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FLAVIS - A hidden line algorithm for displaying spatial constructs given
by point sets

Summary:

The suppression of hidden lines is, from the visual standpoint, of great importance
when displaying and manipulating threedimensional objects, The FLAVIS method
has been developed as a solution to this problem, It is a point set method, i,e, the
objects to be displayed are defined as a set of points in space. The method is very
general and independent of the form of the input data. In order to minimize the
computer time required, the point set is projected onto a cartesian grid with vertex
length n, During the visibility investigation, only those areas of the surface whose
intersection with the grid square in which the test point is located is non zero are
considered, The computing time required by FLAVIS is (in a first approximation)

inversely proportional to the square of the grid size n,
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1. Introduction

The displaying and manipulation of three-dimensional objects is

an important problem of computer'graphics. _

In order to obtain a tfu]y spatial impreséion of the object being
displayed, the suppression of hidden lines is of great importance.
Many algorithms have been developed to solve this problem /3/,/4/.
In 1968, J. Encarnagao began research in th1s area at

the Institut fir Informat1onsverarbe1tung I of the TUB /5/. He
‘implemented the first versions of FLAVIS. Under his supervision,
this project was continued and the method generaTized by R. Eckert
/6/,/7/ arrd E. Kniepen /8/,/9/. The opt1m1zat1on of FLAVIS was
then undertaken by P. Mahnkopf /10/, Heinrich-Hertz- Instltut -
Abte11Ung Informationsverarbeitung - in Berlin, in close coopera-
tion with the "other author of this report. The purpose of
this report is to describe the algorithm and the present imple-
mentation of FLAVIS and, through program ]1st1ngs, make 1t
available to a larger group.

In the present state of the art, there are four types of visi-
bility algorithms which differ mainly in the types of basic data
used.

Line methods
Surface methods
Grid methods
Point-set methods.

DHOwWw N

In addition to this problem of the choice of bas1c e]ements there
is the prob]em ‘of the definition of the object to be d1sp1ayed

We can distinguish between objects:

given by‘a set of plane surfaces,

approxfmated by a set of plane surfaces,

given by a set of equations, or

approximated by polygons.
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There are, thus, two basic definitions of objects:

a) Objects given as polygons and :
b) Objects given by point sets obtained or calculated in some
manner. :

The line methods /11/, /12/, investigate the various lines of the
polygons for visibility relative the rest of the surfaces.

Since the surfaces describing the objects are almost always
concave, these methods require either that the surfaces be sub-
divided into convex parts or that complex sorting algorithms be
used in order to take all concave properties into account. ,
The grid methods have been developed to solve these difficulties
‘which cause increased computer time. These methods subdivide a
given projection by a grid (of 256 lines, for example). The inter-
sections of the polygonal lines with the grid lines are compared
with one another in several lists, in order to determine visibi-
lity according to various criteria.

The next possibility is to substitute all points to -be
investigated for visibility into the equations defining the
object to see.whether there are other points also fulfilling
the equations which hide the point under cosideration. These
methods assume the equations to be given however. and, due to
the edges of the objects, require the solution of complicated
inequalities. '

The fourth and most general method is applicable when the objects
to be displayed are considered as a Set of points. The‘point set
can be obtained by interactive input, by digitalization, by

‘the calculation of explicit or imp]icit equations or by inter-
polation, for example. '
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FLAVIS has been developed for this type of object definition.

It has not only the advantage of general applicability but also
requires no special form of input data. The data exist in the
form of sextuples, i.e. a point P is given by its x=-, y- and z-
coordinates, the u and v lines surrounding it,and its object
if more than one object is to be disp]ayed at the same time.

P = P(Xx,y,z,u,v,L)

Thus, one works with sets of points. The algorithm cannot be a
point method, however, since this would lead to unacceptable
computation time /2/. In order to overcome this difficulty, the
set of points to be displayed is projected onto a cartesian grid
with vertex size n. If a point is to be tested for Visibi]ity,
only those patches having a non-zero intersection with the grid
square containing that point are used. The line joining two test
points is, in turn; subdivided into test points. In order not to
obtain too many test points, lines are subdivided according to

their length. It has been determined that the computer time needed |

by FLAVIS is inversely proportional to the square of the grid
vertex length n: |

e 1
T~
nZ
Ky . *p
(This equation is an approximation of T~ EE + ;— + k3 + k4 . n

for small n) .
The current implementation for the C90/40 requires computer time

in the order of minutes. An implementation for larger machines
‘(i.e. IBM./360, /370 or CDC 6000 -serie) yields time in the order

of seconds.
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2. Description of the method

This method has been developed for curved‘bOUndaries. It is
applicable to general point sets (i.e. Coons' surfaces, etc.).
Several surfaces may also be treated using FLAVIS; the surfaces
must be‘represented by a parallel pkojection. In the Fo1]owfng;”
one parti¢u1ar representation form is described which was  »
implemented by an interpreter. The FLAVIS method, hbwever, is
independent of this choice. | .

The structuke to be disp]éyed is given by a u-v line gr{d
Each node P is determined by its x,y, and z'coordinates and by
its associated u and v lines. "

R1=P4 (lerz) ‘
x=x(uy) |
y =y (uv)
Point Indices ‘ 2 =2 (1)

’, I,k

PZ, I, k+4

Py I+4, K

P? I+4, k+4

An 11 x 11 cartesian grid is superimposed to the disp]ay‘area.The
size of the grid is of great importance as far as computer time is

‘concerned. To a first approximation and up to a certain limit
the time required by this method decreases quadratically with the
. square of the number of grid elements.
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In principle, however, the grid size can be freely chosen.
The surface to be displayed is. then 1mbedded in this cartes1an
screen as. a para]le] proaect1on

First, surface elements (patches) are assigned to grid squares
(subroutine INTER). The patches are theﬁ'ﬁndeXed' for reasons of
storage economy 2 indices are stored in each word of the index.
list (subroutine ASSIGN) The 1nd1ces are used 1ater to. 1dent1fy
the patches. In another 1list, the number of patches in each grid

| square 1s.stored.‘The_v1s1b111ty algorithm considers only one
grid squdre at a time, not the whole surface. It must search
for all patches which have po1nts in the grid square under
consideration. - A

Y
= t nt Ax Surfa;e-defining.
PT't“I§59F$g1‘ o [YMAX » A - line-grid.:
- element . . ; , In. one. gr1d
5,6 o : patch there can
T R P = .. be:several
D patches, which
AN D can belong to
av N — several surfaces
KX A
/ //‘y N v
V)
! N
YMIN X
% grid -patch | ] =
for further:" XMIN ‘ - XMAX.
visibilty
testing

If Fu V denoteg the set of all points,belonging to one Au- Ax;
’ element

Kv’x denotes the set of all points, belonging to one grid
patch

»,* denotes " . indices for the grid lines,

then D = Fu,v & Kxgw
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Thus, the algorithm searches for points which belong to the
parallel projection of the surface and lie within the grid
square being investigated (INTER), i.e.

Dy,y #Q, Q = empty set.

To keep computation time for this step as low as possible, each

patch is approximated by a rectangle which contains it.(MINMAX).

23

P = — enlarged
patch

Furthermore, using an idea of Warnock, in the present implemen-
tation the 'gprid square is subdivided into 4 parts (up to

3 times) if the number of Au- Av elements within the square is
too large. The square is subdivided until |

£
nv,'ac S Mpax
where ny,., is the number of Au- Av elements in a square and
Nhax 15 @ fixed maximum.
nmax is determ1ned by the storage space ava11ab1e and is

genera]]y an estimated value. The computer time requ1red is
1nverse1y proport1ona1 to the square of the number of gr1d
squares originally given or obtained by subdivision (see chap.
'Current1y, for 100 patches, the time required is 4 - 5 minutes.
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In the next step, the Au- Av elements (patches) under considera-
tion are divided, in two ways, into two parts, approximated by

triangles treated as planes. =
' 2

Only those triangles containing the test point PT are considered
further. They are found by the subroutine SEARCH. Whether or not
a test point PT lies within a patch or a part of a patch is
determined in the fast assembler program INFLAS using a very
simple algorithm.

Before INFLAS is called, trivial cases are treated, i.e.:

If all z-coofdinates of a patch are greater than the z-coordinate
of PT’ PT is not visible. If all z-coordinates of a patch'are
smaller than the z-coordinate of P, the patch or the respective
sub-triangle is dirrelevant for further testing.
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Another trivial case can be dealt with easily in SEARCH with the
aid of INFLAS: ;

If a test point PT is on the boundary or at an end point of a
patch, the directly adjoining subdomains of this patch cannot

cover the test point. Therefore, these sub-triangles are irrelevant
for further testing. B

The triangles P1P3P4,P1P2P4,P1P4Psxand P1P4P6 cannot cover PT'

As this case occurs very frequently - the test point is moved
along a u- or v-line - it means a decisive reduction in computing
time. Only in cases which do not permit such simple decisions,
are the p]ane'projection-coordinates of test point PT(x,y,z)

" taken. The z-coordinates belonging to it are computed from the
plane equations of the triangles:

x1l x2 x3 X

yl y2 y3y = p - (1)
z1 z2 23 z
1 1 1 1

In (1) z is set equal to zv and the determinant is resolved to zv.
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A'test point Pr(x,y,z) is visible if
z-zv> P | (2)

This is determined in the subroutine DIF. Before, however, the
p]aﬁe determinant (equ. 1) is solved, trivial cases are excluded
- or solved by simple IF-statements in DIF. If, for examp]e, all

z- coord1nates of the end point of a triangle are larger (smaller)
than ‘the z-coordinates of test point PT’ the test point is.
1nv1s1b1e (visible). This means a considerable reduction of
,comput1ng time.

For the visibility testing, the test po1nts PT are taken along
the u- or v-lines. The distance between the test points is not
given but defined by'thé distance between the nodes that are to |
be connected; i.e. if two nodes are far apart, more test points

are taken. The intermediate points (test points) are taken
sequentially along a u- or v-line. During this testing, various
trivial cases are excluded to optimize computing time (SEARCH and
DIF)

The filling of the d1sp1ay file is also made optimally, i.es

dummy points are only filled in if the end po1nt of the- 1ast

vector is more than EPS = 10 -5 away from the new position. ;
‘The visibility procedure is generally valid for both convex and
concave patches. There are no geomefric restrictions. The pro-
cedure, mokeover, allows the processing of several general surfaces
(at present 10 surfaces with 100 nodes each).

In the figures, the intersection lines were drawn in. In its
actual form, FLAVIS does not display these curves. The points
forming'the curves are computed in FLAVIS, but they are lost.

It is in principle no problem to save these points and to display
the intersection lines using them. We are working on a program |
that adds the intersection lines, however, into the display-file.
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3. Program descriptions:

In this chapter the -programs

FLAVIS,

MINMAX,

ASSIGN,

"VIDRAW, B
GREVIS, . &
VISKRI, : '
DIF,

ERROR,

INTER, and

ZERLEG are described.

Moreover, the subroutine-package INFLAS consisting of the
programs

INFLIN,

INFLAP,

INFLA3,and ‘ .
INFLA4 (in the assembler language META 92p) is described.

General remafks, explanations of the COMMON-sizes and the arrays
etc. are made in chapter 6.



Before a FLAVIS-call

3-2

sizes have to be defined:

size

in the main program is made, the following

significance purposes
XMIN minimum Xx-coordinate
XMAX maximum x-coordinate display
YMIN minimum y-coordinate scalation
YMAX maximum y-coordinate
- IE number of U-1ines i f
KE number of V-Tlines igg ng}ggss
LEMAX number of surfaces P
§$§%’E’tg coordinate fields
ZT(I’K’L) of surface knots

9 b

In the present form of the program up to 10 surfaces with 100

knots at a time are representable.

(10 knots in U-direction and

10 knots in V-direction). For the indexing of the knot coordinates
the L. surface is valid:

PkE,IE
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Here we have (L = surface index)

P, , =P [XT @,1,1), YT @,1,L), 2T @,1,L]

B, 5 =P [XT (2,1,L), YT 2,1,L), ZT 2,1, L)]

=P [ XT (E-1,1,L), YT(IE-1,1,L), ZT (IE-1,1, L))
=P[ XT (IE,1,L), YT (IE,1,L), 2T (IE,1,L)]

IE-1,1

P
Pig1

=P [XT @,2,L), YT @,2,L), Z2T @,2,L)]

=
[\

=P[ XT @,KE-1,L), YT @,KE-1,L), ZT 1,KE-1, L)]
=P[ XT @, KE,L), YT (1,KE, L), ZT (,KE, L))

1,KE-1

I e

B

For the coordinates has to be hold

XMIN < XT (LK, L) < XMAX
YMIN < YT (@,K, L) < YMAX,

In order to loose no picture parts after a possible rotation,
for the z-coordinates has to be hold

XMIN < ZT (LK, L) < XMAX and
YMIN < ZT (,K, L) < YMAX,

Furthermore it ho]ds that

IE < IEMAX=19
KE < KEMAX= 19
LEMAX 19
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3.1 FLAVIS

Name: FLAVIS

Key-word: Surface with visibility

Language: FORTRAN I1I

Call : CALL FLAVIS

Parameter: -

COMMON : IN, I, K, L, 1IE, KE, LEMAX, XMIN, YMIN,

‘ NMAX, YMAX, DELTAX, DELTAY, TEILX,

TEILY, SIGMAX, SIGMAY, THETAX, THETAY,
DIVIS, IOPT1, IOPT2, 10PT3, LIHIWI,
INDLI, NPUF, KEMAX, NANZAL

Subroutines: MINMAX, ASSIGN, VIDRAW, Display-Software, INFLIN

Storage location: 534

l. part: to compute constants and to restore.arrays

For an acceleration of the visibility testing, a cartesian
screen is computed, as then the testings only refer to one
part of the screen and no longer to the entire region of
existence. In the main program the minimum- and maximum-
values of the surfaces have to be computed in X- and Y-
direction XMIN, YMIN; XMAX, YMAX. The sizes DIFFX, DIFFY
result from them, with the aid of which other minimum and
maximum-values for the cartesian screen XMIN, XMAX, YMIN,
YMAX are computed.

These new minimum- and maximum-values result in a cartesian
screen, which is a little greater than the surface. Thus it

is avoided that surface points 1ie on the screen border (zero
interrogation of floating point sizes). The distance between

two screen lines - there are 12 of them in X- and 12 in Y-
direction - 1is combuted in X-direction DELTAX and in Y-direction
DELTAY.
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For a refinement of the screen, which is made in the sub-
routines VISKRI and ZERLEG, 1/2, 1/4,1/8 of the distance 1n
X- and Y-direction is computed.

In the subroutine GREVIS the size DIVIS and in the subroutine
VISKRI the sizes IOPT1, IOPT2, IOPT3 are used, to which values
are allocated. The arrays INDLI (1024) and LIHIWI (11,11,2)‘ -
are set to zero, to obtain unobjectionable conditions for each
new visibility testing.

With CALL INFLIN(XC(1),YC(1),IN) the addresses of the X-, Y-

ARRAYS and the address of IN for the subroutines INFLAP,
INFLA3,and INFLA4 are transferred (see description of INFLAS). -

2. part: allocation of.the patches to the screen

In a DO-loop the allocation of the patches in the screen is
made: '

First a branch-parameter ISPRU = ISPR-1 is set, here ISPR is
the DO-loop of the outermost loop. For ISPRU = @ in a tri-
plicate 1index for each patch the minimum and maximum X- and
Y-value XMI, YMI, XMA; YMA is computed. Besides, the subroutine
MINMAX is called, that yields XMI, YMI, XMA, YMA as output
parameters. For the knot coordinates of the surface the one-
dimensional representation with the index IQ is used.

In subroutine MINMAX it is called for the knot coordinates XC,

YC with the indices (IQ), (IQ+l), (IQ+KEMAX+1l), (IQ+KEMAX).

These indices correspond in the XT- YT-representation to

(I,K,L), (I+1,K,L), (I+1, K+1, L), (I,K+1, L). In the DO-loop ,
I only runs to IE(L)-1, K only to KE(L)-1. It would be senseless,
to let I and K run to IE(L) resp. KE(L), as then, in subroutine
MINMAX, for example, it would be called for a knot with the
indices (IE(L)+l, KE(L)+1l, L), which is not at all defined in

the main program. - '
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The variables XMI, YMI, XMA, YMA form a triangle, containing

the patch. Thus the patch is enlarged and it is safe to say

that all points have been collected. Required are the screen
patches containing the points of the triangle XMI, YMI, XMA,
YMA. As both, screen and triangle have axially parallel
boundaries, the problem is considerably simplified. The variables
IRA, IRE, KRA, KRE are formed, which indicate, over which screen
patches the triangle is extended.

IRA and IRE are beginhing—and end-value in X;direction for IRX;
KRA and KRE are beginning- and end-value in Y-direction for IRY.
IRX, IRY, which specify the screen patch, compute in a double
DO-loop the number of patches per screen patch, which are stored
in the indication array LIHIWI(IRY,IRX,1). At the end of each
DO-1oop, in which K is varied, by an increase of IQ for

(KEMAX+1 - KE(L)), and at the end of each DO-loop, in which

I is varied by an increase of IQ for (KEMAX * (IEMAX+1 - IE(L)))
those storage locations that-do not correspond to any knot-
coordinates, are skipped.

The number of patches in all screen patches is summed up and
stored in array LIHIWI(IRY,IRX,2). At the same time the array
LIHIWI(IRY,IRX,1), the values of which were taken over by the
array LIHIWI(IRY,IRX,2), is set to zero. This is necessary, as
the array LIHIWI(IRY,IRX,1) has to be built up once more in the
2nd - run through the outermost loop (ISPRU=1).

In the second run through the outermost loop the program passes
as in the first run the program part up to the generation of
the indication array. Here too it is computed for each patch
over which screen patches it is extended and this is stored

in the indication array LIHIWI(IRY,IRX,1). With these values
and the LIHIWI(IRY,IRX,2) computed in the first call, for each
patch having points in a screen patch, a patch-counter IANZ is
computed.
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IANZ, as an input parameter is transferred to the subroutine
ASSIGN, that yields IZQ, IMIN, IMAX as output parameters.
With the system dependent program PUTBIT the patch-index IQ
is stored in the storage unit INDLI(IZQ) of the index list
INDLI between bits IMIN and IMAX. At the end of the DO-loops,
.the IQ-values, which are no indices of knot-coordinates are
skipped.

3. part: Drawing of the visible picture elements

Because of the small storage space, no dynamic picture output
is possible, so that the existing buffer storage has to be
erased by CLEAR and a new display-picture has to be prepared
by call of the subroutine SETUP. The drawing of the visible
line elements is made by the subroutine VIDRAW. First the
visible U-line elements are drawn, for this the variables

I1 = I-1 and K1 = K are set, afterwards the visible V-line
elements are drawn, Il = I and K1 = K-1.




FLAVIS

0O LDO

\_/

DO KDO

\_/

DO IDO

N

l

LIHIWI [IDO, KDO, LDO]

!

DO 1DO = 1, 1024)

y

4

INDLI [IDO] =@

y

DIFFX = ABS [XMAX -XMIN]
DIFFY = ABS [YMAX - YMIN

XMIN = XMIN - DIFFX/ 508,
XMAX = XMAX + DIFFX/ 5@0.
YMIN = YMIN - DIFFY/ 5@.
YMAX = YMAX + DIFFY/ 508.

DELTAX = DIFFX/11.
DELTAY= DIFFY/11.
TEILX = DELTAX/2.
TEILY= DELTAY/ 2.
SIGMAX = DELTAX/A.
SIGMAY =DELTAY/4.
THETAX =DELTAX/8.
" THETAY =DELTAY/8.

DIVIS = DIFFX+ DIFFY / 708.
IOPT1=8

IOPT2=8

IOPT3 =16

EPS = 0.00001

®

1. part:

to restore lists

to compute constants



DO ISPR = 1, 2\‘

)

)=

ISPRU =ISPR -1
IQ =@ ’

oL

A~

1, LEMA9

01

1, IEI(L]A

DO K =1, KE[L]-

AR

I
[Ta=10+«1 1}

[MINMAX_1Q, XMI, YMI, XMA, YMA]|

|

IRA = IFIX [XMI-XMIN/DELTAX]+1
IRE = IFIX [XMA-XMIN/DELTAX]+1
KRA = IFI X [YMI-YMIN/DELTAY]+!
KRE = IFI X [YMA-YMIN/DELTAY]+!

—Go IRY:KRA,K@

*@0 IRX=IRA,IR9

1
ILIHIWI [IRY,IRX,1]= LIHIWI [IRY, IRX,1 + 1]

2. part

to build up and
to complete
indication lists and

index list

~JASSIGN [TANZ,1ZQ, IMIN, IMAX] ||

[[PUTBIT (INDLI [1ZQl, IMIN, IMAX, 10|
J

CONTINUE |

|10 =1Q+KEMAX+1-KE (L] |

CONTINUE ) 41

liIQ =10+ KEMAX IEMAX+1-IE (L]

]

CONTINUE ) 43

ISPRU=82 ?

DO IRX= 1,11

yes

IHIWI [IRY, IRX,1]=087,

DO IRY= 1.1

LIHIWI [IRY, IRX,2]=KHV+1
KHV=KHV+LIHIWI[IRY, IRX,]
LIHIWI [IRY, IRX.1l= @

CONTINUE
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" INFLIN [XC(1], Yc[@l

/

" CLEAR J]
;

SETUP "
—.Go L=1, LEMAD
—.@o K=1, IE [LD
A__c.@o I=2, KE [L)

!

IN=1-1

:

VIDRAW [I1,K, 1] H

CONTINUE

—>@o L=1, LEMA)
r——’@o =1, KE[L))
A—>@o K3 IE[LD

K1 =K-1

“ VIDRAW [I1K, 1] J

‘ CONTINUE ’

I] GETANZ [NANZAL] J

ﬂ CLEAR ]]

( RETURN >
to main program

3. part

drawing of the
visible picture

elements
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3.2 MINMAX
Name: { MINMAX
Key-word: Limits of a patch
Language: FORTRAN 11
Call: CALL MINMAX (IMM, XMI, YMI, XMA, YMA)
Parameters: Input parameter: IMM
' Output parameter: XMI, YMI, XMA, YMA
COMMON : KEMAX, XC, YC

Subroutines: -

Storage location: 116 _ '

To save storage space and to reduce computing time in MINMAX
the one-dimensional representation for the knots is used.

As the input parameter IMM may not be changed it is transferred
to the local size KM. Then, for the DO-loop a size KMM=IMM+KEMA-2
is computed. Before the DO-loop

XMI = XC(KM) (Minimum in X-direction),

XMA = XMI (Maximum in X-direction),

YMI = YC(KM) (Minimum in Y-direction), and
YMA = YMI (Maximum in Y-direction) is set.

In a DO-loop, the previous minima and maxima are compared with
the three other corner-coordinates and after respective branches
the new minima and maxima are allocated to the parameters XMI,XMA,
YMI, YMA.

In the first run the index for XC resp. YC is equal IMM+1l. At .
the end of the DO-loop KM = IMM + KEMAX-2 = KMM is set. Thus, in
the 2nd run the index gets the value IMM + KEMAX. For the 3rd
run KM = IMM + KEMAX-2 is set again and in the 3rd run the index
has the value IMM + KEMAX+1. '
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MINMAX

KM =IMM o
KMM=IMM+KEMAX-2 |
XMI =XC KM

XMA= XMI

YMI =YC KM

YMA= YMI

DO N=1,3

KM=KM + 1

to FLAVIS resp ZERLEG
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3.3 ASSIGN
Name: ‘ ASSIGN
Key-word: Assignment for system dependent programs
Language: " FORTRAN 11
Call: CALF ASSIGN (IANZ, IZQ, IMIN, IMAX)
Parameters: Input parameter: IANZ
Output parameter: IZQ, IMIN, IMAX
COMMON : -

Subroutines: -

Storage locations: 59

The input parameter IANZ is a measure for ascertaining hdw

- many patches are allocated to how many screen patches. A more
exact computation see in subroutine FLAVIS. From IANZ the
variable IZQ ié formed in a way that always two successive
values of IANZ result in a value of I1ZQ. IZQ is the index of
the index 1ist INDLI.

