1 I I
. 2 1 .06 I 1 I 1
. 1 I I
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o0

s T3B1(100), 73B2¢(100)., T3B3(100)., T3B4(100)
s T4B1(100). T4B2(100), Y4B3(100), T4B4(100)
s TSB1(100), TSB2(100)s TSB3(100)., TSB4(100)

EQUIVALENMCE (TRBLEC(!., 1) » T&DB1(1)),
$ (TABLEC(1., 6) » T&DB2(1)),
$ (TRBLE(1,11) » T&DB3(1)),
$ (TABLE(1,16) » TA&DB4(1))

DATAR NGRID. NGRDD. GRID -20. 20. 0.0000000, 9
$0.1052632, 0.1578947, 0.2105263, 0.2631579, 0
$0.3684211, 0.4210526, 0.4736842. 0.5263158. 0
$0.6315789, 0.6842105, 0.7368421, 0.7834737, 0
$0.8947368, 0.9473€84, 1.0000000~

APPROXIMATE SOLUTION OF LINEARIZED PROBLEM USIK
HODIE-RCF (MzTHOD=4, ICRDER=41, 20 X 20 GRID)

DATA T1B1~- 1.000000., 1.000000. 1.000000. 1.0000
1.000000., 1.000000. 1.000000., 1.000000., 1.000C
1.000000., 1.000000., 1.000000. 1.000000., 1.000C
1.000000., 1.000000. 1.000000. 1.000000, .9934

.985662, .983162, .981263, .973847., .978E
.977874, .977874. .978191., .978833, .97SE
.983162, ' .985662, .988963, .993444, 1.0000
.988363., .8B0721, .97444S, .969621, .96SS
.961193, .959%23, .959301., .9%9301., .9S9¢
.963166, .965930, .969621s .97444S5, .9807
1.000000, 1.000000., .985662, .974445, .965€
.953504, ,.94951S., .946657, .944813, .943¢
.944813, .946657, .94951S5, .953504, .958¢
.97444S, ,98%662., 1.000000. 1.000000. .983l
.958802, .950238, .943561. .938504, .934E
.931362, .931362, .932517, .934863, .938¢
.950236, .958802, .S59521. .9B3162. 1.000C

DATA T1B2-/ 1.000000, .981263. .965930. .3853¢

CX X X X X X X N X X X X X'R X/

$ .9357S2, .92980S5. .925515., .922733,» .921:
$ .922733, .92551S5., .92980S., .935752. .943<
$ .965330, .981263., 1.000000., 1.C00000, .979E
$ .949515, .938504, .92380S5., .923152, .918:
$ .913667, .913667, .915207, .918336. .923!
$ .938504., .9495)5. .963166, .973847, 1.000C
$ .978833, .961193., .946657, .934869, .925¢
$ .913128, .909739, .908069, .908069, .9097
$ .918336, .925515. .934869. .946657, .961)
$ 1.000000. 1.000000, .978191, .959923, .944¢
$ .922733, .915207, .909733. .906176, .904¢<
$ .906176., .909739. .915207, .922733, .93e¢
$ .9593%23. .978191, 1.000000. 1.000000, .977¢
$ .943%09, .931362. .92136S., .913667. .908(
$ .902620, .902620. .904420, .308069., .913¢
$ .831362. .943309. .959301. .977874. 1.000C

DATA T1B3-/ 1.000000, .977874, .959301, .943¢

$ .9213685., .913667., .908069. .904420. .S02¢
$ .904420., .908069., .913667., .92136S. .931C
$ .959301. .977874, 1.000000. 1.000000, .978|
$ .944813, .932517, .922733, .91520?., .9097
$ .904420, .904420, .906176., .909739, .915¢
s
s
$
]
s

-
[

.932517, .944813. .959323., .978191, 1.000(
.9788339, .961193, .9466S7, .9348639. .925¢
.913128, .909733, .908069. .908069. .909:
.918336, .92551S5. .934869, .946657. .96l
1.000000., 1.000000, .979847, .963166, .943%
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[ X X X X X X X N N X J

. 358802,
. 988363,
.961193,
.xa‘ss'
1.000000.
.981283.
.97813‘ L
. 988963,
1.000000.
1.000000.
1.0000060,

DATA T2Bl~/

(X X X X N X X X N X X N N X X/

(X X X XX XX X X XX X X X" X J

[ X X XX N X K X X X X N N J

1.000000.
1.000000,
1.000000,
. 985062,
.976693,
. 982393,
. 988547,
. 959048.
.961187,
.000000.
.950953,
.941539,
.973273.
. 956644,
. 92?0”'
.947487,

—

DATA T2Be/

.931901.,
.91?7779,
. 9841 ?0 *
. 946644,
. somai
. 934843,
. 9?7?44'
.907369,
.913031,
.000000,
. 9‘?779'
. 839790'
. 95?5570
- 940554,
. 8959070
.927079,

—

DATA T2B3/

.9162870
.897872,
. 956989,
.941539,
.897872,
.928338,
977744,
.907369,
0913031 ’
.000000,
.925468,
. 909622,
.961187,
.950953,

-

.m'
. ”0721 .
.599230
. 965930,
1.000000.
.979847,
. 978839,
. 993444,
1.000000.
1.000000.
1.000000.

1.000000.
1.000000.
1.000000.
1.000009,
. 9823398,
.976693,
. 985062,
.973310.
. 95?857.
.964170,
1.000000,
. 945844 L]
. 943545,
. sasosa.
.947487,
.927079,
. 956644,

1.000000,
. 9254580
.920809,
.980363,
. 334843-
. 907“2.
. 9465644,
. 959048,
+ 903675,
+920808,

1.000000,
. 909622,
.903675,
.977039,
-92?0790
.895307.
.940554,

1.000000,
.907942,
.9018S2,
0978693'
.928338,
.897872,
.941539'
.953048,
-303675,
.920809,
.000000,
. 918265,
. 9]3031 *
. 978836,
.940308,

s

. 974445,
.97444S,
.959301.
. 969621,
.993444,
.978333,
.979847,
1.000000.
1.000000,
1.000000.
1.0000C0,

1.000000.
1.000000,
1.000000.
1.000000,
. 980383'
.977038,
. 988547'
.973273,
. 956389,
.968131,
. 985062,
. 94354 5'
- 946644,
1.000000.
.840308.
0828338'
.968131,

.980363,
.920809,
. 925468,
1.000000,
+ 925468,
.909622,
.961187,
. 943545,
.9018S2,
.930898,
.977033.
.803675S,
.903622.
1.000000.
.916287,
.897872,
. 956989,

. 976693,
.901852,
.907942,
1.000000.
.9177?9'
.899790,
.957667,
09435450
.901852.
.930898.
. 978836,
0913031 ’
09182850
1.000000.
0931801 *

.sas%a.
. ssm‘ .
.959301.,
09?4«50
. 988963,
03?8191 .
.981263.
1.000000,
1.000000.
1.000000,
1.000000,

1.000000.
1.000000.
1.000000.
1.000000.
. 978836,
.977744,
. 893229,
.968131,
.956939,
. 9732?30
.973273.
. 941539'
~350953'
1.000000.
. 934843,
.930898,
. 982393,

.964170,
«917779,
.231901,
1.000000,
0918285'
.913031,
.978836.,
.930898,
.901853.
. 943545,
. 957667,
.839790,
917773,
1.000000.
.907942,
.9018523
.976693,

. 956983,
.897872,
.916287,
.000000.,
.909622.,
.903675,
.977039,
l930898'
.901852,
o943545.
. 381 187'
.soma'
.9254880
1.000000,

. 925468,
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1.0000
.96%9
.9593
.9807
. 98S&
.9778
.9831

1.0000

1.0000

1.0000

1.0000

1.0000
1.0000
1.0000
.9932
9777
.9788
1.0000
. 9641
.9576
.9799
.9539
.9405
. 9566
.9823
.9308
.9348
1.0000

.9509
.9162
.9403
.9788
.9130
.9182
.0000
.9208
.9036
.9415

[

.9079
1.0000

.940S
.8958
.9270
.9770
.9036
.9096
1.0000
.9208
.9036
. 9590‘
.9466
.9079
~9348
.9803
.9208



1.000000.
.Saomo
+977033,
.m?'

1.000000.

1.000000.

1.000000.

DATA T3Bl~/
1.000000,
1.000000,
1.000000,

. 986233,
.978388,
. 283885,
. 983360,
. 38& 1 7.
. 965035,
1.000000,
. 955913,
. 947895,
. 975558,
. 960843,
. 935388.
. 952832,

DRTA T3B2~/
. 939377,
0%?381.
. 967595,
.95¢2221,
.919031,
0941851.
. 9788?4.
.918523,
092331 1 *
.000000,
.927381,
.912151.,
.962050,
.94?088.
. 9088397,
.9353850

DATA T3B3~/
.926128,
.910544,
. 9814?90
. 947895,
. 910544,
.938445.
.9?98740
. 9‘8523'
.923311,
.000000,
.933883,
. 320441,
.%S0350
. 955913,
.926128,
. 94682?.

DATA T3B4~/

L X X X K XK X}

X X K X X X N N X X N N N N X/
| ]

[ XX X X XN N N K R R N

VRANAVNRNLVLVLRNAVLVRNN
—

1.000000.
.978836,
.977744,
. 933229,

1.000000.

1.000000.

1.000000,

1.000000,
1.000000,
1.000000,
1.000000,
.98388S.
. 9783988,
. 286233,
. 981433'
. 982050'
.967595,
.000000,
.952221.
. 949589,
. 986233,
03528320
. 935386,
.960843,

.000000,
.933883,
.3299340
. 9821 150
.941951,
.919031,
.952221,
0963217.
.915416,
. 929934,
.000000,
.320441,
.915416,
.979279,
.935386,
.908897,
. 947066,

.000000,
.919031,
.913887,
.978988,
. 93644S,
0910544'
. 947895,
. 963217,
.915416,
. 929934,
.000000,
.927740,
.923311,
.980804.,
. 9468627,
.3281280
.955913,

1.000000.

e

—

—

-

—

. 9932280
.977744,
. 9788380
1.000000.
1.000000,
1.000000.
1.000000,

1.000000.
1.000000,
1.000000,
1.000000,
.%2115'
. 979279,
. 983350,
. 975558,
.961479,
.971033,
. 986233,
.9439588,
.952221,
.000000.
.946627,
. 936445,
.971033,

.982115,

.923934.

.933883.
1.000000.
.933883,
. 880441 *
. 985035.
. 949589.
.913887,
. 938804'
.979279,
.915416,
.920441,
.000000,
.928128,
.9105440
.961479,

.978988,
.913887,
0919031 .
.000000,
0927381 .
.912151,
. 962050,
. 949588,
.313887,
. 938604,
0%0804.
092331 1’
.927740,
1.000000,

09393770

.32?3810

ossm.

. 9838850

o

-

—

. 388547,
.877039,
-580333'
1.0000093,
1.000000.
1.000000.
1.000000,

1 . 0000000
1.000000,
1.000000,
1.000000.
. 8808040
037%7‘0
0993848'
.971033,
08614790
.975558,
. 975558,
. 947895,
.955913,
1.000000,
094195‘ L]
.938604,
. 983885,

.9875550

0927381 ’

.939377,
1.000000.
.927740,
.923311,
03808040
. 938604,
09138870
. 949589,
. 962050,
.912151 .
.927381,
.000000,
. 91903‘ *
.9’”870
.9783988,

o%lq?SO
. 910544,
.926128,
.000000,
.820441,
09154160
.979279,
.938604,
'91388?.
o9485890
. 965035,
.9204‘[ *
0933883'
1.000000,
.933383,
.929934,
.982115.,

.971033'
116
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. 3850
. 9766!
. 3823
1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
. 9938‘
.9798
.9808
1.0000
. 96795
. 9620
.9814
. 9672
. 9470
. 96038
. 3838
. 9386
.9419
1.0000

.9559
-9361‘
os‘ml
.9808
.9233
.9277?
1.0000
.3299
. 9154
.9632
.9105
.9364
.9789
.9138
.9190
1.0000

.9470
.9088
.9353
.979¢2
.9154
08204
.0000
.9299
.9154
.9632
.95e¢2
.9190
.9418
.ml
. 9238
.9338
1.0000

.9608

-
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$ 1.000000,
$ 1.000000.
$ 1.000000,

DRTR T4B1~-
1.000000.
1.000000,
1.000000.

. 985?30 14

.978011,

.983248,

.989010,

.961443,

. 963395,

.000000,

. 353800 *

.945198,

. 9?4578’

- 39590S0,

.931871,

. 950SSS.,

DATAR T4Be/
.936206.
.923325.
.966132,
09498490
.914358,
.93893S,
.978366,
.913823,
. 9 l 8973 ’

1.500000.
. 92332S,
. 806953,
.960186,
. 944304,
. 903440 L
.931871,

DATA T4B3~/
0321973U
oSO&l?'
o%ﬁ?l'
.945198,
.905217,
.933013,
.978366.
. 913823,
.918973,
.000000,
09303200
09158800
0863395.
. 953800,
.821973,
.“3941.

DATA T4B4/
’ 0943941'
$ .933013.
$ .969791,
$ .9658SS.

(R N X X XN K NN N X CX X K X N X N X N N X N X N N
-

X X X X X X X N R X A N X X N J
—

1.000000,
1.000000.
1.000000.

1.000000,
1.000000,
1.000000,
1.000000,
. 983248,
.978011,
.985730,
.980813,
-960188,
.966132,
.000000,
. 949849,
.94?0220
.985730,
. 95055S,
.931871,
. 953050,

.000000,
09303200
.926076.
. 981366,
.93833S,
L] 91‘358.
0949849.
.961443,
. 91 04?3'
.926076,
1.000060,
. 915880,
.910473,
.97832S,
.931871.,
.903440,
0944304'

[

[

1.000000,
.9143s8,
.908823,
087801 l 14
.933013.
.905217,
.945198,
0961443'
.910473,
-926076-

1.000000.
.32373S,
.918973,
.979963.,
0943941 L]
. 921973,
.953800.

1.000000.
.93893S.,
. 935338,
.983248,
.959050,

1.000000,
1.000000,
1.000000,

1.000000.
1.000000,
1.000000.
1.000000,
08813880
.97832S.,
0%90100
.974578,
.959571,
. 969791,
.985730,
. 947022,
094%49.
1.000000,
.943941.
.933013.
.969791,

. 981366,
.926076,
.930320,
1.000000,
09303200
.915880,
09533%'
. 947022,
.908823,
0935338.
.873832S,
. 9104?3.
.915880,
1.000000.
.921973.
.905217,
.959571,

.978011,
.908823.
.914358.,
+000000,
.9233eS.
. 906953,
. 960186,
. 947022,
. 998823,
.935338,
.979963,
.918973,
. 923738,
1.000000.
. 936206,
0923325'
09%132'

. 983248,
. 9353380
. 938835 L]
1.000000.
.953800,

—

1.000000,
1.000000.
1.000000,

1.000000,
1.000000,
1.000000.
1.000000.
» 979963,
. 978966,
. 993468,
oxs?sl L]
.959571.,
.974578,
.974578,
.945198,
.953800,
1.000000,
.93893S.,
935338,
' .983248,

.966132,
0883&5'
. 936206,
1.000000,
09237350
09189730
.979963.,
. 935338.
.908823.
. 94?0220
'Sso 1830
.908953.
.923325,
1.000000,
.914358,
.908823,
.978011,

. %ﬁ?l 1]
0905217'
0921973'
1.000000.
.915880,
.910473,
.9783250
0935338.
.908823,
o%?oge.
08633950
.915880.
'930320'
1.000000.
. 930320,
08260750
03813;60

.969731,
.933013.
-9439‘"
1.000000,
. 949849,
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1.0000
1.0000
1.0000

1.0000
1.0000
1.0000

.9834

.9789

.9799
1.0000
.9661
.9601
.9808
.9658
.9443
. 9590
.9832
.9353
. 9383
.0000

.9538
.9219
.9439
.9?”
.9189
03237
.0000
.9260
.9104
.9614
.9451
.9052
.9330
.9780
.9088
.9143
1.0000

.9443
.9034
.3318
.9783
.9104
.9158
.0000
. 3260
.9104
.9614
. 9498
.9143
.9389
.9813
.9260
.9303
1.0000

.9530
.9318
+ 9505
- SBS?
. 9470

[y

|
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DATA TSBl~/
1.000000,
1.000000.
1.000000,

. 985745,
. 9780‘40
. 983268,
. 983020,
.361504,
. 863451 L]
1.000000,
.953873,
. 945296,
. 974509,
.9S39110.
.932004,
. 950634,

JATA TSB2/
.936322,
.923481,
.956181,
. 948933,
.914543,
-939045,
. 978997,
»914008,
L] 9191 42'

1.000000,
.923481,
.9071863.
. 960252,
. 9444050
. 903854'
.932004,

DATAR TSB3~/
.922134,
. 9054350
. 9595638,
. 945296,
. 905435,
.933142,
097899?.
.914009.,
.919142,
. 000000,
.930453,
.916060,
.963451.,
. 953873,
.922134,
* 944038.

