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A GENERAL ALGORITHM FOR THE

CONSTRUCTION OF CONTOUR PLOTSu

wayne Johnson
Ames Research Center
and

Aeromechanics Laboratory
AVRADCOM Research and Technology Laboratories

Fred Silva
Informatics, Inc.

SUMMARY

An algorithm is described that performs the task of drawing equal-
level contoérs on a plane, which requires interpolation in two
dimensions based on data prescribed at points distributed irreg-
ularly over the plane. The approach is described in détail. The
computer program that implements the algorithm is documented and

listed.



1.0 INTRODUCTION

The araphical presentation of experimentally or

theoretically generated data sets frequently involves the con-

‘struction of contour plots. Consider a dependent variable z that

‘is a function of two independent variables x and y: 2z = f(x,y).

The functional form f is not known. It is assumed that £ is a
sinqle-vaiued function of x and y. By measurcements or calcula-
tions, the value of 2z is obtained at a set of N discrete points.
The data may be presehted in graphical form in terms of contours
of equal value of z on the x~-y plane. To construct such contours,
it is necessary to interpolate the values of z between the nre-
scribed data points. In general, these data noints may be dis-
tributed irreqularly over the x-v plane. This report describes
an algorithm developed to construct contour plots for such cases.
The computer program that implements the algorithm is documented

and listed.

1.1 Nescription of the Approach

The data are vresceribed at a set of N points distributoed

v for n=1 to N. In

irreqularly over the x~-y plane: = , LI 5t

n
order to perform the interpolation, the voints on the x-y plane
are conpected by straiught line seaments, to form a set of tri-

anales with & convex boundary (figqure 1). Then the data can be
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Figure 1,
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Construction of the contours



interpolated over the edges of the triangles. To construct the
contour for the value Z, all points on the edges wﬁére 2=7 are
located. Finally, these points'ure connected to form the z=7
contour. With the trianqulation algorithm described here, the
intorpolation along the edges 6ften involves widely separated
points on the x~y plane. tn'shch'a case, linear irterpolation
between ﬁhe end voints of the edge is unlikely to nroduce a
smooth contour, Hence, it is usually necessary to smooth the
data, by using a least-squafed—error it of the data to a bi-
variable polynominal for 2=f(x,y}). Then the interpolation
along the edges is performed using this tunctional form. It is
also possible to use some standard techniaque to draw a smooth
curve through the internclated noints on the edaes of the tri- .
anales. In summary, the algorithm involves four baéic steps:
(a) triangulation of the plane: (b) smoothinq of the data:

(c) interpolation alonqg the odges: and (d) drawing the contours.

The first step is trianqulation of the plane. There are
N data points kn and Vi The trianqulation will be described by
an array that identifies the two end points of each edage, and an

array that identifies the three vertices of vach triangle, At

- each staae in the procedure, there are a set of points that

define (in order) a boundary, inside which the triangles have
been identiried. At the start, all the data puints are outside
the boundary, and no points on the beundary have been located.

The last data point and the Jdata point closusy to it are used to

£
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start the procedure: they are the iniﬁial boundary points, and
are no lbhqer in the set-df voints outside the bnundarye ohe
edge has been identified. Thereafter, the aigorithm éroceeds
by marching around the boundary, examining points outside the
boundary reiative to a boundary edge. The objective is to

identify a poiht that together with the boundary edge wiil

. form a new triangle. The criteria for locating such a point

are that it be closest to the boundary edqge and that there be

no other points within the resulting triangle. These criteria
are satisfied by locating the point such that the oarameter n
is minimized, where D equals the sum of the distances from the
point to the two end points of the boundary edge. The points
examined in this manner are those on the boundary, immediately
adjacent to the boundary edge being considered: as well as the
points outside the boundary. From the points outsidu thé
bour.dary it is necessary to exclude any for which the resultinq
triangle would overlap the triangles already identified

(within the boundary), which requires two tests. First, relative
to the boundary edge there is a side within the boundary. The
straight line formed by the boundary edge and its extensions to
infinity divides the x-y plane into two half-planes. All

points that are either on this line or in the half-plane corre-
sponding to within the boundary are immediately excluded.
Second, the point identified as closest to the boupdary edge is
examined to determine whether the two new edges of the resultihq

trianqle would pass through any of the boundary, inside which



the triangles have been identified. At the start, all the data
points are outside the boundary, and no noints on the boundary
have been located. The last data noint and the data point
closest to it are used to start the procedure: they are the
initial boundary voints, and are no longer in the set of noints

" outside the boundary: one edge has been identificd. Thereafter,
the alaorithm mroceceds by marchina around the boundary, examining
noints outside the boundary relative to a boundary cdge. The
objective is to identify a-noint:that together wiﬁh the boundary
edae will form a new triangle. The criteria for locatina such

a noint are that it be closest to the boundary edae and that there
be no other noints within the resulting trianqgle. These criteria
are satisfied by locating the point such that the varameter D is
minimized, where D equalis the sum of the distances from the noint
to the two end moints of the boundary edge. The points examined
in this manner are those on the boundary, immediately adjacent to
the boundéry edge beina considered: as well as the points outside
the boundary. From the noints outside the boundary it isv
necessary to exclude anv for which the resultino triangle would
overlan the trianales already identified (within the boundarv),
which requires two tests. First, relative to the boundary edae
there is a side within the boundarv. The straiaht line formed

by the boundarv edge and its extensions to infinity divides the
X-y nlane into two half-nlanes. All points that are either on
this line or in the half-nlane corresvonding to within the

boundarv are immediately excluded. Second, the noint identified

v



as closest to the boundary edqge is examined to determine whether
the two new edges of the resultinq'triangle‘would vass through
any of the other edges on the boundary (which may hapoen if the
boundary is concavé). If so, the point is excluded. When a
point has been successfully found from among the voints outside
the boundary, a new triangle and two new edges have been identi~
fied; a>new.boundary point is inserted between the two current
boundary points being considered (hence two new boundary edges
replace the old edge); and the voint is no longer outside the
boundary. When a voint has been successfully found from amonq
the adjacent boundary noints, a new triangle and one new edqe
has been identified; and the middle bhoundary noint is no longer
onn the boundary (hence the new boundarv edge remlaced the two
old edges). This nrocedure continues, marching around the
boundary until there are no more voints outside the boundary.
The boundary ma?-be concave at this stage, however, so the
procedure still continues, examining adjaceht boundary- ooints
relative to each boundarv edge until thé-boundary,is completely
convex, that completes the trianqulation. The end points of all
edaes have been identified. For the interpolation procedure it
is necessarv then to identifv those edges that form the boundary.
To draw the contours, the four other edges that form the two tri-

angles on either side of each edge must be identified as well.



The followina relationships are useful. Let P = number
of data points, £ = number of edqeé, T = number of! triangles,

and B = number of boundary noints or edges. Then

%T + %B

&}
[}

+

= %T + (%B 1)

ki

2(p - 1)

S0 T B

E

p -~ 1) - B

E-T p -1

The minimum number of boundary noints Bmin = 3 gives the maximum
number of trianqgles and edqes: Pmax = 2pP-5 and Emax = 3P-6.
The maximum number of boundarv points is Bmax = P, which gives:
= P- ., = 2p=3,
Tmin P 2 and Bmln p=3
The trianqulation devends onlv on the x and y coordinates
of the data points, hence it is the same for all dependent var-

iables. The remaining steps depend on the dewendent variable as

well.

The second step in the algorithm is smgothing of the data
for z. This stev is ootional, and does not despend on the tri-

angulation. The z-surface is fitted to a volvinomial of the form:

~ 1 L
z = T e
i=0 j=0

i3
iy * ¥




where
K = maximum (I,J)

'L = minimum (K-i,J)

The input narameters I and J define the highest powers in the
polvnomial. 'The coefficients cii are obtainéd from a least-
saquared error fit of this function ; to the aqtual.datavz, at
the sét of N data roints. Then the polynohial is used to
evaluate a new set of z values at the data point. This set of
smoothed values of the dependent variable reolacés the original
data in the interpolation algorithm. The error of the smoothed

data is defined as:

The third step is intervpolation alung the edaes. The
contour value 7 is specified. Then each edqe is examined to
determine whether z, < 7 1 2, where 2z, and Z, are the values of
the dependent variable at the end points of the edge. If so,
then there is a point on the edge where z = 2, hence this is a
point on the required contour. This point is obtained by linear
interpolation between the end points if the data has not been
smoothed. If the data has beeﬁ‘smoothed, the fitted polynomial
is used to evaluate z along the edge and hencé locate the ooint
where z = 2. The result of thé intervolation procedure s a

set of points on the %-v vlane where z = Z, and the edges on



which these points are located.

The fou;th step is drawinq the}éontour'for z = %. The task
is to convétt the intarpolated points in the oroper order. The
contour will consist of one or more Lines that ciﬁher start and
-éna at a houndar edée, or are closed curves. There can only
be one contour throuah a triangle. The procedure starts by A
searchina the list of interpolated points for one .that lies on
a boundary edge. There are two outery edqwr_that form a tridnqie
with this boundary edqe, which were identified in the trianqula-
tion algorithm. The contour must pass throuah one, and only one
of these cdaes. So the list of intervolated points is searched
for the point that lies on one of these two edges. There are
four edges (identified in the trianqulation algorithm) that form
two triangles with one edde on which this second point lies.

The list of interpolated noints is searched for the point that
lies on one of these four edges. (There will be only one such
point in the list: one From cach of the two triangles, and one
of these will be the vprevious point on the contour.) - The vro-
cedure continues searching for ooints in this fashion unt il
ancther boundary noint is reached. ‘then 2a contour linc 1is
drawn through these wvoints, in the order located. the nrocedure
ie repeated until there are no more noints in the list'that‘lie
on houndary edges. If there are still interpolated noints that
have not been used, there must bé a contour segment that forms

a closed curve. One of the remaining points is nicked as a

10



starting point, and the ahove nrocedure is followed'until this
starting point is encounteredraqaih. Then a contour line is
dfawn through these points, in the order located. The procedure

is repeated until all the interpolated points have been used.

The desired contours are specified in terms of a base value
z, and an increment Az, so the contour value is Z = z  + nAz |
where n is any integer (positive, negative, or zero). The
internolation and contour drawing steps are repeated for every

such 7 that lies within the range of the data.

The computer program described here does not include the
graphics software. The user must supply the subroutine that is
called to draw the contour on the particular graohics device

being used for the output.

1.2 . summary of Component Modules

The above procecdures are computationally independent steps
in the process. For this reason, each procedure is self-
contained within separate subroutine modules. One master sub-
routine is called by the user program and it,‘in turn, controls
and sequences the execution of the procedures described above.
The master subroutine also accepts, by means of an argument list,
the datz and parameters that the user sunplies fo: the procedure.

In addition, the user supplies a subroutine for graphics output

11



of the contour lines as they are qenerated.

The modular apprqach allows flexibility in modifying the
algorithm for certain apolications. In cases where the x;y
data points define a reqgular or predctermined grid on the
plane, it may be desirable to replace the t:ianqulaticn sub-
routine with a specific procedure for the'knnwn distribution of
points. This replacement will often increase the execution speed
substantially. in other cases. there may be a large number of
data points given and the function values may bevrcqulat enough
to allow for 3 1linear interpolation over many triangle edges.
For such a cage, the smoothing option would not be exercised and
the procedure for the surfacé curve fitting could be déletéd

altogether. This woul'd result in a substantial savings in object

time program size.

There are other variations which may be used to modify the
methbd for the purpose of reducing obiject eime storage require-
ments orvincreasinq execution speed. These modifications are

discussed later in Section 7.
The remainder of this section is composed of a short

description of each component module.. Figure 2 presents A

heirarchy diagram of the processindg packaqe.“

12
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CNTLNS

This is the subroutine accessed by the users calling program
fqr drawing contour lines of constant Z, for some set of data
defining 2 = £(x,y). CNTLNS is supplied with the known values
of x,y and z, several computational parameters, and a list of
constant z values for which contours arc to be caleculated and
drawn. There must be at least 1} triplets of x-y-z points and
no duplicate points are allowed. The function é = f(x,y) must

be single valued.
TRIANG

Ccalled by CNTLNS. This subroutine constructs the convex

polygon of triangles from the x-y data.
MIDDLE

Function subprogram used by TRTANG. This routine tinds the

middle value of three known inteaer values.
SMSRF

Called by CNTLNS. Performs least-square smoothing of the

z2-surface. The smoothina is an optional procedure.

14
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LLSQF

Called by SMSRF. This is a utility module taken frém the
International Mathematical and Statistical Library (IMSL).
LLSQF is used to solve a linear lcast-squares pfoblom. It
solves for the solution vector X of the qéneral problem

AX = B, where A is the coefficient hatrix and B is the right
hand solution vector. LLSQF is a proprietary program: LLSOF or

its equivalent must be obtained by the user.

INTERP

Called by CNTLNS. Performs linear or non-linear interpolation

over the triangle eodges for constant contour values.

POLYXD

Function subproaram used by INTERP to evaluate the volynomials

obtained in SMSRF for values on triangle edqes.

CRTOUR
Called by CNTLNS. Reorders internolated voints intce prover
contour lines. Both closed and open contours are accommodatod.
CNTOUR calls a user supplied subroutine to draw th: contour !ine.

The user subroutine must be named CNTCRV.

15



CBVCHK

Called by CNTLNS. If the user specifies a base value and
increment scheme for defining Zc (as described later), then
this routine is used to verify that Zo is within the range of
the known data. 1If not, zo is incremented,or decrementedﬁby

AZ until Z, is in the proper ranqe.
cNTCRY

Called by CNTOUR. This is the user suoplied subroutine used to

draw the contour on the araphics device.




2.0 MASTER SUBROUTINE

The subroutine CNTLNS is the user's application program
éontact with the contour software. Its primary function is to
check for errors and, based on uscr input parameters, control
and propefly sequence the calls to other modules which perform
the computational tasks. After all requested contours have been

processéd, control is passed back to the application program.

2.1 Description of Argument List

CALL CNTLNS (X,Y,Z,N,ISMOPT,IEXP,JEXP,NCNTRS,CLIST,

EPSLON, TERR)

zggpt arquments:

xn = the list of 1ndependent variable valucs for the ‘Anctxon
2 = r(\ V) For n=1¢tcN

Y = the list of independent variable values for the functiocn

n 2 = f(x,y) for n = 1 to N

:n = the list of Jdependent variable values for the function
z = f(x,y) tor n = 1L to N

N = the range of N for the x,y and z lists

ISMOPT = smdothinq opticn parameter

0 for no smoothina
0 then the function z = f(x,y) is smcothed by nieans. of
a least squared error curve. flt :

o

IEXP

1

highest order of the snoothing. polynomial for x if
ISMOPT # @

17



JEX

NCNTRS =

= highest order of the smoothing polynomial for Y if

ISMOPT # 0

(The dimension C in the program must be at least
(K+1) (L+1-%K) where K = min(I,J) and L = max(l J). )

the number of contours of constant 2 to be generated,
and NCNTRS < 530. If NCNTRS < 0, then the nrogram will
determine constant 2 values to process from the relation

2 = 2 + nAl

where 72 _ = constant 7 value
contour base value

AZ = increment value,

N
[}

CLIS'I‘j = If 1 < NCNTRS < 50, then CLIST is the list of constant
2 values (2_) for whlch contours will be generated, for

j=1 to NCNTRS. |
If NCNTRS < 0, then CLIST(1l) is taken to be Z_  and AZ =
CLIST(2).