It is the meaning of the subroutine ASSIGN, to compute the bits
for the storage locations of the index list in a way that

always two indices IQ can be loaded into a storage cell INDLI(IZQ)
IMIN is the first bit, IMAX the last, the index IQ may take.

If the value of IANZ is an odd number, IMIN=1 and IMAX=11 is
set, if it is an even number IMIN=12 and IMAX=22 is set.

SR

2% 22 7ZH 1

In the partition of the storage cell according to this method,
22 of the 24 available bits are used, the 23. remains uncovered
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and the 24. bit as sign bit is not to be covered. The repre-
sentation with two indices I,K can only cover 20 bits of

the 24 existing, therefore the procuct of two indices I,K can

be maximally half as great as the index in the one-dimensional
representation. Hence it follows that when applying two indices,
the index 1ist can only compute half of the knots, which could
be computed with one index.

In the computation with one index IQ its value and thus the
number of patches, which can be computed by the index list,

can be doubled once more, if, after a suitable interrogation,
11 bits of a storage cell are allocated to the indices IQ
smaller than 211, and if 12 bits are allocated to the indices
IQ greater than 211 but smaller than 212. With 212=4096 knots
here too the 1imit is reached up to which the indices IQ can be
loaded into the index 1list.
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ASSIGN

1ZQ= [IANZ+1] /2
IELEMT=MOD[IANZ, 3

yes TELEMT=0? no.

| .
IMIN=1 TMIN=12
IMAX=11 IMAX =22

L/\.‘
o =

. to INTER resp.FLAVIS

RETURN
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3.4 VIDRAMW
Name: | - VIDRAW
Key-word: u | Drawing of the visjb]é picture elements
Language: FORTRAN II
Call: CALL VIDRAW (I1, K1, IKANF)
Parameters: Input parameterﬁ I1, K1, IKANF
Output parameter: -
COMMON: | EPS, I, III, K, KZZ, L, NPUF, XT, YT, ZT
Subroutines: VISKRI, GREVIS, Disp]ay-Sofgware
Storagé location: 253

First the beginning- resp. end-pqint of a Tine is exchanded’
out of the three-dimensional ARRAY. Here it is hold:

If I1
If I1

I-1 and K1
1 and K1

K, U-1ines are tested for visibility.
K-1, V-1lines are tested for visibility.

The 1. point is only tested at the beginning of a U- or V-line,
resp. if the subroutine GREVIS was left previously (IVK = -1,
because beginning- and end-point 1ie closely together). The
creterion, if a beginning point is concerned, is yield by the
parameter IKANF (IKANF=2). It is only necessary to test the
beginning point of the respective U- or V-line for visibility,
as the subroutine GREVIS anyway computes the visibility of the
end point of a 1ine element. At the next line element this end-
point becomes the new beginning point. If the first point is
invisible, the subroutine GREVIS is called by the input para-
meter IWAHL = -1, if it is visible, IWAHL has the value .
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With each call of GREVIS, XD1l, YD1, ZDl, and XD2, YD2, ZD2
are transferred as input parameters. The output parameters
XSTR, YSTR, ZSTR are the X-, Y-, Z-coordinates of the point,
which marks the boundary of the visible line element. This
.can be a point up to which the line element is visible, or

a point from which off the 1ine element becomes visible.

1. case: If IWAHL is -1, after the call of GREVIS it is que-
ried, whether the beginning- and end-point of the line element
in question 1ie within an EPSILON-distance. If this is realized,
the variable III is greater than @ and it is returned at once
into the calling program FLAVIS. If III is not greater @, the
X-, Y-, Z~-coordinates of boundary point XSTR, YSTR, ZSTR are
regarded as coordinates XD1, YD1, ZD1 of a new beginning point.

If the boundary point of visibility coincides with the second
knot, it is returned into the calling program FLAVIs, as the
entire connection-line has been tested for visibility. If it
does not coincide with it, it is proceeded according to case 2.

2. case: If IWAHL is P, after the return from subroutine GREVIS,
it is queried - as described above - whether beginning- and
end-point lie within an EPSILON-distance. ‘

In subroutine GREVIS a loop counter KZZ, beginning from @, is
encreased by one at each step from the beginning- to the

end point. If KZZ at the return is @, that means if only one
step away from the beginning point the line element is visible,
the part in between should not be drawn. In the program CALL
BLIND and CALL VECTR are skipped then.

To keep the buffer storage NPUF as little as possible, the
subroutine BLIND should be called only, if the new vector
is not drawn from the end point of the last vector.
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It is queried , whether the beginning point XDl, YD1 of
the new vector coincides with the end point XSTR1, YSTR1
of the last vector drawn. If this is not the case, first
BLIND is called and then VECTR, otherwise VECTR is called
directly, for the subroutine VECTR has the characteristic
to begin the vector always at the end point of the last
drawn vector.

CALL VECTR(XSTR, YSTR) is always followed by a CALL SHOW(®.),
to ascertain after éach drawn vector possibly occurring
errors. The end point XSTR, YSTR of the drawn vector is
stored in XSTR1, YSTR1, in order to be available for a

later comparison with the beginning point of the next vector.
(see above). The coordinates of the beginning point XD1, YD1,
ZD1 get the values of the boundary point of visibility
XSTR, YSTR, ZSTR. If the boundary point conincides with the
second knot, it is returned into the calling program FLAVIS;
if this is not the case it is proceeded according to case 1.
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-

XD1=XT [I1, K1, L]
YD1=YT [I1, K1, 1]

. ZD1=ZT [I1,K1,1)

XD2=XT [I,K, 1)
YD2=YT (I, K, 1]
ZD2=7T [I,K, 1l
XYD2=XD2+YD2

ABS, = ABS [XSTR+YSTR-XYD2] -EPS
ABS,= ABS [XD1+YD1-XSTR1-YSTR1] ~EPS

no

GREVIS .

XD1=XSTR
YD1 =YSTR;
ZD1=ZSTR

y _yes

-GREVIS
GR o

-

,
( RETURN )

to FLAVIS

e T e T e e e s o . e s N ) g ; e - - - e o e s e e s St
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©

BLIND [XD1, YD1
+

'VECTR [XSTR, YSTH

XSTR1=XSTR
YSTR1=YSTR

XD1=XSTR
YD1=YSTR
ZD1=7ZSTR

yes




3-21
3.5 GREVIS
Name: GREVIS
Key-word:
Language: FORTRAN I1I

Call:

lTimit of visibility

CALL GREVIS (IWAHL, IVK, XD1, YD1, ZD1,

XD2, YD2, ZD2, XSTR, YSTR, ZSTR)

Parameters:

Input parameter:

IWAHL, XD1, YD1, ZD1,
Xb2, YD2, ZD2

OQutput parameter:XSTR, YSTR, ZSTR, IVK

COMMON: DIVIS, EPS, IIIl, KZZ

Subroutines: VISKRI

Storage location: 239 j
First the variables III = P and KZZ = P are set to have unique

beginning conditions.

Beginning point XD1, YD1, ZD1l and end

point XD2, YD2, ZD2 of the connection line are transferred as |

input parameters. Its distance in

all three coordinates is

computed. The absolute value of the distance in X- and Y-direction .

is formed, whereby the sizes XABS

and YABS are produced. Both

are added and thus result in the variable BETRAG.

Now it is queried, whether BETRAG
EPS = 107°, that means beginning-
epsilon-criterion. If that is the
set and it is branched to VIDRAW.
a knot has to be once more tested
in VIDRAW the return to FLAVIS.

If a 1ine element is tested for visibility, the number of test

points on it should correspond to

is less than or equal to
and end point lie in the |
case, IIT = 1 and IVK =-1 is !
IVK =-1 means for VIDRAW that
for visibility. III = 1 causes

its lenth.
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Long line elements should have more test points . than short ones.
A measure for the line length and thus for the numbef of test
points is the variable MBET which is directly proportiona] to
size BETRAG and inversely proportional to variable DIVIS. The
variable DIVIS was fixed in subroutine FLAVIS (see there). It
is proportional to the absolute sizes of the surfaces in the

X-, Y-plane.

The variable MBET, by which later has to be divided, may not
have the value P. If, however, the calculation results in the
value P, MBET = 1 is set.

The subroutine GREVIS is to compute the 1imiting point of
visibility between a beginning point XD1,YD1,ZD1 and an end
point XD2,YD2,ZD2. Beginning- and end point lie on the
periphery of a patch. Because of the approximately infinitesimal
character of the patch its peripheries may be regarded as
straight lines. Therefore, for a computation of the test points
the line equation in space between two defined points is |
sufficient.

PD2

. PSTR
PM

y/
XSTR-XD1 .- YSTR-YD1 _ ZSTR-ZD1 "
- @)
XD2 -XD1 YD2-YD1 ZD2 - ZD1

: ' XD L
XSTR = (YSTR-YDI1) —’%— + XDl = (ZSTR-ZD1)gy + XDl (2)
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YSTR = (XSTR—}CDl)% + YD1 = (ZSTR—‘zm)‘lZ{% + YD1 @
ZSTR = (YSTR-YD1) 22 4 ZD1 = (XSTR-XD1) 22 + zD1 )
- '3¥p XD
with XD =XD2 - XD1 (5)
YD = YD2 - YD1 6)
7D = ZD2 - ZD1 )

The drawing of the surfaces with and without visibility is made

in the X-,Y-plane. To reach a higher accuracy, always this
X- or Y-coordinate is changed,for which the distance between

beginning- and end point is greater. The other two coordinates  J

XsZ or Y,Z are computed by the Tine equation.

Now it is queried whether XABS > YABS. If XABS > YABS, the .~

X-coordinate is changed, otherwise the Y-coordinate. This

interrogation is necessary to avoid a division by zero at the >

computation of the line equation. The case XABS and YABS'=’9
was already excluded by querying for the size of BETRAG.

Before the actual variation of the coordinates begins;.constapt o
sizes as auxiliary sizes are computed for the loop. These aref(_{i

for the variation of the Y-coordinate

XYD = XD/YD ( = (XD2 - XD1) / (YD2 - YD1) )
ZYD = ZD/YD ( = (ZD2 - ZD1) / (YD2 - YD1) )
YBET = YD/BET ( = (YD2 - YD1) / FLOAT (MBET)

These are for the variation of the X-coordinate

YXD = YD/XD ( = (YD2 - YD1) / (XD2 - XD1) )
ZXD = ZDR/XD (= (ZD2 - ZD1) / (XD2 - XD1) )

By these actions unnecessary computations are avoided.
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Now the coordinates XSTR, YSTR, ZSTR are computed from the

line equation and transferred to the subroutine VISKRI

the output parameter IVK of which indicates whether the. test
point is visible or not

IVK = 1 means it is visible, IVK = § means it is invisibie} 1

If it is visible and if IWAHL has the value -1, which‘meanérw £
that the beginning point is invisible, the limit df'visibi]%tyr}
is reached, and it is returned into the calling programr:va '
IWAHL has the value @, which means that the beg1nn1ng pownt is
visible, it is moved one step forward towards the end po1nt

If the test point is invisible and IWAHL has the value -1 1t

is moved one step forward towards the end point too. If IWAHL"
has the value P the limit of visibility is reached and it 4.
returned into the calling program. '

At each step along the connection line, the loop counter KZZ,
beginning at P, is encreased by one. If KZZ reached the value :
MBET the test point coincides with the end point and it is |
returned into the calling program. If KZZ is less than MBET

it is moved one step forward towards the end point.: i
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GREVIS ‘

II1=0

KZZ=0

XD=XD2-XD1
YD=YD2- YD1
ZD=ZD2 - ZD1
XABS=ABS [XD]
YABS=ABS [YD]

BET RAG= XABS+YABS

no -
BETRAGDEPS; ek

—'GRETURN ’

MBET=IFIX[BETRAG/DIVIS]

-

YSTR=YSTR+YBET
XSTR= [ YSTR-YD11] *XYD+XD1
ZSTR=[YSTR-YD1] ¥ZYD+ZD1

[]
H VISKRI

WAHL+IVK=0?

yes no
MBET=1 |
BET=FLOAT [MBET]
XYD=XD/YD YXD=YD/XD
ZYD=2D/YD [ NO ZXD=ZD/ XD
YBET=YD/BET XBET=XD/BET
YSTR=YD1 XSTR=XD1

§_47

XSTR=XSTR+XBET

YSTR= [ XSTR-XD1] * Y XD+ YD1

ZSTR= [XSTR- XD 1] % ZXDs ZD1
' ¥

H VISKRI

KZZ=KZZ+1

KZ2Z< MBET2D>—22

yes

153 TWAHLsIVK=0?
KZZ=KZZ+1

e KZZ <MBET?
yes

RETURN

to VIDRAW
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3.6 VISKRI

Name : VISKRI

Key-word: visibility creterion

Language: FORTRAN II

Call: CALL VISKRI (A, B, C, IVK)

Parameters: Input parameter: A, B, C
Qutput parameter: IVK

COMMON :

KEMAX, XMIN, YMIN, DELTAX, DELTAY,
TEILX, TEILY, SIGMAX, SIGMAY,
THETAX, THETAY, IOPT1, IOPT2,
IOPT3, THQ, KWQ, LFQ, MBQ, ICA,

LSC, MVC, NRC '

AT EaRINES INTER, ZERLEG, SEARCH, DIF

Storage location: 523

The input barametersA, B, C are the X-, Y-,Z-coordinates of the
test point which is to be tested for visibility. It is fixed

in which part of the screen it lies, that is fegarding

1) DELTAX, DELTAY, 2) TEILX, TEILY, 3) SIGMAX, SIGMAY,

4) THETAX, THETAY. Thus the appertaining variables IRX, IRY,
KDX, KDY, LPX, LPY, MGX, MGY arise, which mark the respective
screen patch, 1/4 of the screen patch, 1/16 of the screen patch,
1/64 of the screen patch in the X-,Y-plane. o

If the test point lies in the same screen patch, 1/4 screen patch,
1/16 screen patch, 1/64 screen patch,as the last point that

was tested for visibility, it is not necessary to compute by a
subroutine call which patches 1ie in the respective screen part,
for this is still known from the last call.
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The variables IRXA, IRYA, KDXA, KDYA, LPXA, LPYA, MGXA indicate
the screen part in which the last tested test point is situated.
It is queried succesively, whether IRX coincides with IRXA, IRY
with IRYA, KDX with KDXA, KDY with KDYA;_LPX with LPXA, LPY with
LPYA, MGX with MGXA, MGY with MGYA.

If this always is the case, the subroutine SEARCH can be called,
that computes which partial triangles of patches contain the
test point and excludes trivial cases. If there is no coincidence
in the interrogations, it is branched to the respective sub-
routine that computes the patches for the fixed screen part.

Supposed, already in the comparison with IRXA or IRYA there would
be no coincidence, the subroutine INTER(IRY,IRX,NIHQ) would be
called. NIHQ indicates the number of patches having pofnt
quantities in the screen patch fixed by IRY, IRX. The indices

of the surface elements are stored in field IHQ. If number NIHQ
is less than IOPT1, a quadrup]e division of the screen patch is
not advantageous

IOPT1, IOPT2, IOPT3 are optimal values, which are fixed in the
subroutine FLAVIS in a way that with a number of patches in the
screen part, which is less than the appertaining optimal value,
a quadruple division of the screen part involves no reduction

of computing time. If the number is greater than the optimal’
value, the division is made, because then the computing time can
be reduced. ‘

If no division is made, the subroutine SEARCH is called to which
NIHQ, IHQ, A, B, C are transferred as input parameters. Output
parameters are the sizes NICA, NLSC, NMVC, NNRC, ISPRU, which
indicate the number of triangles containing the test point.

Each patch being a quadrangle can be divided into triangles in
two different ways.
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In SEARCH even in trivial cases an unique decision about the
visibility can be made. Then ISPRU = P (covering) resp.
ISPRU = -1 (no covering possible) is set and after IVK was.
set accordingly it is returned into subroutine GREVIS.

This causes for trivial cases a decisive reduction of
computing time.

IRS+KEMAX IRS+KEMAX+1 IRS-LKEMAX . IRS+KEMAX+1

IRS ‘ IRS+1 IRS ‘ IRS+1

The ‘following agreements are made:

number of " Array of

Indices of corner points triangles indices
IRS,  IRS+KEMAX, IRS+KEMAX+ NICA | ICA
IRS, IRS+1, | IRS+KEMAX+1 NLSC - LSC
IRS+1, IRS+KEMAX, IRS+KEMAX+l | NMVC | MVC
IRS, IRS+L, IRS+KEMAX NNRC ~ NRC

After the call of SEARCH the screen lines IRX, IRY are stored

in IRXA, IRYA, for being available for the next call of
subroutine VISKRI. '

If number NIHQ is greater than IOPT1, the screen patch is
divided into four parts. Thus the number of patches in the
smaller screen parts becomes smaller and there is a reduction

in computing time. In addition, the subroutine ZERLEG is called,
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to which NIHQ, IHQ, TEILX, TEILY, KDX, KDY are:transferred as
input parameters. Output parameters are the sizes NKWQ and KWQ.
In field KWQ the indices of those patches are stored, Which

lie in the 1/4 screen patch fixed by KDX, KDY,and the number

of which is NKHQ. | |

After the call of ZERLEG it is computed, whether the value of
the variable NKWQ is smaller than IOPT2. If that is the case
no further division of the screen part is made. The subroutine
SEARCH with the input parameters NKWQ, KWQ, A, B, C is called.
Output parameters are again the variables NICA, NLSC, NMVC,
NNRC, ISPRU. After the call,IRX, IRY, KDX, KDY are stored in
equal sequence in IRXA, IRYA, KDXA, KDYA. If the variable NKWQ
is greater than IOPT2, the subroutine ZERLEG with the input
parameters NKWQ, KWQ, SIGMAX, SIGMAY, LPX, LPY and the output
parameters NLFQ and LFQ is called. In field LFQ are the indices
of patches, which 1ie in the 1/16 screen patch marked by LPX
and LPY,and the number of which is NLFQ.

If the variable NLFQ is smaller than size IOPT3 no division of
the 1/16 screen patch is made. The subroutine SEARCH with the
input parameters NLFQ, LFQ, A, B, C and the output parameters
NICA, NLSC, NMVC, NNRC, ISPRU is called. After the return,

IRX, IRY, KDX, KDY, LPX, LPY are allocated in equal sequence to
sizes IRXA, KDXA, KDYA, LPXA, LPYA. If the variable NLFQ is
greater than IOPT3 the subroutine ZERLEG with the input para-
meters NLFQ, LFQ, THETAX, MGX, MGY and the output parameters
NMBQ, MBQ is called. In field MBQ are the indices of the patches
which lie in the 1/64 screen patch fixed by MGX, MGY, and the
number of which is NMBQ. -

After the third division the subroutine SEARCH with the input
pakameters NMBQ, MBQ, A, B, C and the output parameters NICA,
NLSC, NWVC, NNRC, ISPRU is called. After the return, IR%, IRV,
KDX, KDY, LPX, LPY, MGX, MGY are allocated in equal sequence to
the variables IRXA, IRYA, KDXA, KDYA, LPXA, LPYA, MGXA,4MGYA.
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Before the actual visibility of
the test point is computed,
another consideration has to be
made. We regard the opposite
patch 1, 2, 3,4. Point 3 shall
have a smaller Z-ccordinate
perpendicular to the drawing plane
than point 2. Point 3 shall Tie
“behind" point 2. As you can see
from the picture, then 1inés_1-2
and 2-4 are visible, line 3-4 is invisible. Line 1-3 is
visible in section 1-A and invisible in section A-3.

As shown above, each four-cornered patch can be divided into
triang]es in two different ways. If patch 1,2,3,4 is divided
into triangles 1,2,3 and 2,3,4, triangle 2,3,4 only covers
section A-3. If it is divided into triangles 1,2,4 and 1,3,4,
triangle 1,2,4 covers section 1-A, which is visible.

This shows that a point can be actually visible, if it is only
covered by one triangle. It is invisible, if it is covered

by at least two triangles. For this the point has to be contained.
in two tridng]es, what can be oh]y satisfied, if each patch ‘
is divided into triangles in two different ways.

The output parameter IVK of subroutine VISKRI indicates whether
a test point is visible or not. IVK = @ means it is invisible,
IVK = 1 means it is visible. In the program first IVK = 2 is
set and at each covering of the test point'by a triangle IVK

is reduced by 1. If the test point is only covered once, the
result is IVK = 1, and it is visible. If it is covered twice,
the result is IVK = P, and it is invisible. Then it is returned
into subroutine GREVIS.
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Iftnﬁmber NICA of the triangles, the indices of which are in
array ICA, = P, it is interrogated next, whether number
NLSC = @ too. If NICA is not @, for all indices in field ICA
~the indices of the cornerpoint-coordinates XC, YC, ZC are
computed. ' ‘

The cornerpoints have the indices ICA(MP), ICA(MP)+KEMAX,
ICA(MP)+KEMAX+1, where MP is a DO variable running from 1 to
NICA. - '

Then the subroutine DIF is called. The indices of the corner-
point-coordinates and the test point-coordinates are trans-
'ferred to it as input parameters. As initial size one gets
the parameter DIFF which indicates whether the test point

was covered by the respective triangle or not:

DIFF

< @ invisible
DIFF > @

visible.

The arrays LSC, MVC, NCR with the numbers NLSC, NMVC, NNRX !
are considered in the'same way as before arrays ICA with™ f
the number NICA. If all arrays are processed, IVK has the

value 1 or 2. In both cases IVK=1l is set, the test point thus

is recognized as visible and it is returned into the ca]]ing ”
programm GREVIS, unless already previous1y with IVK=§ was
returned.




VISKRI -

X=A-XMIN

Y=B-YMIN

IX=IFIX[AX /DELTAX]+1
Y =IFIX[BY/DELTAY ]+1
DX=IFIX[AX/TEILX ]+
DY=IFIX[BY/TEILY ]+1
PX =IFI X[ AX / SIGMAX]+1
PY=IFIX[BY / SIGMAY]+1
GX=IFI X[ AX/ THETAX]+

SEARCH,
SEARCH;
SEARCH3
SEARCH,,
ZERLEG
ZERLEG,
ZERLEG3
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= SEARCHINIHQ,IHQ,NICA,NLSC,NMVC, NNRC,A,B,C,ISPRU]

= SEARCH [NKWQ,KWQ,NICA ,NLSC ,NMVC, NNRC ,A,B,C ,ISPRU!

= SEARCH [NLFQ,LF Q,NICA,NLSC,NMVC.NNRC, A.B,C,LSPRU) -
= SEARCH l'NMBQ ,MBQ ,NICA ,NLSC,NMVC, NNRC,A.B.C.ISPRU]

= ZERLEG [NIHQ, IHQ,NKWQ, KWQ, TEILX, TEILY, KDX, KDY}

= ZERLEGINKWQ.KWQ,NLFQ,LF Q, SIGMAX, SIGMAY, LPX, LPY]

GY=IFIX[BY/THETAYI]+

IRX=IRXA
U1 RY-TRYA >

no

INTERIIRY, IRX,_L”
NIHQ

KDX=KDXA
U0d By KDYA

NIHQ £ IOPT1? ZERLEG

no \

NKWQ 2 I0PT2? ZERLEG, *(F
[ SEARCH,
‘ II SEARCH»
A 4 ‘ ‘ e

IRXA=IRX KDXA=KDX 5 LPXA=LPX MGXA=MGX | -
IRYA =IRY KDYA=KDY LPYA=LPY MGY A=MGY

= ZERLEG [NLFQ,LFQ NMBQ, MBQ , THETAX ,THETAY ,MGX, MCY)

(ndMOX=MGXANYES ~~ = - -

-

IVK= 0.

