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FOR r=1 T® fsize
MBDET S 280,7*r+20: TENTMBBE 2: PRINT <%
FOR c=1 T® fsize
IF pat(c,r,frame)=1 THEN LINE(?7*c+44,2*r+16)- (?*c+42,2*r+19),,bf
IF pat(c,r,frame)=0 TBEN LINE(?*c+44,7*r+16)-(?*c+42, ?‘r*|9) 30,bf
pat(c,r,0)=pat(c,r,frame)
NENI ¢
MBPET® 280,7*r+20: PRINT <*;: TEXTMBBE 0
NEET r
BETURN

ShiftRight:
msg$="shifting frame right": 68S BB Message
BUTTON 2,0
FOR c=31 T8 | STEP -1
FOR r=1 T@ fsize
SIAP pat(c,r,0),pat(c+1,r,0)
NENT r
NENT ¢
FORr=1 T8 fsize
MBPET S 280,7*r+20: I[ln.l[ 2: PRINT <%
FOR c=1 T80 fsize
IF pat(c,r,0)=1 THEN LINE(?*c+44,7*r+16)- (?* c+42,7*r+19),,bf
IF pat(c,r,0)=0 THEN LINE(?*c+44,2*r+16)- (?*¢c+47,7*r+19),30,bf
NENT ¢ .
MBPET® 280,7*r+20: PRINT <*: TENTMBBE 0
NENT r
GET(332,51)-(332,82),temp
GET(301,51)-(331,82),0(0,0)
PT(302,51),0(0,0),PSET
PET(301,51),temp,PSET
BUTTON 7,1
BETERN

Two of the design considerations were to keep the image size
small and to store the frames in files that would easily load into array
format. The program uses a grid size of 82 X 82, which is small
enough to be manageable for very smooth animation. Even so, the
Animator program only allows six frames in the 128K Mac. Be sure
to set-variable Max to 6 or less if you use the program on a 128K
machine. On 512K (Fat) Macintoshes, you can set Max to 20 or
higher.

Once stored on disk, the frames can be loaded into memory and
animated. If you intend to use PSET animation, be sure to leave
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Figure 7-8.
Animator screen

enough blank columns so that the image doesn’t leave a trail or erase
the trail as you did in the previous listing.

When you run the Animator program, be sure to watch the button
above the grid for messages (see Figure 7-8). It alerts you to the sta-
tus of the program and prompts you for action when necessary.

Sketch frames by clicking and dragging the mouse. Save each
frame to memory with SAVE FRAME when it is complete. If you
want to use a frame already drawn as the basis for a new frame, load
it with LOAD FRAME. This takes time, so be patient. There is also a
button for shifting the edit frame right one pixel, which is useful for
animating objects that rotate.

You can animate at any time with ANIMATE. Press keys 1
through 9 to vary speed and s to stop animation.

When you are satisfied with the sequence of frames, save it to disk
with SAVE FILE. With LOAD FILE you can load frame sequences
into the program for further editing or load them into other BASIC
programs.

If you really want to get serious about animation, try the Ani-
mation Toolkit 1 from Ann Arbor Softworks, Incorporated,
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308 1/2 South State Street, Ann Arbor, Michigan 48104, (313) 996-
3838. This program is written in assembly language, so it is very fast.
It has many editing features and stores frames very compactly. It can
handle 140 32 X 32 frames on a 128K Mac and up to 3,000 frames on
a 512K Mac. Ann Arbor Softworks also provides a utility that con-
verts frame sequences into Macintosh fonts that can be used in
BASIC or other programs.

MACPAINT TRANSFER UTILITY

This is a program for transferring MacPaint images into array for-
mat. In particular, the program allows you to select a frame size and
use it to collect several images from a MacPaint file. The images are
then stored in a single file. The steps in this process are as follows:

1. Load the screen from the Clipboard into a string variable.
2. Display the image in the BASIC output window.

3. Use the mouse to select a rectangular frame size.

4. Place the rectangle around each image and store it on disk.

The program also lets you load a file into memory and animate it.
You can copy an image out of the Scrapbook to exercise the program.
Users of 128K Macs should keep in mind that the size and number of
frames are limited.

