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A GENERALIZED DIGITAL CONTOURING PROGRAM

By Ruben L. Jones
Langley Research Center

SUMMARY

A generalized digital contouring program is presented and discussed. The con-
touring program was developed by combining desirable characteristics from several
existing contouring programs and can be easily adapted to many different research
requirements. The overlaid structure of the program permits desired modifications to
be made with ease,

The contouring program performs both the task of generating a depth matrix from
either randomly or regularly spaced surface heights and the task of contouring the data.
Each element of the depth matrix is computed as a weighted mean of heights predicted at
an element by planes tangent to the surface at neighboring control points. Each contour
line is determined by its intercepts with the sides of geometrical figures formed by con-
necting the various elements of the depth matrix with straight lines.

Both input and output of the digital program are described, as well as the critical
program variables and tests. The program variables, subroutines, overlaid programs,
and the listing of each are described and cross-referenced. A sample problem composed
of 552 data points is furnished. The resulting computer output listing, as well as the
contour chart, is shown.

INTRODUCTION

Contour charts are usually thought of as being two-dimensional pictorial representa-
tions of topographic formations of land masses relative to a smooth mathematical refer-
ence surface (datum surface). Contour charts can also be useful in portraying data which
are obtained during the course of research in various scientific disciplines and which
would ordinarily be tabulated. Any set of data, such as barometric pressure relative to
sea level, whether computed or observed, which can be referenced to a two-dimensional
coordinate system can in principle be represented graphically in the form of a contour
chart. Further, scalar variations in three-dimensional space are representable by a
series of contour charts, each of which represents the observations within a section
through the field. Mathematical formulations of complex problems can also be studied
with the aid of contour charts. In fact, the utility of contour charts is limited only by the



user's ingenuity in adapting the data to a form suitable for graphic representation
(contouring).

Since the usual technique for drawing contour charts requires that each scalar
magnitude be plotted within a rectangular grid before contour lines are drawn, a digital
contouring program is desirable from the standpoints of efficiency and marpower
requirements. Several existing contouring programs (for example, ref. 1) were care-
fully studied for accuracy, efficiency, and so forth, and each was found to have desirable
characteristics. A digital contouring program incorporating the best characteristics of
each as well as certain improvements in data processing was considered desirable. The
objective was to develop a simplified, generalized digital contouring program, which
could be readily adapted to many different research needs. This paper describes that
program and the analytical concepts upon which it is based, as well as its operation.
The program is written for the Control Data 6000 series computer systems and relies
on library functions and routines found in references 2 and 3.

SYMBOLS
A,B,C,A'",B"',C",D' coefficients of the equation of a plane
F function
H elevation (scalar variation) above reference plane or line
i,j variables
i,k x-, y-, and z-component, respectively, of a vector
k,k' last variable in a series
m,l dimensions of depth matrix
N magnitude of a vector normal to surface or curve
N vector normal to surface or curve
) control point
Q vector connecting two control points




R ratio between two radial distances, T /rk

r radial distance between two points

U discrepancy in a variable

w computed weight

XY rectangular coordinate axes with arbitrary origin

X,y coordinates of a scalar variation in X-Y coordinate system

Z function representing elevation (height) of a plane at an arbitrary point

in that plane

z height of plane at arbitrary point

) incremental change or discrepancy
Subscripts:

i,j,n arbitrary variables

k,k’ last variable in a series

l particular variable or reference
X,y X- and y-components of a vector

DESCRIPTION OF PROBLEM AND METHOD OF SOLUTION

The science of graphic representation of scalar variables as a function of two inde-
pendent variables has been the result of two advances in computer technology — first,
the development of supporting equipment which can interpret computer instructions to a
mechanical plotter and second, the ability to process large masses of data at one time.

Digital contouring programs, as a rule, perform two basic functions. First, a grid
of equally spaced surface heights (terrain, for example) is generated from randomly
spaced surface elevations. Since each coordinate of the grid point is equally distant from
its neighbors, a grid for surface heights can be represented by a matrix of elevations



(the "depth matrix"). Thus, the value at each element (mesh point) of the depth matrix
represents an elevation above or below a given reference, and the location of the element
in the array (matrix) corresponds to its location within the grid relative to the grid
origin (the (1,1) element of the matrix). The second function of a contouring program is
plotting the contours of the surface represented by the depth matrix.

Depth Matrix

A segment of a surface profile within a section through a three-dimensional sur-

face is shown in figure 1. Within the figure the control points Pj and Pj+n are near

Figure 1l.- Segment of a surface profile passing through a grid point and
two control points.

neighbors to the ith grid point, and the planes Z. and Z, which are tangent to the

+n’
surface at P. and Pj +ne Will intersect the plan]e section] (plane of the page) as shown.
As can be seen, the heights of the planes at i are Zi and Zj+n’ and each is an approx-
imation of the height H; of the profile at the grid point. Further, an improved approx-
imation of H; is obtained from the average of the z values, and when each Zj is
assigned a weight Wj, which is a normalized monotonic function of the distance T of j
from the grid point i, a better estimate to the height of the profile at i is given by the

expression

Hy= ) W.Z (1)



where k' represents both the total number of control points entering into the computa-
tion of H; and the control point farthest from i. If

r
Rl=rl,
k
T
Ri= o
k

when

- \/(x - %)% (v - v;)2 (@

then, since an expression for a normalized weight must satisfy the condition
k'
), Wi=1
=1

an expression for Wj’ which is a monotonic function of the radial distance of j from

the ith grid point, can be written as

1-R;)2R,-2
Z (1 - By)? R, 2
-1

As can be shown, W]- diminishes from a maximum of 1 when j=1i to a minimum of

zero when j=k'.

From the foregoing calculations, it is apparent that the height H; of a surface
above a reference plane can be estimated as a weighted series of heights, each of which
is the height predicted at the grid point by a plane tangent to the surface at each control
point, The accuracy of each estimated height is a function of the number k' of neigh-
boring control points used in the computation and of the distribution of the control points
about the grid point, as well as their proximity to the grid point. Further, conditions
were placed on the spacing of the control points relative to each other, and each height

H; 1is independent of grid spacing and orientation.

As stated, the elevation at each grid point is estimated from a weighted series of
heights, each of which is the predicted height of a tangent plane above a reference plane



(datum plane). If F, is afunctionin x, y, and z which represents the equation of a
plane tangent to the surface at the ith control point, then a general equation for the tan-
gent plane is

Al 1 ' 1 _
Fi(xi’yi’zi) = Ai + Bixj + Ciy]- + Di zj =0

where 2 is the height of the tangent plane above the datum plane at any (xj,yj) . Fur-

ther, since the surface gradient is proportional to a unit vector N; normal to the sur-

face at i,
Gradient = VF; = B{i +Cij + DIk~ N

where V is a mathematical operator having the form

Thus,

are the components of a vector normal to the surface at the ith control point.

The particular equation of the tangent plane is determined at the ith control point

by setting
Aj
Ap=or= Bix - Gy - % )
i
where
N B B{
x,i~ FiT E
e (5)
Ny,l = Cl = B’-
i



and at any xj,yj

5= 25(%p¥5) = -4 - By - Cyvy = 3 ©

Each gradient for the ith control point is computed from a least-squares minimiza-
tion process. If Q, is a vector joining a neighboring jth control point (a total of k)
with the ith control point (the reference control point), the unit normal Ni which mini-
mizes the weighted sum of the squares of the projections of each Qj onto N; is found.
Analytically,

i w].(ﬁi : Q])z = Minimum (7)
=1

where W. is the weight for each control-point pair as defined by equation (3) when
k' = k. From equation (7), the 1, j, and k components of ﬁi are determined.

The limiting indices k and k' imply that the number of control points utilized
for the gradient computation and the grid-point computation may differ. In practice, a
value k =k'= 10 is usually satisfactory for all the computations in the expressions
discussed above, It is, however, required that the distribution of control points about
the ith point be reasonably uniform. For instance, if all the points should lie along a
straight line or in a narrow band, the solution will be indeterminate. Thus, the digital
contouring program searches the input data in an attempt to select only those neighboring
points which will permit a good solution to each ﬁi' To search the data, neighboring
points are selected by incrementing the inner and outer radii of a ring by one-tenth of
the distance between grid points (the difference between the two radii). Further, to avoid
the possibility of the control points being on a line with i, the sine of the angle included
by each pair of Qi vectors is not allowed to be less than 0.17. The inner and outer
radii are incremented until either k control points have been selected or the outer
radius has reached a value equal to 10 times the grid separation., If the distribution of
points is poor, the gradient at the ith control point is rejected, and processing is con-
tinued until each of the remaining gradients have been either evaluated or rejected.

From the foregoing discussion, it is important to note that each of the expressions
is independent of all assumptions pertaining to the depth-matrix orientation, origin, and
so forth. Thus, the origin or spacing of the equally spaced surface grid can be changed
at will without affecting the computed gradients of the represented surface.

At each control point the digital computer program evaluates first the gradient as
described and then each coefficient in equation (5). The tangential-plane coefficients at
each control point are then utilized in equation (1) to evaluate the scalar variation at each



mesh (grid) point in the depth matrix. All computations are performed in the units of
the x- and y-coordinates for the control points.

Numerical Techniques

A basic assumption of the contouring routines in the program is that each element
in the matrix is both positive and nonzero. Since a particular element evaluated as
described can be legitimately either negative or zero, a positive bias is added to each
element after evaluation. The bias is determined by the program as an integral multiple
of 10 000. The integer multiplier is determined as the least value which when multiplied
by 10 000 and added to either the minimum anticipated scalar variation or the actual min-
imum data point (a program option) will result in a positive nonzero number. Unfilled
elements in the depth matrix (a result of insufficient control-point density) can then be
detected and filled by a subsequent routine,

The depth matrix is subjected to numerous tests (for example, smoothness) and is
corrected where desirable. If the relative difference in elevation between two consecu-
tive elements of the depth matrix is found to exceed a maximum slope assigned by the
user, the elements are adjusted relative to each other. The net effect of this operation
is to smooth the depth matrix. Further, if elements within the depth matrix are found to
be unfilled due to inadequate control-point distribution, the element is filled by use of
either interpolation or extrapolation., Finally, dimensions of the matrix cannot exceed
60 by 60 or be less than 3 by 3.

One test is performed to aid the user in evaluating the quality of the matrix fit to
the actual input data, The actual position of each control point is used to obtain an esti-
mate from the depth matrix of its predicted scalar variation by interpolating between
elements of the matrix. When the predicted and observed values are compared, a slight
discrepancy OH; should result, since the matrix is at best an approximation to the true
surface. Each 06H; can then be categorized on the basis of whether it falls within the

limits
29U s 2y, - 8U
UJ+2 _6H1_Uj 3 (8)
where
Uj=U]._1+6U (9)

Thus, the distribution of the discrepancies is determined and plotted as a frequency dis-
tribution curve. The program allows for all values of Uj where

-2000 = Uj = 2000



and
6U = 20

Contour Plots

The program contours one 3 by 3 submatrix of the m by 7 depth matrix at a time.
Basically, by assuming no interpolation between mesh points, each 3 by 3 submatrix can
be subdivided into a series of adjacent triangles by connecting each set of three elements
with a straight line as shown in figure 2. Contour intercepts are then computed along
each side of each triangle beginning with triangle I and progressing clockwise around the
squares. In the figure, the order in which each side of a triangle is considered is also
shown. Intercepts are determined by assuming that each side is sufficiently small to
permit the elevation difference to be linearly related to the side length. (See ref. 1.)

(1,1) (1,2) (1,3)
_ i R G
1T I1T
1 4
I 3 Iv
(2,1)f 2 - OO (2,3)
VIIT v
VII VI
(3,1) (3,2) (3,3)

Figure 2.~ The geametry of a 3 by 3 submatrix when subdivided by connecting
groups of three elements with straight lines.




The procedure is always the same regardless of the number of elements in the
depth matrix or the order of interpolation required between grid points. Interpolation
between grid points is a linear expansion of each 3 by 3 submatrix into a larger sub-
matrix. This process is repeated within the expanded submatrix until each element of
the original 3 by 3 matrix has been considered. At this point a new 3 by 3 submatrix is
processed in a similar manner, the third column of the first matrix becoming the first
column of the second matrix.

The depth matrix is processed three rows at a time. If the number of elements in
any one direction of the depth matrix is even, the resulting contour chart is terminated
prematurely in that direction, Thus, it is conceivable that the depth matrix may not be
plotted in its entirety.

PROGRAM ORGANIZATION AND DESCRIPTION

The digital contouring program is written in FORTRAN IV for the Control Data
6000 series computer systems, is overlaid, and requires approximately 65 000 octal
words of storage. The overlay structure is shown in figure 3.

OVERLAY(0,0)
OVERLAY(1,0) OVERLAY(2,0) OVERLAY(3,0)
OVERLAY(3,1) OVERLAY(3,3) OVERLAY(3,2)

Figure 3.- Overlay structure.
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Each overlaid program and the subroutines associated with it are listed in table I.
For each program or subroutine, the required storage (in octal words) and the function
are given. Further, the page numbers serve as an index to the listing and the more
detailed discussion of each nonsystem program and subroutine. System subroutines are
not discussed in detail.

Figure 4 is a flow chart showing the interrelation of the various overlaid programs
and subroutines. The arrowheads indicate the direction of flow, and the circled numbers
(1, 2, 3, etc.), with the exceptions of 8 and 9, indicate the order in which each overlay
and subroutine is executed. The connectors 8 and 9 refer to disk files which were gen-
erated in one overlay as input to another routine. The letters a, b, and c indicate the
order of flow from and to common program connectors.

The flow chart is rather detailed in its portrayal of the major functions of each
program overlay and of each major subroutine. The various program options are indi-
cated, as well as some of the more critical decisions. Emphasis has been placed on the
program decisions which would terminate the execution of a routine in a normal fashion.
It is necessary, however, to point out that certain program diagnostics which will abort
the program are not shown but will be discussed subsequently. Additional flow charts
are considered to be redundant and are not presented.

11
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Figure 4.- Generalized digital contouring program.
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Program CONTOUR

CONTOUR, the program executive, has three main functions. First, it reads the

program options and constants. Second, it supervises the execution of each of the three

lower level overlays., Third, storage for each array and program constant, which is
generally common to each overlay, is set aside.

OVERLAY (LINK2G»D)

PRUOGRAM CUNTUUR(INPUT yJUTPUT »TAPES=INPUT 4 TAPESG=QJTPUT,TAPET,TAPES,

1TAPES)

INTEGER FRMT

DIMENSIUN FRMT(8)

DIMENSION KORE(4) sKURNI( 4}

REAL MINWRDZ gy MAXvRDZyMINNRD 3+ MAXARDS

COMMUN /BLKZ/ KORESKURNS IFYP,SCLE

COMMON /3LK3/7 KM.L1

COMMOCN /78LK4/ UlSTTANG M

LCOMMUN /BLKS/ MINWRDZ yMAXWRD2yMINWRD 34 MAXARD3

COMMUN /3LKO/ SPySPP WLAST »DISPORDy L INEUNT

CIMMUN /JOLKT/ NaNNsPXLyPYL s XAAK YMAKX oXMAY ,YMAY, L

CUMMUN/BLK14/ UNITZUNVTOIN

COMMGN 73LK1S7 IROTP,1PTUIPT ¢ ISRTOPT

CCMMON /3LK30/ 15KRT

COMMUN /3LK40/ KMAX sKMAXL1,IOMX

CUMMON ZLIMITS/Z MINTI #4MAXTWIADDI

CUOMMON /LINKOC/Z LINKZRECALL

RECALL=6LRECALL

LINK=4LLINK
3 FURMAT{BALl1D)

READ (543) FRMT

REAU{S,2) KAAX KHMAXL, 1UMX
2 FURMAT (214,112)

REAUD {23 FRMI) UIsTaUNIT ONVIQALNY oSPP 221 oSCLEZDISPGRD

1. TANG

READ (594) 1SRTenMiinl MAX]
4 FURMAT(14.,2110)

LINEUN]I =D1ISPLRU

IFYP=1$LAST=?

READ (5,1) [kDTPLWIPTUPT L ISRTAPT
1 FURMATI(314)

CALL CVERLAYU{LINK»1 +0,RECALL)

IF (ISKTa.tewdel) CALL CVERCLAY(LINKGZ2»3.RZCALLY)

CALL OVERLAYI{LINKs3+.CyrRECALLY)

STUP

END

VR NS WN -

13



Program READIT

READIT is the first overlay which is subordinate to CONTOUR., READIT is
responsible for reading the X- and Y-position and scalar variation (Z-component) for
each control point. As pointed out, the data may be read from tape or cards and may be
either fixed or floating point. READIT applies the appropriate conversion to the input
data. Further, the NW, NE, SW, and SE coordinates of the rectangle which will include
all the control points, as well as IDIST (the distance of each control point from an arbi-
trary origin), are determined by READIT. Each control point IX, IY, and IZ is then
written on the appropriate file for use later along with IDIST and a code ICODE which
serves to warn subsequent routines when the data have almost expired.

CVERLAY (LINKs1od)
PRIOGRAM READIT
INTEGER FrMl
BLAAENSTIN FRMTAB)
SIMENSIUN KURELS) o KURN{4) »dRDIE3y &)
REAL MAXARUZ oM 1wk 2 s MAXWRD3 yMINaRD3
CCMMUIN J3LKZ27 KJURLyRURANS IFYPL,SCLE
CamMuN /OLK&/ ISt
COMMUN Juebnb/ MlawRIZy4AXRRIZ2ZyMINWRDSyMAXARDS
LOAMUN F3LK1ID7 IRuUTPWIPTUPT,, ISRTOPT
COMMuN /3LK20/7 I5RT
CUMAMUN /LImMITS/ sINLeMAXT,1ADUI
CUMMON /LUINKUL/Z LINkKWRECALL
1 fuxMAT (BALIZ)
REwIND 7
ALPHA=(-11.8/106042)%(3.141592654)
[CNT=D
ICCDE=0
IF(IDTP.NL L) READ(S,1) FRAT
LO3 CunNTINJUE
IF (thkuTPLFoel}l U TC 103CC
I (IPTUPT OELL ) REAL(ISDWFEMT) IX,1Y, 12
I (IPTOPT (LTl ) REAL{S I FRMT) XoYo1Z
IF (ci3Fs2) 1002.15031
1030 IF {IPTOPT.Chel ) CALL R2CIN (991 yKKyIXsIY,12)
1F (IPTOPT.LT.L) CALL RECIN (99 1ekKeXaYs )
1F {(EUF.9) 10U2.1001
1621 CONTINUE
it ‘MU\J’IanLv-\.JlANLJ.MAxI'EQDD) 104'105
1C» LJnTiINUE
IF ( ZeLTeMINILOR. Z2.GT.MAXD) LO0,104
104 CUNTINJE
I (1PTO21.LT.1) wd TU 1003
X=FLLATH{IX)
Y=FLOAT(LY)
L=FLUAT (1Z4)
1003 CunNTINUE
ICNT=1CANT+1
1F (ICNTWEQaLl) 3024400
300 CINTINUE
MINWRDZ2=MAXARD2=Y
MINARD3I=MAXRRDI=X
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16
17
78
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80



400 CONTINUE

1002

IF (MINWRD2.GT.Y) MINaArROIZ=Y

IF (MINWARD3.,6T4X) MINwWRD3=X

IF (MAXARD2.LT.Y) MAXWRDZ=Y

IF {MAXWRD3.LT.X) MAXARD3=X
IX=lFIX{X)SIY=TFIX(Y)S$SIZ=1IF1K(Z)

X=X-1.0E20

Y=Y-1.0E2C

If (ISRTIOPTWLLT.1) 1UIST=IFIX(Y/DIST)

IF (LISRTUOPT.GELL1) 1DIST=IFIX{X/DIST)

CALL RECOUT (8414041 CODELIXsIYL1Z,1DIST)

IF (ISRTWLT.1) CALL RECOUT (741,00 1CO0EIXeIYIZ,IDIST)
G0 TG 120

CONT INUE

KURE(L}=KORE(4)=MINWRD3

KURE({Z2)=KURE(3)=MAXWKD3

KURN(L J=KURN(2 }=MAXWRD2

KURNI3 ) =KOURN(4 ) =MINWRD?2

ICODE=9

IDIST=0

iX=1I¥y=17=9

IF (ISRT.LT.L1) Catl REZGUT (7+L,0,ICODEEXyIY2L1ZsIDIST)
CALL RECGUT (8140, 1C00E 1XelYI2,IDIST)

ICUDLE=99

It (ISRTLLT.1) CALL KeCJOUT (7,140, ICODEIXy1lYW1Z,IDIST)
CALL KECOUT (8+1s0s1CUDEIX 1Y 12,1IDIST)

REWIND 8

REAIND 7

RETURN

END

15



Program SORTIT

SORTIT is an optional overlay which is responsible for setting up the appropriate
input to SORT2, which in turn calls the SORT/MERGE routines of the computer system.
These routines are very flexible and will utilize all the storage allotted to them.

