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I ABSTRACT

• This report is a user manual for the program QUADRAW

which draws v i s i b l e— l i n e — p r o j e c t i o n  p ic ture s of ob jec t s

bounded by sections of quadric surfaces. The report

describes three versions of the p rogram , one each for the

CDC 6600, Univac 1110 and IBM System/360—370 computers.

It also provides the necessary documentation to permit

one to modify the program for any other compu ter.
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1. INTRODU CTION

1.1 Outline of the Program

QUADRAW is a computer program which draws visible—line

pictures of solid objects bounded by sections of quadric

surfaces. The algorithm and the original program were

developed by P. Woon [1,2].

QUADRAW reads a numerical description of a scene and

one or more vantage—point specifications from an input file

[Fig. 1.1]. The program produces a drawing of the scene

from each vantage point [Fig. 1.2]. Drawing~; are output on

a digital plotter . Each drawing of a scene may show (1) all

lines , (2) hidden lines dashed , and (3) only the visible

lines. Perspective or orthographic projection of the scene

may be selected at the option of the user.

QUADRAW is written in Fortran and consists of a main

program and more than 70 subroutines and functions . At the

present time , there are available versions for the CDC 6600,

Univac 1110 and IBM 360/370 computers. It should be quite

simp le to adapt one of these three vers ions to any other

computer  hav ing a Fortran compi ler and a large memory space. *

The QUADRAW source text is maintained as a library file

on a CDC 6600. This file contains all versions of the pro-

gram . The CDC text editor UPDATE can generate the text of

* Including system and plotting support , the program re-
quires 150k words on a CDC 6600, 18500/38000 (I/D) words
on a Univac 1110 and 250k bytes on an IBM 360 computer.

~.
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20.0 STACK OF 6 CUT SPH E Q ES
1.01—03 1.01—04 1.01—0 5 1.01—04 1.01—02

2
1 1 1. 000  1.OLO 1.000  AT (44,44, +4)

—8.000 —8.000 —6.000 32.000
2 1 1.000 1.000 1.000 AT (+4 ,.4 ,—4 )

—9 .000 —8 .000 8.000 32.000
3 1 1.000 1.000 1.000 AT (+4,— 4, +4)

—8.000 8.OCO —8.000 32.000
4 1 1.000 1.000 1.000 *fl+4 ,— 4 ,— 4)

—8.000 8.000 8.000 32.0~)0
5 1 1.000 1.000 1.000

8.000 —8.000 —8 .000 32.000
6 1 1.000 1.000 1.000 AT (—4, ,4,—4)

8.000 —8.000 8.000 32.000
7 1 1.000 1.000 1.000 A T (—4,—4 ,+4)

8.000 8.000 —8.000 32.000
8 1 1.000 1.000 1.000 A T I— 4,—4 ,—4 )

3.000 8.000 6.000 32.000
9 1 PLANE

1.000 —6.000 AT Z.6
10 1 PLANE

1.00~ 2.000 AT Z .—2
3

1 —9 9990
2 — 10 9999
3 —9 9999
4 —10 9999 -

5 —9 9999
6 —10 9999
7 — 5 9999
8 — 10 9999
9 —1 9990 — 3 999 13 —5 9998 —7 9999
10 — 2 9998 —4 9998 —6 999b —8 9999

4
1 9 2 1.000 —4 .CU0
2 10 2 1.000 —4. OvO
3 9 2 1.000 4.000
4 10 2 1.000 4 .000
5 9 ~ 1.000 —4.000
6 10 2 1.000 —4 .l~UC
7 9 2 1.000
8 10 2 1.000 4.000

5
6

3 20.000 0.000 90.OCO 0.000
3 2C.000 0.000 7O.OCO 30.000
3 2C.000 —55.000 25.000 75.000
3 20.000 10.000 —75 .000 —55.000
3 20.000 10.000 10.000 0.000
3 ZC.000 —60.500 —10.000 5.000
3 20.000 40.000 —50.000 22.500
3 20.000 48.000 —22 .500 —90.000

9

Fig. 1.1 An example of a QUADRAW input file (Scene made
of 8 spheres which are cut by 2 planes)
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Fig. 1.2 An example of a QUADRAW drawing
(Scene listed in Fig. 1.1)
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any implemented version. This arrangement simplifies the

maintenance of the program since any modif ications of t he

program will automatically be applied to all Implemented

versions. Note that the three vers ions dif f e r  only in small

parts which are very unlikely to be changed. A version for

any other comp uter can be easily added to this mas ter source

text .

Although QUADRAW can also handle objects bounded en—

tlrel y by p lanar surfaces , a different algorithm [3] and

program [ 14],  specifically developed for planar—surfaced

objects , woul d be fas ter and requ ire less memory space , and

is recommen ded in tha t case .

1.2 Defini t ion of Terms

A scene is set of one or more bodies. Each body is a

closed, connected space in 3D, delimited by a number of

quadric surfaces. The terms object and body are used inter-

changeably.

A quadric surface is the locus of all points in 3D

satisfying the equation :

Q( x ,y,z )  = a
1
x
2 

+ a
2
y
2 + a

3
z
2 
+ a4xy +

a
5
xz + a

6yz + a
7

x + a8y +

• a
9
z + a 10 = 0

- 
A planar sur face  or plane is a quadric surface wi th

a1, a2, ...a6 = 0 .

___________
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A surface bound is a quadric surface used to delimit

the sections of a quadric surface that bound a body .

A surface intersect ion is the locus of al l points of

two quadric surfaces satisfying Q1
(x , y , z) = Q2 (x ,y , z) = 0.

A real vertex is a point in 3-space where three or

more quadric surfaces intersect . If these three or more

quadric surfaces intersect in several points , then these

point s are called a set of real vertices.

A virtual edge or limb is the locus of all points where

a quadric surface is tangent to the lines of projection .

A virtual vertex is the intersectIon in 3—space of a

virtual edge and a surface intersection.

An edge Is either a virtual edge or a surface inter-

sec tion.

A pplar plane is a plane in which all virtual edges of

a quadric surface lie.

A cutting plane is a plane whioh intersects the inter-

section of two qua dric surfac es.

An object coordinate system is a 3D cartesian coordin—

ate system , x ” y” z” , in which all object equatIons and

vantage points are specified.