When you run the program, be prepared with the file name and
the number of frames you wish to use. Here is the program:

‘initialize variables
BEFINT o-z flag-0
pat®(1)= -21931: pat%(2)=-21931
patZ(3)=-21931: pat%(4)=-21931

Choose:

LINE(160,40)-(350,165),,b

BOTTEN 2,1, Select frames*,(180,60)-(330,85),1
BUTTON 3,1,"Animate frames*,(180,90)-(330,115),1
BUTTEN 4,1,"Quit*,(180,120)-(330,145),1

Dial:

d0=BIALEE(0): IF d0O1 THEN Dial

d-BIRLOG(1)

IF 2 8B &4 TREN Dial

BUTTON CLOSE 2

BETTONCLOSE 3

BUTTON CLOSE 4

cLs
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ON d-1 GOSUB SelectFrames, Animatef rames,Quit
G870 Choose

SelectFrames:
INPUT “Enter number of frames to be stored”;nframe
1$=FILES $(0, S ave frames in file:")
IF 1$=""THEN STOP
OPEN1$ FOB GUTPUT AS 1

Inclip:

cLs

OPEN CLIPPICTURE" FOR INPUT AS 2

i$=INPOT $(LOF(2),2)

IF i$="" THEN msg$= >> Clipboard is empty <«". G0SUB Message: BETSRN
IF i$0 " THEN msg$=">> Clipboard recorded in string <<<: GOSUB Message: image$=i$
CLOSE 2

OutScreen:

IF image$©> ™" THEN PICT BRE (0,30),image$: GOT O Selecthectangle
msg$=">> Load string first <«*

GOSUB Message

SelectRectangle:
InsLoop:
msg$= “select rectangle with mouse”
S8SUB Message
DRILE MBSSE(0)=0: IEND
HI-MBESE(3): yl -MBUSE(4)
H02=u1: y2=yl
PENPART PARPTR(pat?(1))
PENMBBE 10
IF MBBSE(0P=0 TREN InsLoop
BUILE MRUSE(D)O
r(1)=yi:r(3)=y2
IF y2<yl THEN r(1)=y2: r(3)=yl
r(2)=nt:r(4)=12
IF 12<s1 TREN r(2)=u2: r(4)=ul
FRAMEBECT DARPTR(r(1))
H3=12: Y32
WRILE (n3-H2 AND y3-y2)
z=-MBUSE(D)
H3=-MBUSE(1): y3-MBUSE(2)
DEND
FRAMERECT PARPTR(r(1))
2=n3: 2=y3
END
w1=r(2): y1=r(1): 2=r(4)-1: y2=r{3)-1
t=y2-yi: w=K2-u1
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DerifyRectangle:

msg$="rectangle okay (y/n)?"; 68SEB Message
in i$=INKEYS

IFi$=""TEENin

IF i$="n" THEN SelectRectangle

m=2+((y2-y1 )+ 1)* INT(((#2-111)+16)/16)

IF flag=1 TREN ERASE a

B8IMafn): flag=1

FOR f=1 T® nframe
PasitionRectangle:
msgt="Select frame “+STR$(f): G8SUB Message
DRILE MBUSE(OD-0
#1=MBUSE(1): yi -MBUSE(2)
H2=ul: y2=yl
r(1)=y2-te r(2)=12: r(3)=y2: r(4)-12+w
FRAMERECT DARPTR(r(1))
FOR i=1 T® 500: NENY i
FRAMERECT FRRPIR(r(1))
BEND
msg$="frame selected"S8SEB Message
‘Getit
Hl=r(2): g1 =r(1): 2=r(4)-1: @2=r(3)-1
GET (u1,y1)-(2,y2),0
‘OutDiskf
msg$= "Saving frame “+STR$(f): GOSUB message
IF f=1 THEN PRINT #1,mnframe;
FORi=0TOn
PRINT #1, ali);
NERT i
NENT 1
CLOSE 1
CLS:BUTTONCLOSE |
RETURN

Message:
BUTTEN 1,1,msg$,(20,0)-(470,20)
FOR d=1 T8 delay*2000: NEST d
delay-5

RETORN

Animatef rames:

$=FILESS(1)

IF 1$=""THEN STOP

SPEN TS FOR INPUT BS 1

INPET #1,n,nframe

IF flag=1 TREN ERASE a

BiIMal(n,nframe): flag=1

FOR =1 T8 nframe
msg$="oading frame “+STR$(f): G8SBB Message
FORi-0TON
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INPET #1,0(i,f)
NENT i
NENT
BOTTSNCLOSE 1
CLOSE 1

‘Animate

msg$="1-9 changes speed, s to stop": G8SUB Message

k=1

Anil.oop:

FOR i=1 T® nframe
POT(50,50),0(0,i),PSEY
i$=INKEY$
IF i$="s" OR i$=" " THEN fAnil cave
v=BAL(i$): IF 00 TREN k=10-v
FOR j=1 TO k*100: NEXT j

NENT i

60T 0 AnilLoop

Anileave:

CLS:BUTTONCLOSE 1

RETUEN

Quit:
END

The first two numbers saved in the file represent the size of the array
elements (n, determined by the GET rectangle) and the number of
frames (nframe). These two numbers make it easy to load the file.
The rest of the file contains data for the frames. This is the same file
format as that used in the Animator program. You may want to mod-
ify the Animator utility so that it accepts variable-sized arrays
created by the MacPaint Transfer program.

Summary

You have now had a taste of how the Macintosh can help you ani-
mate images. This chapter showed you how to animate single-frame,
program-drawn objects. It also demonstrated techniques for combin-
ing multiple pre-drawn frames into animation sequences.

The next chapter will introduce you to techniques you can use to
manipulate Macintosh graphies. You will see how to move, rotate, and
stretch objects in two and three dimensions. You will even learn some
computer-aided design techniques.



Manmipulating Displays
And Viewing Objects

In this chapter you will see how to manipulate points, lines, polygons,
and even complex screen images with BASIC. The programs include
routines for three types of transformations: translations (moving the
object around the screen), rotations (changing the orientation of the
object), and scaling (changing the size of the object). The routines will
be extended to include viewing and manipulating three-dimensional
objects. A miniature computer-aided design (CAD) program, origi-
nally written by Rob Dickerson of Microsoft and modified for use in
this book, will conclude the chapter.

Back in Chapter 2, we mentioned the Macintosh’s huge coordinate
system, ranging from —382,768 to +32,767. The Mac screen displays
only a portion of this graphics area. We will now take a closer look at
the relationship between this coordinate system and the video dis-
play. This background material will give you a firm conceptual basis
for manipulating objects on the screen.

Caution: This chapter delves briefly into some mathematics, par-
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ticularly trigonometry. Don’t let this put you off. Try reading the
material slowly to give yourself time to absorb the ideas. You can
make good use of the programs without getting too involved with the
math.

Transformations

The Macintosh is loaded with tools that help programmers change
the appearance of objects on the screen. The term that describes
these changes is transformation. We will describe three transforma-
tions: moving an object from one location to another (translation),
rotating an object about a fixed point (rotation), and changing the
size of an object (scaling). The discussion will begin with transforma-
tions of objects that contain only two dimensions: length and width.
Two-dimensional objects like circles and squares can be displayed on
a flat surface. Later in the chapter, the techniques developed for two-
dimensional objects will be extended to cover representations of
objects containing three dimensions: length, width, and depth. Three-
dimensional objects include those you see around you every day—
cars, people, and even computers.

Two-Dimensional Transformations

The simplest object in a two-dimensional plane is a point, which is
located by its horizontal (x) and vertical (y) distances from the origin
of the coordinate system. For our purposes, the coordinate system
refers to the numbers used by the BASIC output window (look back
at Chapter 2, Figure 2-8). Recall that this is not the same as the
Cartesian coordinate system, which is typically used in mathematics
(refer to Figure 2-12 for a refresher).

For each of the two-dimensional transformations discussed here,
we list equations that apply the transformation to a point (x,y) to get
a new point (XNEW,YNEW). Then we will use those equations in a
sample program.