Regardless of which sorting option is chosen (fig. 4), ICODE is the primary vari-
able. In this manner, the codes 9 and 99 are retained at the end of the data file, This
fact in no way changes the indicated flow in the flow chart.

OVERLAY {(LINKs2+0}
PROLRAM SORTIT
COMMUN /3LK1o/ IRLTIPLIPTOPT,,ISRTOPT
COMMON ZLINKOUC/ LINK,RECALL
DINENSION 15M(5),1FN(2),KEY(1l6)
REWIND 7
REWIND 8
IsMi)=1
ISA(21)=4
ISM{3)=060
1SMt4)=1HF
ISME5)=1+B
IEN(LI=5LTAPET
IFEN(2)=>LTAPES
KEY{(1l)=1HA
KeEY(2)=14dX
KEY(3)=2
KEY(6)=1AX
KEY{L0)=1HX
KEY{i3)=1HA
KEY{(14)=1HX
KEY{1lv)=5
IF (I{SRTOPT.GE.1) GU Ty 1380
KEY{5)=1hD
KEY{71=6
IF (ES5RTUPT.EJde~1) KEY(T7)=4
KEY{91=1HA
KEY(1l1)=3
GO TU 1CGO1
1020 CunTINUE
KEY(5)=1HA
KEY(T7}=6
IF (IS RTUPT.Ed.2) KEY(T7)=3
KEY{9)=1HD
KEY(11l)=4
1901 CONTINUE
CALL SORT2(IS™M,I+N,KEY)
END FILE 7
RE TURN
END
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Program COUPLE

COUPLE is the last of the three major overlays subordinate to CONTOUR.
COUPLE is assigned the function of coupling the three lower level overlays. Further,
storage for the depth matrix is set aside.

OVERLAY (LINK»3,0) : 151
PRUGRAM COUPLE 152
DIMENSION MAT{60.60) 153
COMMON /7BLK1/ MAT 154
COMMON /LINKUC/ LINK,RECALL 155
DO 1 i=1,60 156
DO 1 J=1,60C 157
1 MAT(1.,3)=0 : 158
CALL OVERLAY(LINK»3,1,RECALL) 159
CALL OVERLAY (LINK+3,3,RECALL) 160
CALL OVERLAYILINKs3,s24RECALL} 16l
RETURN Tol62
END 163

Program MATCAL
MATCAL furnishes a link between the subroutines GRIDIT and REGRID.

OVERLAY {(LINKs3,11) l64
PROGRAM MATCAL 165
CCMMUN /LINKDC/ LINK,RECALL 166
REWIND 7 167
CALL CRIDIT lo8
CALL REGRID 169
RETURN 170
END 171

17



Subroutine GRIDIT

GRIDIT is the first of several subroutines which have the responsibility for gen-
erating an adequate depth matrix. The indicated flow between connectors 5a and 5b
(fig. 4) is descriptive of its functions.

This routine is the largest consumer of computer time. The block in which the
gradients are computed first searches the data for control points which are adequately
distributed about the control point for which the gradient is desired. In the process of
searching the data, no control point which has a relative difference in elevation suffi-

ciently large to yield a slope greater than TANG (an input variable) is accepted. Further,

IDMX is the maximum scalar difference allowed for the product of the distance R

between the control points and TANG. Thus, it is possible for all the control points to be
considered several times. To reduce this undesirable consumption of time, DIST can be
increased or KMAX can be decreased. If the time problem is not solved by these actions,

the data should be examined carefully.

Each evaluated element of the depth matrix is made positive by adding a multiple
of 10 000 to it. This constant is denoted as IADDI and is computed from the minimum

scalar variation MINI,

SUBRUUTINE GRIDIT

DIMENSION RESULT (2)

DIMENSION IK(L1TO)

DIMENSTJN RS{100)

DIMENSION AA(3,31,88(3.11,A01000),801202),L(1030},0(3,133C),BSAVE({

13,100)sDSAVEL3)+IPIVOT{3),INDEX(3,2)
DIMENSIUON E(3)

DIMENSIUN MATI60+60) KURN{4) »KORE(S)
OIMENSION GRAD(3),GRADC3I(3,3)
INTEGER S

REAL MINARDZ yMAXWRD2sMINNRD3 yMAXWRD3

COMMUGN /7BLK 1/ MAT

COMMUN /3LK2/ KUREKUKN. IFYP,SCLE

COMMUN /7BLK3/ JJeKK

COMMUN /7BLK4/ DIST.TANG

CUMMON /BLKS5/ MINWRDZ2 s MAXARD2,MINWRD3,MAXARD3

COMMUCN /BLKG6/ SP+SPP+LAST»DISPGRD

COMMON /8LK4O/ KMAX KMAX1,I1DMX

COMMUN /LIMITS/ MINI.MAXI,1ADDI
2000 FORMAT (7X*CUANER CUURDINATES OF AREA TO 3E CONTOURED#*/)
2302 FURMAT (* NCRTii WEST CORNER--X=%xE16.8% Y=% E15.8 )
2003 FORMAT (* S0UTH EAST CORNER--X=%El6.8% VY=% El6.8)
2004 FORMAT (1Xx, *Y DIMENSIUN OF ODEPTH MATRIX [S*,F15.5,%INCHES*)
2005 FURMAT {1X., =X OIMENSIUN GF DEPTYTH MATRIX IS*,F15.54%INCHES*/)
2006 FURMAT (1X,»I4,*ELEMENTS IN Y DIRECTION JF DEPIA MATYRIX*)
2007 FURMAT (LlX,I14,*ECLEMENTS IN X DIRECTION JF DEPTA MATRIX%/)

ICNT=0

RSAVE=DIST

IDEPSUM=0

PRINT 243

240 FORMAT(* DEPTH MATRIX SIZE%*/)
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172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202




241
242

FURMAT (/)
FORMAT {(* THUS,*)
LABL=0

CSLOPEL=1.0/SQRT{L.U0+TANG*%2)

CSLOPE=0.9

IF (CSLOPE.GT,CSLIPEL>l) CSLOPE=CSLOPEL

243 FORMAT{1Hl.* THE FOLLOAINS IS INFURMATION PERTAINING TO THE DEPTAH
IMATRIX-=SIZE+DIMENSIONSETC.%/7/)

200

201

302

301

230
304

232

360

231

2008 FORMAT(//% DIMENSIUGNS OF REJUIRED PLOTTINS SURFACE EXCLUSIVE Or

MINMAX=0

IF (MINI«NE «OJORMAXI«NELT)
IF {MINMAX.EQ.O) 200,201
MINI=200000

MAXI=-20C000

CONTINUE

SP=DIST

IPTOK=0

CALL CONVERTI(SP)

PRINT 2000

PRINT 2002 oMINWRD3 +MAXWARD2
PRINT 2003+MAXWRD3 MINWRD2
CALL CONVERT (DISPGRD)
FORMAT (F5.2+F10.4+215,15)
FORMAT (211C)

IF (IFYP) 443,4
IY=KORN({3)-KORNI(1)

GO TOU 2

TY=KORN{1)-KUGRN(3)
YMAX=FLOATI(IY)

CALL CONVERT({YMAX)

IX=KORE(3)-KUREI(1l)
XMAX=FLOAT(IX)

CALL CONVERT({XMAX)
JU=IFIXIYMAX/5P)+1
KK=1F1X{XMAX/SP)+1

IF (XMAX-FLUAT(KK-1)*%5P.GT.0.01
IF (YMAX-FLOAT(JJ-1)%5P.GT.0.0)
IF (KKoLTe3.0RaJJLT3) 30CL,

CONTINUE

MINMAX=1

302

IF (KKeGTe0Ga0ReJIGTLHI) 230,231

PRINT 300

GU TO 304

PRINT 232
CONTINUE

PRINT 2008
PRINT 2004, YMAX
PRINT 20C5, XMAX
PRINT 240

PRINT 2006, J4J
PRINT 2007,KK

FORMAT({%* SINCE DIST IS TGO SMALL THE MAXIMUM DIMENSIONS OF THE

1PTH MATRIX ARE EXCEEDED-—-I1160,60)%)

FORMAT (% SINCE ODIST IS TOO LARGE THE MINIMUM DIMENSIONS OF THE

1PTH MATRIX VIOLATED--I(3,3)%)

GO TO 215
CUNTINUE

1ID%/})
PRINT 2008
DO 180 Jd=1l.JJ

KK=KK#+1
Ji=J i+l

DE

DE

203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
249
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
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180

740
104

30
49
202

211

203
204
212
206
207
208
269
213

210
214

215

216
205

219

20

DO 180 K=1l,KK

MAT(J,K)=0

CONTINUE

K=1

PRINT 20044+ YMAX

PRINT 2005, XMAX

PRINT 2906, JJ

PRINT 20C7,KK

TEST=1.0E+20

§$=-2

D0 740 1=1,1000

DC 740 J=1.3

BlJsI)=TEST

CALL RECIN{T7+s1+KKKo1CUODESIX 1Yo 1Z,1IDIST)
IF (IFYP) 40.30,40

IYy=(-1)*1Y

CONTINUE

If {ICODE.EN.99) GG TO 221

IF {ICNT.EQelJuU.ANDLICODELLT.9) 202,203
PRINT 211

G0 10 215
FORMAT(* YOU 4AVE OVER 1C00 CONTRUL POINTS,%*/% ADDITIONAL CONTR0OL

1POUINTS CAN NOT BE ACCEPTED.*/% STORED DATA MAY NIT ADEQUATELY REPR
2ESENT AREA TGO BE CUNTOURED.*)

CONTINJE

IF (LABL.FQ.C) 20C4.205

IF (MINMAX.EW.D) 212,213

PRINT 236

LABL=1

PRINT 242

FURMAT (* YUU AAVE ELECTEU T3 REJECT NI CONTRUL PUINTS*)

FUKMAT(* YUU HAVE ELECTED TG REJECT ALL CONTROL POINTS WITH SCALAR

1 VARIATIGONS LESS THAN®*{S* ANO GREATER THAN*[6)

FORMAT(* YOU HAVE A MINIMUM SCALAR VARIATIUN BF*I10}
FORMAT(* YUU HAVE A MAXIMUM SCALAR VARIATION OF*[10)
GO Tu 21¢C

PRINT 2C7,MINI MAXI

LABL=]

PRINT 242

IMINI=23C00C$IMAXI==-200000

CUNTINUE

FURMAT(=* MUST TERMINATE PRJSRAM EXECUTIUN wlTH A MODE 4 FATAL ERRO
1R*)

GU T 216

CUNTINUE

PRINT 214

AZERO=0.0

AX=BX/AZERD

AY=AX*AX

CONT INUE

CONT INUE

IF (ICUDELEQ.9) 219,220

IF (MINNAX.NE.O) PRINT 208,1MINI

IF (MINMAXJNELO) PRINT 209, IMAXI

IF (MINMAX.EG.O) PRINT 208,MINI

IF (MINMAX.EQ.0) PRINT 209,MAXI
TADDI=(=1)%{10000}*(MINL/13300)+13C0C
MINI=MINI+IADUL $SMAXI=MAXI+1ADDI

GO TO 221

262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
211
2178
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
2917
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320



220
217

218

221

100
1133

103

1103

105

150

705

703

IF (MINMAX.EQ.O) 217,218
IF (I1Z.LT.MINI) MINI=IZ

IF {1Z2.6T.MAXI) MAXI=IZ

GO TO 221

CUNTINUE

IF (I1Z.LTLIMINTL) IMINI=IZ
IF (1Z.GT.IMAXI) IMAXI=1Z
CUONT INUE

B{1)=FLOAT(IX)
BL2)=FLOAT{ 1Y)

I1JuMp=-1

IF (ICODE-9) 100+1133,105
CONTINUE

CALL CKPUINT {B{(L).Bl2),1Z,1PTUK,ICODE)
IF (LIPTOK.EQG.-1}) GO Tu 104
CONTINUE

ICNT=ICNT+1

DU1,ICNT)=8(1)

D{2, ICNT)=8(2)
B{3)1=FLOAT{1Z)

D3, ICNT)=B(3}

IF (ICODE.LT.3) GO TO 1904
CONTINUE

DO 700 J=1.,I1CNT

IF (D(1,J)EQ.TEST) GO TD 730
DO 750 1I=1,3

GRAD(II)=0.C

BB(II1,1)=0.0

0O 750 [J=1.,3
AALLTL.14)=C.0

CONTINUE

DXMX=DYMX=-1030.0
DXMN=DYMN=+1000.0

DU 705 N2=1.3
GRADCOINZ2+11=DIN2yJ)
CSAVE(N2)=D(N2.+J)
RSAVE=0.0
RSUM=0.0%RMAX=0.0

INUM=0

JNUM=0

DO 771 iD=1,100
RLAST=RSAVE
RSAVE=RSAVE+DIST/(10.0)

DU 701 I=1,ICNT

R=0,0

IF (INUMJ.EOQ.100) GU TO 701
IF (D1, 1).EQaTEST.ORI.EQeJ) GO TO 701
D3 703 Nl=1.2
IF(N1.EQ.1)DX=CSAVE(N1)-DI(NL1,1)
IF(N1.EQ.2)DY=DSAVE(NLI)-DI(N1,1)
R=R+(DSAVE(N1)-DIN1,1)) %%2
R=SQRT(R)

IF (R.GT.RSAVE) GU TO 701
[F (RJLELRLAST) GO TG 701

IF (ABSU(DSAVE(3)-D13,1)) ) /R453T.TANG,ORLABSIDSAVE(3)-D(3

1,1)).GT.1DMX) GO 10 701
KADD=-1
IF (INUMLGE.KMAXL1) T773,7774

321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
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351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
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367
368
369
370
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372
373
374
375
376
377
378
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773

174

775

1174

707
701
771
172

712

7790

22

BO 775 11G=1,INUM

IF (RMAX.EQWRS{110)) 774,775

CONTINUE

KADD=KADD+1

I1F (KADD.GT.0) o0 T8 7774

CONTINUE

GO TLU 772

CONTINUE

[F (R.GT.RMAX) RMAX=R

INUM=INUM+L

RS{INUM)=R

DO 707 N4=1,3

DXMX=AMAXLIDXMX,DX)

DYMX=AMAXL1(DYMX,DY)

DXMN=AMINI{DOXMN,DX)

DYMN=AMINI {DYMN,DY)

BSAVE (NG, INUM)=D(NG,I)

CONTINUJE

CUNTINUE

CONTINUE

I (INUMJLT.KMAXL) GO T3 751

DO 712 12=1,INUM

RSUM=RSUM+( 1. 0-RS(I2 V/RMAX V%25 (RS {I2) /RMAX) %%S

RWSUM=RSUM

INUMI=]INUM-1

DG 710 Il=1l,INuUmMl,1

NNUM=11

JNUM=T1+1$SUMSUL=3.0%5UMSQ2=2.0

DO Tlu 16=J3NJm, INUM,1

DO 770 J6=1,3

GRADCGU{JEL2)=BSAVELJ6,11)

GRADCOU J6+3)=8BSAVE(JO,16)

IF (J6.EGL3) GU TO 770

SUMSQI={GRADCO(J6+2)-GRADCO(JB+1)) %*2
SUMSWZ2=(GRADBCI{J6+3)-GRADCOULIIO1) ) %%x2

CONTINUE

I+ (SUMSL1.EQ.0.0) GO TO 710

IFf (SUMSW2.EQ.0.0) GO T3 710

RTSMSQ1=SORT(SUMSQL)

RTSMSG@2=SURT{SUMSY2)

SALPHAL=ABS(GRADBCU{2:21/KRTSMSQL)

SALPHA2=ABS ({GRADLO(2+3)/RISMS5Q2)

CALPAHAL=ABS{GRADCUI(1,2)/RTSMSQ1)

CALPHAZ2=A8S(GRADCG(1+3}/RTSMSQ2)
SDIFALP=SALPHA2*CALPHAL1—-CAL?HA2*SALPHAL

IF (ABS(SDIFALP )=-0G.17365.LT.0,0) G T3 710
DG=GRADLG(L+1)*(GRADCOI 292} *GRADCO(3,3)—-GRADCO(3,2)%#GRADCAU(2,3))
1-GRABCO(2,1 3 *(GRADCU{1,2)*GRADCU(3,3)-5RAIC0C(3,2)*GRADCO{(1,3))
2+GRADCO(3, L) *¥{GRADCO(L,y2)%GRADCO(2+3)-5RADC012,2)%¥GRADLO(1,3))
IFIDL.EQ.C.CIGO TO 716
GRADI(1)=(GRADCO(2+2)*GRADCOI3,3)-GRABCO(3,2)*GRAJICI(2,3)-GRADZI(2,
11)%(GRADCO(3+3)-0oRADCOI{3,2))+GRADCO(3,1)*%{5RAIC0U{2,3)-GRADCO(2,2})
2)/D6
GRAD{2)=(GRADCU(1+1)%(GRADCTO(3,3)~-GRADCO(3,2)})~-(GRADCO{3,3)%5GADLO
1{1,2)-GRADCUI3,2)*GRADCI(1+3))+(GRADCO(3,1)*(5RALC0O{1+2)-GRADZI(1,
2311))/06
GRAU(3)={GRADCO(1,+11%{GRADC0O(2,2)-GRADLO(293))-GRADCO(2,1)*{GRADCO
1{1¢2)-GRADCU(L1,3) ) +GRADCOL1,2)%*GRADCO{2,3)-GRADCO(2,2)*GRADCO(1,3)
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711
710

1700

780

781

700

176

21706

RW=SQURT(IDSAVE(L)-BSAVELL,11))**2+{DSAVE(2) -BSAVE(2,11))%%2)/RMAX

w=SCRT((1.0-RW)*¥2*KKEXS/RNSUM)
E{1)=wx(3SAVE{L,I11)-LSAVE(l})
E(2)=W*(BSAVE(2,11)~-CSAVE(2)})
E{3)=w*x(BSAVE(3,11L)-DSAVE{3}))
DO 711 Jl=1.3