RETURN
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I1=1CA(MP]
I2=T1 +KEMAX
13=12+1

|

n DIF(11,12,13, DIFF A.B.C)n

yes

no
yes

IVK=IVK-1

RETURN

no
CONTINUE

I1:=LSCIMP]
12= 1141
13 = I2+KEMAX]

Yy

hn:m,xz.m.mFF. A.B.ﬂ

yes

yes
IVK=IVK-1

RETURN

RETURN IVK=1

no
CONTINUE

NS

10=MVC(MP]
11=10+1
12:=10+KEMAX
13:=12+1

T

DIF(11,12.13,DIFF, A,B,C)

no

yes
IVK= TVK-1

no

CONTINUE

I1= NRC[MP]

12=T1+1

I13= 11+ KEMAX
|

RETURN

MIF(N.IZ, 13, DIFF.A,B.C ]

no
CONTINUE

RETURN




3-34

3.7 DIF:

Name: DIF

Key-word: Testing whether a test point is visible

Language: FORTRAN II

Call: CALL DiF (ri,12,13,bDIFF,A,B,C)

Parameters: Input parameters: I11,12,I3,A,B,C'
Output parameter: DIFF

COMMON: EPS; XC,; YC, ZIE

Subroutines: (ERROR)

Storage Location: 228

The subroutine DIF gets as input parameters 3 indices by which
the corner point coordinates of a triangle are specified.
The coordinates of a test point are further input sizes.

First subroutine DIF tests the trivial cases:

1. A11 Z-coordinates of the corner points of the triangle are
smaller than the Z-coordinate of the test point, i. e.

ZC(I1) < ¢,
Zc(I2) < C, and
ZC(13) < C.

If this case occurs, the test point is visible, the output
size DIFF is set =+1§., and it is returned to VISKRI.
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2. A1l Z-coordinates of the corner points of the'triangle are
greater than the. Z-coordinate. of the test point, i. e.
Zzc M > g,
ZC (123> ¢ and
ZzCc [(1B]> c .,

If that case occurs, the test point is invisible, the output
size DIFF is set = - 1 @, and it is returned to VISKRI.

If none of the two cases occurred, the test point has to be
tested more detailed. To this some preliminary ref]ections{

Let Pl(Xl,Yl,Zl),’P2(X2,Y2,22), and P3(X3,Y3,Z3) be three‘points
in space. These three three points form a plane. A fourth point
P(X,Y,Z) 1ies in the plane if and only if

1X1 X2 X3 X

Y1 Y2 Y3 Y

‘ =0 @)
Z1 22 73 Z
11 1 1

In DIF by solving equation (1) it is ascertained,‘Whefhér the
Z-coordinate of the test point corresponds to Z, i.e. (1)
becomes .
” | XF1 XF2 XF3 A
YF1 YF2 YF3 B
ZF1 ZF2 ZF3 'ZV

1 1 1 1

= @ @)

(2) is solved to ZV:

ZV = ZF1+ [(B-YF1) « (XX1- ZZ2-XX2. ZZ1) 155
(A-XF1)- (YY1-ZZ2-YY2-221) ] /DIVID
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with XX1 = XF2-XF1 = XC(I2)-XC(11) - (42)
XX2 = XF3-XF1 = XC(I3)-XC(I1) (4b)
YY1 = YF2-YF1 = YC(I2)-YC(I1) (4c)
YY2 = YF3-YF1 = YC(I3)-YCl) (4d)
271 = ZF2-ZF1 = ZC(I2)-ZC(I1) (4e)
‘ 272 = ZF3-ZF1 = ZC(I3)-ZC(1) (4f)
and DIVID = XX1- YY2-XX2' YY1l (5)

"To avoid rounding errors, after each partial size (equations
(4a) to (4f)) the subroutine ERROR is called, which controls
whether the coordinate-difference has already become smaller
than epsilon. If that occurs, the coordinate-difference is

set §. This is necessary to avoid - when having many little
patches lying closely together - that the picture parts 1lying
in front of the patches are recognized as invisible.

(so called "moth effect"). Mathematically this effect is to
explain in the following way: the three points forming the test
plane lie, within the limits of the computing accuracy, so
closely together that the plane is no longer determined uniquely.

If such cases shall not be considered, you can renounce to call
ERROR.

Moreover it has to be queried whether size DIVID has become @,
to avoid a division through 0.

If DIVID = @ that means

1. Pl (X1,Y1,Z1) = P2 (X2,Y2,Z2),
or 2, P1 (X1,Y1,7Z1) = P3 (X8, Y3, Z23),
or 3. points P1,P2,and P3 1lie on a line.

If one of the three cases occurred, the test plane is no 1ongef
determined uniquely (plane degenerated to straight line). In
this case DIFF = +1 P, is set (i.e. visible) and it is returned
to VISKRI.
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In all other cases after the solution of equation (3) size DIFF
is computed by taking equations (4a) to (4f), and (5):

DIFF = C - ZV (6)
Thereafter it is returned to VISKRI, where size DIFF is evaluated:

DIFF < P test point invisible: IVK=IVK-1
DIFF > @ test point visible: IVK=IVK.
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C<ZC(I3)

yes

DIFF=-10,

( RETURN)

to. VISKRI

YF1=YC(Il)

XF1=XC(1)

ZF1=ZC(Il)

XX1-XC(12)-XF1

ERROR

XX2=XC(I3)-XF1

ERROR

!

[ Yv1 =§'rcaz )YF1 |

ERROR

[¥¥2=YC(3)-YH |

I

ERROR .

|
Z.71=7C(12)-ZF1 |

ERROR

[(Z22=2C(3)-ZF1 |

l

ERROR

1
|
|

&

to- VISKRI
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GP
DIVID = XX1* YY2- |
XX2 * YY1

es

no

ZV=ZF1+( (B-YF1) » (XX1%ZZ2-XX2 +ZZ1)
- (A-XF1)x (YY1*ZZ2-YY2# ZZ1) ) / DIVID

DIFF = C-ZV+EPS

‘RETURN to VISKRI




3.8 ERROR

Name:
Key-word:
Language:
kCa]]:

Parameters:

COMMON :
Subroutines:

Storage location:

3-40

ERROR

Elimination of computing inaccuracy
FORTRAN II

CALL ERROR (VAL, EPS)

Input parameters: VAL, EPS
Output parameter: VAL

35

The subroutine ERROR tests the input parameter VAL, whether it is
absolutely already smaller than EPS (=1¢'5).

VAL=p is set, otherwise VAL is preserved.

If that is the

case,




RETURN to DIF
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3.9 INTER ,

Name: INTER g

Key-word: patches in the screen patch 3

Language: FORTRAN I1 :

Call: CALL INTER(IRY, IRX, NIHQ)

Parameters: : Input parameters: IRY, IRX |
OQutput parameter: NIHQ =

COMMON : LIHIWI, INDLI, IHQ .

Subroutines: | ASSIGN, LODBIT

Storage location: 92 b

The subroutine INTER computes the patches in a screen patch, whiché
is fixed by the input parameters IRX, IRY. The output parameter é
NIHQ indicates the number of patches searched, the indices of ;
which are collected in field IHQ. As generally the number of
patches is different in each screen patch, it has to be newly
computed in each INTER-call. In order to have the correct be-
ginning-value for it, in the beginning NIHQ=p is set.

The number of patches in the respective screen patch is also given
by the value of the indication array LIHIWI (IRY, IRX,1), which is
computed in subroutine FLAVIS. S

In a DO-loop, beginning with 1 and ending with the value LIHIWI
(IRY, IRX, 1)=LI1l, in each run NIHQ is increased by 1 and the
patch counter IANZ is computed. The value of IANZ results from.
the start value for each screen patch LI2=LIHIWI(IRY,IRX,2) and
NIHQ IANZ is transferred as input parameter to subroutine ASSIGN,
which yields as output parameters IZQ, IMIN, IMAX. The system _
dependent program LODBIT loads into cell IHQ(ML) the index, which
in cell INDLI(IZQ) of the index 1ist is situated between bits.

IMIN and IMAX. } \
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3.9 INTER
Name: INTER
Key-word: patches in the screen patch
Language: FORTRAN I1I '
Call: CALL INTER(IRY, IRX, NIHQ)
Parameters: ‘ Input parameters: IRY, IRX |

OQutput parameter: NIHQ
COMMON: LIHIWI, INDLI, IHQ | 3
Subroutines: ASSIGN, LODBIT g
Storage location: 92 . ‘5

The subroutine INTER computes the patches in a screen patch, whichﬁ
is fixed by the input parameters IRxg IRY. The output parameter
NIHQ indicates the number of patches searched, the indices of
which are collected in field IHQ. As generally the number of
patches is different in each screen patch, it has to be newly
computed in each INTER-call. In order to have the correct be-
ginning-value for it, in the beginning NIHQ=p is set.

The number of patches in the respective screen patch is also given
by the value of the indication array LIHIWI (IRY, IRX,1), which is
computed in subroutine FLAVIS.

In a DO-loop, beginning with 1 and ending with the value LIHIWI
(IRY, IRX, 1)=LI1, in each run NIHQ is increased by 1 and the
patch counter IANZ is computed. The value of IANZ results from
the start value for each screen patch LI2=LIHIWI(IRY,IRX,2) and
NIHQ IANZ is transferred as input parameter to subroutine ASSIGN,
which yields as output parameters IZQ, IMIN, IMAX. The system
dependent program LODBIT loads into cell IHQ(ML) the index, which
in cell INDLI(IZQ) of the index 1ist is situated between bits.
IMIN and IMAX. o i




-

ML=O
LI1=LIHIWI [ IRY, IRX, 1]

Ja

no
LI2=LIHIWI [IRY, IRX, 2|

(DO IL=1, LI1

TANZ=LI2+ML '
ML =ML+l .
|

ASSIGN [IANZ, 1ZQ, IMIN, IMAX]

IHQ [ML) = LODBIT{INDLI [1Zq)],
‘ - IMIN, IMAX]
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3.10 ZERLEG

Name: ZERLEG

Key-word: Division of a screen patch

Language: FORTRAN II

Call: CALL ZERLEG (MET, IZE, MAR, IZA,
CAPPAX, CAPPAY, KVX, KVY)

Parameters: Input parameters: MET, IZE, CAPPAX, CAPPAY,

‘ ~ KVX, KVY
Qutput parameters:MAR, IZA

COMMON: XMIN, YMIN

Subroutines: MINMAX

Storage Location: 147

Out of a quantity of patches - the number of which is MET and the
indices are stored in field IZE - those having point quantities in
one quarter of the'existing screen part are computed. The position
of the screen quarter is given by the variables KVX, KVY, the
appertaining distances between X- and Y-screen-lines are CAPPAX,
CAPPAY. The indices of those patches, having point quantities in
the screen part determined by KVX, KVY, are collected in array IZA
Their number is allocated to the output parameter MAR. |

In order to get the right beginning value for each call of ZERLEG,
in the beginning MAR=0 is set. For each patch, the index of which
is in array IZE, its minimum XMI, YMI- and maximum XMA, YMA-values
in X- and Y-direction are preserved by calling subroutine MINMAX.
With these minimum- and maximum-values the variables IRA,IRE
respecting screen-line-distance CAPPAX,the variables KRA,KRE
respecting screen-line-distance CAPPAY are formed analogously to
subroutine FLAVIS. IRA,KRA indicate the first screen part, IRE,KRE
the last screen part containing point quantities of the patch.
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If the first value IRA is greater than KVX or the last IRE

less than KVX, the patch cannot have point quantities in

screen part KVC, KVY.It isthe same, if KRA greater KVY or KRE
less KVY. In this case it is passed to the next patch. In all
other cases the patch has point quantities in the fixed screen
part. The output parameter MAR is increased by 1, and the index
of the patch, which is in array IZE, is stored in array IZA.

The patches,lying in a screen patch IRY, IRX, were computed
in subroutine INTER, where an indication array LIHIWI and an
index 1ist INDLI are used.
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ZERLEG

MAR=Q

DOMP=1, MET,

INMAX[IZE MP , XML/
YMI, XMA, YMA] N
I

J

IRA=IFIX XMI-XMIN /CAPPAX +1-KVX
IRE=IFIX XMA-XMIN /CAPPAX +1-KVX
KRA=IFIX YMI-YMIN /CAPPAY +1-KVY
KRE=IFIX YMA-YMIN /CAPPAY +1-KVY

yes

. Yes

yes

MAR-MAR+L l
1ZA (MAR] =1ZE [Mli];

to VISKRI




3,11 SEARCH

Name:

Key-word:

Language:

Call:

Parameters:

i

COMMON :

Subroutines:

Storage Location:
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SEARCH

Searching of patches containing the
test point

FORTRAN 11

CALL SEARCH (NIRS, IRS, NICA, NLSC, NMVC, NNRC,
A, B, C, ISPRU) :

Input parameters:®» B, C, NIRS, IRS ,
Output parameters:NICA, NLSC, NMVC, NNRS, ISPRU |
EPS, ICA, KEMAX, LSC, MYC, NRC, XC, YC, ZC, IN

INFLAP, INFLA4, INFLA3

2317

Out of a number NIRS of patches, the indices of which are in
field IRS, those containing the test point P(A,B,C) are to be

searched.

First the counters NICA, NLSC, NMVC,and NNRC=0 are set. The
significance of the counters is shown in the following table
(see also chap. 6):

P

Number of surfaces

Array of surface 1, Index 2, Index | 3. Index
indices in the array
ICA N N+KEMAX N+KEMAX+1 NICA
LSC N NL N+KEMAX+H | NLSC
MVC N+1 N+KEMAX+1 | N+KEMAX NMYC
NRC - N. N+1 N+KEMAX | NNRC By

Moreover the branch-parameter ISPRU=1 is set.

With the call CALL INFLAP(A,B) in the subroutine package INFLAS
the X-, Y-coordinates of the test point are transferred. In the
further process of SEARCH only the indices of the corner points
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of the respective patch are transferred to INFLAS.

Dependent on the DO-index of the DO-loop, these indices are
computed in the loop. Then it is queried, whether all Z-coordi-
nates of the quadrangle are smaller than the Z-coordinate C of
the test point. If that is the case, the patch is irrelevant
for the further testing, i.e. the patch cannot cover the test
point and it is returned to the end of the loop.

If not all Z-coordinates of the quadrangle are smaller than C,
it is computed by call CALL INFLA4(IR,IR1,IR3,IR2), whether the
test point lies in the quadrangle. The result is in the COMMON-
size IN. The address-allocation for IN is made in subroutine
FLAVIS.

IN Significance

-2 test point lies on a line

-1 test point lies in a corner point
/1 test point outside the quadrangle
+1 test point inside the quadrangle

In the following branches IN is tested:

IN further operations
=-1 branch off loop-end
=0 “branch off loop-end
<R further testing of the Z-coordinates
==2 of the quadrangle

If IN=-2 or >p (test point T1ies in the quadrangle or on a
boundary l1ine), the Z-coordinates of the quadrangle are tested,
whether all Z-coordinates of the quadrangle are greater than
Z-coordinate C of the test point. If that is the case , the
quadrangle anyway covers test point P and the branch parametgr
ISPRU is set to zero. Afterwards it is returned to VISKRI, where
ISPRU=Q leads to a return to GREVIS resp. VIDRAW with IVK=0
(point invisible).




- 3-49

After the exclusion of all trivial cases, the quadrangle is
divided in two different ways in triangles (see chap. 3.6)
and by call CALL INFLA3(INDEX1, INDEX2, INDEX3) it is computed
whether the test point is in.a triangle.

When the loop is worked off, the numbers of the respective
triangles have been allocated to the output parameters and
the input sizes are unchanged. Then it is returned to VISKRI.
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SEARCH

NICA: B ZCq=ZC (IR]
NLSC= 8 ’ ZC5 = ZC[IR1]
NMVC = 2 zC4=2zC(1R2)
HRRE = 8 ZC, = ZC[IR3)
ISPRU = 1

INFLAPIA,B

IR = IRS [MP]
IR1=IR+1
IR2 = IR + KEMAX

IR3=1IR2+1

INFLAL =CALL INFLAL (IR, IR1, IR3,IR2)
INFLA3z CALL INFLA3 [IR,IR1,IR3]

ISPRU= 8

RETURN

to VISKRI

INFLA 3,

NICA=NICA+

ICA[NICA]=IR

NLSC= NLSC +1

LSCINLSC) = IR




INFLA3,
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O

INFLA3p 2CALL INFLA3[IR1,IR2IR3]

NMVC=NMVC +1

MVC [NMVC]=IR

/
NNRC =NNRC+1

NRC[NNRC]=IR

( conTINUE

RETURN

to VISKRI




3.12 INFLAS new

Name:

Key=-word:

Language:

Calls:

Parameters:

COMMON :

Subroutines:

Storage Location:
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INFLAS

Computation, whether a point lies within
a surface limited by vectors

META 920, has to be loaded with the
FORTRAN-1oader

CALL INFLIN (XC, YC,IN) (taking over of the

(field addresses and the address of the

result farameters
CALL INFLAP XP,YP) (taking over of the test
point-coordinates)
CALL INFLA3 (IND1, IND2,IND3). (INFLAS for a
patch consisting of 3 corner points)

CALL INFLA4 (IND1, IND2, IND3, IND4) (INFLAS for
a patch consistinag of 4 corner points)

Input parameters: XC,YC,XP,YP;IND1,IND2,IND3,
IND4

Qutput parameter: IN

229

INFLAS has to compute as quickly as possible, whether a test
point P(XP,YP) lies within a surface, which is spanned by points

P1 = P1 ( XC(IND1), YC(IND1)) ,.
P2 = P2 (XC.(INDZ), YC@ND2) ),
P3 = P3 ( XC(IND3), YC (IND3) )
and byP4%P4 (XC(IND4), YC(IND4) ) when having patches with 4

corner points.

For time-saving reasons, INFLAS is initialized one time in sub-
routine FLAVIS with the call CALL INFLIN(XC(1),YC(1l),IN),
the field addresses and the address of the result parameter IN

are transferred.




For the same reasons the coordinates of test point P are trans-
ferred in subroutine SEARCH by call CALL INFLAP(XP,YP). In the
loops, the indices of the corner points of a patch are then only
transferred by CALL INFLA3(IND1,IND2,IND3) resp. CALL INFLA4
(IND1,IND2,IND3,IND4).

The subroutine yields for both, convexo and concave patches the
true sentence. The result parameter IN gets for each case the
following values: '

IN Significance

-2 test point P lies on a line )

=] test point P lies on a corner point g :ﬁe patch
P test point P lies outside )

+1 test point P lies inside )

In subroutine INFLAS from -a point P a straight line is put in
one direction. It is tested by the boundary vectors of the surface
whether they form a point of intersection with this straight line.
The number of points of intersection available is counted. If the
number is @ or an even number, P is outside, if it is odd, P is
inside the patch.

Thus we distinguish the following cases, which are generated by
comparison of the signs of the two X-values:
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Case 1:
X1 and X2 =

la) Y1 and Y2 have equal signs
P1

B3 no point of intersection
P
Case 1b: Y1l and Y2 have different signs
P1
P Point P lies on a connection line
P2 '
Case 2: One X-value = §, one negative
P1
////////) no point of intersection possible
P2 P
Case 3:

One X-value = P, one positive

3a:

Y1 and Y2 have equal signs

P1

P2
no point of intersection possible




S=bb

3b: Y1 and Y2 have different signs
P1
\\\\ point of intersection is given

Nes

Case 4: Both X-values have pos1t1ve signs;
po1nt of intersection is g1ven with d1fferent
Y-signs; according to 3.

Po—

Case 5: Both X-values have negative signs;
according to 2 no point of intersection possible.

Case 6: X1 and X2 have different signs

6a: Y1 and Y2 have equal signs

P1 . . ; .
x\\\\\\\ no point of intersection possible.
P2 ‘

P

6b: Y1 and Y2 have different signs

‘QL\\\ One point of intersection possible.
g In order to ascertain,whether there is
AN a point of intersection, the value YP
N pm is substituted into the straight-1ine-

equation of the connection line.

If result value X=p, the point lies
on the straight line.

P If the value is X > @, there is a boint
of intersection with the positive
P2 unlimited Tline.

If X-value < @, there is no point of
intersection.

6c: Y1 and Y2 are = P

» Point P lies on the connection 1iné

Dq
T e
¢
X)




<;NbLA3¢)

0~

o R ©%

| «PANZ- :=-A7]

A

L TRD _“[“_.m

2> 1= <A+
+ < EOIND>

e e =

| £ X> &g

y
|

]"-_‘ .’__1

""’“ll

XVER

.—q—-

[ex1, X141 3
|fXL XL+1>

{ INbLA*JJ

1/£NPLA3> = <INFLAL"

[~a> := 2 |

address of the last
parameter address with
indirect addressbit

last parameter index

of the last point

get X-value; result: X-XP

[ yver
o

<Y1,Y1+1>
<YL,YL+1>

< ZAEHL>
<Z>

address of the i1st

EOIN

parameteraddress +
with indirect addressbit-— ' - -
K\SCHLA

[ <x>

[INEYER_]};

<:FHLA+2) »
' (X.?.) t= <B>
X24+17 3= <A>
KAV = LA> X

&z
|

yoct e LAl

normalize the counter of
intersection points

j) loop beginning

actual point-index - XR

store X-XP to X2,X2+1
multiply mantissa of X2
with mantissa of X1

thie results in the
following 6 cases




case 6: different

Y-signs
YVER J|<—C Xvy

<Y2+1>:= <A>
<XA>=<B>

v

<A.B>, 47°°

the X-values have
equal signs and are ¢ 0

XPOS }’ YVER

<A>x<Y1s1> )
8 Vevaluss case yes case 3jor &:
cHsE. Bl ! one of the X-values at lecst one v 3b or 4b:
have different signs is equal, the other £ 0 of the |X- |<Y1>' -<B > J enlarge the
: values |is 0@ =y counter of
o — s 3 : int ti
point im-
possible only <ZAEHL>:=
s exchange ° i
case 6a: Y-values ;‘:f,ﬁ,:;e:"t_hg g <ZAEHL=> +1
both the same sign;¢ 8 - | 3a or ba:
no intersection es
[ YVER —l point y
UMS
case 6¢: Y-values |<Yl> =<B> ] -
are both=9 Y€Scase 3
' 1 exchange:,
case 1b: point is [<A>:z<Xl+1> |} |<Y'|+1>:=<A> J mantissa of Y2
on the line g
- Y1+1;

[<x1>:=<x2 > | X2, X241—>

like case 6b:
intersection point possible

X1, X1+1

<Xie 1> =<X24>]

case fa: Y-sign equal
- - branch to
_EY1+1>"<A>j : SCHLEN the end of
: ) the loop .
SCHLEN _

LS-E

case 6a: no
intersection
point possible
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case 6b: X and Y have
different signs

1,P1+1%> :=

Y/, Y 1417%<X2 X2+ 1>

linear equation'has to be
computed

Y

<B3”>

<A =
g
-
S

<Y2+12
< X>

¥

¢A,Br:i=<\,DB>
#<X1, X1+1>

=<P1 , P1417

numerator=@; point lies

on a line

”{IVLIV J<

CINAD» :=.2

PANZ > ¢=

ANZ> =1}

= ANZ><(}

TINFLAS

[ ®1> 1=<d>
e
<N 1=<Y2+44>

<By 1= <X

%

€z>:=<7> +1]

<LAGB>:=<A;B>
=<Y1,Y1+17

{(X) 1= L7 > 1
¥
[l XVER I

: J.
[ ]

if a point lies on one of the
lines, it is tested, whether

the point is in accordance with

one of the p01nts, that tested
not yet.

numerator: X1~ Y2=-X2%Y1

numerator# @; denominator
has to be computed
save sign of the numerator

denominator: Y2-=Y1

ZALHL> s:= comparison of
Pl ALY +1 |signs: at.equal

tion point;

<Y1”? :=<X7
£A2 ‘—<Y2+1>
UMS

enlarge counter
of intersection
points

KKINAD P> :=

-——-"r <7 AEHL >'

INFLA3J

at odd number of inter-
section points:
result = }

at even number:
result = ¢

signs: intersec-




taking-~over the last
point, that was computed
and buffered as the first
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‘ NIUM ) exchange from P2 to Pi1
~ before getting Y2
! .

K1, X1412 =
X2,X2+12

¥

{[yver i

<Y1+1,Y1%:=
<A,B >

PANZ> =13

N<Z 7= s scuLA )
PANZ <R Lot L

: ; branch to loop
1 - : beginning

<A,B) =
KX I+1,XL >

SCIHLA +2




taking over of the X-coord. d=gd
of the next point; ‘
test regarding accordance
with XP; subtraction X-XP

<A, B>:=
<< XFAD =>>

) no

ng XVER

<A,B>=<A,B>
- <XP, XP+1>

v
XVER result in AB: X-XP

A has to correspondent
to the output-value of XVER

last point = A, Bawe
P <YL+l YL>
¥
YVER '

[<XM>:=<A> |
<A,B>:=
<< YFAD >
<A,B>:=<AB>
-<YP+1,YP>

{1) test for X-accordance l

(2) no accordance: YVER YVER »
normal exit 1
<< INAD>>:=-1

cccj.ordance with INFLA 3
DOH'\(> P;
direct exit




4. Measurements of tinme
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Measurements of time resulted in the following computing time:

T = <,ZM i ML-NA)'T.,L (4)

JRY=4 Inx=4

there is

ML = Number of patches in the screen patch, which is
defined by IRX and IRY.

