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ABSTRACT

The DRAWL language provides a simple means of defining a
graphical composition and specifying operations on it. A catalog of
parts is kept; any defined item may be re-used any number of times.
Changes in viewing angle, scale, absolute location, and projection
are easily affected in three dimensions via homogeneous coordinate
projective geometry. Graphical output is available on cathode-ray
tube-displays, digital-incremental plotters, and on-line computer
line-printers and remote printing terminals.
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PREFACE

The DRAWL language was conceived in conjunction with a computer
graphics course offered during the Fall term, 1966, by the Industrial
Engineering Department, the University of Michigan. It was actually im-
plemented.

The language is still in a state of flux as a result of con-
tinuing efforts to improve its functional capabilities and overcome some
of its original limitations and deficiencies.

The main intent of the DRAWL language was to create a teaching
device that would provide for a relatively simple means of defining a
graphical composition and specifying subsequent operations without re-
quiring the user to be trained as a programmer. It was envisioned that
DRAWL could be a particularly useful tool, since once an object or an
assembly was defined, changes in the viewing angle (perspective), scale,
or projection could be obtained easily. The same task performed manually
would ordinarily require many hours at a drawing board and probably in-
volve tedious and repetitious operations.

In essence, DRAWL provides a mechanism for presenting an idea
to a person, defining an object completely before actually drawing it,
transmitting precise information about the object under consideration,
and meking meaningful transformations on the object. The graphical out-
put is particularly meaningful when working with a complex object, be-
cause as an object's complexity increases the individual's ability to
visualize and construct the object is impaired markedly.

Another important factor that led to the development of DRAWL
was the need to provide for a cataloging of parts. Such a "catalog of
parts" simplifies many graphics problems. This feature is not always
provided in some language structures designed for controlling drafting
or plotting machines. In DRAWL not only can a "catalog of parts" be
easily specified, but a set of translations and rotations can be recalled
from memory on command. This gives some insight into the form, depth,
and flexibility of the language.

ix






PROGRAMMER 'S NOTE

DRAWL is the "all-obvious" acronym for DRAWLanguage. DRAWL was
originally written in the MAD language and implemented on an IBM 7090
computer at the University of Michigan. With the arrival of a new systemn,
DRAWL has been rewritten in FORTRAN IV and is now running under the Mich?-
gan Terminal System (MTS) on an IBM 360/67 computer and its associated
plotting system, the CALCOMP 780/763 Digital Incremental Plotter.

The sequence of operations involved in utilizing DRAWL as a
computer graphics tool is depicted in Figure 1.

A1l DRAWL instructions are FORTRAN subroutine or function "calls."
This type of organization enables the language to retain simplicity with-
out compromising functional utility. The more experienced user can best
utilize the language by appropriately combining DRAWL instructions with
other FORTRAN statements.

xi
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INTRODUCTION

Drafting is a method of representing projections of three-
dimensional objects in two dimensions. The DRAWL language is a drafting
language that takes the pencil out of the draftsman's hands and gives it
to the computer. The resulting drawings are easily changed, and more
easily stored.

The DRAWL language relieves the user of tedious, noncreative
drafting chores and thus provides him with more time for creative work.

The basis of this drafting system is that all objects are Lo
be described by straight lines connecting specified points In space.
Further, it is assumed that a given object is a set of lines connectod
in one logical element. Thus, generally, invisible lines connecting
line segments are required, as illustrated by the rectangular parallelo-
piped (Figure 2), where the dotted lines represent the invisible lines.
A1l objects are wire-frame figures; no shading or solidity is congideroed,

These line segments are defined by sequentially specifying the
starting point, all intermediate points, and the end point. Intormation
specifying the visibility of each segment accompanies these definitions.

Once a number of objects are so defined they may be asscciated
to become an assembly. Several assemblies and objects may, in turn, be
collected into another assembly. Conceptually, assemblies may be nested
within assemblies to any depth. Thus objects are defined by points, and
assemblies are defined as a collection of objects, or as objects and
previously defined agsemblies. Thié hierarchy is illustrated in Figuve

To name and construct, i,e., define, objects and assemblics,
the following key words and commands are needed:

NAMOBJ NAMASM
POINTS NAME
INCRPT FINASM
FINOBJ

Since each of these instructions is a call on a subroutine,
each must be preceded by the word CALL. Their use and purpose are de-
cribed in the sequel. Means for manipulating geometric elements are
described; transformations are defined and carried out by the key word
instructions



Figure 2 Rectangular Parallelopiped
(DRAWL Specification)

[POINTS  [POINTS) (POINTS]

FPigure 3 DRAWL Hierarchy
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CALIL, NAMTRA
and
CALL TRANSF.

Several other key words are provided for executing drawings and other

convenient functions. The following paragraphs describe the rules asso-
ciated with these key words and provide illustrative examples.

Definition of Points

One defines a point by specifying its homogeneous coordinates
X, v, z, and w, together with a switch that determines the character of
the line element. The switch must be set to define the line connecting
the last point to the present point as "seen" or "unseen." The location
of the new point may be specified by its "absolute coordinates,” x, vy,
z, w, or its "incremental coordinates," Ax, Ay, Az, Aw, with respect to
the last point.

These four coordinates, x, y, z, and w, are the homogeneous
coordinates from which the physical coordinates X, Y, Z, are obtained
by

X - J _
=2, Y =44L,7 =
X w’ w’

The X, Y, and Z coordinates of the point are given in terms
of the homogeneous variables XVALUE, YVALUE, ZVALUE, and WVALUE as

X = XVALUE/WVALUE
Y = YVALUE/WVALUE
7 = ZVALUE/WVALUE

where WVALUE is actually a scaling factor. It can be verified that ir
all points of an object were specified with w = 3 rather than w =1
the effect would be to decrease the overall size of the object by one-
third (1/3). Two points

]

Pl = (SWITCH1, X1, Y1, 71, Wl1)

and

P2 = (SWITCH2, X2, Y2, Z2, W2)

are therefore equivalent if and only if

X1/w1

Y1/Wl

xe/we ,

]

v2/we



and

Z1/WL = 72 /W2 .

The main purpose of the W component, however, is not to facilitate a
change in the scale or size of an object alone, but this formulation
permits a uniform treatment of all transformations, rotation, transla-
tion, and projection, as will be seen subsequently.

THE NAMING AND DEFINING SEQUENCE FOR OBJECTS

DRAWL utilizes homogeneous coordinates* in defining points.

The following sequence is

CALL

CALL

CALL
CATL
where

CALL

CALL

CALL

CALL

the rule for naming and defining cbjects
NAMOBJ( 'Name of Object')

POINTS I
Tncrpy (SWITCH, XVALUE, YVALUE, ZVALUE, WYALUE)

TNCRPT T
Topims (SWITCH, XVALUE, YVALUE, ZVALUE, WVALUE)

FINOBJ

NAMOBJ initiates the naming of an object

POINTS is used for specifying absolute pcint
data

INCRPT is used for specifving incremental veoint
data

FINOBJ terminates the sezuence of point derini-
tion for this object

Name of Object may be any character string of one to eight
characters terminated by an @ sign.

The parameters associated with POINTS are:

*See Appendix A.
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CALL POINTS (SWITCH, XVALUE, YVALUE, ZVALUE, WVALUE)

Scale factor,
typically set to
unity (must be
floating point).

The values of the three-space
coordinates (must be floating
point variables or numbers).

Switch for‘specifying logical information
(must be integer).

SWITCH is an integer providing required logical signals:

If 1 thenvline ending at this point will be visible

If O then line ending at this point will be invisible.
For example, the points of the object in Figure 4 are specified by

CALL POINTS (
CALL POINTS (
CALL POINTS (
(
(

0,0.,1.,0.,1.
1,1.,1.,0.,1.
1,0.,2.,0.,1
1,-1.,
1,0.,1.

r=

1.,0.,1

CALL POINTS .,0.,1.
,00,1.)

CALL POINTS

Note that the first point of every object should be the end of an
invisible line.

INCRPT uses the same logical switches, but the remaining parameters
are somewhat dlfferent CALL INCRPT (SWITCH, X, Y, Z, W) has the
effect of adding = to the XVALUE of the previous CALL POINTS, % to
the previous YVALUE, and Z 4o the previous ZVALUE. Conveniently then
an object can be defined yelatlve to a starting point given by

CALL POINTS.

THE NAMING AND CREATING SEQUENCE FOR ASSEMBLIES

The rule for naming and creating assemblies is:
CALL NAMASM ('Name of Assembly')

CALL NAME ('Name of First Element')

-------------------

CALL NAME ('Name of Last Element')

CALL FINASM



(-1,

Y
(0,2,0,1)
| \
(1,1,0,1)
(0,1,0,1)
(0,0,0,1) X

figure 4. Specifications of a Triangle.



where
CATT, NAMASM initiates the naming of an assembly

CALT NAME names an element

CALI, FINASM terminates the naming of the elements of an
assembly and closes the assembly.

Name of Assembly may be any character string of eight cr rewer
characters, terminated by an @ sign.

Name of Element must be the name of a defined assembly or object.

TRANSFORMATIONS IN DRAWL

By appropriately defining a transformation a user can control
the rotation and translation of an object or assembly. Other uses in-
clude copying, scaling, and projection, including perspectives, There
are two DRAWL instructions associated with transformations. The first
names the transformation and specifies its elements, while the second is
a transformation operator. The first is

CALL NAMTRA( 'Name of Matrix', ARG(1,1),ARG(1,2),ARG(1,3),ARG(1,4),
ARG(2,1),ARG(2,2),ARG(2,3),ARG(2,4),
ARG(3,1),ARG(3,2),ARG(3,2) ,ARG(3,4),
ARG(4,1),ARG(Y,2),ARG(Y,3) ,ARG(],4))

where
CATL NAMTRA stores the name of the transformation, the values of
the elements of the transformation matrix (A(1,1),...,
A(4,4)) and their association.

Name of Matrix may be any character string of eight or fewer
characters terminated by an @ sign.

The transformation is specified as a single four-by-four matrix:
it can accomplish a full projective transformation because DRAWL employs
homogeneous coordinates.

The elements of the transformation matrix, ARG(1,1) through
ARG(}4,4), can be separated into various functional groups. Figure 5 de-
picts the breakdown of the transformation matrix. Any one transformation
matrix can also be thought of as the concatenation of the four function-
ally independent matrices.”

*
For a general discussion of transformations see Appendix A.



(1,1) 1,3 ! e
IR
I o
N
ROTATION | e
¢
Lq
|
| i
| O
| N
G (3.3) | _
(4,1)  TRANSLATION (4,3) | SCALE
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Combination of the functionally independent submatrices is
possible and at times very desirable since sometimes one transformation
matrix can perform all desired functions. It should be noted that
if both a translation and rotation are specified the translation is
performed after the rotation. 1In general, the commutative law does
not apply to matrix multiplication. Therefore, when transformation
matrices are concatenated their sequence is very important.

PERFORMING A TRANSFORMATION

The command for performing a transformation after the
transformation matrix has been defined is

CALL TRANSF ('New Entity Name', 'Source Entity
Neme', 'Transformation Name')
where

New Entity Name is the name of the new entity
resulting from the transformation.

Source Entity Name is the name of the old entity to
be transformed.

Transformation Name specifies the name of the trans-
formation matrix used.

See the section on program conventions for a discussion of the assump-
tions made when New Entity Name is the same as 0ld Entity Name.

FEXECUTING THE DRAWING
The command
CALL DRAW('ENTITY@')
will produce a Calcomp plot of any previously defined object or
assembly named ‘'ENTITY'. This command can be programmed as soon
as 'ENTITY' has been fully defined. Each DRAW command produces

one plot only. A new plot is started with each DRAW command.

A drawing is prepared by using only the X, Y coordinates
of the points in objects or assemblies to be drawn.

Specifying
CALI, SHOW('ENTITY@')

will cause 'ENTITY' to be displayed on the CRT display on which the
user is running.



-11-

CALL PRTPLT('ENTITY@')

will cause 'ENTITY' to be drawn without connecting lines on the computer's
line-printer.

CALL PRTOUT( 'ENTITY@')
will print the switch and x-y values of 'ENTITY' to be printed out.
CALL PRTPUT('ENTITY@',LDN)

will cause the switch and X-Y values of 'ENTITY' to be written on the
file or device attached to Logical Device Number LDN at RUN time.

COMMENTS ON DRAWL NAMES AND OTHER PROGRAM CONVENTIONS

DRAWL, Names are character strings* of from one to eight char-
acters. If there are less than eight characters, the string must be
terminated by an '"@" (at-sign). The character "@" may not be imbedded
in a DRAWL name, and when used as a terminal character, is not part or
the name. FORTRAN IV requires that character strings be enclosed in
primes (').

The following are legal DRAWL names:

'NAME@'

'NAMOFOBJ!' No "@" required since length is eight
'N'"'OBJECT' See the FORTRAN IV rules for imbedding primes
'1@! A non-alphabetic name

'@? A null or all-blank name.

Note that the length of the string 'NAME@' is five while the
length of a DRAWL name is always eight. The character "@" acts as a si
nal to the DRAWL processor to blank out all the characters to its right
(including the "@") up to a total string length of eight.

g2

The following are illegal DRAWL names:

'NAMOFOBJ ' String too long
"NAME ! No terminal '@"
'N'OBJECT  Violates FORTRAN IV syntax rules.

*
A character string is a series of adjacent letters, numerals, and/or

special characters (e.g., * , . % - + & $ ¢, etc.) Blank or space is
also a special character. In FORTRAN IV character strings are read-in
and written-out in A-format. All DRAWL names are character strings.
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A DRAWL name may not be defined twice in a single DRAWL run.
The following routines define DRAWL parts:

NAMOBJ ( or NAMOBA, or NAMOBR)
NAMASM

NAMTRA ( or NMTRA1, or CMBMAT)
TRANSF ( first argument only).

The only way the values associated with an entity can be altered
is via TRANSF, when the first and second arguments are the same
(e.g., CALL TRANSF('A@', 'A@', 'Q@')). Users are cautioned that the
values associated with an entity name at the time that the entity is
included in an assembly will remain assoclated with the assembly even
if the included entity is later transformed. For example:

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

INIT
NAMOBJ('1@")

POINTS(1, 2., 3., 2., 1.)

FINOBJ

NAMASM( '1ASM@" )

NAME( '1@")

FINASM

TRANSF('1@', 'l@', TRLATE(l.,1.,1.))
DRAW( '1ASM@")

will yield a drawing of a point at (2,3,2), not at (3,4,3).
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Homogeneous Coordinate Projective Geometry
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We shall represent a point in space as a row vector whose
elements are the three components measuring the location of the point
from the origin, say, in a cartesian x-y-z system. Thus a general
point P is represented by

P= [ xyzl.

The manipulations that may be performed on a single point, or a
set of points are known as transformations. We may wish to view the
same point P from another coordinate system x'-y%z', or

P! = [X' v Zl].

We ask: What might the values x', y', and z' be if we knew

X, y and z ? To answer this we must know the relationship between
the two coordinate systems. A unified treatment of all necessary
transformations, such as those for displacement or rotation of
coordinate systems, for scaling, and for projective geometry,
occurs if we utilize the homogeneous coordinate representation of
points. We shall now introduce this representation, and then follow
with the derivation of a set of transformations.

Homogeneous Coordinates

The same point P 1is represented by a four-element row
vector, thus

P=[XYZH]

from which the conventional components are obtained by

X = X vy = Z and z = Z
'’ n’ B

We achieve a certain amount of notational elegance by using biliteral
symbols to signify the positional names in the homogeneous row
vector. If we replace, for example, X by hxgand H by h , the
expression becomes

P=[ hx hy hz h ].

The fourth element may be regarded as a scale factor. Hence, doubling
the value of the fourth element, h , halves the physical or usual
coordinates x, y and z . Given a homogeneous representation of a
point, the physical coordinates can always be computed. The converse
is not true, as shown with the physical point [3, 4, 5]. All

three of the following homogeneous representations are equally

valid and will yield the same specified physical coordinates:
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Py = [ 30 40 50 10 ] .

Ceneral Formulation of Transformations

Since transformations really concern the relationship among
coordinate systems, and since computer graphics problems or applica-
tions involve several such relationships, the conventional xyco or
x'y'z' notations soon become unwieldy and we need a more generaliczed
notation. We will use right-handed systems having a 1l-axis, a 2-axis
and a 3-axis. To distinguish one coordinate system, say the &-system,
from another, the B-system, we shall call the O-system axes, J1 ,

Qo and 03, and the P-system axes, By, Bo and B3 .

Further, rather than write out the row vector of the
coordinates, we can designate a coordinate in the Q-gystem by
(hvly :

vly = [ hx hy hz h ]y

Tn the notation, then, the name of the coordinate system is a2 subscrivt.
Thus the relation of a point in the X-system to a point in the B-systenm
is given by :

[hVJB = [hV]a Mg
where Mg is a four-by-four transformation matrix.

Obviously there existsan inverse relationship, that is,
given [hv]g we obtain [hvly by :

[bvly = [bvlg Maq s

where Mgo 1s the transformation metrix for mapping £ representations
into @ representations. Matrix algebra states that each such trans-
formation matrix is the inverse of the other:

P®B=P@a—l

d
an -1
Mpo = Mop -

Within each translformation matrix there is a three-by-three
partition, R , which effects rotation in a general transformation.



A-3

Similarly the row T , effects translation; the column P , pro-
jection; and the scalar S , scaling (Fig. A-1). Any general
transformation, then, may be broken down into the four sequential
transformations: rotation, translation, projection, and scale.
Without providing proof, we will move directly to simple cases of
each of these situations.

Translation

In Figure A-2 the O-system has been moved with respect
to the PR-system . The corresponding axes remain parallel, but
the origin of the « -system has been displaced by

[ AX AY AZ ] in ordinary coordinates,
or
[ hAX hAY ©mAZ h] in homogeneous coordinates.

This situation and the corresponding transformation matrix Iiyg
shown in Figure A-2.

1
97}

Rotation

For rotation we retain coincidence of the origin but the
O axes will Tbe rotated with respect to the B axes. For simplicity,
however, we will consider three cases in which the coincidence of
one set of corresponding axes is maintained in addition to the coin-
cidence of the origins.

First consider the case where the Q3 and By axes
coincide and we rotate the - system with respect to the B system
through an angle 6 as shown in Figure A-3. The corresponding
values of the transformation Myf are also shown in Figure A-3.

For the two other cases, rotation about the B2 axis and rotaticu

about the B3 axis (see Figures A-l and A-5 } is shown.

Perspective Projection

To illustrate this concept consider the x -, plane as the
picturs plane, and the eye point to be located at a distance a from
the origin on the negative z axis. Then, using the transformation
M (Figure A-6) if an object is given in the system, the transformed
X,y data will represent the picture coordinates. This is readily
proven by the special case of the point Pl 1in the y-z plane,

Figure A-7. The projected point is Pl

A word of caution: typically the picture plane lies betwee
the eye point and the object. Mathematically, if the sye point



should lie on the object, this makes z+a have the value zero and
requires special computational considerations. Furthermore, should
the eye point lie within an object as in simulating an observer
walking through an architectural space, we obtain inverted images

of that part of the object behind the viewer; special computations
could handle this problem. DRAWL notes the case where the eye

point coincides with a point in an object, but will draw the inverted
images brought about when the eyepoint is "inside" the object.
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XY the Picture Plane

Eye-point

Figure A-6 The Perspective Transformation
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Figure A-T Illustration of the perspective transformation matrix.
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NAME :

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :

RETURN CODES:

COMMENTS ¢

EXAMPLE:

B-1

INIT

INIT

Initialize all counters and pointers
within DRAWL, and determine whether
the user is operating in batch or con-
versational mode.

FORTRAN IV:
CALL INIT

None

None

If the user is operating in batch mode,
headers are printed on each page and an
abbreviated newsletter is printed on the

' first page. The program flow 1s monitored

by printed comments. All such printing is
suppressed for conversational users. (See
options "PRNT" and "NOPRNT" to override
these default settings.) INIT also places
the point (0,0,0) in the points tatle,
effectively making the origin tie initd

pen or light-beam position. Each 2xsoution
of INIT causes all pointers to be clearad,
and all future DRAWL operations are per-
formed as if none had occurred before the
call to INIT.

CALL INIT



NAME:

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :

RETURN CODES:

COMMENTS ¢

EXAMPLES :

NAMOBJ

NAMOBJ

Enter the name given as its argument in

the name table, open the object, and
open the points table.

FORTRAN IV:
CALL NAMOBJ (ENTITY, &1)

ENTITY - A DRAWL name which will
be the name of the object about to
be formed via calls to POINTS and
INCRPT.

&1 - ENTITY has been used as a DRAWL

name before

*¥¥DRAWL ERROR-ENTITY ALREADY USED AS
DRAWL NAME.

This rust be the first uss of BXTITY a

DRAWL name.

CALL NAMOBJ ('I@')
CALL NAMOBJ ('QQSVNUML')

S &



NAME :

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS @

RETURN CODES:

COMMENTS ¢

EXAMPLES :

B-3

NAMOBA
NAMOBA
See NAMOBJ

FORTRAN IV:
CALL NAMOBA (ENTITY, &1)

See NAMOBJ
See NAMOBJ

NAMOBA is an alternate entry to NAMOBJ.
It is identical to NAMOBJ except that
it calls POINTS (0,0.,0.,0.,1.) befors oxit.
Thus objects created via NAMOBA have the
origin as their base.

CALIL NAMOBA ('3@'")
CALL NAMOBA ('ABSOLUTE')



NAMOBR
NAME: NAMOBR
FUNCTION: See NAMOBJ
CALLING SEQUENCE: FORTRAN IV:

CALL NAMOBR (ENTITY, &1)

ARGUMENTS : See NAMOBJ
RETURN CODES: See NAMOBJ
COMMENTS @ NAMOBR is an alternate entry to

NAMOBJ. It differs from NAMOBJ

by calling INCRPT (0,0.,0.,0.,1.)
immediately before exit. Thus an object
created via NAMOBR has the point last
placed in the most recently defined
object as its base. A call to NAMOBR
before any calls to POINTS elicits:

*¥¥¥ARNING--THERE IS NOTHING TO USE 28
BASE FOR INCREMENTAL CAILL.
(0.,0.,0. ) ASSUMED.

EXAMPLE: CALL NAMOBR ('OBJECT #1')



POINTS

NAME POINTS

FUNCTION: : Enter the point defined in the argument
list and the associated line-tyove
switch in the points table. The roint
is considered to be part of the currently
opened object.

CALLING SEQUENCE: FORTRAN IV:
CALL POINTS (ISWIT, X,Y,Z,W,&1)

ARGUMENTS: ISWIT - A full-word integer line-type switch.
On-line plotter and CRT display:

ISWIT Function
0 Leave the beam off (pen up) while
moving to this point.
1 Leave the beam on (pen down)

while moving to this point.
Off-line, wide-bed plotter:

ISWIT Function
0 Leave the pen up while moving 1o
this point
1 ILeave the pen down while movings
to this point.
2 Draw a dashed line to this point.
3 Draw a center-line to this point.

X - The floating-point, full-word value of
the absolute X-coordinate, the first
homogeneous coordinate.

