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1. INTRODUCTION

3D gives your TRS-80 the power of three-dimensional animation. 3D extends

BASIC (or Assembly Language) with high-1eve1 primitives that are powerful and

easy to use. These primitives enable you to quickly create programs for user-
interactive three-dimensional animation applications. 3D has several features:

Graphics

3D enables you to define three-dimensional and two-dimensional objects.
These objects can be scaled, rotated, displaced, and projected onto the CRT.

Any number of objects may be displayed simultaneously. Objects are displayed
as aesthetically as possible using the highest degree of resolution available
on the TRS-80.

Animation

3D provides for smooth movement of objects. The average animation speed

is from 5 to 20 frames per second depending upon the complexity of the objects

and the program.

Easv to Use

3D is easy to understand because it supports consistent, intuitive repre-
sentations of objects and their movement. Definitions of the high-level
primitives in 3D are logical and completely documented. Examples of how to
use 3D are given in simple, but extensive, demonstration programs. Programs

using 3D are short and are developed quickly.

Power

3D performs fast, three-dimensional ani.mation in a manner that utilizes
the resources of the TRS-80 productivelv.

User Interactive
3D supports interactive applications programs such as those that al1ow end-

users to define and manipulate objects during program execution.

Efficient
3D is efficient in three aspects: (i) programming efficienE - it helps

you to develop programs rapidly, (1i) time efficient - 3D is wrltten in Assembly

Language; it executes quickly, and supports non-flickering animation of multiple,
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complex objects, and (iii) space efficient - 3D primitives, including spaee for
definitions of objects, occupy about 51000 bytes of memory, and calling progr.rms
tend to be short due to 3Dt s high-level primitives.

Basic E+tension

A11 the features of BASrC are still aval.l-able. 3D glves you al-l the power
of three-di'menslonal anlmation without having to learn a new progrenrmlng language.
3D can, al-so be used from Assembly Language for those applications requiring
the utmost in space and tine efficiency.

3D is mastered qulckly by those faniliar with BAsrc. First-tine users
should read Section 4, ttload.ing 3D From Tapetr and should run the four d.emon-
stration programs shor^rn there. The remaining sections, except Secti6n 6, trgsing

3D from AssernbJ-y Languager" should be read before writing your first progran (or
before altering the demos -- a quick way of becoming accl_inated to 3D).
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2. SDCONCEPT

3D relies on eight high-1eve1 primitives to aceomplish graphic animation.

These primitives are: INITIALIZE, DEFPOINT, DEFSURFACE, DEFLINE' CLEAR' PI-A'CE'

DISpLAY, and DRAI^I. These primitives are defined in Section 3, but an intuitive

explanation of their use is given here.

Each primitive requires several input parameters. The parameters are

BASIC variables that can be assigned values in the normal ways supported by

BASIC. For example, the DEFPOINT prirnitive has three parameters, XL7", YI7", and

2I7", corresponding to the X-coordinate, Y-coordinate, and Z-coordinate of the

point being defined. Here Xl%, YL7", and ZLi| are BASIC variables of type integer.

Values are assigned to these variables prior to calling DEFPOINT. The result

of the call is a new point added to the object being defined.

The 3D concept is easily described using an example. Consider a BASIC

program that defines and manipulates a cube. The program begins by calling the

INITIALIZE primitive. This prirnitive initaLLzes 3D and builds a symbol table

so that 3D can find the BASIC variables used as parameters. Next, the program

defines the cube using the three definition primitives: DEFPOINT' DEFSURFACE'

and DEILINE. The definition of the cube is performed by: (i) calling DEFPOINT

8 times, each time defining a different corner point on the cube, then

(ii) calling DEFSURFACE 6 times, each time defining a different surface,

fina11y, (iii) calling DEFLINE 12 times to define the lines that eonnect the

corners of the cube.

Now the cube can be manipulated. First, the position, rotation, and scale

paramerers are set. Then the CLEAR primitive is used to clear the virtual

screen -- an area in memory where the image is created. Next, the PLACE prini-

tive is used to place the cube on Ehe virtual screen with the orientation and

at the position specified by the parameters. Finally, the DISPLAY primitive

is used to copy the contents of the virtual screen to the CRT where it can be

seen. Although the use of a virtual screen adds an extra step to the program,

its use guarantees flicker-free animation.

At this point, the program is displaying one frame of

move the cube, Ehe position and orientation parameters for
animation. To

object are

the

the
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changed and then

Put simply, the

control must

3D concept is
loop back to the step

as follows:
in which CLEAR was called.

STEP ACTION

1

2

3

4

5

6

7

8

INITIAIIZE 3D

DEFine one or more objects
Set the position and orientation parameters for the

obj ect
CLEAR the virtual screen

PLACE one or more objects on the virtual screen

DISPLAY the virtual screen

Change the position and orientation parameters

GOTO Step 4

Because the parameters are BASIC variables, they can be altered in any of,
the r4ays supported by BASIC. For example, the BASIC statements INPUT and INKEY

may be used in the program to al1ow the end-user of the program to interact
with the animation in real-time. Several demonstrations included in this manual

illustrate this point.

with
ca11s

The

text
to

BASIC statements PRINT and SET can be used to augment the animation

and additional detail. The BASIC USR function is used to make the

the 3D primitives.

So far we have discussed the use of 3D frorn BASIC. But 3D can also be

used from Assernbly Language. In this case, the same primitives in the same

order are used. The only difference is the interfacing teehnique. In this
case, the parameters are contained in single-byte, labeled locations and are

directly accessible. Calls to 3D are via the Assembly Language CAJ,L instruction.

There is one prirnitive that hasnt t been discussed -- DRAW. Thls prirnitive
accepts 2 points as input and draws a line connecting them on the virtual
screen. This primitive is useful for drawing backgrounds or otherwise aug-

menting an animation scene.
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3. 3D PRIMITIVES

The 8 primitives that make up 3D are described in detail in this section.
The organization of this section is to facilitate its usage as.a reference.

Figure 3.1 shows the parameters used by the prlrnitives. I,lhen using the

parameters from BASIC, they are integer variables. When using them from

Assenbly Language, they are single-byte, labeled locations.

Figure 3.1 3D Parameters

Name Description Units
Legal
Range

Hpz7"
VRTZ
TH7"

PH7"

P37.
SC7.

OBJ7"
xL7"
YT7"

xzT
Y2%

zr"l
Pt:l
P27
P3%

SL"/.

s27"

Horizontal displacement of object
Vertical displacement of object
Theta - rotation around X-axis
Phi - rotation around Y-axis
Psi - rotation around Z-axLs
Scale of object
Obj ect nr:mber
X-coordinate
Y-coordinate
X-coordinate
Y-coordinate
Z-coordinate
Point number
Point number
Point number
Surface number
Surface number

Pixels
Pixels
Degrees
Degrees
Degrees
None
None
Pixels
Pixels
Pixels
Pixels
Pixels
None
None
None
None
None

x
x

5
5
5

0to
0to

-128 to
-128 to
-128 to

0to
lto

-128 to
-128 to

0 .to
0to

-128 to
lto
lto
lto
1to
lto

255
255
r27
127
L27
r27
10
255
255
255
255
127
85
85
85
64
64

Error checking is performed by the prirnitives, but is not described in
this section. For a descripti-on of error checking refer to Sectj.on 7.

Before presenting the 3D prinitives, it is appropriate to define what is
meant by an object. An object is a group of defined points, surfaces, and

lines which can be manipulated by 3D. Each object must have at least one point,
one surface, and one line. For example, the simplest object is a single point
with a line having that point as both its end-points, and having a surface de-
fined by that point. This will be more clear as the primitives become

understood.
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INITIAIIZE

Input: None

Function: To prepare for use of 3D primitives
Notes: Must be called only once prior to use of any other

3D primitive
Limitations: None

Call From BASIC:

A11 versions: GOSUB 65000

Ca1l From Assemblv Language:

16K Version: Call 7F5FH

32K Version: Call BF5FH

48K Version: Call FF5FH

INITIALIZE is the only primitive written in BASIC. It is wrirren in
BASIC because a symbol table must be defined using VARPTR to tell 3D the loca-
tions of the parameters (i.e., the BASIC variables).

When calling 3D from Assembly Languager a different version of initiaLlza-
tion is required. Both versions of rNrrrAlrzE are described here.

The BASIC version of INITIALIZE (see Figure 3.2) is a subroutine rhat is
called as early in the program as possible. This assures the parameters are
placed at the beginning of the BASIC variable stack, resulting in efficient
use of the parameters. INITIALIZE must be called once prior to usage of any

other 3D prirnitive. It should not be called thereafter.