DATA TSB4~/
.9440380
. 9331‘2.
. 389831 (4
.965901.,
. 9‘4405.
.959110,
. 989020,
. %1 504.

(A N X X X X K K N N X N X N N ] X X K N X X X X X X N N X X X ]

=

X E XXX XN X XK N X K R N N J

XX X X X K

1

l

1

1

1

1

1

1

1

[

.000000,
.000000,
.000000.
.000000,
0%32680
. 978044,
09857450
. 980834,
. 960252,
.mlalo
.000000.
. 949933,
.947114,
3 935?45'
. 330634,
.932004.
.959110,

.000000.
. 930453,
.926223.
. 981390,
-9390450
. 914543'
.949333,
.%15040
.910871,
.926223,
.000000,
.916060,
091 06?1.
.978357,
. 932004'
. 9035664,
. 944405.

. 000000,
.914543,
.909027,
. 978044,
'8331420
. 905433,
.945296,
. 9105?1 *
. 926223,
.000000,
. 923889,
.91914¢2,
. 8?9991 *
oSd‘O%.
.92e134,
.953873,

.000000,
. 939045,
. 935459.
. 983268,
. 5591 1 o *
. 944405.
.965301,
. 9808349
. 960252,

1.000000,
1.500000.
1.000000.
1.000000,
.381390,
. 978357,
.989020,
.974609,
tsssmt
. m31 *
.985?45c
.947114,
.949933,
1.000009,
. 944036'
.933142,
.969831,

09813900
.326223.
.930453,
1.000000,
08304530
.916060.
0963451'
094?11"
.903027,
. 935459,
.978357,
.910671,
.916060,
1.000000,
.922134,
.905435,
. 959638,

. 378044,
.903027,
. 914543,
.000000,
09234810
.907163»
.960252.
.947114,
.909027,
. 9354589,
.979991,
.919142,
.923889,
1.000000.

.936322.

.923481,

.581810

.983268,
.935459,
.93904S.
1.000000,
.953873,
. 94&98 L]
.974609,
g 9?“8090
. 959638,

—

1.000000.
1.000000.
1.000000,
1.000000,
.972931,
.978997,
.%3473.
. 53831 .
. 355638.
. 974608,
.974609,
-9452380
.953873,
. 000000,
.939045,
.935459.
. 383268,

.966181,
. 923481 L
.936322,
.000000,
.923889,
. 919142.
.979981,
|935459.
.909027,
.947114,
.960252.
.907163,
.923481,
1.000000,

.914543,

.309027,

. 9?80440

. 959638,
.90543S,
.922134,
1.000000.
.916060,
.910671.,
. 9783570
. 935459,
.909027,
. 94?1 140
.963451,
. 916060,
.930453,
1.000000,
. 9304530
.926223.
.981390,

.969831,
.933142,
.844036,
1.0000C0,
. 9499330
.947114,
. 985748,
. %983! *
.959638.
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1.0000
1.0000
1.0000
.9934
.9789
.9799
1.0000
. 9661
.9808
. 9659
.9444
.9591
.9832
.9354
.9390
1.0000

.9538
.9221
.9440
.9799
.9181
.8238
1.0000
.9262
.9106
.9615
. 9452
. 9054
.9331
.9780
.90380
.914S
1.0000

.9444
.9036
.9320
.9783
.9106
.9160
.0000
. 9262
.9106
. 9615
. 94983
.9145
.9390
.9813
.9262
.9304
1.0000

.9591
.9320
. 9S06
.985?
.9471
+ 9498
1.0000
.9661
.9608

[



TRUE = DERVSL(6)

RETURN
END
FUNCTION R(X,Y)

REAL DERUSL(6), GRID(9)., TABI(9,9),

S TAB3(9+9), TAB4(S.,9), TABS(S.,9)

DATA NGRID. NGRDL. GRID /9. 9. 0., 0.125
$0.37S. 0.500. 0.6825, 0.750, 0.875. 1.00~

APPROXTMATE SOLUTION OF NONLINERR PROBLEM FOR NOF
COLLOCATION

TAB2(9:9),
0.2500

DR7TA TABl-/ 1.000000. 1.000000., 1.000000, 1.00000(
$ 1.000000, 1.000000., 1.000000. 1.000000, 1.00000(
$ .961931., .955174., .933091., .95517S. .S6193]
$ 1.000000, 1.000000. .981931, .939237, .92723¢
$ .927237, .93923?, .961931, 1.000000., 1.00000¢
$ .927238, .912095., .907312. .912095. .92723:
$ 1.000000, 1.000000, .9S53091., .923487, .90731:
$ .907312, .923487, .953091. 1.000000. 1.00000(
$ .827238., .912085, .907312, .912095, .92723¢
$ 1.000000, 1.000000., .961932, .939238. .82723¢
$ .927238. .939237, .961932. 1.000000. 1.00000(
$ .961932., .95517S., .953091, .95517?S5, .96193]
$ 1.000000, 1.000000. 1.000000., 1.000000. 1.00000(
$ 1.000000, 1.000000. 1.000000. 1.000000~

DATA TAB2- 1.000000. 1.000000., 1.000000+ 1.00000(
$ 1.000000. 1.000000., 3.000000. 1.000000, 1.00000¢
$ .959%40. .952637, .9503639., .952638., .35334(
$ 1.000000., 1.000070, .959839, .92355S1, .92266¢
$ .922669. .935662., .959941. 1.00000G. 1.00000¢
, 03228880 . 908244. . 9010380 0908245D .Saesst
$ 1.00000C, 1.000000, .950388., .918580. .90102¢
$ .901028. .918580. .950368. 1.000000, 1.00000(
$ .822668., .906245. .901028, .90524S. .92266¢
$ 1.000000, 1.000000., .959940., .935662. .92266!
$ .922668., .9356861. .9539940. 1.000000. 1.00000¢
$ .959940., .95263?, .950369., .952637. .95994(
$ 1.000000., 1.000000, 1.000000. 1.000000. 1.00000¢
$ 1.000000., 1.000000., 1.000000., 1.000000/

DATA TAB3-/ 1.000000. 1.000000, 1.000000. 1.00000¢
$ 1.000000., 1.000000., 1.000000. 1.000000., 1.0C000(
$ .963816, .957569. .955656. .857570, .96381¢
$ 1.000000. 1.000000, .963816., .942608. .93153:
$ .931533. .942609, .963817, 1.000000. 1.00000¢
$ .931532, .9175??, .913196, .917578, .93153
$ 1.000000, 1.000000. .955656. .928093, .91319
$ .913197, .928094, .955657, 1.000000. 1.00000¢
$ .931532., .91757?, .913196., .917578, .93153«
$ 1.000000., 1.000000. .963815. .942607, .931S3
$ .931533, .942609. .9638B17., 1.000000., 1.00000¢
$ .963816, .957569., .955656. .957569, .96381:
$ 1.000000, 1.000000, 1.000000. 1.000000., 1.00000¢
$ 1.000000. 1.000000., 1.000000. 1.000000~

DATR TAB4- 1.000000, 1.000000., 1.000000., 1.00000¢
$ 1.000000, 1.000000, 1.000000., 1.000000. 1.00000¢
’ .9821810 oSSS‘?lO 095341°O 09554?l' 0982181
$ 1.000000, 1.000000., .962161., .939658, .92778:

119
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3 $ .962216, .955545,
3 $ 1.000000, 1.000000,
3 ’ . 92?9250 . 939?640
3 $ .927925, .912992,
3 $ 1.000000. 1.000000,
3 $ .908282. .924228.
3 ’ . 92?9&' 09129930
3 $ 1.000000., 1.000000.
3 $ .327923. .939763.
3 , .xaal?o 03555450
3 $ 1.000000, 1.000000.
3 $ 1.000000., 1.000000.
3C

3C

3<

3

3C

3 G = DERUSL(B)

3C

3 R =

3C

3 RETURN

3 END

*EOR

(X2 2222 222227 ]

e MACRO 49 «

(22 22 2222212 7]

UxXXs + UYYs
DIRICHLET

X'O. * Uglo
X-l. . U.lo
Y=0. +» U=},
v=10 * U'xo

REAL DERUSL(B),
T1B1(100),
T2B1(100).,
T3B1(100).
T4B1(100),

e L C e
[ X X X

2000001002000
THO DIMENSIONS

0953491 L]
.962217,
.&al?.
. 908283,
0953‘91 L
-953490'
.908283,
o$aal?0
.962216,
.953490.

.955548, .962217,
. 939764, .927924,
1.000000, 1.000000.
.9129920 .927384o
.924229, .908283.
1.000000. 1.000000.
09129310 3927823'
.939765, .32792S.
1.,000000. 1.000000.
.955544, .962216.

1.000000. 1.000000, 1.000000,
1.000000, 1.000000~

INTERPOLARTE NONLINZAR SOCLUTION BY QUADXATICS
CALL QUARDRD(X.Ys TRELC, GRIDsGRID, NGRID. NGRID. NGRDD.

-1.425eCee (8C-]1)eEXP(QReLBe (] -GC)/(]1.+8Be(1.-C

+ RHiXeYIUS = F(XoY)

FUNCTIDN TRUE(X.Y)

MACRO 49 PARAMETERS

e

GRID(20),

1
1
I
)
I
1
1
1
I

.50
.04

'so

T1B2(100),
72B2(100),
T3B2(100),
T4B2(100),

EQUIVALENCE (TARBLE(1. 1> o
(TABLEC1. B)

P=t b=t et =4t =4 ¢ ¢ P ¢ 4
=6 Pt P Bud Bt =t b=t P4 4

e

T1B3(100),
T2B3(100),
T3B3(100),
T4B3(100),
T&DB1(1)),
T&DB2(1)),

120
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0B00GEICPRRNTRTRCTTRIIEINANIRENNOGVSORNOBDOBLIVRONS

00000 ARTNNNCTRNCIOINNVRRNVREVEAVNNENANOATRRRONNS

(e o L X 2222 a2 X2 202  XIXRTTa LY LY2 a2 ls g ol ol

TABLE (20,20,

T1B4(100).
T2B4(100),
T3B4(100),
T4B4(100)



eV LrLLeVLALRLARLLRY L X X X X X X N N K N K R N

XX XX N N K NN N R

1.000000.
1.000000,
1.010585!
ltOlSSOO'
1.012478.,
1.008128.
1.028985.
1.027473,
1.000000.
1.034718.,
1.061345'
1001894?.
1.030703.
1.051540.
1.037169.

DATA T1B2~

1.048157,
1.058030.
1.025376.
1.037754,
1.065006.
1.046080.
1.015761,
1.065410,
1.061432.
1.000000.
1.058080.
1.070732,
1.0293957.
1.042038,
1.07345S,
1.051540,

DATA T1B3~/

1.053138,
1.072076.
1.030433,
1.0‘1348!
1.072076,
1.05065S,
1.015761,
1.065410.
1.061432,
1.000000.
1.052685.
1.063826,
1.027479,
1.034718,
1.059138,
1.042231,

DATA T1B4~

C X X X N N K N X ¥ 2

1.042231,
1.0506SS,
1.022581,
1.025531,
1.042038.
1.030703.
1.008128.,
1.328385,
1.027479,
1.000000,

1.000000.
1.000000,
1-0124?8.
1.016300,
1.01053S.,
10014249.
1.028957,
1.025376.
1.000000.
1.037754,
1.03333s,
10010585!
1.037169,
1.051540,
1.030703,

1.000000.
100526850
1.055361,
1.013915,
1.046080,
1.065006.
1.037754.
1.028985,
1.068004,
1.055961.,
1.000000,
1.063826,
1.068004,
1.016257,
1.051540.
1.073455.,
1.042038,

1.000000.
1.065006,
1.069283,
1.016500,
1.050655.
1.072076,
10041345'
1.02898S,
1.068004,
1.055961,
1.000000,
1.057754,
1.061432,
1.0149%2,
1.042231,
1.052138,
1.034718,

1.000000.
1.046080,
1.0‘8855'
1.012478,
1.030703.
10042038.
1.025%31,
1001‘2480
1.029957,
1.025376,
1.000000.

1.000000.
1.000000,
1.013918S,
1.0162%7.
1.008128,
1.018947,
1.030433,
1.022581.
1.01059S,
1.033935,
1.037754.
1.003000.
1.042231,
1.050655,
1.022s81,

1.01391S,
1.055981'
1.052685,
1.000000.
1.052685.
1.063826,
1.02?4?9.
1.03993S.
1.063283.,
1.048856.
1.016257,
1.068004,
1.063826.
1.000000,
1.053138,
1.072076,
1.030433,

1.016500.
1.069283.
1.065006,
1.000000,
1.058090,
1.070731.
1002995?.
1.03993S.,
1.083283'
1.048856,
1.014992,
1.061432,
1.057754,
1.000000.
1.048157,
1.058030.
1.025376»

1.012478,
1.048856,
1.046080,
1.000000.
1.034718.
1.04‘348.
1.018947,
1.018947,
1.030433,
1.022581,
!-004808'

1.000000,
1.000000.
1.014382,
1.015761,
1.004808,
1.022581,
1.030433,
1.0183847,
1.018947,
10041348'
’.034718v
1.000000,
1.046080.
1.0488S6.,
1.012478,

1.025376.
1.058090,
1.048157,
1.000000.
1.057754.,
1.05‘432'
1.014932,
1.048856.
1.063283,
1.033935.,
1.029957,
1.070731,
1.058090,
1.000000.
1.065006,
1.068283,
1.016500.

1.030433,
1.072076.
1.059138.
1.000000,
1.063826,
1.068004,
1.016257,
10048858'
1.069283.
10039935'
1.027479,
1.063826.
1.05268S,
1.000000,
1.05268S,
1.055861.
1.01391S,

1.022581,
1.0506S5,
i.04223i0
1.000000,
1.037754,
1.039935.
1.010595,
1.022581,
1.030433,
1-018947.
1.008128,
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1.0000
1.0048
1.015?7
1.0148
1.0000
1.0253
1.0299
1.0142
1.0255
1.0307
1.0124
1.0488
1.0460
1.0000

1.0347
1.0591
1.0422
1.0149
1.0614
1.0577
1.0000
1.0559
1.0680
1.0289
1.0413
1.0720
1.0506
1.0165
1.0632
1.0650
1.0000

1.0420
1.0734
1.0515
1.0162
1.0680
1.0638
1.0000
1.0559
1.0680
1.028¢
1.0377
1.0650
1.0460
1.0138
1.05S8
1.052€
1.0000

1.0307
1.051S
1.0371
1.010S
1,039
1.0377
1.0000
1.0253
1.0299
1.014¢
1.010S



LK K K N K K N N N

l . “83?‘.
l . 333240.
1.490426,
10‘90452'
1.000000.
1.500073,
105000?5.
1. 4$001 L4
1.500072,
104599910
1 . 459981 *

DATA T2B2/

L X N X K N N N N N N R RUN

CX XX XX N KN RN N KX N N ]

1.500001,
1.500000.
1.430550,
1.500076.
1.500000.
l . 49399"
1.338327,
1.500000.
1.500000,
1.000000,
$.500000,
1.500000,
l 0490415.
1.50007S.
1.500000,
l . 499391.

