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FORTRAN IV CDC 6400 COMPUTER PROGRAM FOR CONSTRUCTING ISOMETRIC DIAGRAMS

by

William B. Wray, Jr.

INTRODUCTION

Isometric pictorial representation has long been
favored by geologists as a means of displaying three -
dimensional surfaces and bodies. A principal advan-
tage over perspective representation is that plotting
and measurement can be made readily anywhere on
the diagram. Lobeck (1924, p. 120-121) lists the
following properties of isometric diagrams.

(1) "Measurements may be made to scale any=
where upon the upper surface of the block
in the direction of either of the two coor-
dinates, which in the object itself are at
right angles to each other.

(2) Distances in other directions are not com=
mensurate with each other unless measured
along lines parallel to each other, and they
are not commensurate with distances meas-
ured on the sides of the block.

(3)  All the lines parallel in the object itself
are parallel in the isometric drawing.

(4)  All lines vertical in the object are vertical
in the drawing.

(5)  If the vertical scale of the drawing is the
same as its horizontal scale, then the meas—
urements made in the direction of any of
the three coordinates are commensurate.

(6) All angles in an isometric drawing are dis-
torted, and even two angles lying in the
same plane cannot be compared with each
other unless they lie in exactly similar
positions. "

The 13D subroutines included with this contri-
bution provide an efficient and fast method of dis-
playing a surface = a single valued function of two
variables = in isometric or similar pictorial repre-
sentation, Numerous options are available through
the ISPECS and RSPECS parameter arrays. Among
the most important options

@) The diagrams can be seen from all theoret=
ically possible viewpoints.

(ii)  The data can be viewed in an unlimited
number of rectangular subblocks, all auto=
matically spaced to avoid point overlap
(x and y direction spacings are variable).
Any rectangular subarea within the data
array area may be considered for plotting
and any number and configuration of rec-

tangular subblocks within this subarea may
be skipped if desired.

(iii)  Scale, line and point spacing, and density
of lines and points to be plotted are variable.

(iv) The vertical (z) scale may be expanded or
contracted relative to the horizontal (x, y)
scale without restriction. Distances in x
and/or y directions can be stretched or fore=
shortened independently, with scale remain-
ing constant.

(v) Surfaces may be plotted with or without the
traditional block diagram frame, and major
and minor scale ticks are available. A stan-
dard labelling routine can be used.

(vi) Data input is flexible. Points can be arrang-
ed in north=south (y direction) or east-west
(x direction) grid lines.

Possible applications of isometric pictorial rep=
resentation can be considered within the framework
of four general types of surfaces.

(1) North=south, east=west, elevation surfaces,
such as topographic surfaces, tops and bot -
toms of beds, buried bedrock surfaces, etc.

(2) North=south, east=west, z surfaces, where
z is any measureable quantity, such as, for
example, thickness or percent of sand in a
sedimentary bed, or Bouguer anomalies.

(38) X=y=z surfaces, for example equilibrium
surfaces in chemical stability diagrams.

(4) X-y=f(x, y) surfaces, mathematical func—
tions of two variables, including functions
of many terms where the values at different
points cannot be readily visualized. Many
preceeding papers in the Computer Contri-
butions series deal with functions of this
type. Examples are the double (two-dimen-
sional) polynomial and Fourier series current-
ly important in trend-surface and harmonic
and spectral analysis.

Because of wide interest in computer graphics,
a number of algorithms have been written which have
the capability of generating three=dimensional dia-
grams (e.g. Rohlf, 1969). Almost all of the algor-
ithms produce perspective rather than isometric dia-
grams and most have more ~or - less serious bugs and
severe limitations in point ~array size due to rapid
increase of execution time with increase in number
of points ( A.R. Paradis, personal communication).



Algorithms to construct isometric diagrams seemingly
are less common, as | do not know of any, other
than 13D.

The 3D subroutines have been subjected to thor-
ough testing, and numerous isometric drawings have
been obtained, but it is entirely possible that algor=
ithm defects are present due to the complexity of the
subroutines.

Acknowledgments . = Mr. Arthur R. Paradis, in
charge of computer graphics at the University of
California, Berkeley, Computer Center, gave encour=
agement and arranged use of computer facilities during
the program development. His methodology is evident
in both the organization of the latter half of this paper
and in the subroutine structuring. The Anaconda Com=-
pany provided some development computer time and
permitted use of the view of the Berkeley open-pit
mine in Example 2. Prof. Charles Meyer, Prof. Gar-
niss Curtis, and Mr. Paradis kindly reviewed the man-
uscript.

PROGRAM ALGORITHM

IBD1GL, the subroutine which constructs the
isometric projection, processes parallel rows of points
on the surface to be represented. A visibility or hor-
izon line is constructed and is carried from the front
to the rear of the surface. Each point on the surface
need be tested only once to define visibility. As a
consequence, calculation time increases as the first
power of the number of points defining the surface,
rather than the square of the number of points. This
is of great practical importance in large and detailed
projections (see Example 2).

An obvious next step is the development of rou-
tines to process multiple=valued functions of two var-
iables. Both upper and lower visibility lines would be
carried for each surface, so that the undersides of sur—
faces could be seen. In this manner, cut—away block
diagrams, similar to those used to portray geology of
underground mines, could be constructed.

Another useful feature to incorporate is wide-
spaced surface gridding as an aid to rapid location of
(x, y) positions. | have written a subroutine, 13D2GL,
which permits this option, but it is not in a general
form so has not been included in this paper. The sub-
routine takes longer to execute and requires signifi-
cantly more core space, and at the present time con=
version has not been justified.

I3DT1GL and supporting subroutines were written
to create projections at least possible cost so that, if
desired, the program could be used on a routine ba-
sis. All I3D subroutines make use of a common work
array BUFI and complete variable dimensioning to
reduce central memory core storage requirements
to a minimum. [3D1GL requires 3313g storage loca-
tions and the remaining subroutines total 3574g, in-
dependent of work array requirements. To hold exe=

cution time for all subroutines to a minimum, some
care was taken to make the FORTRAN coding of
high efficiency. To reduce plotting cost, I3D1GL
generates plotter construction codes in such a manner
as to reduce as much as possible off ~paper pen
travel.

Execution data specifications are entered into
the various subroutines from a main program via two
common parameter arrays, rather than via data cards.
This considerably simplifies data input, because the
need for variable card formats (for the completely
general situation) is eliminated. Also, particular
specifications are carried automatically between
subroutines unless changed.

RELATION OF VIEWPOINT TO BLOCK
ORIENTATION

It is possible to characterize the orientation of
a block in isometric projection by means of an azi-
muth, or line=of=sight, value and an apparent angle
of inclination (looking down from above). The re-
lation can be derived as follows.

Consider a rectilinear isometric block, Figures
1 and 2, with the properties given by Lobeck and
with the edges trending north=south and east-west.
To permit construction of the projection, it is nec=
essary to solve for angles @ and @y in terms of ¥
and 7 .

o“f 2]

Figure 1.~ Normal view of isometric diagram, with

elements used to derive equations (12)
and (13).

Figure 2.~ View of same diagram as in Figure 1,
slightly rotated out of plane of paper
to show hidden elements.



¥ = arctan (a/b)
Y =arctan (z/h)

a is defined as the angle to the N=S§ line
from a horizontal line. a; is positive if clock=
wise ( as shown), and negative otherwise.

ay is defined as the angle to the E=W line
from a horizontal line. a, is positive if count-

erclockwise (as shown), ‘and negative otherwise.

From Figure 2,

fany=z/h= 253V M

and from Figure 1,

z=e+d,
so
z/b=e/b+d/b ; (2)
also
e/b=sing, )
d/g=tana, , and
g/b=cosaj .
So by multiplying the last two together,
d/b =tanaj cosa, . (4)
Substituting (3) and (4) into (2) yields
z/b=sinaj+tanay cosa| . (5)
Substituting (5) into (1) results in
tan ¥/ cos ¥ =sin aj +tana,cosa; , (6)

which can be rewritten as

tan¥/ cos ¥ =sina|+ﬂ| sinay . *(7)
cos aj
Now
cosay=g/b (8)
and
cosa2=g/a , )]

thus (8) and (9) combine to yield, after cancelling g,
a/b=cosa;/ cos a, .
Because ¥ = arctan (a/b),

¥ = arctan (cos a;/ cosay) . * (10)

Equations (7) and (10) now can be combined,and
successively a; and 77 isolated.

tany _ . .
cos =sinaj+ tan ¥sin ajy,
tan ¥

cosys

where tan ¥, ( ) are numbers, call them A

sinal =B = Asin ay amn
From (10),
cosa = A cos a5 , and

squaring both equations gives

sin2aI =B2 - 2AB sinayt A2 sin2a2

cos?2 a,= A2 c052a2
Adding them together gives

sin2a|+ cosza' = A2 (sin2a2+ coszaz) +B2

= 2ABsin ay

Because sinZ + cos2 = 1,
1=A2+p2 "2ABsina2, and

solving for a, yields
2 A2+B2 -1
2AB
Resubstituting for A and B results in

) .

a =arcsin (

, 2
tany + M-ZZ— -1

COS
2tanys tany
cosys

After shuffling and clearing of internal fractions,
sin2¥ + tan2 ¥ = cos2y
2 siny tany

Angle aj can now be obtained by substituting (12)
into (11),

ay = arcsin

). *xx(12)

aq =arcsin (

fany _

cos s

which, on rewriting, becomes

a) = arcsin (

tany sin a)

tan ¥ = sin¥sina2 )

cos Y

Because of the particular nonEuclidian pro=
perties of isometric projection, it turns out that not
all combinations of ¥, ¥ will yield real (i.e. not
imaginary) diagrams. Table 1 relates @ and a4
to ¥ and ¥ . Table 1 gives values for one quad-
rant in 5° intervals of ¥ and ¥ , and values in 1°
intervals are given in the Appendix. Note that a
surface can be portrayed in unorthodox orientations.
For instance, either Q) or aycan be negative, re-
sulting in a skewed diagram, The other three quad=
rants are mirror images of the first, as shown in Fig=-
ure 3.

If ¥ =T0,i=1,3,5,7, thenq =a,
and equations (12) and (13) reduce to
= arcsin ( L tan Y).
\N2

For the standard isometric projection which has a =

*x* (13)

a; = arcsin (

a (14)

and B respectively. So on substitution and reordering, 30°, ¥ =35.2644°,



Table 1. - Listing of ¢; and a5as a function of Yand ¥, in five degree

intervals for one quadrant.
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13D SUBRQU TINES = INTRODUCTION
General Attfributes

The remainder of this paper can be considered a
manual on how to use the 13D subroutines, with ex-
amples. Each subroutine is treated in detail so as to
make all execution alternatives as clear as possible,
and each section can be read independently of the
others.

13D subroutines deal with points arranged in par=
allel equally spaced rows called grid lines. For in-
put info I3D1GL, the points must be evenly spaced
along each line. I3DPTS may be used to calculate
additional lines. I3DPTA can calculate evenly
spaced points from grid lines of irregularly spaced
points. [3DCVT converts Hollerith card data to bi-
nary data suitable for input into ISDPTS, I3DPTA, or

574 54.5 52.1 5006 50e5 5344 6440
5Te4 60.8 64e5 63e5 T2.8 T7e5 83.2
45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 540 -l
4540 5040 55.0 60.0 65.0 70.0 75.0 80.0 850 90.0
364 29e5 22.1 141 560 =662 —21+9 -5349
3604 4301 495 559 623 6848 T5.6 8440
29.7 2046 10.06 —e8 —14.9 -35.2
29.7 3842 4645 54¢7 6342 7247
24.1 12.4 —e8 ~16+3 —39.4
24e1 35.0 45.6 5644 689
19.3 4e2 -1345 -37.3
19.3 33,2 4T.1 62.7
14.9 -5.0 -30.1
14.9 33.3 52.7
109 =-17.2 -61.5
10.9 36.7 70.5
T2 -39.0
Te2 49.3
3.5
3.5
-0
Y
45 50 55 60 o5 70 75 80 85 90
PSI

I3D1GL. Because Hollerith data must be arranged
in a specific manner (see the section on Point
Coordinate Data Structure), ISDCHK is available
to catch gross keypunching errors and misplaced
data cards.

Execution times (CP) are printed for each
subroutine called. Some typical timings are

I3BDCHK:  800-1400 points per second.

I3DCVT: 1000- 1600 points per second.

I3DPTS: 800~ 1400 input points per second,
less if many intermediate points
are calculated.

ISDPTA: 9000~ 10000 final points per
second.

I3D1GL:  1500-2600 points per second.

For I3D1GL, a subequal amount of plotter post=

270°

360

Figure 3.-Plot of ¥ versus ¥ showing area within which isometric diagrams can be drawn.



processor time is needed in addition.

I3D1GL and the other subroutines can, in prin=
ciple, process an unlimited number of (x, y, z)
points, although the practical limit at Berkeley (due
to limitations of one=-job disk storage capacity) is
about 1,800,000 points.

Selection of the value for final point spacing
(FPS) along the grid lines is of importance because
the positioning of the end point of a visible line as
it passes into a hidden line can be in error by an
average of one=half the FPS. Spacing depends upon
values of RSPECS(7), RSPECS(10), ISPECS(10).
Sixty to 80 points per inch give pleasing results; a
general purpose range might be 10 to 100 points per
inch. Also, for best results the FPS should be less
than the final row spacing (FRS), which depends on
RSPECS(1), RSPECS(10), ISPECS(9). Common usage
has FRS = (3 to 4) x FPS, or approximately 20 lines
per inch.

Terminology

Some special terminology as used in this paper:
(A) grid lines and points (Fig. 4 illustrates termin=
ology);

(B) viewing the surface.

The attitude of the plotted surface is determined
by the direction of sight (RSPECS(14),4) and the
apparent angle of inclination (RSPECS(13),Y). Psi
can range from 0° (looking due north, or in the +y
direction) through 90° (looking due east, or in the
+x direction) around to 359.9+° . Note particularly
the requirement that the positive y direction be due
north. Gamma can range from 0° (horizontal) to
approximately 54.7° . See Table 1 and Figure 3 for
relation of ajand ay fo Y oand ¥y .

Program Specifications

13D subroutines require a work array BUFI, di-
mensioned in the calling program, and two parameter
arrays placed in labelled common as follows:

COMMON /WSPECS/RSPECS(30),ISPECS(10)

RSPECS and ISPECS are described below. Distances
given in inches refer to the actual distances as they
appear when drawn on paper. Distances not so
specified are data distances.

List and Description of the RSPECS Array (real (FP) numbers)

Suggested

Parameter Mnemonic Subroutines Description

RSPECS(1)  SPACEL PTS Space between adjacent grid lines
1GL (fina!, after calculation of intermed=
iate lines, if any). Value remains the
same regardless of value of ISPECS(9).

RSPECS(2)  TSTART 1GL Transverse axis coordinate of first
(westernmost if N=S, or northern=
most if E=W) final grid line input.

RSPECS(3)

RSPECS(4)

RSPECS(5)

RSPECS(6)

RSPECS(7)

RSPECS(8)

RSPECS(9)

RSPECS(10)

RSPECS(11)

RSPECS(12)

RSPECS(13)

RSPECS(14)

RSPECS(15)

RSPECS(16)

RSPECS(17)

RSPECS(18)

PSTART CHK Parallel axis coordinate of first point
1GL (southernmost if N=S grid line or wes=
ternmost if E=W grid line) of any grid
line.

ZBOT™M 1GL Reference elevation or z~coordinate,
generally < smallest zjj. ZBOTM is
used to position blocks on paper, or if
frames are to be drawn, ZBOTM will
be the z~coordinate of the bottom of
the frames. ZBOTM ties data z—co=
ordinates to RSPECS(12), the paper
position of the near corner of block 1.

ZTOP 1GL Reference elevation or z=coordinate,
generally > largest zjj. ZTOP helps
control block spacing: ' if ZTOP =
largest zj;, then spacing is entirely a
function of RSPECS(28) and RSPECS(29).
If ZTOP >largest zjj, then spacing
increases by that dil!ference.