- ~_;=n s_s _ _ .  — — . 
~~~~~~~~ -,
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2. DESCRIPTIONS OF QUADRAW ROUTINES

In this section a brief description of each QUADRAW

routine is given. Fig. 2.1 shows the interconnections

amon g t he rout ines.

2.1 Main Program

2.1.1 QDRAW - controls the execution of the pro-
gram . It ca lls the main func tion-
al sub rout ines , opens and closes
plotting output and measures exe-
cution time of the main steps of
the program.

2.2 Main Functional Subroutines

2.2 .1 INPOB — reads scene specif ications and
creates Tables 1—5 for the scene .

2.2.2 RVERT — com putes the loca tions of t he real
vertices of the objects and stores
them in Table 14.

2.2.3 SINT — computes all surface intersections ,
point by point and stores them in
Tab le 6.

2.2.14 INPVW — reads vantage point specifications.

2.2.5 TRNSF — transforms the surface equations
from the object specification co-
ordinate system to the coordinate
system of the current vantage point .

2.2.6 PLEDGE — transforms surface intersections
from the object specification co-
ordinate system to the coordinate
system of the current vantage point.
It also computes all virtual ver-
tices.

2. 2 .7 VEDGE — computes virtual edges — limb seg-
ment s.

2.2.8 INSIDE — sets up the surface minimum-maximum
table (Table 9) which is later used
f~r envelope tests in determining
edge visibility. It also inserts
edge minimum and maximum coordinates
in Table 8.

k. . . - ..
~~
,_ ~~~~~~~~~~~~~~~~~~~~~~ : .  -~~~~~~~~~~
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2.2.9 FINAL — determine s the visibility of
all points of surface intersections
and virtual edges.

2.2.10 DRAW — calls plotting routine to draw the
projection of the scene ; the scale
factor of the drawing is determined
from Table 9 and the point coordin-
ates are obtained from Table 8.
This subroutine may draw (1) visible
intersections and virtual edges;
(2) hidden intersections and virtual
edges as dashed lines , or (3) all
Intersections and virtual edges.

Subroutines 2.2.1—3 are called once Der scene .
Subrout ines 2.2.14—10 are called once per vantage poInt .

2.3 Other Functional Subroutines

2.3.1 CUT — called by SLUT to find a ‘cutting
point ’ if there are no real vertices
on a real intersection. The equa-
t Ion of a ‘cutting plane ’ which
Intersects the intersectIon is
stored in Table 3.

2.3.2 IBND — an integer functIon called to deter—
mine whether a point is within a
surface ’s bounds.

2.3.3 IE:~D2 — performs the same operations as IBND
on surfaces in the vantage—poInt
coordinat e system.

2.3 .14 ROTPT — called by REDGE to rotate (and trans-
late, for perspect ive project ions)
each surface Intersection point to
get its coordinates in the vantage—
point coordinate system.

2.3.5 DIRECT — called by VEDGE to adjust the direc-
tion of propagation of an edge .

2.3.6 DELEV — called by SINT and VEDGE to delete
a pair of vertices from a vertex
table.

2.3 .7 FSTPT — called by VEDGE to determine the
first point on a limb that has no
vertices.
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2.3.8 EXTRM — called by FSTPT to find the extrema
of a limb .

2.3.9 INVIS — called by FINAL to check whether a
face of a surface hides a particular
point from the vantage point .

2.3.10 WDUMP — lists the current contents of Tables
1 — 9 and 15. It is called from
many subroutines whenever an error
is detected by the program in either
the description of an object or com-
putations.

2.3.11 CLOSER — lists a l  input cards that were not
read after an error in input was
found by I~ POB.

2.3.12 INITO — initIalizes all global variables to
:ero before a new scene is read by S

INPOB.

2.3.13 SORT1 - sort s an array of’ data into a des-
cending sequence.

2.14 Table Management Routines

These routines acoess the tables of the QUADRAW data

structure. They are called by the routines described in 2.2

and 2.3. The small letters stand for single digit numbers .

2.4.1 GTmn — is the n ’th routIne for getting the
contents of tab le number m. There
are 12 GTmn subroutines.

2.4.2 GTl5l — gets the content s of Table 15.

2.14.3 STOmri — is the n ’th routine for storing the
contents of table number m. There
are 14 STOrnn subroutines.

2.14.4 ST151 — stores the contents of Table 15.

2.4.5 ST152 — removes the last entry in the list
in Table 15.

2.14.6 FULL - is called when the data structure
runs out of space , that is , when
Table 8 or Table 9 hits Table 15 or
when Table 1 — 9 hits the end of the
data structure .

-- . --— -—--.—— -~-—. — - __~~~. _ _ ____ ~~~ L~~i_ _  ~~~~~~~~~~~~~~
-
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2.4.7 TABLE — stores element s of Table 9.

2.4.8 INTBL9 — is called by INSIDE to initialize
Table 9.

2.5 Mathematical Subroutines

2.5.1 EQ111, — compute the intersection point(s)
EQ211 & of three equations , with ‘2’ stand—
EQ221 ing for second-order equation and

‘1’ standing for first—order
(linear) equation.

2.5.2 EQ22 — computes the intersection points
of two second—order equations.

2.5.3 ROOT2 — solves a quadratic equatIon of one
variable , indicating the number of
roots.

2.5 .14 SUBS1 — substitutes a variable in an equa-
tion to make it into a simpler
equation .

2.5.5 NEWT — computes the intersection of two
curves (i.e. , the intersection of
two surfaces in a plane) by using
the Newton ’s method.

2.5.6 PWRT & — help EQ22 in solving two second—
POLRT order equations.

2.5.7 ELX21 — eliminates variable x between a
second—order equation and a first-
order equation.

2.5.8 ELY2 — eliminates variable y between two
second—order equatIons of y and z.
Sylvester ’s method is used.

2.5.9 DERIV - computes 32y/az 2 or ~
2z/~y

2 of a
conic section at point y,:.

2.5.10 DET3 — evaluates the determinant of a
3 x 3 matrIx.

2.5.11 POLAR — computes the coefficients of the
polar plane of a surface .

2.5.12 IPNT — computes points on intersections of
two surfaces. It is used to trace
points on surface intersections as
well as on limbs. 

-~~~~~-~~~~~ -- - - -~~~~ --.~~~~ —~~~~~~~~~
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2.6 Plotting Subroutines

QUADRAW assumes that a plotting package is available to

draw pictures on a digital plotter or a similar device. The

plotting package should be able to perform the following

tasks :

a) open and close the plotting output

b) position the plotter to a new picture

c) draw solid lines

d) move the pen while it is in the “up ” position

The plotting packages for the implemented versions of

QUADRAW are described in their respective appendices.

2.7 Timin~g Rou tine

2.7.1 MSTIME(MS)— is an integer function which returns
as its value the elapsed program
execution time in milliseconds sInce
time MS (also in milliseconds). This
function calls a system routine to
measure the time. The system
routines for the implemented versions
of QUADRAW are described ~n theirrespective appendices.

L ~~~~~~~~~~~~~~~~ 
- 

-___________



—12—

3. DATA STRUCTURE

All QUADRAW data structure and global variables are

stored in the blank COMMON block. The ten tables used by

the program are stored in array IPOOL(32000) which is also

E~ UIVALENCEd to POOL(32000) and therefore contains integer

as well as real variables. The tables in IPOOL are

numbered 1—9 and 15. Tables 10_lLI do not exist but could

be added if the program were extended.

3.1 Global Variables

The following variables and a rr ays  are contained in the

blank COr~Ir~1OU block:

PHI , THETA , PSI are the a:irnuth , e evation and twist angles

of the current vantage point .

PSCL is the picture scale of the scene from the current

vantage point .

IPTY? Is the type of drawing to be made from the current

vantage point view.

Ri , R2 , R3, R14 , R5, R6, R7, R3 , R9 are the nine element s in

the rotation matrix which transforms an object from the

object coordinat e system to the current vantage point

coordinate system.

EPSi, EPS2 , EPS3, EPS4, EPS5 are the computational tolerances

used In the program .

:~ EAD contains an Integer digit from column one of the last

data card read by the program . DigIts in the first

column of data cards are used to delimit various

sections of data input .

‘ S
4. ,

- ---- — -~~~ 5 .  
- 
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NSURFS contains the number of surfaces in the current scene.

TAPE is a logical variable set to .TRUE . when the plotting

output is open .

IPB1, IPB2 , IPB1)4, IPB15 are pointers to the 15

possible tables in IPOOL. Note that Tables 10 — 14

do nct exist .

MAXDM contains the dimension of the array IPOOL which is

32000 at the present time .

YMN , YMX , ZMM , ZMX are used by subroutine DRAW to store the

maximum and minimum coordinates in y and directions

of’ the scene In the projection plane .

SPARE(7) is an array of seven spare variables.

LISTER is a logical variable set to .TRUE . if the input data

specifies that tables in IPOOL are to be listed after

the current scene is entered or after the ~~rr en:

vantage point drawing is made .

ABORT is a logical variable set to .TRUE . when an error is

detected durIng computations and the current object

or vantage point computations fail. The program tries

to continue with the next scene or the next vantage

point .

DUMPER is a logical variable set to .TRUE . when a listing of

tables in IPOOL IS to be made by subroutine WDUMP after

the detection of an error.

DE is used for perspective projections only. DE is the dis-

tance from the vantage point to the origin of the

object coordinate system .
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DEE is used for perspective projections only. DEE is the

distance from vantage point to the picture projection

plane .

IPT N A is a pointer to the last location in IPOOL occupied

by Tables 1 — 9.

GEGO L is the scene scale.

IPOOL(32000) is the array containing the tables of scene

descr iption . This arra y Is EQ UI VA LE~ CEd to POOL(32000).

The following is a description of all ten tab es in

IPOCL— PCOL~ Tables 1 to 6 are set up once per scene , whIle

tab es 7 to 9 and 15 are set up once per vantage point .

* The array contains integer numbers as well as real numbers
(floating point). We mark integer entries with I’s and
floating point entries with R’s. 

_ 5_•._ _____S __ -
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3.2 Table 1: Surface Equations

There is one 14—word element in this table for each

surface of an object .

1 ISTYPE - I surface type: l compor.eno , 2=auxlliary
2 IDEG I degree of equation : l lIn~ ar , l=quadric3 LINK I pointer to the surface ’: -o~nds in Table 2*4 FACTOR R scale factor = 1.0
5 A (1)
6 A (2)
7 ~A (3) R
8 ~~(4) R the ten coeffIcients of the surface
9 A (S) R equation :
10 At6) R 211 7) R a x + a.,y~ + a z~ + a x y  + a..x: +
12 ~~(8) R 1 3 -

13 ~~(9) R a6yz + a.-.x + a3y + a : + a 1~ = 0
l~4 A (10) ‘

This table is written b y :  STO11 and STOl2 , both called
by INPOB.

This table is read by: GTO11 called by RVERT ,SINT
and TABLE ,

GTO12 called by RVERT and
SINT ,

GTO13 called by TRNSF and
REDGE.

* The pointer is set to zero for self—bounding surfaces.