Return arguments:

EPSLON = the error ¢, introduced by the smoothing if ISMOPT # 0.

IERR = return error flag

#

0 for no errors .

1 for N«<3 or N>MAXPTS where MAXPTS is the maximum number
of X,vY,2 trinlets allowed

2 for invalid IEXP and/or JEXP values if ISMOPT # 0

(Note - :
ICRR is 2 if the number of coefficients resulting
from IEXP and JEXP is greater than MAXCOF or greater
than N, the number of pocints under consideration}

(Where-MAxst is the'dimension N, and MAXCOF is the
dimension C in the program.)

18



Required dimensions:

X(N)

Y (N)

Z (N)
CLIST(50)
ZNEW (N)
IE(F,2)
ITE(E,4)
XI(E)
ETA(E)
LAMBDA(E)
IBE(E)
IPOWR(C)
JPOWR (C)
COEF (C)

For the array dimensions given above, and for all array dimensions
used in this document, the following definitions anply-
N = the maximum number of daga points to be processed

C = the maximum number of coefficients to be used for
smoothing

E = 3N-6 = the maximum number of triangle edges oroduced
bv the triangulation of N points.

T = 2N-5 = the maximum number of triangles sroduced by
“the trianculation of N noints.

2.2 PDescriotion of Algorithm

Fiqures 3a and 3b present a block diagram of the mudule CNTLNS.

The functions of parts A to M are as followég:

19



Figure 3a. Block Niagram of CNTLNS, Parts A to F

{(A)

(B)

(D)

(F)

(F)

),

rnitialize local variables
and check imputs for errors.

r
!

Y

¢all subroutine TRIANG to
trianqulate X,Y data.

moothin NO

' 'YES

!
|
\o 4

Y,

Check requested exmonent
values for errors.

r
|
]
'

vall subroutine SMSRF to
smooth the data 2 = f(X,Y}

L]

retermine range of Z data
under consideration._ .

Z
o

<J




Figqure 3b, Block Diagram of CNTLNS, parts G to M

()

p—
| ¢all subroutine CBVCHK to |
() verify that base value is
within range; resct if
, necessary,

b ot e i

4

(1) 9‘ petormine (next) contour
constant value v

v

call subroutine INTERP ' I
(.7) to interoolate for contour
data noints,

(K) o

—

!
j all subroutine CNTOUR to
(L) { sort voints on the contour
line and draw it.

YES

< RETURN
R——
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(A)

(B)

{c)

(D)

(E)

‘IID for k
’ |ZNEW.

(F)

Initialize local variables and check input arguments

. for errors

MAXCOF = 23, MAXPTS = 500
IERR = 0

E ’ olo
if N<3 or N>MAXPTS Joto

Call subroutine to trianqgulate the X-Y data
CALL TRIANG(X,Y ,N,LEDGES, IE,1BE, ITE)

If smoothing option is off (equal to zero) then skip

around sections D and
if ISMOPT = 0, gotc

Else, check the requested exponents for errors

if IEXP<0 or JEXP<O0, goto
II = IEXP+1, J1 = JEXPT
NMIN = minimum of I1, J1 '
NMAX = maximum of I1, J1

i1f Jl:Il then NC = (IEXP+1)*(JEXP+1) - IEXP/2)
if J111 then NC = (JEXP+1) * IEXP+]1 - JEXP/2)
if NC>N or Ne>MAXcOF, goto 998\

for K=1,MAXCOF
IPOWR(K) = 0

JPOWR (K) = 0

Call subroutine to smooth the data for the function:
2=£(X,Y) ‘

Call SMSRF (X,Y,Z,ZNEW;N,IEXP,JEXP,NCOEF,COEF,IPOWR}JPOWR)

If there were no errors in the smoothing Process, calculate
the epsilon value -~ the normalized error '

if NCOEF<0 qoto(?%})

for k- = 1 to N
N (zk -~ ZNEiy

€ = (/£) /FLOAT (N)
goto@ o

k)

i
o~

k

Determine the range of the 2z data under consideration.
The minimum and maximum values of 2 deterninés the contour
values which can be accommodated, R

22



(Q)
(H)

®: &

®

_a

®

(L)

—
o
P
/ ~—

998)

ZMIN = Z(1)
2MAX = ZMIN

or k. =2 toN
1ZMIN = minimum of ZMIN, zk
ZMAX = maximum of ZMAX, zk

Branch around the next section if the contour list is given,
otherwise call subroutine to range check the base value and

r2set it if necessary.

K =0
FN=1.0

if NCNTRS = 0 oto |
2 YCOBVCHK (CETST (IT,CLIST (2) ,ZMIN, ZMAX ,CLNEW)
if CLIST(1) # CLNEW then CLIST(1) = CLNEW

Determine the (next) contour constant value.

K = K+1

ZCON = (XK) (FN) (CLIST(2)) + CLIST(1l)
if ZCON>ZMIN and-ZCONM<ZMAX goto

If FN<0.0 qoto‘ -

FN =-1.0

K = (

goto

K = K+1 ,

if K>NCNTRS oto-

Z2CON = CLIST(K)

If ZCON<ZMIN or ZCON>ZMAX goto (200

call subroutine INTERP to interpolate
contour points for constant 2 :

CALL INTERP (X,Y,ZVEW,ZCON,LEDGES,IE,IEXP,JEX?,ISMOPT:LAPBDA,
XI,ETA,J.COEF,IPOWR,JPOWR,NCOEF,N)

if J#0, CALL CNTOUR {ZCON,XI,ETA,LAMBDA,J,IBE,ITE)
goto @
RETURN

IERR = 1
RETURN

IERR = 2
RETURN

23



2.3 pescription of Subroutine CBVCHK

This Subrohtine is called by CNTLN3 after the 7% data rande
has been determined. " CBVCHK will checkithe given value of the
contour base vaice (Zo) to verify that it isvwithin the ranae
of the data. If not, the base value is shitted by the aiven |
increment (AZ) until ZMINiZo; ZMAX, and the shiftced value of 2,
assumes the new reset value. This.Verification and resetting
of 7 is often useful for casesAih.wh;ch the given base value is
.only a quess by the user and the range of the Z Jdata may not be

known in advance. The arqument list for CBVCHK is established es

follows:
CALL CBVCHK (ZZERO,DELZ,ZMIN,ZMAX,ZZFEW)

wWhere ZO and A2 are the selected base and increment values for
selecting the constant values of 2 for the contours, ZMIN and
72MAX are the data range as calculated in CNTLHNS. ?ﬁuw is,

return, the base value which €alls between 7TMIN and 7ZMAX and may

or may not be equal to Z.,.

24
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3.0 TRIANGULATION SUBROUTINE

The subroutine TRIANG performs the triangulation, as

described in Section 1. This subroutine uses the function

middle.

3.1 Descriptioh of Argument List

CALL TRIANG (XD,YD,N,L,E,BE,TE)

The triangulation algorithm is supplied with a set of N
data points (X;,Y;), i=l1 to N. The coordinate pairs are to be
connected by straight lines to form the triangles. The

procedure input consists of:

XD(i) = the list of abscissa values

YD (i) the list of corresponding ordinates

the range of i; the number of points
in the x and y lists .

N

The subroutine output consists of a set of index pointers
defining each triangle edge, each boundary edge of the final
polvgon, and indices of adjacent edges to each triangle edge. .

The subroutine output is stored as:

index pointer of end pcints of a triangle
edge in ascending order (E(i,l)}<E(2,2) for

E(%,2)

all ¥ for ¢+ = 1 to I,
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BE(2) = 1 if the %-th row of E defines a boundary
edge; otherwise equal to zero; for
L =1 to L.

TE(2,4) ‘ = index of adjacent edges for each
corresvonding row of E; for ¢ = 1 to L.

L = total number of edges constructed by the
triangulation procedure

An assortment of local variables are used during the
triangulation orocess and are defined as follows:
P(3) = Index numbers of points lying outside
the boundary of the triangulated points.
P lists the indices of the remaining
candiuate pvoints, for j = 1 to J.

J = Number of points remaining in array P.

B (k) = Index numbers of points defining the
current boundary, in order, for k = 1 to K.

Number of values listed in array B.

=
]

T(m, 3) = Indices of triangle vertices of each
triangle, in ascending order, for
m=1 to M. '

M = Total number of triangles; the same as
the limit of m for array T.

Arrays of X and Y data after the XD and
Yn input values have been scaled by theo
ra..ge of data. Scaling of the data
eliminates problems with machine nrecision
while leaving the relative posi ion of the
data points unchanged. '

X(i), Y(i)

3.2 Descripntion of the Algorithm

Figures 4a to 4e present a block diagram of the module

TRIANG. The functions of parts A to Y are as,. follows.
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Fiqure 4a. Block diaqgram of TRIANG, Parts A to F

: < START ’

tnitialize local variables
and scale the XY data.

L

rake the last X~Y nair
(B) (i-th oair) as the first
point. :

(A)

Pu—— + 7

rake the roint nearest Xj,
() Yy, to be the second point
of the first edge,

store the two ppints as the

(D) first boundary edge.

(F) fet wvointers (K1 and K2)
| to next boundary odqge
{(B(K1) to B(K2):

‘wimey

For the remaining J noints
~outside the boundary find
(F) the noinp'neare$§ the edqg

under consideration: set
the index number of this
point eaual to J1

v 0 s S /., oo et Stk

E;
)
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Figure 4b. flock Diagram of TRIANG, Parts G to L
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Fiqure 4c. B8lock NDiaaram of TRIANG, Parts M to O

|
Y.

Here the user may insert ad-
ditional constraints on the
trianale to be formed from
noint piIl,

(M)

el

S 1=0
e or

\‘\‘.q than 1 cedues?

(M) -~ YRS

Petermine if anv existinag

— e e — —

- \ boundary odge will interseoect
P - =fa the oronosed trianale. - If
\\// 50, set J1=0 to eliminate
PLILY from consideration,
S |
" -
T~

’
.L‘
w'
-

(™

.
i
& . on

/LIH an "\ boundarv \
adjacent boundary N s‘“‘[

() <x rint or outside the " 6
whoundary? - \\’/:
L
~"
T outside
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Fiqure

{(R)

(j;j}____*_§> delete one noint from the

-
P - JN
‘m fMore noints

Ad., Block niaqram of TRAING, Parts R to V

Y

pstablish 2 new triangle
cdges, one new houndary point
and delete one noint from
outside the boundary.

Lstaplisn i« new ctrianale
edge, 1 new triangle, and

boundary.

E)th&t outside the
nolvaon?)

7 1s the . '
Yis
() ~ boundarv St 8
concave?
~ . _
h N0 :
i
t

-
\
v © - ememn

) Set index wointers t.o
¢ convex edac.

> \2)
\\
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Figure 4e. Block Diagram of TRAING,

v

Parts X to Y

Trianqulation is complete.
Establish array BZ which
identifies the boundary
edges.

(X)

Establish TE, the array of
(Y) adjacent edges for each
trianqgle.
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(A) The procedure begins with no boundary, no edges, and all
noints under consideration. (nitialize local variables
and scale the X,Y data.

J=N, K=L=M=0
P(j)=j for j=1 to J

XMAX=XMIN=XD (1)
YMAX=YMIN=YD (1)

for k=2 to J

XMAX=maximum of XMAX,XD(Kk)
XMIN=minimum of XMIN,XD(k)
YMAX=maximum of YMAX,¥YD(k)"
YMIN=minimum of YMIN,YD (k)

DLXINV=1.0/ (XMAX-XMIN)
DLYINV=1.0/ (XMAX~-XMIN)

—

for k=1 to J
X (k)= (DLXINV) (XD({Kk))
Y (k) = (DLYINV) (YD (k))

(B) Begin by taking the last pair of points, (X,Y) in the list
to be the first boundary point. g

B(l)=Jd
J=J-1

(C) From the remaining points, find the point nearest the first

il=B(1l)
find i2#il which minimizes

XD -X(12))7 + (YUED-¥(i2))7 ]

(D) Now, B{l) to B(i2) is the first edge. There is one edge and
two boundary points.

B(2)=12, K=2, L=1, J=J-1

E(%,1)=1i1, E(¢,2)=i2

if i12<J then P(j)=P(j+1}
for j=i2 to J

32



(E) Now begin circling around the boundary of the polygon, consid-
ering, in order, each boundary edge. The following indices
are maintained -~

K1=B array index of current edge ~ point 1
K2=B array index of current edge - point 2
Bl,B2=index numbers of boundary noint coordinates

K1=KT=0 . K1>K then Klsl
Kl=K1+1 =]
8 K2=K1+1 2 K2>K then K2=1
B1=B (K1)
B2=B (K2)

KT=KT+1

(F) consider the boundary edge from Bl to B2. For all points not
yet triangulated (the J points remaining in P) find the point
that, when triangulated with Bl,B2, minimizes the length of
the two new edges to be drawn. :

J1=D1=0
BFLAG=0

if J=0 goto (f)
for LJ=1 to J

PJ=P (LJ)
if [(¥py-Yp1) (Xp2=Xpy) - (Xpy=Xg)) (¥g,~Ypy)] 0.0

then goto (2)

Y . )
- - 2 - 2 . 2 _ N
D _\/Qbe Xgy) *+ (Ypy~Y¥p1) +1qupa Xpa)" + (¥p;~Yg2)

if J1=0 or D1<D then Jl=LJ, DI=D

(D) |next LJ

—

(G) If less then three edges exist (no triangle défined yet) then
there are no adjacent boundary points to be considered

if K<3 goto (i)

(H) Consider the adjacent boundary point of the next edge of the
polygon. Call its index number K3 and see if it's closer
to the current edge then P(Jl). o
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(® T K3 = Kk2+1; if K3>K then K3=1
PK3 = B(K3)

if [prs'ysl) (Xp=Xgy) = (Xpg3~Xpy) “‘sz“‘mﬂ £ 0.0
then goto @

\ _
° \/"‘er"m’z + (Ypgy¥ay)’ "\/“‘pm-’(m)’ + (Ypg3~¥e2)
if J1=0 or DKDI then J1=K3, D1=D, BFLAG=1

(I) Consider the adjacent boundary point of the previous edge of
the polygon. call its index number K# and determine if it's
closer to the current edge than P(J1) and B(K3)

(® [x8 = Kl-1; Aif K@<l then Kf=K |

PK@ = B(K@)

if [ (Ypkg-Ys1) (Xp2-Xmy) - (Xpko~¥s1) (¥B27¥B1) ] £ 0.0

then goto @

_ : \ Y TN . v 2N
D=/ (Xpgo~¥s1)” * (tp=¥p1)? v/ Mexo¥m2) " * (Yp27¥s))

L.ig J1=0 or D Dl then J1=K@, Dl=D, BFLAG=-1

(J) Skip the next section if J1 is still zero, since a candidate
voint for triangulation with edge B1,B2 was not found.