ITR= Number of VISKRI-calls, the visibility testings of
which refer to a point in the screen patch.

YT“ = Computing time for a VISKRI-call, the visibility

testing of which refers to a screen patch,that only
contains one patch.

From (1) follows

(2) T =f(time-figure),i.e. the computing time is linearly
proportional to a time-figure.

In the first approximation results

_
(3) ML=

RY=4 rRx=4

2. 2 ML

1

with ML = mean value of the patches per screen patch

and Vv P

- TR= |5 ZJTR

¢ [RY=4  tpx=4

|
/»v

with ITR= mean value of the visibility testings per screen patch

Hence follows
(s) Mw~d R e L

2

=Z|—

and (6) time-figure =
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The computing time is inversely proportional to the square of
the screen patch number or to the number of screen patches
arising from a possible division.

You cannot use this favourable dependence on smaller computers
as for example C 90-40, for there is not enough storage space.

On large scale computers the use of this relation means a
~considerable time saving, and it is easily to realize by
increasing the screen patch number resp. further division
of the screen patches.

In its present form FLAVIS needs for 100 patches an average
of 4 - 5 minutes.
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5. Picture examples for the results obtained by FLAVIS
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SHORT SPECIFICATION SF THE FLAVIS=SUBRBUTINE=PACKAGE

ESZIZ=XT=ZzzssS=====T S EEsz3==¥TETSE S-S SSTASSTSTRZISSED D

LS A AR A ARSI TSRS L ST ETRIRT RN R PR ISV v vV RV VBV SR VNS

FIRSTs IN THE FIRST PART 8F FLAVIS THE CBNSTANTS ARE CBMPUTED,
INDICATION AND INDEX=| ISTS ARE RESTORED.

THAN, IN A 2ND PART B8F FLAVIS WITH THE SUBRBUTINES MINMAX, ASSIG!
AND PUTBIT INDICATIBN= AND INDEX«LISTS ARE SET UP.s

IN A 3RD PART BF FLAVIS THE VISIBILITY STUDY IS STARTED AND
CONTROLLED, (SUBRBUTINE V]DRAW)

VIDRAW CAUSES, IF NECESSARYs THE VISIBILITY STUDY BF THE KNBT
AND THAN TRANSFERS THE INITIAL= BR ENDPOINT BF A U= RESPe V=L INE=
ELEMENT 78 THE SUBRBUTINE GREVISs THE DISPLAYFILE THAN WILL BE
FILLED WITH THE RESULT 8F GREVIS.

THE SUBRBUTINE GREVIS TESTS THE LIMIT OF VISIBILITY WITH THE
SUBRBUTINE VISKRIe

THE SUBRBUTINE VISKRI ASCERTAINS WITH THE PRBGRAMS INTER, SEARCH
ZERLLEG AND DIF THE VISIBILITY OF THE TEST«P8INTe

THEREBY [T IS FOUND BUT WITH INTER, HBW MANY PATCHES ARE IN THE
SCREEN PATCH.

NOONOOO0ONONONONONONZOO000NONONONON

WITH THE SUBRBUTINE SEARCH 1T IS ASCERTAINED WHICH PATCHES
INCLUDE THE RESPECTIVE TEST PBINT (THIS IS DONE BY THE SUBRBUTINEC
INFLAS: IN FLAVIS WITH INFLIN THE ADDRESSES 8F THE XC= AND YCe
LISTS AND THE ADDRESS 8F THE RESULT PARAMETER ARE TRANSFERRED.
IN SEARCH FIRST WITH INFLAP» THE CBB8e 8F THE TEST PBINT ARE
TRANSFERREDs IN THE L88P 8NLY INFLA4 = WITH 4 INDICES BF THE
" CBRNER €806, BF A QUADRANGULAR PATCH RESPs INFLA3 WITH THE 3
INDICES 8F A TRIANGULAR PATCH ARE CALLED].

AFTER THAT THE PATCH 1S PARTED IN TW8 DIFFERENT WAYS INTO
TRIANGLES AND IT IS CALLED WHICH 8F THEM INCLUDE THE TEST PBINT
(WITH INFLA3)e THE RESULT 1S STBRED.

IN DIF AND SEARCH TRIVIAL CASES ARE HANDLED PREVIBUSLY BR
EXCLUDED.

BY THE SUBRBUTINE ZERLEG =~ IF NESCESSARY =~ A DIVISION BF THE
SCREEN»PATCH 1S MADE.

BY THE SUBRBUTINE DIF IT 1S ASCERTAINED WHETHER A TRIANGLE
CBVERS THE TEST PBINT B8R NSTe POSSIBLE INACCURACIES IN CBMPUTATIB
ARE ELIMINATED BY THE SUBRBUTINE ERROR.
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SIGNIFICANCE BF THE COMMBN~SIZES

DISTANCE BF TW8 XeSCREEN LINES
DISTANCE BF TW® Y=SCREEN LINES

MEASURE FBR THE ABSSLUTE SIZE 8F ALL PATCHES IN THE X=,Y=PLAN

EPSILON = 0,00001
U=INDEX B8F A KNBT

O MO 202233203 3 DB TSR 0303006020000 06 02900 00 006 00 00000 200 006 0 060 060 60 000 600 6

LA A AE AR S SR SRS SRR YT L EE T TR IR FRPR TR TR B R I

LIST B8F THE TRIANGLES GBING THRBUGH THE PBINTS WITH THE
INDICES 1QsI1Q+KEMAX, 1Q+KEMAX+1 AND CBNTAINING A PBINT THAT
IS T8 BE STUDIED FBR VISIBILITY.

NUMBER 6F Ue| INES
MAXIMUM NUMBER BF U= INES

LIST 8F THE IQ-INDICES 8F PATCHES, HAVING POINT

IN BNE SCREEN PATCH

SHEWS, WHETHER 2 PB!NTSAHAVEWA
FREE FBR EXTENSIONS

SHBWs, WHETHER A PSINT LIES IN
INDEX=| 1ST 8F PATCHES

FREE FBR EXTENSIENS

LIMIT FBR NUMBER BF PATCHES AT
SCREEN PATCH -

LIMIT FBR NUMBER 8F PATCHES AT
SCREEN PATCH

LIMIT FBR NUMBER BF PATCHES AT
SCREEN PATCH

INDEXs CBMBINING lw,KeslL»INDEX
Ve INDEX BF A KNBT

NUMBER 6F Vel INES

MAXIMUM NUMBER B8F Ve[ INES

SHBRTER DISTANCE
A PATCH
THE 1ST DIVISIEBN

THE 2ND DIVISIBN
THE 3RD DIVISION

QUANTITIES

THAN EPS

8F THE
8F THE
8F THE

LIST 8F IQ~INDICES B8F PATCHES HAVING POINT QUANTITIES IN

A 174 8F THE SCREEN PATCH

.
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ggo C KZZ : LBBPACBUNTER FBR LIMIT BF VISIBILITY ' c i
1 & c |
302 C L ! INDEX 6F SURFACE RELATIONSHIP WHEN THERE ARE SEVERAL SURFACESC
303 C ' C i
304 C LEMAX ¢ MAXIMUM NUMBER BF SURFACES C |
305 C c
306 C LFQ : LIST 8F 1QG-INDICES 8F PATCHES, HAVING PBINT GQUANTITIES IN c
307 C 1716 BF THE SCREEN PATCH c
308 C c
309 C LIHIWI: INDICATIBN LIST FBR THE ALLBCATION 8F PATCHES T8 THE SCREEN C ﬁ
310 C = c
311 C LSC ! LIST BF TRIANGLES, GBING THRBUGH THE POINTS WITH THE e
312 C INDICES 1Q21Q+1,IQ+KEMAX+1 AND CBNTAINING A PBINT THAT IS T8 C
313 C BE STUDIED FBR VISIBILITY ¢
314 C c
3i5 C MBQ ¢ LIST BF IQG-INDICES B8F PATCHES, HAVING POINT QUANTITIES IN o
316 C 1/64 8F THE SCREEN PATCH c
317 ¢ c
318 C MV(C ! LIST 8F TRIANGLES, GOING THRBUGH THE PBINTS WITH THE C
319 C INDICES I1Q+1,1Q+KEMAX, IQ+KEMAX+1 AND CBNTAINING A POINT THAT C
320 C IS T8 BE STUDIED FBR VISIBILITY g
321 .C

322 C NANZAL: NUMBER B8F DISPLAY=FILE CELLSs, WHICH ARE ALREADY FILLED C
323 C ' ‘ o
324 C NPUF ¢ DISPLAY-FILE" c
325 ¢ o
326 C NRC ¢ LIST BF TRIANGLES, GBING THRBUGH THE PBINTS WITH THE c
327 C INDICES 1Qs1Q+1,IQ+KEMAX AND COENTAINING A PBINT THAT Is T8 C
328 C BE STUDIED FBR VISIBILITY C
329 C c
330 C SIGMAX: BNE QUARTER BF THE DISTANCE BETWEEN 2 X-SCREEN LINES c
331 C SIGMAY: BNE QUARTER B8F THE DISTANCE BETWEEN 2 Y~SCREEN LINES g
332 ¢

333 C TEILX § HALF D]STANCE BETWEEN 2 X=SCREEN LINES c
334 C TEILY :.HALF DISTANCE BETWEEN 2 Y*SCREEN LINES E
335 C _

336 C THETAX! ONE EIGHTH 8F THE DISTANCE BETWEEN 2 XeSCREEN LINES c
337 C THETAY! BNE EIGHTH 8F THE DISTANCE BETWEEN 2 YeSCREEN LINES g
338 C _
339 C XC ' & =XT c
340 ¢ . c
341 € XMAX ¢ MAXIMUM X=COBRDINATE 68F THE DISPLAY g
342 C ,

343 C XMIN ¢ MINIMUM X=CBOBRDINATE 8F THE DISPLAY g‘
344 C

345 C XT ¢ X=CBBRDINATE BF KNBTS C
346 C c |
347 C YC ¢ sYT c
348 ¢C ~ C
349 C YMAX ¢ MAXIMUM Y«-COBRDINATE 8F THE DISPLAY g ,
350 C . i
351 C YMIN : MINIMUM Y«CBBRDINATE @F THE DISPLAY g :
352 C o ‘ ;
353 C YT : Y=CBBRDINATE BF KNBTS c
354 C C |
355 C 2ZC 1 =27 C |
356 C | C
357 C 27 ¢ Z»CBORDINATE 8F KNBTS E‘L
358 C , i
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SIGNIFICANCE BF THE LISTS B8F PATCH-INDICES
R R A I R A R R R R N R R E R N R T
IN LIHIWI [IRYsIRX2 1] APPEARS THE NUMBER OF PATCHES IN THE
SCREEN PATCH IRY,IRX.
IN LIHIWI CIRY,IRX»2] APPEARS THE RESPECTIVE START VALUE C[INDEX)
FBR THE INDLI=LIST»
IN INDLICINDEX] APPEAR THE INDICES 6F THE PATCHES.
**#******4*****&******************************************#**¥*******#
) ' ! ] '
LIST 8F 'SCREEN 'SCREENS]ZE '"WIST~ 'NUMBER 8F PATCHES
PATCH 'PATCH ! 181ZE "IN THE LIST
INDICES ! : ' oaX v ay ! ’

LA AR SAR SR AL TR SRS AARE AR TR ER R R BRI T I 2 2 R R T NS g
! ' ' ' t

IHQ 1171 'DELTAXIDELTAY ! 200 :NIHQ
KW 1176 'TELLX ITEILY ' 100 'NKWG
LFQ 11/16  ISIGMAXISIGMAY ! 50  INLFO
MBQ :1/64 :THETAXETHETAY E 40 ENMBG

***************u**i*“i***********l*#**‘*********i*************i***i***

THERE 1S -
DELTAX = ABSIXMAX = XMINl/11l.
DELTAY = ABSILYMAX = YMIN)/11le.

TEILX=DELTAX/2e
TEILY=DELTAY/2¢
SIGMAXaDELTAX/ 4
SIGMAYaDELTAY/ 4.
THETAXsDELTAX/8e
THETAYaDELTAY/8.
****!****&‘**********************l****{*****4**&*****l***************ic
LISTS 6F THE DIVIDED PATCHES: . ¢
c
AR AL R AR R T AR S AR IR I e N T R I I R A TSI S R I
C | ' c
c LIST OF v INDICES 8F THE TRIANGLES 'NUMBER OF "WIST=-SIZE C
C PATCH oo 'PATCHES IN ! C
G INDICES t 1+INDEX '24INDEX '3+INDEX 'THE LIST ' o
o R e e L R T I T PR TR TR TS T TR L R AL PR Y Tol
L ' ' ' [ ' ‘
c R ! ! ' '
c ICA 'N "N+KEMAX  'N+KEMAX+1TNICA ‘a5
C ! ' ! 1 . ]
o L.sC 'N . TN+ 'N+KEMAX+1'NLSC 125
C ' ‘ ' { ! '
G MvC IN+1 'N+KEMAX+] ' N+KEMAX  'NMVC 125
c ' ' ' ' '
c NRC IN 'N+1 'N+KEMAX 'NNRC 'a5
c ' ' ' 1 '
o R R T e s A AR SR e R e A s A

OO0 OO00OONODNN0ON0

OoOOOOnNOoOnNnoOonNO0oONOnNnNnNOn

OONOOONDOOON
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420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
by
b4
443
bay
445
b46
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479

CS*******************%*l***********&****&*****&*****l&!**********&*****C

SPECIFICATIBN BF DIMENSIGNING!

STz ITEIETSBIIzegagsS

oOOOOO0n

233 30 36 90 38 396 36 3 26 3 ¢ 3 3¢ 36 3030 36 36 3 2 W 36 26 36 3 38 3 36 363 W 9 3 36 3 9 6 9 I 3 36 3 9 3 2 36 I W NI I I TG IR W

IN CASE MBRE THAN 1000 KNBTS ARE T8 BE BPERATED B8R THE NUMBER 8F
KNBTS PER SURFACE SHBULD BE 8THER THAN 100, THE DIMENSIBNING OF
FOLLBWING S1ZES HAS T8 BE CHANGED: ,

XTa¥YT22T» XCaYCrZC, 1E,KEs INDLI,NPUF,

YBU HAVE Tp TAKE NBTICE 6F THE FOLLEWING RULES:

IE
XTLIDsKD,LDI YTLID,KDsLD) AND ZTCID2KD»LD]

WITH ID = MAXe NUMBER BF KNBTS IN U«DIRECTIBN
WITH KD = MAXe NUMBER 8F KNBTS IN VeDIRECTIBN
LD = MAXs NUMBER 8F SURFACES
THEN |
XCLID*KD#LD)s YCCID*KD#LD) AND ZC[ID#KD#LD)
MBREGVER
INDLI C]JD#KD*LD + SECURITY=DISTANCE 3
NPUF [ 2#[1D*KD*LD + SECURITYeDISTANCE] ] HAVE T8 BE SETUP.

IN THE MAIN PROGRAM DEPENDENT 8N THE DIMENSIONING THE FOLLBWING
S1ZES HAVE 16 BE DEFINED:

IEMAX = D
KEMAX = KD
LEMAX = |D

ALL THE 8THER ARRAYS CAN REMAIN FIRMELY DIMENSIBNED.

OOOOODOO0O00OO0O0OO0O0OO000O000O00000NO0O000O0O0O00O00O0n

*********i***i*&**%*******%*******i**%**l*****i***l*li**l*****i*******

C
C
C
€
c
C
c
c
c
g
&
C
C
g
C
G
C
g
c
c
*
C
c
c
C
C
C
c
C
C
C
G
c
c
c
&
G
c
G
c
C
C
c
o
c
c
C
c
c
c
C
G
c
C
c
c
c
c
€

s

C

C INDEPENDENT BN THE DIMENSIBNING PRIBR T8 A FLAVIS=CALL THE
c FOLLBWING SI1ZES HAVE Te BE DEFINED IN THE MAIN PRBGRAM:
C ,

e XMIN, XMAXs YMINS YMAX;

Cc XTaYT22T BZWe XCa2YC,2C

c IE,KE2LEMAX

c

C F

C

C

PET FEE T TS P e T T T T X PR IR R e e Y S ST 232222222 AR R R AR R




480
481

482 .

483
484
485
48¢
487
488
489
450
491
492
493
494
4395
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
S2a4
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539

-8

C9***********u**********************************&*l***i**lli****&l*l*&ic

NECESSARY CHANGES FBR THE RUN OF FLAVIS BN BTHER MACHINES

=========:;:::=============8==:=g========================

THAN C90/40:

SzzzzXzsSzSgz=

LAA AR AL LRI RELL L RS R R EIRRRE T RT FRVE RS S RISV R TR JERR S e
: . i

IN FLAVIS?

37 CALL ASSIGN[eses NBT APPLICABLE
38 CALL PUTBITCewe N8BT APPLICABLE
THEREFBRE

37 INDLIC]ANZI=IQ

THE STATEMENTS

53 CALL CLFAR

54 CALL SETUPEOOO

67 CALL GETANZCese

68 CALL CLEAR

HAVE T8 BE REPLACED FBR RESPECTIVE BTHER SYSTEM=DEPENDENT
DISPLAY=PRGGRAMS BR SIMILARs

THE SUBRBUTINE ASSIGN ]S NBT APPLICABLE.

IN VIDRAW:? :

THE STATEMENTS

25 CALL BLINDCeee

26 CALL VECTRCeso

27 . CALL SHBW[Os)

HAVE TO BE SUBSTITUTED F8R RESPECTIVE OTHER SYSTEM«DEPENDENT
DISPLAY~PRBGRAMS B8R SIMILARO

IN INTER:
8 CALL ASSIGNCses N8T APPLICABLE
9 THQINIHQI =eee - NB8T APPLICABLE
THEREFBRE

8 THRINJHQ) =INDLICIANZ)

THE INFLAS SUBRBUTINE«PACKAGE [INFLIN, INFLAP, INFAL3, INFLA4]
HAS T8 BE NEWLY WRITTEN FBR EACH MACHINE IN ASSEMBLERe

THE DIMENSIONING INSTRUCTIBN FBR INDLI 1IS:
INDLILC 4#(1D»KD#LD + SECURITY DISTANCE] )

OOOO0O0OO0ODOOO00OO0O00000000000000O000000000000O0000O00O0O0O00000000

*******************************ﬂ*********‘******&**%****ﬁ********iﬂ*l*

OO0 O000ON0ONNOoO000O0O0ONOO0ONnOO0O0NO0O0O0ONMNMOOO0O0O00O0OnnOnnnn




540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
5585
556
557
558
559
560
561
562
563
564
565
566
567
568
569
870
571
572
573
574
575%
576
577
578
579
580
5814
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599

(03]

~10

C****************************‘***&***********&&***&******************Q*C

c c
c o
C SUSRBUTINE FLAVIS C
c o
o c
SR A SR AR TR SR RS2 AL T2 TR T T 2T T A g e T P TR T R P R T e
c c
c IN THE 1ST PART OF THE SUBRBUTINE FLAVIS THE CBNSTANTS ARE C
& CSMPUTED. c
C IN THE 2ND PART THE INDICATISBN ARRAYS AND THE PATCH INDEX LIST €
c ARE BUILT yPe g
C C
C IN THE 3RD PART THE VISIBLE PICTURE ELEMENTS ARE DRAWNe C
C ‘ c
C CALL: CaLL FLAVIS C
o INPUTPARAMETERS * c
C BUTPUTPARAMETERS - ‘ C
C CBMMBN: DELTAX:DELTAY,DIVIS:EPS;I;IE:IEMAX:IN;INDLI:C
c ' I1BPT1,I8PT2,18PT321Q,)K,KE,KEMAXsL2LEMAX) o
c LIHIWISNANZAL,NPUF,SIGMAX,SIGMAY2TEILX,TEILY,
C THETAXs THETAY, XMAX, XMIN, YMAX) YMIN g -
C SUBRBUTINES: _ MINMAX2ASS1GN, VIDRAW g
C

C********i***i********ﬂ********f*******i******i****%&*****i*&******ifiic
SUBRBUTINE FLAVIS
G302 96 998 33390 963635 g0 369 963 300300 9030 36 46 96 2 3 ¥ 96 3630 36 3 3 46 96 06 06 3 3 369 6 3 3 36 96 36 3 3 96 0 9 3 3 I 306 0 0 0 3 0 %
c
DIMENSIBN XT([10,10410),YTC10,10,101,2TC10,10,103,INDLI[1024)
DIMENSIBN XC[1000),YCC1000)+2C[10003),1ECL0], KEEIOJ
DIMENSIBN NPUF [2048)
DIMENSION [CAL25),LSCC25]),MVC[25),NRCI[25)
DIMENSION |LIHIWIC(11,11,21,]HQ(2001,KWR[100]1,MBQ(40],LFOC50)
C**************i*&*k******i*%******i*******i***%*****i*i**&******%*l****
COMMBN INs IMJ IKL |
COMMBN XMIN,YMINS THQ2 INDLI2LIHIWISKEMAX) XT2YT»2T2,EPS,DIVIS, 111,KZZ
CBMMBN ICA,LSCsMVCaNRC,I1sKsLaNPUF,DELTAX2DELTAYKWG,LFQsMBQ
COMMBN 18PT1s18PT2s18PT3,SIGMAX, SIGMAYLTEILX,TEILY, THETAX, THETAY
COMMBN 1E, JEMAX, 1QaKEsLLEMAX2 NANZAL » XMAX, YMAX
C**Q*!»i*******************************i****************&**l#******l*&i*-l-
EQUIVALENCE [XT,XC1,C(YT,YC)s[2T,2C]
G230 202096 35 3308 339 32 09036 T 3030360 0630 36 0636 36 36 30 46 36 34 36 26 30 36 966 990 36 00 36 3 46 36 96 20 9 3 36 3 2 I N H M2 KM HRRRNR

C

c RESET LISTs:

C o

CnnnnxRESET L JHIWI=LIST?