DATA T2B3~

+.500000,
1.500000,
1.480420,
1.50007S.
1.500000.
1.499991},
1.3389%27,
1.500000,
1.500000,
1.000000,
1.500000,
1.590000,
1.480452,
1.500079,
1.500000.
1.499991,

DATA TeB4~/

PR X X N X

1.439931.
104999810
1.481537,
1.500139,
1.500075.
1.500072,
1.323240,
1.490426.,
1.490452,
1.000000,
1.340131,
1.338874,
1.323240.
1.000000.

1.373187,
1.478115'
1.430415,
l 04905500
1.000000,
1.500076,
10500075'
1.373187.
1.499981,
1.493331.
10500072.

1.000000.
1.500000.
1.500000.
1-3401310
1.4993%91,
1.500000,
1.500076,
1.4390426.,
1.500000,
1.500000.
1.000000,
1.500000.
1.500000.
1.338874.
1.4389991.
1.500000,
1.50007S.

1.000000,
1.500000
1.500000.
1.338890,
l c4”991 ’
1.5000000
1.50007S,
1.480426,
1.500000,
1.500009,
1.000000,
1.500000,
1.500000,
1.339086.
l 0493931 ’
1.500000,
1.500073,

1.000000,
1.499931,
1.499991,
1 . 3483?4.
1.500072,
1.500075,
1 0500139'
1.47611S5.
1.438041S,
1.4303S0.
1.000000,
1.3390886.,
1.338927,
1.198997,
1.000000,

1.323240.
1.496001,
1.490420,
1.491537,
1.373187,
1.500076.
1.500076.
1.000000.
1.4393931,
1.499991.
1.491537,

1.340131,
1.500000.
1.500000,
1.000000.
1.500000,
1.500000,
1.490452,
1.500076,
1.500000,
1.4389991.
1.338874,
1.500000.
1.500000.
1.000000.
1.500000,
1.500000,
1.490420,

1.338830,
1.50C000,
1.500000.
1.000000.
1.500000,
1.500000,
1.490415,
1.500076,
1.500000.
1.499931.,
1.339086,
1.500000,
1.500000,
1.000000.
1.500001.
1.500000,
1.4380550,

1 . 3483?40
1.4333931.
1.49999;’
1.000000.
1.500079.
1.5000?S,
1.486001,
1.486001,
1.4380420,
1.491537,
1.198897.
1.338327,
103390880
1.000000,
1.000000,

1.198997,
1.481537,
1.430420.
1.496001,
1.496001,
1.500075,
1.500079,
1.000000.
1.4389381.
1.493991.
l . 3483?‘ L

l 0490550'
1.500000,
1.5090¢1,
1.000000.
1.500000,
1 0500000.
1.339086.
lc 499391 L]
1.500000,
1.500076,
1.430415,
1.500000.
1.500000.
1.000000,
1.500000.
1.500000,
1.338890.

1.430420,
1.590000.
1.500000.
1.006000.
1.500000.
1.500000.
l . 338874-
1.493991,
1.500000,
1.500076.
1.430452.
1.500000.
1.500000,
1.000000,
1.500000,
1.500000.
1.340131,

1.481537,
l . 499991 L]
1.499931.
1.000000.
1.500076,
1.500076,
1.373187,
1.481537,
l . ‘90420.
1.436001,
1.323240,
1.338874.
1.340131,
1.000000.
1.000000,

12e

1.0000:
1.490S'
1.4904
1.4761
1.5001:
1.5000
1.5000
1.3483
1.4999
1.4999
1.0000

1.5000
1.5000
1.4999
1.3390
1.5000
1.5000
1.0000
1.5000
1.5000
1.4%04
1.5000
1.5000
1.49399
1.3388
1.5000
1.5000
1.0000

1.5000
1.5000
1.4999
1.3388
1.5000
1.5000
1.0000
1.5000
1.5000
1.5000
1.5000
x .4398
1.3401
1.5000
1.5000
1.0000

1.5000
1.4999
1.4999
1.3731
1.5000
1.5000
1.0000
1.4905
1.4304
1.4761
1.3731
1.3388
1.3483
1.0000
1.0000



1.000000,
1.002412,
1.002841,
1.001346,
1.002146.
1.00351S.
1.002580,

DATA T3B2/
1.003304,
1;003945'
1.001777,
10 0028100
1.003164,
1-00! 1040
1 -004‘19.
1.004164,
1.000000,
1.003945,
1.004758,
1.002074,
1.00288S,
1.004931.,
1.00351S.,

DRTA T3B3/
1.004012.,
1.004844,
1.002104,
1.002841,
1.004844,
1.003458,
1.001104,
1.004419,
1.004184.
1.000000,
1.003593,
1.004316,
1.00181S,
1.002412,
1.004012,
1.002914,

ORTA T3B4/
l . 002914!
1.003458,
1.00159¢2.
1.001738,
l . Ooamo
1.002146,
1.000590,
1.002012,
1.001915,
1.000000,
1.000984,
1.001136,
1.000590,
1.000000,
1.000000.
1.000000,

DATA T4Bl~/

(R X X X X X ]

X X XX X N X N XX X X' X N X

C K N N N X NN N N N X N N

X XX X N X X N X X N N N N N

1.000000,
1.002610,
l Ll 002751 ’
1.000761,
1.002580.
1.003515,
1.002146.

1.000000.
1.003598,
1.003808.,
1.000984.
1.003165,
1.004381,
1.002610.
1.002012,
1.004585.
1.003803.
1.000000,
1.004316,
1.004584,
1.00113S,
1.003S51S.
1.004931.,
1.002885,

1.000000,
1.004391,
l . 004688'
1.0011S51,
1.003458.,
1.004844.,
l . 002841 *
1.002012,
l » 0045850
1.003808,
1.000000,
1.003327,
1.004164,
1.001054,
1.002914,
l . 004012.
1.002412,

1.000000,
1.00316S,
1.003343,
1.000888,
100021480
1.00288S.
1.001798,
1.001022,»
1.002074,
1.001777,
1.000000.
1.001054,
1.001104,
1.0003S3,
1.000000,
1.000000.
1.000000.

1.000000.

1.000761.,
10002?5"
1.002610,
1.000000.
1.002914.,
1.003458,
1.001582,

1.000884.
1.003808.
1.003538,
1.000000,
1.003598,
1.004316,
1.001315,
1.0027S1,
1.004666,
1.003343.
1.001136,
1.004585.
1.004316,
1.000000,
1.004012,
1.004844,
1.002104,

1.001151,
1.004666,
10004391.
1.000000,
1.003945,
1.004758,
1.002074,
1.002751.,
1.004666.
1.003343.
1.001054,
1.004164.
1.003927,
1.000000,
1.003304,
1.003945,
1.001777,

1. 000888.
10003343'
1.003165,
1.000000,
1 . 003‘12'
1.002841,
1.001246,
lo 0013450
1.00210S,
1.001532,
1.000353,
1.001104,
lo 00[0540
1.000000,
1.000000,
1.000000.
1.000000,

1.000000,

1.001346.,
1.002841.,
1.002412,
1.000000.
1.00316S.,
1.003343,
1.000888.

1.001727,
1.00394S.,
1.003304,
1.000000.
1.003927,
1.004164,
1,001054,
1.003343,
1.004666,
1.002?751,
1.002074,
1.004758,
1.003945.,
1.000000.
1.0043931,
1.004666,
1.0011S1,

1.00210S.
1.004844,
1.004042.
1.000000,
1.004316,
1.004584.,
10001135!
1.003343.
1.004666,
1.002751,
1.001815,
1.004316,
1.003598,

1.000000,,

1 . 003598-
1.003809,
1.000984,

1.001592,
1.003458,
1.002914,
1.000000.
1.002610,
1.002751,
1.000761,
1.001592,
1.00210S,
1.001346,
1.0005380.
1.001]30
1.00‘98‘0
1.000000,
1.000000,
1.000000,
1.,000000,

1.000000,
123

1.0017
1.0028
1.0021
1.0008
1.0033
1.0031
1.0000

1.0024
1.0040
1.0029
1.0010
1.0041
1.0033
1.0000
1.0038
1.0045
1.0020
1.0028
1.0048
1.0034
1.0011
1.0046
1.0043
1.0000

1.0028
1.0048
1.003S
1.0011
1.0045
1.0043
1.0000
1.0038
1.004S5
1.0020
1.00%
1.0043
1.0031
1.0008
1.0038
1.003S
1.0000

1.0021
1.003S
1.0025
1.0007
1.0027
1.0026
1.0000
1.0017
1.0020
1.0010
1.0007?
1.0011
1.0008
1.0000
1.0000
1.0000
1.0000

1.0000



1 . 0283850
‘0046942'
1 . 0342150

DATA T4B2/

1.044022,
1.052774,
1.02348S,
1.034671,
lu osm.
1- 0421‘9.
1.014584,
1.058233,
1.055740,
1.000000,
1.052774,
1.063882.
1.027534,
1.038437,
1.066256,
1.046942,

DATA T4B3/

X X X X X X'R X X X X X X X R J

1.053689.
1.065055.
1.0273951,
1-0378310
1.06505S,
1.046169,
1.014584,
1.059233,
1.055740,
1.3C0000,
1.048029,
1.05783S.,
1.073353,
100318?80
1.053689,
1.038738,

DATA T4B4/

[ XX X XX XX X X X & X X K X

1.038738,
1- 0481890
1.020979,
1.023708,
1.038437,
1.02838S.
1.007680,
1. 06581.
1.0?5353'
1.000000,
1.012948,
1.015020,
1.007680,
1.000000,
1.000000.
1.000000,

1.034216,
1.0463%42,
1.02838S,

1.000000,
1.048029,
1.050911,
1.012948,
1.042149,
1 . 0588840
1.034671,
1 . oessal ’
1.061500.
1.050811,
1.000000,
l . 05?8350
1.0615Q0.
1.015020.
1.046942,
1.066256,
1.038437,

1.000000,
1.058884'
1.062616.
1.015233.
1.046163.
1-0850$.
1.037831,
1.026681,
1.061500,
1.050911,
1.000000.
1.052508,
1. 055740.
1.01390S.
1- Oumo
1-053389.
1.031978,

1.000000,
1.042149,
1 . 04‘5&.
1.011658,
1.02838S.
1.038437,
1.023708.
1.013377,
1.027534,
l . 023‘85'
1.000000.
1.01390S.,
1.014584.,
1.004S577,
1.000000,
1.000000,
1.000000,

1.038738,
1.046163,
1.020979,

1.012948,
1.050811,
1 . 0‘8029'
1.000000.
1.048029,
1 . osnas'
1.025353,
1 . 0385940
1.062616.
1.044532,
1.015020,
1.061500,
1.05783S,
1.000000,
1 . 0538890
1.06505S.,
1.027351,

1.015233,
1 . 0828180
1.058864,
1.000000,
1.052774,
100538820
10 0275340
1.036594,
1.0628150
1.044592,
1.013335,
1.055740.
1.052509,
1.000000.
1.044022.
1.052774,
1.02348S,

1 . 0118580
100445920
1.0.:2149,
1.000000,
100319?80
1 . 037831 L]
lo 0 1788?0
1 . 01758?.
1.027351.,
1.020978,
1.004577,
1.014584,
1.01390S.
1.000000.
1.000000,
1.000000.
1.000000.

1-042149.
100«5920
1.011658,

l . 0234850
1.052774,
1.044022,
1.000000,
1.052508,
1 . 055740l
1.01390S,
1.044592,
1,062616.
1.036594,
1.027534,
10063&80
1 3 052774.
1.000000,
1.058864.
1.062616,
1.015233,

1.027951,
1.065055.
1 .osmo
1.000000.
1.05783S.,
1.061500.
1.015020,
1.044532,
ln 0825180
1.036594.
1. 053530
1.05783S,
1.048028,
1.000000.
1.048029,
1.050911,
1.012948.

1.020979,
1.046169,
1.038738,
1.000000,
1 . 034s7l *
1.03659%4,
l . 0099500
1.020979.
1.027951,
1.017887,
1.007680,
1.015020,
1.012948,
1.000000.
1.000000.
1.000000.
1.000000.

1.0445¢
1.04214
1.0000¢

1.03197
1.0536¢
1.0387:
1.0139(
1.0557¢
1.0525(
1.0000¢
1.0569]
1.0615(
1.0266¢
1.0378:
1.0650¢
1.01S823
1.0626 !
1.0588¢
1.0000(

1.0384:
1.0662"
1.0469¢
1.0150:
1.061S(
i.0578:
1.0000(
1.0509!
1.0615(
1.0266
1.0346:
1.0588¢
1.0421¢
1.0129¢
1.0509;
1.0480¢
1.0000¢

1.0283
1.0469-
1.0342.
1.0099¢
1.036S!
1.0346
1.0000¢
1.0234¢
1.0275:
1.0133
1.0099
1.015¢:
1.0116!
1.0000
1.0000
1.0000
1.0000

INTERPOLATE NONLINEAR SOLUTION BY QUARDRATICS

CALL OUADRD(X.Ys TABLE: GRIDsGRID. NGRID. NGRID. NGR]

TRUE = DERUSL (%)
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DATA TABl~/
1.000000.
1.028380.
1.000000,
1 . 0548700
1 . 054870.
1.000000,
1.069€80.
1.054670,
1.000000,
1.054670,
1.028380.
1.000000,
1.000000.

DATA TAB2”/
1.000000,
1.511040,
1.000000,
1.500550.,
1.500550,
1.000000,
1.500030.
1.500550,
1.000000,
1.500550.
1.511040.
1.000000,
1.000000,

DATA TAB3/
1.000000,
1.0019390,
1.000000.
1 . 003?300
1 . 003?300
1.000C50,
1.304720,
1.003730,
1.000000.
1 . 003?30'
1.0019380,
1.000000.
1.000000,

DATA TRB4/
1.000000.
1.026240,
1.000000.
1.049760.
1.049760,
1.000000.
1.083140.
1.049760,
1.000000,
1.049760.
1.026240,
1.000000.
1.000000,

LK X X X X X X N X N X X J XX X K XX X L N N X X [ X X XX X X N N X.R N X J

[ X L X X X N X N X X 2 J

1.000000,
1.000000,
1.033520.
1.000000,
l .0455200
1.066220,
1.000000.
1.057540.
1.066220.
1.000000,
lo 045&0.
l . 03&0'
l . 000000'
1.000000,

1.000000.
1.000000.
1.510490.
1.000000.
1.501050,
1.500060.
1.000000,
1.500530,
1.500060,
1.000000,
1.501050,
1.510490.
1.000000.
1.000000,

1.000000.
1.000000.
1.002320,
1.000000,
1.003140.
1.004480.
1.000000.
1.003320,
1.004480.
1.000000,
1.003140.
1.0023?00
1.000000,
1.000000.

1.000000.
1.000000.,
1.030800.
1.000000,
1.041680,
1 . om°o
1.000000.
lo 052270'
1.059%40,
1.000000,
1.041680,
1.030800,
1.000000.
1.000000,

1.000000,
1.000000,
1 . 035‘20'
1 . 028”00
1.028380,
1.069880,
1.035120,
1.035120,
1.063880,
1 - 0383800
‘ . 0283800
1.035120,
1.000000,
1.000000.

1.000000.
1.000000.
1.510470,
1.511040,
1.511040,
1.500030,
1.510470.
1.510470,
1.500030.
105110400
1.511040,
1.510470,
1.000000.
1.000000,

1.000000.
1.000000.
1.002430,
1.001930,
1.001390,
1.004720,
1.002430.
1.002430,
1 . 004720-
1.001930,
1.001930.
1.002430,
1.000000,
1.000000,

1.000000.
1.000000,
1.032200.
1.026240.
1.026240,
1.063140.
1.032200,
1.032200,
1.063140,
l . 0&400
1.026240,
l . 0322000
1.000000.
1.000000.