TRANSLATION

To translate (move) a point from one location on the screen to another,
simply add the horizontal and vertical distance values to its x and y
coordinates, respectively. Figure 8-1 shows the effect of adding the
values h (horizontal distance) and k (vertical distance) to the point
x.y).
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YK

P

(X+H, Y+K)

Figure 8-1.
Translating a point

If you want to move an entire object, add the translation values h
and k to each of its points. Why use a point-by-point approach when
the GET and PUT statements can do the job neatly and efficiently?
Because you can rapidly and easily translate objects that are de-
scribed by a few control points by translating only those points. Con-
sider, for example, a polygon. You need only translate the corner
points and then connect them by using BASIC’s LINE statement.
Figure 8-2 shows an object relocated in this way.

Figure 8-2.
Translating a polygon
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SCALING

You scale an object by multiplying the coordinates of each of its
points by a constant. Scaling also moves the object in the plane. If the
scaling factor is less than one (but greater than zero), it compresses
the object and moves it closer to the origin. If the factor is greater
than one, scaling enlarges the object and moves it away from the
origin. If you scale both coordinates by the same factor, the object
maintains its original proportions. By using different scaling factors
for horizontal and vertical coordinates, you can distort the object. To
reflect an object, use a negative scaling factor. For example, scaling
horizontal coordinates by —1 reflects (flips) the object horizontally.
Figure 8-3 illustrates the effects of scaling on a polygon.

Scaling, equal factors: XNEW= s-X
Origin YNEW= s-Y
% s=95
\\\.
::S:I 2§
| |
l
Scaling, unequal factors  XNEW=s-X g '
YNEW= t-v \ v J
NN
\v/
\\
™~
Figure 8-3.

Scaling polygons
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ROTATION

You can use BASIC to rotate objects. Once again, the technique
involves rotating a single point. To rotate a complete object, apply the
rotation equations to each of its points.

Figure 8-4 illustrates how to rotate a point (x,y) through the angle
phi to (XNEW,YNEW) and derives the rotation equations. The equa-
tions use the trigonometric sine and cosine functions.These functions
are essential for dealing with angles, and you don’t have to be a trigo-
nometry expert to use the equations.

(0,0) XNEW = Rcos( ©-¢)

G

4 . | YNEW =R sin( e~ ¢)

R (XNEW, YNEW)

P

(X,v)

XNEW = R cos(e - ¢)
=R (cosecosg + sinesing )
= (R cose)cosg + (R sine) sing
= X cosg + Y sing

YNEW = R sin(e-¢)
=R (sinecos¢ - cosesing )
= (Rsine) cos¢ - (Rcose) sing
=Y cosg - Xsing

XNEW = X cosg + Y sing
YNEW = Y cosg - X sing

Figure 8-4.
Equations of two-dimensional rotation
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USING TRANSFORMATION
EQUATIONS IN BASIC

Let’s try out the three transformations on a simple straight line. The
plan is to make a subprogram for each of the transformation equa-
tions. Once the subprograms are in place, you can call each subpro-
gram as necessary to transform both endpoints of the line and then
use the LINE statement to redraw the rest of the line. In this pro-
gram, you will first translate the line, then rotate it, and finally scale
it, as shown in Figure 8-5.

TRANSFORMATION SUBPROGRAMS
The subprograms you need are listed below:

Subprogrems:

SUB Trensiate(x,y,h k) GTATIC
x=k+h: y=yok

ERD 65UB

SUB Rotate(x,y,e) STATIC
c=C08(a): 3=61N(e)
Xt=xcoyts
yt=y®c-x*s
x=xt: y=yt

END 5UB

SUB Scele(x,y,s,t) STATIC
X=8*X

ety
END SUB

Before using these program segments, there are several things
you should notice. First, these are not subroutines; they are subpro-
grams. A subprogram is a new kind of program module described in
the Advanced Topics chapter of the Microsoft BASIC Manual.
Review the chapter now if you are unfamiliar with subprograms.

Subprograms are especially convenient in program segments that
will be reused in several different programs. The variables listed in
the SUB subprogram statement are used as temporary names for the
corresponding variables in the calling statement. They serve the
same purpose as the list of names in a function definition (DEF FN)
statement.