When calling 3D from Assembly Language, the Assembly Language version of
INITIALIZE ig used (see Figure 3.3). Two actions occur duri-ng initialization
in this case: (i) labels are equated to certain required locations in 3D, and

(ii) a call to the Assernbly Language initialization routine is made.
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Figure 3.2 BASIC

( 16K

INITIALIZE Prinitive
Version*)

EE$@rj' Il.{ITIF{LIif-tTI nt{
Tt'r i g. :;.r-t.[rr'r:rr"r.t, j, fr#.' i :r. 

'::.1.'1. 
]. '?':J f,''r'i{:E l.', f' j. rrr t.Cr

rlt. j. Tr,3 t:,l'r*. ::.t[:' Fr r. j. rfi i t. i r,,*.11.,, Fr:'r* r.f f'efi i Fj11C! .,

i t, i *. 
'::::.ir. 

J. 1c''J s.;*, *'.i.r'l.l s,ri. F ':':r.:t. i h 1*',

€,$flflfl FlftIlt*fit: tp'piJi'j=fl'Tl"li,i=lfi r pf.ll{=t}: pf:l1i*fl: S;fi:l'j*ljl: tll$,..Jl,je{1:,:.:il.i'jafi'Yt'ti-E
654B4 iri3ij=,B z'1"i;irixfr: J1.]{siir, p,l;'.;:*1jr'F;lil*til: [-.r;i:.j:*r3: $[l{*[1: !:flij::rfi'PTF.Y,=-?.
fr F E rJ 6 Ft Ii = T f4 E F,T' E { !.{ l? t :.j :, : fi l:t :;: t-t Ft rI r r.j| t'+.1.

6F9f.1-d Fllt "",r' H Fi F T R'i',r'F: T i;:'r : G fl :ii l."lB fi fi {3.1,{.

65{:t1E Fllt*tr'FlltFTEl Tl-lit,t : fi[t$l-llSfrnr34.4.
65lA 1i-i fti;l*UFiflF TI{'l FHii .r ' 6$S!-1F16584..*
65fl L r$ fili1i=!fif[,][:'Tn{ Pf::l } : fiflf;l-llirfifil]r{,{,
€,3$ L 6 f1 l{ = 

rr' 
f:l Fj F T F:(. fiC":i'1 : fi rlt !i uf;t €; 5 rir 4..tr

6nfi t fi Fj :,; s t/ Ft li: F T fi:: { CtEl.."! ii 1 : G fi E; t-t H S f {?t4.,+

6513113 Ft:1aqgp;p'1Fr 1.4 j:.j 1 ,Grl$l-lEtfrf;fi4'+
f55flfl4 ffi1=t1qgp1tE'l'/1k 1' 6t:l'.fjLlhl$Tt|r.:1.4.
E 3l1t 4. fi l{* h' ft ltF T I'.:( i,-:fl :.i }, 6 tl 5 U El 6 fj f-t.'{. 4.

di5Bflfr f1!1i:*rflqpprF:{: l'fl:i .r, fif il,-lfitiFf;t.:|.'{
6FEfi6 Fl:{s'r'F1F:FTF:( f 1:'; ), 6tt$UErfiFfr.{.4
6ng13fr Frii*r/f1l?FTft{ F, 1 ii :r : 6 t:rf;L.lHr6f, {3 d.,:{

65FF3 FtI1,*t r6p; p'TR{ r:'fiir': ; fi [r$1...1$ ti1fit11cl, 4'

f;SriJ ;1.{, f:tl,,j*',,,'ft RFTF rl l3 :jrl,j 1 : Gfl :Ii l-lFjfi5 f-r 4 4.

6nA3,€. fl:j=',,,,F.tRFTF:{ E:1}; } : fiftgl-lFggflc{,{.
Ef fir 3 fi F1 l'i* t'.' p p p t ft.(. frE:4'1, fi fl :[i !".1 li;l fi $ fit,l,.{'
6.513 ;+ ff r:r:rn i !'"*4T rJ$?., F [t F" H'rfi 7 l3 tj + I':.;: . l3 : l.{E }4i T I ii;
65[t'+i: i i;i*tit : fii;={3 : Fll ilstir , F{fr:.';:E:t3 , FTt{ii*fl , RETl._lRhl

6504.1 F'.t1l,JsFtl:i..'flefi : plfliXxFl:';*ritl.:{*:fj56 ; pJ'[i.],;:::f"rJn"L;+f

6fBd[6 Pfll'lEflSfr7fl+F'TE:.';., 1'131ri ' F fii.1;Hflf;!{I7fi.+FTF::{., Fjl ii , F:ETl-lRl..l

*POKE addresses in lines 65040 and 65046 are different for the 32K and 48K

versions as follows:

16K 28706 28672 28673

32K -20446 -20480 -20479

48K - 4062 - 4096 - 409s
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Figure 3.3 Assembly Language INITIALIZE Primitive
(16K Version*)

erflrt3tr1. .t ll"lITIRL"l?tl
fiflnriJfi
tJlitlill;lf:l ; HfilU+.l:.*i. 1:,1"r*' '!. **:.i1.'1. j. ril'r"r:ii. *,{" t.l'r*' filfit f'r'i. r't i t i.',r*s.
fJtillittlt':i.
rirrnfrrirs I t'll T al:tl.-l rF$r"F.l ,t I .rr i.'l:, i. ,:r.l. j. ::,r' F r j. t'i i.'1. i. 

".r*'
Ctflfirritfr FlgFF l.l'T H:fill..J f etfl J.l-{ .r [)s'f i.'rr*' F',:' j. irt. l, r'i. rn i. t. j. t.rt'

t:il;ltijtiJ'f []f F:*i...lli: A[ll..i ,rf']f:1. H ,; [,:'*"li'i'rrx' :*.r-r.r'f .;t.':-F.' F r i. n'ri.1:. j.',.rc'

erffiliilnrlr ftAFI- I f..t Hr:ll"J ? l. fifjH .r [te'{'i n* '1. i'rre p' 1"'i.1t'1i.1:. i.',.J'si

',i.rriirirrir:ir r:lL."EFjli: [:[!1..J 71i1;i1{ll"'l j [:1fi,.fl.r. F, r'i. ni i t i rr*'
rir{it',ij 1. [ii f:'1..f:jt::ll ll[t|..] ;"71::flH .; P''l..t r;E F'r i. rt i.'l'. i. "r*'
ktrlff 1. I fl I'IrF l....,i! f ';:ll...l 7A 1fil"{ .; l-l j.:r,1, '1..:1.:,.'r F t'i rrri. t. i r,"l'
rirflti-r:!.:;: i:1li:F!1,.1 Efil.-l f fjlfiill"{ i f'rv'.1.t.,.r F r'i rn i 'r.' i 1."*

l'?jfil#J l.;l
{lr?Jtt1'{ ; fifi!l-la.'[.e tl re' '1. r]jrrtj.!.t j. {''rr:{. ':'f' t.l't6 3!.1 [r;t r'.fl.rrr*'t #t'fi'
flriii31. S
f]tr:lill l iI l'lli:;l frfilU I!:-:l'fi}"i .i l-L:)r'' i it,:'t'r'1j..;r' l.

{ijriti;I].? ,"rli:T Fjfitl,"l 7F4.F!.! i 1,1*.r"t, i. 
'::.$.l.

lat;:tr3 L ii Tl'..1 lltll.l ;"r;st:l|.'l ,r 
'T!,'ra.t..r.

frrt3fitl.3 FH fitlil-! 7F fjtl"l .; Fl'"rj.

EfirfJ;i:fl t"xfi Er:lll fF5flH ; F *. i
riifirili- J fi:[: a6!l-J ,p1;fl]"1 .i :li'::.:r.l. *.

Etrnt3efl [rEl...t f,ft|'J ?Ffi4li .; l:rh.i 
':jr'::::t.

ftit3fi;i::t l:j. |itl:tl.-t TFSSH ; !{'-'::*'}r'*li'rr.s.t.e'
rittilr3il4 "/ 1. Eflt"l TFSSI-{ .i 'r''-,;,]'1t'':;li'rr.r.t *'
tltirtitflTi l'ifl El:ll."l ?f:57H .i i:ti*'rllrlJrr.rr'{:li'n.r.te'
r;:ri.ltii'i-fr "r'F: HBI-I f f:fifiFl .r "r'-"r::rrtrsrnd i'rra.t.*'
F'JfJFJ:I7 ;i:!. Efi!.-l :"FSE{H .; T-'r:{r':rr*r:i i rr.it't'*'
rij{ltlflt3 F'L Aril-l ;"F'riRFl .; li:'* i.'flt.
t:Jfitfir;l:} F;l [lfjl-l TF$llill''l .i [r*' i rr'h.

r:-itijtil::ilit F';:r E6tl-l rriSr:H .r F,: j. rrt
rtflt3::tl fil. Erllt-t TFsrlH .r f:r.r,r'.f'.4.f:r:

fitlt?:i:li: *i:!. H6!U 7f:SE!"{ i f:ir-r.r'{j;r.,::rir
{t-triJ{?l:i:l:l

ilfir-l:Il4 fil'.lTF:'r' f:fill-L Il'liT .rl-.:.r.11 'l:l-re' It'{IT F'r'irtri.tir.r*'
ri:tftltl:l:5

*Add 4000H ro all EQU addresses for the 32K version. Add 8000H to all EQU

addresses for the 48K version.
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DEFPOINT

Input:
Function:

Notes:

Limitations:
be 85 or less.