INTERPOLATE NONLINEAR SOLUTION
CALL QUADRD(X.Y,TAB&D,GRID:CRID, NGRID. NGRID: NGRI

1.000000,
1.000000,
1.033520,
1.045520,
1.000000.
1.066220.
l . 0575400
1.000000,
1.066220.
1 . 045520.
1.000000.
1.033520.
1.000000,
1.000000/

1.000000.
1.000000,
1.510430.
1.501050.
1.000000,
1.500050,
1.500530.
1.000000,
1.500050.
1.501050.
1.000000,
1.510490.
1.000000.
1.000000/

1.000000,
1.000000,
1.002320.
1.003140,
1.060000,
1.004480,
1 . 003920.
1.000000.
l L] 004480'
1.003140,
1.000000.
1.002320.
1.000000,
1.000000/

1.000000,
1.000000,
1.030800.
l .0413800
1.000000,
1.058940,
1.052280.
1.000000,
1.059940,
1.041680,
1.000000,
1 00308000
1 '0000000
1.000000/

1.00000
1.00000
1.02838
1.05467
1,00000
1.05467
1.06988
1.00000
1.05467
1.05467
1.00000
1.02838
1.00000

1.00000
1.00000
1.51104
1.5005S
1.00000
1.5005S
1.50003
1.00000
1.500SS
1.500SS
1.00000
1.51104
1.00000

1.00000
1.00000
1.0019S
1.00373
1.00000
1.00373
1.0047¢2
1.0C000
1.00373
1.00373
1.00000
1.00199
1.00000

1.00000
1.00000
1.02624
1.0497¢€
1.0000C
1.0497%
1.08314
1.00000
1.0497¢
1.0497¢
1.00000
1.02624
1.0000C

BY QUADRATICS
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]

T = R(X.Y)
F = —(1.4250e2)0 (] ,+8B-T)/8B)ee(RA-1)eEXP(RCe(T-1]

RETURN
END

WWwww
(@]

*EO0R
sessssescenns

® MACRO SO e
csssnscscsens

*EOR
(11 217X XXX 1Y)
e MACRO 51 e
(X2 222 2 1YL {)
2000200000222
THO DIMENSIONS
UXX$ + C(X)UYYs + D(XIUX$ = -10.
MIXED $ HOMOGENEOUS
X-O. ’ Ux = 0-
x-l- * u = Oo
v=0. » UY = 0.
Y=1. » MIXED =
FUNCTION TRUE(X.Y)

(A(X))IUY + (B(X))U = 0,

(X222 22222 2T XY 2222 2 X2 A XXy a2 22yt s, 12
L 2

. MACRO S1 PARAMETERS

|

(X2 22X 222 2 d XXX XTI 222 2222 2 XXX X X 3 X X122 a2 ool Xl
[ ]

.
wn

Pt 0t Pt 5t Pt Pt et e e
n

4

(2 XXX 12 21 T2 XR L 2 21X XYL LY 2o a2 Xl o XXl

REAL DERUSL (8)» GRID(20), TABLE(20,20),

T1B1(100),
T2B1(100),
T3B1¢100),
T4B1(100),

T1B2(100),
T2B2(100),
73B2¢100),
T4B2(100),

T1B3(100),
T2B3(100),
T3B3(100),
T4B3(100),

T1B4(100),
T2B84(100),
T3B4(100),
T4B4(100)

EQUIVALENCE (TABLE(Ll, 1) »
(TRBLE(1, B) »
(TRBLE(1+11)
(TRBLE(1+16) »

DATA NGRID. NGRDD-/20, 20/

DATA GRID-0.0000000, 0.0526316,

$0.2105263, 0.2631579, 0.315783S,

$0.4736842, 0.5263158, 0.5789474,

$0.7368421, 0.7894737, 0.84210S3,

$1.0000000~

APPROXIMATE SOLUTION OF PROBLEM USING
P3-C1 COLLOCATION (8 X 8 GRID)

T&BB1(1)),
T&BB2(1)),
T&BB3(1)),
T&BB4(1))

0.1052632, 0.1578
0.3684211, 0.4210
0.6315783, 0.

0.8347368, 0.9473

e e e e L P Sl ity
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.301130,
.686760,
07?01400
.520992-

DATA T1Bes
.6g722l,
.735181,
.294190,
.678140,
.733258,
.502760,
.672271,
. 53863Sl
. 625505,
.000000,
. 648698,
.667947,
.275953,
.660066,
.646584,
.45843),

DATA T1B3~/
.6503843,
. 50 18“7|
«257017,
. 8‘45243.
'%4951 ’
.414707,
.669288,
.599019,
.477938,
+Q00000,
.518209,
0453890'
.al4sx.
.623231,
. 402089.
.317473,

DATA TiB4/
$ .450884,
s . 34089?'
$ .17079S,
$ .609210,
$ .262713»
$ .222398,
$ .665397,
$ .188040,
s
s
$
$
S
$
$

C X X X

VOAPAAVNRULAALAVAVNS

VOV RVLLLLAGAVNAAVS

.183811,
.000000,
. 346587,
. 098742,
. 060674,
. 5899890
.900332,
-.000003,

DRTA T2Bl~/
$ 1.642354,
$ 1.1850S8,
$ .385833,

.159979,
.695247,
. 766748,
o418912l

. mssael
. 713056,
.704770,
. 196573,
.678781,
.731090,
.405399,
.675508,
« 700935,
.S66757,
. 689043 ]
.6513339,
. 843448 ’
.147607,
.642678,
.645836,
.372231,

.668578,
-532588.
. 582638,
. 1382520
.611389,
.S67070,
.339172,
06832680
.510576,
.439711,
.667620,
.473631,
.453883,
. l 1728?0
.560201,
0405323.
. 284758l

. 666804,
.370110,
. m459l
. 0952300
.526637,
. ass 1 64 ’
. 189195,
.651691,
.184064,
«174727,
.665059,
.148142,
.093018,
. 037806,
.503833,
.000176,
.000015,

1.812462,
1.580187,
1.083620,

.201110.

.000000,
.708437,
.750120,
.298119,

.673021,
.730797,
.6582¢26,
.000000,
. wassol
.716684,
.283032,
.672563,
.708671,
.490542,
.671531,
.661057,
.604164,
.000000,
.627636»
.637210,
.266865,

.670459,
. 594236,
.550089,
.000000,
- 577547.
.561437,
.245079,
. 838163.
+516588,
. 386938,
. 858393.
.456913,
. 433748'
.000000,
.485416,
.405732,
. 194293'

. 687188l
. 337157,
. 35303.
.000000,
. 415349l
.268252,
. 143083,
.603636,
. 183?23'
.160351,
.665455,
. 095668,
.097838,
.000000,
.318433,
L] 0011370
.000001,

1.803797,
1.512403,
.97122S,
. OOOOOOo

.6635250

. 72?384'
.718431,
. 158500 ’

.679219,
.745681,
.594527,
.669333,
.696481,
058797?.
. 154016,
. 887354'
.707293,
. 385248.
.673227,
. 6?2266.
.548688,
.668830,
. 524898.
.615202,
. 1430 ?8'

.668393,
.6013580
.502355-
0688233'
.557703»
.545178,
.132349,
.595269,
.519365.
.318252,
.660617,
. 456995,
. 401388'
.667232,
.425806
.398593,
.10702S,

.655797,
. 332288’
.304603,
. 688&0.
.3043861,
. 256454’
.081192,
.514208,
. 185676,
. l39°540
.SSOOBSU
.102680,
.093930,
.664065,
. °3?348l
-.000032,
.000000,

1.779917,
1.439453,

.848356,
1.812464,

127

.6736
. 7467
.6701
.0000!

.6825
.7534
.5129
.6728
.7118
- 64”
.0000
.6674
.6943
.2830
.6661
.6739S
.4759
6712
.6305
.ST9t
.0000

.6526
.6082



DATA T2Be/
1.635131,
1.143289,

. 372335,
1.74310S,
1.310432,

.668203,
1.804525,
1.471824,

.89412S,

. 000000,
1.625704.
1.070434,

+ 348474,
1.742102,
1.241302,

.8101230

oaTa T2B3/
1.619129,
.993703,
o322895'
1.741236,
1.174161,
.55019S,
1.805058,
1.408313,
ossm0
+000000,
1 . Sl l 738!
.813031,
. 264830,
1.74125S,
1.042833,
.413473,

DATA TeB4-
1.610360,
.621900,
.205740,
1.741397,
.930359,
. 282469,
1.805519,
1.386757,
0251313.
.000000,
1.614840,
.113950,
00689‘80
10 74338"
.821258,
.00119S,

DARTA T3BL~/
1.633266.
1.20598S,

. 392213,
1 . 718352.
2- 378888.

.720050,
1.766983,

U XX R X X X N N N N R X CX X X X N X R N N N N X N X X

CRAVVLAVAVLVLAVLAR

1.812512,
1.566748,
loo4m0
. 194452,
1.693890,
1.218922,
. 524629,
1.779978,
1.381976,
.778930,
1.812594,
1.547840,
.971163,
. 182883,
1.690069,
l. 138328'
.480906,

1.812674,
1.533957,
.895172,
.170037,
1.687334,
1.053505.,
. 435645,
1.780128.
1.273462,
. SOSMO
1.812839,
1.515692,
.71S716,
.141330,
1.686051,
.8E65472,
. 332842'

! 0812984l
1.511702,
.531492,
.111963,
1.686091,
.661607,
.2316250
1 L] ?80751 ’
1.188946,
. 226507,
1.813269,
1.522489,
.124332,
.041773,
1.687783,
-.032682,
e 0020320

1- 7?3230
1.579784.,
10 103758u

. 204250,
1.680384,
1.296418,

. 563550,
1.748082.

1.803398,
1.481150,
.933683,
.000000,
1.632332,
1 . 1838?6'
.3557031
1.742651,
1.290530,
.65€497,
1.804034.,
1.45941¢2,
.867321,
. 000000,
1.622446.,
1.035634,
.336277,

1.804514,
1.433217,
.7%7820
.000000,
l 08151490
.943827,
.306527,
10?41380'
1.135947,
.511439,
1.8045863»
1.393605,
.53244l|
.000G00,
1.610650,
.727029,
+237065»

1.805132,
1.378934,
.468656,
.000000,
1.610869.
04907220
.170024,
1.742164.,
.877400,
.198371,
1.805296,
1.338528,
. 125649,
.000000,
1.618464,
e 151509'
e 000181 .

1.766725,
1.519841,
-989539!
.000000.
1 0533000'
1.204793.
. 391387‘
1 . ?l84°8.

loma?ll
1.41023S,
.813622,
1.81253S.,
1.561908,
1.024166,
.191152,
1.682450.
10 l%ln'
-SlE?SS-
lommO
1.354238|
.755659.
10812531l
1.541769,
.337070,
. 176597,

1.779308,
1.322339,
.694005,
1.812722,
10526518'
.84550S,
. 161&'
l QG“SSPO
1.001613,
.406689,
l -780002'
1.248107,
.551984,
1.812307,
1.512808,
.631918,
. 127525,

1.780383,
1.202751,
.411899,
1.813069,
105‘2334'
.412699,
oOS‘l“ll
1.68750S,
.520356,
. 167254,
1.780826,
1.213697,
. 116255,
1.813440.
1.530878,
.012283,
.000030,

1 . 7480?1 ’
1 l‘533040

.8831490
‘ 0??32350
1.579827,
1.102946,

.204161,
1.679334,
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1.7430
1.3257
.680%
1.8046.
1.4825
.9160
.0000
1.6291
1.099?'
.3578
1.7419
1.2666
.6333
1.8048
1.4473
.8353
.0000

10?415‘
1.2034
.5828
1.8044
1.4192
.7508
.0000
1.6137
.8846
.286S
1.7409
1.0835
. 4668
1.8050
1.3843
.5569
.0000

1.7414
.9893
.3523

1.8046

1.3784
.3667
.0000

1.6124
. 3243
. 1228

1.7425
.8307
.1048

1.8048

1.4001
.0000

1.7186
1.3794
. 7206
1'7675
1.5199

9884

.0000
1.6318



. 3803558,
1.716115,
1.335315S.,

.686148,
1.767121.,
1.480704,

.923331,

.000000,
1.611431,
1.10940S,

. 358974,
1.713108,
1.278349,

.634573,

DATA T3B3~/
1.601104,
1.046286,

. 335456,
1.7105¢22.
1.220417,

.579813,
1.767118,
1.411412,

.751949,

.000000,
1.5&13?'

. 903245,

.279503,
1.707694,
1.115450.

+4¥48780,

DATA T3B4/
1.576061,
-751 11.
021 7!
1.705831,
1.033233,
.313987,
1.766964.
1.341577,
0323?18'
.000000,
1.567542,
.415358,
. 074529,
1.704671,
. 950860,
'.001895-

DATA T4Bl~/
2.009438,
1.442931.,

0‘458000
2- lll4£l
1.675211,

.82533'
2- 15‘315'
loml
1.160872,

.000000,
2.008224,

XN XX X N N NN N N N X X X X X N K XX X X N X J

CX X XXX KN N N N N X X K X J

CE XN X N K N X

. 1“38?’
1.673707,
1.247932,

. 537935,
1.747116,
1-4015&'

.803746,
1.773214,
1.544289,
1.008261,

. 187805,
1.666456,
1.179610,

.498666,

1.773200,
1.527036,
. 944397,
. 17512?.
1.650490,
1.112360,
. 456730,
1.745610.
1 - 302522'
.649863,
1.773172,
1 . 438306v
. msoa'
. l“”?‘.
1.653350,
09?18800
. 355518'

1 -7?3148.
1.481777,
084°“°I
.118413,
1.649078,
.846789,
.252003,
1.744468,
1.185259,
.269571,
1.773107,
1.464628,
.235466,
.044213,
1 06488150
088165‘.
. 0028890

ao 170821 ’
1.941830,
1 . 309491 ’

. 2303923
ao 055755'
1.564298,

.646076,
2.143935.,
1 . 7?2“3.
1.002466,
2.170820,
1.940180,

.000000,
1-820573.
1. 154145.

. 374496,
1.715063,
1.31829S.,

0878297'
1.766549,
1-4&434.

. 900242,

.000000,
1.608479,
1.080647,

034?884.

1.766814,
l o44159ll
.839293,
.000000,
1 . 5&830
1.006002,
.320019,
1.709769,
1.189105,
.543716,
1.766514,
1.394964,
.894848'
.000000,
1.580377,
.83840S,
.251666.

1.766886,
1.365440,
.543899,
.000000,
1.572301,
.668063,
. 18?0?20
1.705732,
.997438,
.easas7o
1.766642,
1.333501.
. 1?88280
.000000,
1.566450,
.214989,
.000228,

2.163987,
1.863493,
1 . 18&95'

.000000,
2.009426,
1.442411,

0‘45789'
2.111047,
1.672951,

.830622,
2. 164526,
1.860721,

l.??m‘o
1 .5500&0
1.053206,
. 154.
1.671286,
10228751 ’
.527379,
10748529'
1.385678,
. 783280,
1.773207,
1.536763,
. 979657,
. 182253'

1.746110,
1.347707,
.728751,
1.773191,
1.517432,
. 9028800
. 188466'
1.658354,
1.071797,
0429218.
1.745120,
1.278019,
.5987C1,
1.773160,
1.489955,
0?25‘462.
. 134418,

1.744770,
1.228351.,
.462778,
1.77313S,
1.473805,
.534340,
.099697,
1.648443,
. 777634,
.183201,
1.744260,
l . 1681 140
. 148860,
1.773086,
1.46‘852.
-00174290
-.000042,

2.1438S6,
1 . ??4542'
1.004949,
2.170821,
1. Namt
1.309368,

.230402,
2. 055983.
1.562037,

. 6447650
2.143966,
1.770317,

129

1.7673
1.491¢2
. 9421
.0000
1.6162
1.1338
.3674
1.7136
1.2978
.6552
1.7672
1.4562
L] Bm
.0000

1.7117
1.2496
.609?7
1.7666
1.4264
.7994
.0000
1.5904
. 9589
.3008
1.7083
1.1522
.5009
1.7668
1.3799
.6264
.0000

1.7068
1.07S3
. 3870
1.76862
1.3517
.4437
.0000
1.5685
.5587
.1320
1.7051
. 96583
. 122?
1.7661
1.3306
.0207
.0000

2.1108
1.6750

.8326
2.1649
1.8637
1.1631

.0000
2.0089
1.4400

. 4447
2.1110
1.6702



2.164608,
1.847434,
1.124503,

. 000000,
2.001097,
1.331932,

.423046,
ao 109384.
1 . 828250'

775977,

DATA T4B3/
1.997326.,
1.353565.,

.405026,
2.108206.
1.604316,

.735197,
2.164797,
1.821011,
1.016823,

.000000,
1.991610,
1.291027,

. 354935'
2.107393,
1.565655,

.624343,

DATA T4B4~/
1.988573,
1.233503,

.230954,
2.106497,
1.540537,

‘4&260'
2.164764,
1.798338,

. 729365,

.000000,
1.985861,
1.151884,

. 105409,
2.106133,
1.521450,
-0018450

C X K X K N N N N 3N J

CX X X R N N N N N XK N N N. N N

[ X X X R K N X K R N N X R J X J

2.143686,
1.751836,

.maao.
2.170816,
1.927277,
lnassm.