BBLJL,»11=88(Jl,1)—-E(JL}*{E(L}I*GRADILI+E(2}*GRADI(2)+E(3)*GRAD(3))

1%(-1,0}

DO 711 J2=1,3
AA{JL+d2)=AA(J L J2)+E(JL)*ELJ2)
CONTINUE

CONTINUE

IF (UNUMJEG.1) GO TO 7890

CALL MATINVI{AA,3+8B+1,DETERM,IPIVOT,INDEX,3,ISCALE)
DO 1700 1A=1,3

Iv=LEGVAR(BB(IA,1))

IF (IV) 751,1720,751

CONTINUE

IF (DETERM.EV.0.0) GO TO 751
DC=B3(3,1)

A{J)=B8B(1,1)

8lJ)=88(2,1)

[F{IOC.ETaCe0) aANDe{A(JI)eEQeDe0) eAND(B(J)EQ.DILI)) GO TO 751
BB(3,1)=0C/SQRT{DC**2+A(J)*%2+8(J)**2)
GU TO 781

CUNTINUE

A{ J)=GRAD(1}

BtJI=GRAD(2)

DC=GRAD(3)

Gu TO 751

CUNTINJE

TXY=(DYMX-DYMN) / { IXMX-DXMN)
BB(3,1)=ABS(BB(3,1))

IF (3B(3,1).LT.CSLOPE) GG TJ 751
AlJ)==-At3)/0C

BlJl=—-8(J)/0C
ClII=—LALJIXDSAVELL) +BL J)*DSAVEL2)-DSAVEL3)})
G0 TO 700

AlJI=TEST

B3(4)=TEST

ClJI=TEST

CONTINUE

DO 720G 1=1.KK
X=KURE{LY+DIST*FLIAT(I-1)}

DO 720 J=1,44
Y=KORN{L1)-DIST*FLOAT(J-1)

RMAX=0.0

RSAVE=0.0

INUM=0

DO 742 L=1,1G3

RLAST=RSAVE

RSAVE=DIST#FLOAT(LI/Z(13.0)

DO 744 1I=1,ICNT

KADD=~-1

IF (INUMJGE JKMAX) 776,7777

BO 778 I3=1,INUM

IF (SORTH(D(L, LI =-X)%%24{0(2,11)-Y}%*%2) .EQ.RMAX)} 777,778

437
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471
472
473
474
475
476
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481
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117

778

17717

741
742
744

730

731

120
3333

24

CONTINUE

KACD=KADD+1

IF (KADD.GT,0) GO TG 7777

CONTINJE

GO T 744

CONTINUE

IF (ALI]) EJ.TESTLANDBUII)EQL.TEST) GO TO 741
DR=SURTI(D(L.I1)-X)*%2+(D(2,11)-Y)*%2)

IF (DR.GT.RSAVE) GO T(O 741

IF (DR.LE.RLAST) GO TG 741

IF (DR.GTRMAX)} RMAX=DR

INUM=INUM+]

InCINUMY=T1

CONTINJE

CUONTINUE

CONTINUE

IF{INUMLEQ.0IGO TO 720

RD=0.0

B0 730 I1=1,1NUM

T4=1K{I1)
R=SORTILIX=D(1e 14D ) *=%2+(Y-D(2,14))%%2}/AMAX
RD=KD+ 11 0~R} ##24R%x%S

IF(RDLEQ.O0.,C)GU TO 720

DO 731 I12=1,1INUM

Ia=IK(12)
Ro=SURTIIX=C(1+I4))%*2+{Y-D(2,[4))%%x2)
MAT(J2 II=MATLI 2 11+ (Lo 0-RS/RAMAX)*#2¥{RS/RMAX} ¥=S/RO%{CII&4)+ALL1%) %X+

168014)%Y})

CINTINUE
MAT(J,1)=MAT(J 1} +]IADDI
CONTINUE

RETURN

END
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Subroutine REGRID

REGRID first scans the depth matrix generated by GRIDIT to evaluate its maximum
and minimum values (IMAX and IMIN) as well as the number of zero (unfilled) elements
therein. If a border column or row contains all zeros, the matrix dimensions are reduced
by TESTI

Each zero element is filled and checked by REGRID, Further, the slope between
each pair of adjacent elements in the matrix is checked. If the slope exceeds either
TANG or IMAX or is less than IMIN, the element is first rejected and then evaluated

again. It is possible for this routine to reject the entire depth matrix and terminate the
job.

SUBROUT INE REGRID 528
INTEGER AGAIN 529
DIMENSION I(60,60) 530
COMMON /BLK1/ 1 531
COMMON /BLK3/ KM,LM 532
COMMON /BLK4/ DISToTANG,M 533
COMMON /LIMITS/ MINI,MAXI,IADDI 534

600 FORMAT (% MINIMUM ELEVATION PRLOR TO SMOOTHING = *110) 535
601 FORMAT (% MAXIMUM ELEVATICN PRICR TO SMOOUTHING = ¥[10./) 536
602 FORMAT(/,.% MINIMUM ELEVATION AfTER INFERPILATIIN ETC = %*,]110,/) 537
603 FORMAT (% MAXIMUM EXPECTED SLOPE BETWEEN TAO CONSECUTIVE GRID POI1 538
INTS = *%,F15.5) 539
604 FORMAT (2016) 540
605 FORMAT (10I5) 541
607 FORMAT (% UNSMOOTAHED DEPTH MATRIX* //) 542
606 FORMAT (* SMOOTHED DEPTA MATRIX*//) 543
25 FORMAT (110.,110) 544
6 FORMAT (13,F10.0,F10.5} 545

5 FORMAT (2014) 546
IF MINI.LT.100G) 300,302 547

300 PRINT 301 548
301 FORMAT(* YOU ARE IN SUBROUTINE REGRID WAITHA A MINIMUM SCALAR VARIAT 549
110N WHICH IS TOO SMALL*/% CHECK LAST MINIMUM SCALAR VARIATION IF 550
2PROGRAM FAILS TO EXECUTE PROPERLY*) 551
302 CUONTINUE 552
310 FORMAT(1H1,% THE FOLLOWING INFORMATION REGARDING YJUR UNSMOIOTHED D 553
1EPTH MATRIX IS FURNISHED*///) 554
311 FORMAT(/) 555
312 FORMAT(1lHl,* THE FOLLOWING INFORMATION REGARDING THE SMOUGTHED DEPT 556
1H MATRIX IS FURNISHED*///) 557
PRINT 310 558
CALL TESTI 559
PRINT 311 560

M=1 561
MCNT=0 562
PRINT 607 563

DO 711 K=1,KM 564
PRINT 604y 1(Ksd) yJd=1,LM) 565

DO 711 L=1,LM 566

IF (I(KsL)aLToMINLI.ORcI{KyL)<GT.MAXI) [(KsL)=0 567

If (I{KyL)eEQeO) MCONT=MCNT+1 568

IF (I(KsL).NE.O) 800,801 569

25



O

€

800
801
711

313

314

701
102
703
710

315

700

11

10
13

12
15

14
17

16

26

IF {MCNT.GT.M) M=MCNT

MCNT=0

CONTINUE

CONTINUE

PRINT 312

IF (M.EQ.0}) PRINT 313

FORMAT{* IT HAS BEEN DETERMINED THAT EACH ELEMENT OF YOUR UNSMJOTH
1ED DEPTH MATRIX IS FILLED*/% NO ELEMENT WAS FOJND TO EXCEED THE LI
2MITS ESTABLISHED BY YOU*/)

IF (MJNE.O) PRINT 314
FORMAT(* IT HAS BEEN DETERMINED THAT EACH ELEMENT OF YOUR UNSM3IO0TH

1ED DEPTH MATRIX IS INADEQUATELY FILLED*/)
CALL TESTI

PRINT 311

JCNT=0

ICAEAT=0

THIS SECTION FINDS MIN AND MAX DEPTHS
IMIN=20000

IMAX=-10000

DO 710 K=1,KM

DO 710 L=1,LM

IF ([{KsL).GT.IMAX) 701,702

IMAX=T(K,L)

IF {T(KsL) e LT IMINCANDSI(K L) GTLO) 703,710
IMIN=TI(K,L)

CONTINUE

MAXL=IMAX-1ADDI

MINL=IMIN-TADDI

PRINT 315

FORMAT (* REGRID WILL NOT PERMIT THE INTERNAL ELEMENTS OF I TO EXCE
1ED THE FOLLGOWING LIMITS%/)

PRINT 600,MINL

PRINT 601 MAXL

ICNT=0

AGAIN=500,0

Kl=KM-1

Ltl=Lm-1

IF {(M.EQ.0) 1001,1

CONTINUE

THIS SECTION LINEARLY INTERPOLATES TO FILL MISSING INTERIOR GRID P
DO 20 K=2,Kl1

DG 20 L=2,L1

IF ¢1{KyL)-EQ.0) 10,11

T{KL)=T(KoL}

GO TO 20
IF (I(K-1,L)+EQs0CRI{K+1yL).EQ.0) 12,13

(Ko LI=1I{K=1 L) +1(K+1,L))/2
GG TO 20
IF (I(KyL—-1)+EQeD.ORI{KyL+1}.EQ.0) 14,15
I(KoL)={TIKL-1)+1(K,L+1))/2
GO 7O 20
IF (T(K+1oL}eEQaD ORWI{KyL+1).EQ.0) 8,17
HKyL)={T{K+L L} +T{K,L+1)) /2
GO TO 20
IF (I(K-IQL,oEQoO.DR.I(K'L-l’oEQQO, 16'7
KoL )= I(K-1L)+I(KsL=-1}1)7/2
Go 10 20
‘.F ‘1‘K'L"'l,-E0.0.DR-I(K-IOL,QEQIO, 18'19
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91

90

51

50

31
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56

55

36

35

61

60

671
672
670

[(RsL) =(I(KoyL+1)+1(K-1,L))72

GO TO 20

IF(I(K+L oL} oEWJ.0.0OReITKyL—1)+EQ.0)20,21
I(KyL)=L I{K+L,L}+T(KyL=-1)1}/2

CONTINUE

ICNT=ICNT+1

IF (ICNT.EC.M) 23,1

CONT INUE

FILL BLANKS f(1,L) B8Y LINEAR INTERPOLATION
DO 90 L=2,L1

B3O 90 K=1,1

IF (I{(K,L).EQ.O) 91,90

IF (I(KoL+1 ) eEQeOeORaI{KyL-1)EQs0}) 90,92
I{KeL)=(I(K,L+1 )+ T{KoL-1))/2

CONTINUE

FILL BLANKS I(1l,L} BY EXTRAP3LATION

DO 50 L=1,LM

DO 50 K=1,1

IF (I(KsL)eECsOeANDS{I(K+1)L)eNEsOJANDLI(K+2,L} NE.O)) 51,50
J=I{K+1l,L)-1(K+2,L)

I (KeL)=11K+1,L)+J

CONTINUE

FILL BLANKS I{K,1) BY LINEAR INTERPCLATION
DO 30 K=2.,K1

DO 30 L=1l.1

IF (I(K,L).EG.0) 31,30

IF (I(K#1,L)EQeO.OR.IIK-1,L)EQ.0) 30,32
Ko L)=( LUK+ LI+ I(K=-1,L D)) /2

CONTINUE

FILL BLANKS I{(K,1l) BY EXTRAPOLATION

DO 55K=1,KM

DO 55 L=1.1

IF (I(KsL) e ECeDoAND (I (KsL+1) e NEcOLANDS (KoL +2) NELO}} 56,455
JEI{KsL+1)-1{K,L+2)

I{KL)=T(K,L#1)+)

CONTINUE

FILL BLANKS 1({xkM,L) BY LINEAR INTERPILATION
DO 35 K=KM.+KM

DO 35 L=2.,L1

IfF (LIKWL)EGQC.O} 36,35

IF (L(KsL+1)eEJeOQORMI(K)L-11.EQs0) 35,37
T(KsL)={I{KyLe)+1(KL-1})/2

CONT INUE

FLLL BLANKS 1(KM,L)} 8Y EXTRAPULATION

DO 60 K=KiMsKM

DO 66 L=1,LM

IF (LUK oL)aBEQe 22 ANDo{I{K=LoLl ) NE2OcANDSI(K-24L) NELO}) 61460
J=1{K=1,L)—-L(K-2,L)

I{KyL)=1(K-1,L)%+J

CONTINUE ‘

FILL BLANKS 1(K,LM) BY LINEAR INTERPOLATION
DO 670 K=2,K1

DO 670 L=LM,LM

IF (T(KsL).EQ.0) 6714670

IF {I(K+1,L)EQe0.URSIIK-1,yL)eEQeT) 670,672
IiKeL)=(I{K+1 L) +1(K=1yL))/2

CONTINUE

FILL BLANKS I{K.LM} BY EXTRAPULATION

DO 65 K=1l,KM
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DO &5 L=LM.LM
If (I(K,L,-EQ.O-AND.(I‘K'L“l)oNE.O.AND.l(KrL—Z)oNE-O), 66’65
65 J=I{K,L-11-T(KsL=-2)
(K L)=T(K,L-1)4+J
65 CONTINUE
AT THIS POINT ALc BLANKS ARE FILLED
1001 CONTINUE
ICNT =0
1F (JCNT.GTL.0) 999,998
998 CONTINUE
DG 997 K=1,KM
DO 997 L=1.iM
IF (I{KeL) oGT e IMAX,ORGI{KyLYSJLTLIMIN) 996,997
996 I{K,L)=0
352 FORMAT{(* BE CAUTIOQUS OF ELEMENT T(*I2%,%]2%)%)
PRINT 350.K.L
ICNTI=ICNTI+1
997 CUNTINUE
M=208%JCNT=1
[F {ICNTILEWU.0) S0 TO 999
GG TO 7CC
999 CUNTINUE
4 FORMAT (2X,2015)
IF (L(LsL)oGToilie2))70,77
77 AIN=I{1,1)
GU 70 78
76 MIN=I1{1.,2)
76 CONTINUE
DO 75 K=2.K1
DU 75 L=2,11
IF (1{KeL)eGToMIN) 75,80
80 CUNTINUE
MIN=I{K,L)
75 CONTINUE
MINL=MIN-TADUI
PRINT 502+MINL
IF (JCNT.EQ.3) Gu TO 305
IF (MIN.GE.1CGOO) 81,303
3C3 IFf {JCNTL.ED.1) 304,305
304 PRINT 306
306 FORMAT(* MINIMJUM SCALAR VARIATION IN INTERNAL ELEMENTS OF I MATRIX
1 IS TOO SMALL=/* WILL TRY TO SMOOTH AND THEN EVALUATE AGAIN%/)
G0 TOU 81

305 PRINT 307
307 FORMAT(* HAVE TRIED 10 EVALUATE DEPTH MATRIX*/%x 4ILL PRINT I MATRI

1X BEFORE TERMINATING YOUR JOB*/% PLEASE CHECK AND RESUBMIT*//)
DO 320 K=1,KM
PRINT 604+ (1{KsL)sL=1,LM)

320 CONTINUE

PRINT 308
308 FURMAT(* PUSSIRLE REASONS FOR FAILURE*//7% ABSOLUTE VALUE OF MINIMU

1M AND MAXIMUM SCALAR VARIATIINS MAY BE TOO LARGE*/%* DISTANCE BETHWE
2EN GRID POINTS NEEDS ADJUSTING*/% INSUFFICIENT CONTROUL POINT JENSI
3TY%/%  MAXIMUM SLJPE BETWEEN OATA AND/JR GRID POINTS NEEDS ADJUSTI
4NG %)
PRINT 309
309 FURMAT(* PKGGRAM EXECUTION TERMINATED WITH A MIDE 4 FATAL ERRIR%*)
AZERG=0.,0
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82

9912

81

100

103
102
106

105

200

203

202
110

651
650

501
500

AX=BX/AZERO

AY=AX*AX

CONTINUE

PRINT 606

DO 9912 K=1.,KM

PRINT 604+s(1(KsL}sL=1,LM)

CONTINUE

REWIND 8

RETURN

TAM=TANG

PRINT 603,TAM

PRINT 311

K2=KM-2

L2=LM-2

DO 95 K=1,K2

DO 95 L=1.L2

KP1=K+1

KP2=K+2

LP1l=L+1

LP2=L+2

T1=ABS{( (K L)=I{(KP1,L))/DIST)
IF (TAM-T1) 100,95,95

T2= {I(KPL,L)-L(KP2,L))/DIST
13=ABS(T2)

IF (TAM-T3) 102,103,103

TR L)I=I(KP L, L)+ (I (KPLyL)-T(KP2,L)}
GO TGO 95

T4=ABS{ (I(K,LPL)-1{K,LP2))/DIST)
IF (TAM-T4) 105,106,106
T(KoL)=T(KoLPL)+(I{KWLPL)-T(K,LP2)}
GG T0 95

[{K,L)=0

CONTINUE

DO 110 K=1.K2

DU 110 L=1,L2

LPZ=L+2

KP2=K+2

LP1l=L+1

KP1l=K+1

T1C=A8BS{ (L(KoL)-T{KsLPL)}/DIST)
iF (TAM-T10) 2C0,110,110

T20=( (Ko LPLY-1(K,LP2))/DIST
T30=ABS(T720)

I[F (TAM-T30) 202,203,203

LKy L 1=T(Ks LPL)+(IAKHLPLI-T(K,LP2})
GO TO 110

I(K.,L)=0

CONTINUE

DO 650 K=1,KM

DO 650 L=1.LM

IF (I(KsL) o GToIMAXLORMIUK L) LTLIMIN) 651,650
[{K.,L}=0

CONTINUE

D0 500 K=1,KM

DG 500 L=1.LM

IF (I(KsL).EQ.0) 501,500

AGAIN=0

CUNTINUE

JONT=JCNT+]

IF (AGAIN.EQ.,D) 7G0.,82

END
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Subroutine CKPOINT

CKPOINT is responsible for averaging the scalar variation of any control point
which has been observed more than once.

SUBRUUTINE CKPOINT (XINLl,YIN1,ID0EPL,IPTOK,ICUDE) 806

I (1CODE.EW.9) GO TO 1124 807

IF (IPTOK.EQ.D) 103,105 808

1123 CONTINUE 809
IDEP2=IDEPSUM/ IDENOM 810
IDEPSUM=0 811
IDENOM=1 812

GO TU 1133 813

1113 IDENULM=IDENCM+1 814
{DEPSUM=]DEPSUM+IDEPL 815
IPTOR==1 816

G0 TO 104 817

103 IPTOK=-1 818
IDENCM=1 819
XIN2=XINi 820
YIN2=YIN] 821
IDEPZ=IDEP1 822
IDEPSUM=IDEP2 823

GO 1O 194 824

105 CUNTINUE 825
IF (YINL.EQ.YIN2.ANDXIN1.EQ.XIN2) GO TO 1113 826

1124 IF UIDENOM.GT.1) GO TO 1123 827
1133 CONTINJE 828
TEMP=XIN2 829
XIN2=XIN1 830
XINLI=TEMP 831
TEMP=YINZ 832
YINZ=YINL 833
YINI=TEMP 834
TEMP=1DEP2 835
1DEPZ2=1DEP1 836
IDEPLI=TENP 837
IDEPSUM=IDEP2 838
IPTGK=1 839
IF(ICODE.EQR.9)IPTOK=0 840

104 RETURN 841
END 842
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Subroutine TESTI

TESTI scans the depth matrix for border rows and columns for which the sum is
zero, If this condition occurs, the appropriate dimensions of the matrix are reduced.