DELFAC PTS DELFAC is used in the subroutine
equation DELTAD = DELFACkwidth
between basic grid lines, fo define
the point influence distance used to
calculate intermediate points. DELFAC
=1.732 (or3) is my standard value.
See also the angularity algorithm un-
der section 13DPTS.

PS PTA Distance interval between adjacent
1GL final grid=line points.

PFNISH CHK Parallel axis coordinate of last point
(northernmost or easternmost) of any
basic grid line.

ZDIFF CHK Maximum difference in adjacent z-
coordinate points along basic grid
lines. Used to catch gross errors in
data preparation and coding.

SCALE 1GL Scale of the diagram, in real (user)
units per inch on the paper.

APX 1GL Paper x~coordinate, given in inches,
of the near corner of the first block
position of the rectangular subarea
considered (see Figure 7), whether or
not the block is actually plotted.

APY 1GL Paper y=coordinate, as above.

GAMMA 1GL Apparent angle of view, in degrees,
measured from the horizontal downward.
The possible range of values is 0. to
approximately 54.7.

PSI 1GL Direction of line-of-sight, in degrees,
measured clockwise from due north, 0.
to 359.9+. Refer to Table 1 for tables
of conversion into a; and ay , orto
equations (12) and (f3). No internal
check is made on compatibility of ¥and
Y, so select values with care.

FRAME 1GL Set = 1. if frames are wanted, or = 0.
if frames are not wanted.

If no frames are wanted, no need to specify RSPECS(16)
through (20) inclusive.

TICKS 1GL Set = 1. if tick marks are wanted, or
=0. if not.

If no tick marks are wanted, no need to specify RSPECS(17)
through (20) inclusive.

MAJINT 1GL Major tick interval, i.e. the distance
(in real user units) between adjacent
major ti ck marks.

MININT 1GL Minor tick interval, i.e. the distance
between adjacent minor tick marks.
Caution: MININT must divide evenly
into MAJINT. If only one size tick



RSPECS(19)
RSPECS(20)
RSPECS(21)

RSPECS(22)

RSPECS(23)

RSPECS(24)

RSPECS(25)

RSPECS(26)

RSPECS(27)

RSPECS(28)

RSPECS(29)

RSPECS(30)

MAJLNT
MINLNT
LABEL

1GL

1GL

1GL

mark is desired, either set RSPECS(20)
= RSPECS(19) or set RSPECS(18) =
RSPECS(17).

Major tick mark length, given in inches.
Minor tick mark length, given in inches.

Set =1, if the standard explanation is
wanted, or = 0. if it is not (i.e. if you
want to make your own explanation or
if you do not want an explanation).
See Example 2 for the format of the
standard explanation.

If standard explanation is not wanted, no need to specify
RSPECS(22) and (23). RSPECS(24) through (27) inclusive
are returned from 13D1GL and can be used for new or

additional labelling.

YPOSL

XPOSL

VDATAP

XFRSVE

CPC1

C1C1

PLSEP

TLSEP

ZFACTR

1GL

1GL

1GL

1GL

1GL

1GL

1GL

1GL

1GL

Paper y=coordinates, given in inches,

of base of top line of standard explana=
tion, if standard explanation is used.
YPOSL must be>> 3.8 inches above the
lower edge of the paper to allow room for
the full explanation.

Paper x~coordinate, given in inches, of
left edge of any line of the standard ex-
planation. If XPOSL set = =1., then ex~
planation will automatically be placed
starting 9 inches to the left of the left-
most data point position, or if that is not
possible, at 1 inch to the right of the de-
fined plotting area.

(Returned from I3D1GL). Elevation
(z=coordinate) of the near corner data
point of the first drawn block. For ele=
vation reference in labelling.

(Returned from 13D1GL). Paper x—co=
ordinate, given in inches, of the left—
most data point position of the plot. For
use in placing explanation.

(Returned from 13D1GL). Parallel-axis
coordinate of the near corner of the first
block position (not necessarily the first
block drawn).

(Returned from I3D1GL). Transverse=
axis coordinate of the near corner of the
first block position.

Separation of blocks along parallel-axis
direction, given in inches. One=half
inch (.5) is commonly used. |f only one
block is to be drawn, set =0,

Separation of blocks along transverse=
axis direction, as above.

Factor of vertical exaggeration or con=
traction. If no exaggeration wanted (i.e.
true scale), set = 1. If 10x vertical ex-

aggeration wanted, set = 10. If one=~fourth
vertical scale wanted, set = .25, etc. Tick

marks are scaled accordingly.

List and Description of the ISPECS Array (Integer Numbers)

Parameter Mnemonic Subroutines

ISPECS(1)

ISPECS(2)

ISPECS(3)

Suggested

MAXBGP

NUMGL

INTLIN

CHK
CVT
PTS

CVvT
PTS

PTA
1GL

CVvT
PTS

Description

Maximum number of basic grid=line data
points per grid line.

Number of grid lines total, including inter-

mediate lines if any. The total number of

grid lines (hence logical records) input into

TAPES83 for use by I3D1GL.

Number of intermediate lines between two
adjacent basic grid lines.

ISPECS(4)  MAXIGP PTS

PTA

ISPECS(5)  NUMFPT PTA

ISPECS(6)  LNEDIR

ISPECS(7)  BLOCKP

ISPECS(8)  BLOCKT

ISPECS(9)  LSKIP

ISPECS(10)  PTSKIP

1GL

CHK
1GL

1GL

1GL

1GL

1GL

Maximum number of calculated skeleton
points per intermediate grid line. If the
points are calculated using I3DPTS, then
MAXIGP =2 % ISPECS(1).

Number of final grid-line points in any
final grid line.

Direction of data grid lines. Set =1 if
N-=S lines, set =2 if E=W lines.

Number of rows of blocks that are running

parallel to data grid lines. BLOCKP + 1is
the size of CTC array (part of BUFI array).
See Figure 7.

Number of rows of blocks running trans=
verse to data grid lines. BLOCKT + 1 is
the size of CPC array (part of BUFI array).
See Figure 7.

The number plus one of grid lines in file

83 to skip at execution of I3D1GL, e.g. if
you want to draw only every third grid line
(i.e. skip 2), set LSKIP = 3. If none to be
skipped, set LSKIP = 1. Note that RSPECS(1)
and 1SPECS(2) remain the same regardless of
value of LSKIP. See section D of I3D1GL.

The number plus one of data (z-coordinate)
points in file 83 to skip at execution time,
examples as above. Note that RSPECS(7) and
ISPECS(5) remain the same regardless of value
of PTSKIP. See section D of I3DIGL.

In addition, for I3D1GL, provision must be made
for general plotting system parameters. At Berkeley,
parameters are held in a special array, SPECS(30).
SPECS(1-8), (11-12) are declared in the MAIN pro=
gram and define general plotting bounds, data scaling
and system constants. [3D1GL calculates projected
data=point coordinates in graph=paper inches, so in
your plotting system no data scaling should be used.

SPECS(13-15), (17-23), (28) are calculated within
I3D1GL and its subroutines, so you should not declare
them in the MAIN program. The following definitions,
abstracted from the Berkeley Graphical Display Sys=
tem (GDS) manual, are given in order that appropri=
ate parameters may be substituted when I3D1GL is
adapted to other computer systems.

SPECS(13)

SPECS(14)

SPECS(15)

SPECS(17)

SPECS(18)

specifies the total number of data
points to be plotted.

specifies the number plus one of
X-array points to be skipped be -
tween adjacent plotted points.

specifies the number plus one of
Y —array points to be skipped.

specifies the base dimension of
the rectangle in which a plot
symbol or character is defined.

specifies the height dimension
of the rectangle.



SPECS(19) specifies the additional separation
distance between adjacent text
characters.

SPECS(20) specifies the rotation in degrees of
a line of text.

SPECS(21) specifies the character set to be
used for text.

SPECS(22) specifies the X distance to the
lower left corner of the first char-
acter of text.

SPECS(23) specifies the Y distance to the
lower left corner of the first char-
acter of text.

SPECS(28) specifies the number of decimal
places to be used.

Skeleton

Basic

Figure 4. - Types of grid lines and points.

Three GDS subroutines are called from I3D1GL
and its subroutines, and these, similar to the SPECS
array, must be replaced by their counterparts if
IBD1GL is used elsewhere than Berkeley. SLLILI
serially connects a set of points with straight lines.
TITLEG prints a Hollerith explanation. DECVAL
prints a floating=point or integer number. GDSEND,
used in MAIN programs, terminates plotting records.

North - South Grid Lines

Up (+z direction)

Figure 5.~ Grid line and point conventions.

Point Coordinate Data Structure

Some details are given under subroutine headings,
but an overview here is necessary. Points defining
the surface in space are described by (x, y, z) co~
ordinates. For purposes of the 13D subroutines, the
points must be arranged in parallel rows called grid
lines (see Fig. 4 and 5). Grid lines may be north-
south trending (parallel to the y=axis) or east=west
trending (parallel to the x~axis), as defined by
ISPECS(6). Each grid line of points constitutes a
logical record.

Because of the regular (gridded) arrangement of
data points, the I3D subroutines require only partial
coordinate information, calculating the rest internal-
ly. I3DCHK, I3DCVT, I3DPTS, and I3DPTA require
for each grid line a sequence of point coordinate
pairs (x, z) or (y,z) depending on line direction. The
points must be arranged (or calculated) in sequential
order so that (x or y); + 1> (x ory); . Grid lines

Final, or Filled - out

must be considered sequentially as well. Figure 5
illustrates point and line relationships. I3D1GL re-
quires even less point coordinate information, because
all points on grid lines are spaced equally. A logical
record (one grid line) for use of I3D1GL consists of
sequential z=coordinates only, each z-coordinate
representing one point.

East - West Grid Lines

0//71‘3



13D SUBROUTINES - USAGE
Calling Program

The calling program, although variable in detail
according to the needs of specific subroutines, must
contain the following nonexecutable elements.

(a) JOB CARD, naming all input/output files
required by the subroutines to be called, as
well as any other needed files. File com-
binations required are given under each sub-
routine heading. There is no conflict of file
names between subroutines.

(b)
()

COMMON/WSPECS/RSPECS(30), ISPECS(10)
Work array BUFI (LNGTHB), where LNGTHB

is the maximum array length required by in-
dividual 3D subroutines. If LNGTHB is
large, it is advantageous to place BUFI into
unlabelled common where it will overlay the
loader. A maximum of about 16801( loca-
tions may be saved this way.

Subroutine 13D1GL

I3D1GL maps a three=dimensional surface, a
single=valued function of two variables, into isomet=
ric or other similar pictorial representation. One di-
rection of grid lines is used for shading and relief.
Because of this subroutine's importance it is discussed
first, although in the calling sequence it would be
called after other 13D subroutines. It can also be used
alone (see Fig. 6).

A. JOB CARD with possible file combinations.
(1) PROGRAM MAIN (OUTPUT, TAPES3,
TAPE99)

For use when point data already exists on
TAPE83. Point data logical records must
not be preceded on TAPE83 by other logi=
cal records. TAPE99 is the logical tape unit
for recording construction codes generated
by the plotting subroutines.

(2) PROGRAM MAIN (INPUT, OUTPUT, TAPEi

= INPUT, TAPE83, TAPE??)

For use when the logical records are punched
on binary cards (i.e. from I3DCVT, I3DPTA,
or other routines). Your main program must
read the records off the INPUT file (TAPEi)
and transfer them to TAPE83 prior to calling
I3DIGL.

B. Required specifications. These must be declared

USER ENTRY |

HC

I3DCHKI HC
“HC
vc

TAPES81

o)
I

BC,T.D

BC.T.D

WV
I3DCVT“

BC,T.D

TAPE82

I

—

BC.T.D

TAPE83

X

! USER EXIT !

Figure 6.~ User flowsheet guide to use of 13D
subroutines. HC means Hollerith cards, BC means
binary cards, T means magnetic tape, and D means
disk storage.

in the main program prior to calling I3D1GL.
RSPECS (1-5), (7), (10-23), (28-30)

Depending on options chosen, some of these do not
have to be declared. See RSPECS listing for details.



RSPE CS (24-27) are returned from 13D1GL be considered for plotting, regardless of

and may be used for labelling. the angle=of-sight, RSPECS(14), or di-
rection of grid lines, ISPECS(6). Block
ISPECS (2), (5-10) number 2 is always in the next position in
the transverse direction, and so on as il-
C. FORTRAN calling sequence. lustrated. If block i is to be plotted, set

BUFI (AAT +i =1)=1. If not, set it =0.
CALL I13D1GL (BUFI, LNGTHB, SPECS)
(2) Those portions of BUFI from (AA3) to (AA4)

LNGTHB must be set = 4xISPECS(5) + and from (AA5) to (AA6) are used to de -
2x|SPECS(7ISPECS(8) + ISPECS(7) + termine the bounds of blocks within the
ISPECS(8) + larger of ISPECS(7), ISPECS(8) subarea considered for plotting. The first
+ 2¢ISPECS(2) + 3 portion can be thought of as equivalent to

a dummy array CTC of length ISPECS(7)
D. Other information required. + 1, and the second portion can be thought
of similarly as a dummy array CPC of
Certain information must be entered into length ISPECS(8) + 1. CPC(1) is always
portions of the array BUFI prior to calling the smallest parallel direction coordinate,

I3D1GL. Array addresses in BUF| are tabu- and so on in increasing order if grid lines

lated as follows. are north=south. If grid lines are east=

west, CTC(1) is the largest transverse di-
AAT1 = 4«|SPECS(5) + 1 rection coordinate and so on in decreasing
AA2 = AA1 + ISPECS(7ISPECS(8) - 1 order. Figure 7 illustrates the situation
AA3 = AA2 + |SPECS(7}ISPECS(8) + 1 for east—west grid lines.
AA4 = AA3 + ISPECS(7) Some restrictions exist on possible values
AAS = AA4 + 1 for CTC and CPC. All CTC(i) must be equal
AA6 = AAS + |SPECS(8) to the transverse ~axis coordinate of a grid

line. Furthermore, if ISPECS(9) > 1, that is

(1) That portion of BUFI array from (AA1) to if lines are to be skipped at execution, ad-
(AA2) inclusive is used to determine if a ditional caution is needed. The first block
particular rectangular block of data points may start on any grid line, which thus be-
is to be plotted or skipped. Blocks are comes the first line, but all succeeding block
bounded by CPC and CTC coordinates CTC(i) must lie on a drawn (not skipped) grid
(see Fig. 7). Block number 1 is always line.
in the southwest corner of the subarea to An exactly parallel situation exists for CPC.

ISPECS(7) = 3 ISPECS(8) = 4

Figure 7. - Block diagram showing a possible relationship of input data points to drawn subareas. See text
for explanation.



All CPC(i) must be equal to the parallel-
axis coordinate of a point on a grid line
and if ISPECS(10) > 1, the same caution
must be exercised.

Subroutine I3DCHK

I3DCHK is a small, independent subroutine which
can be used to catch gross keypunching errors and
data cards out of place in a Hollerith data deck.
Basic and skeleton data points, in order to be accept-
a:|e to I3DCVT, must satisfy the following relation=
ships.

(1) Points are arranged in data grid lines.

(2) All lines must begin and end by data points
with parallel-axis coordinates RSPECS(3) and
RSPECS(8) respectively.

(3) Each data point is represented by a pair of

coordinates, (y, z) if north=south grid lines

or (x, z) if east=west grid lines. The north

(or east) coordinate must be monotonically

increasing (e.g. x; + 1 > x; for all i).

(4) Each grid line (logical record) must be ter-

minated by a user-option special end=of~

record (EOR) punch in the last north (or east)
coordinate position on a data card.

(5) The set of logical records is terminated by a

'double' EOR, the identical EOR punch in

the z=coordinate position as well.