(é) iﬁ J1=0 goto (:)

(K) If the search for a candidate point has already considered

(L) each boundary edge at least once (KT>K) or if the boundary
is being checked for concave edges (J=0)}, then the next section
can be ommitted. . '

if KT>K or J=0 goto (9)

(M) At this point the user may insert an additional constraint
on the triangles, such as requiring that one interior angile
be neither very small nor very large. 1f the triangle fails
the test, it is deleted from consideration by setting J1=0.

(O) The next proceduxe checks all boundary edges of thé polygon

for intersection with the candidate triangle. If any exist«
ing boundary edge intersects any of the edges to be formed,
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then the candidate point is rejected. 1If BFLAG is not zero,
then the edge defined by Jl-KD or Jl=K3 13 exempt trom the
test. , v

(N) If there are three or less existing boundary edqéa or if
J1 has been set to zero, this test is omitted.
(9) if K<3 or J1=0 doto @

if BFLAG=0 then NQ=P(J1)
17 BFLAG=1 then NN=B(K3)
1f BFLAG=-~1 then NQ=B(K#)

o @

KN= KL+1; if KL=K then KN= 1
xf BFLAG=-1 and (KL=K@ or KN=K@) got @

if BFLAG=1 and (KL=K3 or KN=K3) goto @

Pl=B(KL)
P2=B (KN)

"erthoK
I

for JL=1 to 2

IT-JL=1 and (BFLAG=0 or BFLAG=1) and KL=Kg goto (3,\
IT JL=2 and (BFLAG=0 or BFLAG=-1) and KL=K2 goto ‘8°
if JuL=1 then BJ=Bl

if JL=2 then BJ=2

XQB=X (NQ) =X (BJ)
YQB=Y (NQ) ~Y (BJ)
X12=X(P1) =X (P2)
Y12=Y(P1l)-Y(P2)

D=XQB'Y12—YQB*X 2
if D=0.0 goto
X1B=X(Pl) -X{(BJ)
Y1B=Y(Pl)-Y(BJ)

=(XlB*Y12-YIB"’X12)/D
f $<0.0 or S>1.0 goto .

(XOB*Y1B-YQB*X1B) /D
TC<0.0 or TC>1.0 goto

l' next JL
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(Z) continue

(py 1f J1 is zero, then the candidate point did not-péss the above
tests or no point was found. “1f BFLAG is not zero, then a
point on the boundary was found.

if J1=0 goto (0
7 BFLAGST goto (4
If BFLAG=-1 goto (150

(R) The triangulated point is outside the bdundary. Establish
two new edges, a new boundary point and delete one point from
_ outside the boundary. : v ,

minimum of P(J1l), B(Kl).

E(L"'ltl) =

E(L+l,2) = maximum of pP(J1), B(K1)
E(L+2,1) = minimum of P(J1), B(K2)
E(L+2,2) = maximum of P(J1), B(K2)
L=L+2

KT=0

M=M+1

T™(M,1) minimum of P(J1), B(Kl}, B(K2)

middle of P(J1), B(Kl), B(K2)
maximum of P(J1), B(Kl), B(K2)

T(M,2)
T(M,3)

oo

if K1#K then B(k+l) = B(k) for k=K to (Kl+l)

B(K1+1)=p(.J1)
L=K+1
J=J-1

if J1< then P(j)=P(j+1) for j=J1 to J
qoto 0

(s) ‘rhe triangulated point is the next point on the boundary.
Establish one new edge {from B(Kl) to B(K3)), one ncw triangle

(from B(Kl) to B(KZ2) to B(K3)), and delcte one point from the
boundary (B(K2).

(4)  Kr-0, KK=0, KKNT=0

£(L+l,1) - minimum of B(K1), BI(K3)
E(L+l,2) maximum of B(Kl), B(K3)
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(8)

(T)
()

(V)

K=K=1
M=M+1
T(M,1) = minimum of B(K1), B(K2), BI(K3}
T(M,2) = middle of B(K1l). B(K2). B(KJ)
T(M,3) = maximum of B(K1), B(K2), B(KY)

if K2<K then B(k)=B(k+1l) for k=K2 to K

if K2=1 then Kl=Kl+l

goto (9

The triangulated point is the previous point on the boundary.
£stablish a new edge (from B(K@F) to B(K2)), one new triangle
(from B(K@) to B(Kl) to B(K2)), and delete a point from the
pboundary (B(K1). :

KT=0, KK=0, KKNT=0

E(L+1,1) = minimum of B(Kf@}, B(K2)
E(L+1,2) = maximum of B(K@), B(K2)
L=L+1

K=K+1

M=M+1

T(M,1) = minimum of B(K@), B(Kl), B(K2)
T(M,2) = middle of B(K@), BI(K1), B (K2)
T(M,3) = maximum of B(K@), B(Kl), B(K2)

if KI1<K then B(k)=B(k+l) for k=K1l to K
Kl=Kl-1

Li Kl<l then Kl=K
wto @

[f there are any points remaining outside the boundary, then
repeat the procedure for the noxt edge.

lg J>0 and Jl# goto Qé?

if J~0 goto 11

All points have been triangulated. Check that all boundary
edges form a concave polygon. :

if XK#0 goto @é}
K¥=1, KL=0
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(::) KKNT=KRNTHL
Lf KRiM M qoto @

@ KL=KL+1

K2=KL+l, if K2>K then K2=1
Kl=KL-1, L1f K1-1 then Kl=K

PK=B(K), Bl=B(K1), B2=B(B2)

gcto (1)
if KL<k goto (5)

(X) The triangulation is complete and has been checked for a
concave boundary. Now identify the boundary edges.

for <=l to L
‘BE(Y) = 0
KL = 0

| KL = KL+l
F-

if E(t,1) # B(KL) goto
KT = K1+l -
if K1“K then Kl=1l

if B(..2) # B(K1) aoto 1‘!"
BE() =

- .
1 then K1=K
,2) # B(K1) aoto (::)
=1

K goto (::)

(Y) Final;y,'estab}ish the indices oF adjacent edges for each
edge in the triangulation. Each boundary edge will have
two adjacent edges: each interior edgé.will have four.

initialize TE

1l to L
1 to 4
TE(v,1). = O

for ¢
for 1

i u
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3.3

establish TE

for m=l to M

for L = to L

if E(4,1) = T(m,1) and E(%,2) = T(m,2) then L1 = &
if E(2,1) = T(m,2) and E(£,2) = T(m,3) then L2 = 2
if E(2,1) = T(m,1) and E(%,2) = T(m,3) then L3 = £

U
3

A=0; if TE(L1,1)#J then X

L2
L3 -

TE(LLl,A+1)
TE(LLl, A+2)

[ |

A=0; if TE(L2,1)#0 then A=2

Ll
L3

TE(L2,A+1)
TE (L2, A+2)

A=0; if TE(L3,1)#0 then A=2

TE(L3,A+1) = L1
TE(L3,A+2) = L2
next m
RETURN

Description of Function MIDDLE

FUNCTION MIDDLE (I,J,K)

This function is used by the triangulation algorithm to find
the middle value of three integer arquments (the value which
is neither a minimum or maximum). I,J, and K are assumed

to be discrete values, no two are equal.
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4.0 SMOOTHING SUBROUTINE

The subroutine SMSRF verforms the optional smoothing of the
data for the denendent variable. This subroutine uses the

library routine LLSOF and uses the function POLYX2.

The smoothing algorithm fits the surface z=f(x,y) to a

polynomial of the form:

‘ 1 L i  Ke=max (I,J)
z = .. I Y where L=min (K=1,.])
i=0 =0 J 1,J are selected parameters
M .
= ck(xlyJ)k
k=1

(I+1) (J+1-1/2) J>1
for M = -
(J+1) (I+1~-3/2) 12J
The M terms of the polynomial are each evaluated for n=1 to N
points, where N>M, This evaluation generates an N by ﬁ matrix de-
noted by [AM]. The AM matrix is scaled by column so thét the mag-.
nitudes of the elements remain close. The scaling factor for eacﬁ
column is the average of the absolute values of all eleﬁents in
the column. The N by 1 matrix of 7 data is known. The task, then,
is to solve the system
(am1 (C] = (2]
for the M by 1 matrix C of coefficients. This is accomplished
by the International Maﬁhematigal and statistical Library (IMSL)

_routine LLSQF, which solves the system by means of a linear least-
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SQuarud error criteria. The LLSQF routine is the only Library
procedure used in the contour calculation package. 'Installatioqs
which do not have the IMSL library available, would need to replace

this function with a similar routine.

'After‘obtaininq [C1 from the curve fit subroutine, the
coefficionts are normalized by the same scale factors originally
uscd to condition Evg. "he cbc‘ficients are then nsed +o renlace
the oriainal z data with new values acquired from evaluation of
fhe volynomial. If the coefficients are not properly found, then

no smoothing takes place and the original z data is retained.

4.1 Description of the Argument List

CALL SMSRF (X,Y,Z,ZNEW,N,I,J,NCOEF,C,IPOWR,JPOWR)

Input arguments:

X,Y,% : arrays containing the function values for z=f(x,y)
N = the number of values stored in X,Y, 7, “NEW

1,J = smoothing parameters sclected by the user: used to define
the K,L values of the polynomial described earlier

Return Arguments:

UNEW, : array of . new (smoothed) 7 data for n=1 to N; if the matrix
computations fail, 2NEW=7 for all n

NCOEF = number of coefficients resulting from the values of I and J
Ci = array of calculated coefficients for i=1 to NCOEF

IPOWR;= ftor the i=th term of the polvnomial, the exvonent of X and
JPOWR; Y respoctively tor i=l to NCCEF '
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Required Dimension::

K (N) IPOWR(C) XX (C)
Y (N) JPOWR(C) H(C)
Z(N) c(c)
ZNEW (N) v CNORM(C)
B(N) -AVE (C)
- AM(C,N) o In(o)
4.2 Description of Algorithm

Fiqures 5a and 5b present a block diagram of the module

SMSRF. The functions of parts A to J are as follows.
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Figure 5a. Block Diagram of SMSRF, Parts A to F

(A)

("

(<)

(n)

(E)

(F)

START

e
t
! Initialize variables

rom the I and J exponent

values supplied by the user,
determine the cxponent lists
to be used for the polynomial

Mt et e - A N—

Using the exponent lists and
the X-Y data, construct the
AM matrix.

) S — r

Normalize each value in cach
column ot AM by the averauae
of that column.

Set up variables for least
squares solution,

- Vo —

call IMSI, routine LLSOF to
solve (via least sguares)
the system

for the matrix C.

(NI (CT=132) ) 1/)



Figqure 5b. Block Diagram of SMSRF, Parts G to J

~ ~errors in
(™) the solution?
<\\ (IER#£Q) ? ////

//

P

NO

Vo

Divide cach computed co-
efficient by the factor
used to normalize the
associated column of AM,

(1

Fvaluate (usinag function
(n POLYX2) each X,Y pair to
generate a new 2 value.

l

Set the smoothed values of
% equal to the original ¥
data. Sot NCORF to -1 to
indicate that ‘the smoothing
vrocedure failed.

AN

KETURN

LI ————
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(A) 1Initialize local variables

RN = FLOAT(N)
if I<l then I=l
If J<1 then J=1
I = I+l '

Jl = J+1

NCOEF = 0

IA = 500

(B) From the I and J exponent values provided by the calling
program, determine the exponent lists.

tc be used for the smoothing polynomial.

(IPOWR and JPOWR)
The n-th entry

‘in the lists is associated with the n-th term of the

polynomial.

K = maximum of Il,J1

| _next II

for II1 = 1 to Il
KIl = K-III+l _
L = minimum of KIl, JI

for JJ =1 to L

NCOEF = NCOEF + 1
IPOWR(NCOEF) = II-1l
JPOWR(NCOEF) = JJ-1
next JJ

(C) Using the exponent lists and the x-y data, construct the

matrix AM.

for KCOL = 1 to NCOEF
IEX = IPOWR (KCOL)
JEX = JPOWR (KCOL)

e

X2 = X(KROW)

Y2 = Y {(KROW)
YP = Y2**JEX

next KROW

next ECOL'

o G e 4 e

for KROW = 1 to N

if X2 = 0.0 then X2
XP = X2**IEX

if Y2 = 0.0 then V2

[

1.0

1.0

AM(KROW,KCOL) = Xp*yp




(D)

(E)

(FY

(G)

(H)

(1)

Normalize each value in each column of AM by the average
absolute value of that column. The average of column one
is always one. ' '

AVE(1l) = 1.0
for L1 = 2 to NCOEF
AVE(L1l) = 0.0

or L2 =1 to N :
AVE(L1) = AVE(Ll) + |AM(L2,L1) |
AVE (L1} = AVE(L1)/RN, if AVE(L1) = 0, AVE(Ll) = 1.0
or L2 = 1 to N
AM(L2,L1) = AM(L2,L1)/AVE(Ll)

_ngt Ll

7/

Set up variables for least squares solution.

M=N

IER=0

KBASIS=NCOEF

TOL=0.0

for KK=1,N B(KK)=2(KK)

call IMSL routine LLSQF to solve (by least squares) the
system AM*C=12 for matrix C. If IER is zero on return, then
the solution was found.

CALL LLSQF(AM,IA,M,NCOEF,B,TOL,KBASIS,XX,H,I?,IER)

if IER#0 then goto 950

There were no errors. Transfer the calculated coefficients
and divide out the normalization factor.

C(L3) = XX(L3)

for L3 = 1,NCOEF
CNORM(L3) = C(L3) /AVE(L3)

Evaluate (using function POLYX2) each x=v pair to generate
a new value for I.

for L3 = 1,N
ZNEW(L3) = —POLYX2(0,X(L3),Y(L3),CNORM,IPOWR,J?OWR,NCOEF)

qoto @

46

ot % : FiS g . wanameie e




(J) An error has occurred in the procedure. Set the smoothed
values of 7 equal to the original data Set NCOEF to
negative as an error flag to be checked later.

ZNEW(L) = 2(R) for # = 1 to N
NCOEF = -1

RETURN

4.3 Description of Function POLYX2

FUNCTION POLYX2 (Z,X,Y,X,IPOWR,JPOWR,N)

The polynomial evaluation function is used when the smoothing
option has been invoked. X and Y are the known values of

the independent variables for which the function vélue is required.
Array C is the list of coefficients fqr each ﬁerm of the poly~
nomial. IPOWR and JPOWR are the exponents for each term and N is
the number of terms. 2 is an offset value when evaluating for a

constant 2. The required dimensions are as follows:

C(N)
IPOWR(N)
JPOWR (N)

4.4 Descripcion of Subroutine LLSQF

This is the Library routine taken from IMSL to compute the. seélution
of a linear least squares problem. Detailed discussious of the

argument list and the algorithm can be found in_thé second volume

of tne IMSL Library Reference Manual.
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A summarv of its use is as follows:

CALL LLSQF (A,IA,M,N,B,TOL,KBASIS,X,H,1IP,IER)

Input Arquments:

A M by N coefficient matrix. A is overwritten
with information generated by LLSQF.

IA ‘Row dimension of matrix A as specified in the calling
program. ’ :

M ( Number of rows in matrices A and B.

N . Number of columns in matrix A.