SUBROUTINE TESTI 843
REAL MINWRDZ2 s MAXAWRDZ »MINWRD3 ,MAXWRD3 844
DIMENSIGN IROA(2),1C0LL2) 845
COMMCN /BLK1/ 1160,60) 846
COMMON /BLK3/ KMyLM 847
COMMON /BLKS5/ MINWRDZyMAXWRDZ2yMINWRD3+MAXWRO3 848
COMMON /8LK4/ DIST 849
101 CONTINUE 850
DO 106 J=1,2 851
IROW(J) =D 852
DO 100 K=1l.LM 853
IF (I(JsK}1oGTe0) IROK(JII=IROW(J)+1 854
100 CUNTINUE 855
IF (IROW(L1l)+IR0OW(2).GT.0) GO TO 302 856
DO 300 J=l.KM 857
DO 300 L=1,LM 858
300 ICJ.L)=10J+1,L) 859
KM=KM=-1 860
MAXWRDZ2=MAXWRD2-D1IST 861
GO TO 101 862
302 J=KM 863
IR=0 864
DU 301 L=1.,LM 865
IF (((JsL)aGT.0) IR=IR+1 866
301 CONTINUE 867
IF (IR.GT.0) 201,304 868
304 KM=KM-1 869
MINWRD2=MINARD2+DIST 870
GO TO 302 871
201 CUNTINUE 872
DO 200 K=1,2 873
ICOL(K})=0 874
DO 200 J=1.KM 875
IF {1(J,K).GT.0) ICOLIK)I=ICOL(K)+1 876
200 CONTINUE 877
IF (ICOL(L)+1ICOLI2)Y.GT.0) GO TO 402 878
DU 400 L=1.0LM 879
DO 4C0 J=1,KM 880
400 Il0JsL)=1lJd,L+L) 881
LM={M~1 882
MINWRD3=MINWRD3+DIST 883
GO TGO 201 884
402 J=LM 885
IR=0 886
DO 401 L=1,KM 887
IF (L(L+J).CGT.0) IR=IR#1 888
401 CONTINUE 889
IF (IR.GT«0) 531+404 890
404 LM=LM-1 891
MAXWRDO3=MAXWRD3-DIST 892
GO TG 402 893
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501 CONTINUE
PRINT 1,MINWRDZ +MAXWRD2,MINARD3,MAXKRD3

1 FORMATI(/,
1ADJUSTED BUUNDARIES UF DEPTH MATRIX*//% MINIMUM Y#*E16.8% MAXIMJM Y

1%E£1648, /% MINIMUM X*E16.8% MAXIMUM X*E16.8)

32

RETURN
END
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Subroutine CONVERT

Program variables are scaled to plot dimensions and converted to inches by
CONVERT.

SUBRKUJT INE CUNVERT (X)

CUGMMON /3LK2/7 KORE(4) ,KORN{4),IFYPSCLE
CLUAMUN/ BLK14/ UNITCNVTJIN
X=X*UNIT/(SCLE*CNVTUIN)

RETURN

END

901
302
903
904
905
936
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Program CKZFIT

CKZFIT is the second of three overlays which are subordinate to COUPLE,
CKZFIT establishes the X- and Y-coordinates of each element within the depth matrix
and stores each within the appropriate array table and reorganizes the I matrix into a
one-dimensional array. Each of the array tables and each control-point X- and
Y-coordinate are part of the argument listed for the CALL statement to DISCOT, a

system routine. DISCOT uses linear interpolation to find the scalar variation predicted
by the depth matrix at each. X and Y control-point position. The real and predicted
control-point scalar variations are stored in turn by CKZFIT. Subsequent to reading all

the control points, subroutine SUB1 is called.

UVERKLAY (LINKy>343)

PRUurRAM CKZFILT

DIMENSICON XTAB(6J) +ZTAB(6C)»YTAB(3600)+1(00,60),ARG{100),2)
DIMENSICN KURE(4) JKUKNIT4)

DIMENSION YYTASIn)»60)

EQUIVALENCE (YYTAB.YTAB)

COMMECN /3LK1/7 1

LadMmun /8BLKZ2/ KORre o KORN

COMMUN /BLK3/ KM.LM

CCHAMUN /B8LK4&4/ DIST

COMMON /LIMITS/ MaNL.MAXTITADDIE

CuvmON FLUINKOC/Z LINK.RECZALL

PRINT 1

L FORMATILALe* YLUR SHMUUTALU DEPTH MATRIX, I, IS PRINTED ABOVE.®/% A

1T 1riS PUINT THE SCALAR VARIATICN PREUVICTED BY 1 AT THE LJCZATIUN
20F EACH CUNTRGL PUINT®/% [S5S COMPARED WITH THE SCALAR MAGNITUDE COF
3THE CUNTRLL PUINT %/% A PLUT FOR FREJUENCY OF JCCURRENCE VS DISCRE
4PANLY FOLLOWS AS PART COF THI>S LISTING®)///7/77)

REWIND 7

YAAX=FLOATLRURNILY ) -FLOAT (KM—-1)*DIST

XMIN=FLIAT(KOKE(L))

ICNT=D

11=0

JU 1o L=1,.4M

XTAB (L)Y =XMIN+DIST=(FLJAT(L=-1))

I1=(60)*{L-1)

12=11+KM+]

JJd 1C0 J=1.KM

IF (Lebdel) ZTAB(JI=YMAX4DISTAFLOATIJ-1)

[i=12-J

YTABLIl)=10J,L)

100 CONTINJUE

LMlI=LM+1

KMi=KM+1l

DU 101 N=KMl,09

ZTASIINY =2 TABIKAY+DIST*{N~-KM)

DG 101 J=1.014

K={J=1)%{6T ) +KM

101 YYTAGB(NJ)=YTA3(K)

DO 162 iN=1.Kia

K={LM=L)% (60N

DO 102 J=LMl.59

XTAB{J=XTAB(LMAY+DISTX{J=-L M)

34

907
908
309
91¢C
911
912
913
914
915
916
917
918
919
320
321
922
923
924
925
926
927
928
929
930
931
932
333
934
935
936
937
938
939
940
941
942
343
944
945
946
947
948
949



102 YYTAS(N,»JI=YTAS(K) 950

202 CONTINUE 951
CALL RECIN(7,1 KKKy ICUDEsIXo 1Y, IZ,IDIST) 952
IF (EOF,7) 201,202 953
202 IF(ICODE.GT Q) GJ TO 201 954
KA=1X 955
ZA=1Y 956
CALL DISCOT{ZAWXA+ZTAB,YTAB»XTA3»111,3600,60,ANS) 957
ANS=ANS-FLOAT(IADOI) 958
ICNT=1CNT+1 959
ARGUICNT»14=12/(1300.21 960
ARG ICNT»2)=ANS/{1200.,0C) 961
GU TO 2C0 962
201 CONTINUE 963
CALL SUBLU{ARG,ICHIT} 964
RETURN 965
END 966
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Subroutine SUB1

SUB1 computes the discrepancy between the predicted and true scalar variations.
Each discrepancy is then categorized according to its magnitude as described under the
heading "Numerical Techniques" and is counted along with those discrepancies which
fall within the same category and which precede it in storage. SUBI, after processing
each stored variable, plots a frequency distribution curve of the discrepancies as part
of the listing, The plot is scaled to page size and begins with the first category for
which the ordinate is not zero and continues until all the nonzero ordinates have been
plotted. The total number of discrepancies which are found to fall within each category
is printed to the right of each ordinate in the event the user may be interested in its
magnitude. Further, the standard deviation and the mean value of all the discrepancies

are determined.

SUBKUUTINE SU3L1(ARG. NOPT)
DIMENSION ARGI10J0+23,CLASS2{(201),DIFF{1000)
DIMENSTON CLASS{201) »COUNTU2I1)9PERCENT(231)1IN(2}
DIMENSION IGRO(11),1ABSC(221),LIRD(201),A3SC{201), XM(2),YML(3)}
ITAPE=5LTAPLEY
CNTMX==200.C
REWINEG 7
SUM=5UMSE=681=82=0,0
1SuM=0
DU 26 I=1+2C0C
20 CLASS(I)I=(I-1011#(0.02)1+C.01
DU 40 I=1,201
40 COUNT(I)=0
D0 130 J=1.NUPT
IF (ARG{J,1),EW.1000C00,0+3R4ARG(I,2)+EQ.1000000.0) GU TD130
DIFFER=ARG( J,2)-ARG{Jy1)
SUM=SUM+DIFEER
[SuM=1SuUM+1
SUMSC=SUMSQ+DIFFERF%2
N=J+1
IF(JsEG.NCPTIGU TO 45
DU 30 I=N.NCPT
IF (ARG{I 1) oEQelUCLCUC00RLARGII »2).E3.1000522.3) GO T3 30
DAKGLI=ARGII+1})-ARG(J,y1)
DARG2=ARG(1,2}-ARG(J+2)
VELAKG=DAKG2-DARG1
30 CUNTINUE
133 CJINTINUE
45 CONTINUE
AV=SUM/FLUAT(ISUA)
SIGMASI=SUMSW/FLOAT(ISUM)—AV %2

DO 75 I=1,2u0
CUUNT(I)=0

75 CLASS2([)=01-191)*(0.,02i+(0.01 1
DO 131 Jd=1yNGPT 1
IF (ARGIJ»1)eERL,LCUOCCO00.0R4ARGLJ,2)eEQ.1000000.0) GO T3131 1
DIFFER=ARG(J,2)-ARG(J, 1} 1
Bl=Bl+{DIFFER-AV)*%*3 1
B2=B2+{DIFFER-AV) %4 1
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17
78

79
131

89

301

3CJ

303

304

302
200

DIFFUJ)=CIFFER-AV
DO 77 I=1,199
IF{DIFF{J)eGELCLASS2( 1) s ANDMDIFFIJ) JLE.CLASS2(I+1))G0C TO 738

CONTINUE

GU 106 79

COUNTUI+1)=COUNT(1+1)+1.C

CONTINUE

CONTINUE

DU 8C [=1,23C

IF (CULUNT{L)«GT.CNTMX) CNTMX=COUNT(I}
CLASSZ2{1)=(CLASS2{ 1) +0U.0L}*120J.0

LSCALE=IFIX{CNTMX) /10C+1]
JLAST=0%JVAX=0

DU 7C I=1,20¢C

LASSC{I)=CLASS211)
LORDUI)I=1FIX(CIUUNT(I)}/FL3AT(ISCALE})
i (LORD(I).oT.0) JMAX=JMAX+]

IF (1.LE.11) TJROD(T)=1-1

IF (1oLlTe964IR.14GTo106) ABSC(1)=2H
CONTINUE
ABSC( 36)=2H
ABSCH( 97)=2H
ABSC(98 )=2H
ABSC(99 )=2+
ABSC({1900)=2H
ABSC(101 =2+
ABSC(10D2)=2H
ABSC({103)=¢2H
ABSL(104)=2H
ABSC11051=2H
ABSC(106}=2H
ISTART=1CH
[IEND=ISCALE*1D

PRINT 301,(10R0(1),0=1,110,1END

<M ZPUVMEOV =T

FORMATU(D2X s ¥*FREQUENCY UF CCCURRONCE®R/23Xe LIT10y%X%[ 4%  NUMBER*)

ISYMB=1LH=*

IsyMpl=1R

DU 20C i=1,2Co

J=L0kO{ 1}

JO=IFIX{COUNT (1))

IF (J 0T eUsANUWIJLAST.EQ.C) JLAST=1

IF (J.EJ.0) GU Tu 303

JMAX=JMAX~1

Jd=J+1
PRINT300,A35C(I )2 TABSCHUI) s (ISYMByK=19J)y {LSYMSLsJK=JJy1I0)
FORMAT(1H+,A2,110,112A1)

Gu T0 304

CUNTINUE

IF (JLAST.EUD URGJIMAXSLELC) GU TGO 200
PRINT 300,ABSC{1}),IABSCI{1)

CUNTINUE

PRINT 302,40

FORMATI(115X,i10)

CUNT INUE

PRINT 2+¢AV,sSIGMASY
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2 FORMAT(* ALL CUNTRUL POINTS HAVE BEEN CUMPAREJS AND THE RESULTS ARE
1 SHuUwN*/% 1T WAS DETERMINED FROM THE CIMPARISINS TAHAAT THERE WNAS A%
2/% MEAN LIFFERENLCE =%Elb6.8,/7% AND A%*/%x ST DEV =%El156.8, /% THE DE
3PTH MATRIX wllLt NUN BE PLITTED*/%* A TWd DIMENSIGNAL CONTOUR CHART
4wllt BE PREPARED wWwilh A SUITABLE OGRID*®/* EACH GRID LINE REPRESENTS
5 AN INTEGRAL MULTIPLE CF DISPGRD{SEE INPUT INSTRUCTIONS) /% AND T
6AL CUNTUOURS ARE POSITIUNEL RELATIVE TUO THIS GRID*/* PLOTTING BEGIN
7S WiTH TAE UPPER LEFT HAND CORNER UF THE DEPTH MATRIX*/)

RETURN
END
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Program AUTOCON

AUTOCON is a very complex program which contains the necessary decision-
making logic for managing the indexing, the computation, and the plotting of the contour
line segments which cross each pair of adjacent triangles obtained from each 3 by 3 sub-
matrix contained in the depth matrix. The basic concept is described in the section
"Contour Plots." Further, AUTOCON establishes first a grid of equally spaced lines,
each of which is separated by the scaled equivalent of DISPGRD (an input variable), and
then it positions the plotted contours within the grid relative to the upper left-hand
corner of the grid. Each grid line represents an integral multiple of DISPGRD. Thus,
X-Y coordinates of the upper left-hand corner of the grid are the truncated values of

X = Minimum X/DISPGRD

and
Y = Maximum Y/DISPGRD

AUTOCON plots first the grid and establishes the origin of the plot, after which the
first two adjacent triangles in figure 2 are processed and then plotted. The program
indices are then reset for the processing and plotting required for the next two triangles
in figure 2, This process is repeated until the 3 by 3 submatrix is completely plotted,
after which the indices are reinitiated and a new 3 by 3 submatrix is considered.

AUTOCON possesses one option which permits the depth matrix to be plotted at a
finer grid spacing. If SPP (an input variable) is greater than one, the 3 by 3 submatrix
is subdivided so that a 2SPP + 1 by 2SPP + 1 submatrix is processed. The indexing is
automatic and SPP cannot exceed 8.

OVERLAY (LINK+3,2) 1071
PROGRAM AUTG CON 1072
REAL MINWRD2 yMAXWRD2 yM INWRD3 s MAXWRD3 1073
DIMENSION IDEPH(160,3) 1074
DIMENSION DEPTH(17,17) 1075
DIMENSION IEL{60,60) 1076
COMMON /BLK1/ IEL 1077
COMMON /BLK3/ MAT,MIT 1078
COMMON /BLK5/ MINWRUZ2sMAXWRD2yMINWRD3 4MAXWRD3 1079
COMMON /BLK6/ SP,SPP,LAST,AP » LINEUNT 1080
COMMON /BLKT/ NyNNsPX1ePYLysXMAX YMAXs XMAY,YMAY,CI 1081
COMMON /BLKS8/ SQX.SQY 1082
COMMON /BLKS/ PCS1X(20),P0OSLY(20),CCNT (20) 1083
COMMON /BLK1G/P0OS2X(20) 4P0S2Y(20) ,CONTAL20) 1084
COMMON /BLK11/7P0S3X(20) 4P0OS3Y(20),CONTB(20) 1085
COMMON /BLK12/P0S4X{20) 4P0S4Y(20),CONTC(20) 1086
COMMON /BLK13/PCS5X(20),P0OS5Y{20),CONTD(20) 1087
COMMUN /LINKDC/ LINK,RECALL 1088
CALL CALCOMP 1089
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9913

9914
1000

258

9942
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CALL LERQY
MINWRD2=MINWRD2/FLIAT(L INEUNT)
MINWRD3=MINWRD3/FLIAT(LINEUNT)
MAXWRD2=MAXWRD2/FLIAT(L INEUNT)
MAXWRD3=MAXWRD3/FLIATILINEUNT)

DO 9913 I=1,3

DO 9913 J=1,160

IDEPH{J,I)=C

DO 9914 I=1.17

DO 9914 J=1,17

DEPTH({I+J)=G.0

CONTINUE
Y20={MAXWRDZ-FLOAT(I FI X{MAXWRE21})})
X20=(MINWRD3-FLOGAT{IFIX{MINWRD3))}
IF (Y20.95T«G.0) Y2)=1.C-Y20

IF (Y20.LT.G.0) Y20=ABS{Y20)

IF (X20.LT.0.0) X20=X20+1
Y20=Y20%AP

X20=X20%AP
ILINE=IFIXIMAXWRD3) - IFIX{MINWRD3)
JLINE=IFIX{MAXWRD2} - IFIX{MINWRD2}
LINE CNT=0

IF(Y20+41 MAXWRD2-MINWRDZ2-FLOAT(JLINE) )*AP+0,5.GE.0.0) JLINE=JLINE+

11

IF {YZO+({MAXWRD3-MINWRD3-FLIOAT(ILINE})*AP+0.5.GE.0.0} ILINE=ILINE+
11

LINECNT=LINECNT+1

IF (LINECNT.LT.2) GO TO 258

X10=0.0

IF {X20-0e4.LE.0.0) X10U=X10—AP

IF (X20-0e4.LE.Q0.0) ILINE=ILINE*]1
Y10=—FLOAT{JLINE)*AP

CALL GRID (X104+Y10,APsAPsLINEsJLINE)
LDV=1.07AP

ORIGIN=FLOAT(IFIX{MINWRD3))

IF (X20-044.LE-0.0) URIGIN=0RIGIN-DCVX*AP
XDIST=ILINE*AP

YDIST=JLINE*AP

CALL AXES{X109Y1090e0sXDIST sORIGINJDVAP,DV41H +0.1,—1)
URIGIN=FLOATIIFIX{HAXKRD2) ) —FLOAT(JLINE)
CALL AXES{X10+Y10+904yYOIST JORIGINJDVAP4DV41H +C.1y+1)
Y2u=Y20%{~1aJ)

CALL CALPLT (X20.,Y20,-3)