(6) Any configuration of blank cards or spaces

is allowed. This permits easy data change

or update. Note that, because of this fea-
ture, any point with a parallel-axis coor=
dinate of 0. is ignored.

. JOB CARD with files required.
(1) PROGRAM MAIN (INPUT, OUTPUT)

B. Required specifications.

RSPECS (3), (8-9)
ISPECS (1), (6)

C. FORTRAN calling sequence.

CALL I3DCHK (BUFI, LNGTHB, NUMPTC,
FMT, EOR)

LNGTHB must be set > 2x NUMPTC

NUMPTC is the number of data point pairs per
data card. Maximum value is thus 40.

FMT represents up to 25 Hollerith characters
describing the format of the data on a card.
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Example: 16H(10X, 6(F6.3, F5.1)), 16
Hollerith characters.

EOR is the special (and unique) number to be used
as an end~of-record and end-of-file marker.
The use of this is described above.

Subroutine 13DCVT

I3DCVT reads a Hollerith data deck, possibly with
embedded blanks, and reduces the data to a set of bi~
nary logical records, on TAPE81, TAPE82, or TAPES3
as specified in the calling list, suitable for direct in=
put into I3DPTS, I3DPTA, or I3BD1GL respectively.
Remember to rewind or make certain the tape unit is
at the load point prior to calling I3DCVT. Any of
the units can be equivalenced to PUNCHB in tKe
JOB CARD, thus permitting a binary deck to be
punched. After calling I3DCVT, if I3DPTS or
I3DPTA is to be called from this main program, you
must rewind the tape unit to just before the first log=
ical record written.

A. JOB CARD with possible file combinations. See
Figure 6 also.

(1) PROGRAM MAIN (INPUT, OUTPUT, TAPEi)
i =81, or 82, or 83

For use when I3DPTS, I3DPTA, or I3DIGL is
called from the same main program, or when
the data logical records are written onto mag-
netic tape for later use.

(2) PROGRAM MAIN (INPUT, OUTPUT, PUNCHB,

TAPEi =PUNCHB)

For use if data are to be punched on binary
cards for later use.

B. Program specifications.
ISPECS (1-3)

C. FORTRAN calling sequence.

CALL I3DCVT (BUFI, LNGTHB, NUMPTC,

FMT, EOR,

6HTAPESI [6HPNCHOT]
6HTAPE82| , [6HNOPNCH] )
6HTAPES83

LNGTHB must be set > 4xISPECS(1) + ISPECS(2)

NUMPTC, FMT, EOR are described in the section
on FORTRAN calling sequence of I3DCHK.

The tape parameter, which must be one of the
three given, must correspond to the tape unit
declared on the JOB CARD.

The punch parameter, which must be one of the



two given, determines whether or not a
binary record, the array NUMPT, will be
punched, each word of which contains in
order the number of points on a single grid
line. Word 1 corresponds to grid line 1,
and so on. There are three possible situa=
tions which may arise.
(1) 13DPTS, I3DPTA, or I3D1GL will be called
from the same main program. No data bi-
nary cards are to be punched and the punch
parameter chosen must be SHNOPNCH.
(2) No other 13D subroutine will be called now,
TAPEi is equivalenced to PUNCHB in the
JOB CARD, and data binary cards are to
be punched. If i is equal to 81 or 82,
choose 6HPNCHOT as the punch parameter;
the last logical record punched will be the
array NUMPT.

No other I3D subroutine will be called now.
The data logical records are to be stored on
magnetic tape equivalenced to the files
TAPE81, TAPE82, or TAPE83. If tape unit
is 81 or 82, choose 6HPNCHOT as the
punch parameter; the array NUMPT will

be written as the last record on the tape.

Subroutine 13DPTS

I3DPTS reads an array of data points on basic
grid lines and calculates points on any number of
intermediate lines, resulting in an array of points
on skeleton grid lines. Points on basic grid lines
may be regularly or irregularly spaced, and the num-
ber of points per line may range between the limits
2 and ISPECS(1). Each line, however, must begin
and end with fixed parallel=axis coordinates
RSPECS(3) and RSPECS(8) respectively, and each
successive point parallel=axis coordinate must be
greater than the preceding one, within a given
grid line (e.g. xj 4+ 1 > x{ for all i).

I3DPTS uses linear interpolation between points
on adjacent basic grid lines to calculate points on
intermediate lines. [3DPTS is unusual, however, in
that angularities between horizontal and inclined
portions of the data surface are preserved in calcu=
lation of intermediate line points. Ordinary linear
interpolation of irregularly spaced points would gen=
erally result in intermediate lines showing rounded
corners where they should be angular. This may be
of some importance in the representation of artifi=
cially created topography (see Example 2) and other
surfaces. Data points ideally need only be entered
at breaks in slope, thus minimizing the number of
points needed to represent the surface fully.

The algorithm for preserving angularities is not
perfect, and certain extreme and generally unusual
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basic data point arrangements will cause aberrations.
Perfection may be difficult to achieve, in part because
of the problem of unintentional angularity situations
created by a normally rolling surface. As a guide to
proper selection of data=point positions to minimize
plot aberrations, the basic algorithm is given. Num=
bers and letters correspond to numbers and letters in
comment cards in I3DPTS listing. If you are not con=
cerned with angularities and wish a simple linear
interpolation, there is little need to study the algor=
ithm, except to note the importance of DELTAD, de-
rived from RSPECS(6), in 2iv.

I3DPTS angularity algorithm

(1) Consider a first grid line A and a second, adja-
cent, grid line B. Consider a point i on line A.

(2) Consider the point j on line B last used for inter=

polation and the next point j + 1.

(i) If both Bj and B; 4+ 1 are of the same eleva-
tion (z—coordinate) as A;j, then use both
with A; to form two new grid points for
each intermediate line (linear interpolation).
If B; is not at the same elevation as A; but
Bj + 1 is, then consider Bi .
(a) If Bi + 2 is af the same e%evaﬁon as
Bi +19nd A;, and af least one of B; | 1,
Bi 42 s within DELTAD parallel - axis
distance of A; (see RSPECS(6) descript-
ion), then use Bi + 1, for linear inter-
polation.

If B; 1 2 is not at the same elevation,
and'if at least one of Bi’ Bi +11s
within DELTAD of A;, 'then use Bj,

B: 4 1 for linear interpolation.

If B. id at the same elevation as A;, but

B: + 1 is not, and if at least one of B; ,

Bi 4 1is within DELTAD of A;, then use Bj.
Bi + 1 for linear interpolation.

If neither B: nor Bj + 1 isaf the same eleva-
tion as A;: :

(a) Test additional B points to see if there
are two consecutive B points, at least
one of which is within DELTAD of A;,
that are both equal to the elevation of
A;. If so, use the two B points for
linear interpolation, If not, go on to b.
Starting with B:, consider, in order, up
to a maximum of two B points for linear
interpolation. Each B point so used must
be within DELTAD of A;.

Cycle until all A points and all B points
are exhausted.

(ii)

(b)

(b)

(v)

If I3DPTS calculates erroneous points and these
prove objectionable when plotted, they may be
corrected as follows. Run I3DPTS a second time,
specifying a Hollerith format in the argument list.



A complete skeleton=array data deck will be
punched, and the point coordinates in error can be
readily corrected. Rerun the corrected deck, call-
ing 1I3DCVT, I3DPTA, and I3D1GL.

I3DPTS presents one general approach to the
problem of calculating additional data lines. Other
algorithms may prove equally or better suited to
your particular application. The 13D subroutines
are structured so that substitution of one or several
other subroutines as needed should be fairly simple
and straightforward.

A. JOB CARD with possible file combinations.
See Figure 6 also.

(1) PROGRAM MAIN (OUTPUT, TAPESI,
TAPE82)

For use when basic point data to be read
are contained on TAPE81, generally direct
from I3DCVT, and I3DPTA will be called
next from the current main program, or the
calculated skeleton point array logical
records are to be written onto magnetic
tape for later use.

(2) PROGRAM MAIN (INPUT, OUTPUT,
TAPE81=INPUT, TAPE82)

For use when basic point data to be read
are contained in file INPUT, that is when
a binary card deck is o be read.

(3) PROGRAM MAIN ([| NPUT ] OUTPUT,

TAPE8I _
PUNCHB, [TAPE81=INPUT:] , TAPE82=

PUNCHB)

For use when the skeleton point array cal-=
culated by I3DPTS is to be output as
punched binary cards, one logical record
per grid line.

(4) PROGRAM MAIN ([INPUT ] OUTPUT

TAPES8]
PUNCH’[TAPE8]=INPUT])
For use when the skeleton point array is to
be output as punched Hollerith cards,
according to the format specified in the
CALL I3DPTS argument list. Terminating
each set of cards which contains the coor=
dinate=pairs of all points on a single grid
line is a blank card.

(5) PROGRAM MAIN ([INPUT], OUTPUT,

TAPESI
PUNCH, PUNCHB'[TAPES] =INPUT:| !
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TAPE82=PUNCHB)

For use as number 4, but in addition at the
end a binary logical record is punched,
each word of which contains the number of
points on a single grid line.

B. Program specifications.

RSPECS (1), (6)
ISPECS (1-4)

C. FORTRAN calling sequence.

6HPNCHOT

CALL I3DPTS (BUFI, LNGTHS, | J

[6HNOHOLP ] 6HNOPNCH
FMT, NUMPTC

LNGTHB must be set > 4xISPECS(1) + ISPECS(2)
+ 2%ISPECS(3)}xISPECS(4)

The punch parameter, which must be either
6HNOPNCH or 6HPNCHOT, determines
whether or not a binary record, the array
NUMPT, will be punched, each word of
which, in order, contains the number of
points on a single skeleton grid line. Word
1 in the array corresponds to grid line 1,
and so on. There are four possible situa-
tions which may arise.

(1) I3DPTA will be called from the same main
program. No data binary cards are to be
punched and the punch parameter chosen

must be 6HNOPNCH.
(2) I13DPTA will not be called now, and the

data logical records are to be stored on
magnetic tape equivalenced to file TAPES2.
Choose 6HPNCHOT as the punch parameter;
the array NUMPT will be written as the

last record on the tape. For later entry
into I3DPTA, this record must be read from
tape into the work array BUFI at location
SA3 prior to calling the subroutine.

(3) I3DPTA will not be called now, TAPE82 is
equivalenced to PUNCHB in the JOB CARD,
and data logical records are to be punched.
Choose 6HPNCHOT as the punch parameter;
the NUMPT array will be punched as the
last logical record. Note that, for later
entry into I3DPTA, this last record must be
placed first and a single READ executed
prior to calling the subroutine, to place
the record into the work array BUFI begin=
ning at location SA3.

(4) Hollerith skeleton=array data cards are to
be punched according to the format speci=
fied in the subroutine argument list.



(a) [If NUMPT array is desired (note
that it is not necessary for entry into
I3BDCVT), specify 6HPNCHOT. The
record is written in binary at the end
of the Hollerith deck.

(b) If NUMPT array is not desired,
specify 6HNOPNCH.

The format parameter must be either
6HNOHOLP or a combination of FMT and
NUMPTC in the order given. If 6HNOHOLP
is specified, then no Hollerith data cards are
punched. |f a Hollerith format is given (see
the section on FORTRAN calling sequence of
I3DCHK for explanation), then each grid-line
logical record is punched in Hollerith mode
on cards, with a blank card separating re=
cords. Note that all EOR punches must be
added afterwards. A word of caution: Hol=
lerith output is punched with the decimal
point included, so be certain to include the
decimal point in the format declaration.
Example: the number 32500. can be read in
under format F5.0, but must be punched un-
der format F6.0,

D. Other information required.

If data point logical records are on binary
cards or magnetic tape, and I3DCVT has not
been called from this main program, then part
of the work array BUFI must be filled with the
array NUMPT as punched on cards or written
on magnetic tape from I3DCVT. Location
AAT within BUFI is equal to 4x ISPECS(1)
+1.

(a) If the data are on binary cards, take the
last logical record punched from I3DCVT
and place it first in the data deck.
NUMPT must be read into the work array
BUFI beginning at location AAT, prior
to calling I3DPTS. Because ISPECS(2) is,
and must be, greater than the number of
basic grid lines, the words in this first
logical record must be spaced in BUFI
accordingly. An example will make this
clear.

Example: Number of basic grid
lines = 101
ISPECS(2) = final number
of grid lines
= 301
(ISPECS(3)=2)
and say ISPECS(1) = 200
READ (81) (BUFI(l), 1=801, 1101, 3)

CALL I3DPTS (BUFI, LNGTHB, . . .)

(b) If the data are on magnetic tape, the
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procedure is identical except NUMPT will
be read directly from the tape.

Subroutine I3DPTA

I3DPTA reads an array of data points on skele-
ton grid lines and calculates a final, or filled=out,
orthogonal array of points suitable for direct input
into I3D1GL. Points read are defined by two coor-
dinates, elevation and parallel=axis, whereas points
calculated within I3DPTA are defined by only one
coordinate, elevation, because the other two may
be calculated as needed. Linear interpolation is
used to calculate final points.

A. JOB CARD with possible file combinations.

(1) PROGRAM MAIN (OUTPUT, TAPES2,
TAPE83)

For use when skeleton point data to be
read are contained on TAPE82, generally
direct from |3DPTS, and I3D1GL will be
called next from the current main program
or the calculated filled=out point array
logical records are to be written onto
magnetic tape for later use.
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(2) PROGRAM MAIN (INPUT, OUTPUT,
TAPE82=INPUT, TAPE83)

For use when skeleton point data to be
read are contained in file INPUT, that is
when a binary card deck is to be read.

(3) PROGRAM MAIN ([INPUT ] OUTPUT,

TAPE82 ~
[TAPE82=INPUT]' TAPE83=

PUNCHB,
PUNCHB)

For use when the filled-out point array
is to be output as punched binary cards,

one logical record per grid line.

B. Program specifications.

RSPECS(7)
ISPECS(2), (4-5)

C. FORTRAN calling sequence.

CALL I3DPTA (BUFI, LNGTHB)
LNGTHB must be sef > 2% [SPECS(4) +
ISPECS(2) + ISPECS(5)

D. Other information required.

As in the case with 13DPTS, if data point log-
ical records are contained in binary cards or



magnetic tape, and I3DPTS or I3DCVT has
not been called from this main program, then
part of the work array BUF| beginning at lo=
cation 2% ISPECS(4) + 1 must be filled with
the complete array NUMPT as punched on
cards or written on magnetic tape from
13DCVT or I3DPTS. The procedure is exact=
ly analogous to that described in section D.
of I3DPTS, except that the NUMPT array is
complete so that, in the example given, the
READ statement should be

READ (82) (BUFI(l), 1=801, 1101).

EXAMPLES

Three examples are included to illustrate use of
I3D subroutines. The calling programs show the
parameters used. Subroutine listings are given with
Examples 1 and 2 (see Appendix).

Example 1 illustrates use of IBDCHK. Errors were
introduced into the first seven grid lines of a data
deck to show the types of diagnostic messages printed.
Figure 8 reproduces the printed output, and Figure 9
is a listing of the complete data deck.

Example 2 illustrates use of 13DCVT, I3DPTS,
ISDPTA, and I3DIGL called from the same main

program. Seventy=six basic grid lines of data points

SUBRCUTINE I3DCHK

NURTH CGORC.
NURTH CCORD.

OF FIRST PUINT ON N-S LINE IS
OF LAST PUINT ON N-S LINE IS

were read in, containing a total of approximately
4500 (north, elevation) points taken at breaks in
slope. From these initial points, 121,102 final
points were calculated using I3DPTS and I3DPTA,
and these points were transformed into the isometric
diagram shown in Figure 10, by I3D1GL. Execution
times (central processor) for the various subroutines
are:

13DCVT 3.9 seconds
I3DPTS 4.4 seconds
ISDPTA 13.3 seconds
I3D1GL 61.0 seconds

The plotted surface resembles the actual surface, and
elevation variations of only a few feet (at this scale)
can be seen easily. Attention is drawn to four east=
west streetfs in the southerly block.