C A\

DB 1000 (Dp=1.,2
D8 1000 KDp=1l,11
D6 1000 1Dp=1,11
1000 LIHIWICIDO,KDB,LDEBI=0

#xnt e wRESET INDLI'LIST'
D8 2000 IDS=1:1024

G
C
c
c

2000 INDLICID8Ye0
C
C
£




600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633

634

635
636
637

638

435
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659

6‘11 | i

C****&*l*i*ﬁ**k*********'******I**i*****i********i*&*************#*i*ii& "

¢ : ,
C COMPUTE CONSTANTS FBR NEwW SCALATION
c ‘ S
I TTELIEZTRR X TR R TN X Z T ET TRt SR v v geggvaregregragagvgreggg gy S S X A T2 22 X YR 2N
1 DIFFX=ABS [XxMAX=XMIN]
2 DIFFY=ABS [YMAX=YMIN)]
C***i***i*******************************&*****&****l*lﬂ***l**&*}*****li*
Cc
G NEW SCALATIGN:
C

3 XMIN=XMIN=DIFFX/500
4 XMAX=XMAX+DIFFX/500.
5 YMIN=YMIN=DIFFY/500.
6 YMAX=YMAX+DIFFY/500, :
C************************************i**i***&*************l***!******{**

c

c CAMPUTE SCREEN DISTANCES
c
O 33 3 3 330 3 3 26 3 36 36 3 9 96 % 3 36 3 3 3 33 I 3 36 36 26 2 3 W I 3 3 % I W I 46 9 I I I NI NI NI I I NI N RN
G 1 SCREEN UNIT

7 DELTAX=DIFFX/11.

8 DELTAY=DIFFY/11,
c 174 SCREEN UNIT

9 TEILX=DELTAX/2e

10 TEILY=DELTAY/2«

= 1716 "SCREEN UNIT

11 SIGMAX=DELTAX/4.
12 SIGMAY=DELTAY /4.

c 1764 SCREEN UNIT

13 THETAX=DELTAX/8e
14 THETAY=DELTAY/8.

C .
c CBMPUTE BTHER CBNSTANTS!
C

C*****ﬁﬂ******#**»*5*************i**ﬁ***********1************%***‘***?'fﬂ

15 DIVISs[DIFFX+DIFFY1/700.
16 [6PT1=8

17 18PT2=8

18 IBPT3=16

19 EPS=0«00001

C**#*******&***&*********«**u******i***&****#&*****&************n****i#*,

C

c BUILD UP INDICATIBN LISTS
C

20 DB 52 ISPR=1,2
21 ISPRU=ISPR=}

G
C SET BRANCH PARAMETER
C ISPRU=0 : BUILD UP-INDICATIBN ARRAYS [ 1ST RUN 1]
» ISPRU=1 : CBMPLETE INDICATIBN ARRAYS [ 2ND RUN 1
L

22 1Q=0

23 DO 43 L =1,LEMAX

24 DB 41 1=31,IECL]) =1

25 DB 39 Ke=l,KE[Ll~1

C******i*l******************************************I*****l****l*****{*l

C********i*******i***ﬁ****************************i************i*****ﬁ*iﬂ~

C******i***********“*Q****************&***************i***i*******’*****

C**i************u*******************ill*********&****&f*i*?***fff**f**ff‘J



6-12

660 26 1Q=10+1

N R ST 2 R R R R R TR T AL S T 3 X R R g g gV Vv VNV VNGV A LUV U
662 C CAMPUTATIBN 6F THE MINIMUM AND MAXIMUM X= RESP. Y=VALUFS FBR

663 C EACH PATCH:

664 C

665 - B CALL MINMAXTCIQsXMI,YMI,)XMA,YMA)

666 C '

667 C XMIaYMIsXMA,YMA FBRM A TRIANGLE, CONTAINING THE PATCHeTHE

668 C VARIABLES [RAsIRE; KRA,KRE ARE COMPUTED BUT BF IT» THEY INDICATE
669 C OVER WHICH SCREEN PATCHES THE PATCH IS EXTENDED.

670 C

671 C

672 28 IRA=SIFIXEIXMI=XMIN] /DELTAX) +1

673 29 IRE=IFIXLIXMA«XMIN] /DELTAX] +1

674 30 KRASIFIXCLYMI=YMIN]I/DELTAY)+1

675 31 KRE=TFIXTIYMA=YMIN] /DELTAY]+1

676 C : ,

677 C : ) ,

678 C CEMPUTE THE NUMBER B8F PATCHES PER SCREEN PATCH

679 C (IRX, IRY INDICATE THE SCREEN PATCH]:

680 C :

681 e DB 39 IRY=KRA,KRE

682 33 DA 39 IRX=]RA,IRE

683 C E

684 CC CBMPUTE BVER WHICH SCREEN PATCHES THE PATCH IS EXTENDED AND STBRE
685 C IN LIHIWI[IRY,IRXs 1)

686 C | . ,

687 34 : LIHIWICIRY,IRX,1)=LIHIWI CIRY,IRX,1]+1

688 C

689 C BRANCH FBR THE 1ST RESP. 2ND RUN:

630 C

691 35 IFLISPRU] 36,39,36

692 C

693 C COMPUTATION BF THE PATCH CBUNTER IANZ:

694 C : ‘

695 36 IANZ=LIHIWICLIRY, IRXs2) =1 4+LIHIWICIRY, IRXs1]

696 C _ o

697 C COMPUTE THE VALUES FBR THE PRBGRAMS PUTBIT AND LOBDBIT:

698 C ' '

629 37 CALL ASSIGNLIANZ,1ZQsIMIN, IMAX]

700 C :

701 C WITH THE PRBGRAM PUTBITCINDLILIZQI, IMIN, IMAX,1Q]1 THE PATCH INDEX
702 C Q@ IS STBRED IN THE CELL INDLICIZQ] BETWEEN THE BITS IMIN AND
703 C IMAX. ' ‘
704 C

705 38 CALL PUTBITCINDLICIZQY,IMINS IMAX,1Q)

706 C

707 39 CBNTINUE

708 C

709 C SKIP THE MgMBRY LBCATIONS, WHICH Do NBT CORRESPSND T8 THE KNBTS?
710 C .
711 C

712 40 Q= IQ+KEMAX+1=-KE (L)

713 41 CEBNTINUE '

714 C ’

7158 C .
716 C SKIP THE MEMORY LOCATIAGNS, WHICH D& NBT CORRESPOND TG THE KNBTS!
717 C.

718 42 [0=]Q+KEMAX* [TEMAX+1-1E[L]]

7198 43 CAONTINUE




720
721
722
723
724
725
726
727
728
789
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
i87
758
759
760
7614
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779

=13

L Z2 AT Y X
g%**i**I'*}-l*****&***********ﬁ********* (22X S S 2SR ESTRZER 2R R R
: TIBN LISTS:
c COMPLETE TWE INDICATIGN LISTS:

L2 2RSSR
E********&******************&***********!*********&*l’*****

@

C BRUNCH FBR THE 1ST RESP. 2ND RUN:
c
44 IF(ISPRU) 53,45,53
45 KHV=0
c
c
46 DB 52 IRy=1,11
47 D8 52 [RX=1,11
: | N PATCHES AND STARE T8
'SUM THE NUMBER BF PATCHES IN ALL SCREEN :
g E?HILI%IRY,IRX:BJ AND RESET LIHIWICIRY,IRX,11 FOR THE 2ND RUN
€ e IF CLIHIWT CIRY, IRX, 111 49552, 45
49 LIHIWI CIRY, IRX, 2] sKHV+1
50 KHVEKHV+LIHIWT [IRY, [RXs 1]
51 LIHIWICIRYsIRX,1320

.*I LZEZTEREE S T ¥Y * % % ‘ IZI TR RALLSZE SRS B R 3 2
¥ v LA R AR IEEIEE TR R
G0 36 3 36 96 2 3 3 3 6 9 % % 3% o 4 3 % % »* * % * *

#

g DRAWING 6F THE VISIBLE PICTURE ELEMENTS:
g&n****u***i****g*************************#**********&**u&********‘*****
C CLEAR DISPLAY:

53 CALL CLEAR
< ~PACKAGEs» THAT MEANS

ATIBN B8F THE [NFLAS SUBRBUTINE : : canE
E igé;éggiiRIéSFER BF THE XCwsYC2ARRAYS AND THE INePARAMETER
C : , )
CALL INFLINCXCC11.YCL13,1N)

g DEFiNITISN 6F DISPLAY=FILE AND SCALATION BF THE DISPLAY!
& 54 CALL SETUPCNPUF L1142 XMIN, XMAX2YMIN, YMAX]
C ’ [ ]
Cxxxx#DRAW U=LINES WITH VISIBILITY:
C

55 D8 60 L =1,LEMAX

56 D8 60 k=1,I1EI(L]

57 DB 60 I=2,KELL]

58 Ilzs]~1

CALL VIDRAW[I1,K,1]
60 CONTINUE

C 1 ]
Ce##*%#DRAW VeLINES WITH VISIBILITY:
o

61 DB 66 L*1,LEMAX

62 DB 66 1=1,KE(L]

63 DB 66 K=2,lELL)

64 KlzsK=1

' CALL VIDRAW(LI,K1,K)

66  CONTINUE

C




€-14

780 C :

781 C ASCERTAIN THE NUMBER 8F DISPLAY«FILE CELLS ALREADY FILLED:

782 67 CALL GETAN7Z [NANZALJ |
783 C I
784 C CLEAR DIsSPLAY: )
785 63 CALL CLEAR ,
786 C !
787 C RETURN T8 THE MAIN PROGRAM:

788 69 RETURN . ;
789 C**&*ui****&**;*4****************&******«***4********&********#*«****i*{

790 END

IMMON  ALLBCATIBN

77777 IN 77776 1M 77775 KL 77773 XMIN
77771 YMIN 77461 1HO 75461 INDLI 75077 LIHIWI
75076 KEMAX 71156 X7 65236 YT 61316 7T
61314 EPS 61312 DIVIS 61311 111 61310 K2Zz
61257 1CA 61226 LsC 61175 MVC 61144 NRC
61143 | 61142 K 61141 L o 55141 NPUF
55137 DELTAX 55135 DELTAY 54771 KWGQ 54707 LFQ
54637 MBQ 54636 16PT1 54635 18PT2 54634 18PT3
54632 SIGMAX 54630 S]GMAY 54626 TEILX 54624 TEILY
54622 THETAX 54620 THETAY 54606 1E 54605 IEMAX
54604 1Q 54572 KE 54571 LEMAX 54570 NANZAL
54566 XMAX 54564 YMAX 71156 XC 65236 YC
61316 zC

BGRAM ALLBCATIBN

00022 LD#8 00023 Kp® 00024 108 00025 ISPR
00026 1SPRU 00027 IRA 00030 IRE 00031 KRA
00032 KRE 00033 IRY. 00034 IRX 00035 [ANZ
00036 12Q 00037 . IMIN 00040 IMAX 00041 KHV
00042 11 00043 K1 00044 FLAVIS 00046 DIFFX
00050 DIFFY 00052 XMI 00054 YMI 00056 XMA
00060 YMA : '

IBPRBGRAMS REQUIRED

ABS MINMAX IFIX ASSIGN PUTBIT CLEAR
INFLIN SETUP VIDRAW GETANZ
IE END




WoNOOFE WM

- CuxwxaNzl: INDEX = IMM+1

6-15

C*******I*****Q****i*********il&********#ui*i****l*%**{ii*¥**l*i*****i%C*

C o
L SUBRBUTINE MINMAX : &
C C:
C ' Cf

C**********i****************l*i*l*************l***i*ll***i*************c

C &
C THE SUBRBUTINE MINMAX CAMPUTES THE SMALLEST AND LARGEST X=,Y= C
c CBORDINATE B8F THE PATCH FIXED BY IMMe C
C C
c C
C CALL: CALL MINMAX[IMM,XMI,YMI,XMAs YMA) C
e INPUTPARAMETERS I1MM C
C BUTPUTPARAMETERS: XMI,YMI2XMA, YMA G
C CBMMBN: KEMAXs XCs YC C
o SUBRBUTINES - c
& i

C****l****%**i**;*****i**u******&********************l**l***********liic
SUBRBUTINE MINMAX LIMM, XMI,YMI,XMA, YMA)
C*********%*ﬂ******************************i************************i***
DIMENSION xT(10,102103,Y7010,10,40),XCL10003,YCL10003,INDLIL1024]
DIMENSION [HQC2003,LIHIWIC11411,2]
C***ﬂ**********************************i*****l****il*******l**i****#****
COMMBN INs IMs IKLSXMINSYMINS IHQ2INDLIaLIHIWI,KEMAXS XT2 YT
C***i****%****%**&*****i***********&****&*********l{*i*iil**************
EQUIVALENCE [XT,XCl, (YT,YC) .
C**i************;n**iilﬂn&****#**%**n*******&»***&**********************
1 KMa1MM
2 KMMaIMM+KEMAX»2
ConrxuxSTARTING VALUE CINDEX = [MM]

C
3 XMI=XC [KM)
4 YMI=YC [KM)
5 XMA=xXM1
' 6 " YMA=YM1
C
Crxnxe®SEARCH FOR MINIMUM AND MAXIMUM:
c ,

CenexxNz2: INDEX =z [MM+KEMAX
CexxxuN=z3: INDEX = IMM4KEMAX+1{

C

C
7 DB 18 N=1,3
8 KMakKM+N
9 IFIXCIKM]=XMIJ 10,11,11
10 XM1=XC KM)
11 IFCYCIKM)»YMI] 12,13,13
12 YMI=YC (KM
13 IF (XCIKM) =XMAY 15,15,14
14 XMA=XC KM)
15 IFLYCIKMI=YMAY 17517,16
16 YMA=YC KM)
17 KM=KMM

18 CBNTINUE
Co##x#*RETYURN T8 THE SUBRBUTINE ZERLEG RESPe FLAVIS

.23 RETURN
S FEETTZZEZTSSET PR 2L T L L L SR RRERL TR TRy g g S SR TS 2 F T A Z RS LT X 2 R
END



JMMBN ALLBCATISBN

77777
77771
75076
65236

RAGRAM

00016
00021
DUMMY
HE END

IN 77776
YMIN 77461
KEMAX 71156
G

ALLBCATIBN
MINMAX 00017
N DUMMY
YMA

I™
INQ
XT

KM
XM1

77775
75461
65236

DUMMY
DUMMY

6-16

I1KL
INDLI
YT

MM
yYyM1

77773 XMIN
75077 LIHIWI
71156 XC

00020 KMM
DUMMY XMA




e L E = S S S e
VWO NO OTFWNEFErOWVWEENOJUI&F W

PN
FWMN+-O

n
(8}

RBGRAM

DUMMY
DUMMY

UBPRBGRAMS REQUIRED

MeD
HE END

E~17

C************&*********a*;*********»*»************&****&*****w******n*n(

c (
44 (
o SUBRBUTINE ASSIGN (
C (
E (
C***l****i******&**i*****l************l*****i********l****************l(
c (
c THE SUBRBUTINE ASSIGN CAMPUTES FBR THE INDEX B8F A PATCH A BIT= (
c GRBUP DEFINED BY IMIN AND IMAX IN A WBRD, DEFINED BY IANZ. (
C ' ' . (
c CALL: CALL ASSIGNCIANZ,IZGsIMIN, IMAX] (
c INPUTPARAMETERS IANZ (
e BUTPUTPARAMETERS ! 120, IMIN, [MAX (
c COMMBN: - (
c SUBRBUTINES: - (
G (

(

Cenn ’**Q****i******i*****“**********l**#%**l&******%***i***************

SUBRBUTINE ASSIGNTIANZ,1ZQsIMIN, IMAX]
o LTI T LA L T T 2 T TR R T g g S E8 8 Y e S AL 3

CexuxwxFIX THE WaRD

c
1 TI1ZQ=(l1ANZ+11/2
&
C
G
Cex#xxFIX A BIT GRBUP
C ’
2 I1ELEMTsMBD([IANZ,2]
3 IFCIELEMTY 75,427
&
4 IMIN=z12
5 IMAX=22
c
C
Cx#»»xxRETURN TH6 INTER RESP. FLAVIS
6 RETURN
C
7 IMIN=]
&  IMAX=1l1
c
C
G
CrxxxxRETURN TH INTER RESPs FLAVIS
9 RETURN
C*&********%*i*****l***i***.%**ll***i*l******&*****l*l!****************
END
ALLBCATIBN
1Z2Q DUMMY 1ANZ 00011 IELEMT DUMMY IMIN
IMAX 00012 ASSIGN




WYoONOUEHEFWNL
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5 %330 3 9 3 3 969 % 5 % 3% 3 3¢ 3% % 3 % 3% 3% 2 % % % % IZE R XS SRR ER R FEY I***I**l*************#l******c

C c
G C]
C SUBRBUTINE VIDRAW o
C G
c o
C*******************#4*4*****n*u********c************u*&*************u*c
c C
C THE SUBRAOUTINE VIDRAW TESTS THE KNST PIXD1,YD1,2D1) FBR VISIBIL!=C
C TYe THEN THE LIMIT B8F VISIBILITY IS TESTED WITH THE SUBRBUTINE G
& GREVIS IN y= BR V=DIRECTIBNe THE DISPLAY=FILE IS ACCBRDINGLY C
C FILLED AND THE PICTURE 1S SHOWN BN THE DISPLAY. C
C c
C CALL: CALL VIDRAWLI1,K1sIKANF) c
C INPUTPARAMETERS 11,K1s IKANF C
C BUTPUTPARAMETERS - c
C CoMMEN; EPSsIalllsKsaKZZalLaNPUF,XTaYT22ZT c
o SUBRBUTINES: VISKRIJGREVIS g
c

o R R Ry R A L L L T L TR T T LT ypanpanggra e S g g Y o

SUBRBUTINE VIDRAW[I1,K1, KANF]

o R T T R T e YT T T e
DIMENSIBON xT(10,10210),YTC10210,103,2TC10,10,103,2INDLIL1024)
DIMENSIBN NPUF [2048)

DIMENSIBN JCAL251,LSC(25),MVC(25]1,NRCI253,LIHIW]I(11,11,2],HAL200)]

C********i****;*;**********i***&&****************i*******&*********i**ll
COMMBN INs M2 IKL
COMMBN XMIN,YMINS IHG, INDLISLIHIWISAKEMAX,) XT,YT)»2T,EPSADIVIS,111,KZZ
CBMMBN ICA,LSCsMVCaINRC,I,KsLaNPUF

C*i&'*&ﬁ*****i******%**********b***l***&**i**********l****i****t********

N

Cexxxux]F [1 = 1wl AND K1 = K, THE U=LINES ARE TESTED FB8R VISIBILITY.

&

CruxwxslF 11 = 1 AND K1 = Kwi, THE VeLINES ARE TESTED FOBR VISIBILITY.

c

Crxxun®INITIAL PHINT:

1 XDI?XTEIIJKllLJ

B YD1=YTCLI1.K12L]

'3 ZD1=ZT(11,K1sL]
CexxxxEND POINT!

4 XD2sXTrlsKoL)
5 YD2=YT(1sKal ]
6 2D2=272T[12KsL]
7 XYD2=Xpa+YD2

Ce#nuxTHE 1ST POINT 1S BNLY TESTED FOR VISIBILITY AT THE BEGINNING
Crx#xu4BF A Um RESPe V=LINE.

8 IF{IKANF=2) 9,13.,9

9 IFCIVK]) 13,15,21
Gt 23 29 M 30309606336 900 30 369696 1696 3090 303600066 069696 99 36 30 2000 30 30 30 36 96 9696 26 06 96 9 36 36 36 2 390 R M MM NN W
CexxxxF IRST THE KNOT PIXD1,YD1,2zD1] 1S TESTED FOR VISIBILITY.
C
Crxnuxw]VK INDICATES, WHETHER THE KNB8T IS VISIBLE B8R NBT:
C %
Cewaxnx]VK=z1t VISIBLE ; IVK=0: INVISIBLE.
c

13 CALL VISKRI[XD1,YD1,2D1, VK]

14 IFCIVK]Y 15,15,21
C

Co# 39 28 333 3329 39 3 336 369636 3 363 W 3 3006 3 35 96 3 % W 3 3 3 36 36 3 3¢ 36 % 3 3 0 3 3 K 3 3 3 3 I I I I I B I 2 I N R




60
61
€2
€3
64
65
66
&7
68
69
70

72
73
74
75
76
77
78

79

80
81
82
23
&4
85
86
87
88
&9
90
91
9z
93
94
95
96
97
98
929
100
101
102
103
104
105
106
107
108
109
110
113
112
113

114

115
116
117
118

C******#*u******u**********#!***l**#***&***%*******************;***&uu{*

G

Cruxxx*FIRST PIINT INVISIRLE:

Crx»xxTHE SUBRBUTINE GREVIS CAMPUTES THE LIMIT B8F VISIBILITY.
Cxx*x¥RETURN FRB~ CGREVIS, IF VISIBLE PBINT WAS FSUNDs

C |
15 CALL GREVIS[=1s1VKsXD1,YD152ZD1,XC2,YD2.2D2,%XSTRs»YSTRSZSTR) |

o

CxxxxwlF TII > 0, THEN RETJURN TH SUBREUTINE FLAVIS

C

16 IFLIT1) 34,1734
C
17 XD1=XSTR
18 YD1=YSTR
19 ID1=ZSTR "
CrxruxrINTERROGATION, WHETHER THE END POINT IS REACHED:
20 IF [ABSIXSTR+YSTR=XYD2)=EPS] 34,34,21
C
E&*****l********n*****!*****************v************l***i*************t
c
Cexxx»»F [RST PINT VISIBLE:?
CrxxxxTHE SUBRSUTINE GREVIS COMPUTES THE LIMIT B8F VISIBILITY.
Crx*%xRETURN FRBM GREVISs IF INVISIBLE POINT WAS FOUND.
C

21 CALL GREVIS([0sIVKsXD1,YD1,ZD1sXD2,YD2s2ZD2sXSTRSYSTR,2ZSTR]

C

Cxx*xxIF ITI > 0, THEN RETURN T8 SUBRBUTINE FLAVIS

c

C .
22 IFCITI) 34,23,34 | : |

c
23 IFIKZZ~1] 3022424

C

Crx#xx INTERRBGATIEN, WHETHER [NITIAL POBINT AND LAST PBINT FBUND ARE
C IN THE EPS-CRITERIEBN.,

24 IFLABS[XD1+YD1~XSTR1=YSTR11=EPS]) 26,26:25 \
CowxnxxFIL_LING BF THE DISPLAY-FILE:

&
25 CALL BLINDIXD1,YD1)
26 CALL VECTRIXSTR,YSTR]
27 CALL SHBW[O.l

c

CH 3% 0323 3 35 3363 % 2 9 T 3236363 % 3 3036 3 96 9 96 3 W 363 3 )6 36 J6 36 9 3 0 3 N 36 9 3 3 3 3 T 36 W 36 3 4 0 36 T 3 3 2 2 9 #
C

28 XSTR1=XSTR

29 YSTR1=YSTR

30 XD1=XSTR

31 YD1=YSTR

32 ZD1=2ZSTR - -
Cx#xu# INTERRBGATIONs WHETHFER THE END PBINT IS REACHED:

33 IF[ABSIXSTR+YSTR=XYD2]I~EPS) 34,34,15
g**#*********ip******#i*#***&****uﬁliii*i******&**&**n**********&****#i*
CexxxxRETURN T9 FLAVIS
C

34 RETURN

END



CAMMON ALLACATIBN

77777
77771
75076
61314
61257
61143

PREGRAM

DUMMY
00017
00027
00037
00047

IN 77776
YMIN 77461
KEMAX 71156
EPS 61312
ICA 61226
1 61142
ALLBCATISN

11 DUMMY
VIDRAU 00021
xD2 00031
XSTR 00041
YSTR1

SUBPREBGRAMS RERUIRED

VISKRI

THE END

I~

M

XT
DivIS
LsC

K1
XD1
Yp2
YSTR

GREVIS ABS

77775
75461
65236
61311
61175
61141

DUMMY
00023
00033
00043

BLIND

(92}

~

1KL
INDL L
YT
111
MVC

I KANF
YOl
D2
ZSTR

VECTR

77773
75077
61316
61310
61144
55141

00016
00025
00035
00045

SHAW

XMIN
LIRIWI

KLz
NRC
NPUF

IVK
01
XYD2
XSTR1
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C********************i******&****************l*&l*l*****#*********ﬁl**#c

***************************&********&&*********u****%*%%***********iiic
SUBRBUTINE GREVISCIWAHL, IVKaXD1,YD1,2ZD1,XD2,YD2,ZD2,XSTR2YSTRS ZSTR
1] |
R 22T XL TRT TR T L LT TR L TR R § e v g e s S e T 121X )
DIMENSIBN XT(10,10,101,Y7010,10,101,2T010,10,1C),INDLI[1024]
DIMENSIBN (IHIWIC11,11,2),1HQL200)
G300 283530 36 52339036 3 20 3036330 36 3036 0 36 3036 90 36 36 2696 3 2 36 3 36 336 3 96 3 3 36 0 06 46 36 3 36 36 0 3 6 9 96 96 9 336 3 o B I N KK |
CBMMBN IN»sIMasIKL
COMMEN XMINsYMINS THG, INDLISLIHIWISKEMAX» XT)YT2ZTSEPS,DIVIS,111,KZ2Z
C******************l*f************************l****&***********[ii***#**
1 I11=0
2 KZZ2=Q
CexxexxCBO.~DIFFERENCE BF THE 2 PBINTS:
XD=XD2=XD1
YD=YD2-YD1
ZD=2D2+»2D1
XABS=ABS [XD]
YABS=ABS (YD)
BETRAG=XABs+YABS
IFIBETRAG=EPS) 10,10,12

o C
C o
C SUBRBUTINE GREVIS C.
C C

C \ o

C*****l***********%************&******i*******!***&**na*i********&*****c\
C c

C THE SUBRSUTINE GREVIS COMPUTES THE LIMIT BF THE VISIBILITY. C

C THERE ARE? C

c XD1,YD1,2D1 = X=,Y~,Z«C8IRCINATES 8F THE 1ST POINT G
o XD2,YD2,2D2 = X=»Y=,2~CBIRDINATES OF THE 2ND POINT c
C XSTRyYSTR2»2STR = X=,Y~,7Z-CBORDINATES BF THE LIMIT 8F VISIBILITY C
C C
- CALL:CALL GREVISCIWAHL,IVKsaXD1,YD1,2012XD2,YD2,2D2,%XSTR,YSTRIZSTRY

& INPUTPARAMETERS: INAHL»XD1,YD1,201,XD2,YD2,20D2 C
o BUTPUTPARAMETERS: XSTR,YSTR,ZSTR, I VK C
C COMMBN ¢ DIVIS+EPS,I11,KZ22 c
C SUBRBUTINESS VISKRI c
c C
C

LCoNOUFW

c
Cxxxxx]1131 MEANS THAT THE TwWB KNBTS ARE WITHIN AN EPS~CRITERIGN, IeEe
Cxx#uxXDzXD2-XD1=YD=2YD2=YD120Q

10 I11s1

IVK==1

c
C
Cexnx»xRETURN T8 SUBRBUTINE VIDRAW

11 RETURN
C**#***l********ﬂ******i******!*********i**************4****************

C

12 MBET=IFIX(BETRAG/DIVIS)
EeasaslF MEET « o MBET = 1 IS SETe
C 13 [FIMBET-1) 14515515

14 MBET=1
© 15 BET=FLOAT tMBET]




110
111
112
113
114
115
116
117
118
119

G~22

Cox%xxe®RRANCH, WHETHER X=C38RNe IS VARIED AND Y= AND 2-CS8RD. ARE
Cr»#xxCOMPUTED B8R WHETHER Y-CABRDe IS VARIED AND X~ AND Z=C8BRD.
Cxx#x«ARE COMPUTEDR:

17 IF (XABsS=-YABS] 18,1%,30
C

C***&****l******il**********&l***********{******l*l**l*i***************c

IVK CAN GNLY BE © [TEST PBINT INVISIBLFJ BR 1 [TEST PBINT VISIBLE)

O

IWAHL = =1: 1ST POINT [NVISIBLE, RETURN, IF VISIBLE PEINT wAS
FOUND: IVK+IWAHL = 0 .

oOoO0OOHOO0

FBUND! IVK+IWAHL = 0 .
RS ASS ARSI AT RIS SRR T EETET LT T IR R S 2 T T I T

Cxu¥xxuxY=COBRDa [S VARIED AND Xe AND Z~CBORDs ARE COMPUTED

E
C
G
IWAHL = 03 1ST PBINT VISIBLE, RETURN, IF INVISIBLE PRINT WAS C
c
.