Call From BASIC:

16K Version:

32K Version:

48K Version:
Cal1 From Assembly Language:

16K Version:
32K Version:
48K Version:

POKE 16526,97: POKE 16527,LLz: ERZ=USR(0)

POKE 16526,972 POKE 16527,176: ERZ=USR(O)

POKE 16526,97: POKE 16527,24O: ERZ=USR(0)

CALL 7061H

CALL BO61H

CALL FO6].H

oBJ7", Xr?", YLIA, ZLi( o

Add the point (XL7", \I%, ZI%> ro rhe definition of objecr
oBJ7".

A11 points for an object must be defined by qo4secutive

calls on DEFPOINT. That is, DEFPOINT should nor be ealled
to define a point on object 1, then apoint on objecE 2,
then back t,o define another point on object 1. However,

calls to other 3D prirnltives may occur between the con-

secutive calls on DEFPOINT.

The total number of points for all obJects combined must

DEFPOINT adds the point (XLZ", \L14, ZL%) Ln three-dimensional Cartesian
sPace (see Appendix B) to the definition of object OBJZ. As the point is de-

fined, it is irnplicitly numbered. Numbering begins with 1 for each object.
For example, 8 consecutive calls on DEFPOINT for the same object results in the
definition of B points numbered I through 8. If DEFPOINT is then called 4 more

times for a different object, then that object will have 4 defined points num-

bered I to 4. The irnplicit number, or point number as it is called, is used

to reference the point later when using DEFSURFACE and DEFLINE.

Because pixels on the TRS-80 are twice as tall as they are wide, a square
(say 5 pixels x 5 pixels) would appear as a rectangle that is twice as high as

it is wide. To further complicate the problem, rotations of the object will
nullify any attempt to correct this problem. To see this, consider defining
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a rectangle that is twice as wide as it is high. When placed on the screen,

it would appear square -- just what we r.rant. But, if the object is rotated

90o it becomes a rectangle, only this tirne it is 4 times as high as it is wide!

To solve this problem, 3D has a built-in adjustment that is applied after an

object is rotated. I,tlith this built-in adjustment, an object defined as square

will appear square on the CRT, no matter what the rotation. But, if its dimen-

sions were measured by counting pixels, the X-dimension would be twice the Y-

dimension.

DEFSURFACE

Input : OBJ7,, PL7", PZZ, P37[

Function: Add the surface specified by PI14, Pz"A, and P3Z to the

definition of object OBJ%.

Notes: A11 surfaces for an object must be defined by consecutive

calls on DEFSURFACE. Points PLi(, P27", and P3Z must be

the numbers of points defined for object.OBJZ. For

hidden line removal to function properly, PI7", P27(,

and P37. must be oriented clockwise wlth respect to one

another as viewed from outside the object looking in at

the surface.

Limitations: The total number of surfaces for.all objects combined

must be 64 or less.

Call From BASIC:

i6K Version: POKE 16526,I93: POKE 16527,ILZ2 ERZ=USR(0)

32K Version: POKE 16526,L93: POKE L6527,1762 ER%=USR(0)

48K Version: POKE 16526,193: POKE 16527,2402 ERZ=USR(O)

Ca1l From Assemblv Language:

16K Version: CALL 70ClH

32K Version: CALL BOC1H

48K Version: CAIL FOC1H

DEFSURFACE adds

PL%, P2i4, and P37. to
the planar surface definCd by

the definition of object OBJZ.

the three-point nr.rmbers,

As the surface is defined,

Page 10



it is implicitly numbered, with the numbering beginning at 1. The implicit
number, or surface number as it is ealled, is used to reference the surface later
when using DEFT,INE.

A planar surface is sufficJ.ently defined by specifying any 3 points that
lie on it. Here we conveniently choose previously defined corner points as PI7",

P27", an.d P37". For a simple object such as a single point, we simply use that
point for each of PI7., P27., and P3Z.

To ensure that hidden line removal functions properly, points PI"l, P27",

arrd P37" must be oriented clockwise with respect to one another as viewed from

outside the object. For a surface that has many points defined on it, choose

3 points that do not form a straight line. Additional inf,ormation regarding

hidden surface removal is contained ln Section B,

DEFLINE

Input:
Function:

oBJ7", P17", P27", SIZ, 527"

Add the line segment specified by endpoints Pl7" and P27"

to the definition of object OBJZ. Surfaces S1% and 527"

are the two bordering surfaces and are required for proper

hidden line removal.

Notes: A11 lines for an obJect nust be defined by consecutive

ca1ls on DEFLINE. PI7" and P27 must be point numbers of
points defined for this object. SI"l and 52% must be

surface numbers of surfaces defined for this ob'iect.
Limitations: The tot,al number of lines (for all objects courbined)

must be 64 or less.
Call From BASIC:

16K Version: POKE

32K Version: POKE

48K Version: POKE

Call From Assembly Language:

16K Version: CALL

32K Version: CAIL

48K Version: CAIL

16526,108: POKE

16526,108: POKE

L6526,108: POKE

7T6CH

Bl6CH

F16CH

16527,113: ERZ=USR(0)

16527 ,L77: ERZ=USR(O)

16527,24I2 ER%=USR(O)

Page 11



DEFLINE requires surfaces SIZ and 527. for hidden line removal processing.

Although they are normally the surfaces on either side of the line, the user has

the freedom to select any surfaces defined for the object. Thus, special effects
are possible. The definition of a hidden line (and, hence, one that isn't dis-
played on the CRT), is one that, has both associated surfaces hidden from view.

Note that S1% and 527" need not be unique.

CLEAR

Input: None

Function: Clear and initialize the Virtual screen.

Notes: Thi-s primitive should be called once prior to the first
call to PLACE. Thereafter, thls primitive should be

cal-led anytime the virtual screen reguires clearing.
Lirnitations: This priurltive only clears the virtual screen. To clear

the CRT, first call CLEAR, then call DISPLAY.

Call From BASIC:

16K Version: POKE 16526,8: POKE L6527,1232 ER%=USR(O)

32K Version: POKE 16526,8: POKE L6527,187: ER%=USR(O)

48K Version: POKE 16526,8: POKE L6527,25L2 ER%=USR(0)

Call From Assembly Language:

16K Version: CALL 7B08H

32K Version: CAIL BB08H

4BK Version: CAIL FB08H
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PLACE

Input:
Function:

Notes:

Limitations:

oBJ%, HpZ7", VRTZ, TH7", PHz", P57., SC7"

To place object OBJ% on the virtual screen with X-displace-
ment HI|ZZ, Y-displacement VRTZ, rotation around X-axis

TH?", rotation around Y-axis PH%, totation around Z-axis

PS%, and scale SCZ. Those portions of the object that lie
outside the virtual screen are not drarnrn.

None

Objects being placed may be of arbitrary shape and size.
However, the hidden line removal feature handles only non-

overlapping, eonvex solids (see Section B).

Call From BASIC:

16K Version: POKE 16526,202: POKE L6527,119: ERZ=USR(O)

32K Version: POKE 165261202: POKE 16527,183: ER%=USR(0)

48K Version: POKE 16526,2A2: POKE 16527,247: ER%=USR(O)

Call From Assembly Language:

16K Version: CALL 77CA}I

32K Version: CALL BTCAH

48K Version: CALL FTCAH

The steps performed by PLACE are listed in order below. Al1 rotations are

positive by the left-hand rule around their associated axes. The left-hand rule

is: With the thunb of the left hand aligned with the axis, the curl-ing of the

fingers point in the direction of positive rotation around the axis.
1. Rotate object by TH% x 5 degrees around X-axis.

2. Rotate object by PH7. x 5 degrees around Y-axis.

3. Rotate object by PSZ x 5 degrees around Z-axis.
4. Scale the object by multiplying each coordinate of each point by SC%.