.2190100
2.061619,
1.507046,

.601606,

2.1708:4,
1.921510
102‘97880

.209318,
2.059072,
1.476192.

.568763,
ao 1432270
1.?12355'

.853034,
2.170809,
1.91 10750
1. 138420.

. 184513,
2.056834,
1.420163.

.476731.,

2.17080S,
1.905844,
1.0S57230.
.151878.
2.054970,
1.381154,
. 359282,
2.142853,
1.674820.
. 526280,
2.170800,
1.900434,
0913571 L4
. 057354,
2.054137,
1.346740,
.031183,

2.109968,
1.648789'

-801829,
2.163945,
1.842216,
ln 1103&'

.000000.
1.9389350,
1.377197,

.414888,

2.164347,
1.831946.
1.072601,
.000000,
1.9953489,
1.339462,
. 332!73-
2.108187,
1.592315,
. 705250,
2.164094,
1.814909.
0973244.
.000000,
1.930022.
1.263374,
. 326596,

2.164616,
1.805380,
.87864S,
.000000.,
1.987269,
1.202803,
.245318.
2.106823,
1.53217S,
.377719,
2.164388,
1.796024,
0639924'
.000000,
l .m?.
1 . 128583'
.002476,

INTERPCOLATE NUMERICAL SOLUTICHN
CALL QURDRD(X. Y, TRBLE, GRID:GRID, NGRIDs NGRID. NGRD
TRUE = DERUSL(B)

RETURN
END

FUNMCTION D(X)

D= 0.

I (X .NE. 0.) D=1./X

RETURN
END

FUNCTION C(X)

C=o0.
IF (X .NE.

0.) C=1./Xne2

2.063200,
1.530574,

omlwi
2.143354,
1.745099,

.955489,
2.17081S,
1.925450.
1.240026.

.214879,

2.143280,
1.729613,

.918024,
2.170812,
1.817902,
1.196371,

.203410.
2.058696.
1.458893,

.545518,
ac 142888.
1 . 7035870

.823818.
2.170807,
1.908513,
1.100096,

.17000S,

ao 1429080
1.687196,

712617,
2.170804,
1.902875S,
1 . 0085‘5'

. 128858,
2.055320,
1.385132,

.269795,
2.142693,
1.671037,

03683$0
2. 1707%O
1.893508.

.89?%80
-.000457,

2.0029?
1.40484.

.42928
2.10921!
1.63720

.73011
2.16487
1.83781
1.09352

.00000

2.10868
1.61650
.75783
2.16418
1.82620
1.04730
.00000
1.99352
1.31685
. 37547
2.10742
1.57814
.57043
2.16458
1.81006
.93403
.00000

2.10713
1.55301
.56389
2.16390
1.80082
.81148
.00000
1.986493
1.17578
.18174
2.10650
1.S2490
.22084
2.16382
1.794%4
.57287
.00000

BY QURDRRTICS
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*EOR

(222 122222, 14

e MACRO S2 e

2000800 000 NEGe

L4 2000000200020

1 WO DIMENSIONS $ HOMOGENEOUS

1 R(X, YIUXXS + R(X,YIUYYS + R1(X,YIUXS +
1. R2(X.YIUYS - (RAJUS = 0.C

e MIXED

2 Xm0, ,» MIXED = {1.O0U ¢ (~-1.)UX = 1,
2 x-lo ’ "IXED. (‘0)U0 ( l-)UX'ln
e Y=0. ,» MIXED & (1.)U + (-1.)UY = |,
e ya1. » HIXED = (1.)U « ( 10Uy = |,
3 FUNCTION TRUE(X.Y)

3C

YT I 2y Y Y Y Y YR T R R T T 2L o ol o o g d ) g
[ ]

. MACRO 52 PARAMETERS

[ J

N0 0RO RNNNNNOORISNNONSENICOORANRSRNSNININNNESEN
o

. A ! B

e eeece=e- {~=v—-

™ 2 I 1

™ !

. 4 1 2

) I

. 49 I 3

™

PP PR N TET T eI Y Y TYYY Y TR YR YT T 2 2 2 2 2 P T L

REAL DERUSL(6)., GRID(20), TABLE(20,20),
T1B1¢100). T1B2(100), T1B3(100), T1B4(100),
T2B1(100), T2B2(100), T2B3(100), T2B4(100),
T3B1(100), T3B2(100), T3B3(100), T3B4(100)
EQUIVALENCE (TARBLE(1., 1) » T&BB1(1)),
(TABLE(1, 6) » T&BB2(1)),
(TABLE(1+.11) » T&BB3(1)),
(TABLE(1.,16) » T&BB4(1))
DATA NGRID, NGRDD. GCRID -20, 20, 0.2000000. 0.0526
$0.1052632, 0.1578947, 0.2105263, 0.26315?9. 0.3157
$0.3684211, 0.4210526, 0.4736842, 0.5263158, 0.5783
$0.6315789, 0.684210S5, 0.7368421,» 0.7834737., 0.8421
$0.8947368, 0.9473684, 1.0000000~

APPROXIMATE SOLUTION OF L INEARRIZED PROBLEM USING
P3-C1 COLLOCATION (8 X 8 GRID)

DATA T1B1-/-2.295261,-2.477411,-2.674675,-2.883587,
"3- 319594- ‘3-552480 -3.744104, '3.9384990 -4, 1085180
$-4.352371,-4.415667, -4.433288,-4.402111,-4.321443,
$-4.022659, -3.815730, -3.583680, -2.477411, -2.669367,
$-3.097772,-3.326190,-3.557712, -3.786302, ~4.005670.,
$-4.388890.-4.537280, -4.648595, -4.716580, -4.734307,
$-4.618365,-4.481900, -4.304610, -4.085016,-3.838016,
$-2.877%42,-3.087131,-3.329554, -3.570681,-3.814999,
$-4.288487, -4.503424, -4.693803, -4.851472, -4.969623.
$-5.061752, -S. 028399, —4.939129, -4.796625, -4.607167,
s-4. 116688, -2.883589, -3.037765, -3.329551,-3.574802,
$-4.087612, -4.343046,-4.588738, -4.816699,-5.018982.
$-5.313044,-5.390557, -5.413020, -5.379412, -5.285998,
$-4,936543,-4.692186,-4.416933, -3.100256.-3.326178,
$-3.829375,-4.098132,-4.371139, -4.641469, -4.901875,
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$-5.731579, -3.936482: -4.208748, -4.503405, -4.8166
$-5.478153,-5.811935, -6. 136262, -6.440792, -6.7148
$-7.126991,-7.243976, -7.290879, -7.261707,-7.1539
$-6.717133,-6.404841, -6.049837, -4. 106496, -4, 3886
$-5.018842,-5.359151,-5.707101, -6. 055848, -6.3952
$-7.004258, ~7.249851, -7.441904, -7.569564,-7.6219
$-7.489698, -7.299751,-7.041875, -6.7 15955, -6.3438

DATA T1B3-/-4.247239,-4.537166,~-4.851413,-5. 1866
$-5.898587,-6.260363,-6.613568, -6.947099, -7.2498
$-7.711945,-7.848481, -7.908426, ~-7.887137,-7.7790
$-7.319862,-6.984879, -6.6016382, -4.352339, -4.6484
$-5.312937,-5.673655,-6.043918,-6.416831,-6.7816
$-7.441813,-7.711902,-7.925710,-8.071085,-8.1379
$-8.013649,-7.820048, -7.547003,-7.204432,-6.8115
$-4.716214,-5.041344, -5.390302,-5.757608, -6.1345
$-6.889737, -7.243942, -7.569313,-7.848370,-8,0710
$-8.297419.-8.285615,-8.180966, -7.985598,-7.7120
$-6.961731+,-4.433248,-4.734183,-5.061680,-5.4129
$-6.164781.-6.550599.-6.929851, -7.290843,-7.6218
$-8.137895, -8.297412, -8. 376323, -8. 367628, -8.2658
$-7.796413,-7.446483,-7.043072, -4.402068,-4.7028
$-5.379106,-5.749601.,-6.130437,-6.518531,-6.8932
$-7.597524,-7.8869323, -8. 120401, ~8.28538S, -8.3675
$-8.265618,-8.074885,-7.801117.~-7.451618,-7.0475

DATA T1B4/-4.321397,-4.617910,~4.938938, -5.2856
$-6.029568, -6.414758, -6.793152, -7. 153333, -7.4832
$-8.013537, -8.180719, -8.26574S. -8.265612,-8.1715
$-7.716002,-7.370826, -6.970863, -4.193810,-4.4818
$-5.135366, -5.493972., -5,.865238, -6.242077, ~6.6143
$-7.299675,~7.586987,-7.820012, -7 . 985555, -8. 0732
$-7.985171,-7.806041.-7,541693.,-7.205032, -6.8144
$-4,303958, -4.606906. -4.336086.-5.284853,-5.6427
$-6.37269%5,-6.717078,-7.041131, -7.318439, -7.5468
$-7.796268,-7.800902,-7.715782, -7.541672,-7.2875
$-6.581414,-3.815741,-4,084604, -4.376095,-4.6318
$-5.371237,-5.7246538, -6.072391, -6.404786,-6.7154
$-7.204297,-7.3682887, -7.446387,-7.451482, -7.3706
S‘s -980951 ’ -Go “7758' -60 883551 ’ -30583633' -30 83?3
$-4.416881,-4.734953, -5.064746, -5.3939747, -5.7315
$-6.343780,-6.601654,-6.811564,-6.361704,-7.0430
$-6.970853,-6.814473, -6.581412, -6.283551,-5.9372

DATA T2Bl- .478938, .4487S50, .41308S, .3720
.275479, .221884, .166543. .111361, .0583
-.031690, -.064102, -.085586, -.034622. -.0804
-.043993, -.004295., .043093, .448750., .4171
.335726, .286S11, .233106, .176590, .1177
.002853, -.048907, -.093287., -.127655, =-.1507
-.156159, -.138052. -.107269, -.065052, -.0145
.379139, .338638., .292047, .239587, .1820

. 05?764, -.005507, -.0660399, -.121836, -.1697
‘.2321440 ‘02428980 ‘.2384740 ‘.319272- '01851
-.087125, .37201S, .33%5722. .29204S5, .2418
.122677, .056652. -.0l2216, -.081321, -.1471
-.260841, -.301842, -.329721, =-.341994, -.337¢
-.281823, -.233080, -.174720, .325853, .2869
.18516S, .123550, .055251. -.016754, -.082¢

$ -.240467, -.307984, -.36626%5., -.411801, -.4431
$ -.453449, -.431711, -.393647, -.340704, -.2771

DATA T2B2/ .275481. .233107, .182076, .'226
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$ -.147116, -.240422, -.345242, -.457338., -.5764
$ -.815491, -,927263.-1.025861,-1.105371.-1.1633
’-1 . 185935' -1 . 168805. -1 . 1 148030 "1 . 0388030

DATR T2B3- .2099%20,
$ -.419750, -.540598,
$-1.1.55702,-1.243353.,
$-1.281056,-1.177832,
$ -.260810, -.366224,
$-1.025829,-1.155687,
,'11481681' -1 1453930.
$ -.127585, -.207084,
$ -.813515, -.960835,
$-1.544190,-1.58783S,
$-1.301859, -.035572,
$ -.570920, -.710623,
$-1.436625,-1.544187,
$-1.591147,-1.497287,
$ -.341805, -.457313,
$-1.184117,-1.342292.
$~..732707,-1.706363,

DATAR Te2B4~- -.090415,
$ -.584014, -.727479,
3‘1.48i8180 -1 -SSSQBB'
$-1.658304,-1.562861.,
$ -.317218, -.431681,
$-1.168773,-1.31837S,
$-1.720745,-1.696789.
$ -.107112, -.186057,
$ ~.8073%52, -.960437,
$-1.591087,-!.843312,
$-1.36B3258, -.204278,
$ -.452005, -.5%6317.
$-1.306202.-1.415146,
$-1.4833883,-1.395736,
$ -.174700, -.277158,
$ -.84003S.-1.075294,
$-1.443323.1,-1.422908,

ORTA T3B!l . 126998,
-.097458, -.079581,
.332362, .359965,
.103549, .100115,
.101862, -.147469,
.103916. .206778,
.140182, .0B85262,
.042050, -.110341,
.174545, -.08144}.,
.189114, .113010,
-.070029. ‘-038118-
.336122, ~.319666.
. 125920, .130340,
.268508, -.263312,
-.308098, -.371130.
-.095618, .00777S,
-.265617, -.3639370,

DATA T3B2/ -.0974S3.
$ -.432453, -.410589.
$ .045318B., .0129793,
$ '-501784- ‘.480710-
$ -.318392, -.384472,

P X K" X X N N N N N N N N R NI

e 048889.
-0568549'
-1.307288,
-1.075318,
‘0484457'
-1.271499,
“a 039401 1 *
-.301774,
-l . 105381 14
-1.535538,
e 150704.
e 859249.
-1.38061E,
-.587453,
-1.475904,
- 1 . 8434030

e 156056.
-.88062¢,
-1.681051,
-1.443236,
-.5810250
-10453913'
-1.635080.,
-.281683,
-1.114624.,
-1.658212,
-.06495C,
-.739546.,
-1.497246.,
-1.284420,
-03930?30
-1 . ’-98‘36'
-1.3883e5,

. 0752050
-.024216,
. 3459‘ ’
. 130246,
-. 167279,
.280741,
. 022950,
e 1787840
00898250
.01E583,
bt 101831 *
-.256733,
. 0??332.
-.216610,
-.402143,
. 064722,
-.4l5238-

e 1872870
-. 335666,
e 083528.
e 4 19285.
-.41CS70,

-.121823
‘.?99435-
-1,342371,
-.031679,
‘.8130010
-1-m7ss.
-1.306258,
-.411703,
-1.243309,
-1.567967,
-.222123,
-1.012019,
-108711180
-.094606,
-.730096,
-1.587562,
-1.548036,

-.23842S,
-1.038359,
-1.732704,

‘-0?33410

-.703338,
-1.541078,

e 393448'
-1.2609:9,
-1.635070,

-.140978,

-.887434,
-1.547978,

.043116,

-.520818,
'1-301358.
'1.2344;90

.01732S,
0060504.
.287119,
.07520S.,
-.149574,
. 30%83'
.020287,
-.22828¢2,
. 134458,
-.064518,
-.176773,
-. 159295,
-.017064.,
-.080108.
-.384584,
.051930,
-.403400/

-.251769,
-.224880,
-.219719,
e O?SS?SI
'.381637-
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-.9400

-.2082
-.9272
=1.3459
-.0932
-.749¢2
-1.4366
-1.1881
-.5357
-1.3667
-1.5068
-.3296
-1.1633
-1.6810
-.1604
-.8821
-1.8710
-1.4289