Consider, for example, the statement CALL translate (xold,yold,
xmove,ymove). The variables x, y, h, and k in the SUB translate
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Figure 8-5.
Transforming a line

statement (see listing) are temporarily assigned as names for the
variables xold, yold, xmove, and ymove, respectively. Thus, the
statement x=x+h actually performs the operation xold=xold+xmove.

The rotation subprogram deserves special comment. The rotation
angle, a, is expressed in an angular measure known as radians.
Recall from Chapter 8 that BASIC’s SIN and COS functions will only
accept angles in radians, rather than in the more familiar degrees.
The relationship between radians and degrees is

360 degrees = 2 X pi radians where pt () is approximately 3.1416

Positive angles result in counterclockwise rotation. Negative
angles rotate points clockwise. Note also that the COS and SIN func-
tions are relatively slow. To save time, the subprogram calculates
COS(a) and SIN(a) once, and then reuses the calculated values.

The rotation program uses temporary variables xt and yt to avoid
trouble. If it used x and y instead, the equation y=y*c—x *s would
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use a modified x from the previous program line, rather than the
original value passed to the subprogram. Using xt and yt as tempo-
rary variables avoids this problem.

Note: We have used the statement DEFINT a-z throughout this
book. This declares all variables as integer types and speeds up the
programs. When working with transformations, you will usually
need the accuracy of single-precision variables. Thus, the programs
in this chapter use the default (for Binary BASIC) single-precision
type and define integer variables only as needed.

USING THE TRANSFORMATION SUBPROGRAMS

Insert these lines before your subprograms:

%®1=300: y1=40
%2=400: y2=120
LINE(x1,y1)-(x2,y2)
h=-100: k=0
trenslate x1,y1,hk
trenslate x2,y2,hk
LINE(x1,y1)-(x2,y2)
=-.4
rotate x1,y1,0
rotete x2,y2,8
LINE(x1,y1)-(x2,y2)
8=95: =5
scale x1,y1,8,t
scale x2,y2,s,t
LINE(x1,y1)-(x2,y2)
Stay: IF INKEY$="" THEN Stey
END

The revised program assigns values to the endpoints of the line,
(x1,y1) and (x2,y2), and then draws the line. Next it assigns values to
h and k and calls the translate subprogram for each endpoint. Notice
that the word CALL is optional, and not used in this program.

Next the program assigns the value —0.4 to a, rotates the end-
points, and draws the rotated line. This angle rotates the line clock-
wise by approximately 23 degrees. The program applies a scaling
factor of 0.5 to the x and y coordinates of the endpoints of the last
line. Then it draws the line. Press any key to stop the program.

TRANSFORMATIONS ABOUT A FIXED POINT

The scaling and rotation routines have a basic limitation. In their
current form, both routines transform a point about the origin (look
back at Figure 8-5). To rotate or scale an object about an arbitrary
point (s,t), as in Figure 8-6, perform these three steps: first, translate
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€ file Edit Scarch Run Windows
EE==———=—————figure 8-6 =—"——

3

Figure 8-6.
The original line at (1) has been translated to the origin at (2); at (3) it has
been rotated and scaled; (4) shows the line translated back

the object’s points by (—s,—t). Then rotate or scale the object. Finally,
translate again by (s,t). The next listing demonstrates this approach.
It rotates and translates a line about one of its endpoints:

®1=300: y1=40
%2=400: y2=120
LINE(x1,y1)-(x2,y2)
h=-%1: k=-y 1
Transiate x1,y1,hk
Translate x2,y2,h,k
LINE(x1,y1)-(x2,y2)
=-.99
Rotate x2,y2,8
8=5:t=5
Scale x2,y2,s,t
LINE(x1,41)-(x2,y2)
Translate x1,y1,-h,-k
Translate x2,y2,-h,-k
LINE(x1,1)-(x2,y2)
Stay: IF INKEY$="" THEN Stey
END
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Su :