~~~~~- 
_ __ t -- - - -_ .. - 5—— — -  _~~~~ _ . -—~~~~~~~~~~ —-_ _ - ~ -s~ ~~~~~ ‘- -~~~~-_
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3.3 ~ .ble 2: Surface Bounds

There Is one element of variable length in this table for each

bounded surface* in an object. Pointer LINK in table 1 points to

this element . Self—bounded surfaces — such as spheres — do not have

elements in this table . Pointer LINK for a self—bounded surface is

set to zero .

1 
_ _ _ _ _ _  

I
2 

_ _ _ _ _ _ _ _  
I

3 
_ _ _ _ _ _ _ _  

I

surface numbers of
bounding surfaces

9999 I end—of—element

This table Is written by INPOB. It is read by IBND, ~~ND2, TRNSF and REDGE.

* Surface bounds are explained in section 4.2. 

n. - - . ., ~~~~~~ ~~~~~ 
~~~~~~~~~~~~~~~~~~
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3.4 ~~ble 3: Surface Intersections

- 
There is one 9—word element for every surface intersection.

1 INTYP I intersection type
2 IS1 I first surface number

3 1S2 I second surface number
14 Ky I pointer to real vertex pointers — Table 5
5 }~ P I pointer to intersectIon points — Table 6
6 CtJTP(7) R

7 CUTP(8) R equation of cutting plane*:

8 CUTP(9) R cutp7x + cutpQy + cutp z + cutt. =0
9 .~u9 CUTP(lO ) R

Written by: S~O3l from INPOB: words 1—3, 6—9
S’1032 f~mm SINT : word 5

S~IO5l from LNPOB: word 4

Read by: SLNT, ~~~ E

* Indices of coefficients are set up for caipatibility with quadric
equatlor.s. L’-’. section 14 •14 we refer to the cutting plane equation
asc1x + c 2y + c 3

:+c 4 =0.

~..— , 
- - .—-- - - _ - - _ - — .
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3.5 Thble 4: Real Vertices

There is an element of up to 19 words in this table for each real

vertex in an object. For a set of real vertices, that is vertex multi-

plicity MUL~~P > 1, the element is repeated MULTIP number of times.

1 MtJLTIP I vertex multiplicity

3 VY R f X , y and coordinates
4 VZ R 4 of a real vertex
5 _ _ _ _ _ _ _  

I
6 

_ _ _ _ _ _ _ _  
I

7 
_________________ 

I numbers of surfaces which
form this vertex, up to
15 surfaces allowed

9999 I end—of—element marker

Vertex multiplicity gives the number of real vertices which are

formed by intersections of the same three or more surfaces. If

MULTIP > 1, then subsequent elements in the set of real vertices have

MULTI? set to 0.

This table is written by S’1041 called from INPOB (words 2—14) and

ST’J142 cafled fran RVERT (words 1,5—last) .

L. - - 5 —  - — ;~~~~___~ _ _ _ ~ — ---. - -- --~ ----—---~~~~ - — ———-—-5- S.- - —~ —- - ----.--5- 
-5.-—
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3.6 Table 5: Real Vertex Pointers

There is a variable length element in this table for each surface

intersection which has one or more real vertices on it. Pointer KV in

surface intersection Table 2 points to this element. If there is not

any real vertex on a surface intersection pointer KV is set to zero.

1 
_________________ 

I pointers to real vertices,
2 

_________________ 
I in table 4, which lie on

3 __________________ 
I the surface intersection

9998 I end-of—element marker

I
99991 I end—of—table 5 marker

This table is written by subroutine S’1051 called by INPOB.

It is read by subroutine SLNT.

~

. . — -
~~~