C XABS=ABS [(XD2»XD11=0,s I+.Es XD2=XD1=XD=0
C
18 xYD=xD/YD
2YD=zD/YD
YBET=YD/BET
YSTR=YD1
19 YSTR=YSTR+YBET
20 XSTR=z [YSTR=YD11 #XYD+XD1
21 ZSTR=[YSTR=YD11»ZYD+ZD1

22 CALL VISKRI[XSTR4YSTR,»ZSTRs I1VK]
Cexexx#UP TO MBET LBBPS
Cx»*»¥RETURN T8 SUBRBUTINE VIDRAWs IF THE 1ST PBINT IS VISIBLE AND

G AN INVISIBLE PBINT WAS FOUND B8R IF THE 1ST PBINT WAS INVISIBLE
C AND A VISIBLE P8INT WAS FBUNDe

23 IFCIVK+IWAHL) 26s44,26

26 KZZ=K27+1

27 IFIKZZ-MBET) 19s44,44
C

G0 39836363690 3 989096 90 36 90 30 96 983090 30 300 0000000 36 2 300630 0 3 306 900 6T R 6 I I O

CruwxnuXeCBORDs ]S VARIED AND Y= AND Z=C88RDe ARE CBMPUTED

C YABS=ABS[(YD2=YD11=0, I4Ee« YD2«YD1=2YD30
c
30 YXD=YD/XD
ZXD=zZD /XD
XBET=Xp/BET
XSTR=XpD1
31 XSTR=XSTR+XBET
32 YSTR=[XSTR~XD1]*YXD+YD1
33 ZSTR= [XSTR=XD11 *ZXD+2ZD1

35 CALL VISKRIIXSTR2YSTR,ZSTRs IVK]
CexxxxxUP T MBET LBEPS
CoxnxxRETURN T8 SUBRBUTINE VIDRAWs, IF THE 1ST PBINT IS VISIBLE AND

C AN INVISIBLE PBINT WAS FBUND B8R IF THE 1ST PBINT WAS INVISIBLE
C AND A VISIRBRLE PSINT WAS FBUND.

36 IFCIVK+IWAHL]Y 39,44,39

39 KZZ=KZ7+1

40 IFIKZ2Z-MBET) 3l,44,44
(o

ETIEEET R TR ER IR R T T R R e R I T T R Y g e R S S 222 S22 R T
C
Ceuxxu*¥RETURN TO SUBRBUTINE VIDRAW

C
44 RETURN
2T ERT IR TE IR TR RIS T L TR FRPAIE R FUR g e e e e SIS SERE TS L 2 2 20
END




CHMMGN ALLABCATION

77777
77771
75076
61314

PRBGRAM

DUMMY
0C037
DUMMY
DUMMY
00053
DUMMY
00065

i 77776
YMIN 77461
KEMAX 71156
EPS 61312
ALLBCATIBN

I VK 00034
XD " DUMMY
YD2 DUMMY
D1 00045
BET 00055
YSTR DUMMY
ZXD 00067

SUBPRBGRAMS REQUIRED

ABS
THE END

IM
IHQ
XT
DIvIsS

MBET
Xp2
YD1
XABS
XYD
XSTR
XBET

IFIX FLBAT

=23

7777%
75461
65236
61311

DUMMY
DUMMY
00043
00047
00057
DUMMY

VISKR]

1L
INDL I

111

I WAHL
XD1
Z0D
YABS
ZYD
ZSTR

77773
75077
61316
61310

00035
00041
DUMMY
00051
00061
00063

XMIN
LIHIW]
7
KZZ

GREVIS
YD

D2
BETRAG
YBET

Y XD




e '
WL OWUXNOUI&H W -

14

Ce»#x#xCAMPUTE 1,4 ©BF THE SCREEN PATCH

C*************}****ii**i****&******l*******l****“i*********i*ﬂ**l****i*c

C C
C ' ’ C
C SUBRBUTINE VISKRI C
C C
G . C
C******************************u*******»****u*******l****a*************C
C C
C THE SUBRBUTINE VISKRI TESTS WHETHER THE TEST POINT PLASB,C) C]
c IS VISIBLE B8R INVISIBLE. AsBsC ARE THE X=,Y=,Z=CBSRDINATES C .
c BF THE TESTPBINT. C .
C e
C CALL: CalLL VISKRIC[A,B,C»1VK] C
C INPUTPARAMETERS? AsB,C C
C BUTPUTPARAMETERS S I1VK _ C
Cc CoOMMAN - DELTAX2DELTAY,ICA,1HQ,I18PT1,108PT2,I18PT3, C
c KEMAXsKWQ, LFQ, LSCaMBQ,MVC,NRC,SIGMAX,SIGMAY,C
C TEILXs TEILYSTHETAX, THETAY, XMIN, YMIN C
C SUBRBUTINES: INTERs ZERLEG) SEARCH,DIF E
C

C.********************p**********n******«****445***********n******»»***c
SUBRBUTINE VISKRI [AsB,C, VK]
C***********************************“**************'*******************“‘
“ DIMENSIBN XxT[10,10,10),YT7C10,10,103,2TL10,10,103,INDLIL1024)
DIMENSIGN NPUF [2048)
DIMENSIBN ICA([25],LSCC25),MVC[25]sNRC(25]
DIMENSION LIHIWIC11,11,2),IHQRC200),KNQC[100],MBQ[40],LFRL50) |
C*******ii*******************4*****************************************&
CBMMBN INsIMsIKL , .
COMMBN XMIN, YMINS IHQ, INDLIALIHIWISKEMAX, XT,YT,2T,EPS)DIVIS, 111,K2Z2
COMMBN ICA,LSCsMVC2NRC,I1,KsLINPUFIDELTAXSDELTAY»KWG,LFQ,MBQ
COMMBN 18PT1,108PT2,18PT3,SIGMAX,SIGMAYTEILXsTEILY,THETAX, THETAY

O R R L R R o e Y T LA T s 2 TR R S PR R T2
AXaA=XMIN
BY=B=YMIN
Cox*»2COMPUTE THE SCREEN PATCH
1 IRX=1FIX[AX/DELTAXI+1
2 IRY=IFIX[BY/DELTAY]#+1

3 KDX=IFIXCAX/TEILX]I+]

4 KDY=IFIX[BY/TEILY)+1
Cxx»x»%COMPUTE 1,16 BF THE SCREEN PATCH

5 LPX=IFIX[AX/SIGMAX] +]

6 LPY=IFIX(BY/SIGMAY] +1
Cex»xx#COMPUTE 1,64 BF THE SCREEN PATCH

7 MGX=IFIX[AX/THETAX]+1 :

8 MGY=]FIX[BY/THETAY]+1

C
Cun*uuxINTERRBGATIBN, WHETHER THE NEW TEST PBINT HAS MBVED BUT BF THE
c PREVIBUS TEST REGIEN:
C

9 IFLIRXwIRXA) 17,10,17

10 CIFCIRY=TRYA) 17511,17

11 1F (KDX~-KDXA) 18,12,18

12 IF(KDY=-KDYA) 18,13,18

13 IF ILPX=LPXA] 20,14,20

14 IF LPY=LPYA) 20,15,20

15 IF IMGX-MGXA) 22,16,22

16 IF IMGY~MGYA) 22,43,22



113
114
115
116
117
118
119

C : :
CxxxxxCOBMPUTE TH; PATCH IN THE SCREEN PATCH FBUND:
L ‘

17 CALL INTER[IRY2IRXaNIH®Q]

18 [FINIHQ=-18PT1] 25,25,19

c

Cxx**xDIVISIBN BF THE SCREEN PATCH T8 1/4 &

£
19 CALL ZERLEGINIHG, IHG)NKWE, KNQ» TEILX, TEILY2KDX, KDY]
20 IFINKWG-18PT2] 29,29,21 -

C .

Co#*#+DIVISIBN 8F THE SCREEN PATCH T8 1/16 !

C .
21 CALL ZERLEP[NKWO;KWQoNLFG,LFQ:SIGMAX:SIGMAY LPX;LPY]
22 IF INLF3=108PT3] 35,35,23

C ,

Cxx*xDIVISION BF THE SCREEN PATCH T8 1/64 ¢

c
23 CALL ZERLEGINLFQ,LFQsNMBG,MBGs THETAXs THETAY,MGXsMGY]
24 GB T8 43

c

Cxx#x»CHBASE THE PATCHES. CﬁNTAINING.THE POINT THAT HAS T8 B
C

C
Cex*%xB8UT B8F A CoMPLETE SCREEN PATCH:
C
35 CALL SEARCH[NIHGIIHQINICApMLSCJNMVCANNRCIAJBIC!ISPRU]
26 GB T8 50
C
Cruxx2BUT BF A 1,4 6F THE SCREEN PATCH:
C
29 CALL SEARCHINKWR,KWQA,NICA,NLSCaNMVC,NNRCsA,B,C, ISPRU]
30 GB T8 48 :
C .
Cox#xxBUT BF A 1,16 BF THE SCREEN PATCH:
c
35 CALL SEARCH(NLFQJLFQ;NICAﬁNLSC:NMVC;NNRC:A;B:CJXSPRU]
36 GB TH 46
C
C*****BUT 8F A 1,64 BF THE SCREEN PATCH:
C
43 CALL SEARCH([NMBQ,MBQINICA,NLSC,NMVC,NNRCsAsB,C,s ISPRU)
o
44 MGXA=MGX
45 MGYA=sMGY
be LPXA=LPX
47 LPYAzLPY
48 KDXAsKDX
49 KDYA=zKDY
50 - IRXA=IRX
51 IRYA=IRY
C ,
Cau#*xx]SPRU = =1: N8 CBVERING PBSSIBLE
Cxu#%x#[SPRU = 0O: TBTAL CBVERING
Crxxne[SPRU = 1:; MORE DETAILED TESTING NECESSARY
C
C

IF LISPRU] 942,511,513
511 IVK=Q
RETURN

TESTED.




120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
1585
156
157
158
159

- 160

161
162
163
164
165
166
167
168
169
170
171
i/g
173
174
178
176
177
178
179

6-26

Cx*»x»EXCLUDE CBNCAVE PATCHES:

c
513 IF[SENSESWITCH 2) 514,52
514 1VK=1
GBTH 53
c
c
32 IVK=2

C****l********&****l***i***********i***&*;*»*****&*i******i****a*i****&#f

Cxxxxx INTERRBGATION, WHETHER ADDITIBNVAL PATCHES CBVER THE PBINT P[A,B,C] |

c THAT HAS Ts BE TESTED: |
53 IFINICA) 63,63:54

CenxxxTHE TRIANGLES WITH THE NUMBER NICA, THFE INDICES 8F WHICH AQE

C STORED [N THE ARRAY [CA, ARE TESTED WHETHER THLY C8BVER THE

C TESTPBINTe A TRIANGLE COVERS P[A,B,Cls IF DIFF < O

C

G

54 DB 62 MP=1,NICA
55 11=1CAIMP)
56 12z]1+KEMAX
57 13=12+}
58 CALL DIF(I1,12,13,D1FF,A»BsC)
&8 IFIDIFFY 60,6262
CunnsxPOINT INVISIBLE
60 IVKSIVqu
Cexwxx]F VK20, THEN RETURN T8 SUBRBUTINE GREVIS RESP- VIDRAN
61 IFLIVK) 95,95,62
62 CONTINUE

o000

Ci**********u*************************i*************l***********l*****i*
Cx#%%% INTERRBGATION, WHETHER ADDITIBNAL PATCHES CBVER THE PBINT P[A,B,C)
C THAT HAS Tp BE TESTED:!

63 IFINLSC) 73,73464
Crx#nxTHE TRIANGLES WITH THE NUMBER NLSC, THE INDICES B8F WHICH ARE
STBRED IN THE ARRAY LSC, ARE TESTED WHETHER THEY CBVER THE
TESTPOINTe A TRIANGLE CBVERS PL[A,B,Cl, IF DIFF < Qo

OO0

64 DB 72 MP=1,NLSC
65 11=LSCIMP)
66 12=11+1
67 13=]12+KEMAX
68 CALL DIFCl1,12,13,DIFF,A,B,C)
69 IFIDIFF] 70,72472
Cex*%xPBINT INVISIBLE
70 IVKz=1VK=1
CexexxlF JVK=0Q, THEN RETURN T8 SUBRBUTINE GREVIS RESPs VIDRAW
71 IFLIVKY 95,95,72
72 CONTINUE

OO0 0O0O0n0n




180
181
182
133
184
185
186
187
188
189
190
12y
192
133
194
195
196
127
198
199
200
201
202
203
204
208
206
207
208
209
210
. atl
212
213
214

- 215

216

- 217

218

- 219

. 220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

238
239
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Cx*xx INTERRBGATIAN, WHETHER ADDITIBNAL PATCHES CBVER THE PBINT PEAaB:CJf

C THAT HAS T9 BE TESTED: | 1
73 IF INMVCY 84,84274

Cex*xxTHE TRIANGLES WITH THE NUMBER NMVC, THE INDICES B8F WHICH ARE

STIRED [N THE ARRAY MVC, ARE TESTED WHETHER THEY CBVER THE

TESTPBINTs A TRIANGLE CBVERS P[A,B,Cl, IF DIFF < Q.

(@]

C
G
C
74 DB 83 MP=1,NMVC
75 10=MVC([Mp]
76 11=10+1
77 12=10+KEMAX
78 13=12+1
79 CALL DIF(11,12,13sDIFF,A.B8sC)
80 IFIDIFF) 81,83,83
CxuxxxPOINT INVISIBLE
81 IVK=]VKel
Cewxxse]F IVK=0, THEN RETURN TB SUBRBUTINE GREVIS RESPs VIDRAW
82 IF[IVK) S55,95,83
83 CONTINUE

OO0 O 00

C*&************i**&****l*********************&i*************l*******i*“*
Cx##xxINTERRGGATION, WHETHER ADDITIBNAL PATCHES CBVER THE PBINT .P[A,B,C)
g THAT HAS Tp BE TESTED:

84 IFINNRC) 94,9485 .
CrxwxxTHE TRIANGLES WITH THE. NUMBER NNRC, THE INDICES 8F WHICH ARE
STORED IN THE ARRAY NRC, ARE TESTED WHETHER THEY CBVER THE
TESTPOINTe A TRIANGLE CBVERS PLA,B,Cls IF DIFF < O,

OoOnn

85 DB 93 MP=1,NNRC
86 11=NRCIMP]
87 12311+1
88 I13=11+KEMAX
89 CALL DIF([11,12,13,01IFF,A,B,»C)
90 IFIDIFF) 91,93,93
C»xuuPQINT INVISIBLE
Cx»#xu]F 1VK=0, THEN RETURN TH SUBRBUTINE GREVIS RESPe VIDRAW
91 IVK=]VK=1
92 IFCIVK) 95,95,93
93 CONTINUE

G
C
C*»f*****&*****uuaiii***************i»************«»**n**uii*u****gfiiﬁn
-
CennxxPBINT VISIRLE
94 1VK=1
c
C#»#x«RETURN TB SUBROUTINE GREVIS RESPs VIDRAW
95 RETURN
G Re st %3 000906 3 33 3 g 363 9090 0630909 30 0036 36 26 95 96 06 3 330 006 3630 2636 26 320 36 96 06 2 30 3 3 0 M M3 B I Mt o u W

END




I3MMBN ALLBCATIBN

77777 IN 77776 1M
77774 YMIN 77461 IHQ
75076 KEMAX 71156 XT
61314 EPS 61312 D1VIS
61257 1CA 61226 LsC
61143 1 61142 K
55137 DELTAX 55135 DELTAY
54637 MBQ 54636 19PT1
54632 SIGMAX 54630 SIGMAY
54622 THETAX 54620 THETAY
'REGRAM ALLSCATIBN
00017 IRX 00020 IRY
00023 LPX 00024 LPY
00027 IRXA 00030 IRYA
00033 LPXA 00034 LPYA
00037 NIHQ 00040 NkWG
00043 NICA 00044 NI SC
00047 1SPRU DUMMY vk
00052 12 00053 13
00057 AX DUMMY A
DUMMY C 00063 DIFF
SUBPRBGRAMS REQUIRED

1IFIX INTER ZERLEG

'HE END

77775
75461
65236
61311
61175
61141
54771
54635
54626

00021
00025
00031
00035
00041
00045
00050
00054
00061

SEARCH
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1KL
INDLI

111
MVC

KW@

TEILX

KDX
MGX
KDXA
MGXA
NLFQ
NMVE
MP
10
BY

DIF

18PT2

77773
75077
61316
61310
61144
55141
54707
54634
54624

00022
00026
00032
00036
00042
00046
00051
00055
DUMMY

XMIN
LIHIWI]

KLZ
NRC
NPUF
LFQ
18PT3
TEILY

KDY
MGY
KDYA
MGYA
NMBQR
NNRC
I1
VISKRI
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C»*u*******************{****4****************g»&*&***************u****m

i

SU3RAUTINE DIF

WA AR S LR SR 2 R AR RS R AR TREEE ST EEY IR R g 2 X 32 L)

THE SUBRAUTINE DIF CBMPUTES O@F THE EQUATION 8F PLANES, THAT IS
SPANNED BY THE TRIANGLE XF1:YF1,ZF1; XF2,YF2,2ZF2; XF31YF3,2F3,
THE Z~CB8RDINATE ZV AND COMPARES IT WITH C, THE Z-CBBRDINATE BOF
THE TEST PBINTs THE TEST POINT P[A,BsC) IS VISIBLE, IF B8F THE
Z-COBRDINATES OF THE TRIANGLE CONTAINING THE TEST POINT, BNLY

- BNE IS LARGER THAN Ce BEFSRE THIS CBMPUTATISN IS MADEs THE
TRIVIAL CASES:
1) ALL Z-CaBe BF THE TRIANGLE ARE LARGER THAN C [PBINT INVISIBLE]
2) ALL Z-CuB8s BF THE TRIANGLE ARE SMALLER THAN C (PBINT VISIBLE)
ARE TESTED AND EVALUATED.

CALL: CaLL DIF(11,12,13.DIFF,A,B,C)

INPUTPARAMETERS 11,122134A,B0C
BUTPUTPARAMETERS! DIFF

CBMMBN EPS,XCaYCs2C
SUBRBUTINES: ERRBR

OOO0O0CoONO OO0 0OO00000O000n

) i
Ci******************i***ii***&**&**&%***u****#*******&*****************
SUBRBUTINE DIF [11212,13,DIFFsA,BsC) ‘
C**u***************&*&****ﬁ*#*********************&********#&**Q*%*****
DIMENSIBN xT(10,10,10),YT(10,10,10),2T010,10,10),INDLI(1024]
DIMENSION XC({10001,YC(10001,ZCC1000),1HRCL200),LIHIW]I[11211,2)

CH R 083698003362 3633 936236333 F6 3 T30 35 2636 369 3 0 96 3036 3036 36 36 4 3 632 9 3 3 3 36 9 96 45 F 0 3 0 I 363 08 2 M NN
COMMBN INa2IMaIKL
COMMON XMIN, YMINSIHG, INDLISLIHIWIAKEMAX,XT,YT»ZT,EPS

CH M3 00909830 903 30090300 0 3 0 930360036 30 000300 3040 030 0T T 0003000 6 0 U I R RN

EQUIVALENCE [XT,XCJ,» L(YT,YC1s([2T,2C)

C********i***i*ﬁ***i***&***********#*********l****i%*********%********i

C
CanxxxINTERROGATION, WHETHER ALL ZC<C BR ALL ZC>C:

C
C ,
C#%xxTHE TESTPBINT IS VISIBLE, IF ALL 2C<C.
C
CrwnxxeTHE TESTPBINT IS INVISIBLEs, IF ALL 2C>C.
C ,
IFIC=ZCL117+EPS) 441,1

1 IFIC=ZC[]2)+EPS) 101,2,2

2 IF[C-2C[131+EPS] 101,3,3
C
C ¥
Cex#xxTEST POINT IS VISIBLE.
C

3 DIFF=+10.
C
Coe*xxRETURN TO VISKRI
C

RETURN

C
C

C********************I***l*%***i***l*********i**********&**************



119

o000 0O (@ @] O 0D (@] (@] O 0 O o oo 0OnNnon

6-30

4 IFLC-ZCC12]+EPS) 5,101,101
S IF[C=-2CCI37+EPS) 64101,101

C

CruxxxTEST POINT IS INVISIBLE,

C

6 DIFF=z=10,

C ) 1

Crx#x2RETURN T95 VISKRI]. |
RETURN : 5]

C

C********************************l*i**l***********“*»************‘l******;
c ‘ i
Cex»%xTEST POINT HAS T8 BE TESTED MORE PRECISELY:
C
G ‘ .
Cwx*x*STORE CORNER COBRDINATES:
c

101 XxF1=xC(l1]

102 VYF1=YCCI1)

103 ZF1=ZC[11]

**'l'*****«l******;-{**********&************************%*******i*ll%**i**l
C [

T8 AVOID ROUNDING ERROBRS, IN EACH CBBRDINATE DIFFERENCE IS
INTERRBGATED,» WHETHER [T HAS ALREADY REACHED THE SIZE BF EPSe

IF THAT 1S THE CASE, THE DIFFERENCE IS SET T8 Qe
( SUBRBUTINE ERRBR ]

|
****i**********;****************!*****-Il»***&*****%***%*****i*****l****i‘
#»##»COMPUTATION BF INTERMEDJATE RESULTS:
XX1=XC[12)=XF1
CAlL.L ERRGRIXX1,EPS]
XX22XC[13)~XF1
CALL ERRGR [XX2,EPS)
YY1=YC[I2)-YF1
CALL ERRBRIYY1,EPS)
YY2zYC[]3)YF1
CALL ERRARLYY2,EPS)
221=72C(121-ZF1
CALL ERRAR(ZZ1,EPS]
22222C(13)-2F1

CALL ERRBR(ZZ2,EPS]
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THE SIZE DIVID GIVES INFARMATISN ABBUT THE PBSITIAN SF THE 3
CORNERS P1(XF1sYF12ZF1], PR2IXF2,YF2,2ZF21, P3[XF3,YF3,2F3)
8F THE TRIANGLE .