Y - The floating-point, full-word valus of
the absolute Y-coordinate, the second
homogeneous coordinate.

7 - The floating-point,full-word value of
the absolute Z-coordinate, the third
homogeneous coordinate.

W - The floating-point, full-word value of
the scale factor, the fourth homogensous
coordinate.



RETURN CODES:

COMMENTS :

EXAMPLES

B-6

POINTS

&1 - If POINTS was called before
NAMOBJ, NAMOBA, or NAMOBR was called,
i.e., before an object was opecned:
*¥¥DRAWL ERROR - POINTS CALLED WITH NO

CALL POINTS (0,1

CALI, POINTS (0,0.,0.,0.,1.)
CALL POINTS (

CALL POINTS (

NAMED OBJECT VIA NAMOBJ.

If the fourth homogeneous coordinate,

also viewed as a scale factor, is zero

(W= 0.) it will be replaced by onc

(W= 1.) and cause the comment:

¥¥¥WARNING-SCALE FACTOR OF ZERC,
CHANGED TO ONE.

If more than 1000 calls to FOINTS ©
INCRPT are executed, axecution will e
terminated:

*%¥DRAWL ERROR-OVER 1000 POINTS WERE
SPECIFIED. TERMINATING VIA "ABORT"
SPECIFICATION.

This 1imit can be altersd by changing

a DIMENSION statement in the DRAWL

source code.

.,1.,&336)

2 ) )

™

z, 1.,1./16.,1./16.,16.)
ISWIT,A,SIN(A),COS(A),1.)



NAME

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS ¢

RETURN CODES:

COMMENTS :

EXAMPLE:
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INCRPT
INCRPT
See POINTS
FORTRAN IV
ISWIT - Same as for POINTS

X - The floating-point, full-word value
of the incremental X-coordinate —
the first homogensous coordinate.

Y - The floating-point, rull-word value
of the incremental Y-coordinate —
the second homogenscus coordinnte.

7 = The floating-point, full-word volue
of the incremental Z-ccordinate—
the third homogeneous coordinate.

W - The floating-point, full-word value
of the scale factor — the fourth
homogeneous coordinate.

See POINTS

INCRPT executes:

CALL POINTS(ISWIT,X,/W+PX,Y/W+DY,7/W+P7, W)
where PX is value of the tirst homogeneous
coordinate of the last point defined, FY is
the value of the previous sccond homo-
geneous coordinate, and PZ is the value or
previous third homogensous coordinate.

X, Y, and Z are thus incremental valuss Trom
the previous (X,Y,Z). In addition to the
error comments generated by POINTS, INCRET
can also produce:
*¥XWARNING-THERE IS NOTHING TO USE AS
BASE FOR RELATIVE OR INCREMENTAL CALL
(0.,0.,0.)ASSUMED.
There must be a call to POINTS before a
call to INCRPT or NAMOBR.

CALL INCRPT(1,3.,4%.,5.,3.)



NAME ¢

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS

RETURN CODE:

COMMENTS :

EXAMPLE:

B-8
FINOBJ
FINOBJ
Close the current object definition and
record the number of points in the object

in the linkage table.

FORTRAN TIV:
CALL FINOBJ

None
None

The number of points included in
the object just defined is printed.

CALL FINOBJ



NAME :

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :

RETURN CODES:

COMMENTS ¢

ZXAMPLE:

B-9

NAMASM
NAMASM

Enter the name given as its argument in the
name table, opening the assembly, 2nd oresn
the association table.

FORTRAN IV
CALL NAMASM (ENTITY,&1)

ENTITY--A DRAWL name which will be used 2as
the name of the assembly about to be
created via calls to NAME

&1-ENTITY has been used as a DRAWL name
before:
*¥*¥DRAWL ERROR-ENTITY ALREADY USED AS DRAWL
NAME

This must be the first appearance of ENTITY
as a DRAWL name.

CALL NAMASM ('ENT #l@')



NAME ¢

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :

RETURN CODES: -

COMMENTS :

EXAMPLES ¢
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NAME
NAME

Declare the entity named as its argument
to be a member of the currently open
assembly.

FORTRAN IV
CALL NAME (ENTITY,&L,&2,&3)

ENTITY--The DRAWL name of the entity to be
included in the currently open  assembiy.
ENTITY must be defined at the time it

is used as an argument to NAME.

&l - The specified name ENTITY was not
not found by NAME.
*%*DRAWL ERROR--ENTITY WAS NOT FOUND
BY NAME.
&2 - NAME was called before NAMASM or after
FINASM.
*¥*¥DRAWL ERROR--NAME CALLED WITH NO
NAMED ASSEMBLY VIA NAMASM.
&3 - ENTITY was the name of a transformation
*¥¥DRAWL ERROR--'ENTITY' IS NOT ENTITY
NAME.

The values currently associated with the nam
ENTITY will be associated with assembly
being defined. These values will remain
associated with the assembly being defined
despite any future transformation of ENTITY.

CALL NAME ('OBJ@', &200,&L10,%500)
CALL NAME ('le@', &3)
CALL NAME ('37THOBJ@')



NAME :

PURPOSE :

CALLING SEQUENCE:

ARGUMENTS :
RETURN CODES:

COMMENTS:

EXAMPLE:
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FINASM
FINASM
Close the currently open assembly and

enter the number of entities in the assen-
bly in the association table.

FORTRAN IV:

CALL FINASM
None
None

The number of entities included in the
assembly just closed is printed.

CALL FINASM



NAME ¢

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :

RETURN CODES:

COMMENTS ¢

EXAMPLE:

B-12

NAMTRA
NAMTRA

Defihe a DRAWL transformation matrix.

FORTRAN IV:
CALIL, NAMTRA(TNAME, Al,A2,A3,Ak,
1 A5, A6,AT7,A8,
2 AQ,A10,A11,A12,
3 A13,A1k,A15,A16,
Y &1)
TNAME - The DRAWL name by which the trans-

Al,...,A16 = Full-word, fleating-point
values of the desired DRAWL 4-by-4 trans-
formation matrix, ordered by rows (see
ion

s
Appendix A for a detailed discussior
of transformation matrices).

&l - TNAME has already been used as a
DRAWL name:
**%DRAWL ERROR - TNAME ALREADY USED AS
DRAWL: NAME.

Should an illegal DRAWL transformation
matrix be defined (Al6=0,), Al6 will be set
equal to one (Al6=1.) with this warning
printed:

*¥*¥SCALE FACTOR OF ZERO,CHANGED TO ONz

CALL NAMTRA ('TRI@',1.,0.,0.,0.,
0.,1.,0.,0.,
0.,0.,1.,0.,

10.,-3.,7.,4.,
&5)
(Note: four FORTRAN continuation cards have
been used here so that the matrix's com-
ponents R,T,P, and S (see Figure A-1) are
readily discernible. Compare this example
to the following one.)
CALL NAMTRA ('TRI@',1.,0.,0.,0.,0.,1.,0.,
1 0.,0.,0.,1.,0.,10.,-3.,7.,4.,&5)

Fw R



B-13

NMTRAL
NAME : NMIRAL
FUNCTION: See NAMIRA
CALLING SEQUENCE: FORTRAN IV
CALL, NMTRAL (TNAME,E,&1)
ARGUMENTS: TNAME - The DRAWL transformation name

by which the transformation
being defined can be referenced.

E - A four-by-four, full-word, floating-
point array whose values are inter-
preted as a four-by-four DRAWL
transformation matrix (ses Avvendix )

RETURN CODES: See NAMTRA
COMMENTS ¢ See NAMTRA

EXAMPLE : | CALL NMTRAL ('TR2@', ARRAY,&30)
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TRANSF
NAME: TRANSF

FUNCTION: Establish the internal associations which
will effect a transformation.

CALLING SEQUENCE: FORTRAN IV:
CALL TRANSF (ENTITYl, ENTITY2, TNAME, &1,82,&3,&4).

ARGUMENTS : : ENTITYl - The DRAWL name which will
be assigned to the newly created
entity.

ENTITY2 - The DRAWL nome of the e
to be transrormed. Qoo
cautions on using ENTITYL
ENTITY? in the section on
DRAWL names.

TNAME - The DRAWL name cof the tran
tion by which ENTITYZ is T
transformed into ENTITYL.

v

P

(

Ity

[ |

=

v
-
ot

orma-

RETURN CODES: : &1 - The third argument was incorrect:
**¥DRAWL FRROR--TNAME IS NOT A
TRANSFORMATION NAME.
&2 - The second argument was incorrect:
**¥¥DRAWL ERROR--ENTITY? IS A
TRANSFORMATION NAME.
&3 - The second or third argument was

undefined:.
*¥¥DRAWL, ERROR--ARGUMENT NOT FOUAD
BY TRANSF.
&4 - ENTITYL has already been derined, nQ

this is not a simple rederinition,

i.e., ENTITYL # ENTITY.. (See the

section on DRAWL n:ames.)

*%¥¥DRAWL ERROR-ENTITYl ALREADY USED
AS (OBJECT) (ASSEMBLY) (XFORM) NAME

COMMENTS & The user's attention is directed to the
section on DRAWL names.



B-15

TRANGI

EXAMPLES : CALL TRANSF ('Al@','Al@', 'IR1Q',&70,&30,
1 &65,&75)
CALL TRANSF ('Al@','A2@','TR3@')
CALL TRANSF ('Al7@','Al@','TRLE',&7.8&0)



NAME ¢

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :

RETURN CODES:

COMMENTS ¢
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DRAW
DRAW

Produce the drawing of an entity on
an off-line, thirty-inch CalComp plcotter.

FORTRAN IV: .
CALL DRAW(ENTITY,&L,&2,&3)

ENTITY - The DRAWL name of the entity to
be drawn. ‘

&1 - BENTITY was undefined when DRAW wus
culled. -
*¥¥DRAWL ERROR - ENTITY NOT FOUND BY DRA
&2 - ENTITY is a transformation nuame
*¥X¥DRAWL ERROR - ATTEMPT TO DRAW
TRANSFORMATION "ENTITY"
&3 - A perspective transformation operation
caused division by zero:
¥¥¥DRAWL ERROR - ATTEMPT TO PLACE
EYEPOINT IN SAME X-Y PLANE AS POINT
TO BE DRAWN . THE EYEPOINT WAS
AT 7=K.

The output switch settings SHFT, NOSHFT,
MOVE/NOMOVE, SCAL/NOSCAL are printed :t
output time. The VIEWXY, VIEWZX, and
VIEWZY switches are also considered, but
not printed. The maximum paper size is X=49
a.ndY=28".
%¥%¥DRAWL, ERROR - ONLY n POINTS/DRAWING
means that over n points were requested for
the current drawing. The first n points
will be drawn and DRAWL execution will pro-
ceed. The current upper limit n  can be
found in the DRAWLNEWS file. Users should
realize that it is only when DRAW or another
of the output routines is executed that
transformations are performed. If a drawing

must be scaled to fit onto the output

device, the scale factor is printed. DSRN 8
is used by DRAW to build a file ol CalComp
plotter commands. If DRAW is called, DSRN &
muist not be referenced by the user's program.
See the MTS FORTRAN Users' Guide for more
information on DSRN's ( Data Set
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DRAW

Reference Numbers.)

EXAMPLES : CALIL DRAW('OBJ@',&1,&")
CALL DRAW (ASM®@',&000)



NAME ¢

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS:

RETURN CODES:

COMMENTS :

EXAMPLES :
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SHOW
SHOW

Display an entity on a cathode-ray-tube
display.

FORTRAN IV:
CALL SHOW(ENTITY,&1,&2,&3,&4)

ENTITY - The DRAWL name to be displayed
on the CRT.

&L - ENTITY was undefined when SHOW was
called.
*¥¥DRAWL ERROR ENTITY NOT FOUND RY SHOW
&2 - ENTITY is a transformation name.
**%%DRAWL ERROR _ ATTEMPT TO SHOW TRANS-
FORMATION "ENTITY".

&3 - See DRAW.
&t - Because NOSCAL or NOSHFT was set, the
picture is being drawn cff tie screen.

**¥DF - OFF THE SCREEN.

Return code four cannot be reached unless
SHFT or SCAL were turned off before SHOW wa:
called. SHOW is terminated the first time
a point is drawn off the screen. The screen
dimensions are 9.375" square. (0,0) is in
the lower left-hand corner. DSRN O is used
by SHOW to transmit display files to the CRT
If SHOW is called, DSRN 9 must not be
referenced by the user's program. Also

see the comments under DRAW.

CALL SHOW('PICT@',&1)
CALL SHOW('FIGURE@',&3,&%0,&")
CALL SHOW(TIGl@')
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PRTPLT
NAME : PRTPLT
FUNCTION: Produce a "drawing'" on an on-line standard
line-printer.
CALLING SEQUENCE: FORTRAN IV:
CALL PRTPLT(ENTITY,&1,&2)
ARGUMENTS: ENTITY - the DRAWL name of the entity to be

plotted on the line printer.

RETURN CODES: See DRAW, substituting "PRTPLT" for "DRAW'.
COMMENTS : These plots are not as accurate or informative

as other output modes. Since they are printed
along with other printed DRAWL output, they
are inexpensive and waits for their produc-
tion are not required. The plot will be one
standard printer page, but true dimensions

are not preserved. The plot is scaled to

the 28" by 49" standard CalComp (under DRAW)
size, and then scaled again to fit the prin-
ter's page size. Also see the comments under
DRAW.

EXAMPLES : CALL PRTPLT('Zl@')
CALL PRTPLT('DRAW@',&3)
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PRTOUT

NAME : PRTOUT

FUNCTION: Print the switch and (X,Y) values for each
point in the entity on the line printer.

CALLING SEQUENCE: FORTRAN IV:
CALL PRTOUT(ENTITY,&1,&2)

ARGUMENTS : ENTITY - The DRAWL name of the entity whose
points are to be printed.

RETURN CODES: See DRAW, substituting "FRTOUT" for
HDRAwH
COMMENTS This is the least expensive entity outvut

method. Also see the comments oy FRTFLT
and DRAW. The values are scaled to stan-
dard CalComp output size, 23" by L9".
Also see the comments under DRAW.

EXAMPLES: CALL PRTOUT('ENT1@',&3)
CALL PRTOUT('FINAL@')



NAME ;

FUNCTION:
CALLING SEQUENCE:

ARGUMENTS

RETURN CODES:

COMMENTS :

EXAMPLES ¢
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PRTPUT

PRTPUT

Write the switch and (X,Y) values for each
point in the entity on a storage device.

FORTRAN IV
CALL PRTPUT(ENTITY,LDN,&1,s2)

ENTITY - The DRAWL name of the entity whose
points are to be saved on a line file,
sequential file, magnetic tape, or pun-
ched cards. ;

LDN - The full word integer Logical Device
Number (or Data Set Reference) to which the
storage device is attached at run time.

See DRAW, substituting "PRTPUT" for "DRAW"

The device must be attached tc the LDN

(DSRN) at RUN time. If DRAW is called in the
program, Data Set Reference N.mber S must not
be used by PRTPUT. If SHOW is called, DSRN
9 must not be used. These DSRN's are

these subroutines for data transmission.
Values are scaled to standard CalComp
output size: 28" by Lo". For further
information on DSRN's, see the MTS FORTRAN
Users' Guide. Also see the comments under
DRAW.

3 N
3 2

CALI, PRTPUT('NAME@',3,&5)
CALL PRTPUT('NAME2@',I)



NAME @

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :

RETURN CODES:

COMMENTS : -

EXAMPLE :
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DISPLA

DISFLA

Produce a drawing of an entity on a
ten=inch on-line CalComp plotter attached
to a DEC-338 CRT display.

FORTRAN IV
CALL DISPLA(ENTITY,&1,%2)

ENTITY - The DRAWL name of the entity to
be drawn.

See DRAW, substituting "DISFLA" ror "DRAW

This routine functions only when the user is
operating in interactive mode from a terminal
equipped with a plotter. The drawing sice

igs 10" by 30". Also see the comments under
DRAW.

CALL DISPLA('OBJECT@',&1)
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DRAWL, Output Parameters
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Table Cl. Default settings for DRAWL RUN parameters

Parameter Default value Page
Drawing Scaling SCAL c-2
Drawing Shifting SHFT c-3
Paper Advance MOVE c-4
Viewing Plane VIEWXY C-5
Descriptive Printing Batch:  PRNT C-6

Interactive: NOPRNT C-0
Pagination Batch:  PAGE Cc-7

Interactive: NOPAGE C-7
FError Handling: RETURN D-3



NAME :

FUNCTION:

CALLING SEQUENCE:

DEFAULT SETTING:

COMMENTS ¢

SCAL
NOSCAL

SCAL, NOSCAL

Turn drawing scaling on (SCAL) and
off (NOSCAL).

FORTRAN IV:
CALL SCAL
CALL NOSCAL

SCAL is on.

If an entity is too large to fit onto the
output device specified for the drawing,
the drawing will be scaled (if SCAL is on)

to fit

onto the device. The device sizes are

Off-line Cal Compr Flotter
(CALL DRAW):
XMAX=4Q"  YMAX=2S"
D.E.C. 338 C.R.T. Dispiayr
(CALL SHOW):
XMAX=9.375", YMAX=9.375"
Line printer or file
(CALL PRTPUT, PRTPLT, PRTOUT):
XMAX=L9", YMAX=28"
On-line Cal Comp Plotter
(CALL DISPLA):
XMAX=30", YMAX=10"
If NOSCAL is on, and the cevice sire 1s
exceeded, windows of the gbove sizes are
effected, except for SHOW, where the drawing
is terminated the first time the device size
is exceeded:
**¥DF-O0FF THE SCREEN
Each call to INIT restores the default

value.
off.

Setting SCAL on turns NOSCAL
Setting NOSCAL off turns SCAL on.



NAME :

FUNCTION:

CALLING SEQUENCE:

DEFAULT SETTING:

COMMENTS ¢

C-3

SHFT
NOGHFY

SHFT, NOSIIFT

Turn drawing shifting on (SHFT) and
off (NOSHFT)

FORTRAN IV:
CALL SHFT
CALL NCSHFT

SHFT is on.

If a drawing has any negative coordinate
values, it will be shifted onto the positive
X-Y plane (if SHFT is on). PRTOUT, PRTPLT,
and PRTPUT allow negative values, but also
use SHFT as their default setting. Used
in conjunction with SCAL, it allows any
drawing to be displayed in its entirety. IT
negative values are sent to a device
while NOSHFT is on, a window will be effected
at X=0, Y=0, except when SHCW is specified.
SHOW will be terminated at tie first neg-
ative coordinate encounterad:

**¥DF-OFF THE SCREEN
Each call to INIT restores the default
value. Setting SHFT on sets NOSHFT off.
Setting NOSHFT on sets SHFT off.



MOVE
NOMOVE
NAME : MOVE, NOMOVE
FUNCTION: Mlow drawings to be overlaid (NOMOVE

is on) or produce the drawing on a fresh
output surface (MOVE is on).

CALLING SEQUENCE: ' FORTRAN IV:
CALL MOVE
CALL NOMOVE
DEFAULT SETTING: MOVE is on
COMMENTS : MOVE and NOMOVE do not affect PRTOUT, PRTPLT

or PRTPUT. Separate drawings are generally
scaled and shifted by different values if
DRAWL scales or shifts them (ses SCAL and
SHFT output options.) Users should be sure
overlaid drawings are altered by the same
amount (or not altered at all). If

DRAW is called when NOMOVE is in erfect.
PLTEND must be called before program term-
ination, or before the next call to MOVE.
whichever occurs first, In the exanmple
below, A and B will be overlaid, while C
will be drawn separately. The default is
restored by each call to INIT. Setting MOVE
on sets NOMOVE off. Setting NOMOVE on sets
MOVE off.

EXAMPLE : CALL NOMOVE
CALL DRAW('A@')
CALL DRAW('Be')
CALL PLTEND
CALL MOVE
CAIL DRAW('C2')
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VIRWXY
VImWX:
VIIWY
NAME: VIEWXY, VIEWXZ, VIEWZY
FUNCTION: Set the VIEW SWITCH, which selects front,
top, or right-side views for drawings,
respectively.
CALLING SEQUENCE: FORTRAN IV
' CALL VIEWXY
CALL VIEWXZ
CALL VIEWZY
DEFAULT SETTING: VIEWXY is on.
COMMENTS : Bach call to INIT sets VIEWXY on. The view

switch is reset only by calling VIEWXY,
VIEWXZ, VIEWZY, or INIT.

EXAMPLE To produce all three views of an entity
and reset the view switch:

CALL DRAW('A@')
CALL VIEWXZ
CALIL, DRAW(':@')
CALL VIEWZY
CALL DRAW('A@')
CALL VIEWXY

If the entity is properly translated betweel
calls to DRAW, three-view drawings can
be produced in conjunction with NOMOVE.



NAME :

FUNCTION:

CALLING SEQUENCE:

DEFAULT SETTING:

COMMENTS ¢

PRNT
NOPRNT

PRNT, NOPRNT

Turn DRAWL execution time printing on
(PRNT) and off (NOPRNT).

FORTRAN IV:
CALL PRNT
CALL, NOPRNT

Batch users—DPRNT is on.
Terminal users—NOPRNT is on.

Error comments are not supressed by NOPRNT.
Warning comments are supressed. The default
is restored by each call to INIT. Setting
PRNT on turns NOPRNT off. Setting NOFRNT
on turns PRNT off.



NAME:
FUNCTION:
CALLING SEQUENCE:

DEFAULT SETTING:

COMMENTS :

PAGE
NOPAGE

PAGE, NOPAGE
Turn pagination® on (PAGE) and off (NOPAGE)

FORTRAN IV
CALL PAGE
CALL NOPAGE

Batch Users - PAGE is on.
Terminal Users - NOPAGE is on.

Batch users who wish to do printing in
addition to DRAWL's printing, and who

do not want to use LCOUNT to maintain
pagination can turn pagination off. Headers
will not be printed. Pagination can be
restored at any time, but page numbering
will be continued from where it left off.
Setting PAGE on sets NOPAGE off. Setting
NOPAGE on sets PAGE off.

* Pagination is the maintenance of a page count by DRAWL, and the printing
of a header and current page number at the top of every fresh page
printed. The header includes the DRAWL version number, user I.D.
number, date, time, and page number.
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Special DRAWL routines






SPECIAL POINTS
SPECIAL INCRPT

Several special calls for POINTS and INCRPT are provided.

I. Absolute Coordinates

Special POINTS entry: Equivalent to calling:
VISA(X,Y,Z) POINTS(1,X,Y,Z,1.)
INVA(X,Y,Z) POINTS(0,X,Y,Z,1.)
VISA2(X,Y) POINTS(1,X,Y,0.,1.)
INVA2(X,Y) POINTS(0,X,Y,0.,1.)

II.. Incremental Relative Coordinates

Special INCRPT entry: , Equivalent to calling:
VISR(X,Y,Z) INCRPT(1,X,Y,Z,1.)
INVR(X,Y,Z) INCRPT(0,X,Y,Z,1.)
VISR2(X,Y) INCRPT(1,X,Y,0.,1.)

INVR2(X,Y) INCRPT(0,X,Y,0.,1.)