-.3375
-1.195?
-1.74680

-.1380

-.BSS53
-:.6540
-:.4229

-.5193
-1.3938
-1.5755

-.2329
-1.03S0
-1.5628

-.0145

e GS?“
-1.38086
-1.1784

e 0381
.1628
.2126
.0203

e 0915
.0534

-.2517
.20S8

e 1095

-.1274

-.1474

-.3170

-.0233

-.3488

-.3361
-.101S
e 35?8
-.1494
-.2957



WWwWwwww WWWWWWWWWWWWWWWWWW WWULWWWWWWWRWWWWWWWWWWWWWWWWUWWWWWWWWWWWW
wewwddad 8 BUaY888 a3

DATR T3B3- .261032, .206B67, .134488, .06019
$ -.00043S, .053333, .163107, .293475. .40054

$ .397749, .269332, .1203930, .028570., .046S8
$ .333233, .495164, .581070. .332953, .2807S!
$ .129918., .004725., .045324, .083512. .1875S
$ . 388?450 . 39??28. . 3!5?470 . 1538530 = 01 13?
$ -.024029, .158654, .401369., .614031, .71369
$ .305744, .223233, .130337, .0S1933. .01238
$ .122636, .219465, .286367. .269328. .15386
$ -.23?7410, -.32157S, -.230112., .000162. .29138
$ .675323., .342%75. .283785., .183109, .07732
$ -.083%22. -.07S012, -.004580, .086177, .14544
$ -.011972, -.237410, -.458370, -.561218, -.47373
$ .094315, .379656, .515872. .287103, .22190
$ -.217075, -.138884, -.219716, -.221352» -.15105
$ .028694. .028556, -.080070, -.321295. -.S6114
$ -.641933, -.432564, -.115902, .167791, .30967
DATA T3B4- .212612, .140202. .018682, ~-.12745
-.357682. -.359694, -.272436. ~.138537, -.00930
-.023935, -.229817, ~.4736%7: -.641928, -.65031
-.244458, .008817, .145796, ,143724, .06525
-.221921, -.369367. -.461891, -.455236s -.34165
.033586, .161442, .158656, .000188, -.23153

-.507833, -.443508, -.257927, -.0%54149., .06816
.023083, -.109489., -.268428., -.41S5111, -.50175
-.341024, -.115011, .129941, .333188, .40149
.094426, -.115636, -.244178, -.257835, =-.13680
.09?7410, .100109, .020366, -.109138., -.26326
-.48069), -.448062., -.288681, - 035947, ,24877
.614100, .SS52076, .379730. .1€E7962, .00829
.005418, .104693., .179123. .130242, .05344
-.216606» =-.348823,» -.419277, -.381208, -.22024
.327529, .S810S1, .713681» .675303,» .51583
. 145820, .068182, .097421, .1739127, .24723

INTERPOLATE NONLINEAR SOLUTION BY QUADRATICS
CALL QUADRD(X»Ys» TABLE»GRID» GRIDs NGRIDs» NGRID, NGRD
TRUE = DERUSL(B)

RETURN
END
FUNCTION W(NDERU,X,Y)

REAL DERUSL(B3, GRID(3S), TAB(9:9)
DATA NGRID» NGRDD, GRID -9, S» 0.» 0.12S, 0.250,
’003?5' 00500' 0-825' 00750' 008?5' 1000/

APPROXIMATE SOLUTION OF NONLINEAR PRCBLEM FOR NO
COLLOCATION

DATR TAB-/ -.843260,-1.083850, -1.342400,-1.59125
$-1.976840+~2.044640,-1.975460,-1.731410,-1,0898S
$-1.649620,-1.933770, -2. 188320, ~2. 377680, -2.45842
$-2.106880,-1.342390,~1.649610,-1.976700, -2.30352
$-2.824330, -2.926380, -2.849290, -2.538770.,-1.59124
$-2.303510,-2.677900. -3. 022520, -3.283380, -3. 42064
$-3.001420,-1.813090, -2. 188300, -2.539750, -3.02251
$-3.732750,-3.897260,-3.831490, -3.454320, -1 .97681
$-2.824300,-3.289960, -3. 732740, -4.0392360, -4.23268
$-3.837950, -2.044510, -2.458380, -2. 926340, -3.42061
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FUNCTION R(X,Y)

R a l1./7(1. + 10.8:(8:%X»Y))

RETURN

END

FUNCTION RLI(X,Y)

Rl = =-110.7(1.+10.0l(B,X,Y))0u2aJ(4,%X,Y)
RETURN

END

FUNCTION R2(X,Y)

R = =-110.7/(1.+:0.0lH(ByXsY))0a2eli(5,X,Y)
RETURN

WWWWWWwWwWwWwWwww

(XX 2 X232 XXYYTXX}
e MACRD 53 e
*00000O0RKGGES
2000021002000
THO DIMENSIONS & CONSTANT COEFFICIENTS
UXXS + UYYS - (LAIUS = F(X.Y)
CIRICHLET
X=0. » U=TRUEZ(X,Y)
X=1, » U=TRUE(X,Y)
¥=0. » U=TRUE(X,Y)
Y=1. » UsTRUE(X,Y)
FUNCTION TRUE(X,Y)
TRUE = COS(&BevY)+SIN(LBe(X=-Y)?
RETURN
END
FUNCTION F(X,Y)
BXMY = &Be(X-Y)
B2 = (&4B)e(&B)
UXX = -B2eSIN(BXHMVY)
U = COS(4BeY)+SIN(BXMY)
uyy = -B2eu
F e UXX + UYY -~ (&R)YeU
RETURN
END

WWWWWWWWWWWWWNNNNNNN - -

o00Bs0OONGOSS
e HACRO 54 o
00000 0NRRGEGSGS
2000000002000
THO DIMENSIONS
(1. +XeXIUXXS + (1.+A(Y)ee2)UYYS + (2.eX)UXS +
(16.eY®A(Y)IUYS - (1.+(8.0Y=-X-4,)ee2)Us$ = F(X,
DIRICHLET
X=0. » U=TRUE(X,Y)
X=1. » U=TRUE(X,Y)
¥=0, » U=TRUE(X,Y)
Y=l. » UsTRUE(X,Y)
FUNCTION TRUE(X.Y)
AOYSA(Y)
R = AMAX1(0.. (3.=-X/A0Y)®e3)
? SHRXI(O.-X-ROY)
IF (S .GE. .02) T = EXP(-R/S)
G = 2,250Xe(X-A0Y)ee2 /A0Yee3
H 1.7(1, + (B.oY=-X-4,)ee2)
TRUE Ge(l.-T) + H
RETURN
END
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10

GD

AQY#e3

GDY = 3.eA0Yee2eAQlY
GDYYs 3.e(2.®A0YeAlYee2 + AOYws2eAR2Y)

G
Gx
GxXX
GvY
Gvy

HD

2.25°GN/GD

2.25°GNX-GD

2.25eGNXX/GD

2.25# (GD*GNY-GNeGLY)/CDes2

22,25 ((GDeGNYY-GNeGDYY ) /GDow2

+ 2.%(GNeGDY-GDeGNY )eCDY/GDee3)

1n + (8.'V'X‘4. )"2
-2.e(8.8Y-%X-4,)
ei
16.0(8,8Y-X-4.)
lea.
1.7HD
-HDX/HD=e2
(=HDXX +2,*HDX*HDX/HD)/ (HDeHD)
-HDY/HDwe2
-HDYY +2.eHDYeHDY HD)/ (HDeHD)
0.
0.
0.
0.
0'
AMAX1 (0. » X-AROY)
.LT. .02) GO TO 10
AMRX1 (0.9 (3. -X/A0V)®e3)
1.0
.EQ. 0.0) GO TO 10
SeS
S2eS
1.
0.
-AlY
-A2Y
-3.2(3.=-X/R0Y)ee2/R0Y
B.%(3.-X/RJIY)/7A0Yeep
3.9(3.-X/RJY)ee2exenlY/AC0Yee2
6.9(3.-X/R0Y)e(XeAalY/A0Yee2)se2 +
3.eXe(3.-X/A0Y)ee2e(R2Y-2.8AlYeus2/A0
R/S

GX = (RX=-Q)-/S

GXX = RXX/S + 2.#(R-SeRX)/S3

QY = (RY-QeSY)/S

QYY = (SeRYY-ReSYY)/S2 + 2.e(ReSY-Sa#RY)eSY
1 s EXP(-Q)

TX 3 -QXeT

TXX = (QXe3X - OXX)eT

TY = =QveT

TYY = (QvyeQY - QYY)eY

U = Ce(l.-T) ¢« H

UX = GXo(1.-T) - GoTX + KX

UXX = GXX®(1.,-T) =2,00XeTX - GeTXX + HXX
UY = GYe(1.-T7) = GeTY + HY

UYY = GYYe(i.-T) =2.8CveTy - GeTYY + HYY
F1 = (1.+XeX)eUXX

F@ = 2.eXeUX

F3 = (1.+A0Y=e2)eUYY

F4 = 2.eR0YeAlYeyY

FS = HDeU

F = Fl +F2 ¢+ F3 +« F4 - F5

RETURN

EMD
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2022021200220

THO DIMENSIONS $ COMSTANT COEFFICIENTS $ HOMOG

POISSON $ LAPLACE

UXX$ + UYYS = 0.

MIXED

x‘o- ’ m = 00

X=6., » U = F(Y)

Y=0. » HIXED 3 (A(X))IU + (B(X))UY = G(X)

vy=1. o MIXED = (C(xX))U + (D(X))HUY = HOXO
FUNCTION TRUE(X,Y)

(XYY Y YT Y2 Y Y Y 222 22 a2 XYY X222 s XY 222 gl esqaadddd s
*

. MACRO 5S PARAMETERS

-

XTI Y Y Y Y Y Y Y Y Y Y YY Y XY R YR YR Y Y Y Y YYR 2 22 Y 2 2 2 2 2 2% o o o 24l o

™~

. A I B 1 C 1D

e m=ee- [-——]=eme- [-——

L4 i1 1T 3 1 1 1 1

L4 1 I I

. 31 21 11 @

. I I 1

. 11 31 21 3

. 1 I 1

. 6§ 1 2121 4

L 4

SRV PBRBNVOOOVINNOO0 08020800000 000508R0080000

REAL DERUSL(B)s TABLE(20.,20),» GRIDX(20), GRIDY(20)
$ TiBi1¢100), T1B2(100)s -TIB3C(100)s T1B4(100),

s T2B1(100), T2B2(100), T2B3(100), T2B4(100),
s T3B1(100), T3B2(iN0), T3B3(100), T384(100),
s T4B1(100), T4B2(100)» T4B3(100), T4BAC100)

EQUIVALENCE (TABLE(1, 1) » T&DBI(1)),

S (TABLE(1s &) » T&DB2(1)),
S (TRBLE(1,11) » T&DB3(1)),
$ (TABLE(1.,16) » T&DB4(1)

DATA NGRID. NGRDD-/20. 20/

DATA GRIDX/0.0000000, 0.3157835, 0.68315769, 0.9473
$1.2631579, 1.5789474, 1.8947388, 2.2195263, 2.5263
$2.8421053, 3.1578947., 3.4736842. 3.7894737, 4.1052
$4.4210526, 4.7368421., 5.0526316, S5.3684211,» 5.6842
$6.0000000/

DATA GRIDY~/0.0000000, 0.0526316, 0.1052632., 0.1578
$0.2105263, 0.2631573, 0.3157835., 0.3684211. 0.4210
$0.4736842, 0.5263158. 0.5789474, 0.6315783., 0.6842
$0.7368421, 0.7894737, 0.8421053, 0.8947368, 0.9473
$1.0000000~

APPROXIMATE SOLUTION OF PROBLEM USING

P3-C1 COLLOCATION (8 X 8 GRID)

DATA T1B1- 1.000000, 1.006667, .963%21. .4203822.
$ .035678, -.003856., -.015701, -.009375. -.002813,
$ .024483, .047173, .081810. .13%661. .224512,
$ .574550., .825183, .199583. .898518, .901087,
$ .399040, .080743, .03?57?7, .000423. -.012505.
$ -.001680, .008149, .024776, .047198., .0816394.
$ .222411, .338273. .S567131, .801963., .359473,
$ .855271, .77867S., .400043, .128838., .046642,
$ -.007848, -.0068276, -.000599, .009640. .02485S5.
$ .0810SS. .134750, .,217468, .342537. .543524,
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.197801,
.563805.
. 003682,
.070012,
. 474382'
. 062931,
.021080,
. 477234 ’
.256607,
.003203,
171114,

DATA T1B3~/
. 057566,
.018410,
0433380!
.207574'
.003148,
.146711,
. 31244"
.0055786,
. 04?‘32'
.493296.
. 043055'
. 0132450
. 34719‘.
. 129589,
. 0024&'
.102122.

DATA T1B4/
. 023854,
.008280.
.251 ?S?.
. 07827?'
.001588,
. 065445,
. 087008,
. 001745,
. 015933,

1.163707,
.007608,
» 0029240
.0388313,
.000001,
.000008,

-.006366,

DATAR T2Bl~/
.037222,
.017817,
.492011,
. 0351859
. 035624,
3 lﬁ420
. 033174,
.033700,
.087717,
.582330,
.031373,
.021828,
.458778,

(LA X X K N N K X N N X
[

CX XX K XX N K K R N X K N X
[ B4

XX X KN K K N R R A N N

UK X N N X N K X N X XN J

. 01023?'
. 324684,
.480451,
.000118,
. 116646,
. 330252,
.021838,
.038318,
.801975,
. 136461,
. 0092849
0285418'

. 427264,
. 0214650
.033292,
. ?84438'
. 116843,
. 008054'
.248816,
. 263039'
.002171,
. 079748'
. 279529,
. 0 t ?0820
. 0238340
.672061,
. 0?54900
.005523,
.180487,

.184712,
.011868,
. 0168%'
.527022,
. 046748,
. 003485,
L] 3283880
. 0?3283'
.000343,
. 02835‘ *
. °4S$5'
.002869.
. 0043880
. 153648,
.000000.,
.000015,
.047770,

.037037,
003?4540
. 0”075.
.707037,
.035180.,
.018012,
02882470
. 0331&.
. 035?839
.114138,
. 031 193'
.031604,
.038137,
. 644383,

—

—

[

—

[

.023138,
.504710,
. 305067,
.002758.,
. 190069,
050554'
.004730,
. 066273,
.525152,
. 050331 *
.019871,
.461522,

.40829¢2,
.005803,
00575310
+54830S,
00536180
-015@10
0413428.
. 180335,
.003015S,
. 133263,
.2E5585,
00054200
.041451,
. 444266,
00386450
-0113230
.307418,

. 175368,
.203814,
.023188,
.316522,
. 022887,
.007127,
.210137,
.051189,
.001077,
. 044988,
. 043436,
.000843.
.0083867,
.082479,
.000002,
. 0009030
.042140,

. 037036,
. 038687'
.067847,
.171054,
. 035286,
.019813.
.485670,
.033195,
. 032382'
. 185424,
3 031235'
.031833,
. 0869220
. 7979350,

. 042“55'
. 787854,
+151547,
.010037,
.313783,
. 432?47.
.000874,
. 1 l 0358'
.478274,
.021829,
. °$°7°.
. 798357,

+ 344767,
. 0018480
.036368,
+377170,
.020433,
.030347,
. 759381 ’
. 1033280
.007308,
.227699,
.223708.
.002131,
.070033,
.231817,
3 0‘4486'
.020400,
.607928,

. 147377,
.001697,
.050188,
. 138097,
.008412,
.012660,
.426129,
.023749,
.002372,
.101410
.03658S.
.000503,
0018440'
.000000,
.00000S,
.000336.
.031332,

. 037042,
. 04‘360'
. 1 146840
.035093.
.035623.
.038881.
.687150.
.033217,
.019S56.
.292384,
.031218,
.033217,
. 112655,
0023245.
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.0732
1.3945
. 0831
.0222
04924'
.2834
.0029
. 1808
. 4588
.0053
. 0621
1.5481

.2325
- 0032‘
. 1594
+3594
.0059
.05e5
1.5289
.0484
.01S1
.3841
. 1561
.0027
.1179
.2201
.0045
.0354
1.3845