5. Adjust the object for asymetric pixel size by doubling the X-coordinate

of each point.
6. Displace the objectrs defined origin by HPJ7" in the horizontal and

VRT% in the vertical directions.
7. Orthogonally (parallel) project onto the virtual screen, clipping as

necessary.
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The coordinate system used in 3D is shown in Appendix B. Note that the

positive Z-axis points out of the screen. A1so, note that the virtual screen and

the CRT are identical in dimension and orientation.

Proper hidden line removal is dependent upon Ehe characteristics of, and

the interaction between objects. Section B describes the hidden line capabilities
of 3D and .explains how to turn this feature on or off (default is on).

Objects are drawn using the highest resolution possible on the TRS-80. The

algorithm used by 3D to draw the lines in objects yields the most aesthetic lines
possible.

DISPLAY

Input: None

Function: Display the contents of the virtual screen by copying it
to the CRT (VIDEO RAM).

Notes: This primitive ensures flicker-free animation by perform-

ing the copy quickly.
Limitati-ons: None

Call From BASIC:

16K Version: POKE 16526,222 POKE 16527,I23: ERZ=USR(O)

32K Version: POKE 16526,22: POKE 16527,187: ER%=USR(0)

48K Version: POKE 16526,222 POKE 16527,25I: ERZ=USR(O)

Call From Assembly Language:

16K Version: CALL 7816H

32K Version: CALL BB16H

48K Version: CALL FBl6H

After DISPLAY has been used to display the virtual screen, the image on

the CRT may be enhanced by using BASIC PRINT statements or by poking into
VIDEO RAM.
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DRAW

Input: Xl1l, YLT", X214, \27"

Function: Draw, on the virtual screen, a line segment between the

screen points (XL"A, Y1%) and (X2"1, \27").

NoEes: The points need not be in view as elipping is properly
handled.

Limitations: Lines that are drawn are never subject to hidden line
removal.

Call From BASIC:

16K Version: POKE 15526,342 POKE 16527,L23: ERZ=USR(0)

32K Version: POKE 16526,342 POKE 16527,L87: ERZ=USR(0)

48K Version: POKE 16526,342 POKE 16527,25L: ERZ=USR(O)

Call From Assembly Language:

16K Version: CALL 7822H

32K Version: CALL BB22H

48K Version: CALL FB22H

{
'{
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4. LOADING 3D FROM TAPE

.1 There are three versions of 3D, one for each of the TRS-80 Level fI/
I
t Uodel III memory sizes: l6K, 32K, and 48K. The version of 3D, which you have,
I' is specified on your cassette. The only difference between the versions is

where 3D resides in memory. In each version, 3D is placed as high in memory

as possible, leaving maximum space for BASIC programs. For this reason' the

16K version, for example, will also run on a TRS-80 with 32K of memory. But,

in this case, 16K of memory would not be accessible to BASIC.

When 3D is loaded you must restrict BASIC from overwriting it. Respond to

lhe "Memory Sizel.tt question at start-uP as shown in Figure 4.1.

Figure 4.1 Responses To "Memory Size?"

Your Version of 3D Response

16K

32K

48K

27647

4403 I
604L5

3D and several- demonstration programs are stored on a single 500 baud

cassette. The contents of the cassette are described in Figure 4.2

Figure 4.2 3D Cassette Tape Contents

File Location Naue Type Descriptlon

I
2

3

t+

5

6

7

5

35

60

85

110

L20

150

THREED

ft1lt

rt ztl
n3rl

ADEMO

SDEMO

THFJED

SYSTEI'{

BASIC

BASIC

BASIC

SYSTEM

Assembly

SYSTEM

3D Package

Cube Demo

Icosahedron Demo

House Demo

Assembly Demo

ADEMO Source Code

'3D Backup Copy

Page 16



File 1 is 3D - a package of Assembly Language routines. It is loaded

from SYSTEM mode prior Eo loading a demo or application program. After loading
3D, either: (i) load an Assembly Language program (such as file 5) from SYSTEM

mode, or (ii) hitG-Rn-$)and then CLOAD a BASIC program (such as file 2, 3, or
4). An example of how to load and run the firsr BASIC demo follows:

0.

1.

Ensure that the computer is set to 500

rewound, and that your recorder is set
From BASIC type:

sYsrEM (ET_R])

The computer responds:
*?

Type:

THREED @EE])
The computer loads 3D and responds:

*?

Type:

The computer responds:

Cass?

Type:

L

The computer responds:

Memory Size?

For l6K Version, type:
27647 @

For 32K Version, type:
44o3r (ENTgC)

For 48K Version, type:

6041s (:E_T-)
The computer responds:

(l,todel III only)

TYPe:

cLoAD "1"
The computer 1 and responds:

baud, that the cassette is
to play.

2.

3.

5.

(frrED
oads the demo

6.
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7. Type:

For more inforrnation on loading from cassette, consult the reference man-

uals for the computer and recorder.

File 5 is an Assembly Language demo. To run it, first load 3D from SYSTEI"I

mode, then load file 5 from system mode. Immediately after file 5 is loaded,

tYPe:

to begin running the demo. File 6 is the Assembly Language source code for
file 5. It can be loaded and edited using the Radio Shack* Editor/Assembler
(Cat. No. 26-2OIL).

Files 3 and 4 are additional BASIC demos that can be CLOADed and RIIN in a

way similar to that. of file 1. Instructions for interacting with these demos

is found by LISTing the first lines of each program.

*Radio Shack is a registered trademark of the Tandy Corporation.

RUN @
The program responds:

Object I or 2?

8. Type:

1 (EmrER-)

+

I
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5. USING 3D FROM BASIC

Using 3D frorn BASIC is best explained by walking through an example pro-
gram. The example we use is the first demonstration program on your cassette
(see Figure 5.1 for a listing of this prograrn). This example demo shows no

error checking. As this is a debugged program, it had the error-cheeking state-
ment,s removed for efficiency. See Seceiort 7 for an explanation of how to use

error checking.

Program line 20 calls the INITIAJ.TZE primitive. The BASIC CLEAR instruc-
tion isnrt used in this progr€rm; if it was used, it must come before the call
tO INITIALIZE.

Program line 40 sets up a loop for defining 2 objects -- a cube and a
corner-cube (a cube with one corner flattened). The first time through the
loop object I is defined. The second time through, object 2 is defined.

Program lines 50-220 define the points, surfaces, and lines for each object.
The data for the objects is read from the DATA statements in lines 1000-1690.
To help visualize the definition technique, refer: to Figure 5.2 while examining
program lines 50'220 line-by-1ine. Object 2 is defined such thar its origin
is in the center of the corner-cube. This is very corivenient as rotation of
this object will not cause it also to be displaced (rotations are with respect
to the objectrs origin).

Program line 280 sets 3D parameters in preparation for enteri-ng the ani-
mation loop. HRZ7.=L28 and VRTZ=128 causes the object to be displayed in the
middle of the CRT. Program lines 310-330 are the heart of the animation loop.
They call the CLEAR, PLACE, and DISPLAY prirnitives. Program line 335 prints a

message on the CRT after the current frame of the animation has been displayed.
Program lines 340-390 alter the 3D parameters to give the object the appearance
of moving in space. Turnbling of the cube is done by increasin1 TH7.", PH:A, and

PS% by 2 each time through the anj.mation loop. I^Ihen THZ reaches 72 it ls reset
to 0 as 72 x 5 = 360 degrees (one complete revolution). The values for TH7",

PH%, arrd PSZ must be in the range -I28 to I27. If either of then are outside
this range, then only its low-order B bits are used. These are interpreted as
a twors-complement number in the range -I28 to L27,
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Figure 5.1 Demo 1 Program Listing
(16K Version)

l tt , BilLJt.ll: I t,lG r_.:t".tHrrr []nt'lt:rf.{:iiTF,:fiT'I {11..1

L , Lr:.t.d ltf.r r-r.$. j,1.1';ir :!i;'r'f;T'[Il1 rrir]rrt:|fi.,

fr:,, l:1.-[lFl[] t.l,r i. s. ,i|*.nr';:rt*.t.r,.fl.t. i,:rrr F r.r;r,llt.'.f.rrr.
:ll. E:Ut'.| t.l"r i *, F'r',lfir'a.nt,

f4 Grlfi;LJE{ S$r3r3t1', Ir..tITIRLIt[:

:lfit ' [ie.f' j.'nx. ':h.j r:*t.*..{lit f:flF: [iH:."J:'j ::::i 1. T0 fl

Sfi ' [ts.f i rr*' F '] i Trt f.
fi{3 R[lf:t[:' FTf;:.i;
7r3 FnF: ] r1 '* I T[t FTf;i;
8il3 RIIftrl l'ij.:li., Y 1:';., ;l:L:':;
#rj Ffil,lFi J.Sff.6,,SF, Fl:ll'lH J.fi$'fl;r., J. J.;1, EFil',irUF,ft.t.ffi'r 'ftEFPOIl.{T
I 
'ii{:l 