The usual return codes and error messages for POINI'S and INCRPT also apply
to these special calls.

EXAMPLES : CALL VISA(3.,4.,9.,&6)
CALL VISR2(A,12.)
CALL INVA2(6.,7.,&L)
CALL INVR2(2.15,COS(ALPHA),&10)

CALL INVA(10.,A,A)



NAM?:

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :
RETPRN CODES:

COMMENTS :

EXAMPLES :

RETREV
TDUMP

RETREV

Print the values of the DRAWL trans-
formation matrix, -object, or assembly

‘named as argument.

FORTRAN IV:
CALL RETREV(N‘AME &1)

NAME -~ The DRAWL name of the transformation
- matrix, obJect or assembly to be
retrleved. '

&1 - An undeflned name was used as

~argument to RETREV
¥¥XDRAWL ERROR-NAME NOT FOUND BY RETR

RETREV prints the values DRAWL has associate
with the DRAWL name s used in a run. It is
especially useful in dgbugglng.

- CALL TDUMP calls RETREV for every DRAWL

name in the program. When TDUMP is called
just before program termihation, a com-
plete traceback through the DRAWL storage
hierarchy is prov1ded. TDUMP has no
arguments or return codes.

CALL RETREV('T1@')
CALL RETREV('ASM@')
CALL TDUMP



NAME:

FUNCTION:

CALLING SEQUENCE:

ARGUMENTS :

RETURN CODES:

DEFAULT VALUES:

COMMENTS :

EXAMPLES :

D-3

- ABORT
ABORT

Designates the error-handling procedure to
follow upon encountering errors.

CALL ABORT (ACTION,N)

ACTION - The type of action to be taken

upon encountering the Nth error.

ACTION may be:

'QUIT@' - Sign the job off the system.

'SYSTEM2' - Terminate DRAWL execu-
tion but do not sign off.

'MTS@' - Terminate execution, but dc
do not unload DRAWL.
DRAWL may be restarted
with $RESTART

'RETURN@' - Continue to use the error
exits, continue execu-
tion.

N - The number of errors allowed before
action is requested.

None

ACTION - 'RETURN@'
N = 100

All errors listed under "DRAWL Error and
Warning Messages" are included in the error
count. 1In general, terminal users should
not use QUIT, and batch users should not
use MIS. If ACTION is an unrecognizable
string, RETURN will be assumed:

*%¥DRAWL ERROR - ACTION IS AN ILLEGAL

ARGUMENT FOR ABORT. "RETURN" ASSUMED.

CALL ABORT('QUIT®@',3)
CALL ABORT('SYSTEM@',1)



NAME; *

FUNCTION:
CALLING SEQUENCE:
ARGUMENTS :

RETURN CODES:

COMMENTS :

TRLATE(X,Y,Z)

CSCALE(W)
PERSEC(S)
ROTX(R)
ROT1(R)
ROTXD(D)

ROTY(R)

ROT2(R)
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CMBMAT

CMBMAT

Name and initiate the formation of com-
bined DRAWL transformation matrices.

FORTRAN IV:

CALL CMBMAT (NAME)

NAME - The DRAWL name of the transformation
‘matrix to be formed.

None.

CMBMAT ( CoMBine MATrices ) is used in
conjunction with the single transforma-
tion matrix defining functions. Ter-
mination of the list of functions is sig-
nalled by a call to ENDCMB, which calls
NAMTRA. The permissible single transformati
matrix defining functions are:

EFFECT

Translation

Scaling
Perspective
Rotation about

the X-axis

Rotation about
" the X-axis

Rotation about
the X-axis

Rotation about
the Y-axis

Rotation about

the Y-axis

ARGUMENT

The

X,Y, and Z values (in

inches) for the translatio

row

of the transformation

matrix.

The

‘sixteenth entry in the

transformation matrix.

The
(in

The
(in
The

(in

The
(in
The

(in

The
(in

location on the Z axis
inches) of the eyepoir

amount of rotation
radians)

amgunt of rotation
radians)
amount of rotation

degrees)

amount of rotation
radians)

amount of rotation
radians)
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CMBMAT

ROTYD(D) Rotation about The amount of rotation
the Y-axis (in degrees)

ROTZ(R) Rotation about The amount of rotation
the Z-axis (in radians)

ROT3(R) Rotation about The amount of rotation
the Z-axis (in radians)

ROTZD(D) Rotation about The amount of rotation
the Z-axis (in degrees)

Each single transformation matrix defining function generates a four-
by-four matrix according to the following table:

TRLATE(X,Y,Z) CSCALE(W)
1. 0. 0. © 1. 0. 0. ©
0. 1. 0. O. 0. 1. 0. O.
0. 0. 1 0. 0. 0. 1. oO.
X Y Z 1. 0. 0. 0. W
ROTX(R), ROTL(R), ROTXD(R*360./6.28) ROTY(R), ROT2(R), ROTYD(R*360./6.28)
1. 0. 0. 0. COS(R) 0. =SIN(R) 0.
0. CoS(R) SIN(R) O. 0. 1. 0. 0.
0. -SIN(R) COs(R) O. , SIN(R) 0. COS(R) 0.
0. 0. 0. 1. 0. 0. - 0. 1.
ROTZ(R), ROT3(R), ROTZD(R*360)./6.28) PERSPC(S)
COS(R) SIN(R) 0. 0. 1. 0. 0. O.
-SIN(R) CoS(R) 0. 0. 0. 1. 0. 0.
0. 0. 1. 0. 0. 0. 1. -1./s
0. 0. 0. 1. 0. 0. 0. 1.

CMBMAT names a transformation matrix which is the product of the specified
single transformation matrix defining functions' matrices.

The following sequences are equivalent:

(A) CALL CMBMAT('A@') CALL NAMTRA('A@',1.,0.,0.,0.,
CALL TRLATE(1.,2.,3.) and 1 0.,1.,0.,0.,
CALL ENDCMB 2 0.,0.,1.,0.,

3 1.,2.,3.,1.)



CMBMAT

(B) CALL CMBMAT('B@') CALL NAMTRA('B@',1.,0.,0.,0.,
CALL CSCALE(5.) 1 0.,1.,0.,0.,
CALL PERSPC( 10.) and 2 0.,0.,1.,-1/10.,
CALL ENDCMB , 3 0.,0.,0.,5.)

To generate a matrix named MAT]1 which will
1) Translate three inches in X,
2) Rotate 35 degrees about the X-axis
3) Translate four inches in Y and two inches in Z,
4)  Perform a perspective transformation, with the eyepoint
at X=0, Y=0, Z=-35 inches,

the following sequence could be used:

CALL CMBMAT('MAT1@')
CALL TRLATE(3.,0.,0.,)
CALIL ROTXD(35.)

CALL TRLATE(O.,k4.,2.)
CALL PERSPC(-35.)

CALL ENDCMB

The single transformation matrix defining functions can also be used to
implicitly name DRAWL transformation matrices. Using the name and
argument of any of the functions as the third argument to TRANSF will
name and produce a transformation matrix as specified by the function
with the newly generated matrix. The transformation matrices

defined in this manner are usable only once, although they are in
storage until termination of the run.

For example:

RAD=DEG*6.28/360.

CALL NAMIRA('ZROT@',COS(RAD),SIN(RAD),O0.,0.,
1 -SIN(RAD),COS(RAD),0.,0.,
2 0., 0., 1.,0.,
3 0., 0., 0.,1.)

CALL TRANSF('OBJ@', 'OBJ1@', 'ZROT@')
1s equivalent to:
CALL TRANSF('OBJ@','OBJ1@', ROTZD(DEG))

Note that the function name is not enclosed in primes.
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LCOUNT

NAME ¢ LCOUNT
FUNCTION: Allow accurate pagination by DRAWL in

batch mode when users do printing in
addition to the DRAWL processor's.

CALLING SEQUENCE: FORTRAN IV:
CALL LCOUNT
ARGUMENTS: N - The number of lines about to be printed

by the user's FORTRAN IV PRINT or WRITE
statement (including carriage control).

RETURN CODES: None

COMMENTS : DRAWL's pagination algorithm maintains a
count of the lines printed per page. When
a page has been filled, the counter is reset
to zero, a page-eject is given, and the
header printed. If there are less than N
lines left on the page, a page-eject 1is
given before the printing is done. LCOUNT
has no effect if NOPRNT is on (whether
explicitly set or by default). At most 56
lines are allowed on a page. CALL LCOUNT(57)
gives a page-eject and header before
printing.

EXAMPLES : DO 10 I=1,5
CALL LCOUNT(1)
PRINT 17, X(I),Y(I)
17 FORMAT(3X,2F4.1)
5 CONTINUE

CALL LCOUNT(2)
PRINT 99

99 FORMAT ('O TWO LINES PRINTED (COUNTING
*¥CARRIAGE CONTROL)')
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DRAWL Error Messages






DRAWL Error Comments

Two classes of error comments are implemented in DRAWL--
Warnings and Errors. Many errors which would ultimately cause program
termination are intercepted and corrected with "educated guesses."
For example, missing decimal points are inserted, and zero scale
factors changed to one. Each time such an error is intercepted,
"*%¥¥DRAWL WARNING - ", followed by a description of the error, is
printed. When errors are made which cannot be easily second-guessed,
"*%XDRAWL ERROR -'", followed by a description of the error, is printed.
Whenever a DRAWL name is the cause of an error, it is printed in hexadecimal
along with its character representation, so that, for example, the
letter O can be distinguished from the digit zero. Note that each
error and warning adds to the count maintained by subroutine ABORT
(see the ABORT description in the Appendix.)

A. DRAWL WARNINGS

1. SCALE FACTOR OF ZERO. CHANGED TO ONE.
(NAMTRA, POINTS , NMTRAL, INCRPT, CMBMAT entries)

2. THERE IS NOTHING TO USE AS BASE FOR RELATIVE OR INCREMENTAL CALL
(0.,0.,0. ) ASSUMED.
(INCRPT, NAMOBR )

3. ILLEGAL CALL TO [FINASM] [FINOBJ] [ENDCMB].
[FINOBJ] [ENDCMB] [FINASM] CALLED FOR YOU.
([FINASM] [FINOBJ] [ENDCMB])

4. UNEXPECTED DECIMAL POINT FOUND. XX.YY CHANGED TO XX
(POINTS, INCRPT)

5. EXPECTED DECIMAL POINT MISSING. XX CHANGED TO XX.O
(POINTS, INCRPT, NAMTRA, NMTRAL, CMBMAT entries)

6. FAILURE TO FINISH OBJECT A, FINOBJ CALLED FOR YOU.
(Any DRAWL routine except POINTS,INCRPT,FINOBJ)

7. FAILURE TO FINISH ASSEMBLY A, FINASM CALLED FOR YOU.
(Any DRAWL routine except NAME,FINASM)

8. FAILURE TO END CMBMAT A, ENDCMB CALLED FOR YOU.
(DRAWL routines other than single transformation
matrix defining functions or ENDCMB.)

9. FAILURE TO CALL INIT. :
(Any DRAWL routine other than INIT.)



10.

'STRING' IS AN ILLEGAL ARGUMENT FOR ABORT.
"RETURN" ASSUMED.

(ABORT)

DRAWL ERRORS.

1. OVER 1000 POINTS WERE SPECIFIED. TERMINATING VIA "ABORT" SPECIFICATIC
(POINTS, INCRPT)

2. OVER 200 NAMES WERE SPECIFIED. TERMINATING VIA "ABORT" SPECIFICATION.
(NAMOBJ , NAMASM, NAMTRA , NMTRAL , CMBMAT,, TRANSF )

3. OVER 5000 LINKAGES WERE SPECIFIED. TERMINATING VIA "ABORT"

SPECIFICATION.

(NAMTRA , NAMOBJ , TRANSF , POINTS , INCRPT , NMTRAL )

Yy, POINTS CALLED WITH NO NAMED OBJECT VIA NAMORBJ.
(POINTS, INCRPT)

5. 'STRING' ALREADY USED AS OBJ/ASM NAME.

( NAMTRA , NMTRA1 , CMBMAT )

6. NAME CALLED WITH NO NAMED ASSEMBLY VIA NAMASM.
(NAME )

7. TRANSFORMATION 'STRING' USED AS ARGUMENT TO NAME.
(NAME )

8. 'STRING' NOT FOUND BY NAME.
(NAME )

9. 'STRING' IS NOT A TRANSFORMATION NAME.
(TRANSF)

10. 'STRING' ALREADY USED AS [OBJECT] [ASSEMBLY] [XFORM] NAME.
(TRANSF)

11. 'STRING' IS A TRANSFORMATION NAME.
(TRANSF)

12. 'STRING' NOT FOUND BY TRANSF.
(TRANSF)

13. ATTEMPT TO [DRAW] [SHOW] [PRTPLT] TRANSFORMATION 'STRING'.

([DRAW] [SHOW] [PRTPLT])



1k,

15.

16.

17.

18.

"STRING' NOT FOUND BY [SHOW] [DRAW, [PRTPLT]
([SHOW] [DRAW] [PRTPLT])

ONLY 2730 POINTS/DRAWING ALLOWED.
([sHOW] [DRAW] [PRTPLT])

ATTEMPT TO PLACE EYEPOINT IN SAME X-Y PLANE AS POINT TO BE DRAWN.
THE EYEPOINT WAS AT Z=K.
([sHOW] [DRAW] [PRTPLT])

"STRING' NOT FOUND BE RETREV.
(RETREV, TDUMP )

"STRING' ALREADY USED AS DRAWIL NAME.
(NAMASM, NAMOBJ , NAMTRA,, CMBMAT )
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C USING THL FUKTKAN IV CU STATLNMENT, wE (AN CRAW A
C CIHCLES (X=g )33 24(Y-q)u%e=y
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Y(C=4.

F=2,

L vk wWlbe LSE 3C LidE SECGMENIS= Z)1 O FECINTIS . S
Tzt 28/2(.¢C
15=-1
CALL INIT
CALL NANMLEGL{'CIRCa")
C MLVE FEN TC x=5, Y=1
CALL INNZZz(E.944.) . e
CC 1CCC TI=1,:1
18=15+47 .
1CCC CALL PUINTSUYI g XC4+FR*CUS(IS) gYC+RHSINITS)I g Yoyl
CALL FINCEBY
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CALL FUINTSAC oS a o9 layla)
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C  SCALE IT TU FLIT AN & 8Y 1C FACE, AND RCTATE IT
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The DRAWL 70 Data Structure






G-1

DRAWL 70 is written in FORTRAN IV for the IBM 360/67 computer
(see Appendix 4 for a listing of the FORTRAN source codd. (In the
following description, it will be assumed that the reader can lollow
the FORTRAN code while retferring to Figures Gl and G2.) To the
user, DRAWL seems like a tree-type data structure (Figure 3).
Internally, DRAWL 70 is a two-way linked 1list, implemented in four
logical tables: a points table, linkage table, transformation
table (physically combined with the linkage table) and a directory
of DRAWL names.

An object (see Figure Gl) consists of an entry in the name table
(DIREC) with a pointer (IDIREC) to the linkage table (TABLE). A
type is assigned with each entry in DIREC-object is type one. (The
360/67 is a drum-paging machine - that is, pages of core storage are
swapped onto and off of high-speed drums. If DIREC and IDIREC were
physically separate areas in core, one could be paged out without
the other. The FORTRAN IV "EQUIVALENCE" statement allows them to be
overlaid. Thus if the page containing DIREC is paged in, IDIREC
is automatically brought in with it. The same scheme is used for
POINT and IPOINT, and TABLE and ITABLE. This scheme may not be as
efficient or desirable on other computers.) After an object has been
named via NAMOBJ, points are created with pointers in ITABLE to POINT
and IPOINT. The actual X, Y, Z, W values are stored in POINT, and
the line-type switch is stored in ITABLE.

Assemblies are similar to objects in construction. The name is
recorded, the type (assembly type = 3) noted, and as NAME is called,
pointers are placed in ITABLE. Instead of pointing into POINT,
however, they point to the location in DIREC of the entities named
in successive calls to NAME. FINASM records the entity count in
ITABLE. Transformations (type = 2) have pointers into ITABLE. Their
sixteen values are stored in TABLE. Their ITABLE entries are only
types and back-pointers into DIREC. The fourth DRAWL entity type is
the transformed assembly or object (type = 4). The name and type
are recorded in DIREC, and two pointers are placed in ITABLE — the
locations in DIREC of:

1) The source entity (second argument to TRANSF),

2) The transformation being used (third argument to TRANSF).
The usual back-pointer from ITABLE to DIREC is also maintained.

Figure G2A shows TABLE and DIREC after the following sequence
has been executed:

CALL NAMOBJ('Qq@')
CALL POINTS(SWl, . . .)
CALL POINTS(SW2, . . .)
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LINKAGE TABLE

DIRECTORY

T L e *| OBJECT NAME
X ¢ TYPE=] TYPE=1
Y # OF |7/
POINTS /!
Z —® SW_1
W . ;
» L+] | - SW N
TRANSFORMAT I ON
—> NAME
- L+N S TYPE=2 TYPE=2 ?
r
16 MATRIX
NOTE : N ELEMENTS
™ ASSEMBLY NAME
1) The entries in the direc- TYPE=3r ?
tory for an assembly's . { TYPE=3 e
elements are not necessarily
in contiguous storage as # OF Aavay
showrl. LEMENT
° SUB-ELEMENT
¢ M #2
2) The name of a transformed TYPE=
entity (type 4) will t I 1,3,b4 ]
always appear after the SUB-ELEMENT
names of the associated —#,\]
transformation and source
entity. The three names TYPE= ———
associated with a trans- 1,3,4
formed entity are not o SUB-ELEMENT
usually in contiguous #1
storage as is illustrated. TYPE=
1.3.4
] ° YPE=4
. - ! TRANSFORMAT | ON
° E
TYPE=2| —
» 'SOURCE
' ENTITY" NAME
TYPE= -—]
1,30R4
o ENTITY NAME
TYPE=4

Figure Gl. DRAWL Data Structure.
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“igure G-2.

(b)

Internal Operation or TRANJF,




CALI, POINTS(SWN, . . .)
CALL FINOBJ
CALL NAMIRA('T@',Al, . . .,Al6)

Execution of the DRAWL command:
CALL TRANSF('Q@','qe’', 'T@')

changes the system to appear as in Figure G2B."Q" now refers to a
transformed object, and all references to it in the future will cause
the transformed entity to be used. There is no explicit way to refer
to the values originally associated with "Q". (The reader is encour-
aged to work his way through the above commands with Appendix H,
working out all the subscript computations).
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DRAWL 70 Listing
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H=1
BLGCK DATA .
ATABL CUNTAINS THE PCINT, NAME, AND LINKAGE TABLES
CURRENTLY, THE LINKAGE TABLE ALSC CCNTAINS THE VALUES
FOR TRANSFCRMATICN MATRICES ANC SWITCH SETTINGS FOR POINTS
CCMMON /ATAEL/ TCIREC({EOG)+PCINT(ECCC) TABLE(5000)

VAR CCNTAINS PARAMETERS FCR THE TABLES IN ATABL
PTMAX IS THE MAXIMUM NUMBER CF PCINTS ALLOWED
PTPTR IS THE INDEX FCR ARRAEY FCIANT
TABMAX IS ThE LPPER CDIMENSICN FCR ARRAY TABLE
TABPTR IS THE INDEX INTC TABLE
CIRMAX IS THE LPPER LIMIT FCR £KRAY CIREC
DIRPTR IS Tkt INDEX INTC CIREC
PTCTR IS THE NULMBER CF PLINTS IN AN OBJECT DEFINITION
PT IS AN INTERIM COUNTER FCR PCINT DEFINITION
ITP IS ALSC AN INTERIM CCULANTER FGR PGINT DEFINITION
TPTCTR CUUNTS THE TCTAL NUMBER CF FCINTS DEFINED IN A RUN
GPEN IS USEC TC CHECK THAT ENTITIES, CNCE CPENED, ARE
CLLSEC, AND THAT INIT IS CALLEC
NASM CCUNTS THE NUMBER OF ENTITIES INCLUCEC IN AN
ASSEMBLY DEFINITIUN UNCER NAMASH
GENNAM IS TRE (HARACTER STRING LSEC FCR CGENERATED
NAMES FCR USE BY TRANSF
NSCAL IS THE GLCBAL SWITCF SET BY SCAL AND NOUSCALE
NMOVE IS THE GLOUBAL SwITCH SET BY MOVE AND NOMOVE
NSHFFT IS THE GLCBAL SwITCH SET RY SHFT AND NUSHFT
LANM KEEPS TRACK OF THE NUMBER CF CRAWINGS PER RUN
NPRT IS THE GLCRAL PARAMETER SET BY PRNT AND NOPRNT
BATCH IS THE GLUBAL SwITCH SET BY PAGE AND NUPAGE
CCMMON /VAR/ PTMAX,PTPTR,TAENMAX,TAEPTR,DIRMAX,DIRPTR,
¥PTCTRyPT o ITPyTPTCTRyCPENyNASNyCENNAMyNSCAL yNMOVE 4 NSHET
% yLNMy,NPRT,BATCH
CLSE RAS TC CC wITH ERRCR CHECKING IN SUBROUTINE CLOSE
AND FINISHES THE CMBMAT...ENCCMB SEQUENCE BY CALLING
NMTRAL wITH TC AS AKGUMENT
CCMMUN /CLSE/TC(494) o XNANE,ISh
INTEGER*Z IFCINT(100CC),ITABLE(LCCCC) yPTMAX, PTPTR, TABMAX ,TABPTK
INTEGER*4 ICIREC yOPEN,DIRMAX,DIRFTR,PTCTR4PT,TPTCTR
REAL*8 DIREC{4CC)yCBJINAN JGENNAM, XNAME
DATA PTPTRyTABPTRyDIRPTR/ 29242/ TPTCTR/1/ yCPEN/ 4/ 1SW/C/
CATA PTMAX,TAEMAX,DIRNAX/50CCy1CCCC +40C/ 4 GENNAM/* SGNAMOOO*/
LCGICAL NSCAL,AMCVE NSFFToNFRT,RATCH
CATA NSCAL ¢NMCVE yNSHFTyNFRT/ eFALSE ey e TRUE o 9 o FALSE oy o TRUE L/
IN THIS INPLEVMENTATICN, TABLE ANC ITABLE ARE OVERLAID;
DIREC ANC CIREC; ANC TABLE AND ITABLE. CN DIFFERENT
MACHINES THIS IS VARIABLY EFFICIENT.
EQUIVALENCE (IPCINT(1)4FOINT(1)),(ITABLECL)TABLE(L)),
% (CIREC(1),ICIREC(1))
END

INIT

SUBROUTINE INMNIT
INIT INITIALIZES ALL VARIAELES EXCEPT OPEN (wHICH IS
SET AT LCAC TIME.) IT COES NCT ZERC OUT ANY TABLES, BUT
MERELY RESETS ALL THEIR PCINTERS. GLCBAL VARIABLES ARE
ALSU RESET VIA A CALL TC *SPEC*.