. 1035
.0020
. 084?
.1308
.0032
.0226
1.2422
.0151
.0050
. 1555
. 0254
.000S
.0213
.0000
-.0000
.0017
1.0000

.0370
.0379
.1913
.03S1
. 0354
.0681
.3080
.0333
.0209
. 4705
.031¢2
. oas?
.1821
.0293
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3 059‘83.
1.26413S,
.021590,
.020710,
.408752,
. 019552,
. 0180430
. 146107,

DATA T2B3~/
. 01?8?40
. 0183?4.
. 376270,
.045630,
. 0‘4463'
. 1235308,
.013679,
. 0133827,
. 040152’
02?9848'
.011737,
.013373,
029?413.
. 009??4.
. 009124.
.087260.,

DATA T2B4/
.007861.,
. 009372,
0224?44.
. 005%1 ’
.2055!14,
. 05593S,
. 00390l ’
.0033961.,
.013602,
.997370.,
. 001%?!
.002867,
. 084751 *
.000001.
. 000007,

-.005456,

DATA T3Bl~/
. 448344,
. 74399?'
. 070504,
.574650.
.645894,
.948910.
. BWS'
0545054l
.844073,
0579513'
. 472942'
. 745504,
1.042438,

. 569470,

.649529,
.945127,

X X XX X X ¥ J

CX N X X X X N
)

VMRV LLULVRAVUNAW

—

CX XX XN N N N X R N K X X

.021448,
.021747,
. 032843,
.68721S,
00‘%02'
.016316,
.244231,

.017549,
.017813,
.028801.,
.572207,
. 015664,
.013710,
.212940,
.013668,
.0‘35720
.067341,
.011700,
.011867,
. 020822,
.575927,
.008798.
.0090S51,
. 154434,

.007800.
.007318,
00145950
.451644,
. 005874,
.005584,
. 1083804,
.003903,
.003900,
. 024706,
. 001950,
. 001980.
.003801,
. 131675,
.000000,
.000013,
. 040342,

.000000.,
. 488383'
. 7940?90
.093100,
.40811S,
.695232,
.983188S,
.834846,
. 5%088'
.894798,
.ml 930
.507929,
. 795499,
1.034953,
. 4?4?42’
. 8972400
. 997673,

-

—

. 1882310
. 02145‘ L]
.021976,
.056105.,
.307151,
. 0 1383?'
.019682,
.395311,

.017571,
.017944,
004885‘.
1.326595S,
.0157120
.016878,
.354137,
.013688,
0012?0?'
. 113840,
.011708.,
.011312,
. 035320,
1.237826.
. 003825,
.011438,
.263354,

.007813,
.007334,
. 024899,
1.128342,
. 005836,
. 007204,
- 180026,
.003308,
.003677,
.038451.,
.00:350,
.001980,
. 007656,
.927752,
.000002,
.000779,
.036117,

1.004844,
. 537149.
.843632,
3 xsssaa'
.453123,
.745000,
. 065766,
.582935,
05450880
09“8070
.832535,
0505890
08443280
oﬂl 028’
.480628,
.746060,
1.039941,

—

-

.268‘530
.021459,
0021821'
. 093854,
0019499'
0013811'
.031039,
.5845640,

.017566,
.017685,
.082037,
'015800'
.01582S,
. 026353,
.650742,
.013724.,
.012253,
. 194880,
.011710,
.011536,
.059684.
.008750,
.003834,
.017821,
.520973,

.007803,
.007781,
. 0427330
.005850.
.005331,
011115,
.365183,
.003816.
.003767,
.086837,
.0019S2,
.001968,
. 015751 ’
.090000,
.000004.,
.000331,
-. 026854,

. 973786,
.582334.,
0893525’
.817360,
.494867,
.796087,
. 077697,
. “5880 .
06954280
.990130,
.782218,
.538088,
. 895294,
. 7??3%’
.51388S.,
. 736302,
1.0439310,

-
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.4217
.0214
+01971
. 1543
.0195
. 0199
. 0526
1.3268

.01?&
.0162
.1361
.0156
. 0446
.3103
.0137
.0152
. 3290
.0117
.0108
. 1007
.009?7
.0093
.0302
1.1866

.0078
.0073
.0724
.0058
.0053
.0183
1.0646
.003S
.0056
.1332
.0019
.0018
.0182
.0000

-

-.0000

.0014
.8570

.5830
.5430
. 9487
.9211
.5416
.8442
«3594

.7449
1.0504
6477
-9443

. 7780
.5545
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$ 1.048169,
.506573,
.655227,
. 946744,

DATA T3B3~
.517597,
07478560

1.0563933,
047?478'
. 55581 ?’
.945031,
. 382393,
.578136,
.844628,

1.493296.
. 530626,
.748178,

1 . 081468!
.433451,
.65S8716,
.944150;

DATA T3B4/
.538402,

. 748829,
1.061550,
.414915,
.658471,
n941389’
.117534,
.588512,
.843989,
. 163707,
.5484391.
.748843,
1. 053941!
.411528,
.659175,
.940470.

DATA T4Bl/
. 004635,
. 006789,
.104731,
. 0043%-
. 004929,
. 109370,
. 0041470
. 004238,
. 03?349'

80 103?940
.003940,
.0l2042,

1.395242,
.003668,
. 005223,
.316061.,

DATA T4Be/
$ .003472,
$ .015374,
$ 2.1572S1,

L X X

X X X K N N N R N X N X N N N ]
—

L N KR X RN N K N N N X N

[ XX X X X X X N N R N X X N N J

1.140332, 1.5251S52,
.500610, .512608,
.700388, .747743,

1.002657, 1.054893.
.479250, .479665,
.540877, .572832,
.796353, .844519,

1.168097, 1.548305,
.504613, .S22104,
.700833, .747820,

1.001687, 1.059347,
.4033!5, .461180,
.614192, .B657744,
.B85058, .945775,
.330180, .332069,
550570, .579407,
.796107, .844192,

1.172130, 1.444266,
.508280, .534308,
.702357, .748573,
.997884, 1.062656,
.231753, .228998,
.556710, .583592,
.797220, .B44216,

1.156720, 1.3:6522.
.527255, .542941,
.702308, .748453,
.993342, 1.057?515,
.164840, .403226,
.618827?, .660350,
.893412, .942487.
. 0319389 . 05?59?9
.562382, .587606,
.796779, .843644.

1.130518, 1.082473,
0586934' 05505130
.702642., .748417,
.983578, 1.048731,
.004630, .004630.
.004542, .004620,
.003712,» .008700.

-.065793, 2.38007S,
.004401, .004404,
. 005663, .008098,
.2868383. .680538,
.004146, .0041489,
.004563. .005031,
.084759, .175614,
. 0039000 . 00”05’
.0033994, .004119,
.020936, .050330,

3.546549,11.103243,
.003681, .003707,
.007679, .013750,
.865437, 1.78618S.
.003413, .003414,
.003543, ,003742,
.029597, .072596,

5.465849,15.262661,

.529037, .S286:
0537??20 -5?07‘
797230, .B8448
1.158573, 1,5481
.482538s .4924
.611282, .6552
.894575, .9455
.429501, .4308
.544280, .5751
796153, .8443
1.174318, 1.5288
.502948, .5260
.701799, .7484
1.000858, 1.0627
.361638, .4485
.615425+ .6571
.893519, .9438
.280770, .2813
.554118, .5818
797130, .B443
1.166017, 1.384S
.271615, .4217
051?504. 05593\
.B93833, .9434
.183566, .1743
.557938, .5843
.795813, .8437
1.145287, 1.2422
.532188, .S451
.703191, .7490
.9390676, 1.0580
.101374, .4037
'892211' 09413
.050736, ~-.9063
05835‘00 -588?
0795836. 084&
1.128374, 1.0000
.004630. .0046
.004754, .0046
.025193, -.0104
.004386, .0043
.004438. .0044
.01169S, .0234
1.556083, 4.2869
.004156, .0041
.006387, .0101
.505514, 1.0260
.003303, .0039
.004477, .00S1
.112552, .2456
.003656, .0036
.003776. .0039
0055370 .oel
4.569089, 13.3674
.004?38! . 0052
.165031, .3778
.003169, .0031
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JRTA T4B3/ .002195, .002138, .002200, .0022
.002277, .002386, .002656. .003387, .0048
. 0 188380 . 039129- . 0984870 . 237774o . 5355‘4
3.137190, 7.762745,18.464763, .001951, .,0019
.001964, .001982» .002033, .002140, .0024
.004556, .008589, .018431, .038729, .097S
.S33144, 1.354719, 3.123631., 7.722816, 18.2336
.001712, .001713,» .001721, .001740, .0017
-002154! .Omn .004245. 00081510 -0177‘
.094614, .219869, .518734, 1.316257,» 3.0332
$17.808733, .001464, .001465, .001468., .0014
$ .001S39, .001638, .001885, .002555, .0038
$ .016686, .035398, .089637, .207883,» .4909
$ 2.853377, 7.103634,17.224007, .001220, .0012
$ .001231, .001247, .001290, .001382, .0016
$ .003448, .006875,» .015345, .032579., .0828
$ .451440, 1.167%23, 2.61132S, 6.514965,16.5117

DATA T4B4 .00097S., .000978, .000980, .000S:
.001033, .00l122, .001323, .001885, .0029
.013?56, .028730, .074168. .173415, .3964

2.289328, 5.712786,15.700562, .000732, .0007
.000741, ,.0007?51, .000786, .000856., .0010
.002398, .004894, .012100, .023562, .0637
.3c2304, .946691, 1.894983., 4.564829,14.8148
.000483, .000480., .000496, .000S02., .000S
.00070S5. .001181,» .001771, .003784, .0106
.051712, .129230, .226629, .820912, 1.4467

13.878120, .00024S, .000244., .000246., .0002
.000280, .000324, .000357, -.000861. .0010
.009950, .008112, .037?583. .111326, .03930
.976288, 1.82S231,12.90%4:4, .9202C!, .0000
.000008, -.00000S, .000027. .000060., ~-.0000
.000096, .000182, .010843, -.004607, .0204

-.975913, .S69691. .502551, -.373664,11.9257

INTERPCLATE NUMERICAL SGLUTION BY QUADRATICS
CALL QUADRD(X.Y,» TRBLE, GRIDX, GRIDY.NGRID,NGRID, N
s

X X X R K X N X J

X XK NUN X N N N N N N N X N XK'

DERVSL)
TRUE = DERVSL(B)
RETURN
END

FUNCTION F(Y)

DARTA BREAK,Pl2-&R, 1.570796327~/

F = EXP(PI2®(BREAK-Y))eSIN(PI2#Y)/8Awe3
RETURN

END

FUNCTION A(X)

DATA BREARK/&R/

AR =1,

IF (X .GE. BRERK) A=0.

RETURN

END

FUNCTION B(X)

DATA BREAK-/8A~

B - 01

IF (X .GE. BREARK) B=1,
RETURN

END
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DATA BREAK, DECAY0/8R.2.7

G a 1./78R%s3

IF (X .GE. BREAK) G=GeEXP(DECAYQe(BREAK=-X))
RETURN

END

FUNCTION H(X)

DATA BREARK,KARSE,DECAY1-74R.4C. 8B/

H = 0.

IF (KRSE .E0Q. 1) RETURN

IF (X .GE. BRERK) H=EXP(DECAY1e®(BREAK-X))/LAee3
gEEURN

N

D s —— - ————— - —— - —— T V. > - — ————

EOR

(XXX 2X2 XYY ]

®* MACRC SE =

(2 X122 212217 ]

WWUWWWWWWWWWWWWWWWWWWWWNANNIVIUN = ¢

TR I WWWWWLWWWWWWWW

10

20

30

10

2000200202000
THO DIMENSIONS S HOMOGENEOUS
UXXS « C(X)UYYS « D(X)UX$ = 0.

DIRICHLET

X=0. » UsTRUE(X.Y)
X=1. » UsTRUE(X.Y)
YsG. o U=TRUE (X, Y)

Y=6.28318530718 ,» UsTRUE(X,Y)

FUNCTION TRUE(X.Y)

DIMENSION ALPHAR(8), H(4), 2(4)

DATA ALPHA-L1., .S, .25, .1666666E567s -.1» -.06668
$ .03333333333, -.02~/

DATA W/0.34785485, .65214515, .65251Ss .3478548S5~
DATR 2--.86113831, -0.33998104, .33938104, .B861:36
iF (&R .EQ. 3) GO TO 10

Hw(l) = 2.0

2(1) = 0.0

GO 10 20

CONTINUE

H(1) = 0.3478548S

2(1) = -0.86113631

CONTINUE

TRUE = 9.0

DO 30 I=1,8R+]

TRUE = TRLE + H(I)®(EXP(-2(1)eXeSIN(Y))e

s COS(2([)exXeCOSC(Y) )+EXP(-2(1)eXeCO
$ COS(Z2(I)exeSIN(Y)))

CONTINUE

DO 40 [=1,4B
TRUE = TRUE + ALPMA(I)eXea(]+])eCOS((I+])eY)
CONT INUE
RETURN
END
FUNCTION C(X)
Cc=0.
IF (X NE. 0.) C = 1./Xeep
RETURN
END
FUNCTION D(X)
D = 0.
IF (X .NE. 0.) D = 1./X
RETURN
END

EOR

- - -
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LINE 1 HAS THE NUMBER OF MODULES (NRMODS) 1IN I3 FOR
FOLLOWS NRMODS PARIRS OF LINES. THE FIRST OF EACH CONI
INTEGER IN THE RANGE 1.....NRMODS IN 13 FORMAT AND AN
MODLLE NAME STARTING IN COLUMN 6. THESE GIUE THE COR®
BETWEEN MODULE MNMUMBERS USED IN ENCODED PROGRAMS AND Tt
OF MODULES TO BE USED IN THE GENERATED ELLPACK PROGRA
LINE OF THE PAIR CONTRINS A LIST OF INTEGERS IN 4X.30]
THE MODULE MUMBERS THAT MAY IMMEDIATELY FOLLOW THIS M
ELLPACK PROGRAMS. AFTER THIS SET OF LINES THERE IS Of
CONTAINING A SINGLE INTEGER IN 13 FORMAT GIVING THE M
DISCRETIZATION MODULES (NRDIS). THIS IS FOLLOWED BvY ¢t
EACH CONTAINING A MIDULE NUMBER IN I3 FORMAT AND 1S DI
STARTING IN COLUMN 5 GIUING MODULE COMPATIBILITY INFOR
(SEE ROUTINES GEMPGM AND COMPAT).

RELATED FILES: GENPGM, EONFIL. MACFIL. OPTFIL., GRDFIL

e - ————— - - —— - - ———— - —

291 S-POINT STAR
14 15 16 17 32
02 7-PDINT 3D
14 15 16 17
03 P3-C1 COLLOCATION
14
04 P3-Cl GALERKIN
14
05 HODIE-HELMNOLTZ
14 16 17 32
06 HODIE-ACF
14 16 17 32
0?” KCDIE-RCDEF
14 16 1?7 3
08 MODIE 2?7-POINT 3D

08 FFT 9-POINT
10 2DEPEP
11 MARCHING ALGORITHM
12 DYRKANOU-CG
13  DYAKANOU-CG4
14 NATURAL
20 21 22 30 31 33 34 35 36 37
1S REB-BLACK
22 30 31 38 33

16 YALE MIN DEG
30 31 33 34 35 36 37

17 YALE RCH

20 21 22 30 31 33 34 35 36 37
18 BAND SOLUE (RETIRED)
i3 SYMMETRIC BAND (RETIRED)

20 LINPACK BAND
21 LINPACK SPD BAND
22 SPARSE GE-PIVOTING
144



NVt JPTJ =l e

YALE SPARSE
YALE ENUVELOPE

NESTED DISSECTION
30 31 33 34 35 36 I

SOR

JACOBI SI

JRCOBI CG
SYMMETRIC SOR SI
SYMMETRIC SOR CG

REDUCED SYSTEM SI
REDUCED SYSTEM CG

eolililiioliitie
02:101210111111
e0111101111111
20l101210200212
2011010102001e2
201101010200122
201111010200122
g22102010200222
201112110200122
20:10121011:1112
20:10l1210111112
201101210111112
201191210111132
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OPTFIL 1S DIVIDED UP INTO RECORDS WHICH ARE NUMBERE
ETC. THE END-OF-RECORD IS DESIGNARTED BY etOR (°EOR ON
INSTALLATIONS).