-
~~

- - - - - -
~~~~-- —  ~~~- 
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3.7 Table 6: Surface Intersection Points

There are three types of 3—word elements in this table : points ,

end—of—line markers and end—of-intersection markers . The first point

of intersection of two surfaces is pointed to by pointer ~~P in Table

3. This table usually occupies a large amount of space. 
3

Point: 
________________

1 X H

2 Y R x, y and z coordinates of an inter—

3 Z H section point.

~~d—of—line marker :

1 999 ç98.0 R marker indicating the end of a line
2 999 998.0 H within a surface intersection.
3 999 998.0 R

4 ~~d—of—intersectIon marker:

1 999 999.0 R marker indicating the end of the
2 999 999.0 R last line of a surface intersection.
3 999 999.0 H

This table is written by subroutine STO61 from SINT .

- .~~~~ .- —~~~~~~~~ —. — -- — — - ----~~~~~ - --
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3.8 Table 7: Thansformed Surface S

There is a 19—word element in this table for each surface of an

obj ect.

1 ISTYP* I type of surface
2 IDFX3* I degree of surface
3 LINK2~’ I pointer to Table 2 (bounds)
4 FAC~~R~ H scale factor = 1.0
5 LINK15 I pointer to Table 15 (virtual vertices)
6 B(l) H
7 6(25 

___________ 
H

8 B(35 H
9 B( 14 5 H
10 6(5) H
11 B(6) H coefficients of the transformed

surface equation

14 8(9) H
15 B(1O) R
16 POLRA(7) H coefficients of the polar plane
17 PCLFA(8) R uation ~18 POLRA(9) R eq

4 19 PO~~A (l0)

Notes :
a) Words 1—15 are written by TRNSF except word 5 — LINK15.

LINK1S is set initially to 0 by TRNSF, set to —l by

POLAR if there Is not any polar plane. It is set to

point to Table 15 by RE~~E if there are virtual vertices.

b) Words 16—19 (polar plane coefficients) are written by POLAR. 
S

* CopIed from Table 1.

** Indices of coefficients are set up for compatibility with quadric
equations .

— --5- 
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3.9 Table 8: Edges

- There are two types of elements into this table. Header elements

which are 11 words long and point elements which are 3 words long.

Header Element:

1 ITYP~ ’ i surface intersection type , 0 for virtual edges
2 ICLAS** I edge class: H1,H2,H.~ or H4
3 ISNA~ i number of first surf~ce
4 IORNTA** I orientation: +l front, —i=back
s Is~~** number of second surface
6 IORNTB** I orientation : +l=front , —l=back
7 LINKS~ 

-i- pointer to the next edge header
8 y~4p~)(*** H
9 YMIN~~~ maxIi~~m and mini~mzn y and z
10 ZMAX*** H envelope
11 zMIW’~~’ H

Point Element:

1 - 

H x , y and z coordinates of a point
2 ~ * H If the point Is invisib ie X is changed to:
3 Z* H 999 997.0 for orthogonal projection

—x for perspective projection
by FIJIAL .

1 999 99~.0*
2 999 ~98.0* H end—of—line marker
3 999 998.0* H

1 999 999.0* R
2 999 999.0* H end—of—surface marker
3 999 999.0* H

* Set by RELX3E and VELX3E.
** Set by S~IO8l from REEGE and VEWE.

“~~~ Set by ST085 from INSIDE.

L . - .  - - . ~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ —
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3.10 Table 9: Su r f ace—Enc los ing  Envelopes

ThIs table  contains two types of elements. There is one

primary element for each surface of the object. A primary

element is 14 words long . Secondary elements are added as

required. A secondary element is 10 words long. The table

con tains the coor dinat es of t he enclos ing envelo pe of a surface

and pointers to its edges.

Primarj element :

I YM AX H
2 y •rI~i H coordInates of the enclosing
3 z;~!Ax H envelope
‘4 - 

Z M IN R

______ 
pointers to edges;

_____ last pointer followed by
a :ero pointer

14 * I

Secon dary element :

i i  
— 

I
pointers  to  edges;

- last pointer followed by
a zero poInter

l0~ * I

ThIs table is Initialized by INTBL9 called by INSIDE .

it IS written by TA3LE called from INSIDE , and read
by FINAL and DRAW .

* A negative ~oInter points to the next secondary element .

h.. —----5-----— . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - -  
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3.11 Table 15: Virtual Vertices

There is one ‘4—word element in this table for each

virtual vertex.

1 X H 
~ 

The x ,y an d z coor dinates of
2 Y H a virtual vertex wrItten by
3 Z H ‘ HEDGE ; read by VEDGE.
14 IPTVV I Pointer to the next virtual vertex

element in a list . Last pointer in
list is set to zero .

No t e

This t a b l e  is w r i t t e n  backwor ds at the  sam e t Ime that

Table 5 is written forwards. If Table 8 or Table 9 should

hit Table 15 subroutine FULL is called to stop further

execu ti on of the pro gram . 
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‘4 . SCENE AND VANTAGE POINT SPECIFI CATIONS

In th i s  sec t ion  we describe the format of data that

sp ecl f !es  ~UAD RAW scenes  and vantage p o i n t s .  Each scene entered

iflt O UADRAW is speci~ led by these five parts:

I.  Scene scale , t i t le  and c o m p u t a t I o n a l  t o l e rances .

2. ~uadric equat ion of each s u r f a c e .

3. Bounds of each bounded surface.

14 All surface IntersectIons.

~~~. A ll  real ~er:i~ c~~.

Scene spec~ fIoaoions are usually followed by one or nore

vantage point specif icotl -ons. Each vantage point is specified

by its posItion , type o~ pr o .~e ct i cn  and type of drawlnR to be

made by the program . QUADRA~ can use either orthographic or

perspective projectIon.

The following pages descrIbe the format of scene and

vantage point data In toIl . ~O—co 1’cmn punch cards are used

— to illustrate data formats. They represent any 50—or—more—

character line ima~ es. ~or t i ca l  solId lines divIde cards Into

input f i e ld s .  V er t I c a l  dashed lInes in input fIelds of real

numbers specify the position of the assumed decimal point If

the decimal point is omItted.

Li .1 Scene Header

Scene header Fig. ‘4.l~ Is a set of three cards . These

cards contain scene scale , tItle and five computatIonal tol-

erances. These three cards must be the first cards of every

scene .

-5— ------~~~ 
---5— - -
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The first card contains delimiter “1” in the first column .

LIST is a diagnostics flag. A non—zero value will cause

listing of all tables after the scene has been entered. SCALE

gives the number of straight—line approximations of quadric

curves per inch. Note that small value will give the drawn

pictures a coarse appearance. Large value will require large

amount of memory . Acce ptab le value of SCALE has been foun d

to be 15.0—20 .0. TITLE is a string of up to 140 characters

giving the name of the scene .

The second card contains five computational tolerances :

EPS 1, EPS 2, EPS3, EPS)4 and EPS5. Acceptable values of these

tolerances have been foun d to be: 0.001, 0.0001 , 0.00001,

0.0001 and 0.001 respect ively .

The third card Is a delimiter card with “2” In the

f irst column .

‘4 .2 Surface Equat ions

Every surface equation is specified by a pair of cards

[Fig. 14.2]. MS is the number of a surface. It is a positive

integer number from the set {l ,2,. .. ,NSURFS} for a scene with

with NSUEFS surfaces. The surface numbers are important

because each surface is referred to by its MS number in the

remaining sections of scene specifications . ITYPE is the type

of the surface : 1 is component surface , 2 iS auxiliary sur—

face. Auxiliary surfaces are used , for example , as bounds to

eliminate the unwanted sections of cones or hyperboloids of

two sheets. They are not drawn In pictures. The equat ion of
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the surface is specified by:

a1X
2+a 2y

2+a
3
Z2+a14xy+a

5
xz +a6y z+a

7
x+a 8y+a9z+a10 = 0

Note that the signs of the coefficients are important . Any

point outside the  sur face  must y ie ld  a pos i t ive  result when

substituted to the above equation. Any point Inside the

surface mus t y ield a negative result .

The last pair of surface equation cards is fol lowe d by

a del imiter  card wi th  “3” in the first column .

14 .3 Surface Bounds

Surface boun ds are ente red In forma t shown In Fig . ~. 3 .