B Orn input, B is the right hand side of the least squares

solution [A])(X]=[B]. On return, B is overwritten with
the residual R = B-A*X

oL Tclerance parameter to determine the number of columns
of A to be included in the basis for the least squares
fit of B. If TOL=0.0 is specified, pivoting is termi- -
nated only if the inclusion of the next column would
result in a (numerically) rank deficient matrix.

KBASIS On input, KBASIS=K implies that the first K columns of
A are to be forced into the basis. Pivoting is per-
formea on the last N-K columns of A, oun output, KBASIS
gives the number of columns included in the basis.

Return Arguments:

X Solution vector of length N.
H Work vector of length N.
P Work vector of length N.

IER Error parameter

=0 for normal execution

=129 for M<0 or N:0

=130 for TOL>1.0

(129 and 130 are terminal errors)
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5.0 INTERPOLATION SUBROUTfNE’

Phe subroutine INTERP performs the interpolation of the
data along the triangle edaes. This subroutine uses the

function Poprzvif the smoothing option has been called.

The interpolation algorithm is supplied with a set of L edges
(E(2,1) and E(1,2) for ¢=1 to L) from the triangulation. At the
endnoints of each edge the function value z; and the independent
variables x; and y; for i=1 to N are known. Additionally, if a
function has been generated for the values of z; (from the SMSRF
subroutine), the coefficients and exponents are provided. The
interpolation procedure will check each edge of the triangulation.
If the constant value Z lies between the z function values at the
end points, then the coordinates (EJ,nJ) of z relative to the Xoy
coordinates of the endpoints will be calculated. £ and n are the
result of a linear interpolation if the data has not been smooth-
ed: otherwise, the polynomial previously fitted to the surface is

solved for the point.

5.1 nescription of Arqument List

CALL INTERP(X,Y,Z,ZCON,LEDGES,E,ISMOPT,LAMBDA}XI,ETA,J,_,
IPOWR,JPOWR,NCOEF, M) :
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Input Arquments::

Xi =
Yi =
Zi =

=
ZCON =
LEDGES=
E(L,2)=
ISMOPT=
Ck =

the X values of the function sz(x,y)
the Y values of the function
the 2z values of the function

the range of i: the number of points in the X,Y
and 2 lists

the constant value of 2z for which the contour
values are being interpolated

the number of triangle edqges qenerated by the
trianqulatzon procedure

index pvointers of endmoints of each triangle edge:
¢t=1 to LEDGES .

smoothing option flag; 1 if SMSRF was called, 8
if not

coefficients of the polynomial terms as provided
by SMSRF

Required Dimensions:

X (N) IE(E,2) IPOWR(C)
Y (N) XI(E) JPOWR(C) -
Z (N) ETA(E) c(c)
LAMBDA (E)
5.2 pescrintion of Algorithm

Figure 6 presents a block diagram of the module INTERP.

The functions of parts A to F are as follows:

| VTR AT P,

M o o3 U NI T
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Figure 6. Block Diagram of INTERP .

START

3/

Petermine x,y,z values of

—{ the endooints of the next (A
edqge+ nut them in order.

Func-
ion values

Y

< YES _&Qqual at endnoints™ (p)
constant no
Has the
data been (C)
smoothéij///
(D) (E)
perform non-linear ‘Perform linear
intermolation to interpvolation to
find ©, and ",. locate ~, and * ..
J J J J
)
save ‘. and =2 ,: the co- I
ordinagos of ghe inter-
P polated noint in the nlot; (1)
o~ set J: save ' = the edge
next edge number .
AN
‘RETURN ’)
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J=0

for ¢ = 1 to LEDGES

(A)

(B)

(C)

(D)
(F)

CX1 = X{(Il), Y1 = Y(Il), 4

determine x,y,z values of the endpoints of the next
edge; order them

I1 = E(,1), I2 = E(%,2)

zZ(I1l)
£(12)

X2 = X(r2), Y2 = Y(12), %

function values equal or contour value (constant) not
between endpoints?

if 21 = 22 goto (200

if 21 > 22 then reverse X1 and X2

- Yl and Y2

' “1 and 22
if 721 > ZCON or ZCON > 22  goto
If 22 = 2CON “then 22™= (1.00001) (2CON)
J=J+1 '

has data been smoothed?
if not, goto statement label 101

if 1ISMOPT = 0 goto

non-linear interpolation is required
on this edge over the 7 surface

~ Fl1 = POLYX2(ZCON,X1,Y1,C,IPOWR,JPOWR,NCOEF)

for k = 1 to 10 (.1% resolution)
XN = (X1+X2)/2.0°
YN = (Y1+Y2)/2.0 v
FN = POLYX2( CON,XN,¥YN,C,IPOWR,JPOWR,NCOEF)
if FN = 0.0 goto (132
if sign (F1) = sign (FN} then X1=XN, Y1=YN
if sign (Fl) # sign (FN) then X2=XN, Y2=YN
next k
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132

(E)
(F)

101

E

next 1%

RETURN

XI(J) = (X1+X2)/2.0
ETA(J) = (Y1+Y2)/2.0°
LAMBDA = ¢
qoto 200

linear interpolation is required
on this edge (no smoothing)

X1(J) = (_77_3.‘__'.%.‘1’2‘» X1 + (gC(_)»z!—m) %2

LAMBDA(J) = ¢
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6.0 CONTOUR SUBROUTINE

The subroutine CNTOUR draws the reauired contour for z=7.
This subroutine calls the user supplied program CNTCRV to draw

the contour on the graphics device.

The contour algorithm makes use of the results of the
trianqulation and interpolation procedures in order to establish,
for each contour to be drawn, the ordgrinq of the ij and i
points (for j=1 to J). The coordinates of all intervolated
points are known and the triangulation edge number associated
with ecach coordinate vair is also known. Por each edqe, a list of
adjacent edge numbers is orovided. A contour line is constructed
by choosing a boundary edge as a starting voint (if any) for which
an interpolated point‘eXists. Then, the remaining points on the
contour are ordered by means of searching adjacent edqges for
intervolated points, until another boundary edge is encountercd.
For closed contours, the iteration ends if the list of.common
edges ends. Then a graphics subroutine is called to draw the
curve and perform any other user supplied application (for
oxample, 1qbe; the curve). The contour algorithm then continucs
to ;ho next curve, if there are any points remaining. This nro-

cess continues until all contours are drawn and the list of

and n coordinates is exhausted.



6.1 Description of the Aryument List
CALL CNTOUR (%CON, XI,ETA, LAMBDA,J, IBE, TTE)

Input Arguments:

ZCON = the constant value of % for which the countours
are being drawn

XIj = the x-coordinate of the interpolated point on the
edge E(L), U = LAMBDA(j) o

ETA) = the y-coordinate of the interpolated point on the
edge E(0), U = LAMBDA ()

LAMBDAjJ = the index number of each edge associated with XI
and ETA values

J = the range of j; the number of interpolated points
found for ZCON by the interpolation procedure

IBE(Y) = 1 if the t-th edge is a boundary édge; otherwise
zero .

ITE(L,4) = indices of adjacent edges for the t-th odye

Roqut red Dimens tons:

XT(E)
ETA(F)
LAMBDA (E)
IBE (E)
ITE(E,4)

6.2 Description of Algorithm

Fiqures 7a and 7¢ present a block diagram ot the module

CONTOUR., The tunctions for parts. A to P are as tollows.
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Figure 7b. Block Diagram of CONTCUR, Parts i to M
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Figure 7c¢. Block Diagram of CONTOUR, Parts N to P

- Are
there any
remaining
points?

(N)

pP-aw the contour; the
@—————9 interpolated line through {0)
Jl to J to J1 )

eset J1,
re there any
points left?

(P)

ll"‘ ' YFS

T r SRR ey — ok A T s 1 4 PR ey PR ,



© 6

(A)

(B)
(c)

(D)

(E)

(F)

(G}

J1
o}
Ll

ir L1 = TE (L,i) for i = 1 to 4 goto f_t)

»

Initialize local variable(s)
JlL =0
search the list of edges for a

boundary edge. 1If none is found,
qo to the procedure for closed contours.

Jl + 1
LAMBDA (J1)

Jl
Ll

if BE(L1) = 1 goto (i‘
if J1 = J gotof ’

aoto ’Tﬁ

put this point at the top of the list

and reset Jl.

if J1 = J goto (3)

XI(J+1) = XI(J)
ETA(J+1) = ETA(J)
LAMBDA (J+1) = LAMBDA(J)
for JC = 1,J
X1 (JC) = XI(JC+1)
ETA(JC) = ETA(JC+1)
LAMBDA (JC) = LAMBDA(JC+1)
JB = J
L = Ll

Search the remaining points for an
adjacent (common) edge.

0

JU o+ 1
LAMBDA (J1)

LI A1)

if 1 Jk woto (3)

An error has occurred. There is no next point.

goto

Put this voint at the top of the list.
if it*s not a boundary edae.
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9

(H)

()

{K)
(M)
(r)

(L)

i XI(J+1) = = XI(J1).
Q : ETA(J+1) .= = ETA(J1)
LAMBDA (J+1) “= LAMBDA(JL)

Jfor JI=J1l to J o
HXI (1) = XI(JJ+1)
ETA(JJ) = ETA(JJI+1)
LAMBDA (JJ) = LAMBDA(JJ+1)

L =Ll
if BE(LL) # 1 goto (&)

Draw the open contour from .1
to J, then reset J. ‘

NPOINT = J-JB+1
if NPOINT<1 goto .
Call CNTCRV (XI (JB),ETA(JB) ,NPOINT,ZCON)

Are there any more points left?

if J<0 aoéo

Zz J=0 goto 0

Now draw internal lines (closed contours not
starting or stopping at boundary edges). The

voint at JC = J in the list is chosen to start
the contour. »

JB = J+1

Find the next voint (on the edge with a
common end point); put it at the top of

the list; repeat until no more edqes are left,.

L = LAMBDA (J)

JB = JB-1 .
_ Jl = 0, if JBJ then Jl = 1
@ J1l = J1+T

Ll LAMBDPA (J1)

if Ll = TE (L,i)—€Qr i = 1 to 4, goto (EE)
if J1<JB goto - e .
Otherwise, no adjacent edge was found:; this

contou ine is complete; draw it.
qo to 173y _
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(14) XI(J+1) = XI(J1)
ETA(J+1) - = ETA(J1)
LAMBDA (J+1) = LAMBDA(J1)

['for JJ=J1 to J
CIxt = XI(JJ+1)
ETA (JJ) = ETA(JJ+1)
) LAMBDA(JJ) = LAMBDA(JJ+1)

= Ll ’
1f JB A L «loto

(::) JJ + JB i
iﬁ JB =1 then JJ = JB+1

(0) Dnraw the closed contour - the interpolated
line through the points JJ to J to JJ

KNT =0
for KK + JJ to J
KNT = KNT+1

XX(KNT) = XI(KK)
YY(KNT) = ETA(KK)

NPOINT = KNT+1
XX (NPOINT) = XX(1)
YY(NPOINT) = YY(1)

Call CNTCRV (XX.YY,NPUINT,ZCON)

{P) Reset J. Establish next contour lines for
remaining points or quit if J = 0.

J = JB=- l
if J~0 goto (::)
(900" RETURN

b

T —



6.3 Description of Subroutine CNTCRV.

This module is_supplied by'the user and peffotms the
gréphical nresentatioh of the contour to the devi?queinq used.
Note that CNTOUR. may cail this routine several times for each
constant value of Zg and a new contour line is provided with

each call.

The argument list consists of the following itéms:

CALL CNTCRV (XX,YY,NPOINT,bZCON)

XX - = (dimension NPOINT) is the array of X coordinates
for each point on the contour
R &4 = (dimension NPOINT) is the array of vV coordinates
for each noint on the contour
NPOINT = is the number of values provided in the x,y
coordinate lists
2CON = is the constant value of Z associated with the

provided contour line.
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7.0  PROGRAMMING CONSIDED~“IONS

The programs described in this document have been implemented
in FORTRAN on both an IBM 360/67 (under T$S) and a CDC 7600 (under
SCOPE). The subproqram.packaqes were c¢oded in such a way éﬁat as
many machine dependent FORTRAN statements as possible were eliw-
inated. 1In fact, the proqrame appear to be completely portable
except for (1) the use of IMSL routine LLSOF in SMSRF would need‘
to be replaced at installations where IMSL is not available and
(2) the IBM version uses double precision statements in TRIANG

that may need modification or deletion.

The execution time for the contour calculations increases
with the number of points being processed. The following table
illustfates typical execution times encountered on a CDC 7600.

The test cases for this table all made use of the smoothing option
(Qith parameters I and J both edual to 2), and were contrived so
that three contour lines were generated, each consisting of about
N/IO'intefpolated points. The N data points were generated at

random for these tests.
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gazawg§?§§s°f :;gggcz::gn time
B (CPU seconds)
50 0.20
100 O 0.47
150 | e
200 1.52
300 . 2.66
400 4.53
500  6.95

So the execution time is approximately 1.5%(1/200)*#%1,67

seconds.

The algorithms teqpire internal work areas that are used
to store intermediate calculations during execution.  The work
areas required by the triangulation and smoothing procedures are
the greatest contributing factqrs to the size of the total object
time package. The amount of'storaqe required by the triangulation
is proonrtional to the number of data points to be processed, and
is anproximately equal to 30N. The amount of storaqe required
by the least-squares curve fitting procedure for smooth data is -
préportional to both Ehe value of N and‘the maximum number of
coefficients to be computed (C), and is approximately e¢qual to
C(N+7)+N. The total work area required by‘all the rouéines is

proportional to both C and N, and is approximately N(C+42).
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For some applicatiohs,”users may'wish to reduce the program
size, One method, already mentioned,vis to eliminate the smooth-
ing subroutines if linear interpolation is adequate for the data.
Size reduction can also be accomplished by decreasing array
dimensions to accommodate only the maximum nuﬁber of points and
coéfficients‘tg be processed. Conversely, the array dimensions
can be eﬁlarqed to handle more points and/or coefficients if

program size is not an imposing consideration.

Table 1 itemizes all array dimensions which may be given
new dimensions for the purpose of increasing or decreasing pro-

gram size as needed. For this table:

N = Number of da:a points to process

C = Mumber of coefficients to use
during smoothinq the 7 data

E = 3N-6 = the maximum number of
triangle edqes which can result
from the triangulation of N péints

T = 2N-3 = the maximum number of
triangles which can result from

the triangulation of N points.

B NN om0 B N A 8 O SV TS



Table 1.

Array Dimensions

Array - Required Appears. in. the

Name (8) Dimension - Following Modules

INEW (N) CNTLNS

IE (E,2) CNTLNS, INTERP

IBE (s)' CNTLNS, CNTOUR

ITE (E,4) CHTLNS, CNTOUR

XI, ETA, (F) © CNTLNS, INTERP, CNTOUR
LAMBDA S

IP, XX, H (c) SMSRF

B (N) SMSRF

AM (N,C) SMSRF

IPOWR, JPOWR (C) SMSRF, POLYX2, CMTLNS, INTERP
C, CNORM (C) SMSRF, POLYX2, CNTLNS
XX, YY (E) CNTOUR

P, B, X, Y (N) TRIANG

E (E,2) TRIANG

BE (E) TRIANG

TE (E, ) TRIANG

T (T, 3) TRIANG
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Table 2 itemizes local variables that are initiaiized by
means of data statements. These data values should bé given

new data assignments vaahy array'dimensions are respecified.