RECORD 0 CONTAINS R DESCRIPTION OF THE PURPOSE AND
OF OPTFIL. RECORDS 1» 2+ 3s... HAUE THE FOLLOWING FOR

LINE 1 LINE 1 CONTAINS THE RECORD NUMBER.

LINE 2: LINE 2 MUST CONTARIN THE 8 CHARACTERS OPTIC
COLUMNS 1-8, FOLLOWED ON THE SAME LINE BY ALL OF TH
SELECTED.

RELATED FILES: GENPGM, EONFIL. MACFIL, GRDFIL, OUTFIL

- - —— - ——— . - - - - - ——— -

RECORD 2

— - ———— ——— - - ——— - - ——

RECORD 4
OPTIONS. TIME $§ MEMORY 8  LEUEL=4

OPTIONS. TIME $ MEMORY 8 LEVEL=S
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OUTFIL IS DIVIDED UP INTO RECORDS HHICH ARE NUMBERM
ETC. THE END-OF-RECORD IS DESICNATED BY eEOR (°EOR Of
INSTALLATIONS) .

RECORD 0 CONTAINS R DESCRIPTION OF THE PURPOSE AND
OF OUTFIL. RECORDS i, 2+ 3,... HAVUE THE FOLLOWING FOI

LINE 1: LINE 1 CONTAINS THE RECORD NUMBER.

REMAINING LINES: THE REMAINING LINES OF THE RECORI
OUTPUT SEGMENT EXACTLY RS IT HILL APPEAR IN THE GE!
PACK PROGRAM. TO SPECIFY AN ELLPACK CONTINURTION |
*.* (DOT) IN COLLMN 2. THS INFORMATION OF THIS RE(
JIRECTLY INTO THE OUTPUT SEGMENT OF THE GENERATED |
PRIOCRAN. FOR FORTABILITY PURPOSES, THE END-OF-REC
DETECTED BY THE PRESENCE OF A °*~* (DASH) IN COLUMN

RELATED FILES: GENPGM, E€ONFIL. MACFIL. OPTFIL., GRDFII

- D ————  ——— — ——— ———— - - - -

*EOR
RECORD
TABLE-SOLUTION $ MAX-SOLUTION $ MAX-ERRO
*EOR
RECORD
TABLE-SOLUTION $ PLOT-SOLUTION
' EOR
RECORD
PLOT-TRUE
*EOR
RECGORD
TABLE-ERROR $ MAX-ERROR 8  MAX-SOLUTI
' EOR
RECORD
TABLE-TRLE $  TABLE-SJLUTION $  TARBLE-
r--“-_“------- — D . G G S ———— A ———— - W  —
RECORD 6
TABLE-TRUE § TABLE-SOLLTION $ TABLE-ERROR
PLOT-TRUE $ PLOT-SOLUTION $ PLOT-ERROR
'EOR
RECORD 7
TAELE-EZRRCOR $ MAX-ERROR
PLOT-TRUE $ PLOT-SOLUTION $ PLOT-ERROR
*EOR
b J
*EOR
'EOF

148



(8]

o0

aona

$ FATAL » CLOCKH, RECTAN

REAL AXs BXs AYs BY» AZs BZo HXo HY » HZ » LK CUXY
$ CUx,» CUY» CUs CUX2Z2, CUY2, CUZ2Z, CUZ, EPSCGRD

INTEGER IROT(8),HORZ2, VERT, BOTH, INTER, STAR, ONE,» MINUS, X
s PERIOD, CORNER

COMMON ~ PROBL ~ DIM2,DIN3, POISON, LAPLAC, CONSTC, SELF

] CROSST»HOMOBC, DIRICH, NEUMAN, MIXED, U
COMMON - PROBR ~ AX,BX,AY, BY, A2 B2+ KX, HY, H2

COMMON - PROBI ~ NGRIDX,NGRIDY,NGRIDZ

coMmoN # CPDE 7 CUXX» CUXY,» CUYY, CUX» CUY, CUs» CUX2» CUYZ
CoMMON ~ CONTRL - DEBUG, TIMER, SYMMET,FATAL.RECTAN
COMMON ~ INTEGS - NUMBEQ. NUMCOE, NROW, NCOL » NBAND, IROT. |

: INITL. INDIS, INSOL, MINPUT,
$ MOUTPT, MEMORY, ININD, NGRDXZ» NGRDY2»
$ NGRD22, MXNEQZ, MXNCO2, NROWDZ, NCOL D2

COMMON - REALS - ERRMAX, SOLMRX, TRUMAX, RESMAX, TIMES(!

coMMON # BNDRY ~ IPIECE, NBOUND, NBNDPT, CLOCKH

COMMON ~ SYMCON / HORZ2, UERT, BOTH., INTER, STAR, ONE. BLANK
) XXXs EXTER, PERICDs CORNER

COMMON, » NUMCON # EPSGRD

CCMMON /GRIDXZ2~ GRIDX(1)

COMMDN /GR1DYZ/ GRIDY(1)

COMMDN ~/GRIDZZ/ GRID2(1)

conMoN /COEFZ2- COEF (1)

COMON ~/1DC022- IDCOEF (L)

COMMON /TABLZZ” TABLE(1)

COMMON ZUNKNZ22- UNKNWNCL)

COMMON /NDXUZ22~ NDXUNK (1)

COMMON ~BCTYZ2/ BCTYPE(1)

COMMON ZINUNZZ/ INUNDX(1)

COMMCN /NDXEZZ- NDXEQ(1)

COMMON Z1GRIZZ, IGRID(D)

REAL ERRLZ2. RESMAX,RESLZ
INTEGER BCTYPE

DATA NRITNS -0/, INSOL-0/. NUMBER/0/
COMMONY ~ITCOM1/ NRITNS
THIS IS THE NUMBER OF ITERATIONS FROM ITPACK

NGRDXZ = NGRIDX
NGRDYZ = NGRIDY
NGRDZZ = NGRIDZ

COMPUTE L-2 DISCRETE NORM AT THE NODES

RNODES = 1.0/FLOAT(NGRIDX«*NGRIDYSNGRID2)

ERRL2 = O,

ERR = 0.0

DO 100 IX=1.,NGRIDX

RO 100 Iv=1,NGRIDY
DC 100 I2=1.NGRIDZ
E = ERROR(GRIDX(IX),GRIDY(IY),GRIDZ(12)+ NGRD

NGRDYZ, NGRDZ2. GRIDX, GRIDY. GRIDZ. UN
MXNEQZ. NDXUNK » TRBLE . COEF » I DCOEF » MX
BCTYPE, IMUNDX, NDXEQ, IGRID)

ERRL2 = ERRL2 <+ EoE
ERR = AMAX!(RBS(E),ERR)

ERRL2 = SORT(ERRLZ)®RNODES

100 CONTIMNUE
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00 (8]

(alalglg]

FATAL, CLOCKH, RECTAN
REAL AXs BXs AY s BYs RZ9» BZs HXs HY» HZ» CUXX. CUXY
$ Cux, CUY, CUs CUX2Z, CUYZ, CUZZ, CUZ,+ EPSGRD
INTEGER IROT(8).HORZ, VERT, BOTH, INTER, STAR. ONE, MINUS, X
s PERIOD, CORNER

COMMON ~ PROBL ~ DIM2.DIM3,POISON. LARPLAC, CONSTC, SELF

CROSST+HOMOBC. DIRICH, NEUMAN, MIXED, U
COMMON - PROBR AXs BXy AY s BY s RZ» B2y HXs HY» HZ
coMMON - PROBI NGRIDX, NGRIDY, NGRIDZ

coMMON - CPDE CUX s CUXY, CUYYs CUXs CUY CUs CUXZ, CUYZ
CoMMON 7 CONTRL DEBUG, TIMER, SYMMET, FATAL » RECTAN

comMonN 2 INTEGS NUMBEQ. NUMCOE . NROW, NCOL » NBAND, IROT, |
$ INITL, INDIS. INSOL, MINPUT,
$ MOUTPT . MEMORYs ININD, NGRDXZ» NGRDYZ2,
$ NGRDZ2. MXNEQZ, MXNCO2» NROWDZ» NCOL D2

COMMON 7 REALS 7 ERRMAX, SOLMAX, TRUMAX, RESMAX. TIMES (]

COMMON - BNDRY ~ IPIECE.NBOUND, NBNDPT,CLOCKH

COMON 7 SYMCON - HORZ,UVERT.BOTH, INTER. STAR. OMNE . BLANK
$ XXX+ EXTER, PERIOD, CORNER

COMMON, » NUMCON ~/ EPSGRD

COMMON /GRIDXZ/ GRIDX(1)

COMMDN /GRIDYZ~/ GRIDY(1)

CoOMMON /GRIDZZ/ GRID2(1)

COoMMON /COEF22- COEF (1)

COMMON ~IDC022- IDCOEF(L)

COMMON /TABLZZ2” TARBLE(1)

COMMON /UNMKNZ2/ UNKNUN(1)

COMMON /NIDXQUZZ/ NDXUNK (1)

COMMON ~BCTYZ2/ BCTYPE(])

COMMON ZINUNZ2Z/ INUNDX(1)

COMMCN /NDXEZZ- NDXEQ(1)

COMHON Z/IGRIZ2- IGRID(D)

REAL ERRLZ.RESMAX, RESL?
INTEGER BCTYPE

DATA NRITNS -0/, INSOL-0/, NUMBER/O/
COMMOfY ~ITCOM1/ NRITNS
THIS IS THE NUMBER OF ITERATIONS FROM ITPARCK

NGRDXZ = NGRIDX
NGRDYZ = NGRIDY
NGRDZZ = NGRIDZ

NN N NN

COMPUTE L-2 DISCRETE NORM AT THE NODES

RNODES = 1.0/FLOAT(NGRIDX«NGRIDY#NGRID2)

ERRL2 = 0.

ERR = 0,0

DO 100 IX=1.NGRIDX

BO 100 IvY=1,NGRIDY
DC 100 1Z2=}1,NGRIDZ
E = ERROR(GRIDX(IX),GRIDY(IY).GRIDZ(12)+NGRD

NGRDYZ, NGRDZZ+ GRIDX. GRIDY, GRIDZ, UN
MXNEQZ, NDXUNK,» TRBLE . COEF » I DCOEF » MX
BCTYPE, INMUNDX, NDXEQ, IGRID)

ERRL2 = ERRL2 « EoE
ERR = AMAXI (RBS(E).ERR)

ERRL2 = SORT(ERRLZ)®RNGDES

100 CONTINUE
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E THD-DIMENSIONAL CASE

RINTUL = 1.0/FLOAT(NXeNY)
DO 200 IX = 1.MX
XMIDL = (GRIDX(IX)+GRIDX(IX+1))=,S
DO 200 IY = l.NY
YHIDL = (GRIDY(IY)$CRIDY(IY+}l))e.S5
R = RESID(XMIDL., YHIDL» ZMIDL . NGRDXZ s NGRDYZ» NGRIL
GRIDY. GRIDZ, UNKMNUN, MXNEQ2» NDXUNK . TABI
I DCOEF « MXNC02» BCTYPE » JNUNDX, NDXEQ, 16!
RESMAX = AMAX] (RESMAXs ABS(R))
RESL2 = RESLZ2 + ReR
RHS = PDERHS(XMIDL,YMIDL)
IfF (RHS .NE. 0.0) RESMXR = AMAX](RESMXR,ABS(R
200 CONTINUE
RESL2 = SGRT(RESL2)eRINTUL

"we

GO TO 300
THREE DIMENSIOMARL CASE

210 CONTINUE
RINTUW = 1,0/FLOAT (NXeNYeN2Z)
DO 250 IX = 1,NX
XMIDL = (GRIDX(IX)+CRIDX(IX+1))e.S
DO 250 1Y = 1,NY
YMIDL = (GRIDY(IY)*GRIDY(IY+1))e,S
DO 250 12 = 1,N2
ZHIDL = (GRID2(I2)+CRIDZ(1Z2+1))e.S
R » RESID(XMIDL,YMIDL.ZMIDL . NGRDX2Z. NGRDYZ» NGRD.
GRIDY.CRIDZ, UMKNLN, MXNEQZ,» NDXUNK, TAB
IDCOEF « MXNCOZ, BCTYPE » INUNDX, NDXEQ. I
RESMAX = AMAX] (RESMAX. ABS(R))
RESL2 = RESL2 + ReR
RHS = PDERMS(XMIDL.YMIDL,ZMIDL)
IF (RHS .NE. 0.0) RESMXR = AMAX1 (RESMXR,ABS(R
250 CONTINUE
RESL2 = SQRT(RESL2)*RINTUL

COMPUTE THE TOTAL EXECUTION TIME
300 CONTINUE

FIRST FIND NUMBER OF MODULES IN EXECUTION SEQUENCE
GO 10 ¢303,303,303,301,303,303,301,301,301,303,301,3
$ 301)» INDIS
301 CONTINUE
NRMODL = 1
GO TD 320
303 CONTINUE
MNRMODL = 3
320 CONTINUE

ADD TIME TO REFORMAT LINEAR SYSTEM (EXCEPT YALE SPAR
IF (CINSOL .ME. 1S5) .AND. (MRMODL .EQ. 3))
$ TIMES(3) = TIMES(3) + TIMES(4)

NOW COMPUTE THE TOTRL TIME
TLTIME = 0.0
DO 325 I=l,NRMODL
TLTIME = TLTIME + TIMES(I)
325 CONTINUE

c
C FIND MAX DISTAMCE BETWEEN ANY TRO GRID LINES
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IF (DIM2) GO TD 360
DO 3S0 I=1.N2
D2 = GRIDZ(I+1)-GRID2(I)
HMAX = AMAX] (D2, HMAX)

IS0 CONT INUE
360 CONT INUE
c CO TO 380
c CASE OF UNIFORM GRID

370 CONT INUE
HMAX = AMAX] (HX) HY)
IF (DIN3) HMAX = AMAX1(H2, HMRX)
c 380 CONTINUE
C HWRITE SUMMARY OF ELLPACK RUN ON SAUVE FILE

C
HRITE(4. 1000) NGRIDX, NGRIDY, HMAX, NUMBEQ, ERR. ERRMARX, EX
RESMAX, RESMXR, RESL2+ SOLMAX: MRITNS, MEMOF
S (TIMESCI), T=1,NRMODL)
C1000 FORMAT(1Xe 2144 IXsE1C.20 1Xs 1S5, 2%s 7ES. 24 1Xo I35 1%s IS4 1Xs

RETURN

END
*EOR
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*EOR

R

AUX - VECTOR OF ARGUMENT UALUES

VALUX ~ UECTOR OF FUNCTION UALUES CORRESPONDING
TO AUX.

N ~ NUMBER OF INTERPOLATION POINTS

METHOD
CIVIDED DIFFERENCES ARE USED TO COMPUTE THE
EXTRAPOLATED UALUE.
P(X) = F1 + (X-AUX(1))e8F2 + (X-AUX(1))s(X-AUX(2))

HISTORY
MODIFIED BY BILL WARRD, MARCH. 1978,

#6000t aswstsssstesnnes 6060007000000 8000000000sc0ssss0

REAL AUX(N)» VALUX(N),
Fle F2s F3. Cls T2

F1 » UARLUX(1)

Fa = (UALUX(2) - UVALUX(1)) ~ (RUX(2) - RAUX(1))
C1 ® X = AUX(})

QUADR = F1 + CleF2

IF (N ,EQ. 2) GO YO 939

T2 s (VALUX(3) - URLUX(2)) -~ (AUX(3) = AUX(2))
F3 = (T2 = F2) 7 (AUX(3) = AUX(1))

CURDR = QUADR ¢ Cle(X - AUX(2))®F3

CONTINUE

RETURN
END
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