I'lli:i,-iT 1:.i

I 1ff ' [ts'lr i rrs *.u,r'f .f,.c*:i
l AE RHFttr .$Uli::.J

1361 Fftfr: I:4 s 1 Tfl $l_lF,::r
l'*fl tEEfi[t F 1:{., Fil],;, F:ril
15fi F,fJFlE 1SSfj6, 1rr3, FfiliH 16387, 11,;:, EE:t*U,,iiF:,i tirr ,,[rEr*URp.fir::H
J.fitA t'lEF;T IH

l f Er ' [ref i.rre. ]. i.'n*.s.
l f;rrr fr:f,Frt] L,I l"{:,;
134 FI:JE: I ii; :':: 1. T'n L 1f'{:{

'ltittil F:HF.tfr F 1.lr;., Ff;i;;, $ 1:{., '.l;I:h
fl J. r.il lttlliH 1, fiTefi, 1Bl3 , FftFlfi 16$fl7., L 1;r : fift14:alJ$jF:'; fJ ] ' IIEFL I f.{E
fi;lfr l..ln:,*:T I:,j

'l:liA FlEl-:T [tEr.-ll";

*'{lii " l*ls.si.1* i r{:.*.r.f .l.Cx,
f 5t?t I l'IF LJT " tJ[t.i*':.:t, 1 ']rr* il " .i t:tfil,J:,;

i::stit IF r.ctEr-ll{+l:r.1 }Rt'.ltr{ilF|.-t::,J.{''}.;l1 THHI.{ FFi1f,.|'T "Hl.3.,J irrF,u,t., tr':r $.8a,in. 'r

.i : fifrT.[, fjn[]

I:?tl ' $e.'1. F'.s.r..a.rq*.t.ei.r..ii. .l.n':i u.!r,r'i .E h'!. e's.
:;jtlfj :l;tl?;* [ {3 : FJEAH* 1;:f;r ' lp'li'Jft* J. i"'f;; : l;i';riii*r.{. : f',1'11;:f; : gfi;I1:e L

lFtA r lilt'l j, rfi.It.'l'j. i. ':tTi l. rilrrtrF

:Slntit F [tF: ] ]; ,', l. T'fi 1. ritrirritril

Ill. tn F t:Ilt';H 1. fi5;:fi, lll ' F,tlF:H i frSilr., 1A3 : [fi1i1*t-lrliFr{: ff :r , [:[.-llf"lFl
::!fitrj Ft:rF:H 1fr5;:fi., #rijfl ' li,firt"lfl 1frn;J r,, I l,:! : [pi]1s1.-t',$Ft{ B } , FL._fir::E
:11:3tij Ft:ll:lE 1.65;:6.,flfi' r".,rJH:E lfI5n'T., l.;::l: [:p:r,;*Lr$R4:{?J},rJlsiFl._Ft'T'
iil::l$ F FiI l.lTfi'{.7f:.' " l[:' Fln i nr.r.t. i r:rfi't .i';r.l,t? If rl f:fil{,i$:il:JFl'::LiC'.i,,:,'.:,L:4.I ]'l{nF{ .;:ifi:..,* -.:lir;i:ij
::t511 1r; r;. l-lp;fl1i.:i frlfj .:[lF '1 l"lF:;:i;'::, J. r r. I Tl-lf:t.l ]'i]*iil,s ."-i:{}riiii
..]tfiif.l IF r:.',/litTi;i.{. J.l;t}t:tR'l,,,rFL'T':{:}J.,:+:j:t:) I'}"lH:l'l 'r,.fl,;* -"\,'/:'i
;iIfr if T'F{i';*r? Tl.{H!'.| f!.,1i:.;i::rfi

:lilllil Jl-'li;;:*Jl"'li;'ef': Fl..tl{:::T'l-l1r: p1::1.;;;xJ}"111i

ijt:i:,rf.! :I;fr::';;:::,;it::ji{...S:ljl.i , HF;:Hl.l*l-'lFl?tll.+}:li'+ll..,i ; tJF.rT:,;*1,,'FitTtli.r"'r'Tt{
,::|.t;:l[l i..l[l':T I i:i
r:f lrir E.l".lL.i Page 20



Figure 5.1 Demo 1 Program Listing (16K Version) - Continued

:l t:llijfi r .$ F '::' i.'r"t'L.:;i:. J:'{'r' ':li:r.i *'':::t. 1.

J. fi|1. fr L'til'Tfii fl
L firilti' rrttTF,t - i. ., ".1. ., i.
l til::lfl Fl:{Tlrl L , '".1 .' L

L fr4fir FfiTri .-" i. ., -".1. ., * 1

1a5r?r tlFtTtl 1. ., -.L ., * :!.

lfrfitl []flT!:! -J. ., 1.., L

itiilft trFiTt:l l. , :i.., L

lEtElli1 ft!::'lTf:l -'.1.., ,1., *'1

ltir$flt l]'titTtrl 1 ., l. ., *.i
I l ElfJ ' S #.r-t.f*'f".:r.':E s. {'rlrr'' ,r[:.j 'act
i. I 1E ['rrT'rj E
1 ].flt?J ['F1TFl ]. , $., fi
I t lrB rrfqTn 7.' 5, L

L l. *lrir l.:f:tTFl t:l, 7., ;j
i l TfJ frfiTR ,.{ .' ;:., {i
J. L 6rl [:,F'lTFt fr ,' n,, 7
1 17fi llrnTtii 1 ., 'f ,, ,4

L X t*fi ' 1. fl L i'na*. f ':rr 'ltr.i e'';t 1.

t 1grn fi'tlTfl 1ff
J. fl810 trnTr'i 1 ., f,., 1. ., rI
f i:1ril rrFtTtl l. , ::t, ';:.' 6
1, f,flB flnTfl il,, "1.' 4.' fi
1f::Irl]l FflTtl 3, 4., Ir, fi
lfii'{tit fJfiT'fi 1,,Ii.,3, 1

Ignffi r.,flTf-l l, fj, I ., .*

1efir3 tlRTft 4., r3.,4.,;l
1flrfi trfiTR :3., f r :3 r I
1r:sEr rrFtT'fi 5, 7., 5, fj
i.E3€r ilFtT!::t 5, fr., T., 1

1::lriilij Ffi]'fl s., r:r., $., 4.

J.31{-l ilnTf:l 7.' $.,5,3

1 :};lfit ' I fJ F 'l 
j. i'r'L.s. {j',:rt" ':th "iE ':::'!:. fi:

l.:3::il1'r trfl'Ir-l L iJ
j.:34ri! ::rfi!T!:! * :|. ., * 1. , L

l.:::r$[r f]Fij'Lj j. ., -.1. ., 1.

1:lrtifi Ff:lTFl - l. ., -'i. ,, *'I
l.:3;'tit nFlT't::! 1. , -.J. ., -.1
1[l$rrit i:lnTf;t * ]. ., l, , I
IllFfi flf-:rTlq fi., 1. ., I
l.'4.EEt [:,RTR 1 ,' ]. ., fii
1.{.1er []f'lTf{ 1 ., fir., 1.

14I:E !:it:iTn - 1.., 1.., *.1.

14.;j{3 frfiTn :!., l. ., -':1.

L ''l.4fl ' f it.r.J.r"[".3.r;#'*. f'*r' *h' .i e'*t. il
j.'{*r3 uiFlTFl 7
1..:l.fri:' rrt:,tTn 1. ., 5,, fi
147fit FFtTfl S., 1.,,:l
1.4.StF FRTH L fJ., 3., *
l.,4.FtJ fjfiT'R fl., f;r., L rij

1S{1fi frf:{Tft S.'5r., J.fi
J.Si.t:r flfiTR 1.., ll,4
15;:m f]rr{Tfl 6., ;r, $
I 5::ll3 ' 1.5 1 I'na.*. 'tl*r' *h.i*.,;? I
154.fir ttF,tTfq 1S
J.5Stl f,fiTfi 1 ,, fl.' 1 ., fr
1$fi8 !:]F{TR i. ., ;i., ;:., f!
1$?'{j !:rf:!'T'Ft il., ,tt., .$., 6
J.lltrfi lifiTF{ ::r., ,4., ';r, {;
1. Sllrir l-lt:iTtc L ., 5., 'l., 1.