Example 3 (Appendix) illustrates use of I3D1GL
alone in portraying a mathematical function. This
particular function (see the example main program
listing) was chosen fo show the effect of sharp peaks
in the data (Figure 11). I3D1GL execution time was
12.6 seconds.

All examples were run on a Berkeley Computer
Center CDC 6400 computer with disk storage unit.
Plotting was done on a 31-inch CalComp plotter
monitored by an IBM 360/40. All plotter software
were written at Berkeley.

32000, 0000
22800.,0000

MAXIMUM ALLOWABL: NUMbek UF PCINTS PER N-S LINE IS 110
IF SUCCEEDING ELcSVATIUNS DIFFER BY MORE THAN 67.0000, AN ERRUR MESSAGE IS PRINTEL
THE NORTH COORDe UF nN-> LINE NUMBER 34 CARD 1, POINT 3, IS INCOKRECT.
CHECK ALSU THE cLEVATION COORDINATE.
FIRST PGINT ON N-> LINE NUMBER 4 IS INCORRECT
THE NGRTH COORDe. UF N-S LINE NUMBER 5s CARD 2, POINT 1, IS INCGRRECT.
CHECK ALSU THE &L&VATION CGCRCINATE.
THE ELEVATION COORDe UF N-S LINE NUMBER 59 CARD 2y POINT 1, IS INCURRECT.
THE ELEVATION COORUe UF N-5 LINE NUMBER 55 CARD 3, POINT 1, IS INCURRECT.
THe ELEVATION COORDe UF N-S LINE NUMBER 55 CARD 3y PCINT 2, IS INCORRECT.

FUR N-S LINE NUMBER 6y EITHER THE FLAG ELEVATION

CR THE PRECEEDING POINT ELEVATION IS MISPUNCHEU.

NO TEST IS MAOE TO CUHECK LAST INPUT PCINT NORTH COCRDINATE.

THE NORTH COORDe uUF aN=S LINE NUMBER T+ CARC

CHECK ALSU IHE ELEVATION COCRDINATE.

LAST PCINT ON N-S LINE NUMBER T IS INCCRRECT.

NUMBER OF BASIC GRIVD LINES
NUMBER OF BASIC GRID PUINTS

26
345

2y POINT 4, IS INCOKRECT.

Figure 8.~ Printed output from I3DCHK, using data given in Figure 9.
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32000

32000

32618
32000
32577
32477
32000
32000
32540
32000
32456
32000
32359
32000
32300
32000
32261
32000
32344
32000
32296
32000
32300
32000
32258
32000
32281
32000
32279

32000
32278
32730
32000
32339

32000
32359
32000
32357
32000
32340
32000
32322
32000
32300
32000
32280
32000
32482
32000
32558
32000
32613

Figure 9.~ Listing of data used for Example 1.

575032059

574532045

5633

574032039
560032750
560032604
573532016
573032069
576732600
572032048
556732520
571532071
556732420
570532033
556732360
568032050
556732317
568032041
556732430
569032040
556732338
569532080
553332377
567532032
556732290
565532065
553332340
564532058
553332338

564032037
553332338
546732760
563532016
553332360

563332050
550032435
563332039
550032430
563332022
550032431
563332018
550032439
563332010
550032440
563332008
550032459
563332018
550032540
562832016
550032700
562832018
550032670

577032141

577032130

32800
576530180
560032800
560032640
576032090
571532121
556732800
570032150
556732800
568032130
556732750
568032115
556732684
569032106
556732655
569032096
553332561
568032090
553332420
564532091
553332414
565532069
553332355
563832067
553332370
563532060
553332370

563532041
553332361
550032800
563332070
550032442

563332068
550032440
563332050
550032436
563332035
550032453
563332025
550032442
563332021
550032466
563332018
550032483
560032066
546732593
560032064
550032737
560032062
553332760

576032220

575632200

5633

575032180
5600

556732800
573032152
568032180
5567

566032179
5567

566032152
556732700
565732135
556732723
565332123
556732700
565032117
553332601
564732104
553332660
563332121
550032760
564032080
553332379
563332106
550032590
563332091
550032590

563332082
550032451
5500

563332081
550032450

560032120
548532463
560032102
549032459
560032088
548032460
560032080
549632458
560032072
546732692
560032070
546732650
560032088
546732647
560032083
553332800
560032083
553332790

574032360

573439500

572032269

5567
570032210
566532208

563332240

563332200
5567

563332174
553332782
563332159
553332800
563332147
553332700
563332134
553332727
563332139
550032786
563332118
550032800
563332120
550032800
563332109
550032558

563332100
550032478

560032130
547532478

560032139
546732779
560032120
547132463
560032114
546732748
560032101
546732726
560032093
546732728
560032089
546732695
556732157
550032742
556732160
5533

556732180
556732800

15

572032479

571532370

569032338

568032240
563332311

563332260
563332208

563332208
553332800
563332180
5533

563332163
553332800
563332150
553332800
560032178
553332800
563332130
5500

560032156
5500

560032143
546732630

560032141
547032482

560032156
546732761

556732250
546732800
556732242
546732770
556732222
546732780
556732190
546732769
556732162
550032800
556732157
550032779
556732186
550032781
556732200

556732220
5567

570032598

570332443

566232406

566232280
563332374

560332290
561232242

562532212
5544
563032186

560032210
5533
560032191
5533
560032200
5533
560032162

560032180

560032172
546732710

560032167
546732540

556732250
546732782

556732279
5496

556732270
546732800
556732249
550032800
556732220
550032800
556732198
5500

556732182
550032800
553332250
553332800
553332269

553332320

563332800
99999

567032520
99999
563332521
99999
99999
563332432
560032515
99999
560032417
99999
560032323
99999
560032270
99999
560032240
99999
560032237
99999
560032219
99999
556732266
99999
560032192
99999
556732250
99999
556732250
550032800
99999
556732250
546732660
99999
556732280
550032800
99999
553332336
99999
553332322
550099999
553332317
550099999
553332296
550099999
553332270
99999
553332251
552599999
553332278
553399999
553332290
99999
553332350

5633
5633
5633
5633
5600
5600
5567 .
5600
5600
5600
5567
5567
5567
5567
5567

5567
5500

5567
5467

5533
5500

5533

5533

5533

5533

5533

5533

5500

5500

5500

9999999999
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Figure 10.- View of a portion of the Berkeley open=pit mine, Butte, Montana
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thematical function (see listing).

Figure 11.- View of ma
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APPENDIX

Example 1

PROGRAM MALN (LNPUT,JUTPUT)
CCMMON /WoPECS/ ROSPeLS(30),ISPECS(10)
RSPECS (3) = 52000,

RSPEC>(8) = 32800,

RSPECS (91 = of.

ISPECSI(1) = 110

ISPECS(8) =1

CALL I3DCHK {o98H{16F5¢04,599S59.)
STGP

END

SUBROUTINE I3UvHK (NPoFMT,ECR)

COMMCN 7ZWoPECLS/ RSPe(LS(30),ISPECS(10)

CCMMCN /TiMc/ U

REAL COURUN(%0) ,LUURDZ{40)

OIMENSION FMT(31),L0IK1(2),LCIR2(2)

EQUI VALENLE (ROPeCLS(3)ySTART), (RSPECS(8),FINISH)s (RSPELS(9},ELDUI

LFF)y {ISPEUS(L) oWPUINT), (ISPECS(6),16)

LGGICAL FRSTPT
CATA TLBL /oHi3VLHK/
CATA LDIRL{1) L viR1(2)yLDIR2{1)yLECIRZ2(2Z) /3HN-Sy3HE—Ws5HNORTH4HEA

151/

SUBRGUTIN: 13uCAK RcADS A BASIC GRID PCINT DATA DECK AND CHECKS

FOR GROSS &RKuUiSe 13DCHK MAKES CERTAIN THAT (1)} EACH RECORD STARTS
NITH #STAKT# CUUKDINATE AND ENDS WITH 2FINISH#, (2) EACH NORTH (OR
EAST )} COORVDINATE uN A CERTAIN GRID LINE IS GREATER THAN THE PRECEEDING
CCORDINATe JiW IHe SAME LINE, (3) EACH GRID LINE ENDS WITH A SINGLE
ECR AND THt LAST GRiuv LINE ENCS wWITH 2 DOUBLE EOR, (4) THERE ARE

NC MORE THAN #NPulnT# POINTS PER GRID LINE (A GOOD TEST FOR CATCHING
MISSING EUK PUNCHES)s AND (5) £ACH ELEVATIUN COORDINATE UN A CERTAIN
GRID LINE IS WITHIN +/- #tLCIFF# OF ThHE PRECEEDING ELEVATION ( A
TEST TO CATcH GKUSS ERRORS IN ELEVATICN PUNCHES)e IF ERRORS ARE
FCUND,y APPKUPRIATE ¢cKROR MESSAGES ARE PRINTED.

I3CCHK IGNUKES BLANK> ON LCATA CARCS ANC USES VARIABLE CARD FORMAT,
AS SPECIFicu BY USERe

CALL SECOND (Tui
PRINT 1
FORMAT (1Hl, dX, *SUBROUTINE I30CHK#*/)

INITIALIZe LuUNTERSe ICARD = NUMBER OF CARDS READ THIS GRID LINE.
IN = NUMBexk UF THc PUINT ON THE CARDe. NUMPT = NUMBER UF REAL
{NON-BLANK) PulisTS In THE GRID LINEs AUMTOT = TOTAL NUMBER OF DATA
PCINTS (EXCLUUINL FLAGS)e IEAST = NUMEER OF THE GRILC LINE.

IEAST = 1
MUMTCT
FRSTPT

ICARD = 1IN = NUMPT =0
e TRUE

(]
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4 FCRMAT (10X,

PRINT 4, LUIR2{Io) yLUIRLLI6))STARTyLOIR2(I6) oLDIRLLIG)FINISH,
LLDIRYI(IG) s NPUiIinNT LUl FF

12.4/10X,

A5, ¥ (UURU.

Ad>, * (CUORDe GF FIRST PCINT ON *, A3, * LINE IS %, F1
OF LAST PUINT CN *, A3, * LINE IS *, F1l2.4/1

20X, *MAXIMUM ALLUWABLE NUMBER OF POINTS PER *, A3, * LINE IS *, I5
3/10X, *IF SULLEEVING ELEVATIONS CIFFER BY MUGRE THAN *, Fl2.4, *, A

4N ERROR MedoAuc 1> PRINTED*///)
C
C==-= ROUTINE Tu Cui>luiek THE FIRST NCN-ZERC POIN
C
5 REAC FMT 4y (LuUuRDiN(1)y CCORDI(I)oI=1,NP)
ICARD = ICARD + 1
IF {«NOTe FROTPT) GJ TO 7
S IF (IN oLTe NP} LU TU 8
IN=0
GC TG 5
€ IN = IN + 1
IF (CUORDN(LN) ecwe Oe) GC TO 9

C—-— RCUTE OF THc FIxST NJUN-ZERO PCINT OF A CGRID

IF (COORDNIIN) ezwe >TART) GO TO 10
PRINT 11, wUirRl{ibl)y IEAST

T OF THE CARD.

LINE .

11 FGRMAT (8X, *FinrST PUINT CN %, A3, * LINE NUMBER *, I4, * IS INCOR

1RECT */)
1C FRSTPT = +FALOCe
NUMPT = 1
PTINSVE = LudRuintiin)
PTZSVE = (CuJdRDLCIN)
IF {(IN «Ede NP) GU TU 5
IN1 = IN + 1
GO TO 12

(-=— THIS ROUTe, LARU HAS> JUST BEEN READ, ELT PAST THE FIRST PUINT.

7 INL =1

L=-- NCTE THAT HcRey PTNSAVE ETC CANNCT BE ZERJ GOR UNDEFINED.

L—=— DC LCCP Tu PrJULE>>S BALANCE CF CARD.

12 CO 13 I=INlywP

IF (COORODN{I) ecue Je) GO TC 13

NUMPT = NUMPT + 1

IF (COURDNUL) «GTe PTNSVE) GU TO 15

PRINT 16, LUIR2UL0))LDIRL(UIE)yIEAST)ICARD,I
16 FORMAT (8Xy *idc %, A5, ¥ CCORDe. CF *, A3,

* LINE NUMBER *,

14, *,

1 CARD *, U4, *, PUINT *, I2, *, IS INCCRRECTo*/16X, *CHECK ALSO TH

2t ELEVATIUN CUJKUINATEe*/)

15 IF (ABS{CUURUL(L) = PTISVE) eLEe ELDIFF) GU
IF {1 oEQe NP e AiNUe COORON(I) oEC. EOR) GU
PRINT 138, LUIKL(i®), IEAST, ICARL, I

18 FORMAT (8X, *Tdc clLcVATICN CCCRO. OF *, A3,

1%y CARD *, 14, %, PUINT *, 12, %, IS INCORR

17 PINSVE = CUURUN(I)

PTZSVE = CUJRULLT)
13 CCNTINUE

C—-- TESTS ON THt LA>T NJN—-ZERC POINT OF THE CAR

IF (NUMPT olLte NPUINT) GO TC 14

20

T0 17
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* LINE NUMBER *,
ECTe*/)
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PRINT 19, Lulkl(16),1EAST,ECR
19 FCRMAT (8X, A3, * LINE NUMBER *, I4, * HAS TOO MANY POINTS, OR A ¥
1y F12.4y * PUNLH 15 MISSINGe*/)
14 IF (CUORDNINP) oLTe cUR) GO TG 5
NUMPT = NUMPT - 1
IF (PTNSVe eNce cURI GO TC 20
PRINT 21, DiR1(10)IEAST,LDIR2{1&)
21 FORMAT (BXy *Fuk *, A3, ¥ LINE NUMBER *, 14, *, EITHER THE FLAG EL
LEVATION OR THt PKc(cEDING POINT ELEVATION IS MISPUNCHEDe*/16X, *NO
2 TEST IS MAJc (U CLHeuK LAST INPUT POINT *, A5, ¥ CUGRDINATE.*/)
GC T0 22
20 IF (PTNSVec ecde riNISH) GO TO 22
PRINT 23, LUIKLli6),1EAST
23 FGRMAT (8Xy #*LAST PULNT ON #*, A3, * LINE NUMBER *, I4, * IS INCORK

1LECTe */)
22 IF (COURDZLANP) okwe EOR) GO TO 24
ICARD = I = 0

([

IEAST IcASi + 1
FRSTPT = +TRUE.

NUMTOT = NUMTUT + NUMPT
GC TO 5

24 NUMTOT = NUMTUI + NuMPT
PRINT 25, IcA>is wWUMTOT
25 FORMAT (/8X, *NUMBEx OF BASIC GRIC LINES = *, I4/8X, *NUMBER OF BA
1SIC GRID PUINT> = %, 16/)
CALL TYME (TwidLd
RETURN
END

SUBROUTIN: TY¥YMc(TLBL)
COMMON /TIMe/ TU

C===  TYME READS THt >5YoTcMS CLGLUK AND PRINTS OUT THE TIME SINCE THE
C=== FIRST CALL >Scluile.