Table 2. Internal Parameter Values

Data Statement Required Module Name
Variable Value :
IA N : SMSRF
MAXCOF C CNTLNS
MAXPTS N CNTLNS

As a final note, it should be pointed out that for some
applications the x and y coordinate values may be used repeatedly
and only the values of 2 will change. . For such cases; the x-y
plane triangulation is valid for each call after the first since
the triangulation is not based on the Z data. Since the tri-
angulation can be performed once and fhen saved, the master
programs can be easily modified to bypass triangulation of the
x-y data by inserting an extra parameter in the CNTLNS.arqument
list. Such a scheme would result in a considerable savings in

execution time.

The subroutine modules described in this report are listed

in the Appendix.




APPENDIX

PRUOGRAM L TSTINGS
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100 SUBKUUT!NE LEHTUNS (X oY ol alis ISMUPT, lEXP.JE‘p'NCNIRSuLLISI)
200 EPSLON, 1 ERRD
2300 C
400 - C e e - — - - ———————— A EE . S —e - ———eSees e Ses eSS SSmSe
500 C
600 C DRIVER PRCLRAM FLRK COMPUT ING ANMU DRAWING CCNTGUR LINES CF
e ¢ CUNSTANT ¢ FUP THE FUNCLTIGLN 2 = FixsY)e
300 C
206 ¢
1000 C ARGJMENT LIST OﬁFlN‘TIUNS -
1100 <
©1200 C X = INPUT LIST GF X VALUES
1390 C | 4 = INPUT LIST LF Y VALUES
1406 € L = INPUT LISTY OF Z VALUES
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1600 C £ SMUPTY = SMUOTHING CPTIuNl FLAG (O=NU/OFF, 1=YES/UN) ’
1700 C 1eExe = | EXPUNENT VALUE fCR 3SMJUTHING :
1200 C JE K¢ = J EXPUNENT VALUE FUR SMOODTHING
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2000 € (SELF (OMPUTING IF NCNIRS.LE.U)
2100 ¢ LLIoT = LIST Lt CONSTANT CONTGUR VALJES IF NCiiTRS 310
2300 C EPSLUL = ERAUF. FUNCTION {NLRMALIZED VALUE) FETURNED TU
230¢ C CALLER IF ISMUPT IS NuUN-IERD
2400 € LERE = hETURN ERROR FLAG
2500 C = 0 FUR NURMAL RETURN
2500 d = 1 FLP INVALILD VALUE FUR N
2100 = 2 FUK NUMBEK UF ISMGPT CLUEFFICIENTS uﬂ&A‘LK
728G¢ € THAN 'HAXLOF"uR M
2900 ¢
3006 C (HULTE /7 ¢ CBUINTRSJLE.Ue THEN CLIST(1) = BASE VALJE,
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3200 C
1300 €
400  { 2 mmemeresecececcesssccesscsosoassScasSSmssmmesSeeT mne-—— - - -
25006 C
C

1700  DIMENS fun KON YAND 22803 :LLISTE2)
3800 DIMENSIGN  ZNEm(500)
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4930
€ CQ0
5100
£00
53C0
€400
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5600
€130
€800
54900
€000
6109
¢ 200
€300
L&Go
€560
(AU

6100

63060
£6C0
7000
T100
7200
7300
7400
T5(0
700

alakakaknial

NS OHO laXaEaEaXal

2 XakaXalal

BRSPS FRRVAVCYAD J9iz 2.

ul4zliol e It(l%%ﬁ.ZlolTL(léQ#.hl.xl(1694).{1A(1§94),
LAM:uAl1494)  1BEL2454)
DIMz WSl [PuAR 123),JPURRI{23),LCEFLZS)

uATA MAACLE 123/
. LATA MAXPTS 750G/
(A}

1

IniTIALICE LuCAL VARIABLES
AlD uHELK INPUTS FOK ERKGKRS

[Ek# = v
EPSLUN = D40
IF (N.LT.3.1J .".UT.HA‘PIS) GLIL 997

(b) , ,
SALL SUiFLUTINE TFAING Tu TRIANGULATE X-Y DATA Polnis

CaLL TrIANC llg!.N.LthtSoltylLE.lfﬁl

R | - | i
SMULTHING KELIIRELD o o X

[F (15M0PT.Ee0) GLTC 110

() ' _
T WELK FrwdESTED EXPUNENY VALUES FLk ERFLrS

Jearel

41 JE AP ]

Ml e = MINLLEL.WJLD

MAA = MARLEIledl) '

b 1Jlehcall) *C = (FERPSLIT(IERPOI-1EAP/2)
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VA

7700
7800
7900

8000

3100
8200
8300
8400
£500
8€00
2700
8800
8960
S000
s1ee
9200

5300

9400
9500
5600
9100
SACOo
9200
10900

- 10100

10200
to3ace
10440
10500
1C€00
10700

10800

10900
11000
11100

1Y2C0 -

11200
1l14u0

a2 XnlaNal

s XaFaNaNal

(aEaXea¥eNal

[aNaNel

125

150

110
100

120

OU 125 K=1,MAXCOF
IPUSRIK) =
JPLARIK) = O

(E)

LALL SHSQF ‘X.Y'l .l“dEH'N, IEXPQ JEXP.NCUEF |Cljtf QIPUHK' JP’UhR,

1F

CALL SULRUUTINE SMSRF TU SMLULTH THE DATA L=F (X, Y)

{NCUEF.L TL0) $CT0 120

00 130 k=lyh

EPSLUN = EPSLUN ¢ (Z(K)-ZNEwW(K))e®2
CONT Lt :

EPSLOUN = SGRTIEPSLGN)/FLOATIN)

GGTL 120

00

100 K=1,N

INERIK) = Z(Kk)

IMIN
ZMAX

50

266

FN
FK
1F

(F)
VETERMINE THE PANGE OF THE Z DATA UNUOER CUNSIDERATI UN

41

ll‘l '-

DO 50 K=2,N

IMIN = AMINLUZMIL 2(K))
IMAX = AMAXL(ZMAX,24K))
<ONT LUE

(GoM)

AAS A CUNTCUR LIST BEEN olvine o o

1.0
)

£NCNIRS.QT.O) GLIC 180

{HI



CHILMS 28, 11/705/80 J9:29:21
11500 € CALL SUSKLUTIRE CBVCHK TC VERIFY THAT ThHt SPELIFIr) uASE
11600 C VALUE IS mITHIN RANGE CF DATA, RESET IF NEEOED
1700 C
11800 CALL CBVCHK (CLESTULDaCLEST(2),2ZMItie ZMAX LLNER)
, 11900 IF (CLIST(1).HE.CLNEW) CLIST(1)=CLhLEw
.E' 12000 €
j 12160 € (1)
12200 € JETLKMILE (NEXT) CUNTULUF CUNSTANT VALUE
- 12306 C
i 1 12400 21u FK = FKelaou
& 12500 ICut = FA®EN®CLISTI2) ¢ CLIST(L)
[ 12600 IF (LLUNGToZMINGALDZCONLLT JZMAX) GGTO 150
, 12700 IF (FN.LT VL) GUTO 300
v 12800 FK = 0.0
'E i 2500 FN = -1.)
€ 13000 GOT3 210
‘ E- . 12100 C ‘
-k 100 132000 18u K = K¢l
g 17300 CLF 4K LT GhCNTRS) GLTG 200
2 13406 LLUN = CLISTIK)
§" 12500 IF (2CUNLLT JZMIN.OP +ZCON. .GT. ZMAX) GUTU 200
. 13600 €
1t 12700 ¢ (4)
Y 12800 C CALL SUROUTINE INTERP 10
3 12900 € INTERPOLATE FOR CGNTUUK LINE OATA POINTS
“E _ 14000 €
$ 14100 150 CALL INTERP (XsYoZNEWsNyZCUNJLEOGES, 1E9 ISMOPT,LAMBLA,
. 14200 . , X1 oETA9J o CCEF o IPGIR » JPONR sNCUEF)
; 14300 C '
14400 € (KoL)
14500 € ANY DATA PGINTS FCUND? « o
16600 C CALL SULRUUTINE CNTOUK TG SURT THE INTERPGLATEJD PulINIS
14700 C LN THt (CNTCUR LINE AND DkAw IT
14800 € ' : ,
14500 4F (Jelte0) CALL CNTCUR (ZCUNs X1, ETALLAMBDA,J, IBELITE)
15000 LOTd 200
15160 € :

15200  u2 RETURN
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15300 997 LERK = 1

15400 " RETJRN
15500 998 IERR = 2
16600 RETJRN

15700 END

L
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100 SUWROUT INE SHUSKF (X.Y.l.lNEH'N.lanNLOEfQCNURHolPUh&.JPUHR)
200 C
INQ € 2 mmmmm e e e e e e e e e e e e S S S S SS S s ms s S oSS SeTe e
: 400 C
i 360 C SUSROUT INE SMSRF PERFURMS THE CPTIGNAL SMOUTHING UF uATA BEFURE
500 < TKIANGULATION OF Tht PLANE IS INITIATEU. THE SURFACE DeF INEDL 8Y
700 ¢ L = FiX,¥) 1S SMUOTHED VIA A PLLYNOMIAL CURVE FIT DEFlist BY A
8co0 C LEAST SQUAKES CRITERIA.
I
00 C
1100 C ARGJIMENTS --
1200 ¢ {INPUT)
1300 C XeYyl ARRAYS UOF VALUES DEFINING THE KNUWN SURFACE
1406 C (POINTS IN SPACE FUK THE FUNCTION Z=F(X,Y))
1seec C N THE NUMBER GF PUOINTS IN X,Y AND L.
1600 C 1yJ ARE THE EXPOUNENTS FOR THE SMOCTHING PULYNUMIAL
1762 C AS SELECTED BY THE USER.
18060 ¢ { RETURN)
: 1990 (€ INEn IS THE ARRAY LF SMUOTHED VALUES FUOR THE FUNCTION
2000 < (ZNEW wILL CONTAIN THE ORIGINAL Z UATA UN KETUKN
2ic0 < IF THE SMGOTHING CPERATION FAILS, IN wdllLH CASE
2200 C NCGEF WILL BE SET T0 -1).
2300 C NCUEF 15 THE NUMBEP. GF TERMS IN THE POLYNOMIAL RESULTING
2600 C FRCH ITHE VALUES OF 1 AND 4. NCOEF MUST BE LESS THAN
2500 C OF EQUAL TO BCTH N AND MAXCOF.
2500 C < 1S THE ARRAY GF NCOEF COMPUTED CUEFFILIENTS
2700 € IPUWR THE ARKAY OF 1 EXPCNENTS FUKR EACH TERM
28¢cec C JPUWR THE ARRAY OF J EXFCNENTS FUR EACH TEKM
i 2900 C {LACH ELEMENT LF Cy IPOGWR AND JPLmP 13 ASSULIATED
M 2000 C wiTH THE NCGCEF TERMS UF THE POLYNUMIAL, IN GRDER)
3 21100 ¢
23200 ( 2 emme e e mm e m e e s e S e S e S e e eSS E S SS ST e
. 2300 C
! 3400 C
4 1 asep € .
3 3600 DIMENSIUN X(N) oV IN) gZUN) ZNEW{N)
Y . 2700 DIMENSION 1PLnR (23) s JPOWRI23),CU22) oCNURM(23),AVEL23)
, 3800 DIMENSION IP123) 4XX(23),HI23)

ey 2L LN
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2900
4009
4100
4200
4200
4400
4500
4600
4700
4R00
4900
5000
5100
5200
5300
£400
5500
5600
57100
5800
5900
€000
6100
6200
6300
£ 600
6500
¢£600
£700
5800
4900
7000
7100
7200
7300
1400
71500
7600

111/705/80 09:3273:4!

OO0 (@]

OO0

OO MO

1491
180

DIMENSION 8(5uy) AM(500,23)

DATA 1A /500/

(A)
INITIALIZE LLCAL VARTABLES AND KFANGE C(HELK

REALN = FLLAT(N]
IF( o LTelY | =1
IFtJelTel) U =1
11 = ]+

J1l = J+l

NCUEF =

(8)
DETEKAINE THE X AND Y EXPOUNENTS TU BE USED
SAVE THEM IN ARRAYS IPOmR AND JPOWR

NCUEF = 0
K = MARO(I1,J1)
IF (KebQeU) GOTG 950
DU 180 11=1,11
KIl = K=]1¢1
L = MINO(KIL,JY)
DO 181 JJd=1,L
NeCtE = NCGLF#)
IPCeP(N.LEF) = 11~-1]
JPOnr (HCULEF) = JJ-1
CuliT INJE
CONTINUE

(c)
JSHHG Thit EXPUNENT LISTS FRCGM AoOVE AND THL
KNOaN XY DATA PLINTS, CONSTRUCT Tri MATRIX AM
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7700 VDC 182 KLUL=)ILCEF

71800 TEA = JPuwFiKCLL)

1400 Jt& = JPum- (KCULL)

8200 DU 2484 KPJw=],h

8100 X2 = X{KhUw)

P300 XP = X2#%e¢|EX

8400 Y2 = Y{KkUnW)

8600 YP = Yy2ssJEX

8700 AMUKEOUW,KCLL) = XPsYP

8800 284 Cuivl INUE

2500 182 CUNTINUE

¢Qoe KRUn = (LULF

9100 C

6200 C

9300 C (D)

L G400 C NURMALIZE EACH VALUE IN EACH COLUMN UF AM BY TdE CLLUMN AVERAGE
n $500 C

9600 AVE(L) = 1.0

9700 D0 203 L1 = 2,NCGEE

9800 AVE(LL) = u.0

5900 DU 402 L2 = 14N .

10000 402 AVEILL) = AVE(L]) + ABS(AM(L2,L1}))
10100 AVE(LL) = AVE(LL1)/REALN

10200 IF (AVEILL) +lue Qo) AVEILY) = 1.u
16300 0O 404 L2 = 1N

104C0 404 AMILZ2;L1) = AMIL2,LY)ZAVELLL)

10500 4U2 CUNYINUE
10600 (

iI0700 C

10800 C
10900 C {E+Fo0G)
1000 ¢ JSE 1ASL ROLUTINE LLSUF TU SLLVE (VIA LEAST-SJUARES)
11190 (C THE SYSTEM AM*(C = 2 FOR MATKIX C
11200
11380 ¢
11400 M = N

AL O AN TNy S A S, ST

3
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LL

Y1500
11600
11700
11800
11900
12000
121C0
122006
121300
12400
12500
12600
12700
12800
12900
12000
12100
13200
12300

13400

12500
13600
13700
13800
12500
14000
14100
16200
14200
14400
14559
14600
14700
14800
14900
15000
1500
15200

aXaXalslalal a2 XaiaXsknXgl

laEakalsinBaXel

222

905

934

954
g1V

IER = O
KBASLIS = NCUEF
TOL = 0.9

00 222 KK=1,N

BIKK) = ZIKK)

CONT INUE

CALL LLSGF lAHo[AnM.NCUEF.b.TOL.KBASlS.KX.H.lP.lER)
If (IER.NE.O) GUTO 950

{H)
pIVIDE CUT THE SCALE FACTGR FROM THE SOLUTIGN
MATRIX AND ESTABLISH THE COEFFICIENTS

DU 905 L3 = 1¢NCOUEF

CLL3) = Xx(L3)

CNURM (L3) = C(L2)/AVELL3)
CUNT INUE

tn ’
ESTABLISH THE NEw Z VALUES bY
EVALUATING THE POLYNUMIAL FCUR EACH KNOWN X-¥Y PAILR

DO 334 L2=1,N

INEW(L3) = -1.0'PULYXZ(0.0.X(L31.Y(L3)nCNORH.lPUHRgJPOhK'NCDEFl
CUNTINUL

RETURN

(J)
ERKUR KETURN, SET NCCEF TU -1 AND
SENU JACK ULD 2 VALUES TO CALLING PROGRAM

DU 960 L1=1,N
JNEm{LL) = 2ULY)
ncutt = -1



SMSPF»y 411/05/80 09:29:41

15300 RETURHN
15400 ¢

15500 C

15600 END
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~t

\9

100

200

300

400

500

600

10C

800

900
1000
110C
1200
1300
1400
1500
16006
1700
1800
1920
2000
2100
2200
2309
24090
c50C
2600
2720
2800
2S00
3000
3100
2200
3300
2400
3500

3600

32700
2800

nnﬁﬂﬁnﬁnnnﬁnﬂnnnﬁhﬂﬁnﬂﬁﬂﬁﬁnhﬁhhﬁnﬁh

SUSROUTINE TRIANG (XUsYDoeNsLsEsBELTE?