CCMMCN /ATAEBL/ ICIREC(ECO), PCINT(S500C),TABLE(5000)
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1198

1199

1200

1202

12C3

1201

1254

, k-2 . - o
CCMMON /VAR/ PTINMAXyPTPTRyTAEMAX,TAEPTR,CIRMAX,DIRPTR,
XPTUTRyPT oITPyTPTCTRJUPENJNASMyGENNAN ¢ NSCAL 9 NMOVE ¢ NSHFT

*

1

*

+LAMyNPRT,EATCF
DRWCCNM (*CRAW CCMMCN') IS £N AREZ LSEC FCR COMMUNICATIUON
BETWEEN THE THREE PIECES CF THE CUTPUT RUOUTINES. IT PASSES
LIMITS AND FAS ThRE CLTPULT ARRAYS.,

COMMON /CRWCCM/CVEC(50)sCURMAT(SC) yEXPIRE(S0),IU,1C,

NPTSyICMAXQICMAX g XNINgXMAXZYMIN,YMAXT(5460),1T(2730),I1IL

INTEGER#2 CVECsCURMAT EXPIREZIC, IC,IToLEN,LINE(48)

LOGICAL NSCAL,NMCVEJNSHFT NFRTEATCH

INTEGER*2 IPCINT (10000 ), ITABLE(LOCCC)PTMAX,PTPTR, TABMAX,TABPTR

INTEGER*4 CPENyCIRMAX,DIRPTR PTCIRWPT,TPTCTR,ADROFyARRAY(5)

EXTERNAL GETFLC,FREEFD

REAL*8 GENNAN,PAL NGNAM/?'EGNAMCOC'/,CIREC (400)

EQUIVALENCE (IPCINT(1),PCINT(1)),(ITABLE(L)TABLE(L)),
(DIREC{1),ICIREC(1]))
SPEC SETS MANY OF THE GLCEBAL SwITCHES TO THEIR DEFAULT
VALUES. IT IS INPLEMENTEC IN THIS MANNER SU THAT THOSE
wHO DC NCT wWISH TU IMPLEMENT THESE FEATURES CAN SPLIT
THEM (FF EASILY.

CALL SPEC
CREPLY DETERMINES WHETRER A LSER [S IN CCNVERSATICNAL
MUDE (THE BRANCH TU 1198 IS NOT TAKEN, AND PAGINATION
AND TRACE PRINTING ARE SUPRESSEL) (R BATCH MCOLE (THE
BRANCEF TU 1168 [S TAKEN)

CALL CREFLY(E11S8)

BATCH=4.FALSE .

NPRT=.,FALSE.

GC 70 1166

BATCh=4TRUE.

NPRT=,TRUE.
IF THE USER IS UN A TERMINAL, FE wWILL GET THIS ONE HEADER
UNLY CNCE.

IF{BATCHICC TC 154

PRINT 12C0

FORMAT(*= % * * [RAWL - AUG 1Cy 1S7C VERSIUN ¥ * x1)
PRINT 12C2

FCRMAT(YCLSERS WHC HAVE NCT CCPIEL SAVE:DRAWLNEWS SINCE')
PRINT 1203
FCRMAT{' AUG 1C, 1970 SHCULCL $CCFY SAVE:CRAWLNEWS?®)
[OTIME RETULRNS THE USER I.0. MUMBER IN ARRAY(5), THE TIME
OF DAY IN ARRAY(2) ANC (2), ANC THE CATE IN ARRAY({4) AND (5)
CALL IDTIMEU(ARRRY)
PRINT 1201 yARREY(5),(ARRAY (1) 41I=144)
FCRMAT(*OUSER 'y24,' INITIATEC ODREWL AT ' ,2A4,' ON *42A4/7)
GC TO 1z¢%¢
CHKFIL CHECKS TU SEE WHETHER THE ABBREVIATED NEWS FILE WHICH
IS SUPFGSEC TO BE PRINTED IS AvAILABLE. IF NOT, THE BRANCH
TO 12%5€ IS TAKEN,
CALL CHKFIL{*SAVEINEWS*,6125€)
RCALL ANC GETFL “GET™ TkE FILE, WHICH CAN BE READ BY
SUBRULTINE REAL ANU FRINTED B8Y SURRCLTINE SPRINT.
CALL RCALL(CETFC 42409y ACRCF{'SAVEINEWS ")y 1,1FDUB)
LCOUNT(57) FCRCES A PAGE EJECT.
CAaLt LCCUNTI(ET)
CALL REAO(LINEsLENCoIOULMyIFCUB,E1255
CALL SPRINT(LINE,LEN,C)
CC TC 12¢C
RCALL AND FREEFD 'FREE UFP' THE NEWS FILE
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1255 CALL RCALL(FREEFC,1,1FCUB,C)
c ANGTHER PAGE EJECT. Tht NEWS LETTER IS CN A PRIVATE PAGE
1258 CALL LCCUNT(5T)
C SET ALL ThE CEFAULLT VALUES:
1256 PTPTR=2
FTMAX=4955
TABMAX=559C
CIRMAX=2SE
TABPTR = 3
CIRPTR=2
LAM=0
[FLG=0
TPTCTR
CPEN=0
CENNAM=NGA AN
CALL VIEWXY
T(1)=0.
T(2)=0,
IT(1)=0
NMOVE=. TRUE.
NSHFT=.FALSE.
NSCAL=FALSE.

it

1

RETURN
C
C TDUMP  TRACEEACK FACILITY
C
ENTRY TOUMF
C TDUMP CALLS RETREV FCR EACK ENTRY IN THE NAME TABLE.
C [T PRCVICES A THOROUGH LIMK=-BACK FCR CEBUGGING AND
C INSTRUCTICNMNAL FURPCSES.

IF(BATCH)CALL LCCUNT(57)
IF(BATCH)CALL LCCUNTL2]
PRINT T7&C
78C FCRMAT(' CRAWL TRACEEACK FACILITY'/* ')
[ILIM=DIRPTR=-2
DC 783 I=241L1IVM,y¢
783 CALL RETREVICIREC(I))
RETURN
END

SPECIAL RCLTINES

aEeNe

SUBRUUTINE SPEC
SPEC SETS THE CEFAULT GLCEAL SWITCHES WhICH MAKE
LIFE A LITTLE EASIER
CCVMMUN /ATAEL/ ICIREC(800), FUCINT(SCCC),TABLE(5000)
COMMUN /VAK/ FTMAX,PTPTR,TAEMAX, TAEPTR,DIRNAX,DIRPTR,
*PTCTRyPT o ITPoTPTCTRyCFENyNASMoGENNAM NSCAL o NMGVE 4 NSHFT
% yLNMyNPRT,BATCH
LCGICAL NSCAL o NNCVE NSHFT,NFRT,EATCF,LRET/FALSE./
INTEGER*2 IPCINT(1COCC),ITAELE(LCCCO) PTMAX,PTPTR, TABMAXTABPTR
INTEGER®4 CPENyCIRMAX,CIRFTR,PTCTR,PT,TPTCTR,ERRCNT(3C)/30%0/,
1 ARRAY(5)y NUMCNT(3)/10CC42C0450CC/4FAGES/Q/4NLINE/2/
REAL*8 ERRTYP(3)/* POINTS ',¢ NAMES *,'LINKAGES'/
REAL*8 ARG,GENNAM,PAC,TITLE(4)/*RETURN ',
1 'QuIT TLUSYSTEM ', INTS '/ ,CIREC(4CO)
ECUIVALENCE (IPCINT(1)4PCINT(1)),(ITABLE(L),TABLE(L)),
#* (DIREC(1),ICIREC(1))
C 'PAGES' CCUNTS THE PAGCES PRINTEC, NLINE IS5 THE CURRENT

aN el
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10

11
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LINECCUNT FCR THIS PACE, LEVABT IS THE NUMBER OF ERRORS

TO TUOLERATE BEFURE STOPPING THE JOBLLERCNT IS THE
NUMBER OF ERRCES (ANC WARNINGS) ENCCUNTERED THUS FAR,
LABORT IS THE KEY SET FOR TYPE CF TERMINATIUN REQUESTEL.

PAGES=0

NLINE=2

LEVABT=1CO

LERCNT=C

LABORT=1

GC 10 1
NOSCALy NCMOVE, ANC NCSEFT CONTRCL CRAWING SCALINGeMUVING,
AND SHIFTINGy IN CUNJUNCTICN wWliITH SCAL, MCVEy AND SHFT.
PRNT AND NCPRNT CCNTRCL WHETHER TRACE CCMMENTS ARE TC Bt
PRINTEC GR NCT. PAGE AND NOPACE TURN PAGINATION
CN AND OFF,

ENTRY NCSCAL

NSCAL=.TRUE.

GU TO 1 ,_

ENTRY NLMOVE

NMOVE=+FALSE.

GC 10 1

ENTRY NCSEFT

NSHFT=,TRUE.

GC 70 1

ENTRY SCAL

NSCAL=.FALSE,

GC 10 1

ENTRY MCVE

NMUVE=.TRUE.

GU T0 1

ENTRY SHFT

NSHFT=.FALSE.

CC 10 1

ENTRY PRANT

NPRT=4 TRLE.

CC 7101

ENTRY PAGE

BATCH=,TRUL .

GC TG 1

ENTRY NUFAGE

BATCH=.FALSE.

Go 1TC 1

ENTRY NCFERANT

NPRT=.FALSE.

GC 10 1
ABCRT SETS LABCRT TC THE TYPE CF EXIT TO BE TAKEN ON
ENCOUNTERING THE N-TE ERRCR (CGR WARNING) «
EXIT IS VIA RGULTINES 'SYSTEM' (STCF AMND UNLOAD DRARWL),
TMTSY (STOP BLT OC NCT UNLCAD CRAWL), ANC 'QUITY (STUP
DRAWL AND IMMECIATELY SICN-OFF THE SYSTEM, DU NJUT FINISH
THE JCg.)

ENTRY ABCRTLERGN)

LERCNT=C

LRET=.FALSE,

CC 17 I=1.4

IF{PAD(ARG)EQC.TITLE(I)IGC TC 12

CCNT INUE

PRINT 114ARG

FCRMAT (' #*#[LRAWL WARNINC - '**,AE,*''" IS AN [LLEGAL ARGUMENT

'/
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1? FOR ABCRT. "RETURNY ASSUMEC.')
LABGRT=1
GC 16 13
LABORT=1
LEVABT=A
GC TO 1
ABGRTZ CUUNTS (wiTH LERCNT) THE MUMBER CF ERRURS AND
WARNINGS ENCCUNTERED,
ENTRY ABCRTZI(K)
IF(KsGTLC)CC TC 8
PRINT 7ToNUMCANT(K+4) ,ERKTYP(K+4) ‘
FORMAT ('O*#%[RAWL ERRLR - CVER *,14,* *yA8," WERE SPECIFIED.'/
14X, * TERMINATING VIA 9"AECRT™ SPECIFICATICN®Y)
GC TO 6
LERCNT=LERCNT+]
ERRCNTIK)=ERRCNT (K) +1
PRINT 5,ERRCNT
ULTIMATELY, DRAWL WILL SENSE INMFENCING PRCGRAM TERM-
INATICN ANC PRINT THE ERRCR SUMMARY FCR EVERYuUNE,s NUT
JUST THCSE WHC ARE FCRCINC THEMSELVES TO STuP.
FORMAT('CCRAWL ERRCR SUMMARY:'/3CI12Z)
IF(LABORTJNESL)IFILABCRT=2)242,4
GC 10 1
CALL QUITY
CALL SYSTEM
CALL MTS
GC 701
LCCUNT (*LINE CCUNT?*") MAINTAINS 2 CCUNT UF THE NUMBER
UF LINES PRINTEC UN EACH PAGE. IF THE TUTAL wILL BE FORCED
CVER 57 IF THE NEXT PRINT IS EXECUTED, A HEADER IS PRINTED,
AND THE CCUUNT RESTARTEC. 'PACGES' KEEPS TRACK UF THE PAGE
NUMBERWHILE ILTIME GETS THE TINME CF CAY FCR EACH PAGE.
ENTRY LCCUNT (M)
N=p
IFINLINE#NCT5€E1GL TC 5¢&
NUINE=NLINE+N
GG 10 1
CALL IDTINME(ARRAY)
PAGES=PACES+]
PRINT 5G)ARREY(S)y {AKKAY(I)yI=144)4PAGES
IFINJEJETIN=C
NLINE=2+N
PRINT 5¢
FCRMAT(*C*)
FCRMAT('1 CRAWL yEXy'G-LEVEL FRCCESSUOR (MODEL 08:C1)',6X,
1 YUSER ' A4 4EX gV TINE "492A844,6Xy"CATE '"42A4,12X,"PAGE *,13)
RETURN
END

NANCBJ

SUBROUTINE NAMCEJ(GBJINAN %) o o
CCMMCN /ATABL/ ICIREC(8CQ), PCINT(ECCO),TABLE(50G0)
CGMMCN /VAR/ PTMAX,PTPTR,TAEMAX, TABPTR,CIRMAX,DIRPTR,

X¥PTCTRyPTyITPoTPTCTR,CPEN ¢ NASMyCENNAN ¢yNSCAL s NMOVENSHFT
*oLNMyNPRTLBATCH ‘

LCGICAL NSCALJNMCVEINSEFT)NPRTLEATC(H
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INTEGER®*z IPCINT(LICCCC),ITABLE(LCCCC) PTMAX,PTPTR, TABMAX,TABPTR
INTEGER*4 [UIREC yUPENyCIRNAXyDIRFTR4PTCTIR,4PT,TPTCTIR
REAL*8 UIREC(4CC) UBJNANGENNAM,PAL
EQUIVALENCECIPCINT (L) yPOINT(L1))y (ITABLE(L) TABLE(L) ),
*(DIREC(1),IDIRECIL)) '

C ISW IS SET TC ZERC FOR ENTRY FRCM NAMCBJ.
ISW=0
GG TO 14
ENTRY NANMCBR{GBJNAM)
C [Sw IS SET TC CNE FUR ENTRY FRCM NAMOBR
ISh=1
GC TO l4 3
ENTRY NAMCEA(CBJNAM)
C ISW IS SET TC MINUS CNE FCR ENTRY FRCM NAMGBA
[Sw=-1
C CHECK TC SEE IFfF THIS CALL wAS LECALLY PLACED (OPEN=0)
C I[F NOT HAVE SUEROUTINE CLCSE STRAIGHTEN THINGS OQUT
14 IF{CPEN.NEL.CICALL CLCSE
C SET 'OBJECT CEFINITICN UNCERWAY® KEY
CPEN=1
C CHECK TC SEE IfF NAME CKe. IF NCTy RETURN 1

CALL FNONANM{IFINC,PAD(CBUNAN),ITYP,E15)
CIRECI(DIRPTR)=PAL(UBJINAM)
PRINT 1¢, CIREC(CIRFPTR) L ,
16 FORMAT{'C*%*[RAWL ERRCR = *vv,A8,"*" ALREALY USED AS DRAWL NAME')
CALL ABCKRTZ(2)

RETURN 1
c PUT NANE (PACCEC) INTC NAME TAEBLE
15 CIREC(DIRPTR)=PACIUBJINAN)

C SET UBJECT TYPE IN NANE TABLE
ICIREC(CIRPTR%#Z41)=1

c PCINTER TC LINKAGE TABLE
ICIREC(DIRPTR*2+Z)=TARPTR+1

C OBJECT TYPE IN LINKAGE TABLE

ITABLE(TABPTR+1)=1
BACK PCINTER TC NAME TABLE
ITABLE(TABFTRI=C [RPTR
C PRINT ENTRY MESSAGE
IF(BATCHICALL LCCUNT(2)
[F(NPRT)PRINT 1CC,CIREC(DIRFTR)
100 FORMAT(YOENTRY TC NAMCRJ('*Y,A8,2H"))

(@]

C UPCATE NAME TABLE INDEX
DIRPTR=CIRPTR+2

C IF OVERFLCW IS RERE, CGET CUT VIA LSERS SPECIFICATION,
IFIDIRPTRSCTLLIRMAX)ICALL ABCRTZ{-2)

C INITIALIZE OBJECT PCINT CCUNTEF
PTCTR=0

C ESTABLISH INTERIM CCUNTER FCR LINKACGE TABLE

[TP=TABPTR+2
IF(ISW)3(,44C45C
C FOR CALL NAMCESA
30 CALL POINTS(GC4Ce904490a9ls)
PTCTR=1
GG TG «4C
C FCR CALL NAMCEBR
5C CALL INCFPT(CyCeyQu90ayle.)
C COUNT THIS FIRST PCINT IN THE FOINT TCGTAL
PTCTR=1
4C RETURN
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SUBROUTINE PCINTSUISyXyYeZony#)
COMMCN /ATAEL/ ICIREC(80C), FCINT(50(C),TABLE(5000)
CCMMUN /VAR/ FTMAX,PTPTR,TABMAX, TABPTR,DIRMAX,DIRPTR,
APTCTRyPT I TPy TPTCTR,CPENJNASM,CENNAN yNSCAL s NMOVE JNSHFT
%, LNM,NPRT,BATCH
LOGICAL NSCALsAMCVE NSHFT,NFRT,BATCF
INTEGER%2 [PCINT(100CG) 4 ITABLE(1CCCO)PTMAX,PTPTR, TABMAX,TABPTR
INTEGER*4 ILCIREC ¢OPEN,DIRMAX,CIRPTF,PTCTR,PT,TPTCTR
REAL*8 CIREC(4C0 ),UBIJNAN ,GENNAN,FAL
EGUIVALENCE (IPCINT(1)4PCINT(1))(ITARLE(L),TABLE(L)),
* (DIREC(1),ICIREC(1))
C IF WE ARE NOT IN GBJECT CEFINITICN MCOE (I.E.y OPEN-=1)
C ht DO NCT BELCNG HERE.
IF{CPEN.EC.1)GC 10 635
[F(BATCH)CALL LCCUNT(2)
PRINT 634
634 FORMAT('C***CRAWL ERRCR - PCINTS CALLEC WITH NO NAMED ',
1 'OBJECT VIA NAMCEJ.')
CALL ABCRTZ(1)

RETURNL
C INCREMENT PCINT CCUNTER
€35 PTCTR=PTCTIR+1
C TPTCTR IS A “NAME™ FCR THIS PGINT

IPCINT{PTPTR%2-1)=DIRFTR
IPCINT(PTPTR*2)=TPTCTR
C PUT THE X VALUE INTC FCINTS., NCTE THAT ITS TYPE
C IS CHECKELs IT MULST BE A FLCATING FCINT NUMBER,
C SIMILARLY INSERT THE Y ANC Z VALLES.
PT=PTPTR+1
PCINT(PT)=CHECKF {X)
PT=PT+1
PCINTIPT)=CHECKF{Y)
PT=PT+1
PCINT{(PT)=CHECKF (Z)
PT=PT+1
C MAKE SURE TRERE IS NCT A ZERC SCALE FACTCR (W)
Wl=CHECKF (W)
[IF{ABS(W1-C.C)el14.0CC1)GC TC 616
PCINT(PT)=nl
GC TC 617
616 IF(BATCEHICALL LCCUNTI(1)
[FINPRT)FRINT 55¢C
550 FURMAT(* ***nwARNING. SCALE FACTOR CF ZERU. CHANGED TO UNE?')
CALL ABCRTZiz)

C IF W WAS ZERCy ASSUME FE MEANT CLNE, AND PUT IT IN
PCINT(PT)=1.
c UPCATE THE TOTAL PCINT CCUNTER
617 TPICTR =TPTCTIR +1
[TP = [TP+2

ITABLE(ITP)I=PTPIR

C PUT THE PENUP/FENCCWN SWITCH IN THE LINKAGE TABLE, MAKING
C SURE THAT IT IS AN INTEGER (VIA ICHKF)

| [TABLE(ITP+1) = ICHKF(IS)

C UPCATE PCINTS TABLE INCEX

PTPTR = PT+1
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C MAKE SURE WE 2ARE NCT REACY TC CVERFLCw THE PCINTS TAHLE
[IF{PTPTR+GTFTMAX)CALL ABCKTZ(-1)
RETURN
END

C

C INCRPT

C

SUBROUTINE INCRPTUISyXsYyZyh)
CCMMON /ATABL/ ICIREC(800)4PCINT(5CCC),TABLE(5C00)
CCMMON /VAR/ PTNAX,PTPTR,TAEMAX,TABPTR,CIRMAX,DIRPTR,
¥PTCTRyPT o ITP4TPTCTRyCPENyNASM,GENNANM,NSCAL 4 NMOVE 4NSHFT
*9 LAMyNPRTLEATCE R
LCGICAL NSCAL NMCVE NSFFToNFRT,BEATCH
INTEGER%2 IPCINT (10000), ITABLE(L1CGCCO)4PTMAX,PTPTR, TABMAX s TABPTR
INTEGER#*4 IDIREC GPEN,DIRMAX,DIRFTR,PTCTR,FPT,TPTCTR
REAL*8 CIREC(4C0)y0BJINAN yGENNAM
EQUIVALENCE (IPCINT(L)4PCINT(1))(ITABLE(1)TABLE(L) ],
% (CIREC(1),ICIREC(1)) . . B
c IF THERE WERE NC PREVICULSLY CEFINEC PCINTS, wE CAN'T BE RELATIVE
C TO THE PREVIGLS VALUE
IF(TPTCTRLNEL1)GC TC 1C
[F(BATCH)CALL LCCUNT(2)
IF{NPRTIFRINT 20
2C  FURMAT(' **%WARNING: THERE IS NCTHING TC USE AS BASE FORY,

* ¢ RELATIVE (R'/? INCREMENTAL CALL. (D0490490.) ASSUMED.?')