J. fitjfi [1r.t]'f1 fl., ,*., 1 ., 4.

l. {I l. fit ll'FtTtl '{. ., l. F.' "1',, 3
16F:er tlr:{T'fl ::r., :3., 3., E
1fr:3r;:! nf:iTfi $.' :3.' 5.' fi
t. {i4.rir r}FiTR 5., S., 5., :t,

lfi$ql [:,FrTFr 7., 1rJ,, 5., 4
1frfitrI rlnTt:l 5r ., i, r?r., E., .3

l. f;7r3 l;,FtTtl fr., r,, Ti., 7
1,6fi(1 r'RTR fi., fit, I. , 7
t 6'361 FRTt:t 7., fi., 4, r

fi5fi[1f1' I l.lIT I [:tL-II$''tT Ir:Jl',|

T!"r i. *.
rj.:ii. i frtl
i. r i.:.

.sr-r.h'r''::tr..r.'1. i T1*l i $. C.t. 1 1 *'fi
{:l"r*r :iJl.J F'r'i. nt i t. i. t,'*";. 

"
r.t. $. J. L r*'r:i .il.:I. #' .it r' 1 s .!. *,

rlr'r"rrlj{t F, r.i. nf. t'L'
FrlF *lf'fe'ci+nrs,,

F ':''s.f. i l:1n' ,
a
o
a

frafil':l'6
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Figure 5.2 Definition of Demo Object 2

P1

P2

P3

P4

P5

P6
P7
P8
P9
P10

(-1,-1,1)
(1,-1,1)
(-1,-1,-1)
(1,-1,-1)
(- 1, 1, 1)

(0,1,1)
(1,1,0)
(1,0,1)
(-1,1,-1)
(1,1,-l)

In this demo, displacernent of the object is controlled to keep the object
in view. In general, however, displacement values are in the range O to 255

for HRZ7" and VRTZ, where the positLon (HRZ7" = 64, VRTZ = 104) is the lower lefr
corner of the screen (see Appendix B). If HRZ% or VRT% is outside this range,

then only its low-order B bits are used. They are treated as an 8-bit unsigned

integer.

In this demo, the cube always moves at the same rate. An easy r^ray to speed

it up is to use larger inqrements in the rotation and displacement parameters.
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Varying speeds are possible by varying the parameter lncrement sizes. To slow

down the cube, deLay loops can be used.

'After a program has been developed, its.efficlency is improved by removing

extraneoua spaces and cormnents, and by using as few l-ine numbers as possible;

that is, all the usual techniques for speeding up BASIC programs are utllized.

The demonstration progrAm presented here is a simple example. The real

fun and usefulness of 3D comes when you develop prograns for your or*n applica-

tions. One suggestion is to interface one of the joysticks availabl-e for the

TRS-80 and wrlte games or educational software using 3D fron BASIC. Once you

have debugged the program, you may want to recode it in Assembly Language if
the utmost in speed is desired (inprovements of at l-east 7O% can be expected).
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6. USING 3D FROM ASSEMBLY LAT'IGUAGE

Use of 3D from Assembly Language is explained by walking through the ADEMO

program. ADEMO is on your eassette and is listed in Figure 6. l. We assume the

reader is familiar with the Radio Shack Editor/Assembler (Cat. No. 26-2011) that

was used to create ADEMO.

When running ADEMO, no errors will occur in the 3D primitives because it is
debugged. In general, when an error occurs in a 3D primitive called from

Assembly Language, control returns to BASIC start-up mode. This can be changed

so fhat control goes to an error handling routine that you write or to the

entry point of a debugger program. Section 7 explains how to make this change,

Each 3D primitive alters aLL 280 registers, including the primed ones.

But, 3D parameters are never altered by the primi-tives.

A walk-through of ADEMO begins with program lines 12-39 that EQUate loca-

tions of the 3D prinitives and 3D parameters to labels. Program line 41 cal1s

the INITIALTZE primitive.

prograrn lines 43-95 define a two-dimensional square. The technique used

is simple but not flexibIe. Other techniques are possible, including ones

that request the input of points, lines, and surfaces from a cassette or user.

Program lines 97-108 set the 3D parameters in preparation for the anima-

tion. Program lines 110-135 are the animation loop. OnLy Z-axis rotation is

used to make the square spin as it is enlarged. When SC=48, it is reset to 0.

Wtren PS=72, it is reset to 0.
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Figure 6.1 Assembly Language Demo Program Listing
(16K Version)

|3rirBral i 11E:fi:Ef'tHt-f Lnh{6ut1GH n'Ht'1rlt'.trFTE:RTIfihl
filABlilfl i 1. L*.r,:i thq' 3F Fr.lrrrit iur.*, r.r.s,i'n'a fi'/EiTHl'l r{,r,:i*.,,
Fl6CIE3 i il. L*.r.d t.l-ri * F,r,,;,,irr..;r.rfi r.r.s, i rr,il l*,.i $TErll nr**le,
f;tfiFJla4 .r 'i. Trr F *. .s. s.1. a,r.l'r ,l .." ] t hE.'rr h i t Ef.lTlIFt: .t.,:, r.r.L.n,
fi€1rir85gfranfr fiF.fi $Rfffrt"{
EfiilZrfi7
flflertirff i ltlITI[:ttIIE
r3finEr5
etEBl.tit ; EfiLl.rt.x. tl'rs: 'l.rir,l;r.tiurrx. ,lf 't:.h*' f;ft, Fr.ir,rit.i,,.,,H.:s.
ECr811
el6E11e It{IT EfJU TFAFH .r Init.ia.L iEx. Fr-.i'nrigi,,.,'B
firnf;t1 ;r tlEFF,l'.lT EfiU 7136 t t{ ; [ra.f i. rre, F,,l i .rr.h, F,r.i rrr i t. i us.
Btlft L 4 ftEFSUl.-: HfiU TtAt:1H ; [t*'f i rrs' s.1.1.y.{".3,r;;rs. F r.i rrri t i.,,.,,'*.

A$AIS fiHFLIl',1 EfiLl f16L:l-l iFr{"i'ne' Lirrx..F,r'ir,ri{:.iuc.
flflfl J.6 CLERR EnU f BnfrlH .r t] 1e.a.r. [t r* i. nr 1t i r,'s.
EEtr? 17 FLfrCE EGll-l Tf CRH ; p t .r.,:*, ti r.i n i t. i r.rs.

t?frtB1ft tlIE;FLR EftU FEt1.6H i [ri*.F.]..r.y F,r.irrrit ir.,,e.
F-tl?"lB 1.9 fiF:f:l['J EBI-I 7El.?fl|{ .r Fr*.s.r.,r tt r.i rrr i t i',,,s'
9fl038
fl6ge1 i E6!Ua.t.*' t!'r* 1rtrcs.t.inn:;. ,:r{" th* Ilf} f,a.r..a.nr*.t.e'r..;t.
B!,1Eef
ErflElf:3 HE; Etriil rF4H!{ ,iH,:rirarrt..s.l
EBflE4 h'RT EAU 7F4.fH ,r Ux'r*f ic.r.l
EF{$ef; TH HnlJ 7f:5tll{ .r Tl'r*'t.a.
fiFEAfi F'H EnU 7FS1H .r Flri
{:rFEAf FE EfiU lFSflH .i F'.:. i.

EBEtf r3 :I;tr EIJLI 7FS'.3H .i $'::.r. L c.

';Jel{:rfrS flB.-l EALI 71"S4'H i fllr.is.ct.
lil0t-43frt l-il EfiU 7ftr5H i Fl*c,rnr.,l i.n t.x'
Efllil3 l 'r'1 EnU f F56H .i 'T'*r'3,rr','l i rr.a.t.s.
ErBrSi:l:l l'li:j EE|LI rFSrF! .; !,i-.c,r,:,r",J i.n.r.t,e.
flfi{133 'T'fl EGIU f [tTl3H .i 

qr'--rrfirir*r.'J 
i.'rr.r.t *'

ElBfr.3/,t ;1. E6lLl TFSS!'{ j fl-.,::fl,,:'r"*!i.n.r.t.x.
t3l,tjEl35 F J. EfiU TFSRI{ .r P,:r i nt
Et3fl;r6 Ff: EnU TFf frU ; Fr'i nt
fifilfl*f FI! EfilU TFSr::l-'l i F,:, i rrt.
Etlflf.t$ 51 EGIU fFfF,F{ .i:i;;r.1-.f.y.;E
flEtfii;r3 S:l F.fil-l fFS[iH i fr;'.rr,.f".r.,:*.
ti-tCl{J'$fi|

tiiE]lfl4 t E14TF'i't' CRLL I l'!I T .r rL:.n.1. L t.l'r*' i l'{ 1T li r' j. r'1i'1. i rr,*'
liltrJt:t,,:1.;:
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Figure 6.1 Assernbly Language Demo program Listing (16K version) - continued

ff itl:l':if! .; l:'*.ti i Tr*' *'h .i f,..r::t. J. ,:. .:L $.,q r..r..r.r.*. f'r..$.nr* r,l i t.Fr l. r,U.r.f'.r.C* )
tiifrfl..l.'.1. L[t n; I
tlfttil*:t.5 L-tt ,i fiSt._l 'r., pl

fil3rir46
tfrfitil4.i .; [:'e'f' j. nr: F ': i..frt.:i .l'',::]r' ,rh.j *.*.h. l.
tltitiit,,:1.'1 |....i-t fj., - J. .r f.rs.f i'n*. f.,,:, i nt. :L

tlFtt?t45 L[t ,. ].i:|. .i., r.{
rSftfiSlir i.-[r { 'r 1 .r., F!