CALL SECOhL (A)
T = A-TO
PRINT 1, TLBLT
1 FORMAY (//105X, *TiMc IN *, A6, * =%, F8.3/)
RETURN
END
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Example 2

PROGRAM MAIN (s NPUT uUTPUT,TAPEBL,TAPEE2,TAPEB3,TAPEY99)
DIMENSIUN SPci>(30)

COMMON BUFIL (35ib)

CCMMCON /WoPel>/ KoPclS(30),ISPECS(10)

SPECS{1) = 1.
SPECS(2) = D>
SPECS{3) = »5l.
SPECS(4) = 1.
SPECS(5) = 295
SPECS{6) = Je>
SPECS(T) = o0.
SPECS(8) = 29.
SPECS(11) = 1.
SPECS(12) = 9y,
CALL PLIT30 (oPels)
ISPECS(1) = 110
ISPECS(2) = 1ol
ISPECS(3) =1
ISPECS(4) = 22)
ISPECS(5}) = 80l
ISPECS(5) =1
ISPECS(T) =1
ISPECS(8) = 2
ISPECS(9) =1
ISPECS(1Q) =1
RSPECS(1) = 20,
RSPECS(2) = 30000.
RSPECS(3) = 31200.
RSPECS(4) = 4500,
RSPECS{5) = o0J0.
RSPECS(6) = lel32
RSPECS(T) = o,
RSPECS(10) = #D0.
RSPECS(11) = 50,
RSPECS(12) = <o
RSPECS(13) = 2).
RSPECS(14) = 45,
RSPECS(15) = 1.
RSPECS(15) = 0.
RSPECS(21) = 0.
RSPE=CS(28) = <>
RSPECS(29) = >
RSPECS(30) = 1.
REWIND 81

REWIND 82

REWINL 83

CALL I3DCVI (bJF193518+898H{16F54C)9»55999.+6HTAPEBL 6HNUPNCHI
REWIND 81

CALL I30Pi> {(0JF193518,6HNUPNCH,6hNUHCLP)

REWIND 82

CALL I3DPTA (o0JFi.3518)

BUFI (3205) bJFL1(3206) = 1.

BUFi (3209) = 30000,
BUFI (3210) = 33000.
BUFI (3211) = 31200.
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BUFI (3212)

BUFI (
CALL

33420.
3213) 35000.
I1301uL (BUFi+3518,SPECS)

"

CALL GDSEND (>PiCS)

STOP
END

L=

C-——
C--_

2

1

SULBROUTINE 13ulbL (3UFIZLNGTHB,SPECS)

DIMENSION oJuFi(l)5PcCS(30)

CCMMON /WSPeL>/ RSPe(CS{30),ISPECS(10)

CCMMGON /TIME/TU

CATA TLBL /5HI3vloL/

EQUI VALENCE (ISPECS(5)915) ) LISPECS(T)IT)oLISPECS{8),I8)s{ISPECSI2

1),12)

I3D1GL MAP> A THRecE-UIMENSIGNAL SURFACE — A SINGLE-VALUEU FUNCTIUN
OF TW0 VARiABLES> - INTO ISOMETRIC, CAVALIER, UDIMETKIC, OR CABINET
PICTORIAL R&£PkecScNIATICNe ONE SET OF GRID LINES IS USED.

CALL SECOND LTu)

L1 = 4%]5 + 2%]7%]8 + 17 + 18 + 3 + MAXO(I7,18) + 2%]2

IF (LNGTHS oGts L1) 60 TO 1

PRINT 2

FORMAT (6X»®LNoTHp A> SET BY USER IS TGO SMALL FOR SUBROUTINE 1301
1GLe*)

sTOP

N2 =1+ I

N3 = N2 + I>

N4 = N3 + I5

N5 = N& + I5

N6 = N5 + [7%i3

N7 = N6 + 1T7%*]8

N8 = NT + i7 + 1

NS = N8 + 18 + 1

N10 = N9 + 1 + MAXO(17,18)

N1l = N10 + ]2

CALL EXClolL (BJFill)sBUFIIN2)4BUFIIN3)BUFIING)yBUFIINS)BUFIING),
LBUFI (NT ) 9BUFI(NB) BUFI(N9),BUFI(N1O) ,BUFI(NLL)oLNGTHB,SPECS)

CALL TYME (TLBL)

RETURN

END
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SUBROUTINc cXiloi (PLOTZyXPLOT,YPLOT oYPLSVEBLOCKy BLOCKH,CEC 9CNC
1CHyBCTEND,) TJPLNUYLNGTHB, SPECS)

REAL PLOTZ{L)XPLIT(L)»YRLOT(L) yYPLSVELL)BLOCK(IL) yBLUCKH(L),
1CEC(1)yCNL(L)»LH(1)ybOTENDI1) TOPEND (1)4NSTART,LABEL

CCMMON /WaP2ud/ ROSPELS(30),ISPECS(10)

EQUIVALENLE (I>PeLSto)y 116},
LOISPECSUT) »1 7)o (13PcCS(BI+18)s(ISPECSIS)+19)y(ISPECS(10),110)

EQUIVALENLE (ROPELS(L)oSL) 2 (RSPECS(2),ESTART) y4RSPECS(3) 4NSTART),
1(RSPECS(4) sv>TAKRT )2 (RSPECS(5) 4VTUP) ) IRSPECS(T)sPS), (RSPECS(10),
2SCALE) y(ROPECS(LL) sAPX) o {RSPECS(12)sAPY) (RSPECS(13),GAMMA),
3(RSPECS{14)sPo1ULIK)s {RSPECS(15) ¢ FRAME) o (KSPECS{16) ,TICKS),
4(RSPECS(21) ¢LASCL) s IRSPECS(24) VCATAP) »(RSPECS(25) ¢ XFRSVE ),
5(RSPECS(20)¢CNclll)y (RSPECS(27),CECL111),(RSPECS(28) 4PLSEP),
S(RSPECS(29)+TLocP) o (KSPECS(30),ZFACTR)

DIMENSION LNLUR (4) 9ocCOR(4),SPECS(30) ¢ XFRAME(4) 5 YFRAME (4)

LOGICAL EVeNsSUUTHWEST yUU

L=== CCNVERT PS1ulry TRUE LINE-OF-SIGHT, TC DUMMY PSI, WHICH DEPENDS
C-—— ALSU IN DIR:zCTIuN UF GRID LINES.

IF (116 ecwe 1) LU Tu 3
PSI = PSIuiR - 90,
IF (PSI ebEe 0ol Guliu 4
PSI = 300. + P>I
GO TO 4

3 PSI = PSIvIR

C——— DETERMINE 5>JuTH ANU WEST FOR USE IN IF STATEMENTS BELOWe

4 IF (PSI evEs 906 oANUe PSI oLTe 270e) GO TO 66
SCUTH = «FALSES
GO TO 67

66 SCUTH = oTRJce

61 IF (PSI evke 130e sANDe PSI oLTe 360.) GO TO 68
WEST = JFALSE.
GO TO 69

68 WEST = e TKUE o

(——-= CONVERT GAMMA anuU P>1 TO RADIAN MEASURE. CALCULATE ALPHAL AND ALPHA2 AS
L=== FUNCTIONS UF P>1s GAMMA.

69 RGAMMA = GAMMA*,0174532925

IF (GAMMA o+Ewe Os) RUAMMA = ,00001

RPSI = 0.

IF (PSI <tuwe Do) KPS1 = 400001

IF (PSI etWe 90¢) KPSI = 1.57081

IF (PSI ecde 1l80e) RPSI = 3.14161

IF (PSI eiWe 270e4) RPSI = 4,71241

IF (RPSI o+Ede Je) RPSI = PSI*,0174532525

ALPHA2 = ASINCLLSINIRPSI)I¥¥2 + TAN(RGAMMA)%%2 = COS(RPSI)*%2)/(2+%S
LIN(RPSI)*TAN(RGAMMA) ) )

ALPHAL = ASIN({TANIRGAMMA) — SIN(RPSI)*SIN(ALPHAZ2) )/COSIRPSI))

L—==-= SET CONSTANIS FUR Udc IN RESETTING #BLCCK#,.

1 §-1-V
1883
1884
18BJ

IT*18 - 17
I7T*i8 + 1
17 + 1
2*17

[}
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C==-= SET VARIAbLLS FurR KcoETTING #BLOCK# ACCORDING TU QUADKRANT OF PSI.

IF (PSI e0be 9Ue eANUe PSI oLTe 1806} GC TO 170
IF (PSI euEe 130 eANDe PSI oLTe 270.’ GU TO 171
IF {PSI eute 270e oANDe PSI oLTe 360.) GU TO 172
IF (116 ebuwe 2) 8,7

172 ALPHAL = 35,14159265 - ALPHAL
ALPHA2 = 3,141l59205 + ALPHAZ2
IF (116 ecle 2) Gu TU 7

g IB = IB34
i1 = -1
IBJMP = IdoJ
GC TO 173
718=0
I8l =1
IBUMP = O
GO TO 173
171 ALPHALl = =-A_PHAL
ALPHA2 = —-ALPHA2

IF (116 eEwe 21 0,5
17C ALPHALl 3el4loycob + ALPHAL

ALPHA2 3014159205 - ALPHAZ
IF (116 eicwe 2) LU TU S

6 IB = IBB2
I8l =1
IBIMP = —ibBBJ
GG Tu 173

5 I8 = IoB3
181 = -1
IBJMP = O

]

L—=— REORDER Ckiy CNe A> NECESSARY,

173 181 =18 + 1
IF (SOUTH) LU U 143
IF (PSI evte ¢70e oaiiDe PSI oLTe. 360.) GU TO 144
GC TO 145
143 CO 149 I=l,i5l
IH = I81 - 1 + 1
145 CHUIH) = eni (1)
CO 150 I=1,i0l
150 CNC(I) = vAti)
IF (PSI evce L30e oeAiNDe PSI oLTe 270e) GU TO 144
GO TO 145
144 D0 154 I=1,i0p%
IH = IBB4 - [ + 1
154 CH(IH) = cel i)
DC 155 I=l,I0db4
155 CEC(I) = CH(1I)

(=== DEFINE SIN ANV LU> VARIABLES FUR USE LATER.

145 SALPHZ2
SALPH1
CALPH2
CALPH1

SIN(ALPHAZ2)
SINLALPHAL)
COUSLALPHAZ2)
COS (AL PHAL)

W ohou

C--- REORDER BLUCLK AND PLACE INTGC BLOCKH ULSING VARIABLES SET PRIOKe
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C-=-= BLOCKH(1l) wWiiLlL ReFexk TO THE DIAGRAM AT THE APEX, £TC.

I0E 0
178 17*ig
DO 9 I=1,1/8
IB = IB + isl
iCE = IDE + 1
IF (IDE eite 17) bwu TO 10
IDE = 0
I8 = IB + IBJMP
10 BLOCKH{I) = BlLJLK(io)
S CUNTINUE

(]

C-== INITIALIZc >YoTiM Anu CALCULATE EQUATIGN CUNSTANTS> TuU BE USED IN
L~== MAIN DO LJUPS duiLJNWe

191 = 19 + |

IoMl = 19 - 1

EVEN = oFALDCe

I1OM = 110 - 1

I10I = 1-il10

Linw (1)

CEC11l = (elil)

C = (VTOP-voTAxTI*{FrACTR/SCALE
HEW = C/(CALPH2*TAN(ALPHALl) + SALPH2) + TLSEP
HNS = C/(CALPHL*iAN({ALPHAZ) + SALPH1) + PLSEP
XHEW CALPAZ2*1EwW

YHEW SALPAZ*ren

XHNS CALPAL*AND

YHNS SALPAL*diNS

XPART = CALPHAL®PS/SLALE

YPART = SALPHL*PS/SLALE

XLINEP SL¥LALPHZ/>CUALE
YLINEP SL¥SALPH2/SULALE

XFRS VE 1000,

iB = 0

IBCNT = 0

(%
Z
(@]
P
[
[
i

(=== MAIN DU LUUPS> Tu PRJLESS ONE BLOCK DIAGRAM AT A TiMEe.

CC 11 NI = 1l,is

DG 12 NN1 = 1,17

REWINDL 83

I8 = 1B + 1

IF (BLOCKH(iB) eiNce 1e) GO TO 12
IBCNT = I8LNT + 1

C—=— CALCULATE CVLJX AND LECUR ARRAYS FROM CURRENT CNC, CEC VALUES.

CNCOR(1) CNCINI)
NI1 = NI
CNCOR(2) LNCIR(3)
CECORI(1) ceELJR(Z)
NN2 = NN1 + 1

CECOR(3) CECUKRL4)

CNLJKL &)
1

CNCINIL)
CEC{NNL)

W n o+

CECUINNZ)

]}
[}

(———- DETERMINE NJMBcRS oF FIRST PRIOR AND LAST NEEDED GRID LINES,
C-—— INDEPENDENT UF LIntS TO BE SKIPPED.

IF (116 etWe 1) LU TU 13

26



IN = IFIX{{cSTART-CLzLOR(12)/SL)
ILAST = IFIXU(CoTART-CECOR(4)I/SL) + 1
GC 7O 14
13 IN = IFIX{{etLUuRiLl)I-cSTART)/SL)
ILAST = IFIX((oeCuk(4)=-ESTARTI/SL) + 1

C
(=== DETERMINE FiroTl (WeAREST TU VIEWER) ANL LAST NEEDED GRID LINE ARRAY
(=== SUBSCRIPTS, iNJdePenNJENT OF POINTS TO Bt SKIPPED.
C
14 IBCT = IFiX{{UNCUR(LI-NSTART)I/PS) + 1
ITOP = IFIX{(LNCURIZ2I-NSTART)/PS) + 1
IBUTTP = [Bul + ITwP
|93
(=== CALCULATE >4ALLu>T AND LARGEST ARRAY SUBSCRIPTS, IMIN AND I[MAX.
C
IF (SOUTH) Gu Tu 154
IMIN = IBUT
IMAX = ITuP
GC TO 159
158 IMIN = ITuP
IMAX = IBuT
C
(=== OSKIP FURWAKJD 11RUUGY FIRST #IN# GRID LINE AKRAYS TU GET TU FIRST
L=== NEEDEC UNcy LURReSPUNDING TC UDIAGRAM NEAR EDGEe
%
159 IF (IN o¢Ewe 0) LU TJ 44
CO 112 I=1l,Iwn
112 READ (83)
[
(=== CALCULATE ANV iNITIALIZE VARIABLES FOR USE IN HIDDeN LINE TEST.
(=== INITIALIZ¢c VARiIASLE> TU CORRECT VIEW-LINE DRIFT FACTURe
C
44 SLI9 = SL*19
PSI10 = P>*[10
U = SLIS*CALPHZ/LALPH]
UUEL = U/PS11D = FLIATUINT(U/PSI10))
IF {UDEL oLze Jo5) Gu TO 45
ISHIFT = Qil0*({nF(U/PSI10) + 1)
ICNE = -I10
UbD = 1le0 - JvicL
GC TO 46
45 ISHIFT = I10#*INT(U/PSILO0)
ICNE =110
Ub = UDEL
46 UTEST = 0.5
Uucum = 0,
UU = oFALSEs
C
{——- CALCULATE VARiAbLEL> WHICH VARY CALY BETWEEN BLOCKS.
"
NM = NN1 - 1
XAPEX = APX + wM¥XHiw + AES(CEC(ANLl) - CEC(1)I1*CALPH2 /SCALE - (NI
1 — 1)*XHNS - AuS(INUINI) - CNC{1))*CALPH1 /SCALE
YAPEX = APY+ NM*YHiad + ABS(CEC(NNLl) - CEC(L))*SALPH2 /SCALE + (NI
1- 1) *YHNS + ABS(LnNUINI) = CNC(1))*SALPHL /SCALE
C
C-—= SET OC LOUP RANOGE.
C

IF (WEST) GU TJ ldo0
INL = IN + 1
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1517

17
160
162

coo
|
|

7C

71

(===

137
138

C--—
[
(==

64

176
1717

GC TO 157
INL = ILAST
ILAST = In +

OUTER DU LJJP - PKuecSS ALL GRID LINES, UNE AT A TIME.

DC 47 I1=iinl ylcLAdT 419

READ (83) (PLuiill)sI=1,y1NMAX)
IF (WEST) vu Tu 100

IF (I9 oEde 1) LU Tu 162

OC 17 I=1,19M1

READ (83)

GO Tu 162

DO 16 I=1,191

BACKSPACE 83

NCOUNT = il101

TEST FOR >¢1JJ> VIicw—LINE CRIFTs AND CORRECT IF NEULESSAKY.

IF {UCUM oGle JiecoT) GO TC 70
IF («iNOTe UJ) vu Tu 71

ISHIFT = I>AIFT - lJNE

UL = JFALSE.