CALL ABCRTYZ(16)

C SO WE ASSUME FE MEANT TGO EE RELATIVE TO (0e9Cay3s)
CALL POINTS(ISsCesQesQeyle)
RETURN

C GET THE PREVICLS X,Y,ANC Z VALLES

1C [RROW=TPTCTR%#5=-7
C AND ACC THEM IN

X1=TABLE(IRRCW)+X/W
YL=TABLE(IRRCh+1)+Y/W
Z1=TABLE(IRRCW+Z])+Z/W

C LET POINTS PUT THEM INTO THE PCINT TABLE
CALL POINTS(ISyX19YlyZlysla)
RETURN
END

C

C SPECIAL ENTRIES FCR PCINTS

C
SLBROUTINE VISA(X,Y,Z)

C THESE ARE SELF EXPLANATCRY
CALL PCINTS(LlyXygYyZyla)

GC T0 1 '

ENTRY INVAIX,Y42)

CALL PCINTS{Cy4XypYyeZyls)
GC TC 1

ENTRY VISR(XyYyZ)

CALL INCFPT(1l4XyYyZyl.)
GC TO 1

ENTRY INVR{XyY,oZ)

CALL INCFRPT(CyXypYelyle)
GC 10 1

ENTRY VISAZ{X,Y)

CALL POINTSULloXeY4Da9ls)
CC 10 1

ENTRY INVAZ2{X,Y)
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CALL PCINTS(CyXyY9Qayle)
GL 701

ENTRY VISRZ2(X,Y)

CALL INCEPT(1¢XypYs0ayl.)
GC TO0 1

ENTRY INVR2(X,Y)

CALL INCFPT(CyX,yYy0arls)
GC 10 1

RETURN

ENC

NAMTRA

SUBROUTINE NAMTRL(GBINAMG AL A2 )A3,A44AS,A64AT4AB4AT,
% ALO9ALlLlgA1245A0134A1448154A164%)
CUMMCN /ATABLY ILIREC(BCO), FCINTLEC(C)TABLE(500))
CCMMON /VAR/ PIMAX,PTPTRyTAEMAX, TABPTRyCIRMAX,DIRPTR,
XPTCTRyPT o ITPoTPTCTR,CPEN,NASM,GENNAM,NSCAL y NMOVE(NSHFT
* o LANMyNPRT,BATCE
LCGICAL NSCALJNMCVE NSHFFTSNFRTEAT(F
INTEGER*2 IPCINT(1000C),ITAELE(ICCCO)4PTMAX,PTPTR,TABMAX,TABPTR
INTEGER*4 ICIRECOPENCIRMAXyUIRPTRyPTCTRPTHTPTCTRWQ(2)y
*# TEST/Z26CCCCCOO/
REAL*8 DIREC(4C0)yGBINANGENNAMGPAC,CBJAM]
ECUIVALENCE (IPGINT(L)oPCINTI(L)){ITABLE(L),TABLE(1)),
* (DIRECH{1)4ICIRECIL))4(C(1)4CBUNNML)
ARRAY E WwILL BE LSEC BY NMTRA1L
CIMENSICN El4y4)
IFLG = O IF ENTRY WAS VIA NANTRA
[FLG=0
GC TO 335
ENTRY NMTRAL(CBINAMZE  *)
IFLG = 1 IF ENTRY wAS VIA NMTRAL
IFLG=1
CO Wk REALLY BELCNG HERE?
IF(OPENJNELC)ICALL CLCSE
CPEN=0
PAD OUT THE NAME PASSEC AS ARGUMENT
OBJNM1=PAC{CRJNAM)
WE WILL TRY TC FIND THE NAME TC SEE IF IT
HAS BEEN USEC PBEFCRE. (DIRPTR=Z ===> NULL NAME TABLE)
IF(CIRPTR.EC.2)GC TO 115 S
FNDNAM WILL CETERMINE WHETHER THE NAME HAS BEEN USED BEFDRE.
IF THIS IS THE FIRST CEFINITICN GF THE NAME, IT WILL EXIT
70 115 CTHERWISE, THE TYFE ASSOCIATEC WITH THE NAME WILL
BE IN ITYP, ANC THE LCCATICN IN CIREC IN IFIND.
CALL FNLNAMUIFINC UBINML,ITYP,E115)
IF(BATCH)CALL LCCUNT(2)
PRINT 1C1,CBJUNANV
IF IT WAS PREVICUSLY LSEC AS AN ENTITY NAME, THAT*S A FATAL
ERROR,
FORMAT('0%*%*%CRAWL ERRCR - ',A8,' ALREAUY USEU AS DRAWL NAME')
CALL ABCRTZ2(3)
RETURN 1 ,
WE REACHED THIS PCINT CNLY IF THIS IS A *NURMAL DEFINITION'.
PUT THE NAME INTO THE NAME TABLE.
CIREC(DIRPTR)=CBJNML
OVERFLCW THE NAME TABLE?
IF(DIRPTRLGTLOIRNMAX)IGC TO 776
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. H=1C
PUT IN TYPE 2 FCR TRANSFCRMATICN TYPE
IDIREC(DIRPTR*2+1) = 2
PCINTER INTO LINKACE TABLE
ICIREC (CIRPTR%#2#2) = TABPTR+]
BACK PCINTER
ITABLE (TABPTR)=LCIRPTR , o o L
CHECK ANC SEE WHETHER ThHE FIRST CHARACTER IN THE NAME IS
A PERCENT SIGN (%). IF SC, IT wWAS PRCBABLY A CALL BY CMBMAT.
[F(LAND(G(1),TEST).EQ.TEST)ICC TO G528
PRINT NCRMAL ENTRY MESSACE
IF(BATCH)CALL LCCUNT(2)
[FANPRTIPRINT 102,0BJNNM1 o
103 FORMAT{'CENTRY TC NAMTRA({**',A8,2+"'))
GO TO 936
538 IF(BATCH)ICALL LCCUUNT ()
INTERNAL CALL MESSAGE
IFI(NPRT)IPRINT S94C,0BJNNM1
940 FORMAT('CINTERNAL CALL TC NANMTRA{**",AB42H"'))
UPDATE DIREC INDEX
936 CIRPTR = CIKPTR + 2
CHECK FCR NAME AND LINKACE CVERFLCWS
IF(DIRPTR.CTLCIRMAX)GC TC 776
IF(TABPTR#34.GT.TABMAX)ICALL ABCRTZ2(-3)
ITABLE(TAEBPTR+1) = 2
L=(TABPTR+3)/2
[FCIFLG.ECL.1IGE TC 1C6
THIS SECTICN HANDLES 'NURMAL' ENTRIES
NOTE THAT EACF ARGUMENT Al...Alé IS CHECKED FOR TYPE
1C5 TABLE(L)=CHECKF(2])

L=L+1
TABLE(L)=CRECKF(£2)
L=L+1
TABLE(L)=CFECKF{£23)
L=L+1
TABLE(L)=CHECKF(24)
L=L+1
TABLE(L)=CrRECKF(25)
L=L+1
TABLEIL)=CHECKF{26)
L=L+]
TABLE(L)=CHECKF(27)
L=L+1
TABLE(L)=CHECKF{28)
L=L+1
TABLEUL)=CHECKF(£S)
L=L+l]
TABLE{L)=CHECKF{210)
L=L+1
TABLE(L)=CFECKF{ALlLl)
L=L+1
TABLE(L)=CHECKF{£12)
L=L+1
TABLE(L)=CHECKF(£13)
L=L+1
TABLE(L)=CFECKF(ALl%4)
L=L+1
TABLE(L)=CHECKF{£15)
L=L+1

Al7=CHECKF (Al6)
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1Cé

172

113

114

550

115

116

201

t-11
GC T0 773
NMTRA1 HANCLINCG SECTION. JLST LUCP THRUUGH ARRAY E
DC 772 J=1,4
CC 772 I=1,4
TABLE(L)=CHECKF(E(JyI))
L=L+1
L=L~-1
Al17=CHECKF(E(4,4))
CHECK THE 16TH ELEMENT TC MAKE SLRE ITS NCT ZERO (OR
SMALL ENCUGH TC BE TFHE NEXT BEST THING TO ZERQ.)
IF{ABS(AL7-C.) oL T1,.,00CL)IGC TC 774
IF NOT ZERG, STORE IT.
TABLE(L)=AL17
GG T0 715
IF(BATCH)CALL LCCUNTI(1)
IF(NPRT)PRINT 55¢C
FORMAT(' #*%%WARNING - SCALE FACTCR CF ZERC. CHANGED TO ONE.')
LF IT WAS ZERQO, ONE IS A PRETTY GGCD GUESS AS TU WHAT HE MEANT.
Ali=1.
CALL ABCRTZ{(4)
TABLE(L)=A17
UPCATE LINKAGE INDEX
TABPTR=TABPTR+324
RESET IFLG FCR NEXT TIME
I[FLG=0 '
RETURN
CALL ABCRTZ2{(-2)
RETURN
END

NAMASM

SLBROUTINE NAMASM{OBUNANM,*)
COMMCN /ATAEL/ TCLIREC(800)y PCINT(SCCC),TABLE(50G0)
CCMMON /VAR/ FIMAX,PTPTR,TABMAX,TAEBFTR,DIRNMAX,DIRPTR,

APTCTRyPT o ITPyTPTCTR,CPENJNASN,CENNAN ¢y NSCAL +NMUVE)NSHFT
¥ yLAMyNPRT,BATCH

LCGICAL NSCALyNMCVE,NSHFT¢NFRT,EATCH

INTEGER%2 IPCINT(L00GG),ITABLE(1CCCC)PTMAX,PTPTR, TABMAX,TABPTR
INTEGER#*4 IUIREC sUPEN,CIRMAX,DIRPTR,PTCTR,PT,TPTCTR

REAL*8 [ IREC(4C0),0BJNANM,GENNAM,PAL,08Y

EGUIVALENCE (IPGINT(1),POINT(1)),(ITABLE(L),TABLE(L)),

* (CIREC(1),ICIREC(]))

NAMSUR WAS USEC IN THE EARLIEST VERSICNS OF DRAWL, WHEN THE ONL'
LEVELS WERE POINTS, SUBASSEMBLIES, AND SUBASSEMBLIES. ASSEMBLIE!
COULD CCMNTAIN CNLY SLEASSEMBLIES AND FOINTS, AND SUBASSEMBLIES
COULD CCNTAIN CNLY PCINTS. WE'VE CCME A LCNG WAYeoooooeo
THIS WAS LEFT IN FCR CCMPATIBILITY. ,
FIRST CUESTICN, AS USUAL, IS *CCES FE BELUNG HERE?!
IF(OPEN.NE.O)CALL CLCSE
{F SCy UPEN = 2 ====> MUCE IS "ASSENMBLY CEFINITION®
CPEN=3
SEE IF NAME IS ALREACY CEFINEC. IF SCy RETURN 1
CALL FNLNAM(IFINC,PAC(CBJNAM),ITYP,£2C0)
DIREC(DIRPTRI=PAL{CBINAM)
PRINT 201,CIREC{(CIRPTR)
FORMAT (' Q#%*%CRAWL ERRCR = '"9,A6,' %" ALREADY USED AS DRAWL NAME')
CALL ABCRTZ(3)
RETURN 1
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C STORE NAME, TYFE, AND FCINTER TC TABLE IN DIREC
200 CIREC(DIRPTR)=PAL{UBJINAM)

[ICIREC(CIRPTR*2+41})=3

IDIREC(CIRPTIR*¥2+2)= TABPTR+1
C BACK PCINTER

ITABLE(TABPTR)=CIRPTR

IF(BATCH)CALL LCCUNT(2)

IF{NPRT)PRINT 301,DIREC(CIRPTR)

C ENTRY MESSAGE
301 FCRMAT('OENTRY TC NAMASM('**?,A8,2H"))
c UPDATE NAME INDEX ANC CHECK FCR CVERFLCh

DIRPTR=CIRPTR*2Z e
IF(DIRPTR.GT.DIRMAX)CALL ABCRTZ(-2)
IF(TABPTR+3.CT.TABMAX)CALL ABCRTZ(-3)

c STORE TYPE IN LINKAGE TAELE ANC ZERC TWO UNUSED HALF-WORDS
ITABLE{TABPTR+1)=3
[TABLE(TABPTR+2)=0
ITABLE({TABPTR#2)=C

C INTITALIZE THE "ENTITIES IN THIS ASSEMBLY' COUNTER
NASM =0
RETURN

C

C NMAME

C

ENTRY NANE(CBINANy*,%4%)
MAKE SURE FE IS IN THE RICKT PLACE

IF{OPEN.EC.3)GC 10 105

IF(BATCH)CALL LCCUNT(2)

PRINT 104

104 FCRMAT(®C*#*0RAwL ERRCR - NAME CALLEC WITH NO 'y

1 'NAMED ASSEMBLY VIA NAMASM!)

CALL ABORTZ(S)

(@]

RETURN 2
105 0BJ=PAD(CBJINAM)
C FIND THE NAME IN TRE NAME TABLE
CALL FNCNAM{I,0E.,[TYF,ELCO0
C IT HAC BETTER NCT BE TRANSFGRMATICN TYPE (2)

IF(ITYP.NE.2)GC TO 107
IF(BATCH)CALL LCCUNT(Z)
PRINT 1C€,CBJ
108 FORMAT(*C***CRAWL ERRCR - TRANSFCRMATICN *'',A8,'*' USED',
1 ' AS ARGUMENT TC NAME.')
CALL ABCFTZ(¢€)
RETURN 3
107 NASM=NASM+1
INDCX=TABPTR+5+NASM
HAVING INCREMENTEC THE ENTITY CCUNTER, AND CALCULATED
AN INDEX INTC ThE LINKAGE TABLE, MAKE SURE WE'RE NOT ABUUT TO
OVERFLCw SAIC INMPORTANT TAELE.
IFCINDX.GT.TABMAX)CALL ABORTZ(-3)
c I WAS RETURNEC BY FNCNAM
ITABLEUINDX) =1
RETURN
c IF THE _NAME WAS NCT FCUNC, CCME CCWN HERE
100 IF(BATCH)CALL LCCUNT(2)
PRINT 11C,0BJ,08J
110 FCRMAT{'C*##CRAWL ERRCR.''',A8,2F"{4Z16,') NOT FOUND BY NAME.')
CALL ABGRTZ(7)
RETURN 1

(N eXel



END
C
C  FNCMAM
C
SUBROUTINE FANCNAM{IFIND,NAM,ITYP,%)
COMMCN /ATABL/ ICIREC{800), PCINT(ECCO),TABLE(5000)
CCMMON /VAR/ PTMAX o PTPTR,TAENMAX, TAEPTR,DIRMAX,DIRPTR,
*PTCTR ) PT yITP,TPTCTRyGPENyNASMyGENNAY yNSCAL yNMOVE yNSHFT
*yLNMyNPRT,BATCH
LGGICAL NSCAL,NNCVEJNSHET,NPRT,BATCH
INTEGER#2 IPCINT(10000), ITABLE{10CCC) ,PTMAX,PTPTR, TABMAX,TABPTR
INTEGER*4 IDIREC ,OPEN,DIRNAX,CIRPTR,PTCTR,PT,TPTCTR
REAL*8 DIREC(4CC)yOBJNAN JGENNAN ,FAL yNAM
EQUIVALENCE (IPCEINT(1),PCINT(1))(ITABLE(L)oTABLE(L)),
* (DIREC(1),ICIREC(1))
C ESTABLISH THE UPPER LINIT CF DIREC. WE WILL CCUNT BACK-
C WARDS THRCUGHF THE NAME TABLE.
NUP=DIRPTR=2
DO 100 J=2,NUP,2
[=DIRPTR-J
C IF THIS IS THE NAME, ERANCH
IF (NAMJNELCIREC(I)IGU TC 1CC
C SEND BACK THE TYPE
C {WHERE 1===>CBJECT,2=2==>TRANSFCRM y3===>ASSEMBLY »4===>TRANSFORMED
C UBJECT CR ASSEMBLY)
ITYP=TOIREC(I%*2+1)
c ALSO SEND BACK THE LCCATICN wHERE IT CAN BE FOUND
[FIND=1
RETURN
1CO0  CCNTINUE
RETURN 1
END
C
C  FINCBY
c

SUBROUTINE FINCBJ _
CCMMCN /ATABL/ ICIREC(8BQOC)y FCINT(ECCC) TABLE(5000)
CUMMCN /VAR/ PTMAX,PTPTR,yTAENMAX, TABPTR,DIRMAX,DIRPTR,
*PTCTRyPTyITPyTPTCTRyCPENyNASMoCENNANM gNSCAL s NMCVE ¢NSHFT
¥y LANMyNPRTLEATCH
LOGICAL NSCAL NAMCVENSHEFTONFRTLZEATCH
INTEGER*2 JPCINT(1COCC),ITABLE(LICQOCC)PTMAX,PTPTR,TABMAX,TABPTR
INTEGER%*4 ICIRECCPENJCIRMAXZCIRPTRWPICTRyPTLTPTCTR
C ERROR 1S USEC IN THE PRINT STATEMENT BELCW
REAL*8 CIREC(4CC)yOBINAMZGENNANyERFCR(3)/'FINIBJ ', 'ENDCMB v,
1 "FINASM '/, XNAME
C TF ANC THE VARIABLES IN /CLSE/ 2RE LSEDO BY ENDCMB
REAL TF(1¢)
COCMMON /CLSE/TC({444) 9 XNAMEZISHK
EQUIVALENCE (IPCINT(L1) PCINT(L)) (ITARBLE(L),TABLE(1)),
* (LIRECt(L),ICIRECH(L1))

C DO wE EELCNG FHERE?
C TO HAVE ACCESSED THIS ROLTINE, WE SHGLLD HAVE *0OBJECT
C DEFINITICN STATE' (CPEN=1) SET CN

IF(UPEN.EC.1)GC TU 110
{F(BATCH)ICALL LCCOUNT(1)

C ERKOR(CPEN) IS whAT SFOULL HAVE EEEN CALLED
IF(NPRT)PRINT 1114ERRCR(1)+ERRCR(CFEN)

C NOw GC ANC SEE WwHERE HE SHCOULC HAVE BEEN



h=14
[F{UPEN.EQ.3)GO TC 16C

GC 10O 21¢
C STORE THE NUMBER CF PCINTS IN LINKAGE TABLE
110 ITABLE(TABPTR+2)=PTCTR
C UPCATE LINKACE INDEX

TABPTR =1TP+2
IF(BATCH)CALL LCCUNT(1)
[F(NPRT)PRINT 101,0IREC(CIKPTR=-2)4PTCIR

C QUTPUT THE NUMBER GF PCIANTS IN THE CBJECT (A NILE CHECK
C (N DO LGCPS, LCOPING REACSy ETC.
1C1  FORMAT(3F ' ,A8,%*" HAS ',14,' PCINIS.? )
C KESET CPEN ("I 'M REALCY FCR ANYTHING STATE")
GPEN=0
RETURN
C
C FINASM
C
ENTRY FINASM _
C I[F wt KEEP NAMSUB, wE JLST GCTTA HAVE A FINSUB
15C IF(OPENJEG.3)GC 1C 16C
C CNCE AGAIN, IF HE DCESN'T BELUNG HERE, TELL HIM SO

[F(BATCH)ICALL LCCUNT (1)
[FINPRT)PRINT 111,ERRLR(3),ERRCR(CFEN)
IF (CPEN.EGC.L1ICC TU 11C

GL TG 21¢C
C RESET CPEMN
160 CPEN=0
C CUTPLT THE MUNMBER CF ENTITIES INCLUCEL

[FINPRT)PRINT 17C,NASM
17C FCRMAT(* THERE FRE *413,' CONSTITUENT ENTITIES.')

C STORE AWwAY THE NUMBER
ITABLE(TABPTR+4)=NASM
C EVEN=-ALIGNMENT IS REQUIRELC IN LINKAGE TABLE
[FOINASN/2%2) o NENASM) TABPTR=TAEFTR+]
C UPCATE LINKAGE INDEX
TABPTR = TABFTR + NASM + 6
C RESET NASM FCR NEXT TINME
NASM = C
RETURN
C
C ENCCMB
C

ENTRY ENCCVME
C HE TRULY BELCNGS FERE IFF CPEN=2 (CMBMAT wAS CALLED)
2C5 IF(OPEN.EC.2)GL TC 21C
[FIBATCH)ICALL LCOULNT(L)
IF{NPRT)PRINT 111,ERRCR{2),ERRCR(CPEN)
[F(CPEN.EQ.1IGC TC 11C
GG TC 1l¢C
111 FCRMAT(*' **¥hARNING - ILLECAL CALL TC *"4AT41H:,AT,
1 'CALLEC FCR YCL.')
CALL ABCERTZ(15)
21C CBJUNAM=XNANME
C RESET CPEN
CPEN=0 :
SINCE CMBMAT SET A SERIES GF (AT LEAST CNE) MATRIX MULTIPLIES
INTO ACTICN, THE MATRIX IN TC IS ALL REACY FCR TRANSFORMATION
DEFINITICN. PASS THE NAME GIVEN TC CMBMAT AND THE MULTIPLIED
ARRAY IN TC TC NMTRAL (THE ALTERNATE ENTRY 10 NAMTRA).

OO0
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CALL NMTRAL(CBJINANM,TC)
RESET ISk (CCNTAINED IN /CLSE/)
ISw=0
RETURN
END

TRANSF

SUBROUTINE TRANSF(NEWCLD ¢XFCRMy# g% 4% %)
IT SHCULD BE PCINTED CUT THAT TRANSF WwILL NOT PERFORM
THE MATRIX MULTIPLICATICNS REGLIREC FCR A TRANSFORMATIGN.
IT MERELY SETS UP THE LINKAGES, ANC TRE MULTIPLICATIUNS
ARE PERFCRMED WHEN CRAW, SFCWy PRTIPLT,PRTOUT,ETC.s ARE CALLEC
CCMMON /ATABL/ ICIREC{800), PCINT{50C0),TABLE(5000)
CCMMON /VAR/ PTMAX,PTPTR,yTAEMAX, TABFTRyCIRNMAXDIRPTR,
#PTCTRePT oLTP o TPTCTRyCPENyNASNyGENNAMyNSCAL ¢ NMOVE(NSHFT
%, LNM,NPRT,BATCH
INTEGER®2 IPCINT(1000G),ITABLE(1CCCC)FTMAX, PTPTR, TABMAX,TABPTR
INTEGER*4 ICIREC yOPENyDIRMAX,CIRFTR,PTCTR,FT,TPTCTR,Q(2)
LOGICAL NSCALoNMCVENSHFT,NPRT,BATCFH
REAL*8 LCIREC (4CO)yOBJNANyGENNAM,PAL 4NEW,OLCyXFORM
ERROR MESSAGE [ATA IS IN TYPE
REAL*8 TYPE(4)/' CBJECT 'y* XFCRM ', "ASSENMBLY®,*ASSEMBLY'/
REAL*8 NEWl,XFCRM1,0LC1
ECQUIVALENCE (IPCINT{L)PCINT(L)),(ITABLE(L),TABLE(L)),
% (DIREC(1),IDIREC(L)) 4 LGENNAM,C(ID)
MASK WILL EE LSEC TC CETERMINE WHETHER TFE CHARACTER
MANIPULATICN SUPPURTING NAME=GENERATICN wILL BECUME
ULTRA-CCNPLEX, CR MERELY REMAIN MCCERATELY CONFUSINGeoss
CATA MASK/ZCCCCCCOA/
AS USUAL, CCES FE BELCNG FERE?
IF(OPEN.NE.O)CALL CLCSE
CPEN=0
PAD OULT THE THREE ARGLNMENTS
NEWLl=PAC (NEW)
CLG1=PAC(CLEC)
XFGRM1=PAC (XFCRN )
[F(BATCH)CALL LCCUNT(2)
IF(NPRTIPRINT €62,NERL,CLDLyXFCRNL
PRINT THE ENTRY MESSACE
FCRMAT(TCENTRY TC TRANSH (' yZ(LF' yA842H"y) 9 1K'y A8y 2H"))
FIND THE TRANSFCRMATICN MATRIX. IF ITS NCOT THERE, BRANCH TO 357
CALL FNCNAM(JyXFCRML, ITYP,£357) |
MAKE SURE THE NAME CIVEN WAS A TRANSFCRMATION
ERANCF TC €€5 IF I1 wAS
IF(ITYP.EC.2)GC TC 665
IF(BATCHICALL LCCUNT(2)
PRINT 6€4,XFCRM] -
IF IT WASN'T, TELL FIM ALL ABCLT IT
FCRMAT(*O%#%CRAWL ERRCR = *99,85,"¢% IS NCT A TRANSFORMATICN *,
1 *NAMEY)
CALL ABGRTZ(17)
RETURN 1
FIND THE *SOURCE' NAME [N DIREC. I1F IT WASN'T THERE,
BRANCH TC 125¢
CALL FNCNAM(I,CLCL,ITYP,£35¢€)
IF IT wAS A TRANSFURMATICN, GG TC €34
[F(ITYP.EC.2)GC 1O 834
[F THIS CALL TC TRANSF wAS EQUIVALENT TC THE FORTRAN STATEMENT
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Azp%p ;
{(IeEey THE FIRST ARGUMENT wAS THE SAME AS THE SECUND),KEEP GLING
OTHERWISE ERANCH TU 800
IF(OLDl1.NELNEW]L) GO TC 8CO
O IS INVCLVEL IN BYPASSINC THE FCRTRAN IV CHARACTER MANIP-
ULATICN RESRICTICANS. ThHE FUNCTICM *LAND' DUES ITS SHARE
TUO. LAND IS A BITWISE LCCICAL FUNCTICN. A BIT IS ON IN
LAND'S RETURNEC VALUE CANLY IF IT WAS CN IN THE SAME PUSITION
IN BOTH CF THE ARCGUMENTS. THIS SEGUENCE MERELY CHECKS TuU
SEE IF CVERFLCW IN THE EBCCIC REPRESENTATIUN OF THE GENECR-
ATED NAME REGUIRED EY TRANSF AT THIS JUNCTURE IS OCCURRING.
Gl2)1=Q{2)+1 - N
IF(LAND({MASK,Q{2))EQ.MASK)GC(2)=Ql2)+24¢
IN THIS IMPLENENTATICN, THE VALUES ASSOCIATED WITH
THE NAME GIVEN AS FIRST AND SECCNC ARGUNMENTS ARE PRESERVED
AND GIVEN A NEWw (GENERATELC) NAME. THE NEW NAME IS PRINTED
HEREs NCTE THAT THIS ALLCWS THE (LD VALUES TO STILL BE
REFERENCED INTERNALLY, BUT REFERENCES TO THE OLO NAME NUw PUINT
TU THE TRANSFCRMED VALUE
I WAS RETURNEDC BY FNDNAM. FUT THE CENERATED NAME IN THE
TABLE IN PLACE CF THE (LC NAME.
DIREC{I)=GENNAM
PUT THE NAME JUST REPLACED INTL THE NEXT SLOT IN DIREC
CIREC{DIRPTR)=NENWL ,
PUT IN THE YXFCRMEL-ENTITY' KEY (=4)
ICIREC(CIRPTR#2+1)=4
INDEX INTG LINKAGE TABLE
IDIREC(DIRPTR#2+z)=TABPTR+1
BEACK PCINTER
ITABLE{TABPTR)=LIRFTR
TYPE 4 AGAIN
ITABLE(TABFTR+1)=4
PUT LCCATICN CF THE XFCRM INTC LINKAGE TABLE
{AS RETURNEC BY FNCNAM ABCVE)
ITABLE(TABPTR+2)=J
PUT IN LCCATICN CF SCURCE ENTITY
[TABLE(TABPTR+3)=1
UPDATE INDICES FOR NAME ANC LINKACE TABLES
CIRPTR=DIRPTR+2
TABPTR=TABPTR+6
RETURN
THIS SECTICN IS FOR *NCRMAL' TRANSFCRMATICNS
(IeEwy THFE FIRST TwO ARGUMENTS ARE NCT THE SAME.)