SUB Translate(x,y,hk) STATIC
X=x+h: Y=y+k

END 5UB

SUB Rotate(x,y,0) STATIC
c=C08(a): 3=61N{e)
xt=x¥cey®s
yt=y*c-x%s
x=xt: y=yt

END 5U8

SUB Scale(x,y,s,t) STATIC
X=8%%
yetoy

END 5UB

You can avoid these extra translations by adding a reference point to
the subprograms. The following listing shows how to rotate an object
about a fixed point (x0,y0):

SUB Rotate(x,y,x0,y0,a) STATIC
c=C0S(e): 3=-51N{e)
ut=x0+(x-x0)*c+(y-yo)*s
yYtoyO+(y-yoy*c-(x-x0)*s
X=xt: y=yt

END SUD

In the next program, you will rotate the letter M about a point
(x0,y0) like this:

[\é’—' (x0,40)

The program stores the letter as a polygon. It updates each point
in the polygon array with this rotation subprogram:

SetUp:
DEFINT h,k,p,x,y
pil=3.1415926*
8i=-2%pil/25
8=ai
DIM poly(14), polyt(14), pgone(14)
pgone(0)=30
FOR i=0 TO 14: READ poly(i): polyt(i)=poly(i): NEXT i
DATA 30,46,36,104,104,100,40,50,40,70,70,50,100,100,100
x0=70: y0=75
FORr=1TOS: FORc=1TO 2
READ path(r,c)
DATA 4,-48,-2,8,2,4,6,2,10
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NEXT c,r

' #¥% draw stairs ®##

$X=20: sy=103

FORi=1TO 10
LINE(sx+26,8y)-(sx+26,5y+12)
LINE(sx,sy)-(sx+26,sy)
$X=8%+26: Sy=sy+12

NEXT i

t#%% draw A, C, and first M *x#
LINE(370,220)-(400,170): LINE(400,170)-(430,220)
LINE(382,200)-(418,200): CIRCLE (460,195),25,,.8,5.48
FRAMEPOLY VARPTR(poly(0))

Tumble:
FOR rep=1T0 10
FORmM=1TOS
¢e=C05(a): sa=51N(a)
FOR i=1 T 14: pgone(i)=polyt(i): NEXT i
Translate x0,y0,path(m, 1),path(m,2)
FOR i=1TO 14 STEP 2
Transiate poly(i+1),poly(i),path{m,1),path(m,2).
polyt(i)=poly(i): polyt(i+1)=poly(i+1)
IFi>4 THEN Rotate polyt(i+1),polyt(i),x0,y0,ca,s8
NEXT i
PENPAT 380
FRAMEPOLY VARPTR(pgone(0))
PENPAT 492
FRAMEPOLY VARPTR(polyt(0))
aza+ai
NEXT m
NEXT rep .
Stay: IF INKEY$="" THEN Stey
END
REM ** Subprograms **
6UB translate(x,y,h k) STATIC
=x+h: y=y+k
END sUB
SUB rotete(x,y,x0,40,c,s) STATIC
KE=x0+(x-x0)*C+{y-yO)*s
Yt=yo+(y-yo)*c-(x-x0)*s
x=xt: y=yt
END SUB

233

The program also translates the M before each rotation to make
the visual effect more interesting. The path array contains the
amounts by which the M is translated. Figure 8-7 shows the cumula-

tive positions of the letter M as it tumbles down the stairs.

The letter is erased by storing the polygon in an auxiliary array,
pgone. Just before it draws the next letter, the program erases the
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old letter by calling FRAMEPOLY with the pen pattern set to 380
(white). It then changes the pen pattern back to black with PENPAT
492.

Notice that the program does not rotate the original polygon
representation of the M, kept in the array poly. Instead, it makes a
temporary copy of the shape in polyt and then rotates and displays it.
Repeatedly applying rotation or scaling transformations to an object
will usually cause distortion because arithmetic errors will accumu-
late. By accumulating the transform parameters instead and apply-
ing them to an untransformed model, your programs can minimize
such distortion.