GC TO 71

UTEST = UTEST + 1.0

UL = «TRUEe.

ISHIFT = is4iFi + LJINE

UCUM = UCUM + Ju

CALCULATE VARlAoLed AND SET LINE PLOT OCIRECTION (FURWARD OR KEVERSE).

x2X XAPcX + (il-inNl)*XLINEP

Y2Y YAPcX + (ii—-IN1)®YLINEP

IF («NOTe evecin) GU Tu 137

EVEN = oFALSE.

SPECS{14) = >Pciolla>) = —-FLOAT{(I1O0)

GO TO 138

EVEN = <TRUz.

SPECS(14) = SPEL>(L5) = FLOAT(I1l0)

IF (I] oEwe IiNL eUKe ISHIFT «EQe 0) GC TO 64
YPLOT(IMIN) = Y2Y + (PLOTZ(IBUT) - VSTART)*ZFACTR/SCALE
YYI = (YPLUT(iMin) - YPLSVE(IBOTI}I/ISHIFT

([T}

INNER DO LUJP - PRULESS ALL PCINTIS ON A GRID LINE, CNE POINT AT A thu.
TEST FOR HIUVEN PJINTS AND CUNSTRUCT THE CURRENT VISIBILITY (HORIZUN)
LINEe DRAW Vid>IB8iLke LINE SEGMENTS AS NEEOULU.

CC 48 INDcX=iMiN,1MAX,I10

IF (EVEN) ill = 1InNUEX

IF (oNOT. eveN) Q111 = IBOTTP - INDEX
IF (SCUTH) Gu Tu 170

IREV = 111

ISH = [REV = U>HIiFT{

606 TO 177

IREV = IBuiTP - Iil

ISH = IREV + ISHIFT

XPLOTA(III) X2X — XPARTH(III-IMIN)
YPLOT(II YZY + YPART#(III-IMIN) + (PLOTZ(IREV) - VSTARTI)I*ZFALT

nou

1R/SCALE

IF (II «Ede iivl) GU TO 50
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50

45

113

48
[}
L—_—
b-——
C

)

54
C
C——w
C

47
¢
L———
L--_
C

55
¢
C———
C

IF ((III-IiMIN) euwte AiSHIFT) GG TO 49

IF (YPLOT(i1l) ebite (YPLOTUIMIN) = YYIF(III-IMIN))IGG TO 50
PLOTZ(IREV) = YPLUT(IMIN) - YYI*X(ILI-IMIN)
GG TO 113

PLOTZ(IREV) = YPLJTILIII)

NCOUNT = ~NCuuUNT + (10

GO TO 43

IF (YPLOTU(ILI) euvie YPLSVE({ISH)) GU TC 50
PLOTZ(IREV) = YPLOVE(ISH)

IF (NCOUNT oiide 4101) GO TG 48

SPECS(13) = FLJATLINLOUNT + TI10M)/IL1CH

IF (EVEN) 1> = 1'il - NCCUNT - 110M

IF {«NOTe cVeiNd 45 = TI1 + MCGUNT + 11CM
CALL SLLILi (XPLuUT(i5),YPLOT(I5),4SPECS)
NCOUNT = 1101

CCNT INUE

CRAA LAST LinNe oebMenT IF NEEDEL,» ANC LOAU NEW VISIBILITY LINE INTU
YPLS VE.

IF (NCOUNT otwe 4il0L) GO TG 52
SPECS(13) = FLJATUINCUUNT + 110M)M/I1C)
IF (EVEN) i> = 1MaX-nCOUNT+1

IF (oNOTe cVen) i> = IMIN®+NCCGUNT-1

CALL SLLIL: (XPLUT(ID),YPLUT(I5),4SPECS)
D0 54 1=1M4inNsIMAX,110

YPLSVE(I) = PLJTctl)

I6 = II - IN1 + 1

SAVE ENOD-LInc PUINTS

PLJTLilbdT)
PLulceliTOP)

BCTeEND(I6)
TOPEND(I6)
CONT INUE

ALL VISIBLc GrRiu LiNe SEGMENTS HAVE BEEN DRAWN FUR A SINGLE BLUCKe
NCW DRAW THA: FAR-cDGE END LINE.

SPECS(14) = 5Pel>(l>) = FLUAT(I9)

I5 = ILAST - 1INl + 1

X3X = XAPcX - XPAKT*(IMAX-IMINI

U0 55 I=1,15,1i9

PLOTZ{I) = X3X + (i-1)%*XLINEP

SPECS(13) = FLJAT((LS + I9M1)/19)

CALL SLLILL (PLUVLTUPEND,SPECS)

IF (IBCNT otde 1) VUATAP = VSTART + (BGTEND(1I)-YAPEX)*SCALE/ZFACTR
IF (PLOTZ(1) o.Te XFRSVE) XFRSVE = FLCTZ(1)

DRAW GRID-LiNE sive FRAME, IF WANTED.

IF {FRAME oNEe 1e) GU TO 118

XFRAME(1) = XFRAME(2) = PLOTZ(1)
XFRAME(3) = XFraMic{4) = KAPEX
YFRAME(1) = TuPeNhuw(l)

YFRAME(2) = YAPcX + YPART*(IMAX-IMIN)
YFRAME(3) = YaAPEX

YFRAME(4) = BUFenu(l)

SPECS(13) = 4,

SPECS(14) = >5PcC5(15) = 1.

CALL SLLILI{XFRAME ,YFRAME,SPECS)
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[

118
56

(===

L---

12

11
¢
L—-_
C

15

DRAW TICKS IF NctUED

IF (TICKS oiNEe led) LU TO 118

SPECS(13) = 2.

CALL I3DTCl (YFRAME(Ll),YFRAME(2) 4PLOTZ{1),CALPH1,0=SALPHL1,0,SPECS
1)

CALL I3DTC2 (LNCUR(2) sCNCOR(1)sSCUTHXFRAME(2)yYFRAME(2),CALPHL,SA
1LPHLl ,1,SPeld)

SPECS(13) = 3.

CALL I3DTLl (YFRAME(4 ) 9oYFRAME(3) 9 XAPEX,CALPH2,,CALPHL ,SALPH2,
1SALPH1,SPe(S)

CRAW NEAR-cUGE END LINE.

DO 56 I=1,1b,19

PLOTZ(I) = XAPeX + (i-1)%XLINEP

SPECS(13) = FLJAT((L5 + I9M1)/19)

SPECS(14) = 5PzLS(15) = FLOAT(19)

CALL SLLILI (PLUTZ,30TEND,SPECS)

IF (PLOTZ(i5) oLie XFRSVE) XFRSVE = PLCTZ(IS5)

ORAW TRANOVERSE-LINE SIDE FRAME, IF WANTED.

IF (FRAME o3Ee le) GU TO 12

XFRAME(1l) = XFRAME(2) = PLGTZ(IS5)
YFRAME(1l) = ouleND(I5)

YFRAME(2) = YaPeX + YLINEP*(ILAST-IN1)
SPECS(13) = 3.

SPECS(14) = 5Pc(s5(15) = 1.

CALL SLLILI(XFKAME,YFRAME,SPECS)

CRAW TICKS 1F NcEEveDe

IF (TICKS oNEe led GU TO 12

SPECS(13) = 2.

CALL I3DTL2 (CECURIL)CECCR{4),WESTyXAPEX,YAPEXy CALPH2,-SALPH2,2,
1SPECS)

CALL I30TCl (YFRAME(1),)YFRAME(2)+PLOTZ(15)y-CALPH2,0,-SALPH2,0,SPE
1CS)

CONT INUE

CONT INUE

ALL BLOCKS ARE CUMPLETEDe PRINT STANCARD LEGEND IF WANTED.
IF (LABEL oNte le) GU TO 15
CALL I3DLBL (>P&clS)

RETURN
END
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SUBROUTINE 13ulcl (YFA,YFB,XTC,CA,CBsSA,58,SPECS)

DIMENSION 5PeC> (30}, XTIC{3),YTIC(3)

CCMMCN /WoPc( S/ Ro>PcLS(30),ISPECS(10)

EQUI VALENCE (RoPeCS(4)sVSTART ), (RSPECS(17),MAJL) (RSPECS(18) sMINI)
1, {RSPECS(19) yMAJL ) A RSPECS{20),MINL) » (RSPECS(10)4SCALE), (RSPECS(30
2),ZFACTR)

REAL MINIoMAJL,MINLy) MAJL

I3DTC1 DRAWS TWU UR THREE PCINT TICKS CN VERTICAL FRAME LINES.

IS = IFIX{(5PE(S(13))

IS1 = IS -1

IZTICS = INTUU(VSTART + (YFA-YFBJ)#*SCALE/ZFACTRI/MINI) — INTUVSTART/
1MIND)

IF (IZTICS ecWe O0) GU TGO 1

TICDIF = (VOTART/MINI — FLCAT(INTU(VSTART/MINI)}))*MINI*ZFACTR/SCALE
TICREF = FLUATUINT(VOTART/MINI) )*MINI

XTIC(IS1) = XTC

YT = YFB - TILJiF

SV = MINI*ZFALTR/SCALE

L0 4 I=1,i.T1Cs

YTIC({IS1) = YT + %M

IF (FLOATUINT((VICREF+MINI*I)/MAJI)) oEQe (TICREF+MINI*I)/MAJI)
1 GO 70O 2

TICVAR = MINL

GO 10 3

2 TICVAR = MAJL

3 XTICLIS) = XTil(isSl) + TICVAR¥CA
YTIC(IS) = YTiC(iS1l) + TICVAR*SA

IF (IS «Ede 21 GU Ty 4

XTIC(1) = XTIC(2)-TICVAR¥(B

YTIC(1) = YIIC(2) + TICVAR*SB
4 CALL SLLILI (XVIC,YIIC,SPECS)
1 RETURN

END

SUBROUTINe 130TC2 (CURASCCRB,QUACRTyPTA,PTBCoSHNCALL,SPECS)
DIMENSION SPELS (30),XTIC(2),YTIC(2)

CCMMCN /WSPe(CS/ KSPELS(30),ISPECS(10)

EQUI VALENCE (KSPECS(1D)3SCALE)» {RSPECS{L1T)yMAJTI)  (RSPECS(18) yMINI)
1 (RSPECS (194 yMAJL) +»( KSPECS{20) 4 MINL) ,(ISPECS(6),16)

LOGICAL QUADKT

REAL MINI MAJL,MiNLy MAJL

I3CTC2 DRAWS TAO PUINT TICKS ON HORIZCGATAL FRAME LINES.

TICSN = ABS{FLIAT(INT(CCRA/MINI)}-FLCATIINT(CORB/MINII )
IF (TICSN eCwe Do) LU TO0 1
IF (NCALL ecde 1) GJ TO 2
IF (16 oEQe 1) GU TU 3
IF (QUADRT) 4,5
2 IF («iNOTe QUADRT) 5,4
3 IF (QUADRT) 35,4
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4 TICOIF = (CORA/MiIiNI - FLOATUINT(CORA/MINI)))I*MINI/SCALE
TICREF = FLJATCINTICURA/MINI) )XMINI
SGNTIC = -1.
GC TO 6

5 TICDIF = (le - CURA/MINI + FLOATCINT(CORA/MINI))I*MINI/SCALE
TICREF = (FLUATLIiNT(LORA/MINI)) + 1o )*MINI
SGNTIC = 1.

6 ITICSN = IFIX{TICSN)

SM = SGNTEC*MINI

PTAT = PTA - TiCuifF*(
PTBT = PTB8 + TICDIiFx*xs
CMS = C*MINi/>CALc

SMS = S*MINI/>CALE

DO 7 I=1,ITICON
XTIC{(L) PIAT + I*(MS
XTIC(2) XTIC(1)
YTIC(1) PTBT - I%5MS
IF (FLOATCINTUITICREF-SM¥I)/MAJI)) +EGQe (TICREF-SM%]})/MAJI) GOTO 8
TICVAR = MINL

GO TO 9

wnh

8 TICVAR = MAJL
S YTIC(2) = YTIL(1l) + TICVAR
T CALL SLLILLI (XTIL.YIIC,SPECS)
1 RETURN
END

SUBROUTINE i3u.BL (SPECSY

DIMENSION >PELS(30)

CCMMON /WSPECLS/ R>SPELS(30),ISPECS{(10)

EQUI VALENCE (RSPECS(22),HITE) ¢ (RSPECS(23),XPOSL) o (RSPECS(14),4PSI),
L{RSPECS(13)+0AMMA) y(KSPECS(25) yXFRSVE) s {RSPECS(7),PS) s (RSPECS(10),
2SCALE)y L ISPECS(10G)»i10),4RSPECS(30),4ZFACTR)

I30LBL LABELS THt UIAGRAM, GIVING DIRECTION OF SIGHT, INCLINATIUN
(APP ARENT ANGLEs» Tu THE HURIZGNTAL, OF VIEW)s AND PUINT RESULUTION.
OTHER LETTLKING I5 LEFT TC THE USER,

SPECS(17) = 2
SPECS(18) = .2
SPECS(19) = 0.
SPECS{20) = 0.

SPECS(21) =1.

IF ( XPOSL eciWe -le) LU TO 1
SPECS(22) = XPUsL

GO T0O 2

IF (XFRSVE obkte 10.) SPECS(22)
IF ( XFRSVE oLTe 104) SPELS(22)
SPECS(23) = Hiie

CALL TITLEG (13HUDIKECTION OF SIGhT,SPECS)
SPECS(22) = oSPELS(22) + 4.2

IF ‘PSI etk 00 oﬁNUo PSI ’LTO 9Ce‘ GG TO 166
IF (PSI eUte 906 eANUe PSI oLTse 1804) CGC TO 167
IF (PSI eUGte 180e eaiNDe BSI «LTe 270e) GU TO 1l68
CALL TITLeu (oHN We SPECS)

PSILBL = 360e - P5Si

GO TO 169

XFRSVE - 9.0
1.0

[}
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166 CALL TITLeG (6Hi £+ SPECS)
PSILBL = Psi
GG TO 169
167 CALL TITLEG (645 €+ SPECS)
PSILBL = 180. - P>l
GO TO 169
168 CALL TITLeG (6dS WeSPECS)
PSILBL = PSI - 180.
169 SPECS(28) = 1.
SPECS(22) = SPECS(22) + 2
CALL DECVAL (PSILBL,SPECS)
SPECS(23) = SPELS(23) — o3
SPECS(22) = 5PcL51(22) - 44
CALL TITLEG (23HINCLINATICN DEGREES,SPECS)
SPECS(22) = SPc(S(22) + 2.6
CALL CECVAL (GAMMA,SPECS)
SPECS(22) = SPe(5(22) — 246
SPECS(23) = SPELS(23) - 2.4
CALL TITLEG (24HVERIICAL EXAGGERATION = ,SPECS)
SPECS(28) = 2.
SPECS(22) = SPECS(22) + 4.8
CALL DECVAL (ZFALTRsSPECS)
SPECS(22) = SPECS(22) - 4.8
SPECS(23) = SPcC>(23) - 3
SPECS(17) = SPECS(18) = .1
RISP = SCALE/(P>*I10)
SPECS(28) = 0.
CALL TITLEG (28HRecSULUTICN = POINTS/INCH,SPECS)
SPECS(22) = SPECS(22) + 1.3
CALL DECVAL (KISP,sSPECS)
SPECS(22) = SPr(>(22) - le3
SPECS(23) = 2.0
CALL TITLEG (24HPROGKAM BY WeBe WRAY JRe)SPECS)
RETURN
END

SUBROUTINE 1300VT (BUFIsLNGTHByNUMPTC FMT»EQR,DVCECQT »PNCH)
DIMENSION BUFi(1),FMT(3)

CCMMON /WSPELS/ RaPc(S(30),ISPECS(10)

CCMMON /TIME/ TU

EQUI VALENCE (I5PECS(1),11)s{ISPECS(2),12]

CATA TLBL /6HI3ULCVT/

I3DCVT READS A HULLERITH CARD DECK, POSSIBLY WITH EMBEDDED BLANKS,
AND REDUCe> THz UATA TO A SET OF BINARY LOGICAL RECORDS ON TAPES81,
TAPE82, UK TAPcd3 A> SPECIFIED BY USERe QUTPUT IS ON TAPE, DISK,

OR PUNCHED AS> BINARY CARDS IF USER ECUIVALENCES PUNCHBe. THE

ARRAY NUMPT IS Flileuvy AND wWILL BE PUNCHED AS THE LAST LOGICAL RECORD
IF 6HPNCHOT IS uUocU IN THE CALLING ARGUMENT LIST.