A SET UF N UATA PCINTS ARE KHNOWN (X(I),v(Edel=1,n) THEY ARE TO
BE CUGNNECTED 8Y LINES Tu FORM A SET OF TRIANWGLES (huik NoLE.
MAXPTS). THE FINAL TRIANGULATION ESTABLISHES A CUNVEA POLYGGN
DEFINED BY ULINKED LISTS CF EDGE NUMBERS, END PUINTS AND

BOUNDARY EODGES.

SUBRJIUTINE INPUT

X0 = ARRAY GF AbSCISSAS
Yo = AFRRAY OF ORDIMATES
N = NUMBER UOF PUINTS IN X AND Y

SUBKOUTINE QUTPUT

L = NUMBER OF EODGES LISTED IN E, BE AND TE

t = LIST OF INDICES GF EACH TRAINGLE EDGE

BE =1 IF I CF E IS A SOUNDARY EDGE

Tt = INLICES OF NEIGHBORING EDGES FUR EACH TRAINGLE

LUCAL VARIABLES :
INDICES OF PUINTS OUTSIOE THE BTUNDARY
NO. OF VALUES IN LIST P

NU. GF POINTS LISTED IN ARKAY B
INGICES 'OF ADJACENT TRIANGLE EDGES
0. UF KUWS USED IN ARFAY T

ARFAY LF¥ SCALED X DATA

ARRPAY OF SCALED Y DATA

30 3 0 I 3l Sy -]

[T - R I I I ]

IMPLLICIT ILTEGER (P,.B}
INTEGER T,.TE,t

INUEX CF POINTS ON THE BUUNDARY <« INORUER
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08

2909
4000
41G0
4200
4300
4400
4500
4500
4700
4800
4900
5000
5100
5200
5300
5400
5500
9600
57100
5800
£3900
6000
£100
€200
€300
¢400
€590
€ 500
¢ T00
CRJUO
6300
TI00
7100
7200
1200
1400
1500
760y

c

[Nl

OO OO

93

DIMENS Ui
DIMENSION
JIMENS LuN
DIMENSION

..DOUBLE PF
REAL*3 T

ADUN) 3 YOUKD 4 XE500) ,Y{500)
P(500),6(500)
E(1494,2),BE(21494),TE(1494,44)
1199543}

ECISICN SPECIFICATIUK STATUMENTS FChR 1BM360
ERMyDLOMP Dy DY,45,TC

KREAL®*B xPl,X?l.YPl.YZl.xPZ.XlZ.YPZ.Y[Z.X!P.YIP.XZP.YZP

(A)

THE PRUL EDURE BEGINS wlTr NU UOUNDARY, NU EDGLES, ANV

ALL XA-Y

UATA PUINTS UNDER CUNSIVERATIGH

SCALt TrE XoY DATA ANU INITIALIZE LOCAL VARLABLES.

xr x e
(TR [ T 1}
occz

KRHT = U

D0 10U JCNT=1,J
PIJLNT} = JONT

XMAX
XMIN
YMAX
YMIN

Xo(}

yol!

XMAX
AMIN
YMAK
YM]i,
CuallInut

woonh

xa(ll}

)

Yutl)
JU 79 K=

24N

AMAXLUXMAX 3 XI(K))
AMIBL(AMINGXDIK))
LAMAXLIYMAXYDIK))
AMINYLYNIN,YD(K))

DLAINY = 1,07 (XMAX~-XRKIN]

DILYINV = 1,
JL 99 K=

Q7 LYMAX-YMIN)
lahi

X(K) = ADUK)#DLAINV
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7700,

7806
7900
84000
8100
8200
8300
8400
£500
8600
8700
8300
8900
9000
5100
9200
9300
9400
9500
2600

o726
9800
9900

10000

10100

10200

10300

10400

10500

10600

10700

10800

10900

11000

11100

11200

11300

11400

siakaknkakakal

OO

AOOOO

99

210

2174

YIK) = YULK})®DLYINY
CUNTINUL
(g}
BEGIN BY TAKENG THE LAST PAIR OF PUINTS (XeVIJ)) I THE
t1ST TO BE THE FIRST BOUNDARY POGINT
Bir) = J
J = J-1
{(c
FROM THE REAMINING PUINTS, FIND THE POINT NEAREST. THE FIRSI
12 =1
I1 = 8(1)
DMIN = (XUIl)=X{1l))®s2 & (VIILl)-Y(1)}))**2

00 270 Jl=2,J

oSt
IF {DST.GELOMIN)

12

(XUIL)=-xtJdl))es2 « (YLIL)-Y{JLl))8e2
GOTO0 270 -
)

UMIN = DST
C ONTINUE

(D)
NOwW B{1) TO B(12) IS THE FIKST EUGE.
THERE IS ONE EOGE AND TwbL HGUNDARY POINTS.

J s J-1

IF (12.GTeJd) GLTO 275
DO 274 JCNT=12,Jd
PLICNT) = PULJCNT+1)
CUNT INUE

2715 X = 2
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11500
11600
11700
11800
11600
12000
12100
12200
12300
12400
12500
12600
12700
12800
i2300
13000
13100
13200
13300
13400
13500
12600
12700
12800
13900
14000
14100
14200
14300
14400
14500
'4600
14700
148006
1490C
15600
165100
15200

S XsXaXaXalsXaXaXaNsXal

aNelalalalelal

11
12

B(2) = 12

L =1

E{l,1) = MINO(B(1),312))

E(1,2) = MAXOLBIL1),B(2))
(E)

Ndw BEGIN CIRCLING ARGUND THE JdOUNDARY OF THE PULYGON,
CONSIUERINGs IN CRDER, EACH GOUNDARY EDGE. MAINTAIN THE
FOLLOAING INDICES -

K1 = B ARKAY INDEX CF THE CURRENT EDGE - PUINT 1

K2 = 8 ARRAY [NDEX OF THE CURRENT EULGE - POINT 2

Bl,062 = INDICES OF BCUNDARY PUINT COORDINATES

Kl'= 0

0

Kle¢l

IF (K1eGTaK) Kl=1
K2 = Kl+l

BIK1l)

BIK2)

KT+l

x
-
v

o«
[
nen

(F)

CON51UER THE BCUNDARY EDGE FRGM Bl TO d2. FUR ALL PUINTS NuT
YET TRIAMGULATED (THE J POINTS REMAINING Ik Py FINU THE

PGINT THAT, WHEN TRAIMNGULATED wWITH B1,82, MINIMIZES TnE LENGTH
JF THE YdU MEW EDGES TO BE DKAMNe.

ul = Q0.

J1 = 0

BFLAG = 0

IF (Je.tQe0) OGTIL 6

DU 1 LJ=1yJ

Pd = PLLY)

TERM = (Y(PJ)-Y(BL))S(X(B2)=X{6l))-(X(PJ)-X(BLII*(Y(32)-Y(BL))
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15300
15400
15500
15600
15700
15800
15906
16000
16100
16200
15300
16400
16590
16600
16700
16800
16900
17000
17100
17200
17300
17400

17500

176020
HF 4]
17300
17900
18000
18100
18200
1313ce
18402
18500
18600
8700
86800
18900
19000

(aNaNeNalNeNal

OO OON

[aNeRaYuRalal

IF (TERM.LELO0.) GOTO )

D = SQkT
2 +SQKT

ilX(PJ)-X(bl)).‘ZO(Y(PJ)-Y(ulll“Z)
(lx(PJl-x(82))“20(Y(PJO-Y(BZI)“2)

IF {J1.NECULANDLDL.LT.D) 6LTO0 1

J1 = 1y
0l =D
1 CONTINUE

(G)

IF LESS THAN THREE EDGES EXIST (NU TRIANGLE DEF INED YET),

THEN

THERE ARE NJ ADJACENT BOUNDARY POINTS TG BE CONSIDERED.

50 Gu TG SECTION J.

IF (K.LE.3) wuTO 3

(H)

CONSIOER THE ADJACENT BUUNDARY POINT OF THE NEXT EOGE OF THEt
POLYSON. CALL ITS INDEX NUMBER K3 AND SEE IF ITS CLUSER TO
THE CURRENT EDGE THAN Ptyl).

6 K3 = K2+

l

IF {K3.GT.K) K2=)

PK3 = B(K3) ‘

TERY = (Y(PK3)-Y(81))O(XGBZD-X(BIID-CX(PKBl-chl))‘(YluZ)-Y(Blll
IF (TERM.LL.0.) GOTGC 2

D = SURT
2 +SIRT

llx(PK3)-x(Blll“ZO(Y(PK3l-Y(Bll)“Z)
l(X(PK3}-lezl)“ZO(V(PK3)-Y(62))“Zl

IF (JIoNELULAND.DL.LT.D) GUTOo 2 -

Jl = K3
0l =D
BFLAG =

(1

1

CONSIUEK THE ADJACENT BUUNDARY POINT OF THE PREVIUUS EDGE OF

THE POLYGON,.

CALL ITS INDEX NUMBER KO Au SEE IF IT5 CLUSER

TO THE CURRENT EDGE THAMN PLJIl) AND B(K3),
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19160 2 CUNT INUE
1€200 Ku = Kl-}
16300 IF [KuelTel) KuU=K
169400 PKY = bLIKO) v
19500 TERY = (Y(PRO)I-Y(B1))e(X(B2)-X(BL))—(X{PKO)-RLUBLI}I*{VIULZ)-Y(BL))
19400 iF (TEkMoLE D) GCTO 2
'S T700 U = SIhTHIAIPKOI=-X(BL))&$2¢ (Y (PKO)=-Y(B]1))**2)
'9800 2 $SORTILRIPKOI-X(E2) ) *%2+ (Y(PKO)-Y(B2))¥*2)
13900 IF (JleliboUeANlieD1alLTLD) GUTO 2
26000 Jl = KU
20100 0ol = o
20200 BFLAG = -1
20390 5 L0 INUE
20400 €
20500 C (J1
20AC0 SKIP THE HEXT SECTIUN IF J1 IS STILL ZERL, SINCE A CANDIDATE
20100 (C PCINT FLF TRIANGULATIUN WITH tuGE Bl,B82 wAS NOT +FUUND.

., 20800 ¢

< 20900 IF (Jlelldev) GULIL 9
21000 C
21100 C
2200 C
21300 C
21500 C (KoL}
2150 IF THE SEARLH FCR A CANUIDATE PUINT HAS ALKEADY LUNSIUERED EACH
2006 C BOUNODAKY EULE AT LEAST UNCE (KT.GT.K) Uk IF THE BUJNDARY 1S
217006 C BEING CHECKED FUk CUNCAVE EDGLS (J=0), THEN THE NEXT SECTIUN
21800 C (SECTIUGN M) CAN BE OMMITTED.
21500 C
£2000 IF (KTeGTekalURJISECU) GLTO S
22100 C
22200 C {M)
22366 C AT THIS PUINT THE USER MAY INSERT ANY ADDITIONAL CUNSTRAINT
22400 C UN THE TRIANGLE TO BE FCRMED BY THE PGINT PJl. IF THE
22500 C CANODIDATE TRIANGLE FAILS THE TEST, IT 1S DELETEJ FHUM
22600 C CONSIDERATION BY SETTING THE VARIABLE J1 TU LEKU.
22100 C

22800 3 CUNTINUE
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22900 C
23000 C
23100 C
23200 C (NsGU)
23300 C THE NEXT PRUGCEDURE CHECKS ALL BOUNDARY EDGES OF THE PULYGON
23400 C FOR INTERSECTIOUN WITH THE CANDIDATE TRIANGLE. IF ANY EXISTING
23500 C BOUNDARY EDGE INTERSECTS ANY OF THE EDGES TO BE FORMEL BY THE
23600 C CANDIDATE TRIANGLEs, THEN THE CANDIDATE POINT IS REJECTED. IF
23700 C BFLAG IS NOT ZEKDy THEN THE EDGE ODEFINED BY J1=KO OR J1=K3 IS
23800 C . EXEMPT FURM THIS TEST.
23900 C
24000 C IF THeRE ARE THREE OR LESS EXISTING BUUNDARY EDLES UR IF
24100 ¢ J1 HAS BEEN SET TO ZERG, THIS TEST 1S OMMITTED.
264200 C
241200 IF (KeLEs3.0ReJ1.EQeO) GOTU 7
24400 IF (BFLAL.EQ.0) NQ = PLJ))
24500 IF (BFLAG.tQs1) NQ = B(K3)

@ 24600 IF (BFLAU.EU.-1) NQ = B{KO)

W 24700 DO 108 KLNT=],K
24800 IF (KCnT.EQ.KLl) GOTO 108
24900 KN = KCHT+l
25000 IF {KCNTLEQeK) KN=1
25100 IF {BFLAGeEQe=1cAND(KCNT .EQeKOORKN.EQ.KO)) GUTU 108
25200 IF (BFLAGJEJe 1 ANDJIKCNT.EQ.K3.0R.KN.EGeK3)) GUTO 108
25300 Pl = B(KCNT)
25400 P2 = B(KN)
255C0 OU 8 JLNT=1,2 '
25600 IF (JCNT.Ewel cANUC (BFLAGENe0«UP BFLAGEUel) dAND<KLNTEGaKO) =
25100 ¥ GOTO 108
25800 lF ‘JC"‘.E“.Z.AND.(BFLA()CE“OO.UROuFLAG.EL._l,.““D.KL“'.EU'KZ’ -
25900 * GUTU 108
26000 84 = 8]
26100 IF (JCNTLEC.2) BJ=B2
24200 Xub = XINQ)-X(BJ)
26300 YQB = Y(NQ)-Y{(BJ)
26400 X12 = X{Pl)-X(P2)
26500 Y12 = Y(Pl}-Y(P2)