You can add scaling about a point by making these changes to
your program:

a=8i: s=1
FORr=1TOS:FORc=1TO 2
READ path(r,c)
DATA 4,-4,8,-2,8,2,4,7,2,11

transiate poly(i+1),poly(i),path(m, 1),path(m,2)
polyt(i)=poly(i): polyt(i+1)=poly(i+1)
IF i>4 THEN Scaele polyt(i+1),polyt(i),x0,y0,s,8
IF i>4 THEN Rotete polyt(i+1),polyt(i),x0,y0,ce,se

NEXT {

PENPAT 380

FRAMEPOLY VARPTR(pgone(0))

PENPAT 492

FRAMEPOLY VARPTR(polyt(0))

aza+ai

8=8% 95

SUB Scele(x,y,x0,40,8,t) STATIC
=R0+5%*(x-x0)
y=yo+t*(y-yo)
END SUB

You can use a similar technique to rotate MacPaint images. Keep
in mind that rotating every point in a large image requires a tre-
mendous amount of calculation. Don’t expect to see fast rotation ani-
mation unless you store different views as frames in memory.

The next program loads a MacPaint image in a file created with
the module transferral program from Chapter 6. If you wish, you can
modify it to read an image from the Clipboard instead. Either way,
the program displays the image on the screen, translates it h pixels
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Tumbling M

Figure 8-7.
Tumbling letter M

to the right, and rotates it about the midpoint of the GET/PUT
rectangle:

Animeateframes:
f$=FILES$(1)
IF 1$="" THEN STOP
OPEN f$ FOR INPUT AS 1
INPUT #1,n,nframe
IF flag=1 THEN ERASE erray®
DIM array®(n): flag=1
msg$="10ading figure™: 605UB Message
FORi=0TOn

INPUT #1,array®(i)
NEXT i
BUTTON CLOSE !
CLOSE 1

Rotation:

CLS

INPUT “Enter angle of rotation (-6.28 to 6.28)";8
ca=C06(e): sa=6IN(a)

CLS

msg$="press ‘s’ to stop, ‘s’ for another angle”
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605UB message
ulx=20: uly=50: h=200: k=0
midx=ulx+h+arrey®(0)/2: midy=uly+k+array®(1)/2
PUT (uix,uly),arrey®,PSET
MOVETO ulx+h,uly+k-10
PRINT "Rotating “;a,"radians";
FOR row=1 TO srrey®(1)
FOR col=1 TO array%®(0)
X=ulx+row: y=uly+col
IF POINT(x,4)¢>33 THEN skip
Translate x,y,h,k
Rotate x,y,midx,midy,ca,se
PSET(x,y)
Skip:
NEXT col
i$=INKEYS: IF i$="s" OR i$="a" THEN DoKey
NEXT row
Stay: i$=INKEY$: IF i$="" THEN Stey
BUTTON CLOSE 1
IF i$="s" THEN END
GOTO Rotation

DoKey:
BUTTON CLOSE !
IF i$="s" THEN END
IF i$="a" THEN Rotation
END
Message:
BUTTON 1,1,msg$,(20,0)-(470,20)
RETURN

REM ** Subprograms *#*

SUB Trenslate(x,y,hk) STATIC
X=)+h: y=y+k

END SUB

SUB Rotete(x,y,x0,y0,¢c,s) STATIC
Kt=x0+(x-x0)*c+{y-yo)*s
yt=yo+(y-yo)*c-(x-x0)*s
x=xt: y=yt

END SUB

6UB Scele(x,y,x0,y0,s,t) STATIC
X=X0+8%(x-x0)
Y=yo+t*(y-yo)

END SUB

Note that by using this program, the sample image shown in Figure
8-8 took three minutes to rotate.
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& file Edit Scearch Run  Windows
: = = Rotation =
press s to stop, a for another angle

Rotating -.785 radians

Figure 8-8.
MacPaint image rotated about its midpoint

Three-Dimensional Objects

Representing three-dimensional objects on a two-dimensional com-
puter screen can be a challenge. Until someone develops an inexpen-
sive screen that will display in three dimensions, graphics pro-
grammers will have to work around that inherent restriction.

There are several different approaches you can use to project
three-dimensional objects onto the screen. In an isometric representa-
tion, both the x and y axes are offset from the horizontal, and lines
that are parallel in three-dimensional objects are drawn parallel, as
shown in Figure 8-9.