CONTINUE

XMAT=FLIATU(MIT=-1)/2)%SP%2

XMax=xMAT

XMAY=—XMAX

YMAX=FLOAT({MAT=1)/2)1%5P%(2.0 )
YMAX=YMAX+L .05

YMAY=-YMAX

PY1=0.0

PX1=C.9

SP=5p/5PP

SJdX=5P

Swy=-5°P

SPX=SP

SPY=-5P

IF {(vIT.LT.2C) NuC=1

1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121

1122
1123
1124
1125
1126
1127
1128
1129
1130
1131

1132

1133
1134

1135
1136

1137
1138

1139

1140

1141

1142

1143

1144

1145

1146

1147



IF (MITLEQ.(MIT/20)%20) NOC=MIT/20 1148

IF (MIT.GT{MIT/20)%20) NCC=MIT/23+1 1149
21 K=0 1159
KK=0 1151
NX=NuC*20 1152
1S=5pPpP 1153
850 K=K+1 1154
IF (KK} 8850.,8851,8859 1155
850 JJ=K-1 1156
JK=K+1 1157
DO 8852 I=1,.MIT 1158
IDEPH( T »JJ)=1IDEPALT UK} 1159
8852 CONTINUE 1160
8851 CONTINUE llel
779 CONTINUE 1162
IF (KK-MAT) 9779,812,812 1163
9773 CONTINUE 1164
KKK=KK+1 1l6v
DO 9933 J=1.MIT 1166
IDEPH(JKI=TEL(KKK,J} 1167
9633 CONTINUE 11638
Tou KK=KK+1 1169
78¢ IF (K—3)S850+784,764 L170
9850 K=K+1 1171
GO 10 8851 1172
784 J=1 1173
K=1 1174
698 IX=1 1175
Iy=1 1176
L=1 1177
LL=L+1S 1178
LLL=LL+IS 1179
M=1 1180
MM=M+1S 1181
MMM=MM+TS 1182
K=1 1183
699 DEPTH(L +M)I=1UEPH(J.K) 1184
703 IF UIDEPA(JI+10K) 13,443 1185
3 IF (1DEPH{JsK))I544sb 1186
4 1F (JoLEMIT.ANDJIUEPR{JIK)aNELC) GU T3 5 1187
SUA=SUX+((2.0) ®*SPP%=SP) 1188
IF tJ-1)5+s6.7 1139
7 JOCK1=4/2 1190
JCKRZ2=JCK1%2 1191
IF (y—-JCK2)3.95,8 1192
8 J=J+2 1193
GG TO 19 1194
9 J=J+1 1195
G0 TO 192 1196
6 J=3 1197
10 JC=4l+2 1198
I[F (JC-NX+1) 058,1851,1851 1199
1851 SQY=SdY-({2.,0)%SPP*SP} 1200
K=1 1201
SEX=SPX 1202
GO TG 1852 1203
5 XINCI=1DEPH{JI+1K)=1LEPH{JK) 1204
XINC1=XINC1l/>5PP 1205
XINC=A3S{XINC1) 1206
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753

1806

130

42

L=L+1
IF (L-LL) 7C4,7C5,706
IF (XINCl) 7CL,731,732

DEPTHIL +M)=DEPTAHIL-1 M) -XINC’

GU T0 703

DEPTH(L o M)=CEPTH(IL-1,M)+XINC
Gu TO 703

d=4+l

LL=LitL

IF (L=LLL) 5699+699,7C6
JC=J

J=J4-2

L=1

K=xK+1

M=M+1S

IF {(M=MmAaAM) T07,707,7C8
LL=L+1>

GO TO 699

KL=K-1

L=1

M=1

LL=L+1S
YINCLI=OEPTHIL M) -DLPTH(L M)
YINC1I=YINCL/SPP
YINC=A3S(YINCL)

M=M+]

I+ {M—-MA) L804,1805,180¢
I[F (YINC1) looiel831+,1822
DEPTHA{L »MI=DE2TH(L s—1)=-YINC
Gu TU 18433

DEPTHIL MI=0cPTH(L M-1)+YINC
GG TOC 1803

L=L+1

M=M-15

IF {L-LLL) 798+798,799
M=MM

Mp=MMM

L=1

GU TU 798

J=JdC

INDEX=1

Mz=2

L2=2

L1=2

Ki=2

Ji=1

Jz=1

K2Z2=1

Ml=1

CONTINUE

DU €912 i=1,23
CUNT{I})=0.0

CONTA(TI=C.0

CONT3(113=0.0

CUNTCUI1=0.9
CuNTDIT1)=0.0
PUSLIX(I)=0.C
PUS2X{1}=C.0C

1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
i226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241

1242

1243
1244
1245

1246
1247

1248
1249

1250

1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
i261

1262
1263
1264



PUS3X(I)=0.C 1265
POS4X(1)=0.0 1266
PUSS5X{L1)=0.0 1267
POSIY{I)=0.0 1268
P0OS2Y(1)=0.0 1269
PUS3Y(I)=0.C 1270
PUS4Y(I}=C.u 1271
POS5Y(1)=C.0 1272

9912 CUNTINUE 1273
I=1 1274
11=1 1275
I11=1 1276
[4=1 1277
15=1 1278
CALL LINELl (DEPTH{LL1+L2)+DEPTH({ML,M2),CI,INDEX,1 ,D1) 1279
CALL LINE2 (DEPTH(ML M2),DEPTH{JL,J2),C1,INDEX,II ,02) 1280
CALL LINE3 (DEPTHIL1WL2) DEPTH{JLvJ21,L 1 INDEX,1i1,D3) 1281
CALL LINEG (UEPTA(JIL »J2) yDEPTH{KL,KZ2),C 1y INDEX, 1% »D4) 1282
CALL LINES (DEPTAILL L2)+sDEPTHIKLIRZ2)9CLINDEX, L5 ,05) 1283
IF (D1) 1C1+103,103 1284

101 IF (D2) 133,114,114 1285
114 N=1 1286
NN=1 1287

134 IF (CONTUIN)-CONTALNN)) 131,132,133 1288
131 N=nN+1 1249
IF (CULNTIN))II34,133,134 1290

132 iF (CUNTINII1132,133,1132 1291
1132 CALL PLOT (POSZ2XINN) +PIS2YINN) yPGSLIXIN) s PIS1IYIN)2IS2XLAN), 1292
1 POS2Y(NN) o CUNTAINNY o#+1) 1293

IF (N) 133,133.,1134 1294

1134 IF (CUNTA(NN))I134,133,134 1295
133 IF (D3) 338.145s140 1296
140 N=1 1297
NN=1 1298

153 IF {(CUONTBUN)-CUNTA(NN)) 149,130,138 1299
149 IF (COCNTBIN}) 152,138,152 1300
152 Na=NN+1 1301
IF (CONTA(NN)) 153,138,153 1302

150 IF (CONTBIN)) L150,138,Li53 1303
1150 CALL PLOT (POS3XIN) »PUSSYIND) »PUSZXKINN) ¢ POS2YINN)yPIS2X{ NN,y 1304
1 PUS2Y(NN) +CUNTA(NN) »—1) 1305

GU TO 153 1306

338 N=1 1307
NN=1 1308

350 IF (CONTBINI-CUNTACAND}) 343,348,349 1309
349 N=N+1 1310
IF {CONTBIN)) 350,538,35¢C 1311

348 IF {(COUNTBIN)) 1348,538,1348 1312
1348 CALL PLGT (POSZ2XINNDI»PISZY(NN),PUSSXN ) oPISBYIN ) oPUSZXINNI, 1313
1 PUS2Y{NN)CONTA{NN),—1) 1314

IF (CONTB{(N)) 350,538,350 1315

538 N=1 1316
NN=1 1317

542 IF (CONTIN)-CONTBINN))L138,540,138 1318
540 IF (CUNTIN)) 539,138,539 1319
539 IF {(CONTB(NN)) 541,138,541 1320
541 CALL CALPLT (PuUSLX(N),P3SLY(4),3) 1321
CALL CALPLT (POS3X(NN)PGS3YINN),2) 1322
N=N+1 1323
NN=NN+1 1324
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103
162

134
183

132
112

1184
131
137

2Ga
163

153
1193
438

45)
449

443
l4as

138
201
206

226
223

224
1224
227
230

242
233

24
12+2
2213

255
252

253
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GG TO 542

IF (C2) 162,181.181

N=1

NN=1

LF (CONTIN)—-CONTA(NN)) 181,182,183
N=N+1

Ir {CONT(N)) 184,181,134

IF (CUNTIN)) 11B2,181,1182

CALL PLOT (PUSLXIN) yPUSLIYAN) PUOS2X(NN)sPGS2YINN)yPIS2XINN),y
1 PUS2Y(NN) CONTA(NN) 4¢+1)

IF (N) 181,1831,118%

IF (CUNTA(NN))184,181,184

IF (D3) i879433.434

N=1

lwan=1

IF (CUNTBIN)I-CONTA(NNI)128,198,19Y
NN=NN+1

If {(CUNTA(NN)) 230,138,200

I+ (COUNT3IN))Y 1198.,138,1198

CALL PLUT (PLS3IXIN)PUS3Y(N) ,PUS2XINN)+PIS2Y{(NN)},POS2X{NN),
1 PLS2Y(nN) v CUunNTAINN) » -1 )

IF (CONT3IN)) 2009138,20C

N=1

nN=1

If (CONTBINI-CONTA(INN)) 558,443,449
NE=N+ L

IF (CUNT3INDY 450,538,45C

IF (CUnT3(N)) 1448.533,1448

CALL PLOT {PUSZXIAND »PUS2YINNT PUSBXIN }oPIS3YIN }4PUSZXINNID,

1 PUOS2YINN) «CONTATNNY -1}

IF {(CLNTBINDI)450+,938,45C

IF (D3} £201.4203,203

IF (D4) 22742206,4206

N=1

NN=1

I (CONTBINI-CUONTLUINN)) 22342244227
N=N+1

I (CONTSIND)) 2264227,22¢

IF (CONTBIN)) L12244+227,1224

CALL PLOT (POSGXINNY oPUSGYINIoPUSBXIN) #P3S3YIN),PUSEXTANN),
1 PLSGY (NN o CUNTUINN) 9+1)

IF IN) 227422742220

IF (DB) 22842304230

N=1

NN =1

IF (CUNTUINI-CIONTCINN)) 2259, 240,241
NN=NN+L

I+ (CONTCANNY) 242+2434242

[t (CUNTO(ND) 12434243,1240

CALL PLUT (PUSOXIN) 2 POSOY{N) 4 POSAX(NN) »PISGYINN), PUOSGX(NN) o
1 PUOSGY(NN) s CONTCINN) »—1)

It (LUNTCURN)) 2424243,242

N=1

Nih=1

IF {LUNTODINI=CONTCUNN) Y 125242539241
N=N+]1

IF {CUNTDIN) ) 2b554241,255

LE (CONTOIND) 1253+241.1253
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1326
1327
1328
1329
1330
1331
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1333
1334
1335
i33e6
1337
1338
1339
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1347
1348
1349
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1351
1352
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1357
1358
1359
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1253
1252
241
543
544

545
546

203
256

1274
211

276
1276
275
278

291
290

289
1283
289

302
301

300
1303
243

800
804

805

CALL PLOT {POSOHXIN) yPUSSYIN}) »POSAX INNY sPUSAHYINN), POS4X(NN),
1 PUS4Y{NN)» CONTCINN) »—-1)

IF (CONTCUINN)) 255,241,255

I+ [CONTDIN)) 252,241,252

N=1

NN=1

IF (CONTBIN)-CUNTODINN) ) 243,5444243
IF (CONTBIN)) 545,243,545

IF {(CONTD(NN}) 5464+243454¢

CALL CALPLT (PUS3X(IN},,P3S3Y{N}3)
CALL CALPLT (PUSSHSX{NN)+POSSY(NN),2)
N=N+1

NN=NN+1

GO TO 543

IF (D4) 2564+275,275

N=1

NN=1

IF (CONTB(N}-CONTC(NN)) 275,276,277
N=N+1

IF (CONTBIN))Y 1274.275,1274

IF (LCNIBIN)IL276+27551276

CALL PLOT (POSSGXINN) yPISEGY(NN)JPUS3XIN)»POS3Y{N),POS4GX(INN),
1 POSAYINN) »CONTCUNN) »+1)

IF {N) 275427541274

CUNTINUE

IF (D5) 278,280,280

N=1

NN=1

IF (CIONTDUN)-CUONTCINN) )} 243,4289,290
NN=NN+1

IF (CONTC(NN)) 291,243,291

iF (CCNTDUIN)Y) 1239,243,1289

CALL FLOT (PUSHX(N) ¢POUSHYIN) yPUSEXINNI »PUSGYINN)» POS4XTAN)y
1 PUS4YINN),CUNTCUNN) 1)

1F (CUNTC(NN)) 291,243,261

N=1

NN=1

IfF (CONTD(N)-CONTC(NN)} 241,300,301
N=N+1

IF (CONTDIN)) 302,241,302

I1F (CONTDIN)) 1330,241+1330

CALL PLOT (PUSSX{N) s PUSSYIN) »PUSEX{NN) »PUSGYINN),PIS4AX(IN),
1 PUS4Y(NN)»CONTCINN) -1

I¥ (CONTD(NN)Y 302,241,302
INDEX=INDEX+1

IF (INDEX=-4) BUU.BC0,801

GU TO (304,8094806,8C7) »INDEX
Ji=J1l+2

32=J3J2-2

Kl=K1+3

K2=K2-1

Ll=L1+2

Ml=Ml+1

M2=NM2~-1

GO TU 808

J1=J1+2

Kl1=Kl+1

K2=K2+1

Ml=M1+1
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1387
1388
1389
1390
1391
1392
1393
L3994
1395
1396
1397
1398
1399
1400
1401
1402
L403
1404
14C5
1406
1407
1408
1409
1410
1411
L4112
1413
1414
1415
lalo
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
L1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
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806

801
809
803
810

2811

811

2812

851

1852
10038

2226

8l2
1003
9641

1001
1C02
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M2=M2-1

Gu TO 193

J2=J2+2

Kl=K1-1

K2=K2+1

Ml=M]1+1

M2=M2+1

GU 10 1900

Jl=J1-2

Kl=K1-1

KZ2=K2-1

Ml=Ml-1

M2=Mc+1

GO0 TO 130

I[X=1X+1

IF (IX=15) 8uY:809.3810
INDEX=1

GO TG 8J4
SWUX=SCX+(2.C*5PX)

GO T0C 192

{y=1v+1

iF (IY-1IS) 2811.,2811.2812
SUX=SIX=(2.Cx(SPP~1.0)%SPX)
SUY=SQY+(2.0%SPY)

Jil=1

Kl=2

K2=Kz+1

Li=2

L2=L2+2

Mi=1

M2=M2+1

IX=1

INDEX=1

GO TU 130
SOX=SuX+{2.C*5PX)
SAY=56Y—{2.0%x(SPP-1.0L)%SPY)
IF (JC-RNX+i) 698,851,851
K=1

SUx=S2X
SQY=5uY+{2.,0%SPPHSPY)
CAONT INJUE

FORMAT (2F1C.2¢15)

JC=1

GU 10 850

IF (CCONTCUINNY) 2264221,226
If (LAST) 1001.,1CC3,1001
CONTINUE

CALL CALPLT{Z4+0¢04CHy»=3)
GU TG 9942

WRITE (6.1002)

FURMAT (51 END )

CALL CALPLT (04290409 399]
RETURN

END
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104

105

107

500

108

109

106

Subroutine LINE1

LINE1 computes and stores all contour intercepts with side 1 in figure 2 for each
pair of adjacent triangles in the 3 by 3 submatrix in turn,

SUBROUTINE LINEYl (DEPTHLGEPTHM,CI,INDEX,Il D1}
COMMON /BLK6/ SP

CGMMON /BLKB/ SQX.5Q0Y

CONMMUN /BLKS/ POSLX(20),P0S1Y(20),CONT (2D)
D1=DEPTHL-DEPTHHM

KX=DEPTHL/C1

SX=KX

IF (Dl.LT.0) CUNT (1 }=SX*Ci+ClI
If (D1.GEL.O) CONT (1 }=SX*CI
CUNT INUE

IF (D1) 1,2.2

CUNTINUE

IF (CUNTUI)-DEPTUHMLESC+UeANDeD1.LT 043} 135,106
CJUNTINUE

IF (CCNTU{I)-DEPTHMeLT+0.0+ANDD1.GELD.O) 106,105
I (D1.LT.0) DC=CONT (I )-DEPTHL

IF (Dl1.GE.O) DC=0EPTHL-CCNT (1 )

IF {(D1.EQ.0.0) DL1=0.C0C020001

GO TU (1C7,1C8,109+110),INDEX
POSIX(I}=50X={{0C/AbS(D1))*SP}
PUSLIY({I)=59Y

I=1+1

IFCI «GT.20) PRINT 5CO

IF (1.6T.20) 3=(FOUR/D.0}%x%2

FORMAT (LHL* CONTOUR IS TOU SMALL*/)

IF (D1.LT.0.0) CONT (I y=CONT (1 -1)+C1
IF (B1.GE.J.0) CONT (1 )=CUNT (§I -1)-CI
GO TO 104

POSIY{L)}=SQY+{{DC/ALBS(DL))*SP)
PUSIX{TII=SuX

Gu TO 111

PUSIX{I )=S0 Xx+{(DC/ASS(DL)}*5P)
POS1Y{1)=5QY

Gu Tu 111

PUSIX(1)=8QX

PUSIY {1 )=50Y=-((DC/ABSIDL1))%S?}

GO TO 111

CONTULId=2,0

RETURN

END
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Subroutine LINE2

LINE2 computes and stores all contour intercepts with side 2 in figure 2 for each
pair of adjacent triangles in the 3 by 3 submatrix in turn.,

SUBROUTINE ULINEZ (DEPTHM,UEPTHJLCIINDEX,II ,D2)

CuMMCN /BLK6/ SP

COMMUN /BLKE/ SUX.SCY

CUMMON /BLKL1G/PUS2X(20),P0S2Y(20),CONTAL2D)
D2=DEPT AM~DEPTHJ

KX=DEPTHNM/CI

SX=KX

IF (D2.LT.0) CONTALLY Y)=SXx*{1+(C1]

IF (LU2.6E.0) CUNTACLL )=SXx*Cl

CUnNTINUE

IF (D2) 14242

CUNTINUE

IF (CUNTACTI)~DEPTHJLLEO.ANDD2.LTe0) 116,117
CUNTINUE

iF (CONTALLIL)-DEPTHIWLT.0.ANJLU2.,6E.0) 117,115

IF (U2.L7.0) UC=CUONTACII Y-DEPTHM

IFf (U2.GE.0) DC=DEPTHM-CUONTA(II)

IF (D2.EQ.C0) D2=0.0000003¢C1

GG 10 (118s1194120,121) HINDEX
POSZX(IL)=53Xx-5P
PUSZ2YALITI=SuY+({{OC/ABS(D2))*5P)

11=11+1

IF (1L .GTa2ul 3={FOUR/DD)%%2

{F(I1 .GT.20) PRINT 520

FORMATU* CONTOUR INTERVAL IS TLU SMALL*/)
IF (D2.LT.C.0) CONTA(IL })=CONTA{II ~-1)+C1
[F (UD2.GE«0.0) CUNTA(IL )=CUONTALII -1)-CI
Gu Tu Lis

PUSZX(ITL)=SJdX+{(DC/ABS{D2))*5P)
POS2Y(I1)=5QY+SP

GU Tu 122

POSZ2X(LI)1=SSX+5P
PUSZ2Y(ITi=5JY=-({DC/ABS(D2})*5P)

Gu 10 122

POSZ2X{I1)=5SGx~-({DC/ABS(D2})*5P)
PUS2Y{11)=>wY-SP

GU To 122

CUNTA(II)=0.0

RETURN

ENU
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Subroutine LINE3

LINE3 computes and stores all contour intercepts with side 3 in figure 2 for each
pair of adjacent triangles in the 3 by 3 submatrix in turn.