CRECK ANL SEE WHETHER THE NAME FAS BEEN USED BEFURE
IF IT HASN'T, ERANCH TC 801
CALL FNDNAN(K NEWL,ITYF1,£8C1)
IF(BATCH)ICALL LCCUNTI(Z)
PRINT BC3,NEWL,TYPE(ITYPL)
TELL HIM THAT HE*S LSEC THE MNAME BEFCRE.
ALSC TELL EIM WHAT MCDE wAS ASSCCIATEC wITh THE NAME,
FURMAT (*C*%%CRAwL ERRCR = "99,AB,'*" ALREADY USED AS ',

1 A8,y*' NAME.")

CALL ABCKTZ2(18)
RETURN 4
PUT AWAY THE NEW NAME (THIS IS AN ENTITY DEFINITIGON)
DIRECIOIRPTR)=NEWL
EACKPCINTER IN LINKAGE TAEBLE
[TABLE(TAEPTR)=CIRPITR
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TYPE
[TABLE(TABPTR+1) =4

LOCATICN OF TRANSFURNMATICN (AS RETURNED BY FNONAM)
ITABLE(TABPTR+2Z2)=J

LCCATICN CF SCULRCE ENTITY (SECCNL ARGUMENT)
ITABLE(TABPTR+3)=1] o

POINTER TC LINKAGE TABLE FRCM NAME TAELE
IDIREC(UIRPTR*242)=TAEBFTR+1

TYPE
[ICIREC(UIRPTR*2+1)=4

INCREMENT INCICES ANC CHECK FCR TABLE OVERFLOUWS
DIRPTR=DIRPTR+2
TABPTR=TAEPTIR+6
IF(DIRPTRLGTLCIRMAX)CALL ARCRTZ2{-2)
IF{TABPTR.CT.TABMAX)CALL ABCRTZ(-3)
RETURN

ERROR MESSAGES FCR THE ABCVE RCULTINEsee e
IF(BATCHICALL LCCUNTL2)
PRINT 835,CLC1
FORMAT (' O*%%CRAWL ERRCR = 97 A8, 1 IS A TRANSFOURMATION NAME')
CALL ABCRTZ{19)
RETURN 2
IF(BATCH)CALL LCCUNT(2)
FRINT 11C,0LC1 ,0LD1
GC TO 3%5¢
[IF(BATCH)ICALL LCCUNT(2)
PRINT 1104 XFCRN1 4 XFCRM]
FCRMAT('Cx%**CRAWL ERRCR = *'v¢ A8, 2F'(4,215,%) NOT FUUND BY TRANSF!')
CALL ABCKRTZ(20)
RETURN 3
END

CRAW SUBROUTINE

SUBROUTINE CRAW(CBUNAN % 4%,%,%)
THIS SECTICN CF CODE IS VIRTUALLY IDENTICAL FOR
DRANy SHGWoPRTFLT,DISFLAZFRTCUT,,PRTPLT. THUS ENTRIES ARE
PROVICEC IN THIS AREA FOR ALL SLCH ROUTINES.
IDEV IS SET 10 INCICATE wHICH ENTRY wAS TAKEN:
===>5FCh
===>CRAM
1===>CISPLA
>PRTCLT
>PRTELT
===>PRTPLT :
CCMMCN /ATABL/ ICIRECIECC),y PCINT(ECCC) TABLE(50CO)
CCMMCN /DRWCCM/CVEC(50),CURMAT (5C)EXPIRE(50)4IC,IC,
1 NPTS,ICMAX ICMAX JXNINGXMAX YNMINZYMAX,T(5460),1T(2730), 1L
CCMMCN /VAR/ PTMAX,PTPTR,TAENAX, TABPTR,DIRMAX,DIRPTR,

Hurn O
O U | TR
noHwon

[ T 1

%PTCTRyPT o ITPyTPFTCTRyLPENSNASNyCENNAN yNSCAL 9 NMOVESNSHET

*yLNMyNPRT,BATCH

INTEGER ELNK/* /o NC/NC '/, TPTCIR

INTEGER*2 INUMyOVEC,CURNMAT yEXPIREZIDSIC,IT

LCGICAL NSCAL JNNMLVENSHETyNFRT,BATCEH

INTEGER®2 IFCINT(LCOCO)ITABLE(LICCCO) PTMAX,PTPTR, TABMAX, TABPTR
INTEGER*4 ICIREC yGPEN,CIRMAX,CIRPTR,PTCTR,PT

REAL®8 LUIREC{400)yUBINAMLCENNAM CRWPRT(E) /UISPLA 'y ' DRAW '

+ ' SHOwW VLYPRTICUT ', *PRTPLT ', 'PRTPLT  '/,PAD,FOUND s XFOUND,

+ CBbJNM]
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EQUIVALENCE (IPCINT(l),PCIhT(l)i,(lTABLE(l)vTABLE(l))v

* (CIREC{1),ICIREC(L))
IDEV=0
GC TO 38
ENTRY SHCh(CRJINAM)
IDEV=1
DFSN BLANKS THE DISFLAY SCREEN
[F(NMOVE)ICALL CFSN
GG TO 38
ENTRY DISPLA(CBJNAM)
ICEV=-1
GC TO 38
ENTRY PRTGLT{OBJNAM)
IDEV=2
GC TO 38
ENTRY PRTPLT(QRJNAM)
ICEV=3
GO TO 38
ENTRY PRTPLT(CBJINAM, IPLT)
ICEV=4
GC TO 38
DOES HE BELCNG HERE?
IF(UPENJNE.CICALL CLCSE
OPEN=0
INITIALIZE THE INDEX FCR THE CLTELT ARRAY {IL=1)
IL=1
CALL TIME{C) INITIALIZES THE CPL-TINE CCUNTER (USED FGR
TESTING PURPCSES)
IF(NPRTICALL TIME(OD)
THE NEXT FUUR PARAMETERS ARE FCR THE SCALING ALGORITHM
XMAX==1,.E6
XMIN=1,E¢
YMAX=-1.E¢€
YMIN=1.E¢€
THE NEXT SIX STATEMENTS SET UP THE FRINT LINE FOR ENTRY
MESSAGE.
NSC=BLNK
AMO=NO
NSH=BLNK
[F (NSCAL INSC=NC
[F (NMOVE)NMC=BLNK
[F(NSHET )INSH=NC
THE NEXT FCUR FARAMETERS ARE INITIALIZED FCR DRETRV
ID=1
1C=0
ICMAX=0
[CMAX=0
NPTS IS THE NUMBER CF FOINIS. IF THIS WAS THE FIRST
DRAWING (AS SFCWN BY LAM) wE WILL PUT UN AN EXTRA POINT
AT THE BEGINNING GF THE CLTPUT VECTCR. IT wilLL BE
EQUIVALENT TC CALL PCINTS{CyCesCoesCayla)
NPTS=1
[F(LNM.EC.C)CGC TC 8
NPTS=0
IL=-1
LAM=LNM+ 1
CBINML=FAC (LEJINAN)
FIND THE ENTITY IN THRE NAME TAELE. IF NCT THERE, TO 10
CALL ENCAAM{IFINC,UBJAML,ITYP,E10)
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IF(BATCH)CALL LCCUNT(Z)

DRWPRT(ICEV+2) WILL SET UP THE APPRUPRIATE MESSAGE

IF (NPRT)FRINT G ,CRWPRT(ICEV+42) 4GEJNN]
FORMAT(?CENTRY TC *,A6,2H("4AE42H"))
IF(BATCHICALL LCCUNT(1)

IF(NPRT)PRINT 1,CRWPRTUICEV+2) ¢NSCyNNCoASH

SET UP ANG PRINT QUT THE APPRGPRIATE PARAMETERS
FORMAT(1X, A€ 41 PARAMETERS: *,A2,'SCALy "9A2,"MUVE, ",A2,*SHFT*)

MAKE SULRE AN ENTITY NAME WAS PASSEC.IF SCy GO TO 11
IFCITYP.NEL2) GC TG 11

UTHERWISE, PRINT ERRCR MESSAGE
IF(BATCH)CALL LCCUNT(Z)

PRINT 3,DRWPRT(ICEV+2),CBJNN]

FCGRMAT (Y O0**%CRAWL ERRCR = ATTEMPT TC '4A6,* TRANSFORMATIUN * ¢
yABy 1FY) '

CALL ABOKTZ(21)

RETURN 2

IF(BATCHICALL LCCUNT(Z)

PRINT 12,UBJNML,CBJINML,DRWPRT(ICEV+2)

IF THE ARGUMENT WASN'T FCUND,SET ULF MESSAGE AND PRINT IT
FORMAT (Y C##%[RAWL ERRCR = "9¢,A8,2F'(,Z10,* NOT FOUND BY *,A6)
CALL ABCRTZ(22)

RETURN 1

NOW FCR THE KETKLIEVAL ANC NMULTIPLICATION PART UF IT ALL.

DRETRV IS A PSEUDU-RECURSIVE FUNCTICN. IT IS NON-TRIVIAL

YET SIMPLE IN ITS OUwh, EFFECTIVE WAY.

INITIALIZE LVEC FCR ORETRYV

CveC(l)==1FIND

CONTINUE
CALL DRETRVe NCTE IT wILL RETUEN TC THE STATEMENT BEFORE
THE CALL IF IT TAKES EXIT CNE ANU KEEP CALLING ITSELF

CALL DRETRV{E13,¢£19)

EXIT TC 19 IS TAKEN IF THE USER ATTEMFTEC TO PLACE THE

EYE PCINT IN THE SAME X-Y FLANE AS CNE OF THE POINTS TO

BE DRAWN (THIS WOULC CALSE CIVISICN BY ZERC)

GRETRV HAS NCw SET LP THE CLTPLT ARRAY., CALL GUTPUT, WHICH
LIKE CRAw, IS COMMCN TC ALL TYPES CF CUTPUT.

CALL CUTPUT(NSCALyNSHFT o AMCVEICEVINPRT,,IPUT,BATCHy&L16)
EXIT TC 16 IS TAKEN IF THE DRAWING GCES CFF THE SCREEN
wHEN EXECUTING A *StCw's THIS SHCULC COME ASCUT ONLY
WHEN THE USEK IS RUNNING wITH SHFT CR SCAL UFF.

HAVING CCTTEN FERE, THE CRAWINGC IS CCMPLETE.
GET THE ELAPSEL CePoLTIME IN INT (SINCE CALL TIME(O))

IF(NPRT)ICALL TIME(L,0,INT)

CCNVERT IT FRCM MILLISECCNCS TC SECCNCS

ZTIME=INT/1CCO.

AND PRINT IT GLT

[F(BATCHICALL LCCUNT(1)

[IFINPRT)PRINT 17,ZTINME

FCRMAT(F7.24% Cs Poe Us SECCNCS FCR CRAWING.')

THE DRAWING IS COMPLETEC. ALL IS WELL.

RETURN
19 IS ACCESSELC CNLY IF DRETRV FAC AN ERRCR AS INDICATED ABOVE

RETURN 3
16 IS ACCESSEC CNLY IF OLTPLT FHAL AN ERRCR AS INDICATED ABUVE

RETURN 4

END
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C OLTPLT
C
SUBROUTINE CUTPLUTUNSCAL NSHFTyNMCVE,LICEVyNPRT,LDON, BATCH)

C CUTPUT*S MAIN FUNCTICN IS TC SCALE CRAWINGS (AND
C SHIFT THENM IF NECESSARY) SO ThHEY FIT CNTC THE OUTPUT
C DEVICE. IT ALSC SELECTS TrHE APFRCPRIATE QUTPUT DEVICE
C (ACCORDCING TC THE INFORMATICN FASSEC IN IDEV)
INTEGER#*2 INUM,CVEC CURMAT,EXPIRE,ZIL,IC,IT
CGMMON /CRWCCM/CVEC(5C) s CURNMAT(S50)yEXPIRE(SN)4I0,IC,
1 NPTS,ICMAX ICMAX o XMINy XMAX YMIN, YNAX,](SQbQ’,IT(Z730)y[L
LCGICAL NSCALWNSHFT yNMOVEJNPRT,BAT(CH
INTEGER INAGE(L1570) ¢yNSCALE(S)/CeCy24Cy3/
C THE FOLLOWING 4 VARIABLES ARE LSED FUR SCALING
XMAX1==1.E¢&
YMINL=1.E6
YMAX1=-1.Eé&
C XLIM ANC YLIM £RE THE MAXIMUM CLTPLT SIZES ALLOWED
C FOR ThHE VARICULS DEVICESS. THIS SECTICN SETS THEM,
IF(IDEV.EQe leORs ICEV.EC.~-1)CC TC 10
YLIM=28.
XLINVM=4G,
IF(IDEV.NELOIGC TO 12
C THE UNIVERSITY GF MICFIGAN CRAWL INPLEMENTATION USES
C THE UNIVERSITY'S CALCCMP FCUTINE PACKAGE. ALL SUCH RUUTINES
C ARE NAMED STARTING wWiThH A LETTER P
C PFDNAM SETS THE LOGICAL CEVICE NUMBER ONTO WHICH PLOTY FILES
C (IeEsey CCMMANDS TCO THE PLCTTER) ARE TC BE WRITTEN,
C AT RUN TIME, THE LSERS MLST SAY
C $RUN MYPROGRAM+SS1IC:CRAWL 8=PLCTFILE
C THIS WwILL WRITE THE FLCT FILE TC LCN 8 (IF URAW IS CALLED)
C 8 SHOULD NCT BE USED #0R ANY CTHER PURPLSE
CALL PFCNANM(S8)
C PLTXMX SETS THE MAXIMUM PAPER LENGTH

CALL PLTXMX(4S,)
GC 10 12
10 IF(IOEV.EQ.-1)GU TO 11

L THE UNIVERSITY OF MICHIGAN DRAWL IMPLEMENTATION USES THE
C DF ROUTINE (FOR DISPLAY FILE RCLTINE) PACKAGE OF THE
C CUNCGMP FRCJECT FOR THE CICITAL EQUIFNMENT CGRPURATIUN
C 338. ALL OF ROUTINE NAMES START wITH 'DF°,
C THE DISFLAY SCREEN IS G.275 INCHES SGUARE
XLIM=9.,375
YLIM=9,375
C CFINI INITIALIZES THE OISFLAY FILE EBUFFER
CALL DFINI(C,0)
GC TU 12
11 xLIM=30.
YLIVM=10.
C TUPEN INITIALIZES THE ROLTINE FCR THE 10" CN-LINE
C PLCTTEKR KEFERENCED BY DISPLA.
C IT HAS BEEN IMPLEMENTEC AT THIS PCINT

CALL TCPEN(.TRUE.)
12 [IF{BATCH)CALL LCCUNT(2)
IF(NPRT)PRINT 34 XMINXNAXSYMIN,YMEX

c PRINT CULT THE REAL CkAWING LIMITS AS CISCOVERED BY DRETRV
34 FCRMAT(? XMIN= *4WF12.3,' XMAX= ',F1l2.3/
1 YMIN= *,F12.34' YNMAX= ',F12.32)

C START THE SHIFTING ANU SCALING FROCEDULRE
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k=21
FIND CLT IF T+E LIMITS AS CISCCVEREC FALL WITHIN XLIM AND YLIM
MAKE SURE THERE!'S NCGTHING IN QUACRANTS II,II1I,0R IV UNLESS
NOSHFT IS CON.
[FIXMINSCTACo)XMIN=0.
IF{YMINSGT.Ca)YMIN=0,
XSCALE=(XMAX=-XNMIN)/XLIM
YSCALE={YMAX=-YMIN)}/YLIN
IF(NSCAL)YSC2LE=]1.
[FI(NSCAL)IXSCALE=1.
[F(XMAX=XMINATXLIM)XSCALE=1.
IF(YMAX=-YMINSLTLYLIM)YSCALLE=1.
IF{XSCALELLTLYSCALE)XSCALE=YSCALE
ITFIYSCALELLTJXSCALE)YSCALE=XSCALE
IF(NSHFT)IXNMIN=C,
IFINSEFT)YMIN=C,
J WILL CCUNT TFE NUMBER CF PCINTS USEC (UNE DIS-
PLAY FILE CAN FCLD CNLY 255 FCINTS.)
J=C
CCONT INUE
IF(IDEV.GTLY1IGC 10 42¢
LOOP THRCUGH THE ARRAY T wWHICE WAS SET UP BY ORETRY
AND SCALE ANC SHIFT ALL FUINTS (NGTE THE SCALE
FACTOR IS CNE IF NOSCAL IS CN ANC THE SHIFT FACTOR
IS ZERC IF NCSHFT IS ON.
THE NEW MAXS ANC MINS ARE RECCRCEC.
G 126 1=1,NFTS
XR1={T{(I%2-1)-XMIN)}/XSCALE
YRI={(T{(I#2)-YMIN)/XSCALE
[F{XRLoeLToXMINI)XMIN]I=XR1
IF{XR1.GTo XMAX]1 ) XMAX]1=XR]
IF{YR1LT.YMINL}YMIN1=YRI]
{FIYR1.GT.YMAX])YMAX]I=YR]
GU TOQ THE RIGHT OUTPLT DEVICE®'S RCUTINES
IF(ICEV)22741274221
THIS 1S CALCCMF TERRITCRYe THE SWITCE WILL BE IN ®[Tw,
ALLUWABLE SWITCHES ARE O=INVISIBLE.1l=VISIBLE,Z2=DASHED
LINEy3=CENTER~-LINES £RE TC BE LRAWN.
THE SwITCHES KAVE TC BE EULMPEDC UF EY CNE TO BE MADE
CCMPATIBLE WITE TrE RCUTINES THEY FEEC. C WAS USED FOR
INVISIBLE EECALSE OF ITS LGCGICAL COCNNECTIUNS.
IS=1T(1)+1
EACH TYPE CF LINE TC BE CRAWN FAS IT'S CnN PLACE
GU TC (120412l41224123),15
NOTE THAT IF AM JLLEGALLY KIGH VALULE IS FCUND,y IT DEFAULTS
TO PENULP,y CR IMNVISIBLE LINE,
PENUP'S ARGUNMENTS AKRE (X,Y) IN INCHES
CALL PENLP(XRL,YR1)
GC TG 1€
PENDN ALSC GETS (X,Y) IN INCKES
CALL PENCN(XKl,YR1)
GC 74O 1c¢
POSHLN (CASHELC LINES) GETS {xy,Y) ANL 4 CTHER PARAMETERS
{UNRELATED TQ CENERAL IMPLEMENTATICNS.)
CALL PDSHLN{UXR19yYR149291+04C)
GC TO 12¢ «
PCTRULN{FCR CENTER LINES) CETS (Xx,Y) IN INCHES. OTHER THREE
PARAMETERS ARE NOUT PROFCUNC.
CALL PCTRLN(XR14YR1ycZs1,4C)
GC TO 12¢
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FOR THE CRT, IF THE SwITCF IS NCN-ZERC, SET IT TO 1
I1S=0 :
[FCIT(I)NELC)IS=1

UPCATE NUMBER-CF-PCINTS IN ThIS CRAWING COUNTER
J=J+1l

MAKE THE FIRST VECTCR AN INVISIBLE CONMNE
[IF{J.EQ.1)15=0

DFXYC BUILCS A LCISPLAY FILE. THE ARGUMENTS ARE

X AND Y IN INCHESy THE CN/CFF SwITCH. EXIT TC 999 IS TAKEN

IF THE CRAWING WILL CC CFF TFE SCREEN (CCULD CRASH
THE DISPLAY'S SCFTWARE OTHERWISE.)
CALL DFXYC(XR1,YR1,I$,4895S)
IF(J.LE.254)G0 TC 126
IF THE CURRENT FILE IS FULL, SET LP ANOTHER ONE
J=0
DFAVL RETLRNS THE *NAME® CF ThE LAST USEC
DISPLAY FILE. THE ASSUMPTICN THAT CRAWL IS NCT THE
CNLY PCSSIBLE SCURCE CF CISPLAY FILES ALLUWS GREATER
FLEXIBILITY.
CALL DFAVL(NAM)
DF201 SENDS THE CISPLAY FILE TC THE REMCTE DISPLAY
CALL DF201(CyNAN)
OFINI AGAIN INITIALIZES THE NEw C.F. BUFFER
CALL DFINI(0,0)

GC TO 1lce
ON-LINE 1C" CALCCMP KCUTINE
[5$=0

IFCITOI)aNELC)IS=]L

SEND THE PLCTTER THE Xy ANC Y IN INCHESy WITH PENUP/DUWN Sh.