26600 D = XQu*Y12-YQB*X]12
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267100 It (Uetlevs) GLTIC 4
26800 Xle = K(PL)=-x(LJ)
26960 ’ Yiub = Y(Pl)-Y(bJ)
2700 5 = (albsyYl2-v1Bex12) /1
27200 TC = (XQO*Y1B-YQBeX1E) /L
27?00 ]" ll(.ol].(..hk.‘(..u‘.l.) (J( TLJ L‘
27400 Jl = ¢
27500 SLIL 7
27600 ] Cub.TInuE
27100 103 CJANT INUE
216u0 T LUAT INUE
27900 ¢
268000
28100 ¢ (Pyyg)
28200 ( IF J1 15 JERUy THEN THE CANUIDATE PUINT D10 NOT PASS Tni ABUVE
28200 ( TESTS UF MG POINT WAS FUUNU. IF BFLAG IS NUT ZEKus THEN A
w 28400 C POINT CN THE OGUNDARY wAS FOUND.
o 28500 C )
28400 IF (J1.E4ev) GCTL 10
28100 I (BFLAS) 150,1¢0,4
28800 ¢
28900 ¢
29000 C THE TRIANGULATED POINT IS GUISIOE THE BUUNDARY. LSTAOLISH TaG
26100 ¢ NEa EJOGESy A NEw BOUNDARY PLINT AND UELETE CNE PULINT FLOM
29206 JUTSIUE THE BUUNDARY,
29300 C
2940¢ ¢
29500 'eU E(Lelol) = MINO(P(JLDoB(KL))
29600 E(L*1,2) = MAXOIP(J1),BIK]1))
29700 ElLe2,1) = MINOIPLJL)eBIK2))
29800 ElLe2,2) = MAXOUIP(JL),BIK2))
29900 KT = 9
30000 L = Le2
2¢i00 M = Hel
30200 T{Hy1) = MINOIP(JL),B(K1)(B(K2))
70300 T{Ms2) = MIDDLE(P(JL),8EX1),B(K2))
30400 TUMy3) = MAXO(P{JL),B(KY),6(K2))




To AL 8911705780 09:3u30]

20500 IF (Rletwer.) GLTL 1460

10060° KM = n

g 100 KP. = hLl+¢]

2TORN0 141 BinMel) = BIKM)

20900 KA = KM-1

11000 Ir (KMoGE.KPL) LGTi: 147

1100 YL0 biniel) = PLJ])

21 2u0) £ o= Ke.

=1 300 Jd = J=1

21400 IF (JloUloJ, GLTL 1V

2800 Ju 144 JLNT=Jl,J

21600 s PLICKT) = PUJICNT+L)

1 7)0 wOlJ Lu

31800 (

21900 C

12000 € (S}
o I21IC6 ¢ THE TRIANGULATED POINT IS THE NEXT PUINT UN THE JUUNUARY,.
g 22200 C tSTASLISH UNE NCm EDGE (FROM 3{K1l) TO BI(K3)), uNt NEw

22300 O TRIANGLE (FROM B(K1) TO B(K2) TD BLK3)), AND ODELcTE OUNE PUINT

32400 C FRCM THE BUUNDARY (UB(K2)).

32500 C

32600 C

12700 &« E(L#1,1) = MINO(BIK3),BIKL1)]}

12800 ElLelos2) = MAXOIB(K3)BIK]1))

22900 Kn = U

13301 KKNT & 4

2100 KT = Q

22200 L=p¢?

227200 Kn=K-1

213410 M= Me

P00 TUvela - MINUGOLDIEL) o BUK2)4BI(N3))

Tond T{4,2) = MIDDLELBIRY)yDIKZ) qtlr3))

) TiMedd = MARILDIKRY) o BUKR2) 0 (R 2))

IO O TEotnzeslen) LLTL 158

13300 wU 191 nCHT=K2,K

4001 Yol ClKenl) = i {KERT L)

Lt Y 1s (K20 iet) Kizhi-]

34200 GUls Lo




PRSI

THIANG S, 'Y/ 057¢€0 J9::u:GC!

24300
14400 ( (K)
264500 T TYIANGULATEU PUINT 1S THE PREVIGWUS PLINT Oh Tie BUUNUARY.
36500 1 3VAoLl.H A hikw EDGE (FRLM BIRO) TG 8(k2))y CNE NEa THRIANGLE
46700 (FECM biru) TU biIKY) TL BUK2))s AND DELETE UNE PULINT FROM THE
341900 ( plUuUi.JARY (8BIK]1})
14900 C
315000 150 ElLe)al) = MINUVILIKO)BIK2))
35100 E(L*),2) = MAXUIBIKO),B(K2))
15200 KK = )
3157200 KKl = 0
AR4GN KT = 0
35500 L = L+
25600 K = K-1
25100 M = M+]
15800 TiMyel) = MINUIBIKO) sLIKL) ,,BEK2))

m 315900 TiMs2) = MIODLE(BIKO)4BIKL) o E(K2))

@ ENNY Ti(M,3) = MAXOIUIKO),BEK1) ,,8(K2))
€100 IF (KleoaTeh) GLTL 157
26240 DO 158 KCNT=K1,K
36 310 15d BIKLNT) = BIKCHLT+])
164720 157 K1 = K1-1
26500 IF (K1.LTe)) Kl=K
2¢L00
36700 (€
36800 C (1)
00 IF Thncéit ARE ANY PCINTS FEMAINING GUTSIDL THE BUUNDARY, THEN
17000 C REPLAT Y. PKCCEDURE FCR THE NEXT EOGE.
3T10¢6 C
11200 C
17v,0 - Yo b (JeuTedeAluedl JNELO) GOTU e
17400 v {J.0l0eC8) LSCIUL 11
1504 €
7600
TTT0 {Jgvanl
17300 € ALL PUINTS AV BLEN TRIANSULLATLD. CHECK ThAT aL. ouuUNVARY
ATAC0 Lldwed FLRM & CLi.C AVE PULYGUL,
1'ru,‘ N ( R




Tr TANS 38, 1/ 00700 0922030

Ploc IF (KK o) SLTL 55
8700 KK = 1}
18200 ki =
“84)% 99 KRRNHT = KRBT #L
22590 I (K&NT.0) ote) wLIL 17U
“8600 S5 KL = KuL+)
28760 Ke = KL+
DI I Kz GTor) K2z]
IR8900 Kl = KL=,
“900.) IF (KY.LT40) KY=n
29100 PAL = 3 (KL)
19260 Bl = (KL}
419300 02 = BIK2)
19400 TERY = (YUPHL)I-YLBI) IS (XUB2)~X(BL))-(RIPKL)-XIBL)I®LY{bL2)-Y(BL))
35500 TE (T eMLYTL0.) GUTL 11
29400 IF {(<Lesllar) GLIUL 5
39760 €
. 79800
v 39904 C (x)
40000 C THE THIANGULAT IGAN 1S COMPLETE AND HAS BEEN CHECKED FULr A
40190 CUNCAVE BOUNDARY. NOUW ICENTIFY THE BOUNDARY EUGES.
40200
40300 C
40400 Yiu DO 23 LCNT=1,L
40500 BE(LCNT) = 0
450600 KL = D
L0700 el KL = KL+l :
40800 IF (EILUNT 1) NELJBEKLEI GATC 22
40C)C Kl = KL+t
~ 1000 1F lKl.GT.K) K1=l
41100 IF (LLELC T 42) W MEaBIKY)) GOYC 182
L) 250 BEILLNTY = )
4130 OGTO 2
Wl qul 162 K1l = KL=}
11500 IF thleLTe)) KRYIsK
“1600 I[F (2L Nl 2)etiE oBIKYI)) GLTL 22
41360 dE(LLHT)Y = )

4YAug our( 2:

P
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TLTANG 98 YV /US/27 60 09 20Ul

41600
420U
4200
L2200
42300
&24%00
©2500
“2L50)
4210
42800
42900
<3300
42100
w2200
A 3 3”(;
%3400
L350
43600
43700
L3800
432900
44000
44100
L6200
44300
Lh4()
44500
4600
44700
Ho: 0N
44900
%5300
«5100
45200

RN ol BN

22
)

192

1491

IF tnbLoLTor) GGTIG 21
vutsl I

{Y)

FinaLLY, ESTAELISH THE tholLt S GF ADJACEWT EUSES HFuR EACH
LOot (N THE T IANGULATIGH. LEACH BOUNDARY EUGE wlii HAVE TwO
ADJALLNT EUGES - EACH INTERIOR €EOUGE WILL HAVE FUUR.

UCI 190 LL =!|"

DU 190U LUNT=1,L

TEfLCNT yLld = o

PDC 191 MULNT=1,HM
MW 192 izl
CBF O LECLL sl )b GeTIMCHT p1) o ANDLELLL 92 ) EQ.TIMCNT2)) LL=LL
I8 (E(LL o)t QoTIMINT ;2) s ANDSEILL 92)oEQ.TIMCNT3)) L2=LL
IF (elliol )eEWe TUMCNT 1) ANDSEILL 92 )e ECTIMCNT,3)) L3=LL
CONT Lrut

LAMBDA = 0

IF (TE(LLs1)eNELO) LAMBOA=?

TE(L] )LAMBDA+L) = L2

TE(LL oL AMBULA#+2) = L3

LAMBDA = O

IF (TELLL2y!)oNELO) LAMBDA®=2

TE(L2 ,LAMODA+L) = L1

TE(L2LAMBUA+2) = L3

LAYBDA = 0

1F (TE(L2y1)aNE4O) LANMBDA = 2

TE(L 3 LAMBCA®L) = L1

TE(L 3 LAMBUA®2) = L2

CONT INUE

rETY -
LN
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100 FUNCT Gt MIDULL LB ed o)

200 (

300 C

40 (C Tedls FUnCTIUN SUEPRGULFAM 135 USED BY THE TRIANGULATION ALGORITHM
5¢0 TU FiNu THE MIDOLE VALUE GF THE THREE INTEGEK ARGUMENTS ( THE
600 ( VALUL WwrillH 1S KEITHER A MINIMUM OR A MAXIMUM)e 1, J AND K ARE
70¢ ¢ ARE ASSUMED TL ot UISCRETE VALUES WITH NO TWO EwJAL.

806 ¢

900 C
1000 IF {JelTeloANDSLWLTK) GOUTC 100
1100 IF (Kol TaloANDGIWLTou) GUTL 100
1200 IF (1eLTaJdoeANDeJoLToK) GUTU 200
1200 IF (RetTedoAlNUeJdoLT ) GLTUL 200

1400 MIJIOLE = K
G, RETURN

leu0 YO0u MlOOLE = |
1700 RETURN

1300 2JdU MIUuLE = J

L9CL KETUR:

e

2006 ENC




LT

100
260
300
4CO
500
500
700
800
960

1000
1160
1200
1300
1400
1500
1600
1700
1860
1900
2020
2100

e aXaiakainlakakakal

iaN el

~ FUN

(VR ]

POL
00
POL
120 CON
POL
RET
END

TUYXe»$y /05760 G2 10]!

CTIGLH PLLYX2 (ZyXeYsCoelPCORR o JPLWR ¢NCCEF)

PCLYX2 15 THE PULYNCMIAL EVALUATICN FUNCTIUN USED wHEN THE
SMOCTHIWG OPTION HAS BEEN INVOKED. X AND ¥ LISTS Akt THE
KNGWN VALUES COF THE INDEPENDENT VARIABLES. C IS TnE LIST OF
CUEFFICIENTS FOR EACH TEKM. 1POWR AND JPOWR ARE THE EXPGKENTS
FCOr EACH TERM ANC N IS THE NUMBER OF TERMS IN THE PULYNGMIAL.
I IS AN CFFSET TEKM wHEN EVALUATING FCR A CUNSTANT X VALUE.

ENSLCN  IPGWR (23) s JPCWR(23),C(23)
YX2 = 0.0
120 11=1+NCCEF

¥X2 = PLLYXZ + llx“lPOhk(llll * (Y‘*JPDHRI!!)DD * C(ll)
TINUE

YX2 = £ - PLLYX2

JRN
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[
200
4
%00
$00
500
100

300

300
1000
110¢
1200
1200
1400
1500
1600
1700
1800
1900
2000
2100

.2200
.20

2400
200
2600
2700
28CL
’900
3000

210C .

3200
3300
2440
150G

3500
31750
3800

[

s iaialsiaiaiaiaiaisiakaiatakaNaRals XulieRalel

Ced(rr s8911/U5/8y J9221:17

D SupRUUTIE CBYUHK (ZZERUeoELZycMENeZMAXy ZINEW)

°> —— - - ——— - - - . WS WS A e e W AR D S S A D e W - T e e S

CUNTUUP cASL VALUE CHELtho FOUTINE
s * ® s

THIS SUEBKCUTINE SHIFTS THE bASEt VALUE (ZZERU) UNTIL IT FALLS
wiITHIN THE RANOE CGF DATA FCF ThIS CONTOUR (l.te. BETwEEN ZMIN
AND IMAX). THE SHiFTED VALUE (THE NEW STARTING BAST VALUE) IS
RETJRNED Ti CALLER AS ZINEwe THE JUSER SHIFT INCREMENT COMES
INTJ CBVCHK AS DELZ FCR Z CCNTCURS.

ARSUMENTS -

LIEFL = vASE VALUE (INPUT)

vELd = INCREMENT VALUE (INPUT])

IMIN,IMAX = RANGE GF Z OATA LINPUT)

LINLw = NEW BASE VALUE, MAY OF “AY NOT BE

THE SAME AS ZZERG (RETURN)

IF (Z4IN.EceZMAX) GOTO 999
LINEW = 22ERO
IF LZAINLEZ2ZNEW «ANDeZINERWLE ZMAX]) GOTGC 999

C&dNEw = LINEW ¢ CELZ

IF (/M. llNL«.AhD LINEW JLE . LMAK)Y GOTO 999
Uotu 2 :

lINta = ZILRU

+ IF {2litEnsLE.ZMIN) GOTC 999

LiNkn = 227En - DELL
1f (4MIN.de, llN&n.AHD.thLN.LE 4MAaxX} G010 999

“>MUIL 4

995

Q&IJFN"
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INTERF2$511/705/780 09325132«

10C SUBRLUT LivE INTERP (XY, Us Ne ZCONs L EDGES ¢ I Eg ISHGPT, LA4BA, X1

260 » ETAsdoCe IPOnE ¢ JPCnR JNCIEF)

IQ ( 2 eemmeeemeccceemeeeemesessemeeeeceeseemeeeemeesesesee—eececceo—-aoooo

ONT R G

50 € SUBROUTIHE INTERP IS GIVEN A CUNSTANT U VALUE (8luU) FUR WHICH

600 € THE CONTOUF LINE IS TG BE URAWN. CHECK ALL GIVEN TRIANGLE EDGES,

706 ¢  (AKKAY [t} AND CHECK THE VALUES OF U AT THE ENOPOINTS.

860 €  INTERPCLATE FOR ALL POSSIBLE VALUES ON THE TRIANGLE EDGES.

900 € = IF ISMLPT = U, THEN USE A LINEAR INTERPOLATION, IF 1SMUPT NOT ZEKO
1000 C -  THEN CVALJATE FUR A NGN-LINEAR SURFACE USING THE CUEFFICIENTS
1100 €. FROM SMSRF AND FUNCTICN SUBRCUTINE POLVYX.