C
C
C
C
C
DIVID = O MFANS: C
1 P1 P2 C

8R 2¢ P1 P3 C
C

C

C

C

C

C

C

BR 3e P1sP2, AND P3 LIE BN A LINFa

IF BNE B8F THE 3 CASES 8CCURED, THE EQUATIBN 8F PLANES IS NO
LONGER UNIQUELY DEFINED ([PLANE IS DEGENERATED INT8® A LINEJ.
IN THIS CASE DIFF >0 ([VISIBLE] IS SET.

***********&*n*»************&&*********u***#**************************

DIVIDaXX1#yYY2aXX2%YY]

wawkss INTERROGATION, WHETHER DIVID = Q:

OoOO0O0O0n OOOOOOO0OOOOND0O0O0O0O0O00n

IF(ABSIDIVIDI=EPS] 353,116

#»##%x4SOLUTION OF THE EQUATISON 8F PLANES:

OOOOOOO0O0O00

116 ZV=ZFé+[EB YFlJ*(XXI*ZZZ-XXE*ZzlJ'EA “XF1)# [YY1%ZZ22-YY2*Z2Z1])
1 /DIVID

»#%%xxA PLANE COVERS THE TEST PSINT P(A,B,C)s IF DIFF<Os
117 DIFF=C=ZV+EPS

aoOOO0O000n nnnnnnnnn

Crenx«RETURN TB THE SUBRBUTIVE VISKRI
C

118 RETURN
C**l*****#******&l***#*&************&*******&***i*ll**&*u{*******l*****C

END



AMMBN ALLACATIBN

77777
77771
75076
61314

ROGRAM

DUMMY
DUMMY
00044
00054
00064

IN
YMIN
KEMAX
EPS

ALLBCATIBN

Il
G
ZF1
YYze
v

77776 Im
77461 1HG
71156 Xt
71156 XC

DUMMY 12

DUMMY DIFF
00046 XX1
00056 221

DUMMY B

UBPROBGRAMS REQUIRED

ERRER
HE END

ABS

77775
75461
65236
65236

DUMMY
00040
00050
00060
DUMMY

6-32

1KL
INDL
YT

YC

13

XF1
XX2
222

72773
75077
61316
61316

00036
00042
00052
00062

XMIN
LIHIW]
7

ZC

DIF
YF1
Yyl
DIVID




WoNUIE WLR

RBGRAM

- 00005

UBPRBGRAMS REQUIRED

ABS
HE END

ERRBR DUMMY VAL  DUMMY EPS

g-33

C****l**************i*i********i!***i*i****a******uix*ll*********iiﬂiii

G

c

& SUBRBUTINE ERRER

G

c

C3 %3 3034 309 3 36 30 3 3 36 3¢ 2 36 H J6 3636 3 3 3 T 3 3 36 23 9 W N 3 F W 3 K 3 W B NI B I NI I NN
*

C THE SUBRAUTINE ERROR CIOMPUTES, WHETHER A SIZE VAL 1S ABSBLUTELY
G SMALLER THAN EPSe IF THAT IS THE CASE VAL =0 IS SET.

C "

c 8,

G CALL: CALL ERRBR (VAL ,EPS]

C INPUTPARAMETERS: VAL ,EPS

C BUTPUTPARAMETERS: VAL

C CoMMBN: -

C SUBRBUTINES! "

c

C***!ﬂl I Z XTI IR TS EEELEREE L SR EEE Y PR "****'*****i**************l********‘,
SUBRBUTINE ERROBRIVAL,EPS)
CH M3 300690060 3 e de 369600360000 3000 3600 39 030 e e e 6636 0 Y
C
IFLABS [VAL]=EPS] 1s1,2 ; |
1 VAL=Qs : \
£ ;
@
2 RETURN
Cex#*#RETURN TO DIF
L I I T T L T T TR Ry e pavrgveppapaegaeagege g S 2 S S E L X 2 2322 22 2

END

ALLBCATIBN
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C************************“***********&*i********i*l*!li*l*******l****&i
SUBRBUTINE INTER

*l******l*******i*********i**ii**********I**********l*ﬂ********&***l*i

THE SUBRBUTINE INTER CIMPUTES THE PATCHES IN A SCREEN PATCH,
THAT IS FIXED BY THE INPUTPARAMETERS IRXsIRYs THE BUTPUTPARA=
METER NIHQ INDICATES THE NUMBER 8F PATCHES SEARCHED, THE-INDICES
8F WHICH ARE CSLLECTED IN THE ARRAY IHQ.

CALL: CALL INTERUIRY, IRX2NIHQ)
INPUTPARAMETERS: IRY, IRX
BUTPUTPARAMETERS NIHQ

COMMBN: LIHIWI2INDLI,IHG
SUBRBUTINES: ASSIGN

OOO0O0O0OO0OOO0O000OO0O0O000O0nN

22 22 N TR R T R T TR 2 R R R AR U S R N SV VIR VIV gV VRV VARSIV VSV SR R AP
SUBRBUTINE INTERCIRY,IRX,NIHQ)
C********&*******u***&*****l**n**********;*%*»i*******u****i*i******uii
DIMENSIBN [HQC20012INDLI(1024),LIHIWIC11,11,2] |
C***************************i**************l***i********i*****&*******i

COMMON INs IMs IKL2XMIN, YMINS IHQ) INDLISLIHIWI

C********l******************l*#**'**l***********i***!l*l****l***i*****i

c

1 NIHG#0
g*****INDICATIBN ARRAY
¢ 2 LlisLIHIWI(IRYsIRXs1)
3 IFCLILY 451104
E**»**START VALUE FBR EACH SCREEN PATCH:

4 Ll2s IHIWICIRYs IRXs2)

5 D8 10 It=1,LI1
CruxxxCOMPUTATIOGN BF THE PATCH»CBUNTER IANZ:

G
6 1ANZsLIZ2+N1HG
7 NIHQaNIHQ+1
C
& CALL ASSIGNIIANZ,1ZQsIMIN, IMAX]
c Y
Cex#xx BDBIT LOADS INTE THE CELL IHQINIHG] THE INDEX, WHICH IS IN THE.
E CELL INDLI[IZQ) BF THE INDEX ARRAY BETWEEN BITS IMIN AND IMAX
9 IHQINIHQ)=(OBDBITCINDLILIZQ1»IMIN,IMAX)
i
10 CONTINUE
C ’
C
Cox%»%RETURN T8 THE SUBROUTINE VISKRI]
11 RETURN *
Ci****l******l********l****#i******i*{**i*****ii**i****ii*******#*****
END



9MMBN ALLBCATIBN

77777 IN 77776
77771 YMIN 77461

"ROGRAM ALLACATIBN

00012 INTER DUMMY
DUMMY IRX 00014
00017 124 00020

SUBPRBGRAMS REQUIRED

ASSIGN LeDnBIT
'HE END

Im
1HQ

NIHQ
Li2
IMIN

77775
75461

00013
00015
00021

KL
INDL I

LI
IL
IMAX

77773 XMIN
75077 LIHIWI

DUMMY IRY
00016 1ANZ
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O\D&Pﬂﬂ\m-bﬁjmbdc)m{b\JDiﬂ¢=wP0H

******n***&**;**&i****&***w;u******?***i**&******&********&!******&***C
c
£

SUBRBUTINE Z2ERLEG C
C
C
C

LIRS EE R AR R SRR FEREEE R R R T R X PRI Eg LA AR SR EETE SIS SRS ERSS RS AR R SRR

THE SUBROUTINE ZERLEG CAMPUTES THE NUMBER MAR AND THE INDICES

ICA 6F THE PATCHES» LYING IN THE SCREEN PART THAT 1S CREATED BY
THE DIVISIgNe MET IS THE NUMBER AND IZE ARE THF INDICES 8F THE
PATCHES, LYING IN THE DIVIDED SCREEN PATCHs CAPPAX,CAPPAY INDICATE
THE BREADTHS AND KVX,KVy INDICATE THE PBSITIBN B8F THE SCREEN C

M~ MM N

OOOOOOOO0OOOCO0ODO OO0 OnOn

~PART CREATED BY THE DIVISION. ¢

C

C

CALL: CaLL ZERLEGIMET,1ZE MAR,1ZA2CAPPAX,CAPPAY,KVX,KVY) C
INPUTPARAMETERS ¢ METs1ZE,CAPPAX, CAPPAY,,KVX,KVY ¢
BUTPUTPARAMETERS: MAR, IZA ¢
CoOMMEN: XMIN, YMIN ¢
SUBRSUTINES: MINMAX C

¢
C******»********&****************ﬁ*l***a******ﬂ&***&******#*********&**(

SUBRBUTINE ZERLEGIMET, IZE,MAR2IZA,CAPPAX,CAPPAY,KVX)KVY]

C****************#**********************u*&&*n*****i**ii****i**»****i**q
DIMENSIBN 1ZEC1),1ZA(1)
R R R N L 2L 22 2 R R T T L R R L N Vv VAV VP R A g
CBMMBN INsIMsIKLIXMIN, YMIN
S EI LI 2T IR TR AT L LT T L LR TR ERRAR R R GGV v g Y s 1 2 S22 22 T
1 MAR=sQ
2 DB 14 MP=z1,MET
Crx*xxCBMPUTATION BF THE MINIMUM AND MAXIMUM VALUES OF EACH PATCH IN
C X= RESPs Y-DIRECTION:
C A
: 3 CALL MINMAXCIZE [MP] sXMI,YMI»XMAsYMA)
4. IRA=IFIX[[XMI=XMINI/CAPPAX] +1=KVX
5 IRE=IFIX[IXMA«aXMIN] /CAPPAX] +1~KVX
6 KRASIFIX[(YMI«YMIN]/CAPPAY) +1=KVY
7 KRE=IFIX[(YMA=YMIN] /CAPPAY] +1=KVY
Crexx2]F JRA>DKVX BR IRE<KVX THE PATCH CAN HAVE N8 PBINT QUANTITIES
C IN THE SCREEN PART KVX, KVYe
c ;

8 [FLIRAY 9,9,14
2 IFCIRE] 14010,10
Crexxx]F KRADKVX OR KRE<KVX THE PATCH CAN HAVE NG PBINT QUANTITIES

C IN THE SCREEN PART KVX, KVY.
C

10 IF [IKRA] 11,11.14

11 IFIKRE)Y 14512512
CxwnxaNEXT PATCH:
C

12 MARaMAR+]

CxxxxxINDEX 8F THE PATCH 8UT 8F THE ARRAY [ZE ==-> JZA:
13 1ZAMAR) = 1 ZE (MP]
14 CONTINUE

Ce#*%xxRETURN T3 THE SUBROBUTINE VISKRI]

15 RETURN
ETIZTIEEETR TR TS IEETEEZ L TR E LR T T Hgpggggaes eI eSS R R EF R 2 X A XX 2222 22
END



CHMMBY ALLBCATIBN

77777 IN 77776 1M 77775 1KL 77773 XMIN
77771 YMIN

PRBGRAM ALLBCATIBN

DUMMY 1ZE DUMMY T7A DUMMY MAR 00024 MP
DUMMY MET 00025 1IRA DUMMY KkVX 00026 IRE
00027 kRA DUMMY Kyy 00030 KRE 00031 ZERLEG

00033 XxMI1 00035 YMm! 00037 xMA 00041 YMA
DUMMY CAPPAX DUMMY CAPPAY :

SUBPRBGRAMS REQUIRED

MINMAX IFIX
THE END
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C*b*»**I***l*****l*l********&*i&***i******l**&i**************5**l*ii***c
SUBRRBUTINE SEARCH

**'*****I*******l*******i***************i*%**l**************%*l*******

THE SUBR3UTINE SEARCH SELECTS 8F A NUMBER 8F NIRS PATCHES THE
INDICES 8F WHICH ARE IN THE ARRAY [RS, THBSE, CBNTAINING THE
PBINT WITH THE CBOBRDINATES A,B.

FIRST WITH THE SUBRBUTINE INFLAP([A,B8] THE X-, Y=COSRDINATES SF
‘THE TEST 'PBINT ARE DELIVEREDe [IN FLAVIS BY THE SUBRBUTINE
INFLLINCXCC112YCC1)2IN) THE BEGINNING ADDRESSES 8F THE XC=, YCw
ARRAYSAND THE RESULT PARAMETER WERE DE| IVEREDs]J

THEREFBRE RBY INFLA4 [INDEX1sINDEX2, INDEX3sINDEX4) AND
INFLASLINDEX1, INDEX2, INDEX3) 8NLY THE INDICES 8F THE PATCH csR-
NERS ARE DELIVERED.

BEFBRE INFLA4 1S CALLED, THE TRIVIAL CASE, THAT THE PATCH LIES
UNIGUELY BEHIND P IS EXCLUDEDe PRIBR T8 THE ACTUAL DIVISIBN INTE
2 TRIANGLES, THE TRIVIAL CASEs THAT THE PATCH LIES UNIQUELY IN
FRONT B6F P, 1S TESTEDs IF THAT IS THE CASE, ISPRU IS SET T8 ZERS
AND IT IS RETURNED T8 VISKRIe ISPRU=0 MEANS IN VISKRI THAT THE
TEST PBINT IS INVISBLE, ' £ ' o

BY THESE PRE~TESTINGS UNNECESSARY INFLA4= RESPs INFLA3- CALLS ARE

AVBIDED

CALL: CALL SEARCHINIRSsIRSsNICA,NLSCsNMVCsNNRC,A2B,Cs1SPRU]
INPYUTPARAMETERS A)BsCsNIRS, IRS

BUTPUTPARAMETERS ! NICA,NLSC,)NMVC,NNRCs ISPRU

COMMBN: EPS, ICASKEMAX,LSCaMVCNRC2XCsYCsZCh IN
SUBRBUTINES: INFLAS C[INFLAP, INFLA4, INFLA3]

OO OO0O0OO0NOOONO0O0O0O0O00000O0ONO0ONNnN OO0 NnO0n

C*i%***%l**“**{**l**i**’*%*l**l&**%***i*&i“*llﬁ****i*i*i*i*****l*****l*

- SUBRBUTINE SEARCHINIRS,IRS»NICA,NLSCsNMVC,NNRC,AsB,Ca ISPRU]

of L L e L L T R g R S 2 2 12 T 221 L
DIMENSIBN xT(10,10,10),Y7010,10,101,2T(10,10,10),INDLIL1024]
DIMENSIBN xC[10001,YCL10001,2C(1000)
DIMENSIG&N ICAL25],L.SC(25],MVC(25))NRC (251, IHR[200],LIHIWIC11,11,2]
DIMENSIBN (RSL1)

Mt d 33002000 0030 903363030 30030 060000069096 36 06 90 36 40 3630 26 26 30 46 96 36 96 36 40 36 30 96 96 36 96 96 36 96 4 36 3 96 9 3 I 26 3436 9 3

" CBMMBN INs M IKL |

COMMBN XMINsYMIN, IHQ s INDLIALIHIWISKEMAX) XToYT2ZTLEPS,DIVIS,111,KZ2
COMMBN 1CA,1.SC2MVCaNRC

o300 333902003000 03 9006 36930 30 06 3 003600 06 06 969696 3 20 3 30 96 6 96 30 6 06 0626 26 6 36 26 96 26 36 96 96 36 36 96 36 90 3630 0 36 36 26 3 2 2
EQUIVALENCE (XTsXClsC(YT,YC)»(ZT,2C)

G0 T 3300000 300020300 9030 90 36 96 T T 00 06 0006309690 36 20 369 0 0 b 0 S0 06 36 963696 96 06 36 9 606 R R R NN

Cx#»#xSET VARIABLES T8 ZERS, THAT INDICATE NUMBER 8F TRIANGLES

c IN WHICH THE PBINT T8 RE TESTED FB8R VISIBILITY IS SITUATED:

C ‘

NICA=0

NLSC=0

NMVC=0

NNRC=0

ISPRy®=1

s wWwne
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60 C#**»xxDELIVER X=, Y=COBBRDINATES BF THE TEST PBINT:
C :

61

62 6 CALL INFLAPL[A,B]

.63 C ,
64 Cruuwxny COBRNERS OF A PATCH WITH THE INDICES IRSIMP)s IRSIMPI+1,
65 C IRS[MP)+KEMAX+1 AND IRS([MP)+KEMAX:

66 C
67 7 DB 39 MP«i,NIRS
68 C
69 Ce##»»xsCOBMPUTE INDICES:

70 C
71 8 IR3IRS([MP]
72 9 IR1sIR+1

i3 10 IR2=JR+KEMaX
74 11 IR3=IR2+}

75 C

76 C#x%xxINTERROGATION, WHETHER ALL Z-COBRDINATES 8F THE QUADRANGLE ARE
77 C SMALLER THAN THE Z~CSBRDINATE OF THE TEST PSINTe. IF THAT IS THE
78 C CASE: THE PATCH IS IRRELEVANT FOR FURTHER TESTING:!

79 C

80 12 IF[ZC[IRJ«C+EPSJ 13,13,16
81 13 IFLZCCIR1)-C+EPS) 14,114,166
82 14 JF[ZCCIR3)«C+EPS]) 15,115,168
83 15 IF[ZCCIR2)-C+EPS] 39,39,16
84 C
8 C '
86 CuxnxsINTERRBGATION, WHETHER THE TEST PBINT P[A,B,C) LIES IN THE PATCH:
87 C ‘
88 16 CALL INFLA4CIR,IR1,1IR3,IR2]
c

90 Cx#»#»*EXCLUDE, THAT P LIES IN A PATCH CBRNER:
91 C

92 €

93 17 IFCIN] 18,359,119

94 18 IFCIN+1) 19,39,39

95 C

96 Cwxu#wxINTERRBGATION, WHETHER ALL Z~CBBRDINATES BF THE QUADRANGLE ARE
97 ¢ LARGER THAN THE Z~CBBRDINATE 8F THE TEST PBINTe IF THAT IS THE
98 C CASEs, P IS INVISIBLE AND VIA VISKR]I IT 1S BRUNCHED T8 GREVIS.
99 C

100 C

101 19 IFIC=ZCCIR)+EPS] 20,25,25
102 20 IF(C«ZC(IR1)+EPS]) 21,25,25
103 21 IF[C=ZC(IR21+EPS) 22,25,25
104 22 IF[C=ZCUIR31+EPS) 23,25,25

23  ISPRU=0
#x#x#RETURN T8 VISKRI
24 RETURN

114
115
116
137
118

G
c
c
G
G
=
113. €
c
C
G
C
C
t1s <

2L SRS RS LR R SRR AL R R TR RSS2 ESRNRE SRR RS SRR SSLE SALE AL 2L S AL R D2



120
121
igz
123
124
128
126
127
128
129
130
131
132
133
134
135
136
137
138
133
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
i62
163
164
165
166
167
168
169
170
g
172
173

174

178
176
177

6-40

Cxx#xxDIVISIBN 8F THE PATCH INTB 2 TRIANGLES WITH THE INDICES

G LSCIMP1, LSCIMPY+1, LSC[MP)+KEMAX+1 AND ICAIMP), ICAMP]+KEMAX,
C ICA(MP) +KEMAX+1,
&

Cr****INTERRBGATIBN; WHETHER PBINT P LIES IN BNE BF THE 2 TRIANGLES:
‘ 25 CALL INFLA3[IR,IR1,IR3)
E*****EXCLUDE THAT THE PBINT LIES AT THE EDGE BF A TRIANGLE:
‘ 26 IFCINY 32,27,30
g*****FILL ARRAYS S
‘ 27 NICA=NICA+}
28 ICA(INICA)=IR

c
29 GBTA 32
c
30 NLSC=NLSC+1
31 LSCINLSC)=*IR
C
C
C
Cl**********************"********‘I******i***&&I**b**i*******%***********
c
Cx###xDIVISIBN BF THE PATCH INT8® 2 TRIANGLES WITH THE INDICES
C NRC (MP], NRCC[MPl+1, NRC[MP]+KEMAX AND MVCIMPI+1, MVC[MP]+KEMAX,
C MVC IMPJ +KEMAX+1
C
g~****INTERRBGATIBN: WHETHER PBINT P LIES IN 6NE 8F THE 2 TRIANGLES!

32 CALL INFLA3CIR1,IR2,IR3)

Cex*xxEXCLUDE THAT THE PBINT LIES AT THE EDGE 6F A TRIANGLE:
‘ 33 IFCIN) 39,37,34 |
g***u*FILL ARRAYS !
® 34 NMVC=NMVC+1
35 MVCINMVC)=]R

36 GBTe 39

O

37 NNRC=NNRC+1
38 NRCINNRC] =R

39 CONTINUE

»xe##RETURN T8 VISKR]
40 RETURN

(@] nDoOoOOOn O

CRAT 363333096 936 35 3 35 3 9635 3 363630 0 3 30 36 90 36 9 36 3 30 36 3 9 9 % 2 3 96 2 3 % K I 3 36 0 I B I 36 3 I I3 N kR

END




CaMMBN ALLACATION

77777
T7211
75076
61314
61257
71156

PROGRAM

DUMMY
ouMMY
00034
00040

SUBPRBGRAMS REQUIRED

INFLAP

THE END

IN 77776 1M
YMIH 77461 w0
KEMAX 71136 X7
EPS 61312 DIVIS
ICA 61226 Ls3C
xC 65236 YC
ALL2CATIAN
1RS DUMMY NICA
NNRC DUMMY 1gPRU
IR 00035 IRrR1
SEARCH DUMMY A
INFLAY INFLA3

6

41 .

77775 1KL
75461 [NDL]
65236 YT
61311 I11
61175 MVC
61316 2C

PuMMy NLSC
00033 MP
000386 [R?
DUMMY B

77773
75077
61316
61310
€l144

DUMMY
DUMMY
00037
DUMMY

XMIN
LIHIWI
7
KZ2Z
NRC

NMvC
NIRS
IR3
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00000074
30000563

WU2XNOU W o

PAGE
22 AR A 222 SR RS S ST E PR R RS SR SRR SR SIS R SRS S SRS SRS S RS RN Y
*
* 4
* I NF L. AS
* E
¥*
I E IR R RN ZERESEESE SR ST RET RS SR SE RS ZEZES LSS 2RSS SRR S R EARRE 2
& -
* Ae SEYFERTH
*
223 2222 s X2 2 S R RS SRS 2RSS SSRS SR RSS2SR RS R R 2R R R RE RS
»
% INFLIN (XFsYFJIN) o
# '
# INDICATIBN B8F THE FILE-BEGINNING ADDRESS AND THE RESULT CELL -y
* .
I ZER AR R R RS R R RS S S SRR R TS IR RS SRR E R RS RSN E R R 2
*
%
RORG 0
*
ESIND EQU 074
EBADR EQU 371
*
* DEFINITIBN BF THE PRHSGRAMMED BPERATORS:
*
LopP 8PD 012500000
FLS BPD 013500000
FLM 6PD 014100000




00000

00001
00002

00003
00004
00005
00006
00007
o010
00011
ooolz

00013
00014
00015

o

CCoChhOoOOoOnNOC

G O o

00

71
76

85
35
76
58

35-

76
a5
51

00

00
00

00000

0 00563
0 00000

00335
00013
00001
00335
00014
00002
00015
00000

QOO0 OO0O0OCO

00000
00000
00000

PAG
*&********E*4**§§***§*;******:**i*&****************44************
»
INFLIN PZE ENTRY
»
LDX ~ EBADR
LDA 0,2 BEGINNING=ADDRESS 8F THE X-FILE
* + INDEX=BIT
~ ADD . =016777776 -2, WITH FADE=-8BUT BF THE FLBATING=-INDICATSR
STA XFAD
LDA 1,2
ADD #016777776
STA YFAD
LDA 2s2
STA INAD
BRR INFLIN RETURN=BRANCH
% .
XFAD PZE BEGINNING=ADDRESS 8F THE X=FILE = 2 T
YFAD PZE BEGINNING=ADDRESS BF THE Y-FIFE - 2 ﬁ
INAD PLE -ADDRESS 8F THE RESULT=-CELL
* .