CALL XYAEBS(XyaY,18)
CCNTINUE
126 IS TtE ENC OF TkHE LCCP.
IF WE GET HERE, THE CRAWING IS CCNE. CET THE NAME UOF
THE LAST C.Fes FCR TRANSMISSICN.,
CALL DFAVLUINAM) M
CC 1O 3332

THIS SECTICN IS FCR PRINTED CUTPLT (PRTPUT,PRTPLT,PRTOUT)

DC 424 I=1,4NFTS
12=1%2
lzl=1%2~-1
SCALE THINGS IN THE ARRAY 'T* ANC LEAVE THEM THERE
PASS THE ARRAY TU THE APPRCPRIZTE RCUTINE
FGR FINAL CLTPLT
TEI2L)=(T{I121)=-XxNMINI/ XSCALE
IF(T(I21) oLToXMINLIXMINLI=T(IZ])
[F(T{I21 ) CTXMAXL)XMAX]I=TLIZ]1)
TLI2)=(T(12)-YFIN)/XSCALE
IF(T(I2)«LTLYMINT)YMINL=T(12)
IF(TUI2)eGTYMAXT)YNMAXLI=T{(IZ)
CONTINUE
IF(IDEV=-2)462%5,525,625
525 IS FOR PRINTER PLCT RCUTINE
525 1S FCR wRITING ON A CEVICE (LEN C - S)
425 IS FLR PRINTING CUT THE VALUES IN TABULAR FURM
[F(BATCH)CALL LCCUNT(5T7)
DC 427 I=1.NPTS
IF(BATCHICALL LCEUNTC(L)
PRINT CLT i-E VALULES IN THE ARRAY *'T°!
PRINT 1100 ITCLI) i (1211 TL1%2)
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FCRMAT(3X,12,4(2X,F7.21)

IF(BATCH)CALL LCCUNTI(57)

GG TO 332

CC 626 I=1,4NP1S
WRITE CLT THE VALUES IN ARRAY *T' CN THE REQUESTED LON

WRITE(LDNG 1ICHITUI) o T(I%2=1),T(1#2)

GC TO 332

IF(BATCHICALL LCCUNT(57)

IF (BATCH) ILEN=10CC

IF(NCTLEATCF)ILEN=TI

IF(XMAXL oLTe(1.5%YMAXL) ) XMAXLI=1.5%YNAX]

[FIYMAXL LT o{ o66E6#XMAXL) DYMAXI=XNAN 1,666
PLOT14 WILL FLCT THE ENDPUINTS OF ALL LTINES ON THE PRINTER
IN ORDER, ThHE ARGUMENTS ARE:
SCALING INFORMATICN (0 FCR US), # FCRIZCNTAL GRID LINES,
# SPACES BETWEEN HORIZ. LINES, # VERTICAL LINES, #SPACES
BETWEEN VERTICAL LINESy AN ARREY IN whICH THE OUTPUT IMAGE
IS TO BE SET UFyTHE XMAX,XMIN,YNAX,YMIN, TFE CHARACTER TO
BE USED IN PLOTTING,THE X-ARRAY,Y=-ARRAY ,NUMBER OF PUINTS,
BYTE SIZE GF X &Y ARRAYS (8 FOR LS), LABEL
SWITCH (0O MEANS NO LABEL), ANC LCCATILN CF LABEL.
THIS RCUTINE IS IN THE MTS SYSTEM LIERARY. DIFFERENT
INSTALLATICNS WILL FAVE CIFFERENT RCLTINES ANDC ARGUMENTS.

CALL PLCTL14(NSCALE 295242+ ILEN, INAGEyXMAX1 ¢XMINL,YMAX1,YMINL,
PG T(1)yTUZ) yNPTSyE4CyN)

IF(BATCH)CALL LCCLUNT(57)

CCNT INUE
IF THE CRAWING WAS SCALEC, TELL KIM ABOUT IT

[F(ABS{XSCALE=-14C)+LT.C.CO5ICC TC 27

IF (BATCH)CALL LCCUNT(1)

[F (NPRT)PRINT 36 ,XSCALE

FORMAT(Y THIS CRAWING WAS SCALEC EY ',F8.3)

IF{BATCHICALL LCCUNT{3)

IF(NPRT)IFRINT 35
PRINT THE ACTULAL RCUNCARIES

FORMAT('  ACTUAL DRAWING BCUNCARIES:?)

IFINPRT)PRINT 34 4XMINLyXMAXL,YMINL,YMAXI]
FINISH EVERYTEING CFF - FLTEND MCVES THE CALCCMP PAPER,
DF201 SENGS THE LAST D.F.
TCLOSE CLUSES THE ON=LINE FLCTTER'S BUFFER

IFUIDEV.EQ.0.ANC.NMOVE)CALL PLTEND

[F(ICEV.EC.1)CALL DF201(CyNAM)

IF{NMUVE sANC.ICEV.EQe=1)1CALL TCLCSE

RETURN

RETURN 1

END

INTERNAL RETRIEVAL SUBRCUTINE

URETRV IS A PSEUDO-RECLRSIVE RCLTINE. IT *PUSHES!

AS MANY TIMES AS THERE ARE LEVELS CF NESTED ASSEMBLIES UR
APPLICATICNS CF TRANSFCRMATICN MATKICES. IT MAINTAINS THREE
PUSH=CCwN STACKS :

DVEC - A LIST CF TrE ENTITIES MNESTED WITHIN ENTITIES. THE
ENTRIES CCNSIST UOF THE PCINTERS TC THE ENTITY*S

LOCATICNS IN THE NAME TABLE. THE PCINTER TU THE NAME

WHICH CCNTAINS CTHER ENTITIES FAS THE NEGATIVE OF ITS POINTER.
wHEN AN ENTITY IS PLSHEC CNTC CVEC, AtL ITS CONSTITUENT
ENTITIES ARE ALSC PUSFED CNTU CVEC. THE ENTITIES
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WHICH ARE CCNTAINED IN THE LAST ENTITY (IF ANY) ARE THEN
PUSHED CNTC THE END CF THE STACK, WITH THE OLD END BEING
GIVEN THE NEGATIVE CF I[TS VALUE. IC IS DVEC'S INDEX,
CURMAT = CCNTAINS PUINTERS TO THE TRANSFORMATIUN MATRICES
WHICH ARE TG BE APPLIED TG ALL FCINTS PRCCESSED. THIS KEFPS
TRACK CF THE LEVELS CF TRANSFURMATICN. IC IS THE INDEX
FOR THIS STACK. TMAT CCNTAINS THE PRCOUCT UF ALL MATRICES
FRGOM CURMAT(1) s CURMAT(IC) AT ANY CIVEN TIME.
EXPIRE - KEEPS THE VALUES GF IC SUCH THAT WHEN EXPIRE(IC)
IS LESS THAN ID, CURMAT(IC) IS TAKEN OFF THE LIST, AND
TMAT IS RE-EVALUATED. IC IS USEC BY EXPIRE AS INDEX.
SUBROUTINE CRETRV(#*,%) )
CCMMCN /ATAEL/ ICIREC(8CC), FCINT(SQCC),TABLE(5070)
COMMGN /CRWCCM/CVEC(50) yCLURMAT(5C) yEXPIRE(50),1041C,
1 NPTSyICMAXyLCMAX g XMINgXMAXYMIN,YNAX,T(54600, [T(2730),IL
CCMMON /VAR/ PTNAX,PTFTR,TAEMAX, TAEFTRyDIRNVAX,DIRPTR,
APTCTRyPT o ITP o TPTCTRyGPENyNASM ,GENNAN,NSCAL yNMOVESNSHFT
¥ LNM NPRT4BATCH
INTEGER®2 INULMyDVEC yCURMAT 4EXPIRE,IC,IC,IT
INTEGER%2 IPCINT{1CG0CC), [TABLE(LCCCC) PTMAX,PTPTR, TABMAX,TABPTR
INTEGER®4 IDIREC 4OPEN,DIRNAX CIKPTRyPTCTR PT,TPTCTR IX/1/41Y/2/
LCGICAL EATCH »
REAL*8 CIREC(4CO)yPAD,GENNAV
EQUIVALENCE (IPCINT(L)PCINT(L)) o (ITABLE(1) ,TABLE(L)),
* (UIRECU1),ICIREC(1))
ULTPTS wilL CONTAIN THE VALUES LLTIMATELY PASSED TO THE
OUTPUT ARRAY *1¢
TMAT, TMAT1, ANC TPCINT ARE SCRATCH MATKICES.
REAL OUTPTS(4) yTPUINT(4) sTNAT(494) s TNATI(4,4)
c 1D WAS SET TC 1 BY CRAW (STMT 11) FCR THE FIRST TIME THRU DRETRV
INUM=1D
c WHEN IC=C WE'RE OUCLNEC.
[F(INUMoEC.C)IRETLRN
c TO 4 IF THIS IS THE FIRST TIME THRCUGFH
IF(INUMGEQ.1)GC TC 4
c THIS SECTICN *FCPS* ALL STACKS.
CO 100 I=1,IC
[1=1D-1+1
c THE FIRST NEGATIVE DVEC(K) MEANS HEAL OF SUMETHING TO DO.
IF(DVEC(IL).LT.CIGO TC 1C1
160 CUNTINUE
C DUES THIS ENTITY HAVE SUB-ELEMENTS?
C IF NUT, TC 1C2
101 IF(DVEC({I141).EQ.CIGC TC 1C2Z
DVEC(ILl+1)=0CVEC(IL+1)-1

OO OOOHOO0O
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c INDICATE *WURKING-CN-THIS-ELEMENT?'.,
DVECUID)==-CVEC(ID)
GC TO 4

C ZERC IT IN CVEC

12 CVEC(I1)=0C

I10=11~1

C IF DVEC FINALLY EMPTY, WE'RE CONE.
[F(IDEC.CIRETURN

C NU MATRIX TC LSE? IF NCT, RETURN,
IFC(IC.LELCIRETURN 1

C SHCULL CURKENT TMAT MATRIX BE EXFIRED? IF NUT, RETURN
IFIIDGELEXPIRE(IC)) RETURN 1

C IF SC, LZERC 1T CUT

CURMAT(IC)=0C



EXPIRE(IC)=C

IC=IC-1
[F(ICeLTol) RETURN 1
C SET TMAT TG ICENTITY MATRIX

DO 112 J=1,4
DC 112 K=1,4
TMATL(J,K)=0,
IF(J.EQ.K)TMATL(JyK)=1.
112 CCNTINUE
C IN THIS LOUCP, BUILC TMAT wITF THE NECESSARY MULTIPLICATIUNS.
0O 115 J=1,1C »
IAKG=IDIREC(CURNMAT (J)%242)/2+1
CALL MATNLT{TMAT ,TABLE(IARG),TNATL)
IF(IC.EC.JIRETURN 1
DC 115K=1,4
CC 115 I=1,4
115 TMATLI(L,K)=TNAT(I,K)
RETURN 1 - -
c FOR THE FIRST TIME THRCUGK, DVEC(1) WAS SET AT STMT 11 IN DRAW
C TO THE =(LCCATICN IN CIREC OF ENTITY TG BE DRAWN).
C ISTART 1S THE LCCATICN IN TABLE CF TRIS ENTITY,
C 160 IS THE TYPE OF ENTITY,
4 ISTART=ICIREC(-CVEC{INUM)%242)
[GU={DIREC{=CVEC{INUM)*2+1)
GG TO(LCCCs2C0C,200C,4C0C),1GO
c UBJECT RETRIEVAL - SET UP LINITS IN *POINT' FOR THIS UBJECT
1000 ILCWR=ISTART+3
IUPPR=TLCWR+(ITAELE(ISTART+1)=1)4%2

CC 1CC9 J=ILCWR,y IUPPR,2Z
NOX=ITABLE(J)+1]
KUPPR=ND x+3
K1=0
C COPY THE NEXT FCINT IN THE CBJECT INTC TPCINT

DO 1011 K=NDX,KUFPR
Kl1=Kl+1

1C11 TPOINT(KLI=PCINT(K)

c INCREVMENT PCINTS-TO-BE-DRAWN CCLATER
NETS=NPTS+1

C IF IC < 1, PCINT IS UNTRANSFCRMEC

C IF IC = 1, PCINT IS TC BE TRANSFCRMED BY CALY ONE MATRIX

C IF IC > 1, FUINT IS TC BE TRANSFCRMEC BY THE MATRIX PRODUCT IN T

c

c UNTRANSFCRMEL FCINT

[FIIC~-1)1015,1014,1012
1C15 CC 1013 Kl=1,4
1013 QUTPTSU(KL)I=TFCINT(K])

GL TC 1C19
C PUINT TO BE TRANSFCRMEC BY TNMAT
1012 CALL PTNMLT(CLTPTS,TPCINT,TNMAT)
GC TO 1010
C PUINT TC BE TRANSFCRMNEC BY CNE MATRIX ONLY - TAKEN STRAIGHT
C FRCM TABLE.

1014 TARG=IDIREC(CURMAT(L1)*c+42)/c+l
CALL PTMLT(CUTPT Sy TPUINT »TABLE(IARC))
1010 IFCABS(OLTPTIS(4)).LT.,.001)GC TC 2(C1
C INCREMENT CLTPLT VECTUR INDEX, CHECKING FCR UOVERFLOWe.
IL=1L+2
IF{IL.GTL272CICL TO 1235
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HERE'S THE SCALE FACTCR CUINGS [1S TFING.
JIX AND 1Y ARE SET BY VIEWXY, VIEWXZ, AND VIEwlY. DEFAULT SETTING
IS X-Y PRCJECTICN.
CHECK THE CRAWING LIMITS = USEC EY OLTPUT FOR SCALING.
T{IL)=0ULTPTISULIX)/0LTPTS(4)
TCIL+1)=CLTPTISHLIY)/CUTPIS(4)
IF(T(IL) «GT e XMAX)XMAX=T(IL)
TF(TOIL) LT o XMINIXMIN=T{IL)
IF{TUIL+1) .CT YMAX)YMAX=T(IL+1)
IF(TUIL+1) o LT YMIN)YMIN=T(IL+])
C TYPE-OF-LINE SaITCH (FIRST ARGUMENT TC "CALL POINTS"™)
1CC9 IT(IL/Z*I)‘ITAELE(J+1)

OO0

C ZERO OUT THE LAST ENTRY IN CVEC.
DVEC(ID)=0
c DECREMENT CVEC INDEX
10=1D-1
RETURN 1
1235 [F(BATCHICALL LCCUNT(2)
PRINT 12326
1236 FORMAT('C##*#%CRAWL ERRCR = CNLY 2723C FCINTS/DRAWING.')

RETURN
C ASSEMBLY RETRIEVAL
300C NUM=[TABLE(ISTART+3) v
C GET THE & CF ENTITIES IN THIS ENTITY.
CVECUID+1)=NUNM
C SET THE LCCP LINITS TC CIG THE ENTITIES CUT OF TABLE

NLCWR=ISTEART+5
NUPPR=NLCWR+NUM-1
C WE'LL PUT TRE FPCINTER TO EACE ENTITY INTC DVEC
IC=1ID+NUNM+1
KEEP TRACK CF FOw BIG IC GETS. THIS wWAS A DESIGN PARAMETER.
BY PRINTING IT OUT (ALCNG WITH ICMAX),FIND OUT HOwW BIG CIMENSION
LIMITS FCR DVEC ANC CURMAT SHCULC BE
[IF{IC.GTJICFAX) ICMAX=I1L
[1=1D+1
CC 3200 [I=NLUWR,NUPPR
[1=11-1
C PICK UP FCINTER
320C OVEC(ILI=ITABLE(D)
KETURN 1
C RETRIEVAL CF THFANSFCRMED ENTITIES
4CCO IC=IC+1
IF(IC.GTICMAX) TICMAX=IC
C PUT PCINTER TO THE XFCkM IN CURMATY
CLRMAT(IC)I=ITABLECISTART+1)
CVEC(IL+1)=1

aNelel

C SET UP CVEC wWITH PTR TC *SCURCE' ENTITY
CVEC(ID+Z)=ITABLE(ISTART+2)
C INCICATE WHEN THE MATRIX JULST SPECIFIED IS TU 'EXPIRE' - THAT IS
C SHOULD NCT BE MULTIPLIEC INTC FGINTS ANY MURE IN THIS DRAWING.
EXPIRE(IC)=IC
[L=10+2
[F(1D.GT.ICMAX) ICMAX=IC
C IF = 1y THIS IS FIRST MULLTIPLICATICN LEVEL.

[F(IC.GTL1IGC TC 4106
[F(IC.LECCIRETLRN 1

C GET LCCATICN CF VALUES IN TABLE.
K=IDIREC(CURMAT(1)x2+421)/2
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OO0 oGO0

41C7

41006

41C5

2000
20C1

20C2

PAD

1C

2C

CC 4107 J=1y4

CC 4107 I=1,4

K=K+1
PUT VALUES IN TMAT,

TMAT(L,J)=TABLE(K)

RETURN 1 V
IF THIS IS NOT THE FIRST LEVEL CCwh, MULTIPLY THE NEW MATRIX
INTO wWHAT CANME BEFCRE.,

CC 4105 J=1+4

DO 4105 I=144

TMATLI( I, J)=TMAT( ], J)

IARG=IDIREC(CURMAT (IC)1%242)/2+1

CALL MATMLT{TMAT ,TABLE(IARG),TNMATL)

Wt TRANSFERRED TU HERE ONLY AS A CUMMY, FGOR MATRICES. THIS CASE
CAN NEVER EE REACHEL

RETURN 1

[IF{BATCH)CALL LCCUNTI(2Z)

PRINT 2C02,CLTFPTEL3) _

FORMAT( 'C***[CRAWL ERRCR - ATTEMPT TC PLACE EYEPCINT IN SAME X-Y'/

¥ ! PLANE AS PUCINT TC BE LCRAWN. EYEPCINT wAS AT £ = ',F10.3)

CALL ABCRTZ{(23) '

RETURN 2

ENTRY VIEWXY

Ix=1

Iy=2

RETURN

ENTRY VIEWZY

[X=3

Iy=2

RETURN

ENTRY VIEWX!Z

[x=1

[vy=3

RETURN

END

THIS FUNCTICN SEARCHES THE CHARACTER STRING PASSED AS ARGUMENT
FUR AN 'a' (AT-SIGN) ANC REPLACES IT AND EVERYTHING TO
ITS RIGHT WITE BLANKS (UP TC A TCTAL ARGUMENT LENGTH OF
EIGHT«) THIS IS DESIGNEC TU CVERCCME A SPECIFICATION IN THE
FORTRAN IV RUNNING IN MTS = THE LITERALS ARE NOT INITIALIZED
AND CAN THUS CCNTAIN MISC. LEFT-CVER TRASH - VERY
UNDESIREABLE CMN CCMFARES. THE CETAILS WILL VARY ON DIFFER-
ENT MACHINES ANC AT CIFFERENT INSTALLATICNS. NOTE THAT ALL
THIS CCES IS ELIMINIATE THE REQUIREMENT THAT ALL 8 CHARACTERS
INCLUDING TRAILING HLANKS BE KEYFUNCHED BY THE USER.

REAL FUNCTICN PAL%8 { MNAV1)

REAL*B8 NANM,NAN]

INTEGER GET1sVAL/ZCCCOCCTC/+TNAMLPLTL1ACRCF

NAM=NANM]

CC 10 I=1ly¢&

TNAM=GETL1(ALRCF(NAM),1-1)

IF(TNAMJEQ.VAL)GC TC 20

CONTINUE

PAD=NAM

RETURN

CC 40 J=1,8
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4C CALL PUTLUACROF(NAM) yu=-1," *)
PAD=NAM
RETURN
END

ARGUMENT CHECKING FUNCTICNS =~ INTECER

FURTRAN IV (G LEVEL) RUNNING UNCER MTS CCES NUT CHECK
ARGUMENT TYPES. TO PRCVIDE ERRCR CHECKING, ALL NUMBERS
PASSELC AS ARGUNMENTS BY THE USER ARE RUN THRUUGH THESE FUNC-
TIONS. THEY CHECK THE RIGH CRDER BYTES {MAKING, THEREFURE,
ASSUMPTICNS CN THE ABSCLLTE SIZES GF THE NUMBERS THEY ARE

FUNCTIGN ICHKF(IANS)

ICHKF CHECKS INTECGER VALLES FCR INTECER-NESS.

CCMMON /VAR/ FTNMAX PTPTR,TAEMAX,y TAEPTRZCIRMAX,DIRPTR,
®PTCTRyPT yITPoTFTCTRyCPENYNASNM,GENNEN yNSCAL yNMOVENSHFT
*3yLNMgNPRTLEATCH

LOGICAL NSCAL,NMCVE NSHFFTyNFRTHBATCE

INTEGER*2 PTNMAX,PTPTR,TAEMAX ,TABFTR

INTEGER*4 TPTCTR JUPENJCIRNMAXZCIKPTIR,PTCTR,PT

REAL*8 CENNANV

CATA MASK //FCCCCCOQ/

EQUIVALENCE (IANS1,ANS1)»{1A4ANSZ)

c ULSERS CF 3€C*'S WHC ARE HAVING TRCUELE IMPLEMENTING THESE
C FUNCTICNS ARE WELCCME TU ACCRESS THEIR QUESTIUNS TO US.