titfrltitl'il. !--[:' l:t., rA

firfiri1S;j Ltt ,l n I ]., l:l
fifil,?S3 [:RLt.. flEFpf.{T ;'l }iL*.- j.., yl,**J. r f L*rl.r
l3fltit5.;+
(:ililFg$ L.ir n., :!. i Fef i rre. F,:, i rtt. I
li:!|,?el$t; L[] r:. irl[ 'r., fit
t1lil!:15;: fifit-.|.- [:'HFFI'.|T ; f ir:il. '* ]. ., T 1. :*.- L ., 3 J. =fJ ]
t}{?Jfi5:l;
F:rfrt35$ Ltr ll., l. .i [r*f.irr* Fnint ::l
rirfrt;16fr t*tr 1 !'1 )., R
ti'rittit':t1 IRLL rrar;r"F.lT ; { }'i].cj.., 1'1*1,, ?1,"8l
rntlfi6fi
ftrJF"rfi;j Ll.r f1., * J, .; [rx.f i. r'r*. F n i rrt. 4
r3fir'3fi4 Ltr { :*:1 }, f:l

EftEfiS I:FILL rtHFFl'.lT' .1 ri i:+i! =* l. .. "/ L = 1, , Z L *[il .r

fiftEl,i:iS
ti:Jtitfi fr'fl .i fl,*.f i ''"t''. $.r"r.f.{'.rr.':jE. .l:,:'f. ':[:t.j *Xt. t
rilritfjtlf;l L.ft R.' :3 .r Fef i'ns F.r,rF f a.cF I
fjiilrflfi$ L[:' ,l P I .t,' Fl

ErlfjFf-r Lfl lt, Il
L:Jntt;']. Ln i: F t .I., Fl

fjt?"lrilr;i l--l-r Fl., :!.

riil}er'r:3 Lllr t F:r 1., l::l

tnf'fif4 r:Rt-l". f,rfrFfiltn .; { f}1.g3.. pfl=fl., F3=1 }
rirrirfirTS
tiifit]tifi .; [ie.f i'rre. '!. j.',.r*E 'f'nr. nb.je.ct 1

ftfitEtrr Lllt F{., fi .r []*f'i.'nr: '1. i rrr' f'r,r?rrr I t.o i:
firrirfrr'ir l"-r1 {: F,]. }., R
tl:rfiftI3 Ltr fl.' I
{:rBr?frrB t_[] { F,;: }., F.r

filiil3filj. l-[., { :31. }. R
etflEl:rfl LF ri Fifl rr., Fl

r:r{:tfilF'.3 rjtiit-.|-. []aFL.Il.{ i t F1.*fl., Ffl*L., fr;l=J.., $?sl }
L-JlSlilfi':l'

f.!fit{?lfi5 L[] H.,L;[1r'f'j.r"r*' 1.ine f'r'nrn F")iTrt. 3 tn il
rirfirSfiltl L[r i: f:,'; ::'.' R

".lrit,;l$.t7 r::Fli--L l-r[i[:|.." I l.,l ; { F 1. "fl., Ff-*lt., T 1.;* ]. ., fif,l:* l. }
r?ltir{if;:lll

fllirir$5t 1....f f., 4 .r fi*.f i n*. 1. j,'rr*. f'r'':nr F r'i.'nt .1 L.a tI
fjriJrit'$f' Lfl '1 F L t, f..l

ilf:ultFtl. I:F:!LL. tlliFLlt'.| .r'iFL=4.,Ff*I1.,'.31.*1, 5fl''I]
fiFJrijS'fl
tlB[|5':l i-[] Fl,' l. .i [:,ef irrs ]. irre' f't*':'rrr F r'irrf. rf t'n :!.

,,?ttitrfi,ir4. L..i:] 'i li,.i- ]., f:,1

{lirirft:Ir5 fjnlL. i-1AFL..I l'..1 .; { l3 !. =4.., Fiij* 1. , f;1. * 1 , lill* l I
r,itfitilt'irr,! 
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Figure 6.1 Assembly Language Demo Program Listing (16K Version) - continued

t;:]fl{:lflr .: I'ri i. t. :i. .::r, l. i:::t,: i:] .::r.l'".:r.Iir#"!':.#.'1"':iii

tlii::ili:Ffl
til'i:irii$5t

ftr* i. rirrit

ri:rirl. tlr L
rlrfirJ. Htf:
t::tflL t-J;l

{?Jfrl. fJ4
{jrf.! i. rfl5
tiJ{l l ftr:I
tirrS 1. rli'
{:rr3 1 rlr::l

f;!fir1rit$
tlt3 L J. rj .r Fll..lI r,li::i"r'I fll..| i.-.fl|:rF' ,i x.F j. rr .;ir.'f'rri':l {'1'rL .$.r'';rE {'t*.n.ntn .l

riJrii l. I J.

firil1. J.;i: i-r:Ji:.tF. f:tti.-.t., l:-:L,f;ftFj .i [:]. *',r.r' ',.,' i,1''t.r.t..iit,'1. :*"rlrf'#'ll

!....[r !::1., ].:::,fi .r Hlil}* L ft:}., t,"fi'f :: l. i;iifl
!-_i_:' r:l l".lli:;j .t,, tI1

1....1"i i l,IfitT ]., R

L[t n., {] .r 
'f'l"l::::1iJ., Fll"l:t:lilr F'Ii:sFt

l--[1 r: Tl-.! ::'., fi
L.i-r { F'1".1 },' F!

l,-.rr r: r.ri 1,, rl

i"-il.' Fl., J. .i:ltl:::*L
L.tr i: |x;fi ::., R

l-,,:{1....1.... F l.".Fir:H .r F,'!..ir.r::F: lrkr.j rr:rit. L

t:":|;t[.-i,... l-r I:::;F l-..!:l .r f.]i:x.F, '1. a.::r ,:]fi f:RT

L-!:1 l'il-.' F'fi ; P'il;:*[r':i'4'';'
1l'{[: r:. t.'11.... .1

I!'.lf: ,', l-'11.... ]

1..-[: trj., ,l l-,11.... ] .r I fl F,:;i .:.?f;r tl.r*,r', [t[t::r:r:r

t::F ,r.i.

.-.iF I'i., fi';:li..lT 1.

L..l"r ,i l'.ll-.. lr, f'J

i t4fl t !-il-.. ]

l__[1 fi.,,11".11.... ] .r I,f, rjr:].4.;,1 t.l-rs.,rr *;fi,"r3
r:F 4.Fr

,-jF f,t, fifirt].f f,:

L-[:' ,l !."!1... t, til

fit';i 1. L::1

ti;fl:!. J. 11.

{il.ir.i. 1. S
rirtitj. j. fr
[.Jfitt, 1,7
[jrlj J. ]. lil
rirfl l. 1.51

firl3l.;l';l
rnt:,?j 1f; 1

flfi J.;l';J
;i1titl. ii:?l
fJr:r1. fi'{.
frtij J.;:ij f:t:tl".l'!- l. tfr l-l!"..., fif: .r S;fi:sf:t::+ 1

rjf;| I fJs
rJfl J. fl?'
Clirj.':rll
r;ijlij i.';:5'
riilij 1. ::i{:l

fJ';J l.:1t1.

t:]ft:!. i:l';
rijtij:l ::rlt r::rrl.l'r';: ....!F |....t:l[rF .r I'rrj. f' j. rr i t,e, ].,],:r!:,
frlit i.::1.:l

filil:!, i:!* Et',irl HF.tTEl',
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7. ERROR HANDLING

When certain 3D primitives are called with irnproper parameter values, error
handling takes place. The nature of this error handling depends on whether the
primitive was called from BASIC or Assembly Language, and whether the progr€rmmer

had chosen to act on the error by including the appropriate program statements.

Error handling is only performed by DEFPOINT, DEFSURFACE, DEFLINE, and

PLACE. The other primitives do not need error handling as they either accept

no inputs or accept all values of inputs for their parameters.

Errors During Calls Fron BASIC

In this discussion, it is assumed that the POKE addresses/values in the

calling program are correct, as this type of error is not detected by 3D.