SUBROUTINE LINE3 (DEPTHLsOEPTHJIWCELZINDEX,IIT D3)
COMMON /BLK6/ SP

COMMON /BLK8/ SAGX.S5QY

COMMON /8LK11/PuUS3X(20)+P0S3Y(20),CONTB(2D)
O03=DEPTHL-DEPTHJ
KX=DEPTHL/CI

SX=KX

IF (D3.LT.0) CCONTBIIIL)=
IF (D3.GE.CY CONTBLUILII)=
CONYINUE

IF (D3) 1,2,.2

CONTINUE

IF (CONTB(II1)-DEPTHU.LE«UD«AND.D3.LT.0.3)339, 34)
CUNT INUE

IF (CONTB(II1)-DEPTHJWLTe0e0sANDD3+GE+D.L)343,339
IF (D3.LT,0) OC=CUNTB(III)-DEPTHL

if (D3.GEL0O) ODC=DCEPTHL-CONTB(IILI}

IF (D3.EQ.0.0) D3=C.00C003021

GU TC (342,343,344,+345) +INDEX
POS3X(IIT)=50X-({LC/ABS(D3))*5P)
POSBYLITI)=SuY+({{DC/ABS(D3)}*SP)

I1I=111+1

IF{II1.6T.20) PRINT 5020

IF(111.6GT.20) B={FOUR/G.() *%?2

FORMAT (% CONTOUR INTERVAL 1S TOO SMALL*/)

IF (D3.LTe040) CONTBULIITI)=CONTB(ITI-1)+C1

IF (D3.GE.0.0) CUNTBULIIL)=L0nNTB(1I11-1)-C1

Gu Tu 341

POS3X{III)=SuXx+({DC/ABS{D3))%SP)
PUSBY(ILILL)=SUY+{{DC/ABS(D3))*SP)

GU TGO 346

PUSBX{ILI1}=Sux+{DC/ABS(D3))%SP
PUSBY(LII)=SJdYy-{(UC/AB5S(D3))%SP

GU Tu 346

PUSSXA{ILIT)=50X-({(DC/ABS(L3))%5P)
PUSIBY(III)=SuY—{{OC/ABS{D3))*SP)

Gu TU 3468

CONTEB(IIT1)}=0.0

RETURN

END

SX*CI+CI
SX*CI
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Subroutine LINE4

LINE4 computes and stores all contour intercepts with side 4 in figure 2 for each
pair of adjacent triangles in the 3 by 3 submatrix in turn.

SUBROUTINE LINE4 (DEPTHJ.DEPTHKCL INDEXsI4 +D4) 1616
CCMMON /BLK6/ SP 1617
CUMMUN /BLKB/ S0UX.5QY 1618
COMMCN /BLKL12/P0S4aX(20),P0S4Y(20),CONFC(20) 1619
U4=DEPTHI-UZPTIIK 1620
KX=DePTHJ/CL 1621
SX=KX 1622

If (D4.LT.0) CONTCUI4 )=SX=CI+CI1 1623

1F (D4.GEL.O) CUNTC(la 1=5x*CI1 1624

207 CUNTINUE 1625
IF (D4) 1.2.2 1626

1 CONTINUE 1627
LE (CONTCUI4)—DEPTHKeLECe Do ANU 4L TL0,2)208,209 1628

2 CONTINUE 1629
LF (CONTC(I4)-DEPTHR aLT 20 eD o AND2D4oGELD40)209,203 1630

208 IF {D4.LT.0) DC=CONTC(I4 )-DEPTHJ 1631
IF (C4.0Ea0.0) DC=DEPTHJI-CONTC(14} 1632

IF (B4eEC.UD}) D4=C.LUCCCITIL 1633

GU TC (21G,2114212,213) »INDEX 1534

210 POSax(14)=50X-SP+{{DC/ABS(D4})*5P) 1635
1636

PUS4Y(I4)=SLY+5P

214 14=14+1 1637
IF(I4 +GT.20) PRINT 5CO 1638
IF{T4.GT.20) 3=(FOUR/G.O})%%2 1639

500 FURMAT(* CONTUUR INTERVAL IS TJy SMALL%/) 1640
IF (U4eLTe040) CONTC(14 )=LONTCLI4 —-1)+L1] 1641
ir (D4.5E.OL0) CUNTLUE4 1=C0ONTCHLI4 -1)-C1I 1642
GU TO 2C7 1643

211 POS4AXx(14)=5uX+5P L6644
PUSAY (14 )=S0Y+SP-((OC/ABS(D4}}*SP) 1645
GU Tu 214 1646

212 PUSax(I141=5S0X+SP—((DL/ABS(LC4))*SP) 1647
PusaY(I4)=SRYy-5°P 1648
GU TGO 214 1649

213 PUS&GX(1I4)=5uX-SP 1650
PUs4Y(14)=S0Y-3P+{{DC/AB8S(D4))*SP} 1651
GO TO 214 1652

209 CONTC(I4)=0.C 1653
RETURN 1654
END 1655
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Subroutine LINES

LINE5 computes and stores all contour intercepts with side 5 in figure 2 for each
pair of adjacent triangles in the 3 by 3 submatrix in turn.

SUBROUTINE LINES (DEPTHLDEPTHK,CL,INDEXsI5 ,D5) 1656
CGMMCON /BLK6/ SP 1657
COMMUN /BLKB/ SQX,SQY 1658
CCMMON /BLK13/P0S5X(20),P0S5Y{20),L0NTB(20) 1659
B5=DEPTHL-DLEPTHK 1660
KX=DEPTHL/CI 1661
SX=KX 1662

If (BD5.LT.0) CONTD{I5 )=SXx*CI+CI 1663

IF (D5.GE.C) CONTD(I5 )=5x*CI 1664

244 CONTINUE 1665
IF (B5) 1.,2,2 1566

1 CONTINUE 1667
IF (CONTDUIS)—DEPTARKWLECs 0, AND.DS.LT.C.0) 245,240 1668

2 CONTINJE 1669
IF (CONTDUIS5)-DEPTHKeLT o040 eANDeD5.GE040) 24064245 1670

245 If {D5.LT.C) DC=CONTD(I5 )-DEPTrL 1671
IF (D5.GE.0.0) UC=DEPTHL-CJINTD(I5) 1672

IF (D5.EJU.0.0) D5=0.0009C3001 1673

GG TO (247,248+249+,250) »INDEX 1674

247 PUSSX{I5)=5QX 1675
PUSSY(15)=50Y+I{DL/ABSLO5) ) *5P) 1676

251 Ib5=15+1 1677
IFCI5S JoT.20) PRINT S5CO 1678
IF(15.6T22C) B3={FUUK/0.D) %2 le79

500 FORMATI{* CONTOUR INTERVAL IS TUU SMALL=*/) 1680
IF (D5.LT.0.0) CUNTDUIS )=CUNTD(I5 ~1)+(I 1581

if (D5.GE.D.0) CONTOUULIS )=CONTU(IS —-1})-Cl 1682

GO TO 244 1683

248 PUSEX{I5)=S3X+(DC/ABS(D5)*5P) 1684
PUSSY(I5)=5QY L1685

GO TO 251 1686

249 PUSHXUIB)=50X 1687
PUSSY LIS )=5QY-{(UC/A3S(D5)}%5P) 1688

GU TG 251 1683

250 POSSX(1I5)=50X-((0C/AbBS{O35))*SP) 16990
PUSLY{I5}=SCY 1691

GG TO 251 1692

246 CONIC(151=0.0 1593
RE TURN 1694

END 1695
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PLOT generates the necessary plotter instructions for drawing a straight line
If the contour terminates or begins

Subroutine PLOT

between two intercepts for a particular contour line.
with a side which connects two boundary elements of the depth matrix, the contour value

is plotted.

32
23

22
25

27
23
99

29
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PLOT is called from within a series of nested logical statements which first match
the corresponding stored intercepts and then index sequentially until all contours within
the confines of a triangle are plotted.

SUBRUUIINE PLUT
COMMUN /7BLRT/

CUMMUN /LLIHMITS/ MINTMAXE.TADDI
DATA CCT/837735000S0CGCOCI0020/

CALL CALPLT
CALL CALPLT

DX=PiS2Y-PY]
DY=PCS2X-PX1

(PUS3X»PUS3Y,3)
{(PUSLEX»PUSLIY»2)

S=SUKTI{UX*DX) +DY®DY)
AMAX=XMAX+L .05

TEMPX=CUNTA

IF (CUNTALLTLL0D0) GO TO 2%
CONTA=CUNTA-[ADDI

IF (5-u.01)

299 34, 30

1F (POS2A="1.001D) 23422022

LALL CJdLJMiN
PY1l=PGs2Y
PXi=pP052X
GL T O 273

(—Ce029PUS2Y s30T+ CUNTAVD.,0,-1)

IF (PUS2Y+0.CI15) 24,2422

CALL NuUM3ER
PY L=PUS2Y
PXi=pP{1S2X
Gu TGO 29

(PUSZ2X s el 540aCT,CUNTA,90.Cy—1)

I (POS2Y+HYMAX=C24.03515) 264274.27

CALL CGLUMN
PY1l=¢UsS2yY
PX1=P252X
Gu TL 29

(PIS2X»¥YMAY»Ca37,CONTA,90.3,-1)

LE (PUSZ2A-XMAK+0.0015) 29+29,23

CALL NUMBEK
CONTINUE
PY1=PO52Y
PX1=PS2X
N=N-1%}SIGN
CONTA=TEMPX
M =NN+1

RE TURN

END

{(AMAX Yy PUS2Y 0,07 »CUNTAL,0.0,-11)

(POS3X+PUS3Y,PUSLIX,POSLY +PUS2XPIS2Y,CONTA, ISIGNY
NaNNsPXLaPYL s XMAXsYMAX ¢ XMAY » YMAY, CI
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Subroutine COLUMN

By George Salley

COLUMN right-justifies a BCD (binary-coded decimal) number,

SUBRUUTINE COULUMN (XsY s SsFPN,TH,N)

X AND Y ARE THc COURDINATES UF THE L3WER RIGHTM3ST EDGE

S IS THE SIZE UF CHARACTER TO BE USED IN PRINTING

FPN 1S AN ACTUAL FLOATING POINT NUMBER AAUSE VALUE IS TO 8E
PRINTED ON THE PL3TTED OJTPUT

TH IS AN ANGLE (DEGREES) AT wWAICH TAE NUMBER 15 TO APPEAR

N IS AN INTEGER SPECIFYING THE ACCURALY T3 wWAICA THE NUM3ER IS
TO BE PRINTED

SPC = .857143
SPG =.285714

NL = 0

M = C

IF (N} 5042Us20
NL = N+1

M =N

TEPN = ROUNC(FPN)

LFPN = TFPN*®1U%%M
IF CIFPN) 70,59.175
IF (TFEPN) 60s5u.100

NL = NL+1
GO TG 106C
NL = NL+1

THEPN = AUS{TFPN)

M = 0.4343%ALOG(TFPN)+1.C

IF (M) 10U,10J,80

NL = NL ¢+ M

BLT ={SPL % § *{FL3ATI(NLI)}))I-(SPG*S)
T = TH*J,C17453

YP = Y —(DLT*5IN(T))

XP = X —{DLT=CC>(T))

CALL NUMBER (XPasYP oS oFPNsTHN)
RETURN

END
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OPERATING INSTRUCTIONS

Input

Basically the input data can be divided into two categories. One category is
termed "program data,' and the other is referred to as "control-point data."” (The max-
imum number of control points is limited to 1000.) Program data are composed of first
a format (user's choice) for reading the floating-point program variables; the fixed-point
program variables and the appropriate codes for each option follow. If the control-point
data are not on tape, the user must supply a format for reading each control-point data
card., The control-point data are composed of individual cards or tape records each of
which contains the X-Y coordinate of each scalar variation and its magnitude Z, in

that order.

The control-point data can originate from any source. If an algebraic expression
is to be utilized to obtain the control-point data, irregularly spaced scalar variations are
preferred. However, regularly spaced scalar variations can be processed with the

program,

In view of the various options available to the user (to be discussed subsequently),
the number of required data cards is not rigidly fixed. Thus, a figure indicating the card
on which a particular variable is to be found is not possible. However, in figure 4 the
order in which each variable is read and the format utilized for reading it are indicated.
In table II program variables are listed and its function in the program is defined.

Some knowledge of the input data is required to adequately assign the program
variable values., Caution should be exercised in the selection of DIST (grid separation),
since it is primarily responsible for establishing the dimensions of the depth matrix, If
DIST is too small, the maximum dimensions of the depth matrix (60 by 60) will be
exceeded. DIST also controls the dimensions of the region within which control points
can be found. (See the discussion on ""Depth Matrix.") All the control-point data are
searched for values which fall within a ring with the initial inner radius set equal to zero
and the outer radius set equal to the incremental radial difference of DIST/10. The ring
has a mean radius of one-half the sum of the two radii. Since the mean radius of the ring
is incremented in multiples of the incremental radial difference before each search of the
data, DIST probably influences the required computer time more than any of the remaining
variables.

The units for DIST, X, Y, and DISPGRD are required to be the same. If X
and Y represent different quantities, such as Mach number and height, respectively,
an appropriate scale factor must be applied to X to establish a fictitious one-to-one
correspondence between the magnitudes of the two variables. Since the objective is to
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establish roughly the same order of magnitude between the two variables, Mach number
should be converted into the units of height per second.

It is assumed that X, Y, and sometimes Z are expressed as integral multiples
of the user's basic unit (meters, inches, ete.). Thus, if it is desired to contour data
which are expressible in fractional parts of the basic unit, X, Y, and Z must be
scaled up in magnitude so that the significant part thereof is plotted. That is, data
expressed to 0.0001 inch are to be multiplied by 10 000. If similarly treated, SCLE will
reestablish the desired plot dimensions,

The inputs MAXI, MINI, TANG, and IDMX establish the criteria for either accepting
or rejecting a given control point. The upper and lower limits for the magnitudes of the
control-point X-component are set by MAXI and MINI. If both MAXI and MINI are zero,
no data points are rejected. Together TANG and IDMX determine whether the relative
height difference between the Z-coordinates of two control points is sufficiently small to
permit their combined use in the gradient determinations. Of the two variables TANG
is the dominant variable over a radial distance equal to the product of TANG and IDMX.
Thereafter, IDMX becomes the dominant variable. The required computer time can be
affected by TANG and IDMX,

The units for Z, IDMX, and CI are the same. The input Z may be any scalar
variation (height, temperature, etc.). The program assumes IDMX, CI, and Z are
integral multiples of a basic unit and not fractional parts thereof.

Options

Control-point data.- The control-point data may be on either punched cards or tape
and may be either floating point or fixed point. Program codes specify which of the
four options are to be expected. If the punched-card option is selected, a format for
reading each data card must be furnished by the user. The subroutine READIT will
automatically place the data in the proper form and establish the proper type required
for processing.

Sorting of control-point data.- There is no requirement for the control-point data

to be in a specific order. The program subroutine GRIDIT will automatically scan all
the data furnished until a maximum of KMAX control points are selected for the gradient
computation. The scanning process is, however, a very time-consuming activity. In
fact, it is by far the largest user of computer time and should be minimized as much as
possible. As a result, the program contains an optional sorting routine, SORTIT.
SORTIT can be called with a code of +1 for ISRT. The variable ISRTOPT specifies the
manner in which the data are to be sorted.
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Interpolation.- The digital program will expand each 3 by 3 submatrix into a
2SPP + 1 by 2SPP + 1 submatrix in AUTOCON. Each missing element, if any, is deter-
mined by use of linear interpolation. The input SPP permits the size of each triangle
over which the line segments, representing contour lines, are drawn to be reduced so
that the contours will appear more continuous. The value of SPP can not exceed 8.

Deck Setup

As stated, the digital contouring program is composed of seven overlaid programs
and their various subroutines. CONTOUR is the main overlay (0,0 level) and is, as a
result, the program identification.

A deck setup for a case in which the control-point data are contained on a deck of
punched cards is shown in figure 5, and a deck setup for a case in which a binary tape file
is used is shown in figure 6. The binary tape must be one which was generated by using
RECOUT. If the control-point data are contained on a deck of punched cards, the control
cards for tape file 9 are not needed.

Output

The digital program outputs data in two forms. First, there is a printed listing of
information pertaining to the depth matrix (dimensions, origin, etc.) and to the plot size,
as well as a frequency distribufion plot of all the differences between the actual scalar
measurement at each control point and that predicted by the depth matrix. Second,
plotter instructions for a graphic display of the scalar variations are written on tape.
The tape is then used by the mechanical plotter to produce the contour charts.

Several diagnostics have been programed into the digital contouring program.
Each attempts to isolate potential execution difficulties and to inform the user before
they occur, in the interest of saving computer time. The following reasons are given
for the diagnostics:

Control-point data exceed 1000 points,

Maximum dimensions of depth matrix are exceeded.
Depth-matrix dimensions are too small,

Minimum depth-matrix elevation is too small.

Depth matrix cannot be smoothed.

Contour interval is too small.
A mode 4 stop is anticipated for each diagnostic. The diagnostics themselves are some-
times lengthy and are not given herein.
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JOB, 1, 1000, 65000.
RUN(S)

NORFL.

SETINDF.

1GO.

REWIND (CALTPE)
REQUEST TAPEXX,HI,X.
REWIND (TAPEXX)
COPYBF ( CALTPE, TAPEXX)
UNLOAD (TAPE XX)

EXIT.

UNLOAD (TAPE XX)

7,8,9

CALTP , RIL,

Source Deck

7,859
Program Data

Control Point Data
6,7,8,9

NOTE:

Figure 5.- Deck setup when a punched deck
of control-point data is used.

TAPEXX may be any legal file name.

JOB, 1, 1000, 65000.
RUN(S)

NORFL.

SETINDF .

REQUEST TAPE1,HY.
REWIND(TAPE1)
REWIND(TAPE9)
COPYBF(TAPE1, TAPEQ)
REWIND(TAPES)
DROPFITL(TAPE1)

1GO.

REWIND( CALTPE)
REQUEST TAPEXX,HT,X.
REWIND(TAPEXX)
COPYBF ( CALTPE, TAPEXX)
UNLOAD (TAPEXX)

EXIT

UNLOAD (TAPEXX)

7,8,9

XKKKKX , ROL,

CALTP , RIL,

Source Deck

7,8,9
Program Data

6,7, 8’9

NOTE: TAPEXX may be any legal file name

XXXXXX may be any legal tape number

Tigure 6.- Deck setup when a binary file of

control-point data is used.
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SAMPLE PROBLEM

A sample problem was set up for a punched-card deck of control-point data. For
each program data card, the magnitude of each variable punched on each data card is
shown in figure 7, and in table III, the control-point data read by the variable format
FRMT ((3I10) in fig. 7) are tabulated. The plotted graphic is shown in figure 8.

card Column number

t
ype 12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 |(4E18.8/4E18.8)

2 10 10 €000

3 >+é(.)_ObA(;(;OiOE+OlL +1200C;5(;OE+02 +lOOOOéOOE+Ol +lC;OOOOO&E+Ol o
L | +10000000E+03  +G0000000E+05  +12000000E+05  +1000000E+0L
5 1 -3%00 9000 )

el a1 a1 w0 I

7 (31i5) i

Figure T.- Program data for sample problem.

The computer program requires approximately 65 000 octal words of storage, and
the execution time varies from job to job. The execution time is primarily dependent on
the number of control points being processed, the distribution of the control points, and
the magnitude of DIST. On the average, 1-% seconds of central processor time and an
equivalent amount of peripheral time is required for each control point being processed.
It is possible to reduce the time required to process a particular job by increasing DIST.
The sample problem required approximately 739.95 decimal seconds of central processor
time and 767.18 decimal seconds of peripheral time. The peripheral time may vary con-

siderably even if the same data are used.
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Listing of Unsmoothed Depth-Matrix Data
THE FOLLOWING IS INFORMATION PERTAINING TO THE DEPTH MATRIX--SIZE,DIMENSIONS,ETC.