For each bounded surface  there  is at 1~ ast one card ~ ivIr 1~ the

nunber  1S of the surface. The number Is followed by up to 15

bound values. If more bound values are given , they are

entered on subsequent cards which have NS omitted. A list of

bounds must be terminated by the value “9999” . If a surface

is self—boundIng, suc h as a sphere , its bound card is omitted.

The last bound card is followed by a delimiter card with a “14”

in column one . If all surfaces In a scene , such as a set of

spheres , are self—bounded , only the delimiter card is entered.

Each bound value is a non— zero Integer. The absolut e

value of th is integer is the surface number of a surface which

bounds surface NS. A positive value means that surface NS is

bounded — that is , its existence is limited — to the space

outside the bounding surface. A negative value means that
S 

surface MS is bounded — its existence is limited — to the space

Inside the bounding surface. The “outside ” and “inside ” space

-

~ 
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of a surface is determined from the surface equat ion and

therefore the signs of the coefficients of the equation are

important . A surface may have several sets of bounds which

are separated by the bound value “9998” . Any point which

satisfies all the bounds of ~~~ set of bounds is a point on

the surface of MS. This indicates that  the bound “999 8”

stands for logical OR operator and that there are Implied

logical AND operators between boun ds in eac h set .

Ll~~L~ Surface In tersect ions

There is one card as shown in Fig. L •14 for each inter-

section of two surfaces. The last intersectIon card is

followed by a delimiter card with a “5” in column one . If a

scene , such as a set of non—intersecting spheres , does not

have any surface  intersection , only the del imiter car d is

en tered.

NS1 an d N S2 are the surface num bers of t he two inter-

sec ting sur faces .  ISTYPE gives t he typ e of the intersec tion

as fo l lows :

ii two planar surfaces 
5

*2 one planar and one non-planar surfaces

±3 two non—planar surfaces , however , the intersect ion
is p lanar

±14 two non—planar surfaces

>0 ob t rus ive  In tersec t ion, tha t  Is , the  angle
between the two surfaces  inside the  ob jec t  is
convex

<0 intrusive intersection , that Is , the angle between
the two surfaces inside the obJect is concave

~

• -  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — I
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If either of the two intersecting surfaces is non—planar ,

equation of a plane which Intersects the Intersection must

be given . The equation is in the form :

clx + c2Y + c
3
z + C 14 = 0

The plane is referred to as a cuttin~ plane because i~ cuts

t he intersect ion and, t herefore, determ ines the po int or

points on the intersection where the program will begin to

trace the intersec tion .

14. 5 Real Ver tices

There is one car d for eac h real ver tex or a set of real

vertices as shown in Fig. 14.5. The last real vertex card is

followed by a delimiter card with a “6” in column one . If an

object , such as a cy linder , does not have any real vertices ,

only the del imi ter  card is en tere d .

M is the number of real vertices in the object which lie

at the intersections of the specificed surfaces NS1,5’ . .NS15.

There must be at least t hree sur fac es N S1, NS2 an d I~S3 to

determine a real vertex or a set of real vertices. Maximum

allowed number of intersecting surfaces is 15. If there are

less than 15 intersecting surfaces , the last one must be

fo llowe d by “9999” .

Note that one of t he surfaces  US1, NS~ or MS
3 
must be

planar. If none is available , you have to add to the object

an auxiliary planar surface which intersects the vertices and

specIfy this surface as one of the fIrst three surfaces on

the vertex card .
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1 4 . 6  Vant age Po ints

Each vantage point is specified by a single card as shown

in Fig. 14.6. The last vantage point may be followed by an

end—of—life mark or by a delimiter card with a ~ V 9 h 7  in the

first column . If the delimiter card is entered it may be

followed by an end—of—file mark or by the cards of another scene

beginning with the title card.

Each vantage point car d con tains these f iel ds :

LIST is a diagnostIcs flag. A non—zero value will cause the

content s of all tables to be printed after the vantage

point has been processed.

IPTYPE is the type of the drawing to be made by the program :

±1 all lines are drawn

±2 hidden lines are dashed

±3 only visible lines are drawn

>0 orthographic projection

<0 perspective projection

PSCL is the picture scale of the drawing . Ratio of the

pi cture scale to the scene sca le will determ ine the size

of the drawing .

PHI , THETA an d PSI are the az imu th , elevation and twist angles

of the  van tage poin t .

DE is the distance from the vantage point to the origin of

the object coordinat e system.

DEE is the  d i s tance  from the vantage point to the picture plane .

DE and DEE are used for perspectIve projection only. They

are ignored for orthographic projection and , the re fore , may

be omitted.  H 

--
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5. DESIGN OF A QUADRAW SCENE

In thi s sect ion we demons trate how to design a QUADRAW

scene by building the cup shown in Fig. 5.1—3 . The first

part of the data file consists of three cards : title card

with scene scale of 15.0 and a title string ; tolerance card

with five tolerances EPS1—5 ; and a delimeter card.

1 1 15.0 (UP (MIC CU E L P f l T M E S I L
0.001 0.OC1 0.0000 1 0.0001 0 .uOl

2

:;exc , we have to specify equations of’. surfaces , sur fac e

numbers [Fig. 5.1] and surface types:

Number Type Equation Description

1 i x2 + y2 — 16 = 0 Outer cylinder

2 1 —x 2 — y2 + 12.25 =0 Inner cylinder

3 1 z — 6 = 0  Top

14 1 z + 5 .5 = 0 Inner bottom

5 1 —z — 6 . 0  = 0 Outer bottom

6 i, x — 0.5 = 0 Front of handle

7 1 —x — 0.5 = 0 Back of handle

8 1 2 .5 6y 2 
+ z 2 

— 2 3 . 0 14y  Outer surface

—z + 36.0 9 = 0 of handle

9 1 _14.0y2 — z 2 
+ 36y Inner surface

+- z— 72.25 = 0 of handle

10 2 y = 0 Auxi l i a ry  p lane

-

~

- 
‘ - .‘~~ - - 

—- ‘--~~~- ‘ ~~——-. I 
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Fig. 5.1 A view of a cup (surfaces labelled)



Note how the signs of coeffi~ ients are set up .  Sur faces  1

and 2, for example , have coefficients with opposite signs

since the space outside the object Is “outside ” of

surface 1 and “inside ” su r fa ce 2 . Surface  10 is an aux iliary

transparent surface which cuts the cup In two halves and is

used to eliminate ambiguities in sur±’ace bounds. We enter

these cards specifying surface equations:

1 1 1.00 1.00 OU I S ID E  CY L
—1 6.00

2 1 —1.00 —1 .00 INSIDE C’~t,
12.25

3 1 TOP R i r
.I.’JO —b.C.a O

4 1 - P .SIDF BOI TOM
1.00 5.50

! 1 O U T S I D E  BO T TOM
—1.00

6 1 HA N D L E  B OUND
1.00 —0.50

7 1 HANDLE BOUND
—1.00 —0.50

8 1 2.56 1.00 OU TSI D I HANDLE
—23.04 —1.00 36.09

9 1 —4.00 —1.00 1N S IDF HAN OL I
36.00 1.00 —72. 25

10 2 A U X. P L A N E
1.00 0.00

3

Next , the surface bounds have to be specif ied .  Surface

bounds are used to spec ify the portions of a surface  which

are part of the object . For example , surface num ber 3 — the

top of the cup — Is a planar surface specified by z — 6 = 0.

However , only the portion of the surface which lies between

the  outer and Inner cyl inder is a par t of the objec t .