When an error occurs, control immediately returns to BASIC, and an error
code is assigned to the variable in the active USR statement. The specific
actions performed by each of the prirnitives follow.

When DEFPOINT is called, it first checks whether OBJZ is between 1 and 10

inclusive. If this isn't true, it returns to BASIC with an error code of 1.

Othennrise, it checks that less than 85 points have already been defined. If
this isnrt true, then it returns to BASIC with an error code of 2. Figure 7.1

shows an example of how to utilize the error handling feature of DEFPOINT.

Figure 7.1 BASIC Error Handling For DEFPOINT

(16K Version)

Fl:ll',lf:: IfI$iLfI.,itl,F[tl':.H. Iflfj;:;"., 11.f;:: [ift']1:::;1..1!;F:r.rit .r.'rlFi'|;fxftj:l'l'T'
i |: !!il{:t*" I Tl'.lf:::!'l !}F,:I !"ll'" I1....!....!r:{,;t::!l-- t:J[i...i " ' ti:'I1JF
i f [:ii:i;;s':::: 'f i-{f::!.] f'Fi: i l..l'T'" I 1...,1....[::{:;trtl.- F r'.]'T " ' ::i"f'1.'1pt

When DEFSURFACE is called, it first checks whether OBJ% is between 1 and

10 inclusive. If this isn't true, then it returns to BASIC with an error code

of 1. Otherwise, it checks wheLher less than 64 surfaces have been defined.

If not, then it returns to BASIC with an error code of 2. Finally, a check

is made to ensure that points Pl%, P27", and P3% have been defined for the

current object. If not, control returns with an error code of 2.

Page 28



Flgure 7.2 shows an example of how to utilize the error handling feature of
DEFSURFACE.

Figure 7.2 BASIC Error Handling for DEFSURFACE

(16K Version)

F[tl.'iE ].fiFflfr., l.Irr:lr ' F(rl'18 1. fiS',17., l. L';]- : fili'1,;*!.-l'.fr8t t:r :1 ' !:1b"FFil"JF.:frfir:iE
1F Eltl.;*i. THEI.{ f,F:Il'{T" I!-,1-H!;R|,". ';JEi...i" , ';;Tr:F'
l fi Hlll.;*l Ti{E!..1 F fl:1l".lT " I l*,!*lIl;F.lL f;'1..1'I r::il*lli:' " ' ';i'T'[lF]

trIhen DEELINE is called, it first checks whether OBJZ is between l and 10

inclusive. If not, an error code of I is returned. Otherwise, a check is
made to ensure that less than 64 lines. are defined. If not, an error code of
2 is returned. Fina11y, a check is made to ensure that PIil, P27", S\2, and, 32%

are defined for the current object. If not, an error code of 2 is returned.
Figure 7.3 shows an example of how to utilize error handling with DEELINE.

Figure 7.3 BASIC Error Handling for DEFLINE

(16K Version)

Ft:ttiE lfi5ffr ., 1,E,$' Fr:ll:::H 1fiF'i:?., l. t';t' HF:1;=l."lfiR{: E I' FHFI-lt.lE
IF EF::';=1 Tl-.lEl'{ FE:If'{T'" IL.LHGIiL r:rHr.-|" : $l'[:rP
IF Elillt=fl THHI..I F'Flll'.1'T'" It-l-.EGFtl-.. Fl'.1T.."$Uf;:.'/L.Il'|.lrt : .$Tl:tli'

When PLACE is called, it first checks whether OBJ% is between 1 and 10

inclusive. If not, then an error code of 1 is returned. Next, a check is
made as to whether the object has at least I point, I line, and 1 surface. If
not, an error code of 2 is returned. Figure 7.4 shows an example of how to
utilize error handling with PLACE.

Figure 7.4 BASIC Error Handl-ing for PLACE

(16K Version)

F'tJ!.'iil .i fl5lfi, ter;: ' ;:r1-1!.:i[ j. i;T;:,7., i 1.3 : !][i'].;::,:!.-r1::ii:i:,1 r3 ) , F,L_Flt::A
IF E[i:]t* j. T!*lE!.i FrEIt..lT" iLLEt:;Fi1.... (.|E:....!" , *Tr;11,l
IF !fEId:::* THEF! flF.:It.tT" Ii.jfi':tf,1Fl'..i:Tll i:.t!l:....t', , '.iiTfif,
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Errors During Calls From Assembly Language

3D recognizes the s€rme errors when called frorn Assembly Language as when

called from BASIC. When using Assembly Language, .however, the errors are

necessarily handled differently. When an error is discovered, the HL register
is loaded with the error code and control returns to the location pointed to
by the error vector. The error vector (see Figure 7.5) contains the address

of an error routine that is branched to when an error occurs, The default
value is 0000H, the entry to BASIC. To change the error vector to, say, an

error routine you Inrrote, load the error routine address into the error vector

after calling the INITIALIZE prinitive.

Figure 7.5 Error Vector

Vector Location Contents

l6K Version 32K Version 48K Version

7164II Bl6AH Fl64}I LSB of error routine

7 16BH Bl6BH Fl6BH MSB of error routine
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8. TIIDDEN LINE CONCEPT

3D utilizes a novel hidden line removal algorithm. The algorithm is fast
and requires only that surfaces and lines for objects be specified correctly.

When defining a surfaee for an objectr you should choose previously de-

fined points PI7", P27", and P37" that are oriented clockwise with respect to one

another as viewed from outside the object. When defining a line for an object,
you should choose the previously defined surfaces SIZ and 527" thax adjoin the

line. If the line lies on a previously defined surface, such as a window that
l-ies on the side of a house, then make S1% and 32% that one surface.

The hidden line algorithm is used by PLACE to determine which lines in an

object are hidden from vj-ew and should not be drawn. To determine which lines
are not to be drar.rn, the algorithm examines the two surfaces adjoining each line.
If both of these surfaces are hidden from the viewer, then the line is not drar^rn.

The algorithm works for any number of non-overlapping convex (having a

boundary that bulges outhrard) polyhedra (solids bounded by polygons).

The hidden line removal feature is normally on, but may be turned off and

on at any time by altering a control bit in 3D (see Figure 8.1). To turn the
feature off, you must set the control bit to 0 prior to calling PLACE. When

PLACE is ca11ed, the object will be drar.rn \dith all "hidden lines" incl-uded. To

turn the feature back on, you must set the control bit to 1.

Figure 8,1 Hidden Line Control Bit

Version Location To Turn Off From BASIC

16K

32K

48K

774LH

B74LH

F7 4TH

POKE 30529,O

POKE -18623,0
POKE - 2239,0
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Appendix A

3D Menory Map

Contents Beginning Addresses

16K 32K 48K

Beginning of 3D

Symbol Table

Initialization Area

DEFPOINT

DEFSTIRFACE

DEFLINE

PLACE

CLEAR

DISPLAY

DRAW

Virtual Screen

INITIALIZE

End of 3D

6C00

7000

7022

706L

70c1

7r6C

77CL

7808

7BI6

7822

784E

7F5F

TFFF

ACO0

B000

BO22

806 I
BOc1

B16C

BTCA

BBOS

BB16

BB22

BB4E

BF5F

BFFF

EC00

F000

F022

F06 1

Foc1

F16C

FTCA

FBOS

FB16

EB22

FB4E

FF5F

FFFF
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Appendix B

(-128,127,127)

(-t28,-L28,L27)

3D Object Definition SPace

3D Screen Space

Z = -t28 plane

(L27,127,.L28)

Values in Parentheses
indicate the x, Y, and
z values, resPectivelY'
of the indicated Point.

(L27,-L28,-L28\

The hashed area denotes
the visible region.

(.128,127,.L28)

(127,.L28,L27)

t27,t27,L27),

iitl
.tt'ti'
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A:l .a.irrr it frlitv b* thet I sifirpty hav4} a ba.d co$ry 'ff th€. 3?t( rrrrd€"r a{nd
tfr*l-a iE l-tFt r*atlv fi, bus in tha X axiE ]-ealieatiDrr, If y'3u dc, f illd
a, eenLrirlF Brr':'r Ilm r:ur* yc,u will f ix itr in whidh ,:ase I w,ruta
l-s.th*r that vc'u t\,ait' a.nd send thB tape with ct]rrect{:d ff,id*r a.s
rfFrF,:,5*d to *iel-rdil-ts tt with rrew cc'Flieg of the V1.1. Iir *ithr3t- FV!3t-rtr
Fllr.:'a':34} Cil lSt rTlF hEaf frc'fiI you dri-r t,his gubiFct. i have s. so'3d d*el
':'f ftl!:rt-l#,y tid*cl up ifr the Frl'$gf*}.frlr and f..r'f,uld t iha tt' be able. tcr ug3€
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