CORNER CUORDINATES OF AREA TO BE CONTOURED
NORTH WEST CORNER-—X= 4.0C000000£+03 Y= 6.00307200E+04
SOUTH EAST CORNER--X= 5.09880000E+04 Y= 0.
DIMENSIONS OF REQUIRED PLOTTING SURFACE EXCLUSIVE OF GRID

Y DIMENSION OF DEPTH MATRIX IS 8.00400INCHES
X DIMENSION OF DEPTH MATRIX IS 6.26493 INCHES

22ELEMENTS IN Y DIRECTIOMN OF DEPTH MATRIX
L7ELEMENTS IN X DIRECTION OF DEPTH MATRIX

YOU HAVE ELECTED TO REJECT ALL CONTROL PUINTS WITH SCALAR VARIATIONS LESS THAN -3600 AND GREATER THAN

THUS
YOU HAVE A MINIMUM SCALAR VARIATION OF -3554
YOU HAVE A MAXIMUM SCALAR VARIATION OF 327

THE FOLLOWING INFORMATION REGARDING YOUR UNSMOOTHED DEPTH MATRIX IS FURNISHED

ADJSUSTED BOUNDARIES OF DEPTH MATRIX

MINIMUM ¥  O. MAXIMUM Y 6.00307200£+04
MINIMUM X  4.00000000E+403 MAXEIMUM X 5.09880000E+04

UNSMOOTHED DEPTH MATRIX

9461 9000 8504 7903 8021 8123 7962 8055 8107 7914 7794 7637 7Te6l2 7586
9457 9010 8559 7944 8029 8185 8082 8188 8247 8105 8042 7886 7947 7960
9463 9015 8575 8009 B098 8257 8209 8339 8383 8333 8299 7873 8622 8201
9452 9030 8601 8137 8085 8313 8363 8422 B642 8551 8559 8403 8753 8538
9440 9045 9601 B8250 8210 8456 B529 8643 8797 8829 8745 8677 8876 8934
9458 9052 8656 8370 B135 8639 8726 8745 9004 9155 8956 9051 8970 8929
9470 9060 8687 8341 B442 8682 8934 9116 9117 9263 9177 8925 9413 9042
9460 9093 $729 8468 8546 8898 9ILTT 9326 9340 9306 9326 9232 9277 9242
9492 9077 4785 8608 8465 9235 9404 9499 9411 9542 9448 9490 9313 9231
9461 9131 8802 8682 8969 9149 9531 9562 9631 9525 9563 9504 9237 9332
9482 9114 8836 8786 9178 9282 9775 9668 9672 9540 9568 9423 9487 9070
9450 9163 H3839 BII8 9332 9662 9TS6 9731 9770 9512 9507 9437 9172 8RI1
9453 9248 8304 9052 9403 9747 10026 9778 9596 9672 9532 9284 9013 8781
9489 9122 90le 9180 9859 9840 9942 9813 9699 9243 9823 9159 8916 8323
9478 9297 8938 9341 9B8AL 9985 9996 9805 9720 9566 9291 8968 8568 8076
9499 9245 9378 9539 9669 10010 10072 9832 9639 9573 9067 8730 8237 7701
9485 9258 9178 9791 10048 10136 10024 9827 9674 9283 9015 8582 7880 7163
9529 9371 9290 9879 10115 10137 1DO70 9817 9491 9261 8776 8341 7507 6738
9517 9277 9512 10000 10221 10163 10125 9751 9483 9046 8651 7912 7033 6186
9517 9460 9449 10181 10303 10192 10111 9727 9345 8886 8537 7493 6576 5624
9556 9398 9782 10107 10322 10231 10113 9658 9263 8769 82l4 7271 6071 5068
9507 9351 9790 10138 10318 10180 10057 9609 9195 8609 7911 7132 5660 4571

7592
7979
8409
8606
8703
8900
8956
9074
9174
9113
8808
8556
8102
7987
7520
6909
6339
5753
5239
4726
4139
3605

7784
8232
8391
8581
8695
8774
8888
8902
8950
8716
8482
8171
7821
7357
6710
6088
5534
4953
4379
3814
3224
2662

7953
8130
8311
8529
8628
8681
8793
8806
8670
8772
8489
7841
7196
6767
6215
5572
4903
4217
3568
2958
2338
1736




Listing of Smoothed Depth-Matrix Data

THE FOLLOWING INFORMATICN REGARDING THE SMONTHEN DEPTH MATRIX IS FURNISHEN

IT HAS BFEFEN DETERYMINFD THAT SACHM ELEMENT CF YNUR UNSMNNTHED DSPTH MATRIX IS INADEQUATELY FILLED
ANJUSTEN RNUNDARTES IF NFEPTH MATRIX
MINTMHM ¥ N, MAXIMUM ¥ 6.0030T720 "EeN4

MINIMUM X 4, 700000 803 MAXTMUM X B, (SRROCONE+DS

REGR TN WILL NQT PFRMIT THF TNTFRNAL ELTMENTS NF T TO EXCEED THE FILLOWING LIMITS

MINTMUM FLEVATION PRITR TN SMNOTHING = -3424

MAXTMUM FLFVATION PRIIR TN SMONTHING = 322

BE CAUTITUS OF ELFMENT 1(15,17)

MINTIMUM FLEVATIOM AFTER TNTFRPOLATION ETC = -3424

MAXTMUM FXPECTFD SLOPF RFTWFEN TWN CONSECUTIVE GRID POINTS = 1.073CH

SMOOTHED DFPTH MATRIX

9461 9070 RSI4  73V3 BN2) R123 T9¢2 RNFS B1Y7 7914 TT94  T637 7512 TEBE 7892 7784 7953
945~ arin 8559 7944 R/IPC  RIPR  ACA2  RI8A A&7 RINS  ANG2  78BK 7947 TS60 7979 8222 A13N
94£3 9015 R57% 81777  R®YQg  R?RT  @2r9g 2339 R383 A333 /299 THTI 8622 B201 84n9 AR391 831
94=2 or3n  ReN1  A137  3NRE R3I13 B3E3  R427  BAR42 ASS1 8559 8403 8753 BE38 8506 RSBl R529
4L Ar4s5 gAMm A257 R2(C P&s6  B529 RLLI RT9T  RB29 AT4S  RETT 8RTE RS3I4 8703 BE95  862R
9459 G§r52 RES5  P3T7Y @138 8439 8726 8745 9004 ©155 §956 9751 897C  8S29 890C RBTT4 BERL
967N 9NAT BABT R3LL  R4L?  PER?  R93A 9116 9117 0263 9177 BRS25 9413 9C42 R956 BRRB RBTI3
946~ Q(93 B8T?9 8458 QSLE  RROZ  S1TT 9326 934" 9116 9326 9232 9277 9242 9074 BS02 RANLE
9402 Q€77 AKTRT 85)I8  R4AT Q238 9464  94€9 9411 90542 ©&48 9499 9313 9231 9174 B9ED 867N
9Ll 91131 R8N  §5R2  89AC 9149 QF31 ©5£2 9631 9525 9563 @534 9237 9332 9113 AT1é 8772
94R? <114 8835 AT35 Q178 AR @TTH  GAELR G6T2 954N 956R 9423 94RT  aACT70 8BCB P4B2 AR4ART
94817 0163 RAAD RIL” 932 GLE2  QTRE 9721 97T 9512 ©8NT 9437 9172 8891 855¢ 8171 7841
9453 9248 ARCHE Or52 C&N3 9747 10026 CTTB 9596 9472 9532 9234 9013 8781 a1r2 7821 7196
9480 Q9122 9116 ©9137% 9859 0840 9942 G813 9AC9 9243 9RA23 9159 8916 8323 TIRT T3ET £7€7
947R 9297 A338 ©1331 ©ORA1 G3RE 7096 98NS Q72D 0566 ©291 BI6B 0558 AC76 7520 6710 6738
9400 @245 QOTR 95319 1AGAG ICNL0 INCT2  ©322 9639 9373 9CeT 8730 8237 7701 6909 6RCS  £T7C9
94R% 9253 Q]7R Q771 1rnLA 1N13¢ 13024 GA2T 9674 9283 9N15 8582 783N 7163 7036 6922 6BN8
9%29 91371 92an 3379 10118 19137 1(DNT0 CALT 9491 9261 8776 R3I4L 7577 £738 68BT 6£9(4 6921
9517 9277 9512 1)9% 14221 1M63 10125 971 96R3  9N4s 8651 T912 7933 6P85 5RA6 6805 69N4
9517 ©46N 95649 117141 117303 17192 1111 Q727 9345 #8986 8537 7493 6576 6730 6828 ¢R51  £A9%
9554 91398 97A2 171INn7 10322 10?231 1rLl13 G45R 9263 89769 8214 7271 4923 6826 6817 £E834  68R)
9507 93851 3797 17184 1M31R 1ATRO 1OCST 96r9 2195 A4C9 7911 7132 7270 6922 6826 €BLY 68C8

YOUR SMTOTHED DFPTH MATRIX, I, IS PRINTED ABOVE.




Sample Problem Output for Evaluation of Smoothed Depth Matrix

AT THIS POINT THE SCALAR VARTATIONS PREDICTED 8Y I AT THE LOCATION OF EACH CONTRCL POINT
TS CNYMPARFND WITH THE SCALAR MAGNITUNE OF THE CCNTROL POINT.
A PLNT FCR FREOUENCY NF OCCURRENCE VS DISCREPANCY FOLLOWS A4S PART OF THIS LISTING

FREQUENCY OF OCCURRENCE
) 1 ? 3 4 5 6
-73%
~5Q %%
S s T T
=2 MR kKRR ARk
VAR R kR KRR R O R R R Rk

DV Ak e RO R R R O O R RO R AR KR AOK R O KRR A AR KRR KRR AR R KK
PR T LT T

CREii 2ot aTs Ty

N EET TR

3%

113

139%
ALL CNONT®Y POINTS MAVF RFSN CNMPAPFN ANN ThE RESULTS ARE SHNWN
TT WAS DSETERMINFEN FROM T AT CNMPARISNNS T-1AT THERE wWaS &

<D ZpUoNBOAND

MEAN DIFFERINCE = 7,14727493F-r3
AND A
ST NEV = 2,11931572F~112

THYF NFOTH MATRIX WILL NOW RT PLNTTEN

A TWN NIMENSTONAL COINTOUR CHART WILL BF PREPARED WITH A& SUITABLE GRID

EACH GRIN LINF REPRFSENTS AN INTEGRAL MYLTIPLE OF DISPGPNISEE INPUT INSTRUCTINNS)
AND THE CONTNJRS ART PASITIONED RFLATIVE TO THIS GRID

PLNTTING RFGINS WIT{ T4F 1JOPER LEFT HANN CCRNFR OF THE DEPTH MATRIX

FND

62
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FORTRAN VARIABLE NAMES

The major FORTRAN variable names and arrays are defined in table IV. Where
required, the algebraic equivalent of the variable is shown. Certain variables assumed
different names in different programs and subroutines and are so indicated in the table,

CONCLUDING REMARKS

A generalized digital contouring program has been developed and described. The
program will accept any type of data regardless of the units or the dimensions of the
region over which the data are to be plotted. Further, the program makes no assump-
tions regarding either the absolute or the relative magnitudes of the scalar variations
being plotted.

The digital contouring program is limited in the number of acceptable control
points and, to a degree, in the magnitude of the grid separation. A maximum of
1000 control points can be processed at one time. The grid separation should not be so
small that it requires more than 60 grid points in any one direction in the depth matrix
which represents the region being contoured. Further, the depth matrix cannot be
smaller than a 3 by 3 array.

A sample problem with 552 data points was processed. The resulting computer
listing of the output is shown, as well as the machine-generated contour chart,

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., September 3, 1970.
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Overlay
(0, 0)

1,0

(2, 0)

(3,0

(3, 1)

(3,3

TABLE I.-

Program

CONTOUR

READIT

SORTIT

COUPLE

MATCAL

CKZFIT

FUNCTION AND STORAGE OF EACH OVERLAID PROGRAM AND SUBROUTINE

Subroutine Storage Description 7 Page
16 4604 13
12 32’78 Reads program options and directs the order
of execution of the overlays
5 6255 14
4428 Reads either fixed-point or floating-point

X-, Y-, and Z-coordinates from either
card or tape and generates a coded
binary tape of data suitable for use by
the remaining overlays and subroutines

RECIN 302, A system routine for reading binary and
BCD tapes generated by RECOUT
RECOUT 3408 A system routine for packing binary and/or
BCD shorter records into longer logical
records of approximately 51210 core
memory words
27 3058 16
1644 Prepares the input to SORT2
SORT2 20’78 A routine for calling SORT/MERGE using
RECIN and RECOUT (Data is ordered
according to program options.)
13 0604 17
13 0608 Manages lower level overlays
31 7128 17
238 Manages the subroutines GRIDIT
and REGRID
GRIDIT 17 1608 Evaluates the gradient at each control 18
point and evaluates the depth matrix
REGRID 2 2604 Checks each element of the depth matrix; 25
fills in the missing elements; smooths
the matrix
CONVERT 168 Converts the units of the input data to the 33
’ plot equivalent in inches
TESTI 2518 Examines the boundary elements of the 31
depth matrix and reduces the matrix
dimensions when all the elements in a
column or row are missing
CKPOINT 1074 Checks data for control points which have 30
been observed more than once
27 0614 34
12 6348 Compares each scalar variation predicted
by the depth matrix at the location of
each control point with its control-point
counterpart
DISCOT 5558 Interpolates between depth-matrix elements
to evaluate the predicted scalar variation
at the location of each control point
SUB1 5 1558 Compares the predicted scalar variation 36

with its control-point counterpart and
plots a frequency distribution curve on
the listing
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TABLE I.- FUNCTION AND STORAGE OF EACH OVERLAID PROGRAM AND SUBROUTINE — Concluded

Overlay Program Subroutine
(3,2
AUTOCON

GRID

CALPLT

LINE1
LINE2

LINE3
LINE4
LINES
PLOT

NUMBER

LEROY
CALCOMP
COLUMN
AXES

66

Storage
25 0565
3 3518

11'78

1544

2234
2264

2454
230g
223¢
1 3664

2464

254
1056g
1634
5104

Description

Determines grid spacing and plots origin, as well
as controls the orderly processing of the columns
and rows of depth matrix and controls the orderly
call to each subroutine

A CalComp modular routine for plotting a grid of
equally spaced lines

Basic CalComp instruction to plotter pen; estab-
lishes plot origin and pen position (up or down)
before, during, and after changing locations

Determines and stores the coordinates of the inter-
cept of each contour line with side 1 of a triangle

Determines and stores the coordinates of the inter-
cept of each contour line with side 2 of a triangle

Determines and stores the coordinates of the inter-
cept of each contour line with the common side
(side 3) of adjacent triangles

Determines and stores the coordinates of the inter-
cept of each contour line with side 4 of the
adjacent triangle

Determines and stores the coordinates of the inter-
cept of each contour line with side 5 of the
adjacent triangle

Plots each line segment connecting corresponding
contour intercepts on opposite sides of a triangle
and calls NUMBER

Labels those contour lines which terminate at the
boundaries of the plot

Slows plotter for Lercy pen
Selects CalComp plotting system
Right-justifies BCD number

Plots and annotates axes

Page

39

47

48

49

50

51

52

53



FORTRAN
variable
name

FRMT

KMAX

KMAX1

IDMX

DIST

UNIT

CNVTOIN

SPP

CI
SCLE
DISPGRD

TANG

ISRT

MINI
MAXI
IRDTP

TABLE II.- LIST OF VARIABLE NAMES AND DEFINITIONS

Card

type

1

Definition

Variable format for reading data on card
types 3 and 4

Integer specifying the number of control-
point gradients required to compute an
elevation at a particular grid point

Integer specifying the number of control
points required to compute a gradient at
a particular control point

Integer specifying the maximum difference
between scalar variations

Floating-point variable specifying the spacing
between elements of the depth matrix
Floating-point variable for converting the
units of DIST into the smallest unit for
which a conversion factor is available
for converting UNIT to inches

Floating-point conversion factor for con-
verting UNIT to inches

Floating-point interpolation factor for sub-
dividing the submatrices in AUTOCON

Contour interval
Scale of the graphic

Desired separation between grid lines of the
graphic

Maximum anticipated slope between control
points

Code specifying whether data are to be sorted

+1 sort data
-1 do not sort data

Minimum anticipated scalar variation
Maximum anticipated scalar variation

A code specifying whether control-point data
are on tape or punched cards

+1 data are on tape file 9
-1 data are on punched cards
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TABLE II.-

FORTRAN
variable

IPTOPT

ISRTOPT

FRMT

68

LIST OF VARIABLE NAMES AND DEFINITIONS — Concluded

Card i
type Definition
6 A code indicating type of data
+1 data are fixed point
-1 data are floating point
6 A code indicating primary and secondary
variables in SORT/MERGE routines
Code Variable Direction Order
-1 X Ascending Secondary
Y Descending Primary
0 X Ascending Secondary

IDIST Descending Primary

1 IDIST Ascending Primary
Y Descending Secondary

2 Y Descending Secondary
X Ascending Primary

1 A variable format for reading X, Y,
and Z parameters on control-point data
cards



TABLE III.- TABULATED CONTROL POINT DATA
FOR SAMPLE PROBLEM

X Iy iz X iy Iz
&ang n -4 8.5 6767 56474 -5y
L1000 1270 —-H6C 50012 857629 -9R]
416G 2401 -471 6216 58829 -98%
4171 3512 -479 £925 &0129 ~Gap
%311 LR_MD -498 797¢ 1 -=ng
4327 6712 -5N2 7987 1201 A
4347 7273 -%11 77€eq 2452 ~571
4287 B&"N4 -520 /PTG 3£773 ~597
4268 LY AT ~-524 422¢ 4RN3 -&1¢
407 171815 -53p a1313g aN33 ~AG b
4407 12175 -%2 4 3364 T2ns -&87n
nesd 13206 -555 A411 415 -AGP
5747 14407 ~=an 3551 2675 -722
LANT 15607 -£01 B8R67 193° 7 ~750
s31¢ 16817 -59¢ R587 12374 -777
A5G 185378 -&1F 3627 137277 ~-an3
a5 e 19209 —-620 R&3S 14678 —R78
£Q0K 204610 -524 AL T 15578 -851
EN3% 21510 -5 R727 1899 -37c
g2 722811 —-54n ARAT 1817 -anr
Sres 26312 ~ &84 82307 12211 -278
5113F% 252173 ~-455Q 3147 2087 -3
5298 2A413 -fH A 9r5g 21613 -07¢
510€ 2714113 -503 Q1c g 22811 -1 s
Rane 28814 -7 a21¢% 247113 -1n3p
S&67 30915 -7°3 Q23§ 2523 ~10%e
5607 31214 -732 327H 264613 ~17ga
54213 325614 -72¢ apa3 27614 -1m8]
F547 33516 -729 apas 2aRLE -1 hop
54372 34917 ~T3F ©37TE 3 14 ~1170
54691 36918 -2 G538 31214 -11138
57N 3 37218 ~ 746 963" 22036 ~11e7
£7813 334619 =750 C4QR 33517 -117%
5042 3P40 -TR7 aTr? 34313 =188
6042 ATR2N -anF ©a4.7 35719 =121
6101 42921 -a1¢9 agg 2 37213 ~12132
£11 8 43721 -q26 9R313 38419 -12%7
£255 L4620 ~95n ae23 30429 =1274
e?71 454273 ~886 2931 4827 -1201
6291 %6823 —-Q43 9943 42121 =¥3nT
6331 48023 -877 13123 3221 -1313}
£336 49223 ~374 101872 LEND D —135%
6381 Shen —-am 1N2A 3 45523 -130n
£43) 51620 ~Q04 11243 LERD Y, -1411
65561 528724 -022 1138< LBHDG ~152¢
~691] 54N 2F -4 11495 H$C205 ~14R5
£751 35227 -asp 10511 S 424 -1 AAG

REMEC I | H1426 -14872



70

11%71
157G
1reay
171571
143321
10927
17911
191013
12143
121¢F9
T217¢
19210
12227
12220
12216
r247 ¢
12576
124539
12651
127¢
12pnT
12827
128¢f7
1227¢
12287
12347
13127
12727
127237
137c¢
13439
12/6F
12075
1357y €
13%22
13338
13418
13775
13ARTE
13925
12947
147879
1410 2
1461213
1a1e?
15171
1419873
172473
THh422

TABLE III.- TABULATED CONTROL POINT DATA

FOR SAMPLE PROBLEM - Continued

0
52327
[LTM2T
55227
58629
57430
58337
A3

VO s Y
3
CN) A ey s,

¥

- PN

W B N

S NIV]

G2,
Ifqﬂﬁ
12774
12277
142077
15407
14873
18%° 3
1g21"°
25414
21¢1 5
2281
2um17
2F?2 2
24712
274773
23714
ETARERY
31218
A4 A
33517
36917
3617
37279
2R5Y ]
36621
QR
42001
53221
Li w2
HE6E2 T
GERP R
P Rale Xt
G224

iz
~14390
-1 51
-15822
-1564
—-1ETR
-14602
-1421
e?