Therefore , surface 3 is bounded by surfaces  1 and 2.  The
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bounded portion of surface 3 lIes “in side ” surf aces 1 and 2

and the list of bounds , there fore , is —l —2 9999 . Bounds

can be logically grouped by the special bound 9998 whIch

stands for logical OR; logical AND Is implied between two

bounds ; 9999 termInates a list of boun ds. Sur face 1 —

the ou ter cyl inder — has com plica ted boun ds because It is

intersected by the four surfaces of the handle. It is also

bounded by the top and bottom planes and an auxiliary surface

number 10 is used to limIt the bounding effects of surfaces 5

and 6 to the right half of the cylinder only. We obtain a

rather complicated list of bounds for surface 1:

(—3 AND —5 AND — 10) OR ( — 3  AND -5 AND 6 AND 10)

OR ( — 3 AND —5 AND 7 AND 10) OR (-3 AND —5 AND

8 AND 10) OR (—3 AND —5 AND 9 AND 10)

This limits surface 1 to the points which are between

the top and bottom planes and outside the two handle inter-

sections. QUADRAW limits the structure of bound lists to

only one OR—AND level as shown above. Similarly, we have to

careful ly  check all the other sur faces , except the auxiliary

one , and for this cup we derive the following bounds :

1 —3 —5 —10 9996 —3 —5 6 10 9998 — 3 —
~~ 7 10 Q998 — 3

—5 8 10 9998 —3 —5 9 10 9999
2 —

~~ 4 9999
3 —1 —2 9999
4 2 9999
5 —1 9999
6 1 10 —O —9 9999
7 1 10 —8 —9 9999
8 1 10 —6 —7 9999
9 1 10 —6 — 7 99994
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Follow ing surface boun ds , the sur face  intersect Ions  are

described. For example , sur faces 1 an d 3 In tersec t in an

obtrusive Intersection . The Intersection curve Is a circle ;

the tyre is +2 and a cutting plane is x=O. The same applies

to the other three circular intersections. Notice that the

intersection of sur faces 2 and 14 ~~~~~~ type —2 because the

intersectIon Is intrusive — the angle between the two surfaces

inside the object Is greater than 180°. In tersec t Ions  of

the handle surfaces and the outer cylinder do n,ot need any

cutting planes since they are terminated by real vertices

[Fig. 5.2]. The specifIed surface intersections are :
1 3 2 1. 0 0
1 5 2 1.00 I

2 3 2 1.00 -

2 4 — 2 1.00
1 6 —2
2 7 —2
1 (‘ —2
1 9 —2
6 8 2
~‘ 9 2
7 R 2
7 9 2

S

The last part of scene design is to specIfy the real

vertices of eac h objec t . A rea l ver tex is a point on th e sur-

face of the object where three or more surfaces intersect .

There are 8 real vert ices in the cu p . They form 14 sets of

real ver t ices  — each set has 2 real ver t ices .  Each set lies

at the in tersec tion of the ou ter cyl in der — su r face  number 1 -

and two handle surfaces [Fig. 5.2]. We enter these cards:

2 6 6 1 999~
2 8 7 1 9999
2 9 6 1 9999
2 9 7 1 9999

6
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Follow ing the scene data we add several van tage point

spec i f ica t ions  and terminat e the f i l e  by a “9” ciel imi ter

card :
3 20.00 ‘5.00 45.00 22.50
3 2C .00 22.00 22.O~ 0.00
3 20.00 70.(C’ 10,00 30.00
3 20.00 20.00 60.00 —100 .00
3 20.00 0.00 22.50 22.50
2 20.00 0.00 22.50 30.03
3 20.00 100.C0 —30.0 0 60.30
2 20.C0 45.00 75.~~0 30.00

9

_ _ _ _ _ _  ~~~~~ ‘ - - ~~~~~ “—“-- ~~~~~~~- - -
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Appendix A

CDC 6600 Version of QUADRAW

QUADRAW has been run on a CDC 66 00 computer under the

KRONOS 2. 1 or NOS 1.1 operat ing sys tem and compi led by an

FTN 14.3 compiler.

A .l FORTRAN Sourc e Tex t Lib rary

The FORTRAN source text of the program is stored as a

library file . It is maintained by the CDC text editor UPDATE .

The tex t library contains CDC , Univac and IBM versIons of the

program . Versions for  o ther  computers can be added to this

library . UPDATE can write on file COMPILE either the text of

the CDC , Univac or IBM vers ion. The CDC vers ion is compi led

by FTN from COMPILE into a binary file . The UnIvac or IBM

ver sion Is co pied from COMPILE to a magnetic tape and trans-

ported to a Univac or IBM com puter.

The computer—dependent parts of the master text file are

written as follows :

FORTRAN source text cor~imon to all version8

*IF DEF ,CDC
t FORT RAN source text for CDC version onl y

*ENDIF
*IF DEF ,UNIVAC

FORTRAN eource text for Un~~ o~ vers~ cn o~~iy

* END IF
~IF DEF,IBM
1~ FORTRAN source text for IBW version onl y
4,
*ENDIF

FORTRAN source tea~ common to all Versions

--~~~~~~~- --~~~~~~--~~~~~~~~~~~~~~~ ‘ 
‘-~~~~~~~~~~~~~ 

-~~~~~~~
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These conditional IF—ENDIF blocks are inserted whenever there

are computer—dependent sections of QUADRAW . Text editor

UPDATE will wr ite the conditional b lock s on f ile COMPILE as a

part of the text to be compiled whenever the conditional value

of the block , i.e., CDC , UNIVAC or IBM , is defined.

The QUADRAW source text is also maintained on an Adage

computer as a back—up copy [5]. It can be writ-ten on magnetic

tape in various formats [6 ] .

A.2 QUADRAW Execution on CDC 6600

A QUADRAW magnetic tape contains two UP~ AT lIbraries

written as two tape files. The first file is the ;naster

source text of the program QUADRAW . The second file is the

data library containing specifications of’ sev eral QUADRAW

scenes. The magnetic tape is assigned to a job by the

following statement :

LABEL(TAPEIN ,VSN Txx ,MT ,D=HY ,F S I ,LB=icU ,PO=R)

where the parameters are :