CALL SECOnND (Tu)

Ll = &%]1 + ]2
IF (LNGTHB oGte L1) GO TO 1
PRINT 2
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2 FCRMAT (6Xs*LNsIHo A> SET BY USER IS TCO SMALL FUR SUBROUTINE I3DC
1VT*/ /)

sTop
1 N2=1+1]1

N3 = N2 + 3%]1

CALL EXCCVT (BJFI(1),BUFIIN2)+BUFIIN3)LNGTHB NUMPTC FMT,EDR ,DVCED
1T,PNCH)

CALL TYME (TiBL)

RETURN

END

SUBROUTINE EXCLLVT (oRIDNyGRIDEL ¢ NUMPT o LNGTHB ) NUMPTC ,FMT ,EOR, DVCEUT
1,PNCH)

REAL GRIDN(1)yoRIVEL(1) 9 NUMPT (1) 4FMT (2),CO0RCN{40),CCORDZI40)
COMMON /WSPECS/ RSPELS(30),ISPECS(10)

CATA Dl4D2,03 /oHTAPEBL y6HTAPEB2,6HPNCHOT /

EQUI VALENCE (ISPECS{2)412)y (ISPECS(3),13)

PREPARE FUK ScLELTIUN OF OUTPUT TAPE UNIT.

IF (DVCEOT .Ewe V1) GU (0 3
IF (CVCEOT e.cue v2) GO TO 4

IDVCE = 83
GO TO 5
ICVCE = 82
GC T0 5
ICVCE = 81

INITIALIZe CUUNTERS AND LIMITS FCR DATA INPUT.

IE=0

IEAST = 1
I31 =13 + 1
L1 = NUMPTC
L2 =11 -1

BEGIN DATA INPUT ANU REDUCTION CYCLE. TESTS FOR END-OR RECORD
FLAGS AND EMBEDUED BLANKS.

ICGUNT =0

READ FMT, (CUORUN(I) COORDZ(I),I=1,L1)
IF (COORDNELL1) oiNEe EOR) GO TC 9
IF (L2 «Ede 04 Gu TO 11

DO 8 I=1,L2

IF (COORDN(I)eEWe Oe) GO TO 8
ICCUNT = ICJUNT + 1
GRIDN(ICOUNT) = CUURDNI(IY
GRIDEL(ICUUNT) = CUURDZ(I)

CONT INUE

GC TO 11

DO 10 I=1,L1

IF (COORDN(i) oEwe Do) GG TG 10
ICOUNT = ICOUNT + 1
GRIDN(ICOUNI ) = CUURUNI(I)
GRIDEL(ICUUNT) = (CUURCZ(1)

CONT INUE

GO TO 7



C~—= AT THIS PuUiNi UNE LUGICAL RECUGRD HAS BEEN REDUCEDe NOW INCREMENT
(=== RECORD COUnNFerR> AND PLACE ARRAYS CNTC CGRRECT TAPE.
¢
11 IE = IE + 1
ARITE (IDVLE) (GRIUNCI)»GRIDEL{(I) »I=1,ICOUNT)
NUMPT(IEAST) = FLUAl LICOUNT)
IEAST = IeAST + 131
¢
C——- TEST FOR LA>T LUURULNATE ARRAY LCGICAL RECURD.
9
IF (COORDZ{LL) onEe £EOR) GO TO 6
C
C---= TEST TU MAK:Z LcKTAIlw ENCWGH SPACE IS RESERVED FUR NUMPT ARRAY,
C
IEAST = IeAdi - 131
IF (IEAST ece i2) Gu TO 22
PRINT 21
21 FCRMAT (/10X *15Pcl3(2) INCCRRECTLY SPECIFIED BY USERs PRUGRAM TE
LRMINATED«*/ )
sice
22 PRINT 16,ic
16 FORMAT (1H1,20X ,*5UBROUTINE I30CVT*/1CX,*NUMBER OF CUORDINATE ARKA
1Y LOGICAL Rc(CURU> PAUCESSED = *,14//7/)
C
C-—— DETERMINE IF WJMPT A®RAY IS TO BE PUNCHED AS LAST LOGICAL RELORD
¢
IF (PNCH oNzeu3) LU TO 20
WRITE (IDvClc) (WUMPT(I),1=1,12)
20 RETURN
END
SULBROUTINE 13UPTA (BUFI LNGTHB}
DIMENSION vJFI{1l)
CCMMON /WSPECLS/ KROPeLS(30),ISPECS(101)
CCMMCN /TiMmc/ Tu
EQUI VALENLE (U5Pe(lS(%4) 2140 (ISPECS(2)+12),(ISPECS(51},15)
DATA TLBL /5Hi30LPTA/
C
C--- SUBROUTINt 13uP¥a GuNERATES A FULL SET CF ARRAY POINTS SPACED ACCURDING
C--- TC PS FROM A SKeLeTuin ARRAY INPUT ON TAPE/DISK UR CARDS.
C

CALL SECOnNL (Tu)

L1l = 2%[4 + |5 + ]2

IF (LNGTHB eGke L1) GO0 TO 1

PRINT 2
2 FORMATY (6Xo*iLiNoiHb AS SET BY USER IS TGO SMALL FUR SUBROUTINE I30P
1TA*/)

=1+ 14
N3 = N2 + [%
N4 = N3 + I2
CALL EXCPTA (oJFitl)yBUFIIN2)BUFIIN3),BUFI(N4LyLNGTHB)
CALL TYME (rIuBL)
RETURN
END
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SUBROUTINE cXLPiA (GKIDN,GRIDELyNUMPT,FLOTZyLNGTHB)

COMMCON /W>Pzid/ RSPELS(30),ISPECS{(10)

EQUIVALENLE (RoPECSUT)4PS)y (ISPECS(Z),12), (ISPECS(5),15)
REAL GRIDWN(L)sorluel (1) ,PLOTZ(1)NUMFT (1)

CC LOOP Tu FliL UUT ALL 12 GRID LINES.

CC 3 iI=1,1¢2
ICOUNT = IFIX(NUMPT(II)) '
READ (82) (oRIIN(I)sLRIDELLI) sI=1,ICCUNT)

INITIALIZc VAxiAbiLe> TO HANCLE INITIAL POINTS ON GRIU LINES, BEFUKE
ERANCH TO 300.

FLOTN = GRiON{L) - P>

L1 = 2

CELN = (GRiveclL(2)=6RIDELILII/(GRIDN(2)-GRIDN(1).)
GEL = GRIvciL(l)

GN = GRIDn(1l)

DO 29 I=1,I5

PLOTN = PiLulTin + PS

IF (PLOTN elLce GRKiwntL1)) GC TO 20

RESET L AND L1 >u THAT NEXT CCRRECT PAIR OF SKELETUGN GRIU PUINTS IS
LSED TO CaLluULATE PLUTZ PCINTS.

L1 = 11 +1
IF (PLOTN eoTe uwRIUN(LL)) GC TO 200
L=11-1

GELN = (GRIVELLLL)=GRIDEL(L)II/{GRIDNILII-GRIDNI(L))
GEL = GRIveiL (L}

GN = GRIDN(L)

PLOTZ(I) = (PLJTW-GNI*GELN + GEL

CONT INUE

WRITE (83) (PLUTL(1),1=1,15)

RETURN

END

SUBROUTIN: L30UPTS> (BUFIoLNGTHByPNCHFMTyNUMPTC)

CCMMCN /HWOPcLS/ KOPeLS(30),ISPECS(10)

CCMMCN /TiMc/ Tu

DIMENSIUN BJF1(L1),FMT(3)

EQUI VALENLE (1oPclS(L)sI1)s(ISPECS(2),12)(ISPECS(3),13),(ISPECS(%

1),14)

CATA TLBL /6di3uPTS/

SUBROUTINc I3UPT> CALCULATES INTERMEEIATE LINES IN ANY NUMBER FROM

A BASIC AXKAY Uf PULNTS IN LINESe TFE BASIC ARRAY INPUT IS FROM
TAPE81, ElircR MAauGNcTIC TAPE, DISK, OR BINARY CARUDS IF EQUIVALENCED Tu
INPUT. OUTPUT 15 tElTHER IN BINARY OR FCLLERITH MUUE. IF TAPESB2

IS EQUIVALENLED TU PUNCHB, A BINARY LECK IS PUNCHED AND THE ARRAY
NUMPT IS PuUNLHcu A> THE LAST LOUGICAL RECURDe IF A HOLLERITH FORMAT IS
SPECIFIED InN THc CALL LIST, HGLLERITH CATA CARDS ARE PUNCHEDe. PUNCH
MUST BE DecCLARcUe IF BOTH 6HPNCHOT ANC A HOLLERITH FORMAT ARE
DECLAREDs THEN ouLTH HULLERITH DATA CARCS AND BINAKY NUMPT ARRAY

ARE PUNCHcD.



CALL SECOWND (Tu)
Ll = 4%[1 + 12 + 2%I3%]4
IF (LNGTHB +Gce L1) 60 TO 1

PRINT 2
2 FCRMAT (6Xy*¥iLiNoTHD A> SET BY USER IS TCGC SMALL FUR SUBROUTINE I3DP
1TS.*/7)

STOP
1 N2=1+11

N3 = N2 + il

N4 = N3 + |}

N5 = N& + [l

N6 = N5 + 12

NT = N6 + L3%]4

CALL EXCPI> (5JFi{l)+BUFIINZ2) yBUFI(N3)BUFLIN4)sBUFIIND)8JFI(iNO),
1BUFLIUINT) sinNoTHU 903414 +PNCH,,FMT ,NUMPTC)

CALL TYME (lioL)

RETURN

ENC

SUBROUTINE cXCPTS (oRIDNyGRIDEL GRIDNLyGRIDLL ¢NUMPT 9 XGRIUNXGRIUL
LINGTHB I3yl yPNLH,FMT s NUMPTC)

REAL GRIDN(L ) soRiVEL(L) 9GRICNI(LI I RICLLC(L ) yNUMPT(L ) XGRIDNLI3y14)
1yXGRICZ( 13,141

INTEGER PTPLT

CIMENSION FMT(3)

CCMMCN /WSPeLol KoPelLS5(30),ISPECS(10)

CCMMGN 713uPS/ LiniLT ,FI3

EQUI VALENCE (RKoPel>UL)sSPACEL)y (RSPECS{6)DELFAC),y (ISPECS(1),
1I1)y C(ISPeCS(2)4i2)

CATA V1 /oHPNCHUT/

CATA U2 /oHNuHULP/

I32 = I3 + 2

I31 = 13 + 1

ICOUNT = iFiX(NUMPT(1))

READ (81) (ORAUNCGIIYGRIDEL(I)I=1,ICCUNT)

NUM = 0
FI3 = 1./(13 + 1)
DELTAD = DcLFAL*SPA.cL*{13+]1)
C
L——— BEGIN MAIN DU LUUP Tu CALCULATE COORDINATES FUR SKcLETON POINTS OGN
C-~- ALL INTERMEUIlATE UKRIiU LINESe. EACH PASS THROUGH THE LOOP CJNSIDERS
C—-- CNE PAIR UF BA>IC GRID LINES ANC THE INTERMEDIATE GRID LINeS
C-—— BETWEEN.
C
DC 9 II=132,12,131
ICNT1 = IFIX(NJMPT(I1))
READ (81) (oRIUNL(I) GRIDLL{I}I=14ICNTL)
C
C——= INITIALIZc VALULS FUR ARRAY SUBSCRIPTS.
C
J =1
JL = ICOUNT
K1 =1
K2 = 2
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KL = ICNTL

INTCT = 0
PTPLT = 0O
C
(=== BEGIN TESi> uF Pulini> ON Tht TwO BASIC LINESe RELATIVE €LEVATIUNS
C==—= AND DISTANL:eS AParT UcTERMINE WHICH FCINT PAIRS ARt USEU IN THE
(=== CALCULATIUN Jr iNicrMEDIATE LINE SKELETCON PCINTS.
9
13 IF (CRIDEL(J) ence LRIULLIKL) oORe GRICEL(J) oNEe GRIDLLI(KZ))
166 TO 10
16 IF (ABS(GriuN(J) - orRIDN1I(K1)) oGTe DELTAD oANVeABS(GRIVN{J) - ORI
IDN1I(K2)) euTe ViiLTAU) GO TO 1C7
GC TO 24
1C7? IF (GRIDN(J) eiLle WRIDNLI{KZ)) GG TO 11
K1 = K2
K2 = K2 + 1
GC TO 13
9
L=== PCINTS K1 AaNU KZ Uiv LINE 8 ARE AT ThHt SAME ELEVATIUN AS PUINT J ON
L=== LINE Ae UCALL S>UokUJUIINE INTLNE ThiCt 10 CALCULATE TwWO SETS OF
C==~ PCINTS UN INTexMculAlE LINES. TEST 2I) IS SUCCESSFUL.
C
24 CALL INTLNE (KL sJdpi3¢ 149 XGRIDN)XGRIDZyCRIDN)GRIDEL »GRIDNL,GRIDLY)
1C8 CALL INTLNZ (K2 9J9l3,3149XGRIDNeXGRIDZyGRIDNy GRIDEL yGRIDNL,GRIDLY)
11C J = 4 + 1
C
(--— SEVERAL Tcoio Tu sec IF J BEYUGNU LAST FOINT ON THE GRID LINE (J
L=== «GTe JL)o® obRANCHING UEPENCENT CN VALUE OF K2
C
IF (J «GTe JL eANUe K2 oEWe KL) GG TC 12
IF (J o6Te JL enivUe K2 oLTe KL} GC TC 109
K1l = K2
K2 = K2 + 1
IF (K2 olie KL} LU Tu 13
C
(=== TRY TU MATCA UP ALl KREMAINING #J#% POINTS ON LINE A WITH THE LAST
C==—  {NOW K1} b-Linc PulinNT.
C
DC 14 I=J,JL
IF (ABS(GRIunN(1) = GKRIDN1(K1)) «GTe CELTAD) GU TO 14
CALL INTLwE (KL 9lsi3 9049 XGRIDN)XGRIOZ GRIDNy GRIUEL y GRIDNL,GRIDLY)
14 CONT INUE
GC TC 12
C
C—== MATCH UP, uUnc Al A T4ME, THE LAST (J = JL) POINT UN LINE A WITH
(=== TFHE REMAINING PUINTY UN LINE Be CYCLE THROUGH STATEMENT 108.
C
1S 4 = 4 -1
K2 = K2 + 1
IF (ABS(GRiJN(J) = ORIDNLI{KZ2)) eoLte LELTAD) GU TO 108
GC TO 110
C
=== TEST FOR SiTUATaiuw 2i1)
C
1C IF (GRIDEL(J) eiNce oRIDLI(KL) oANDe GRIDELIJ) oEWGe GRIDLL(KZ2))
16C 70O 15
C
C=== TEST FOR SITUATiUN 2il1)
C

IF (GRIDEL(J) etwe ORIDLYI(K1) oANDe CRICEL(J) oNEe GRIDLLI(K2))
16C 70 16
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C

17

27

25
C

SITUATION 21V) BY UcFAULT. TEST FOR Tw0 CONSECUTIVE EQUAL
ELEVATION PUIni> SATLISFYING DISTANCE REQUIREMENTS.