77

AN

7

-/
-2
-141
~18F
~273
267
-32¢
—-trl
AT
-]
-p 2
-ET{
-7
~-R"/
~f=c
~gnE
~0rTy
=171
-y
-Y11p
-1141
~12°%
1254
1267
-133¢
-1137a
-1414
~1her
_1rp£
-1844
-18c
=31427
—VAEL
—{701
-1723
-1 T4
-1708

-1 027

X
145213
145872
14835
14735
1475
14771}
14911
14819
14331
1F011
16771
14771
16221
14242
16382
143CQ
18478
VEAER
16467
YELTS
1h%EC
14719
1A C
16879
16801
17221
17T
17A
17107
1T11 %
17127

TN
17367
Y7AAT
17%27
1753¢
17876
17498
17718
17785
17742
TYTT R
173§
1R 8
1811¢%
13175
18187
18327
18343

IY
50425
51624
52824
54027
55278
56478
7428
LRQP2R
&0 29

1291
2472
3s"?
Hy"p
A£773
7208
Qbid
QA L.
1804
12774
13207
1477
15478
14548079
18079
192"7¢G
20479
21610
22812
26012
25237
26413
727514
28815
ETSIED IS
31215
22416
33617
34818
3£™18
3721P
3p410
324210
#8270
LN
%3221
486D
L5623
&5823

-1R871
~10n3
—103@
~1047
~10013
2018
-one,
-2768
-2"~gn
327
a1e
T
2905
2746
24k
214
182
184
12%
G4

e

12
-20
-£5

-1n?
~140
-?214
~280
—358
-hb 2
-513
-570
-556
~737
~-R27?
-88]
-o% 3
~1°30
-17Q5
-11&6
-123¢4
-1286
-1328
-12713
=141
-Y 4T
=150¢

-1552



X
1R352
194073
18411
184232
185013
186413
18742
183213
1R833%
18075
18991
20711
20NnF1
’NNeg
2”7
2?7181
20371
2041 1%
20471
27493
PNE23
2534
20659
204806
2n707
?2r7t9
2r1Cg
>ng=q
71r5g
21119
2113
21271
21287
21301
21347
21358¢€
21135817
21447
21&0 7
21707
21767
21773
21916
2193%
2195 8§
2179%
227012
22918
272735

TABLE III.- TABULATED CONTROL POINT DATA

FOR SAMPLE PROBLEM - Continued

X
LBM2 4
43225
50426
51€24
528245
546027
38228
5&4£29
57%29
58R72Q
AN ]
]

1270

247

367

4801

6103

7203

84™3

Ghi b
10909
120114
13275
1£476
155717
16978
183 9
19207
2045009
Z1A702
27311
2433
25211
PEt 1 2
27613
28814
AN L
31215
32416
334514
3481 §
3LNY7
7217
30539
39420
£{TRDN
&2727
43221
483D D

Iz
-] 508
-1634
-1675
-1714
=174)
-1787
~177G
_1 q"\l:
-1827
-1340Q
-1278

276

271

1]3n

17¢

1%

140

128

117

12

a2
4Q
=l
3R
?3

2

-2

-t

=AP

-0

-12"
-5
~1Q8
~-221
-26&(
R TAY N
-3
~-294
—ip
—£97
-S54
-51P
-t R
-~TaL
-88F
-27h
-1n65%
~1146
-1230

X
222% ¢
22358
2724515
22427
272567
22583
224013
224472
2245%1
22A/%12
P24
22002
237312
2h04672
2MTT R
2421 %
24231
D4LITY
24221
242¢G
271311
2462431
241K 1
AL YD
265711
26722
24367
PHRTC
2£303
24034
24L04 7
27374
2.3 G
2%1c7g
2s2¢g
25356
27371
25511
?2ER527
23471
28587
PEROG
PHRATT
PR5RA%
25847
25267
PANCT
2676
26159

IX
45422
46822
L] 23
49224
1L S
S14825
5P2R2A
54527
59227
54627
B3T627
S8R?4
IXREY

<

1275

20l

35

£330

&Y 3

7273

3573

a4 34
1683
12715
13274
1447 A
15577
10908
1873783
1n2ng
2L 0
2181 %
272811
2enil
;e 2
24713
27451173
28813
313
3121
32616
33617
ALR]LT
3517
377218
38419
39419
4HT381 9
L2320

71



72

=
2317 °F
2~A198
?523¢
26243
26278
2£632%
26408
25508
LAY E
PHAET
24607
263273
2459472
243873
2£a31
279013
279073
2814 2
232472
23343
2831¢%
236F 5
28471
RG]
287172
2£839
22571
A2
snray
s>0aa1
2R27Y
285432
a1 2
11 a
231349
7a17e
2°1¢7
?91°cq
29779
794734
29529
peFEnqg
20611
2975 3
PRTET
20787
"0Q27
2Ga3E

23347

TABLE IIf,- TABULATED CONTROL POINT DATA

FOR SAMPLE PROBLEM - Continued

X
43221
&bt DD
LBHEDD
&AR2
LRI A
48204
EAD L
Bl1AD4
522275
S4527
5R?227
BhA:2T
37428
5848249
£

1237

2470

ELT

£872

A3

Tom"3

RAT3

[SERV A
1R 7
12775
13258
S SR
15427
14370
1RYAa
1e2~0o
27410
21610
22710
26310
287211
2647173
27613
?8R1a
3417 4
3125
32481 A
332414
34374
36317
27218
38419
33519

iz
Y
-nq7
=194
-1187
-127¢
-13%7
-1427
-¥4H272
—1RKQ
—-1467F
-1 477
-Vt 738
=170
-1 Q4
P | qu’
-7y
-
—en"
—lh
-536
—-rag
-v77
-534
-409
Y S
-t 2]
—&11
— 30K
~2R2
-27p
-371
-3613
-241
~3FC
—-25732
mqu
—3&0
=353
-3
-84
-
=41
=428
-tFp
-2
Y
_589
-39
-7n3

X
2027
rnay
3M187
AN247
3IN2R G
3n3cg
INALE
ACLIE
AraT |
2 4032
IrAGE
ArgTE
ANTAE
ELEER
3080F
Inang
ER AT A
RPME2
37,873
223213
32137
32143
272232
2723872
224073
32542
APEEE
32808
22711
27731
22771
3277 ¢
272731
22871
33731
33131
33121
33703
3334 3
23389
33376
ERFAR:
23427
3343¢
33%1¢
33576
33776
3332¢
33851

ixX
41819
L2020
43271
Ldt 2]
H5£21
HLARD 2
4813123
403204
BN4L2 8
31525
52825
56227
5R»27
Ba427
57528
[RYV9
(XA

1200
2400
3511
£H8N2
LD
T2M2
AR5 M3
Q604
108835
12305
13295
14476
15577
16807

18T

192~a
2:346:10
215917
22811
2oy
25212
24433
2743
28813
3INT1EL
21215
22416
3384
3LR1 4
36017
37218

~74F
=335
-1
-989
=1n68
-1183
-123é&
=-132¢
-14814
=-18072
~18R8Q
=Y574
-1 THE
-1 950
_3 537
-27N0F
-278¢
-1 64T
~-13R1
-1303
-12323
-1177
-1117
=17¢0
-1715
-35€
~R8SR
-3592
~arg
760
-72
-5£5Q
Y
-567
—53¢
-R073
-l A
~4£H79
-t77?
-47?
-%E8
=486
L b b
-4 AL
-1 Tl
=533
-5Ng
-T42
~R82



X
33QG61]
36L0NT
34027
346087
INNT5H
36087
245167
34227
46427
344937
440G
34636
IHASG
36ATE
34715
4723
347K
3£8) €
34978
EL R
3F138
35147
3LPRT
362M3
363272
24363
35371
343R82
26445673
36473
347213
347812
367CH
3£ 5
34981
36971
37711
3771 Q
EXALER !
3711
37271
37371
37431
AT44H 2
A7%8 2
375¢¢6
37419
3T4EG
37447

TABLE III.- TABULATED CONTROL POINT DATA

FOR SAMPLE PROBLEM - Continued

X
3KET R
394518
4NR19
42320
«43221
‘{f‘li'éf?.. ‘.
45522
46823
48123
492723
5423
516724
QR2R2&
27
5822727
5&4.27
5TAP8
583329
6179

[a)

1200

240N

36D
6LR™N 3

%8 TR

7213

R4Mms

O 5
1 R"3
12705
132r 4
144607
18508
16”787
18076
1292110
20810
21515
2281 %y
24011
25213
25573
27613
23814
INN1H
31214
32514
33814
34317

1z
-H24
-4598
«T766
-932
-897
-98%
-1757
-114&6
—"217
-1341
14460
1540
~VAL{
-173¢
-1R47
~195¢
~2NL0
~214€
-2242
—DERL
PP
-224ac¢
-71G%
-2"72
-3.037
~13r 0
18R
—1850
-1 478
-147L
-124¢
- 27
-11864
-1115
-11337,
—OrEr
-8R2
-Qq23
~7¢Q
=725
—-nAR
—t2,2
-=97
-F
-8BT0
=5A2
-5E7
-5513
-3nQ

X
375786
ATTEG
2791¢
3rR31¢2
A8NT G
IRNG Y
3p231
28247
3IR2A/7
3191327
IRR1 K
IRE2T
3gLNT
ABS547T
IREAT
33727
3873 %
RRRT7 S
204398
1RO F
38958
LNANE R
&A1 8
4LN31 e
rN37 e
40337
LR
el Y S
471553
HLn
4ng1
“Ne?23
GO
&£ es2
[T
%1023
L1M2E
LINTS
%1191
41211
41251
&1?2€¢
1271
413%1
1511
415611
L1A/71
61483
518213

I
36718
37279
3R419
39419
L0824

52721

HA221
L4l ?21
£RHD 7
4687273
LAND A
40224
5L L2Y
51674
BAR?24
£LY27
58227
64218
aTH2S
TRR3N
AIATH

24671

B2

LA
6D

723
AL &
963
118" %5
12875
13274
144707
154 7
14877
1RAMR
1921 @
VARSI |
21610
272811
24312
25213
25613
2746173
28814
EXCTA RN
31228
32%1 4
3346154
34817

IZ
e
-672
-732
-79¢
-p37
-ae]
-Q7E
-1
-1127
-11¢”
-121"
—1e1s
-1=10
—14272
~17=g
~12ap
-2710
=214Lr
-2277
~7301
~3RTL
-37112
-327¢
-2877
=272 n
—2EEA
-23n2
-2208
=-2773
-10Q728
—1790
-1%013
1500
AN TNS
P B Y 2% ]
-1291
-1211
-113%
=TT

-Qa

~012

- LT

-701

-4

-5G7

—58‘:

~579

73



74

X

~183¢
“1RB5S
418¢¢
L1007y
(-.1 ?‘ g
41930¢g
L2185 ¢
#2210
231 @
62321
t2467]
#2483
62537
47547
ADPFE R
LPEAT
1.2H4 T
L2737
#2077
52987
s237S
b BT R
OHF 27
L6767
LH6TR2
483072
£.450.4073
VLTS
643473
Y43
LE1N 3
LE O]
L5043
LEDT R
LELLR
£543]
XA
2.546G1
LRL0G
[ I |
L5501
L5751
%59%1
L&011
L5323
&5 3
LANTC
LENCG
513G
LE1 AT

TABLE I1.- TABULATED CONTROL POINT DATA

FOR SAMPLE PROBLEM -. Concluded

pny
361718
37218
38428
32619
LR IN
42021
%3221
L, DD
435273
L8773
587213
G223
{404
51567264
52824
R&?27
LE227
54428
RATH29
BR{PO
57089
17man
1oar
132~
’.‘{;_‘l_x’
154
1487
18n7
127
2003
2iAC
2281
2431
290"
2621
2741
28287
3701
31214
2247 4
33617
3Lﬂlﬂ
/NI G
37219
3R41G
3C52%
JO:TQ?!
L2721
4, 3271
44422

32D PDOD-NT S

-

NURRR RO

¥ Bl

v

1z
-700
-727
-T06
-7
-R3r
-age
—-OF L
-1n2F
—1r0g
=-1140
-1 278
=12E8
-1326¢
-1437
-1532
-1 405
-133¢
1271
-2121
-22¢0
—-2241F
~-3%3Q
-323213
-71313
-2927
_?7'! B
~280¢
-27080
~278%
-1227
-1 9224
-173¢
-14830Q
-1%37
150
-1331
=123
~112¢
-1RG
-087
—-QDL
-
)
-av7
-011
~Qry,
-0
-1r1Z
-1 8D

-1~72

X
6158
L5236
Z53¢4G
Lb6c g
46586
Lt RT Y
H5T711
ehT27
LH5T4HT
HATRT
LATGE
~hRN17T
4565887
68367
L9707
60022
5274 2
437903
AQPQ}
L9103
40183
5924 2
2924513
498r13
LA\ R
HAFF T
49671
63491
AQT731
&C7346
60751
hCQ?]
69991
EEGie =B |
RN1%1
5N153
EHMETE]
51319
Sn336
1379
K038
573696
EM0TQ
ENg3 G
597335
EN7G¢
57931
Shas]
57367
R QR7

X
454273
G684
&8N 24
40225
SO L2 A
515626
572827
54027
5227
56472793
575370
883"
AN 3D
16878
187704
lo2°n
2r61 0
21613
22311
24012
25212
2412
276173
28814
30601
31215
32414
33417
34817
346017
3772118
384119
392 0
413721
&2021
%3221
Gl 2?2
4854623
45823
48213
49224
50425
H15876
52324
5727
R57278
RE42 8
BT74A28
HRA28
4209

b-l-' [y
“»ﬂH
D alN
Dm

-1263
-1334
=-1402
=1442
-15a€
-1625
-17923
=-1778
-1087
-2188
-2377
-2FLE
-32G4
-3"1¢9
-277%
-28R2
-27092
-2214
-2PR2
=1981%
-13118
=1A/88
=155
-t HER
-127¢%
=1191
-131%2
-1133
=-'12s
~113r
-1347
~117¢
=1204
-124173
=-12+/7
-128¢4
_11ﬁh
1324
1434
-1514
-1804
~1472
-174G
-133r
-197%
-7770
-20



TABLE IV.- DEFINITIONS AND MATHEMATICAL EQUIVALENTS
OF MAJOR FORTRAN VARIABLE NAMES?

Primary Equivalent :
FORTRAN FORTRAN Mathematical Definition
name names q

A B,C A;,B;,Cy Arrays containing coefficients
of gradient vector

ARG H;,Z; Array containing real and

1 predicted scalar variations

BB ﬁi Array representing esti-
mated gradient

CLASS2 U]- Array defining categories of
discrepancies

CONT Array of contour lines inter-
secting side 1

CONTA Array of contour lines inter-
secting side 2

CONTB Array of contour lines inter-
secting side 3

CONTC Array of contour lines inter-
secting side 4

CONTD Array of contour lines inter-
secting side 5

COUNT Array containing a count of
discrepancies (frequency
of occurrence)

D Array for storing in memory
all the control-point data

DEPTH Array within which the
2SPP + 1 by 2SPP + 1
elements of the submatrix
are stored

E Qj Array of vectorial compo-
nents of a vector approxi-
mating gradient

GRAD Array containing components
of a vector approximating
the gradient

I MAT,IEL H. Depth-matrix array

1

“ 2Variables in table II are not listed exceI;f wheré mathematical equivalents are given,
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Primary
FORTRAN
name

TABLE IV,.- DEFINITIONS AND MATHEMATICAL EQUIVALENTS
OF MAJOR FORTRAN VARIABLE NAMES2 — Continued

Equivalent
FORTRAN

names

IADDI
ICODE
IDEPH

IDIST

IFN

ISM

17

KEY

KORE

KORN

KM
KMAX

JJ,MAT

Mathematical
equivalent

k'

Definition

Constant bias added to I
Signifies end of data

Array for storing three rows
of I matrix

Distance of control data
point from a common
origin

Array containing location of
input and output files for
SORT2

An array containing informa-
tion regarding input record
structure and number of
input files and of variables
to be ordered

X-coordinate of control-
point data

Y -coordinate of control-
point data

Z-coordinate of control-
point data

Array containing location
and type of variable to be
ordered and direction of
sort

Locations of the X-
coordinates of each cor-
ner of I matrix

Locations of the Y-
coordinates of each cor-
ner of I matrix

Number of rows in I matrix

Number of neighboring con-
trol points

Ayariables in table II are not listed except where mathematical equivalents are given.
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TABLE IV.- DEFINITIONS AND MATHEMATICAL EQUIVALENTS
OF MAJOR FORTRAN VARIABLE NAMES2 — Continued

Primary Equivalent

FORTRAN FORTRAN Mathematical Definition
name names 4

KMAX1 k Number of neighboring con-
trol points

LM KK,MIT Number of columns in
I matrix

M Number of unfilled I elements

MAXWRD2 Maximum IY

MAXWRD3 Maximum IX

MINWRD2 Minimum IY

MINWRD3 Minimum IX

POS1X Locations of X-intercepts
with side 1

POS1Y Locations of Y intercepts
with side 1

POS2X Locations of X intercepts
with side 2

POS2Y Locations of Y intercepts
with side 2

POS3X Locations of X intercepts
with side 3

POS3Y Locations of Y intercepts
with side 3

POS4X Locations of X intercepts
with side 4

POS4Y Locations of Y intercepts
with side 4

POS5X Locations of X intercepts
with side 5

POS5Y Locations of Y intercepts
with side 5

R rpTs Radial distance between

J two points

aVariables in table II are not listed except where mathematical equivalents are given.
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TABLE IV.- DEFINITIONS AND MATHEMATICAL EQUIVALENTS
OF MAJOR FORTRAN VARIABLE NAMES? — Concluded

Primary Equivalent :
FORTRAN FORTRAN Mathematical Definition
name names q
RLAST Inner radius of ring
RMAX ) Maximum distance of data
point from arbitrary
origin
RSAVE Outer radius of ring
SP Distance between elements
of I at plotting scale
SQX X-coordinate of submatrix
center
SQY Y-coordinate of submatrix
center
w W]- Weight
XMAX X-dimension of I
YMAX Y -dimension of I

ayariables in table II are not listed except where mathematical equivalents are given.,
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