TA?E 1N Local file name

VSN Txx Tape VSN number

MT 7—track

D=HY 800—bpi

F=SI Format : Scope Internal

LB=KU Labels : Kronos Unlabelled

PO=R Read only

‘I.— ~~~~~~~~~ ~~~~~~~~~~~~~ — —-—— - - ~~~~~~~~i. - -—-----I-—----------—--—- --- —— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -fl- .--- - -
~~~~~~~~~~
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a) To copy the f i r s t  f i le , update  it , compile it and

catalog the new UPDATE library and binary file:

LABEL(TAPEIN 
)

REWIND(TAPEIN)
COPYBF(TAPEIN ,OLDPL ,1)
PURGE(QLIB/NA)
DEFINE(NEWPL=QLIB)
UPDATE(F ,P=OLDPL ,N=NEWPL)
FIN(I=COMPILE ,L=O)
PURGE ( BQDRAW/NA)
DEFINE(BQDRAW )
CO?YEI(LGO ,BQDRAW ,X )
end—of-record
*DEF~ NE ODC
*IDEN T PLOTS
*DELETE PLOTSBL.1

CALL PLOTS(LI~IIT , ‘plotter output ident’)
end-of-information

This run wi l l  produce two permanent f i l e s :

QLIB master text library of QUADRA W
BQDRAW binary file of WUADRAW

b) To copy and updat e the second file — QUADRAW scenes:

LA BEL(TA pEIN 
REWIND (TAPEI~i)SKIPF(TAPEIN ,l)
COPYBF(TAPEIN ,OLDPL ,1)
PURGE (QSLIB/NA)
DEFINE ( NEWPL = Q SLIB )
UPDATE ( P=OLDPL , N=NEWPL)
end—of—record  - -

*IDENT NEW
end—of—Information

This run wil l  produce a permanent fIle QSLIB contaIn—

ing several DECKs. Each DECK contains the specifica—

t i ons  of a QUADRAW scene and several vantage p o i n t s .

L
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c) To execute QUADRAW ; input - FORTRAN unit 5 - is read

from file COMPILE : output — FORTRAN unit 6 — is written

on f ile OUTPUT :

NAME ,Tl00,CM15000. QUADRAW
ACCOUNT ( )

CHARGE ( )

REWIND ( OU TPUT )
ATTA CH ( OLDPL QSLIB )
UPDATE (P=OLDPL ,D )
ATTACH(BQDRAW )
LOAD (B QDRAW )
EXECUTE ( QDRAW ,COMPILE )
end-of -record
*corvlplLE CUP
*COMPILE FIG2 - ]
end-of—information

The COMPILE f i l e  must have 80 charac te rs  of data per

line ; therefore , use the D option on the UPDATE card

as shown above. Two or more decks of QUADRAW scenes

from file QSLIE may be combined by UPDATE on file

COMPILE and run togeth&r.

d) The Univac or IBM version of QUADRAW are generated

from the master source text on a CDC 6600 by the

fol lowing run :

LABEL ( TAPEOUT , 
REWIND (TAPEOUT )
ATTACH (OLDPL=QLIB)
UPDATE (F , P=OLDPL)
COPYCF ( COMPILE ,TAPE OUT , 1)
ATTACH(OLDPL=Q SLIB)
REWI N D ( C OM PILE )
UPDATE(P=OLDPL ,D )
COPYCR (COMPILE ,TA ?EOUT ,l0)
REWIND(TAPEOUT ) 

-

end—o f—record
*IDENT UNIVAC or *IDi~~T IB M
end—of—record
*cor1pILE APOLLO

_________  

1

’

- 
—~~~~~~

• I -~
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*‘~-JE OR
~COMPILE CUP
*WEOR
*coMrIIrE SPHR 8
*WE OR

end—of—information

Change the density, parity and 7/9 track parameters

in the above LABEL statement as required by the

Univac or IBM c omputer.

A.3 SCOOP Plotting Package

QUADRAW uses the following subroutines of the SCOOP

plotting package :

PLOTS(LIMIT ,’your IdentifIcation string ’ )
PLOT(X ,Y,IPEN)

PLOTS opens plotting output up to LIMIT inches long and

labels it with ‘your identification string ’ .

PLOT moves the pen from the current location to location

(X ,Y ) .  IPEN can have the follow ing values:

2 solid line(pen down ) and do not reset plot origin
3 skip (pen up ) and do not reset plot origin

—2 solid line(pen down ) and reset plot origin to (X,Y )
—3 skip (pen up ) and reset plot origin to (x ,Y )

999 skip (pen up ) and close plotting output

A. 14 Timing Rout ine

MSTIME calls FT~I library subroutine SECOND(TIME ) which

returns the time since the beginning of program execution in

seconds ifl floating point variable TIM E .

- — ~~~~~~~~~~~~~~~~~ -~~~~~~~~
- 

~~
-.- -

-~~~~~~ - - --~~~~~
- --.~~~~~~~~~-~ -
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Notes

The current CDC implementation of QUADRAW has these

features:

a) Each picture is drawn on one 12 x 12 inch sheet

of paper.

b) PLOTS opens output on green graph paper. 
-

PLOTSEL with the same argument s as PLOTS opens

output on white blank paper.

c )  LIMIT , i .e. ,  the maximum total length of the paper ,

Is set to 600 ir~ches.

L 

* 

- - - - - -

~~~~~~~~~ --~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~
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Appendix B

Univac 1110 Version of QUADRAW

QUADRAW has been run on a Univac 1110 computer , in

demand mode under EXEC — 8.

There are two types of magnetic tape fi les from which

QUADRAW can be run on a Univac computer:

a) Univac program file wr itt en In COPY format con-

taining symbolic and relocatable elements of all

QIJADRAW routines and symbolic elements of all

QUADRAW s cenes .

b) File written in BCD code on a CDC 6600 computer.

ThIs file Is read and converted by a Univac as

described in [6].

3.1 A QUAIM~AW Run

The following EXEC—-3 statements illustrate how to run

QUADRA W on a Univac 1110 computer from a demand terminal.

Assume that we have a 9-track QUADRAW tape number Txxxxx

written in Univac COPY format . We assign an unregistered

mass storage file called QDRAW and co py the tape file.

~ASG ,tJP QDRAW .
€MSG ,W MAY I USE TAPE ‘Txxxxx ’ 9—TRK FOR 5 MIN
~ASG ,T TAPEIN .,T,Txxxxx - - -

~C0PY ,G TAPEIN. ,QDRAW .
~FREE TAPEIN.

File QDRAW contains all symbolic and relocatable elements

of QDRAW . We may list the directory of QDRAW:

~PRT ,T QDRAW .
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I~’ it is necessary to edit or compile any element use

the editor  and compi ler:

~ED QDRAW.eltname ,QDRAW.eltname

~FOR QDRAW.e l tname  ,QDRAW. e l tnam e
I

When all relocatable elements are updated we crea te an

absolu te elemen t:

~?REP QDRAW .
@MAP QDRAW. QDRAW ,-~DRAW . QABS
IN QDRAW.
LIB GRAIL$*LIB.
END

An absolute element called QABS was added to fIle ~DRAW .

This element can be executed after the plotting package was

directed to plot its output on a digital plotter:

~GRAIL$*LIB . PLOTMODE , C
~XQT QDRAW.QABS

QUADRAW is now waiting for the first scene to be entered.

‘~-Je may enter t he CUP and APOLL O scen es by :

I~ADD QDRAW.CUP

1~ADD QDRAW .APOLLO

@EOF

The execut ion of the p rogram was terminated . The f ile

QDRAW may be saved back on the same tape as the second tape

fIle by commands :



~ASG ,T TAPEOUT . ,T,Txxxxx R
~TSKIP TAPEOUT .
~COPY ,GM QDRAW . ,TAPE OUT .
~FREE TAPEOUT .

B . 2  GRAIL P lo t t i ng  Packag~
QUADRAW uses the following subroutines of the GRAIL

plotting system at the Univac 1110 installation :

SETPLT (3 00.0,11.0,0)
ORIGIN(XOR G ,YORG ,M O DE )
SCRIBE(X ,Y)
SLEW (X ,Y )
ENDPLT

~~TPL: opens plotting ou t p u t  and e s t at l ishes  300 x 11

inch maximum plottIng area. ORIOTh positions the pen to

the center of a new 11 x 11 inch picture area. SCRIBE draws

a line from the current posItIon of the pen to positIon X,Y .

SLEW moves the pen (in the up positIon ) to positIon X ,Y .

ENPLT closes the plottinR output .