IANS1=TANS

IF{IANSL1) 14542
LAND IS A *BIT-wISt?' LOGICAL FUNCICN. A BIT IS SET IN
THE RETURNEC VALUE OF LANC IFF THE CORRESPONDING BIT
IS ON IN BCTE ARGUMNENTS.,

IF(MASK-LANC (ANS14MASK)}) 44344
IFCLAND (ANSLyMASK) ) 44344
ICHKF=0
RETURN
3 ICHKF=1ANS1

RETURN
4 [CHKF=ANS]
[F{BATCHICALL LCCUNTI(L)
[FINPRT)PRINT SCC+ANS1,y ICHKF
500 FORMAT (' ***WARNING. UNEXPECTEC LECIMAL PCINT FUUND.*yF8.1
1 o' CHANCEL TG ',16)
CaLL ABCRTZ(E)

o GOOOOOO0O0

SO0

N e

RETURN
C
C ARGUMENT CHECKING FULNCTICNS = REAL
C
ENTRY CHECKF LANS)
C CHECKF CHECKS FLOATING PCINT ARGUMENTS,

ANS2=ANS
[IF(TA)1C,45C,2C
1C [F(MASK=LANC{IA,MASK))2C+4C,y3C
2C [F{LANDUTIA,MASK) )30,4C,3C
5C CHECKF=C.
RETURN
3C CHECKF=ANS
RETURN
40 CHECKF=T1A
[F(BATCHICALL LCCUNT(1)
IFINPRT)PRINT €1C,14,CHECKF
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FURMAT(® #**WARNING. EXPECTED CECIMAL PCINT MISSING.'41Xs16,
1 ¢ CHANCEC TG0',f8.11)
CALL ABCRTZ(S)
RETURN
END

AUTCMATIC (BJECT-ASSEMBLY CLCSER

CLOSE MERELY CFECKS “CFEN"™ TC CETERMINE wHAT *MODE®' IS IN EFFECT
TYPE 1 ===> CBJECT CEFINITICN ULNCER WAY

TYPE 2 ===> MATRIX CCMBINATICN (VvIA CMBMAT) UNDER WAY

TYPE 3 ===> ASSEMBLY DEFINITICN UNCERWAY

TYPE 4 ===> INIT WAS NCT CALLEC PRICR TG THIS

TYPE O ===> CLEAR SAILING - SHCULOD NEVER BE ZEROD IF GUT HERE

SUBROUTINE CLCSE

CCMMCN /ATABL/ ICIREC(8CC), PCINT(SCCC) TABLE(5000)

CGMMON /VAR/ FTNAX,PTPTR,TAEMAX,TAEPTR,CIRMAX,DIRPTR,
*PTCTRyPTyITP,TPTCTRyUPENyNASM,GENNAN yNSCAL ¢ NMOVE NSHFT
*,LAM,NPRT,BATCH

COMMCN /CLSE/TC(444) 4 XNANE,ISh

LOGICAL NSCAL,NMCVE ,NSHFT,NFRT,BATCEF |

INTEGER*2 IPCINT(10COG) 4 ITAELE(LCCCC)PTMAX, PTPTR, TABMAX,TABPTR

INTEGER*4 IDIREC yOPEN,DIRMAX,DIRPTRyPTCTR,PT,TPTCTR

REAL*8 CIREC(4C0),UBJNAM,GENNAN y XNANE

EGUIVALENCE (IPOINT(L1)yPCINT(1)),(ITAELE(L),TABLE(L)),

% (DIREC(1),ICIREC(1))
GC TO(1CC,2CC43CCy4CC),CFEN

100 IF(BATCHICALL LCCUNT(Z)
[F(NPRT)PRINT 1014DIREC(CIRPTR=2)
101 FORMAT{Y *x%wARNING: FAILURE TC FINISH CBJECT ***,A8,1H"/
1 FINCBJ CALLED FCK YCL.')
CALL FINCBJY
CALL ABCRTZ(11)
RETURN
3CC  IF(BATCH)ICALL LCCUNT(2)
[F(NPRT)IPRINT 301,0IRECI(CIRPTR=-2)
301 FORMAT (' ##*WARNING: FAILURE TG FINISH ASSEMBLY **',A8,1H'/
1 FINASM CALLED FCR YCUL?')
CALL FINASM
CALL ABCERTZ(12)
RETURN
200 IF{(BATCH)ICALL LCCULNT(2)
IF{NPRT)PRINT 50C,XNANE
5C0 FORMAT(* *%*wARNING: FAILURE TC ENC CMENMAT(*?',A8,2H")/
1 eENCCMB CALLED FCER YCLW.Y)
CALL ENCCMB
CALL ABLRTZ(13)
RETURN
4CC  IF(BATCHI)ICALL LCCUNT(Z)
[FINPRT)IPRINT 4C1 ,
4C1 FORMAT (' #*3nARNING - FAILLRE TO CALL INIT.*)
CALL INIT
CALL ABORTZ(14)
RETURN
END
MATMLT

MATMLT MULTIPLIES Tw(l FCUR-EBY-FCULR MATRIUCES TUGETHER
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A =8 % (

SUBRUUTINE MATNLT{A,B+C)
REAL Al404) 9E(4y4) 2C(444)

DO 1 I=1,4
CO0 1 J=1+4
AlJs1)=C.

DC 2 K=1,44
DC 2 J=144
DC 2 I=1l,y4

Al oK)I=ACT oK)I4B{G KIXCLT 4 J)

RETURN

PCINT MULTIFLICATICN RCUTINE

PTNLT MULTIPLIES A CNE-BY-FCUR BY 2 FCUR-BY-FUUR

C =P *%F
ENTRY PTNLT(C,P,F

)

REAL®4 C(4)4Pl4)F(444),TAL444)

D0 101=1,4
C(I)=0.

OC 20 I=1,4

DO 20 J=1,4
COI=0(I)+PLJ)*F(
RETURN

ENTRY ICENT(TA)

IyJi

IDENT SETS LP A 4-By-4 ICENTITY MATRIX

CC 3 I=1,4

CC 3 J=1,4
TA(Jy1)=C,
[IF(1.EQ.J)TA(L,J)
CCNT INUE

RETURN

END

RETRIEVAL SULBRCLTINE

=1

RETREV CICS CLT GF THE TAELES ANC CISPLAYS THE

nITH THE NAME CIVEN AS ArRGUMENT.

A) CBJECT (TYPE

b) ASSEMELY (TYPE 3)

1)

C) TRANSFCRMATIUN MATRIX (TYPE 2)

D) TRANSFCRNMEDC CBJECT CR ASSEMELY

SUBROUTINE RETREV{TSTNAM,*)

COMMCN /ATAEL/ ICIREC(8BCUI,

FCUk TYPES ARE

(TYPE 4)

VALUE ASSUCTATEY
POSSTHLE:

PCINT(5CCG),TABLE(5000Q)

CCMMON /VRR/ FTMAX,PTPTR TAENMAX, TABFTR,DIKNAXyDIRPTR,
%PTCTRyPT oITPyTPTCTRyCPENSNASV,CENNAM NSCAL yNMOVEsNSHFT

¥y LNMyNPRT,BATCH

LCGICAL NSCALyNMUVESNSHETNFRTBATCH
INTEGER*2 IPCINT(1CO00C),ITAELE(LCOCO) PTMAX,PTPTR,yTABMAX,TABPTR
vOPEN,CIRNAX OIRPTIR,PTCTR,PT,TPTCTR

REAL*8 LIREC{4C0),0BINANM,GENNAN
EQUIVALENCE (IPCINT(L)4PCINT(L)) (ITABLE(L),TABLE(L)),

INTEGER*4 IUIREC

* {(DIREC(1),ICIREC

(1n

REAL*B TSTNAM,FCULNDyXFCUNC +NAM,PAC
DUES HE BELCNG FERE (SHCULC +E HAVE FINISHED SUMETHING UP?)
[FIOPENSNELCICALL CLCSE

CPEN=0
NAM=PAD (TSTNAM)
FINC THE NAME.

TYPE

IN TTYP,LCGCATICN

IN

[FIND
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1000

1101

1010
1102

2000

Z1C2

2103

3C00

31Cl1

3103
3102

4000

H=-21
IF NCT FCUNDy CGC TG SSE
CALL FNCNAM(IFINC,NAM,ITYP,£658)
INDEX INTC THE NAMES TAELE
ISTART=ICIREC(IFIND*2+42)
[GO=ITYP
GU TO THE RIGHT PLACE.
GC TO(10CC,2C0Cy300C+40C0)4IGC
IF(BATCH)CALL LCCLNT(2)
PRINT 10 ,NAM,NAVN

FCRMAT ("C*%#*CRAWL ERRCR= "' ' ,AE,2F*(,216y*) NOT FUUND BY RETREV')

CALL ABCRTZI(10)
RETURN 1

GET THE NAME FRCM STCRAGE
FOUND=DIREC{ITABLE(ISTART-1))

SET UPPER AND LOWER BOUNCS CN CC LCCP TC UIG OUT POINT VALUES
ILOCWR=ISTART+3
TUPPR=TLCWR+(ITAELE(ISTART+]1)=-1)%2
IF(BATCHICALL LCCUNT(2)

PRINT 11CL+FCUNC,ITABLE(ISTART+1)
FCRMAT('CCBJECT **1A8,'%" HAS '[4,' FCINTS:'/
1* SWwITCH XVGX, 'YIBX, ¥ 7'8X,y'W?)

INDEX THRCLGFE FCINTS TABLE SETTING UP PRINT LINES
DC 1010 J=ILCwWR,y IUPPR 2
NCX=ITABLE(J)+1
KUPPR=ND Xx+2
IF(BATCHICALL LCCUNTI(L)

PRINT 11C2,1TABLE(J#L)y(FCINT(K) yK=NCXo,KUPFR)
FCRMAT(3Xy124,412%x4F742))
RETURN

GET THE NAME FFCM THE TAELE

FCUND=DIREC(CITABLE(ISTART-1})

IFIBATCH)CALL LCCUNT{6)

PRINT 2102,FCUNC

FORMAT('CTRANSFCRMATICN MATRIX v9%A8,00 0 [S:ct)

SET THE UPPER AND LCWER BCUNCS CMN PRINT STATEMENT TO

DISPLAY THE VALUES IN THE MATRIX
ILCWR=(ISTART+2})/2
IUPPR=ILCWR+15
PRINT Z1C23(TABLE(K) ¢K=ILCWR,IUFFR)
FOCRMAT(2X g FTe392XeFTleZ292X9FTe3y eXyF143)

RETURN

GET THE NAME FRCM ThE TABLE
FCUND=DIREC{ITABLE(ISTART~-1)})

NUM IS THt NUMEER UOF ELEMENTS IN THE ASSEMBLY
NUM=ITABLE(ISTART+3)

[IF(BATCH)CALL LCCUNT(2)
PRINT 21C1,FCUNC 4NUM
FCRMAT (*CSIMFLE ASSENMBLY 99A8,0 9% FAS 913, ELEMENTS:)

SET DC LCCP LIMITS
NLCWR=ISTART+5
NUPPR=NLCWR+NUNM-1
DC 3103 K=NLCWR4NLPPR
IF(BATCH)ICALL LCOUNTI(1)

USE ITABLE(K) AS SUBSCRIPT FCR NEME [ABLE
PRINT 3102,CIREC(ITABLE(K))

FORMAT {2X,A8)
RETURN

GET TFHE NAME CF TRE ENTITY IN CLESTICNA

FOUND=DIRECUITABLE(ISTART-11}))
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k=32
GET THE NAME CF THE TRANSFCRMATICN MATRIX ASSOCIATED WITH IT
XFOUND=DIREC(ITAELE(ISTART+1))
GET THE NAME CF THE SCURCE ENTITY
NAM=DIREC(ITAELE(ISTART+2))
PRINT THE WHCLE MESS CUT
IF(BATCH)CALL LCCUNT(2)
PRINT 4101,FCUNC yNAM,XFCUNC
FGRMAT('0Y,A8," = 'AB,* * '48)
RETURN
END

CVENMAT

SUBRUUTINE CMENMAT(GBJNAN)
CUMMON /VAR/ PTMAX,PTPTIR,TAEMAX, TAEPTR,CIRMAXsDIRPTR,

XPTCTRyPTyITPyTETCTRyCPENyNASMyCENNAYM yNSCAL e NMOVEWNSHFT
*yLNMyNPRT,BATCH

CCMMCN /CLSE/TLU(494) 9 XNAVME Yy ISW _
INTEGER*2 PTVMAX,PTPTR,TAEMAX ,TABFTR
INTEGER*4 DIRMAX yDIRPTRyPTCTRPTHTFTCTR,OFENSQ(2)/'300a1234/,
1 MASK/ZQCCCCACO/,INCR/ZCOCCFECC/
LUCGICAL NSCALyNMCVE NSHEFT NPRTLZEATCH
REAL*8 TRLATEZRCTXyROTYZRGTZ9CSCALEPERSPCyNEWNAM,GENNAM,OBINAM,
1 ROTXDyRCTYD4RCTZC4RCTL4RCTZ,ROT2
EQUIVALENCE (GQC(1)sNEWNAN)
REAL TC(444)9TBLAy4) s TALL,4)
[F(UPEN.NE.CICALL CLCSE
DOES HE BELCNG HERE? SET C(PEN TC CMEMAT STATUS
CPEN=2
XNAME=UBJNAM _ ,
ISw=l ===> THAT THE SINGLE-TRANSFCRMATION-MATRIX-DEFINING
FUNCTICNS WHEN USED wlILL BE A PART CF A CMBMAT SEQUENCE, AS
UPPOSEC TG EEING & PART CF A CALL TC TRANSF.
[SW=1 |
SET UP AN ICENTITY MATRIX
DC 1 I=1y4
DC 1 J=1,4
TC(I44)=C.
IF(I.EQeJ)TC(Iyd)=1.
CCONTINUE
TA IS A WCRK MATRIX, INTC wHICFH THE PIECES FRUM CALLS TO
THE SINGLE~TRANSFGRMATICN-MATRIX-CEFINING FUNCTIONS ARE COLLEC
tDe. TC wILL RECEIVE THE PRCCUCT CF TA AND T8 (wWHERE TB CARRIES
THE CUNULATIVE PRUOCUCT FCR THE EMNTIRE SEQUENCE.)
TO IS A CCFY CF TC, wHICKH WILL BE THE AKGUMENT TU NMTRAL,
ALCNG wWITH CBJNAM, wWwHEN ENCCMB IS FINALLY CALLED.
DC 3 Jd=1ls4
DC 3 I=144
TC(LJ)=TC(L,yJ)
TE(Ld)=TC(1,4J)
TA{IsJ)=C,
IF(leEQed) TA(I,J)=1.
CCNTINUE
CMBMAT=NEWNAM
RETURN
ALL THFE SINGLE FUNCTICNS PERFCRM IN THE SAME MANNER AS
TRLATE, AN EXFCSITICN IS FRCVICEC FCKR TRLATE CNLY.
ENTKY TRLATE(CX,LY,CZ)
IF TRANSF IS LSING IT, INITIAIIZE TA
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IF(ISW.NE.1)CALL IDENT(TA)

INSERT THE VALLES IN THE APPROPRIATE MATRIX LOCATIONS
TA(441)=CHECKF(CX)
TA{442)=CHECKF{CY)
TA(443)=CFECKF{DZ)

IF PART CF A CMBMAT SEGUENCE, 1C SS TO MULTIPLY IT ALL TOGETHER
IF(ISW.EC.1)GC TC 99

CTHERWISE, WE FAVE TC GENERATE A NAME
Q(1)=Q(1)+25¢
IF(LAND(MASK,Q(1)).EQ.MASKICIL)=C(1)4INCR

AND CALL NAMTRA (ACTUALLY AN ALTERNATE ENTRY)
CALL NMTRAL(NEWNAM¢TA,£SSS)
TRLATE=NEWNAM
RETURN
ENTRY RCTXC(E)
A=3,1415S%CHECKF (B) /16C.
GC TGO 50
ENTRY RCT1(4)
ENTRY RCTX(2)
IF(ISW.NE.1)CALL IDENT(TA)
TA(242)=CCS(CHECKE(A))
TA(2,3)1=SIN{CHECKF (A))
TA(3,2)==SIN(CHECKF (A))
TA(3,3)=CCSICHECKF(A))
IF(ISWsEC.LIGC TC 99
C(1)=Q(1)+25¢
IF(LAND(MASK,G{1))EQ.MASKIGIL)=CULI+INCR
CALL NMTRAL(NEWNAN ,TA,E595)
RUTX=NEWNAV
RCTXD=NEWNAM
RCTL=NEWNAM
RETURN
ENTRY ROTYL(B)
A=3.14155*CHECKF (B) /140,
GC T0 51
ENTRY ROT2(A)
ENTRY RGTY(A)
IFCISW.NELL)CALL IDENT(TA)
TA(Ly1)=CCS{CHECKF(A) )
TA(143)==SIN(CHECKF (A))
TA(3,1)=SIN(CHECKF (A))
TA(3,3)=CCS(CHECKF (A))
IF(ISWeEC.1IGC TC 99
C(1)=Q(1)+25¢
[FCLAND(MASKQ(1) ). EQ.MASKIG(1I=C(1)+INCR
CALL NMTRAL(NEWNEM,TA,£559)
RCTY=NEWNAV
RCTYD=NEnNAM
RCT2=NEWNAN
RETURN
ENTRY RCTZC(E)
A=CHECKF (B)%3,14159/18C.
GL TG 52
ENTRY ROT3(A)
ENTRY RCTZ(A)
[FOISW.NELLICALL IDENT(TA)
TA(141)=CCS(CHECKF(A))
TA(142)=SINCHECKF (A))
TA(241)==SIN(CHECKF (A))
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TA(2,2)=CCS{CHECKF(A))

IF{ISW.tC.L)GC TC 95

Cll1)=Q(1)+25¢

[F(LAND(NMASK,QU1))eEQ MASKIC(L)=Q(1)+INCR
CALL NMTRAL(NEWNAEM,TA,86569)

ROTZ=NEWNAM

RCT3=NEwWNAM

RCTZDO=NEWNAM

RETURN

ENTRY CSCALELS)

IFCISWeNE.1)CALL IDENTI(TA)
TA{4,4)=CHECKF(3)

IF(ISweEG.1)GT TC 99

G(l)=Q(1)+25¢

IF(LAND{MASK,Q(1))eEQ MASKIG(L)=GL{1)+INCR
CALL NMTRALINEWNAM,TA,L£66G)

CSCALE=NEWNMNAY

RETURN

ENTRY PERSPC(CZ)

IFCISW.NE.1)CALL IDENT(TA)

CHECK ANC SEE IF HE wANTS TC OIVIDE BY ZEROQ
IF{ISWsEQel e ANCLABS(CHECKF(LZ)) ot TooCOLIGL TO 99
IF{ISWeEQeCANC o ABSICHECKF{CZ)) oL T4.CCLIGC TO 93
TA(344)==-1./C1
IF(ISwWeEC.1)CC TC 99
{1)=Q(1)+25¢€
IFCLAND(NMASK,Q(1)) o EQeMASKIGIL)=C(1)+INCR
CALL NMTRAL{NEWNAN,TA,E959)
TFCLANDINMASK,Z QL)) oEQ MASK)C(1)=Q{]1)+INCR
PERSPC=NEWNAVN
RETURN

MULTIPLY IT ALL TCGETHER, ANC CC BACK TU 2 TU MAKE COPIES

AND INITIAIIZE THE ARRAYS wHICH NEEC INITIALIZING.
CALL MATMLTLTC,TA,T8)

GC TG 2
RETURN
END
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APPENDIX I - INDEX OF DRAWL SUBROUTINES

Name Definition References

ABORT D3 El, E2, B4

CMBMAT Dh D5, D6, El, E2, E3, H32

CSCALE D4 D5, D6, H3L

DISPLA B22 ¢2, H18

DRAW B16 10, 12, B18, Bl9, B20, B2l, B22, (2,

Ck, C5, E2, E3, Fl1, F4, H17

ENDCMB Db D5, D6, E1, H1k

FINASM Bll 2, 6, 8, E1, P4, Hlk

FINOBJ BS 2, 5, 12, E1, F1, F4, gk, H13

INCRPT B7 2, 5, B2, B+, B6, D1, El, E2, HS

INIT Bl 12, ¢2, C¢3, C4, C5, C6, C7, E1, F1, F4, HL

INVA : D1 D1, H8

INVA2 D1 D1, F4, HS

INVR D1 D1, HS

INVR2 D1 D1, H9

LCOUNT D7 C7, H5

MOVE ch B16, Cl, H4

NAMASM B9 2, 6, 8, 12, BlO, E2, E3, F4, H11

NAME B1O 2, 6, 8, 12, E1, E2, F4, G1, H12

NAMOBA B3 B6, HO6

NAMOBJ B2 2, 5, 12, B3, B4, B6, E2, E3, Fl, F4, ¢1, ES

NAMOBR Bl B6, B7, E1, H6

NAMTRA B12 4, 8, 12, B13, D5, D6, El, E2, Fl, F.i,
' Gk, HO

NMTRAL B13 El, E2, H9

NOMOVE ch B16, C1, C5, H4

NOPAGE c7 Cl, H4

NOPRNT cé6 Bl, Cl1, D7, H&

NOSCAL ce B16, B18, C1, H4

NOSHFT c3 B16, B18, C1, HA

PAGE C7 Cl, Hk

PERSPC Db D5, D6, H3k

POINTS B5 2, 5, 12, B2, B3, B7, D1, El, E2, Fl, F4,

Gl, G4, H7

FRIVT co Bl, C1, Hk

PRTOUT B20 11, c2, ¢3, ch, mS

PRTPLT B19 11, B20, C2, C3, Ch, E2, E3, H1S

PRTPUT B21 11, ¢2, c3, ck, H18

RETREV D2 E3, H30

ROTX Db D5, H33

ROTXD Dk D5, D6, H33

ROTY Db D5, H33

ROTYD D5 D5, H33

ROTZ D5 D5, H33

-T1-



APPENDIX I - INDEX OF DRAWL SUBROUTINES (cont'd.)

Name Definition References

ROTZD D5 D5, H33

ROTL Db D5, H33

ROT2 Dk D5, H33

ROT3 D5 D5, H33

SCAL c2 B16, B18, C1, C3, Ch, B4
SHFT C3 B16, B18, C1, C4, Hk

SHOW B18 10, B21, C2, C3, E2, E3, H18
TDUMP D2 E3, H3

TRANSF B1k L, 10, 12, D6, E2, F1, F4, G1, G4, H15
TRLATE Dl D5, D6, H32

VIEWXY c5 B16, Cl, H2Y

VIEWZX c5 B16, H27

VIEWZY C5 B16, H27

VISA DL D1, F4, HS

VISA2 D1 D1, HE

VISR DL D1, HS

VISR2 DL D1, H9

-T2-
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ERRATA *

Page 8, line 18 should read:
ARG(3,1) ,ARG(3,2) ,ARG(3,3) ,ARG(3,4),

Page 11, 8th line from bottom should read:
'NAMEOFOBJ' String too long

Page A-1ll, revlace a' with z in Figure A-7.
Page B-7, replace the COMMENTS with:

INCRPT executes:

Proper execution requires at least one
prior call to POINTS. INCRPT obtains the co-
ordinates of the immediately previously-defined
point and computes and stores, via a call to
POINTS, the absolute coordinates for the point
whose data is specified in the call to INCRPT,
i.e. in effect there results:

CALL POINTS (ISMT,PX/PW+X/W,PY/PW+Y/W,P%/PW+Z/W,1.)

where PX,PY,PZ and PW are the homogeneous co-
ordinates of the previously-defined point.

In the event that no previous point has been
defined, an error, then a warning is announced
and the values of (0.,0.,0.,1.) are assumed and
inserted for the missing data. The warning reads:
***WARNING - THERE IS NOTHING TO USE AS BASE FOR

RELATIVE OR INCREMENTAL CALL (0.,0.,0.,) ASSUMED.

Page H-11, delete 12th to 16th lines from bottom, i.e. remove:
C NAMSUB WAS USED ... LEFT IN FOR COMPATIBILITY

Page H-13, insert "IF(NUP.EQ.0)GO TO 101" between lines 14 and 15:

[L. 18] NUP=DIRPTR~-2
IF(NUP.EQ.0)GO TO 101
[L. 193 DO 100 J=2,NUP,2

Page H-13, line 31 should read:
101 RETURN 1

Page H-14, delete line 19, i.e. remove:
IF WE KEEP NAMSUB. WE JUST GOTTA HAVE A FINSUB

*Underlines indicate corrections.