1200 ¢ .
1300 C XyYsu = DEPENLENT AND INOEPENDENT VALUES FOR
1400 ¢ THE RELATIGN u=F(X,Y) (INPUT)
1500 C (LUt = CONSTANT VALUE OF Z FOR wHICH INTERPOLATION
1600 € IS REQUIRED (INPUT)
1700 ¢ LEDGES = NG, CF EDGES IN THE TRIANGULATION (INPUT)
2 1800 C 1€ = EDGE ENOPCINT INDICES FROM TRIANGULATION (INPUT)
1960 ¢ 1 SMUPT = SMCCTHING OPTION FLAGy O=CFF, 1=ON, (INPUT)
2000 C LAMGDA = INDEX OF EDGES FOR INTERPOLATED POINTS (RETURN)
2100 € X1 = LIST OF X-COORDINATES OF INTERPOLATED POINTS
2200 ¢ ETA = LIST OF Y-COORDINATES OF INTERPOLATED PGINTS
2300 ¢ J. = NUMBER OF VALUES IN XI, ETVA LISTS
2408 ¢ - (XI, ETA AND J ARE RETURNED)
2500 € c = LIST OF COEFFICIENTS GOF EACH TERM OF Trik EQUATIDN. '
2500 € IPURR,JPUWR AKE THE LIST OF EXPONENTS FOR EACH TERM OF
2700 C ~ THE PCLYKCMIAL JSED TG SMCOTH THE DATA (INPUT).
289 € - NCUEF = NUM:tik OF TERMS IN THE PGLYNOMIAL
2990 € : (1PLs Ry JPCwisCy AND NCOEF ARE INPUT)
3000 €
2 C
3200 € =eme-- it ceee ceememmmemeemmeecemecccssscmcmeseec———
33¢. ¢
2400 C S ,
1500 COOIMENSIUL XIN)ZYUNDJULR)
- 26€0 COIMENSTL 1E!‘694;?).x1(1w$4).FTA(14¢+).LANBDA(1694)

2700 QLALNS ION  1PURS (220, JPORRI23D2C123)
3800 C R
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vy

INTERKI8,11/05/30 u9::lice

g

3900
4700
4160
4200
4300
4400
45C0
66C0
4700
4800
£200
5000
5100

5200

5300

5400

€662
5600

EI0U -

a3
59(0
€ 260
€100
200

£306

<400
€550
¢ FCO

- 6700

« 800

- #90g

700
EA LT
720G
730¢

2600

7500
7615

c

()

ﬁrﬁruﬁ

X ataRals

J =)

vo I LONT=Y,LEDGES

{A) :
DETERMINE Xo¥yZ FLR THE ENOPGINTS OF THE NEXTEUGE - CRDER THEM

FELLONT, 1)

12 = Je(LCnT,2)
= X{11)

X2 = X(]12)

1 = Y1)

Y2 = v([2)

Jl = v}

U2 = ull2)
(a)

FUNCTIU. VALULS EGUAL AT ENUPUINTS CQ
CONSTANT 2C “it T BETWEEN THEM? . .

IF (Ul.EQ.u2) GGTC ¥

AF (UL.LTeL2) GLTC 100
JEMP = u2 |

J2 = yi

Jl = TEMP
TEMP = X2
X2 = x1

Xl = T .Mp
TEMP = y2
Y2 = v

Y1 = TEMP .
iF »‘AZCL‘NALY Ulalf evcel ToZCUN) LTy !
FEqU2.8,.0CuN) w2 = 1.900001 *= .{CON

ER IS

to)

© ey .', "..V*‘ . -‘
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INTEQE . 8511705780 093 ali24

7.3 € AAS JATA SEEN SMCCTHEC? + &
73L0 € 1F 2T, ouTL SECTICN E (STATEMENT LABEL 101)
7300 : . :
3GJ0 [F (ISMLPT.Eeau) GLIL 101
28100 ¢
8200 ¢ (D.F)
80 € NUN-LINEAR INTERPCLATICN IS REWIRED
8400 C oh THIS EDGE UVEF Tht I-SURFALE
é’ : £500 C
A - B6UD F1 = PLLYX2 (ZCCNeAlsY13Co1PTmk 4JPURRNCUEF)
& , £7100 € o
i i 8800 PG 220 K=1,10
- 8900 XN = {X1+X21%0,5 _
_ . @000 YN = [YLleY21$0.5 ‘
& gice FR 2 PLLYRZ (ZCONoaN, vn.c.ch«..JPUhR.NCOEF)
! 9200 . IF (FNeEweUe) GOTG 132
fz s200 " I1F (FNelLTo.0ocANDFlaLT 0.} GLIL 235
5 . 2400 1FA£FN.4T.U..AUD.Fl.G! 0.) GOTO 235
b - 9500 X2 = XN
H 9500 Y2 = YN
3 9700 - 60TC 220
. , 9800 235 XI = XN
i 900 . YL = YN

10000 22y CONTINUE
10166 132 xi(J) 3 (x1+X2)%0.5

T2 0 COETALIY = (Y1eY2) %05
V300 S BOUTL 269
g 10450 € C
A owesc € .
o 1.500 € T 4EeF) _
"L o oYwgoe ¢ LINEA INTEFPULATICN IS PEQUIRED

1630c¢ € FUR Thnis EDGE LVER THE I-SUFFACL
vrqn : E '
115, . 191 01l = (ue=elOiid/tu2-ul)
LI 12 = ¢2CuN-Ul)/71u2-uUl)
: SRRRVIVEN S1UJ) = Ilsxle128X2
B 11 3 -~ L TAtJE= TleYleT2sY?

1i400 200 LA4BDALJ) = LLOT
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11800 DOLUNTINLE
1150 RETJURN
1700

ENy
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CATCU 23011705/80 09:31z4e

Yoy SUBRUCLTINE CaTLUK (ZCCing X0 ETALAMBDAsJ, IBE, ITE)
200 ¢ : v
g0 - - ————————— - - - oo - - - -
40C € :
300 C A SET uF J INTEKPULATED POLI.TS FOP 2=ICCN (XI(1),ETALI) ON EDGE
600 ¢ LAMBOALI) FOR I=144)y THE CCNTOUR LINES MUST NOW BE ORAmN. THERE
706 ¢ MAY BE SEVERAL LINES, EITHER UPEN uR CLOSED CGNTOURS. THIS
800 ¢ ALGORITH® wiil USE THE TRIANGULATICN RELATIUNSHIPS TQO SGRT GuT
900 ¢ EACH LINE IN URLcRe AS EACH CUNTOUR L INE IS ESTABLISHEU,s USER
1000 C SUPPLIED PRGGRAM. CNTCRV IS CALLED TC QUTPUT IT TO THE GRAPHICS
itoc C DEVICE BtING USED. '
1200 €
1200 ¢
1400 €
1500 C ARGUMENTS (ALL ARE INPUTS) -
1¢00 ¢ LCON = CUNSTANT VALUE GF Z UNDER CONSIDERATIUN
1700 ¢ x16J) = AKRAY Of X COORDIANTES OF INTERPOLATED POINTS
. 1800 C ETA(J) = ARRAY CF Y COORDIANTES OF INTERPULATED POINTS
g 1900 C LAMBUALJ) = ARRAY OF EDGE NUMBERS FOR J-TH INTERPOLATED POINT
2300 C 4 = HUMBER OF POINYS IN THE LIST OF INTERPOLATED PCINTS
2ic0 € iBE = THE LIST OF BOUNDARY EDGES TAKEN FROM THE TRIANGULATION
2200 ¢ iTE = LINKED LISTY OF INDICES COF ADJACENT EDGES PROVIDED '
2300 € 8Y THE TRIANGULATIUN PROC EDURE.
2400 C ‘
‘2500 ¢
L2600 C 2 TIEE €0 D AR DS K W D W 0D IR RO €D D S A WU T ATER TR e o W e " — - -
2700 T
"2800 T -
29G¢ UIMENSELN  X111494)oETA(1494),LAMBUAILSG94) ,IBELL494) AXI1494),
2000 N Yr4l393) 2 ITE(1494,4) : ‘
2300 ¢
2700 C
3300 C
2409 ¢ ta)
3500 ¢ INITIALYZL LULCAL W/RTADLES
3600 € v
2700 F tdetda0F KRETURG

R0 19 JY = 0



001

ChHICU 284 11705/80 U9:31:24¢

3908  C

VQOOO C {(B.()

&loc € SEAFCn T1Z LIST CF EDGES Fut A ﬁCUNDARY tubE (BELL)=])
«200 ¢ )

4300 1 J1 = Jlrl

4400 Ll = LAMBDALJY) -

4500 18 (IBELL1)LEG.L) GLTL 2

45609 E iF ‘JICLIOJ’ G(J!b 1

4700 GGTO il

4806 C " SEARCH FuR A BUGLUNDARY EDGE AND PUT 1T AT Tht TGP OF THE LIST.
4900 £ ) ' v
5600 € (D) ' :

5100 C 2UT THIS INTERPCLATED PGINTY AT THE TOP CF THE

5200 C L]ST FOR THIS CONTOUR, SET Ji

5300 C

5400 2 IF (J).Eded) GCTO 2

5500 XItJeld = x10J1)

5600 ETALJ*1) = ETA(JL)

‘5700 LAMBDALJ+1) = LAMBDA(J])

$800 DO 101 JCNY = JlsJd

£9500 XI(JONT) = XI(JCNT+LD

6000 ETALJICNT) = ETALJCNT+1)

6100 101 LAM3DAEJCNT) = LAMBUA(JCNT+1)

6200 C€

6300 C {E)

6400 C SEARCH THE REMAINING POINTS FGR AN ADJACENT (COMMON) EODGE
6500 C ' '

6600 32 1816 = J

6700 LCet = L1

€300 6 J18IG = Jlglu-1

6900 Ji1 = o

7000 € 41 = Jlel

7100 L1 = LAMoDAatJL)

‘7200 ' DL 102 I=1:4

‘7300 If (Liecesl TELLLNT, 1)) oGIGC &

" 7400 102 COMTINUE

1500 C {F) . _ . -

7500 L - ERRCR - THeEE ES WG NEXT POINT.,

e e et e e A A P8 T



CNTCUR2$¢11/05/80 993 31zt

T

10300

7700
1300
7900
8000
8100
3200

8300

§400
8500
8606
8700
# 8O0
8900
2090
2100
$200

9300
940G -

9500
2660
$760
2800
9906
10000
10100
16200

10400

- 10509
10600
10700

10800

‘19990

1000

11100
11200

L1300

11400

s XaXskaks!

VOO OOE O

o

OO See

IF (JlebTouldlu) GCTC 5
GGT0 800

(G) :
PUT TdlS POINT AT THE TOP OF THE
L1ST. CONTINUE IF ITS NUT A BOUNDARY EDGE.

XI(Jed) = xX1(J1)
ETA(S¢l) = ETA(JIL)

_ LAMBDA(J+1l) = LAMBDA(J1)

io3

204

00 103 JLNT = JlgJd
XICICNT) = XLIJCNT+1)

CETAGJONT) = ETALJCONT+1) .

LAYBDAS JCNT) = LAMBDA(JCNT+1)

LONT = L1

IF (IBE(LLIONECL) GLTU 6

(H)

ORAW ThHt OPEN CONTULUR LINE THRGUGH THE POINTS

XECJL)9ETALIL) cceoes XIGJL#1D9ETACJILI#L) cceoee Xl(J)nEIA(JI
THEN RESET J AND CONTINUE

NPGINT = J-J1BIG+1
IF (NPCINT. LE.l) GLTC 300
CALL CNTLRY (X1(J1BIG) s ETALJ1BIG) s NPOINT 4 2CON)

--—----_-—---_--o—-----—o-------------—- -

JaJlidle - 1

Y
AR: THEFL ANY MGRE POINTS LEFT? o

IF (J} 8U0s800,10

(41
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11500
11600
*1700
11800
11900
12000
12100
12200
12300
12400
- 12500
12600
12700

12800
.12900

13000
i21c0
13200

123300
13400
12500
13600
13700
13800
12966

140c0

14100
14200
14300
14400
14506

14605

YL TOC
16800

Creuun
s1pg

152¢h

OO

[N NaNaNalal

22 X2

e

il

16

15

104

14

105

hWOn ORAR INTEKNAL LIMcS (CLUSED CONTOURS THAT DO NOT START
JR STJUP AT BOUNDAPY EDGES). THE POINT AT J1B1G=J IN
THE LIST I> CHCSEN TO START THE CCNTOQUR.

JIBIG = 4ol
LCNT = LAMEDA(J)
\
UKo H,oP) | . |
- FIND THE VEXT PGINT FGR THIS CONTOUR (ON AN EDGE wiTH A CGMMON
ENDG POINT). PUT IT AT THE TOP OF THE LiSTs AND KEPEAT UNTIL
NU MORE COMMON EDGES REMAIN FOR THIS LINE. .
JI8IG = Jllo,-1
J1 = 0 :
IF (J1B1G.GT.J) J1=1
JL = 1+l
L] = LAMBDA($1)
DO 104 [=1,4
IF (L1.EQ.ITEGLLNT,I)) GOTO 14
CONTINUE '
IF (J1.LT,4181G) GLTG 15
(wr

OTHERWISE, NO ADJACENT EDGE WAS FOUND.
THIS CONTOUR LINE IS COMPLETE, GO DRAW IT.
GOTO 17 | | | |

X[Gael) = x1qJ1)

ETA(J+1) = ETALJY)
LAMBDALJSY) = LAMBDA(J])

D0 195 JCNT = 41,4

XI16JCNT) = XI(JICNT+1)
ETALJCNT) = ETA(JCAT+1)
LAMSDA(JCNT) = LAMBLALJCNTeL)
LCNT = (] '

1P 1J1BIGONELL) GOTG M6
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15300
15460
18599
15600
15700
15800
15900
16000
16100
16200
1€300
16400
16500
16600
16700
168060
16900
17060
17100
17200
17300
17406
17506
17600
17700
17800
17900
13000
1810C
18200

OO OOM

A”MANOD

{0} .
JRAr TH: CLCSED CONTOUR LINE, THE INTERPGLATED LINE THROUGH
’ XléJl)'tTAiJl’ esscces XI(J).ETA(J) sooc e Xl(Jll.ETA(Jl)

- - - - - - > - . W P ———— - - -

171 J4 = J1816

510

84U

IF {J10l5.MEQL) 30 = J1BIGH]L
KNT = 0

D0 510 KK = JJysJd

KNT = KNT+l

XX{KNT ) = XI{KK)

YY{KNT) = ETA(KK)

CONT INUE

XX{KNT+1) = XX(1)

YY{KNT+1) = YYLL)

NPUINT = KAT+1

CALL CNYCRV lXXll}tYY(li.NPblNT'lCONI

w)

RESET J. ESTABLISH THE NEXT CONTOUR LINE FOR REHAIN!NG POINYS'

38 QUEIT THE PRGCEDURE IF NO MORE POINTS REMAIN.

= JiBlc - 1
IF (J) 80U0,800,11
RETUR?

END

AN . 4o e i e 1
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