B.3 Timing Routine

MSTII4E calls the system subroutine OPTIME(M) which returns

the elapsed execution tIme of the run in integer millIseconds

in var iab le M.
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Appendix C

IBM System/360—370 Version of QUADRAW

QUADRAW has been run on an IBM 360/67 computer usIng

the Alpha time—sharing system .

The IBM version of QUADRAW is written on magnetic

tape by a CDC computer in BCD code. It is read and listed

by an IBM computer with the following JCL statements:

//QDRAW JOB...
//STEP1 EXEC POM = IEBPTPCH ,REGION=32K
//SYSPRI:;T OD SYEOUT=A
//:YsIN DD DU~-U- Y/,‘SYStJTl DD UNIT=(TAPE ,l ,DEFER)

VOL=( ,RETAIN ,l,SER=xxxxxx)
DSN= QORAW ,
LABEL=(l ,:;L)
DISP=(OLD ,KEEP ,KEEP)
DCB=(RECFM=FB ,LRECL=80 ,BLKSIZ =80,

BUFNO= 2 ,DEN=2 ,TRTCH=ET )
//SYSUT2 DD SYSOUT=A
//SYSIU DD *

To punch the fIle on cards use this SYSUT2 statement

//SYSUT2 DD SYSOUT=B

C.l CALCOMP Plotting Packa~e

QtJ ADR AW uses the folIo wing  subroutines of the CALCOMP

plotting package :

PLOTS ( 0,O ,0)
PLOT(X ,Y ,IPEN)

PLOTS opens plotting output . The plotted paper Is

labelled at both ends with the job name .

PLOT moves the pen from the current location to location

(x ,Y). :PEN can have the followIng values:

- -
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2 Solid line (pen down ) and do not reset plot origin
3 skip (pen up ) and do not reset plot origin

—2 solid line (pen down ) and reset plot origin to (X,Y )
—3 skip (pen up ) and reset plot orIgin to (X ,Y )
999 skip (pen up ) and close plotting output

C.2 Timing Routine

METIME calls sys tem r ou t i ne  T I M E H ( M )  whIch returns the

time since the beginning of program execution in tenths of

seconds in Integer  var iable  M.

Notes

The current  lEN i nc lernent a t i on  has t he se  f e a t u r e s :

a) Each Picture is ~crawn w i t h i n  an 3 x o inch

area of paper.

b) The plotter uses 23— inch—wIde paper. Therefore ,

three pictures are drawn along the width of the

paper.

__________________________________________
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Appendix D

QUADRAW SCENES

A set of ten scenes has been used to test the program .

Each scene description is followed by several vantage point

specifications which are terminated by a “9” delimiter card .

Several scenes can be combined for a single program run .

The scenes for which descriptions exist are :

APCLLO — a model of the Apollo spacecraft EFIg . 2.1—2].

CUP 
— 

a model of a cup [Fig. 5.l—3 .

SPHR8 — a scene made of 8 spheres which are Cut by

two planes [Fig. 1.2 and D.3].

CYLIN14 — a scene made of 14 cy l inders  [Fig.  2. 1 4 ] .

FIG 1 — a sphere in te rsec t ing  wi th  a cyl inder

[Fig . D .5 ] .

FIG2 — two cone part s intersecting with a cylinder

[Fig. D .6].

ELPHYP1 — four elliptic hyperboloids of one sheet

[Fig . D . 7] .

ELPHYP2 — four elliptic hyperboloids of two sheets [FIg.D.8].

CYLIN24P — four cylinders with perspective—projection

vantage points [Fig. D.9].

SPHERES — a scene made of eight non—Intersecting

spheres [Fig. D.lO].

~~-_ ~~~~ - ~~ - - -°~~~~~~~~~~~~~~~~~~~~~~ -~
-- -- - - - - - -~~~ ---~~~-- --~~-- - - -— - - -

~~~
-

~~~~ 
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Fig . D . l  Two views of scene APOLLO (all lines and
hidden-lines dashed drawn )
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Fig. D.2 Two views of scene APOLLO (only visible lines
drawn ) 
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FIg. D . 3  Two views of scene SPHR8
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Fig . D . -L~ Two views of scene CYL IN 4 
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Fig. D.5 Three views of scene FIG1 
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Fig.  D . 6  Two views of scene FIG2
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FIg .  t .7  Two views of scene ELPHYP1
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Fig. ‘D.8 Two views of scene ELPHYP2 
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~~ Fig. D.9 Two views of scene CYLIN~4P(pe r spec t ive  or o j e c t i o n s)
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- Fig . D. l0 A view of scene SPHERES
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Index of QUADRAW Routines

1. CLOSER 2.3.1].
2. CUT 2.3.1

3. DELEV 2 . 3 .6
14 . DERIV 2 .5 . 9
5. DET3 2.5.10

6. DIRECT 2 . 3 .5
7. DRAW 2.2.10
8. ELX2 1 2 . 5 . 7
9. ELY2 2.5.8
10. EQlll 2.5.1
11. EQ211 2.5.1
12. EQ22 2.5.2
13. EQ22 1 2 .5 .1
14. EXTRN 2 . 3 .8
15. FINAL 2.2.9
16. FSTPT 2.3 .7

17. FULL 2.4.6
18. GTO11 2.4.1
19. GTO12 2. 14. 1
20. GTO 13 2 .4 . 1
21. GTO31 2.4.1
22.  GTO41 2 .4 . 1
23. GTO51 2 .4 . 1
2)4. GTO6 1 2 . 1 4 . ] .
25 . GT069 2 . 4 . 1
26. GTO71 2.4.1

27. GT072 2.4.].

28. GT082 2. 14.1
29. GTO91 2.4.1

30. GT151 2.4.2

31. IBND 2 .3 . 2
32. IBND2 2 .3 .3

33. INITO 2.3 .12

~ 
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314 . INPOB 2 .2 . 1
35. IHPW 2.2.4

36. INSIDE 2.2.8

37. INTBL9 2.14.8

38. INVIS 2 .3.9

39. IPNT 2.5.12

140. MSTIME 2 . 7 . 1
141. NEWT 2 . 5 .5
~42. POLA R 2.5.11 H

143 . PWRT 2.5.6

414. POLRT 2.5.6
145 . QDFLAW 2.1.1 (main program )
46. REDGE 2.2.6

4 7 .  ROOT2 2 . 5 .3
148. ROTPT 2 . 3 . 4
149. RVERT 2.2.2

50. SINT 2 . 2 . 3
51. SORT1 2.3.13

52. STO11 2.14.3

53. STO12 2.4.3

54.  5T02 1 2 . 4 . 3
55. STO3]. 2 . 4 . 3
56. ST032 2.4.3

57. STO1fl. 2.4.3

58. ST0142 2.14.3

59. STO51 2 .14.3

60. STO61 2 . 4 . 3
61. STO 71 2 . 4 . 3
62 .  ST072 2 . 4 . 3
63 . ST073 2 . 4 . 3
6 14.  STO81 2.4.3

65. ST085 2.14.3

66.  3T151 2 .4.4

67. ST152 2. 14.5
68. SUBS]. 2.5.4

~~~~ ~~~~~~ l~~~~~~ I *l~~~~~ 
~-- --~~~~~~ --
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69. TABLE 2. 14 .7

70. TR!-~SF 2.2.5
71. VEDGE 2.2.7
72. WDUMP 2.3.10

1 

--
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