TR TSR R e s s SIS T2 2RSSR SR 2RSS SR AR R AR SRS EERR



53 PAGE

54  E L 2R T I TR PO NN T RGeS R I SR 3 R R RV et

55 »
56 »
57 » INFLAP(XP,YP)
58 * ’ ,
59 = ,
:? * LBAD AND STBRE THE PBINT CBBRDINATES
*
62 »
63 I IS X222 PSR ST ERRRERRRSESRPRESRREZ RS RS LI SRS SR RS RS SRR 28 RS R R R X2
64 » ' '
00016 0 00 00000 65 INFLAP PZE ENTRY o
00017 O 71 0 00563 66 LDX EBADR ADDRESS 8F THE 1ST PARAMETERADDRESS L '
00020 2 75 0 000GO 67 LDB 0,2 1ST PARAMETERADDRESS ‘ IS
00021 0O 46 00060 68 XXB T X=-REGISTER
00022 2 76 0 00000 59 LDA 022 1ST WBRD BF XP .
00023 ¢ 35 0 00035 70 STA XP
coo24% 2 76 0 00001 71 LLDA 1,2 2ND WHRD BF XP
00025 O 35 0 00036 72 STA - XP+1
00026 0O 46 00020 73 CBX ADDRESS BF THE 1ST PARAMETERADDRESS T8 XR
00027 2 71 0 00001 74 LDX 122 2ND PARAMETERADDRESS i
00030 2 76 0 00000 75 LDA 0,2 1ST WBRD BF YP
00031 0 35 0 00037 76 STA YP
00032 2 76 0 00001 77 LDA 1,2 2ND WBRD BF YP
00033 0 35 0 00040 78 STA YP+1
00034 0 51 0 00016 79 BRR INFLAP RETURN=BRANCH
80 »
00035 81 Xp RES 2 XP=BUFFER
00037 82 YP RES 2 YP=BUFFER
83 =»

84 A2 2RSSR R RSS2 ER SRS SRR SR RS R R 2 l»*******:**********l****




co041 C 00 00000 27

00042 0° 76 0 00336 99
00043 0 01 0 00050 100

PAGE
***‘******{**l******l***l**********************************i*****
. .

* -

» INFLA3(IND1, IND2, IND3)
*

* .

» INFLA WITH 3 INDICES
* -

*

LA ZEE AR R XS I RS R E R E SRS SRS R SRRRISSL LTSRS S R B R X 2 B R BRIV s

*
INFLLA3 PZE ENTRY
*
LDA =1 .
BRY INFLA BRANCH T9 INFLA -
#*
*********************&*li***&*******%************i**************& é
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00045
00046
00047
00050
00051
00052
00053
00054
00055
00056
00057
00060
00061
00062
00063
00064
00065
00066
00067
00070
00071
00072

00

76
35
76
35
g8
55
35
!
43
35
35
36
36
43

B

35
36
36
46
35
76
35

00000

00044
00041
00337
00273
00336
00074
00272
00272
00274
00264
00254
00263
00253
00310
00266
00260
00257
00265
00001

0 00271
0 00074
0 00272

sNoleoNoRololoNeololol JololoRoloRoRe

103
104
105
106
107
108
109
110
111
112
113
114
118
11e
117
118
119
120
121
122
123
124
1285
126
127
128
129

- 130

131
132
133
134
138

PAGE

I X222 2R IZRRT PRSP RS STESS SRR SR LIRASSLI AR SRS RS RSESS AR SN 2

NFLA4 PZE

k e K N X Kk % X %

LDA
STA
LDA

INFLA STA
ADD
ADD
STA
LDX

 BRM
STA
STA
STB
STB
BRM
STA
STA
ST8
STB
CLA
STA
LDA
STA

INFLA4
INFLA3
52
PANZ
=1
EBIND
Z

*Z
XVER
XL+1
X1i+1

INFLAHﬂINDI:INDEJIND3:IND4)

22232222222 X SRR SZ SRR SRR SR 22 L 20 PR R as TS R I T T R T X g g

ENTRY

NUMBER BF PARAMTERS =~ 2

INDEX 8F THE LAST PBINT
RESULT = X « XP.

GET Y
RESULT = Y » YP

STANDARTISIZE CBUNTER
1ST PARAMETERADDRESS

9v=9



00073
00074
00075
00076
00077

00100
00101

00102
00103

C0104
00105
00106
00107

o O ool oRoRe

OO

OO OCC

71

43
36
35
64

72
01

52
01

55
85
S0
01

[oRe; OO0 O+

oo

OO0 00

00272
00274
00255
00256
00254

00340
00147

00341
00135

00254
00256
00342
00117

150

136
137
138
139
140
141
142
143
144
145
146
147
148
149
151
152
153
154
155
156
157

158

159
160
161
162
163
164
165

166

167
168

PAGE

22T T2 A2 Z R R SRR R 2R SRR RSSRSE S RS A S S SRS SRS RS R AR R SRS R RS R SR

IN THE FOLLBWING LB6BP IT IS TESTED, WHETHER THE CBNNECTING LINE
BETWEEN TW6 SUCCEEDING PBINTS, CRGSSES THE POBSITIVE UNLIMITED
LINE Y=YP. ' '

THEREFBRE THE PAIRED VALUES X1,Y1 AND X2,Y2 ARE USED, FACH

BF WHICH CBNTAINS THE DIFFERENCE CBBRDINATES P1=P RESP. P2<P .
P(XP,YP) 1S THE PBINT TO BE TESTED,s P1 AND P2 ARE THE TW8
SUCCEEDING PBINTS 6F THE FILE.

I T2 2222 R RRE SRR SRR RS SRR RS R A2 R SRS SSSE RS RZ SRR SRR R R X

*

* kK % ok X kK %k K

SCHLA LDX *Z GET THE NEXT PBINT=INDEX
BRM XVER COMPUTE X=XP '
ST8 X2 ‘<
STA X2+1
MUL, X1+1 MULTIPLICATIBN BF X1 AND X2 T8 ASCERTAIN THE &
» ACCBRDANCE IN SIGNS 3
SKA 2040000000 .SKIP AT POSSITIVE MULTIPLICATIBN RESULT <
BRU XVV ‘NEGATIVE MULTIPLICATIBN RESULT AND X1 AND X2
» DIFFERENT SIGNS (CASE 6)
*
* 1 , X1 AND X2 HAVE EQUAL SIGNS B8R ARE 0
SKB 8077777776  SKIPs IF THE MULTIPLICATIBN RESULT = O
BRU XGV MULTIPLICATIBN RESULT IS UNEQUAL O
%
* AT LEAST 8NE XaVALUE = 0
ADD X1+1
ADD Xe+q _
SKE 30 SKIP, IF X1 AND X2 =0
BRUY S X1y BRANCH T8 Xiu
* 38TH XeVALUES ARE =0, leEe THEY LIE BN THE
* VERTICAL X = XP (CASE 1)



00110
00111

oo1l2
00113
00114

00115

00116

00117
00120

ooi2l

ooi22
00123

00124
00125

00126

oo

ooC

43

36

75
70
01

0 35

o

OCaOoo

01

73
01

76

43
36"

75
70

61

o O [oNoNe oo

QO

ol eoNoRe,

(@]

00310
00257

00340
00260
00240
00260
00221
00342
00137

00254

-00310
00257

00340
00260

00271

169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

184

185
186
187
188
1839
190
191
192
193

194

195

196

197
198
193

BRM  YVER GET Y2=YP=Y
STB Y1 EXPe BF Y1 IS NB LBNGER NEEDED
» AND THEREFBRE BVERWRITTEN AT ONCE
L0B =040000000 MASK FBR SIGN BIT .
SKM Y141 SKIP,IF Y1 AND Y2 HAVE EGUAL SIGNS
BRY INLIN PBINT 8N THE PERPENDICULAR LINEs BECAUSE
* ‘ BF UNEGQUAL SIGNS ( CASE 1B )
STA Y1+1 PBINT NBT 8N THE LINEJNB INTERSECTIGN=PBINT
* PBSSIBLE (CASE 1A) '
BRY SCHLEN BRANCH T8 END 8F (B8P
*
* BNE X=VALUE =0, BNE X=VALUE UNEQUAL 0©
X1y SKG =0 - SKIP, IF.> 0
BRU NUM BNE X = 0s BNE NEGe, NB INTERSECTISNPBINT WITH o
* : THE P8Se UNLIMITED LINE POSSIBLE (CASE 2) ~
LDA X1+1 GNE X =0, THE BTHER PBSITIVE, INTERSECTIBN- e
M PBINT IS GIVEN AT UNEQUAL Y=SIGN (CASE 3)

***********&*ﬂ*i********#**************l**************#*i********
3* Y
NO X=VALUE < 0

AT LEAST BNE X«VALUE > 0
CASE 3 AND 4 ' v

® k X

# ’
I E PSR 2 22 2RSSR TSR SRR SSESASSSASSS RS RSS RS SRR R RS SRR SRR

XP8S BRM YVER GET Y2=Y=YP

STB Y1 ,

LDB 2040000000 SIGN MASK

SKM Y1+1 SKIP, IF SIGNS BF Y1 AND Y2 ARE EGUAL.
L ‘ THEN: (CASE 3A AND 4A)

MIN ZAEHL, Y=SIGNS DIFFERNT, INTERSECTION POINT
* , INCREASE CBUNTER (CASE 3B AND 4B)



200 PAGE

201 I ZX2 22 A2 TR SRR TERERTREE S PR T EEL LSS ERT LIRS ES LSS SRS SRR SR S S

202 «
ggz * EXCHANGE AT THE FOLLBWING PASITION:
205 » <A>zMANTISSA BF Y2
206 = <Y1>=EXPBNENT 8F Y2
287 * <X2, X2+1>=EXPBNENT AND MANTISSA B8F X2
208 = .
209 * X2 AND Y2 SHALL BECOME X1 AND Y1; THE NEXT PBINT SHALL BECAME
210 = X2 AND Y2
211 »
P12 st B R E R BN UM U R R R RRRREERREFEFRB RN E R RHRRTNT R T RN NN XN N W
‘ : 213 # : ‘ -
00127 0 35 0 00260 214 UMs STA Y1+1 MANTISSA 8F Y2 ==> Yi1+1
00130 0 76 0 00255 215 LDA X2 EXPONENT X2 ==> X1
00131 O 35 0 00253 216 STA X1 :
00132 0 76 0 00256 217 LDA X2+1 MANTISSA BF X2 <=> X1+1
00133 0 35 0 00254 218 STA X1+1
00134 0 01 0 00221 219 BRY SCHLEN "BRANCH T8 THE END B8F LB8P
‘ 220 = EXCHANGE END
00135 0 53 0 00254 221 XGv SKN X1+1 EQGUAL X=SIGNS) SKIP IF X1 AND X2 NEGATIVE
00136 0 01 0O 00122 222 BRU XP8s BBTH PBSITIVE (CASE &%)
00137 0 76 0 00255 223 NUM LDA X2 NEGATIVE X~VALUES, EXCHANGE X (CASE 5)
C0140 O 35 0 00253 224 STA X1 AND COMPUTE Y
00141 O 76 0 00256 225 LDA X2+1 X2 ==> Xi
Q0142 O 35 0 00254 226 STA COX1+1
00143 0O 43 0 00310 227 BRM YVER Y2 HAS NAT YET BEEN FETCKED
c0144 O 35 0 00260 228 STA Yi+1 BRING AND STBRE T8 Y1 AT BNCE
00145 0 36 0 00257 229 ST8 Y1
00146 0 01 O

ooz21 230 BRU SCHLEN ~ BRANCH T8 THE END 8F LB8P

6v-9



231 PAGE

P T T E T L L L L L T R R R v gy Vg A ug I SRS SRV AR e R g G e

233 * DIFFERENT X=SIGNS, AT DIFFERENT Y=~SIGNS INTERSECTIAN-PSINT
234 = POSSIBLE (CASE 6) '
235 » -
00147 0 43 0 00310 236 Xvv BRM * YVER Y2=YeYP
00150 0 35 0 00262 237 STA Y2+1 STBRE MANTISSA
00151 0 46 00020 238 CBX SAVE EXPENENT INTB X-REGISTER
00152 0 64 0 00260 239 MUL, Y1 +1 MULTIPLICATISN BF MANTISSAS 8F Y1 AND Y2
00153 0 72 0 00340 240 SKA s040000000  SKIP, IF RESULT BF MULTIPLe IS PBSITIVE
00154 O 01 O 00174 241 BRU YVV YeSIGN DIFFERENT, UNEQUAL O (CASE 6B)
00155 0 52 0 00341 242 SKB 2077777776  SKIPs1F MULTIPLe=RESULT = 0 (CASE 6A)
00156 0O 01 O 00166 243 BRY XUM BETH Y EQUAL SIGNS, UNEGQUe 0,NB INTERSEC«=PBINT o
00157 0 55 0 00260 244 ADD Y1+1 9NE Y-=VALUE=Q .
00160 O 55 0 00262 245 ADD Yo+1 o
00161 0 50 0 00342 246 SKE =0 SKIP, IF Y1 AND Y2 =0
00162 0 01 0 00164 247 BRY $+2 SNE Y-VALUE=0, BNE UNEQUAL O
00163 0 01 0 00240 248 BRU INLIN BBTH Y=0, DIFFERENT X=SIGNS (CASE &C)
00164 0 73 0 00342 249 SKG 50 - SKIP,1F Y=VALUE UNEQUe O AND PBS«; THEN CASE 6A
00165 0O 01 0 00174 250 BRY YVV BNE Y=0» SNE NEGATIVE (CASE 6B)’
ggé * EXCHANGE AT THE FBLLBWING PB8SITION: :
* ; y 5
253 » <XR>sEXPONENT 8F Y2
254 » <Y2+1>=MANTISSA BF Y2
222 * <X2,X2+1>sEXPONENT AND MANTISSA 8F X2
YA T T T R R L R e e g g R s T e 2 2R R E T 2
c0166 O 53 0 00273 258 XUM SKN PANZ ALL PBINTS ALREADY WBRKED OFF
00167 O 01 0 00171 259 . BRU $+2 ' NB, EXCHANGING i ’
00170 0 01 0 00223 260 - BRY ENDE YES, BRANCH T8 REVALUATISN AND RETURN
00171 0 37 0 00257 261 STX Yyoo - EXPBNENT BF Y2 ==> Y1 -
00172 0 76 0 00262 262 ,DA Y2+1  <A>tz MANTISSA BF Y2
0010

00173

00127 263 BRU - UMS . BRANCH T® FURTHER EXCHANGING




264 PAGE

P T T L LR L L T T T aopnrapvpanpvvggpga v GOV SR g g g 2 2 2 i I TP

266 * XeVALUES AND Y=VALUES HAVE DIFFERENT SIGNS
227 * LINEAR EQUATIBN HAS T8 BE CBMPUTED
268 =« ' '
00174 0 76 0 00260 269 Yvy LDA Y141 - MANTISSA BF Y1
00175 0 75 0 00257 270 |LDB oY1 EXPBNENT BF Y1
00176 1 41 0 00255 271 FLM X2 Y1%X2
00177 O 35 0 00270 272 ‘STA . P14+t STBRE RESULT
00200 0 36 0 00267 273 ST8 P1
0201 0 76 0 00262 274 LDA Y2+1 MANTISSA 8F Y2
00202 0O 46 00040 275 CXB EXPONENT BF Y2
00203 1 41.0 00253 276 FLM X1 Y2#X1
00204 1 35 0 00267 277 FLS P1 Y2xX1eY1l#*X2
00205 O 50 0 00342 278 SKE £0 SKIP, IF RESULT 8F SUBTRACTISN =0
00206 0 01 0 002%10 279 BRU $+2 UNEQUAL © ' - ’
00207 0 01 0 00240 280 BRU INLIN NUMERATBR=0, PBINT BN THE STRAIGHT LINE o
00210 0O 35 0 00267 281 STA P1 SAVE MANTISSA FBR SIGN CBMPARISBN WITH THE
, 282 # DENBMINATER ' h
00211 O 46 00040 283 CXB -EXPBNENT BF Y2
00212 0 76 0 00262 284 L.DA Y2+1 MANTISSA AF Y2
00213 1 35 0 00257 285 FLS Y1 " DENBMINATBR: Y2eY1
00214 0 75 0 00340 286 LoB =040000000
00215 0 70 0 00267 287 SKM P1 SKIP, IF SIGN 8F NUMERATOR AND DENBMINATSR
288 = o IS EGUALs leEe RESULT X IS POSITIVE
00216 0 01 0 00166 289 BRY XUM UNEGUAL SIGN, NEGATIVE RESULT ,N8 INTERSECTION=
‘ 290 # PBINT, BRUNCH T8 EXCHANGING
00217 0 61 0 00271 291 MIN ZAEHL PBSITIVE RESYLTs INTERSECTIBN=POINT
00220 © 01 0 00166 292 BRU XUM BRANCH T8 EXCHANGING
oo221 ¢ 53 0 06273 293 SCHLEN SKN PANZ END BF L98P; SKIP, IF ALL PBINTS
: 294 » o ARE WORKFD 8FF
00222 © 01 0 00227 295 . BRU SCHLE NBT ALL WBRKED BFF




296 PAGE

297 2 TR SRR s R R R R S E 2 S R R R S R R R R R R R R R S SR SIS SRS ZS AR SRS RS R Y X

: 298 #
00223 0 76 0 00271 299 ENDE  LDA " ZAEHL CBUNTER RESULT BF INTERSECTION PSINTS
00224 0O 14 0 00336 300 ETR =1 EVEN NUMBER: RESULT =0;
, 301 = ' PBINT LIES BUTSIDE
00225 0 35 1 00015 302 RUECK STA * [NAD 80D NUMBER: RESULT=1
303 = PSINT LIES INSIDE
00226 0 51 0 00041 304 BRR INFLA3 RETURN
00227 0 60 0 00273 305 SCHLE SKR PANZ PANZ:=PANZ=1, SKIP, [F PANZ < O
00230 O 01 0 00234 306 BRU SE LBBP CONTINUATIBN
00231 G 76 0 00264 307 L.DA XL+1 ALL POINTS BUT THE LAST ARE WBRKED BFF -
00232 0 75 0 00263 308 LoB XL TAKE 8VER THE LAST PBINT ALREADY STBRED *
00233 0 01 0 00075 309 BRU SCHLA+2 - - o
00234 0 61 0 00272 310 s MIN Z SET NEXT POINT~INDEX~ADDRESS
00235 0 01 0 00073 311 BRU SCHLA BRANCH T8 L8BP START
00236 0 76 0 00343 312 INPU LDA 2l PBINT CBINCIDES
00237 0 01 0 00225 313 BRU RUECK ,
00240 - 0 60 0 00273 314 INLIN SKR PANZ LINE MET, INTERROBGATIBN FBR PBINT=CBINCIDENCE
00241 0O 01 O 00244 315 BRU $+3
00242 0 76 0 003414 © 316 INLIN? LDA 2e? LINE MET
00243 0 01 0 00225 317 3RU RUECK _
00244 0 61 0 00272 318 MIN z
00245 0 71 1 00272 319 LDX . %7
00246 0 43 0 00274 320 BRM XVER
00247 O 50 0 00342 321 - SKE a0
00250 O 01 0 00240 322 BRU INLIN ‘ :
00251 0 4? 0 00310 323 BRM YVER AT PBINT-CBINCIDENCE DIRECT BRANCH T8 INPU
0 01 0 o E

00252

00240 32# . BRU  INLIN
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K R R T T L L T L urp e vppgg g g g R 2 2 2 2 22 2 2 2 R R
327 «

328 » FIELDS

00253 330 Xi RES
00255 331 X2 ‘RES
00257 332 Y1 RES
00261 333 Y2 RES
00263 334 X\, RES
00265 335 Y, RES
00267 336 Pi RES
00271 © 00 00000 337 ZAEHL PZE
00272 0 00 00000 338 7 PZE
00273 0 00 00000 339 PANZ PZE

fumM PNV
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K I L T L T R T e g s 2222222 2 2222 S TR RS B

327 »
328 =« FIELDS
329 # '
00253 330 Xji RES 2
00255 331 X2 ‘RES 2
00257 332 Y1 = RES 2
00261 333 Y2 RES = 2
00263 334 XL RES 2
00265 335 YL, RES 2
00267 336 P} RES 2
00271 © 00 00000 337 ZAEHL PIE
00272 Q 00 00000 338 7 PZE
00273 0 00 00000 335 PANZ PZE
, 340 » :

[@) I
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W
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. 00315.
00316
00317

O 0000000 C+~0O

HsooooO0 0O

00

28
50
01
46
50
01
46
51
46
38
81

00000
1 00013
0 00036
0 00306
00014
0 00035
0 00305
30003
0 00274

00014

0 00035
0 00274

00000
0 00273

00316
00266
00265
00310
00334

00000

0co14 =~ -

344
342
343
344
345
344
347
348
348
350
351
352
353
354
355
356
387
358
359
360
361
362
363
364
368
366
367
368
369

370

371

372 .
373 L

PAGE
********i*****************************i**************i**i****&***
. v

*FETCH XVER AND YVER, X= RESP. Y=VALUE BUT BF FILE

% CBMPARISBN WITH PBINT XP,YPe IF THERE 1S NE& CBINCIDENCE

» XP»YP 1S SUBTRACTED, THE RESULT IS IN A AND B

&

i******&%****!*l**&*****&l****************i*********#************.

*

XVER- PZE
LDP *#XFAD NEXT X=VALUE
SKE XP+1 IS MANTISSA = MANTISSA BF XP
BRU XSUB+1 MANTISSAS UNEQUAL ) 5
XAB YES, COMPARE EXPBNENTS TB88 1
SKE XP pd
BRU XSUB EXPONENTS UNEGQUAL
CLR EXPONENTS EQUALs RESULT =0
BRR XVER RETURN

XSUB  XAB
FLS XP X = XP
BRR XVER RETURN

+#* : :

» o AT THE ENTRY YVER MUST HAVE THE MANTISSA

* _ 8F THE APPERTAINING X=VALUE IN A=-REGISTER

YVER PZE .
SKN PANZ SKIP, IF PANZ NEGATIVEs IeE«THE LAST VALUE,

* A ALREADY STBRED SHALL BE TAKEN BVER .

- "BRU . NLY _
LDA YL+1

, LL.DB - YL~ - . '
i % TBRR YVER RETURN . . o
NLY . STA XM STBRE MANTISSA 8F X-VALUE_V

 »{guET Y-VALUE i



00320
00321

00322
00323
00324
00325
00326
00327
00330
00331
00332
00333
00334

00335
00336
00337
00340
00341
00342
00343

50 0 00040
01 0 00332
46 00014
50 0 00037
01 0 0033t
46 30003
50 0 00334
S1 0 00310
01 0 00236
46 00014
35 0 00037
51 0 00310
00 00000

QOO+ OO0 O0OO0O00O00O00

16777776
00000001
00000002
40000000
77777776
0C000000
FEEFF Iy

374
375

376
377
378
378

380

381
382
383
384
385
386
387
388
389
390
391
392
393
394

SKE
BRU
XAB
SKE
BRY
CLR
SKE
BRR
8RU
YSuB XAB
FLS
BRR
XM PZE

YP+1
YSUB+1

¥P
YSUB

XM
YVER

- INPU

¥P
YVER

SKIP, IF CBINCIDENCE BF MANTISSAS BF Y AND YP
NB C3INCIDENCE

COMPARISAN BF EXPBNENTS

SKIP, IF CBINCIDENCE BF Y AND YP

NB CBINCIDENCE :

RESULT: Y =~ YP

IS MANTISSA 8F THE APPERTAINING X-VALUE =0 T86
N8, RETURN - :
PEINT CBINCIDENCE

Y -« YP
RETURN

L E TR RS RS PER S RS EETESS2S S 2RI ZR AR R ST RS S ESSR A2 R R R R R R R RERE RS

#

* GLEeBAL NAMES

#*

$INFLIN, INFLAP, INFLA3, INFLA4

#*

I Y2 R E R T PRE R R RRRREITS FEETREEELEIEETISZILEEEAZL S22 2R AR R R L

END

g8=5
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