K3 = K2 + 1

IF (K3 oGTe KiL) LU Tu 17

DIST1l = ABS(GRIUN(J) — GRIDN1(KZ2})

DC 18 I=K3,KiL

DIST2 = ABS(GRIUN(GJ) — GRIDNL(IDI

IF (DIST2 oG¥e UELTAU oANDe DIST2 oGTe DIST1l) GO Tu 17

i1 =1 +1

IF (Il «GTe KL) GO Tu 18

DISTI1 = ApS(GRIunlJ) — GRICNL(I1))

IF ((GRIDeL{J) = GRIVDLL(I)} oEQe Ce oANDe (GRIDEL(J) - GRIDLL(IL))
1 oEQe Oe oANUe (DIST2 oLEe DELTAL <0ORe CISTI1 oLEe CELTAD)) 6U TO
2 19

DIST1 = DisSTe

CCNT INUE

GO TO 17

K3 = K2 +1

IF (K3 «GTe KL} GU Tu 16

IF (GRIDEL(J) eiNce GRIDL1U(K3)) GC TO 1€

IF (J «EQe 1) Gu TO 20

K1l = K2
K2 = K3
GO TO 16

ROUTINE Tu MAKE CcKTAIN ThAT THERE WILL DEFINITELY BE A PUINT UN
THE INTe GRIOD LiIN&S £QUAL TG NSTART. THUS, J = 1 PUINT wWILL BE
USED TO CALLULATE 3 INSTEAD OF 2 SETS CF INT. GRID PGINTS.

CALL INTLNG (KL jyJsI3,149XGRICNyXGRIDZyCRIDN)GRIDEL » GRIDN1,GRIDLL)
GC TO 21

IF (J «EQe 1) GU Tu 22

K1 = 1

K2 = I1

G0 TO 24

ROUTINE Tu MAKE CERTAIN THAT THERE wWILL DEFINITELY BE A POINT OUN
THE INTe GRID LINe> cQUAL TC NSTART.

CALL INTLNE (KLl oJdsi3 914 9XGRIDNyXCRID2,GRIDON,GRIDEL » GRIDN1,GRIDLY)
GG TO 23

SITUATION 21ve) FUR TWO B-LINE PCINTS AT UNEQUAL ELEVATIUNS - THE
GENERALy HILLSLUPE CaSEe NLTE — FOR EACH #A# POINT THERE DOES NUT
HAVE TO Bt ANY #8# PUINTS #USED LP#. IF ONE OR NO INT. LINE SETS
CALCULATEU, K1 REMAINS EQUAL TUO Kle. PTPLT USED AS COUNTER.

KK = K1
PTPLT = O
DIST1 = ApSl{uvk{unlJ} — GRIDNL(KK))

DO 25 I=KZ,Ki

DIST2 = ABS(uGRIVNIJ) - GRIDNLIC(I))

IF (DIST1 oLE. DeLTAV) GO TO 26

IF (DIST2 eule UELTAU oANDe DISTZ2 oGT. DIST1) GO TG 11
DIST1 = DisT2

KK = KK + 1

GG TO 11
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(——- K1 SET TO KK 54 THAT K1 &ILL BE THE INBEX OF THE LAST USED B PUINT
C
26 K1 KK
K2 KK + 1
PTPLT = PTPLT + 1
CALL INTLNE (KKsJs13 4149 XGRIDNyXCRIDZyGRIDNy GRIDEL » GRIDNL,GRIDL1)
IF (PTPLT okWe 2) GU TO 11

GC TO 27
C
L—=— NOTE THAT AT STATcMENT 11, K2 CANNOT ECQUAL KK+1 WHEN KK = K2,
C=—=-= SINCE AT CUMPLETIuUN UF D@ LOOP I=K2,KLy PROGRAM GOES DIRECTLY TO
C--— STATEMENT 1ll1. THUSs K2 CAN NEVER BE +CTe Ko
C

11 U= Jd +1

IF {J «LE. JL) GU TU 13
C
C——- THIS STEP BrclLuw ALWAYS OKe SEE NCTE JULST ABUVE.
C

IF (K2 +EWe KL) GU Tu 106

Jd=dJd-1

IF {(PTPLTY ecue 2) LU TO 111

K1l = K2

K2 = K2 +1

GC TO 13

1C6 IF (KK oLTe KiL) GU TUO 12
IF (DIST1 obTe weieTAV) GO TC 12
J=Jd-1
111 CALL INTULNE (KiLsJ913,149XGRICNyXCRIDZyCRIONyGRIDEL » GRIDNL,GRIDL1)

C-—— AT THIS PUINT, ALL INTERMECIATE LINES BETWEEN A AND B ARE
C--— COMPLETE. NUWs, PLALE ARRAYS INTC UNIT 82 UR PUNCH.
C

12 IF (FMT{1) «NEe U2) 6O TO 200

WRITE (82) (GRION(L)oGRIDEL(I) I=1,1CCUNT)
GG T0O 201

20C INCEX = ICUUNT/NUMPTL
INDEXA = ICUUNT - INUEX®NUMPTC
DC 206 J=1l,iNucX

2C6 PUNCH FMT, (GRIUN(I) GRIDEL(I), I=1,NUMPTC)
IF (INDEXA +0Te O) PUNCH FMT, (GRIDN{I),GRIDEL(I),I=1,INDEXA)
FUNCH 800

8CC FORMAT (80X)

2C1 NUM = NUM + 1
0Q 51 L=1,13
IF (FMT(1) oNEe UZ2) 6O TO 202
WRITE (82) (XGRIUN(L»I) 2 KGRIDZ(LsI)yI=1,INTCT)
GO 7O 203

202 INDEX = INTCT/NUMPTC
INDEXA = INTCT - INUEX*NUMPTC
0O 207 J=1l,iNDcX

2C7 PUNCH FMT, (XURIDN(L»I) XGRIDZ{L,1),1=1,NUMPTC)
IF (INDEXA «GTe O) PUNCH FMT, (XGRIODOMLyI)oXGRIDZ(LyI),I=1,NUMPTC)
PUNCH 800

203 NUF = NUM + 1

51 NUMPT(NUM) = FLUAT(INTCT)

IF (11 «L¥el2) GU TU 53
IF (FMT(1) oiNce L2) GU TO 204
ARITE (82) (GRIDNL(L)GRIDLLIC(I) I=1,1ICNTL)
GC TO 205

2C4 INDEX = ICNTL1/nWUMPTC
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2¢8
2C5
C
C.-__
C
53
52
S
C
C———
c
40
¢
C—_.—
C

INDEXA = ICLNTLl — INDEX*NUMPTC

DC 208 J=1l,1NDEX

PUNCH FMT, (GKIUNL(L) sGRIDLLIUI) »I=14NUMPTC)

IF (INDEXA ¢GTe U) PUNCH FMT, (GRIDN1(I)GRIDLYI(I) »I=1+INDEXA)
PUNCH 800

GG TO 9

LOAD LINE B Puin¥s INTO LINE A, PRIOR TO NEXT PASS THROUGH LUOP.

DO 52 I=1,ICnNT1
GRIDN(I) = LRIUNLALIL)
GRIDEL(I) = urivL1(i)
ICOUNT = ILNT1

CONT INUE

DETERMINE IF NJMPT ARRAY IS TU BE PUNCHED AS LAST LGGICAL RECORD.

IF (PNCH oiNce ul) GU TO 4C
WRITE (82) (NUMPT(1) 21=1,12)
RETURN

END

SUBROUTINg INTLiNE (KesJdoeI3yI4sXNeXZyGNyCEL,GNL,GL1)
COMMON /130P>/ INTLTH»FI3
REAL XN(I3.14,'XL‘13’14)'GN(1’965L‘1)15N1(1’1GL1(1)

ROUTINE TU CALCuULATE GNE FCINT FCR EACK OF I3 INTe GRID LINES.

INTCT = INTCT + 1
F = FI3

DO 1 I=1,13
XN{I o INTCT)
XZ{I o INTCT)
F=F + FIL3
RETURN

END

(uNLIK) = GNCJDII*F + GNLJ)
(OLL(K) = GEL(J)I*F + GEL(J)

Wb
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Example 3

PROGRAM MAIN (uUiPUT »TAPEB3,TAPESS)
DIMENSION >PEC>{30),2£(283)

COMMCN BUF1(1308)

CCMMCN /WoPELS/ROSPELS (302,ISPECS(10)

SPECS(1) = 1.
SPECS(2) = 0.3
SPECS(3) = 6.
SPECS(4) = 1.
SPECS{5) = 10.0
SPECS(6) = 0.5
SPECSI(7) = 45,0
SPECSI(8) = 9.5
SPECS(11) = 1.
SPECS(12) = 99,
ISPECSiI2) = v0
ISPECS(5) = 283
ISPECS(S) =1
ISPECS(T) =1
ISPECS(8) = 3
ISPECS(9) =1
ISPECS(101= 1
RSPECS(1) = .25
RSPECS(2) = 0,
RSPECS(3) = 0.
RSPECS{(4) = 0.
RSPECS(5) = 14>
RSPECS(T) = 07
RSPECS(10) = 5,
RSPECS(11) = 25,
RSPECS(12) = 2,
RSPECS{13) = 23,
RSPECS(14) = a4,
RSPECS{(15) = 0.
RSPECS(16) = 0.
RSPECS(21) = 1.
RSPECS(22) = 1.
RSPECS(23) = -1,
RSPECS(28) = o5
RSPECS(29) = 45
RSPECS(30) = 1.
BUFI{1133) = BUFI(1134) = BUFI{1135) = 1.
BUFI (1139) = 0,
BUFI(1140) = 19.75
BUFI (1141) = 0.
BUF1(1142) = 5.11
BUFI (1143) = l4.84
BUFI (1144) = 19.74
REWIND 83

REAST = 0.

DO 1 I=1,30
ENORTH = 0.

DO 2 J=1,283

Z(J) = Le5/5URT(LKEAST — 5,375)%%2 + (RNURTH —14.875)%%2)
1+ 1o5/5WRT LIREAST - Te125)%%2 + (RNORTH =14.875)%%2)
2+ 1e5/5uxl ((REAST ~13,125)%%2 + (RNORTH —14.875)%%2)
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3+ Le5/5URTH{REAST —144375)%%2 + (RNURTH —144875)%%2)

4+ LoD/5JRTU(REAST = G4125)%%2 + (RNURTH — 5,125)%%2)

5+ LeS5/5IART LAREAST ~10e3751%%2 + (RNCRTH — 5.,125)%%2)
RNCRTH = gRNURTH + 07

2 CONTINUE

WRITE (83) (Z(N),)N=1,283)
REAST = RcAST + <25
1 CCONTINUE
RERIND 83
CALL I3DluL (BUFi141308,SPECS)
CALL CGDSENUD(SPELS)
STCP
END
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

FORTRAN IV CDC 6400 computer program for constructing isometric diagrams.

Date: 29 August 1969

Author, organization: ~ William B. Wray, Jr.

Dept. of Geology and Geophysics, Univ. of California, Berkeley

Direct inquiries to: Author
Name: Address:
Purpose/descripfion; Subroutines to provide a method of displaying a surface in isometric

pictorial representation.

Mathematical method:  Point translation from (x, y, z) space to (u, v) space.
Restrictions, range: No restrictions except disc or other fast=access storage unit capacity.
Computer manufacturer: CDC Model: 6400

Programming language:  FORTRAN IV

Memory required: * _ K Approximate running time: variable; linear with number of points
defining surface.

Special peripheral equipment required: digital plotter

Remarks (special compilers or operating systems, required word lengths, number of successful runs, other ma-
chine versions, additional information useful for operation or modification of program)

Run successfully many times.

* 7K + work array + user general plotter routines (see text)
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(continued from inside front cover)

Computer applications in the earth sciences; Colloquium on trend analysis, edited by
D.F. Merriam and N,.C, Cocke, 1967 .

FORTRAN IV computer programs for Markov chain experlmenfs in geology, by W. C
Krumbein, 1967 . 3

FORTRAN 1V programs to defermme surface roughness in fopography for the CDC 3400
computer, by R.D. Hobson, 1967 -

FORTRAN Il program for progressive linear fit of surfcces on a quodrohc bose usmg an IBM
1620 computer, by A.J. Cole, C. Jordan, and D.F. Merriam, 1967 :

FORTRAN IV program for the GE 625 to compute the power spectrum of geologncol surfoces,
by J.E. Esler and F.W. Preston, 1967 .

FORTRAN IV program for Q-mode cluster analysis of nonqucnhfcflve dota usmg IBM 7090/
7094 computers, by G.F. Bonham=Carter, 1967.

Computer applications in the earth sciences: Colloquium on i‘lme-serles cnolys1s, ‘edited
by D.F. Merriam, 1967, %

FORTRAN Il time-trend package for fhe IBM 1620 compufer, by i C Daws and R s
Sampson, 1967 . .

Computer programs for mulhvonc‘re onolysns in geology, edlfed by D. F Merrlom "1968

FORTRAN 1V program for computation and display of principal components, by W Js
Wahlstedt and J.C. Davis, 1968 . . ‘ . , . . 8

Computer applications in the earth sciences: Colloquium on simulation, edited by
D.F. Merriam and N.C. Cocke, 1968

Computer programs for automatic contouring, by D.B. Mclntyre, D. D Pollord and
R. Smith, 1968

Mathematical model and FORTRAN IV program for computer simulation of deltaic sedimen-
tation, by G.F. Bonham-Carter and A,J. Sutherland, 1968 .

FORTRAN lV CDC 6400 compufer program to analyze subsurface fold geomefry, by Eerl: T
Whitten, 1968

FORTRAN 1V computer progrom for snmulo‘rlon of 'rransgressnon ond regressuon with conhnuous-

time Markov models, by W.C. Krumbein, 1968 .

Stepwise regression and nonpolynomlcll models in trend onoly5|s, by A e Mlesch and . J
Connor, 1968 .

KWIKR8 a FORTRAN |V progrom for mulhple regressmn and geologlc trend onolysus, by
J.E. Esler, P.F. Smith, and J.C. Davis, 1968 .

FORTRAN 1V program for hormomc trend analysis using double Fourler series cnd regulorly
gridded data for the GE 625 computer, by J.W. Harbaugh and M.J. Sackin, 1968

Sampling a geological population, by J.C. Griffiths and C.W. Ondrick, 1968
Multivariate procedures and FORTRAN |V program for evaluation and improvement of
classifications, by Ferruh Demirmen, 1969

FORTRAN 1V programs for canonical correlation and canonical trend- surfoce anolysus, by
P.J. Lee, 1969

FORTRAN |V program for consfruchon of Pi dlogroms wnth the Unwoc 1108 computer, by
Jeffrey Warner, 1969 . .

FORTRAN |V program for nonlinear eshmahon by R B. McCammon, 1969

FORTRAN IV computer program for fitting observed count data to discrete dnsmbuhon models :

of binomial, Poisson and negative binomial, by C.W. Ondrick and J,C. Griffiths, 1969
GRAFPAC, groph:c output subroutines for the GE 635 computer, by F.J. Rohlf, 1969

. An iterative approach to the fitting of trend surfaces, by A.J. Cole, 1969 . X
FORTRAN [l programs for 8 methods of cluster analysis (CLUSTAN 1), by David Wlshorf 1969

FORTRAN |V program for the generalized statistical distance and analysis of covariance
matrices for the CDC 3600 compufer, by R.A. Reyment, Hans-Ake Ramden, and
W.J. Wahlstedt, 1969 .

Symposium on computer oppllcohons in pefroleum explorohon edited by D. F Merrlom, 1969

FORTRAN |V program for sample normality tests, by D.A. Preston, 1970 .
CORFAN-FORTRAN [V computer program for correlation, factor analysis (R- and Q mode)
and varimax rotation, by C.W. Ondrick and G.S. Srivastava, 1970 . 5

Minimum entropy criterion for analytic rotation, by R.B. McCammon, 1970
FORTRAN IV CDC 6400 computer progrom for consfruchng isometric dnogroms, by
W.B. Wray, Jr, 1970 . - . .
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