An orthogonal representation shows three different views of the
object: top, front, and side. The views may be arranged on the screen
as shown in Figure 8-10. The figure also includes an isometric view
for comparison.
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2
Y
H
Figure 8-9.
Isometric view of the letter A
Top Isometric
Yy
H
2
H
Front Side

Figure 8-10.
Orthogonal view of the letter A
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Draftsmen and artists often use isometric and orthogonal views
because they are quick to prepare. But neither of these representa-
tions gives a totally accurate depiction of an object. For example,
objects that are distant should appear smaller than those that are
closer. Perspective drawings achieve this effect by causing parallel
lines to converge at a distant point, called a vanishing point. Figure
8-11 demonstrates a perspective representation.

Perspective representations can be difficult to draw by hand, but
they are easy with your Macintosh. The key is to reduce an object’s
size proportionally to its distance from the viewer. Think of the z axis
as extending into the screen. Your program can achieve perspective
by dividing each point’s x and y coordinate by its z coordinate. Thus,
the farther along the z axis a point is (the farther away from the
screen), the greater the divisor and therefore the smaller the result-
ing x and y coordinates.

vanishing point

horizon vanishing point

7

N

Figure 8-11.
Perspective view of the letter A
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The computer-aided design (CAD) applications program at the
end of this chapter uses all three methods to represent three-
dimensional objects.

STORING THREE-DIMENSIONAL
OBJECTS IN MEMORY

Let’s consider how to store a three-dimensional object in memory.
Like two-dimensional objects, three-dimensional objects consist of a
list of points (vertices). Of course, each such point has one additional
coordinate, the distance along the z axis. The notation (x,y,z) is used
to represent the three distances along the x, y, and z axes.

To draw the object, you must draw lines connecting the points in
the proper order. This kind of display is the simplest to provide. Once
drawn, it looks as if the object consists of a web of wires that connect
at its corners. This is called a wire-frame representation, sometimes
referred to as a schematic drawing.

You must also decide what information to store about each object.
As you might suspect, there are many schemes you can use. For some
applications, you may wish to store information about the vertices
that group to form faces, those that control the color and texture of
the faces, and more.

Vertices

Edges

A very simple approach is to store the coordinates for both end-
points of each line segment in the object. This is slightly redundant,
but it simplifies the program examples. Once you are familiar with
the programs in this chapter, you may wish to modify them to elimi-
nate the duplication of vertices.
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THREE-DIMENSIONAL TRANSFORMATIONS

The three-dimensional transformations are relatively straightfor-
ward extensions of their two-dimensional cousins. Consider rotation,
for example. In two dimensions, you only need to consider rotation
about a point. To rotate an object in three dimensions, you must spec-
ify angles of rotation about all three axes. Our programs could then
rotate a point about each axis by using the two-dimensional technique
three times. There is, however, a more efficient method. The pro-
grams in this chapter combine all three rotations into a single matrix
multiplication operation.

Three-dimensional scaling and translation are nearly identical to
their two-dimensional counterparts. In translation, you merely add x,
¥, and z distances to the corresponding coordinates of each point. For
scaling, multiply each coordinate by the corresponding scaling factor.

STORING AND MANIPULATING
THREE-DIMENSIONAL OBJECTS

The next program stores and manipulates a three-dimensional object.
The program reads the endpoint coordinate values into six arrays
(three arrays for each of the endpoints) and then asks you to select a
viewing mode (perspective or isometric), a scaling factor (1 = no
change, less than 1 = reduction, greater than 1 = expansion), and
rotation angles about each of the three coordinate axes (in degrees):

606UB InitSys
608UB LoadData

Main0:

608UB Viewm

WHILE MOUSE(0)>=0: WEND
60T0 main0

draw a 3D-line to one quadrant

DrawLine:
x1=xw 1(Iptr)*rotmat(1, 1)+yw 1 (Iptr)*rotmat(1,2)+2w1 (Iptr)*rotmat(1,3)
yl=xw 1(1ptr)*rotmat(2, 1)+yw 1 (Iptr)*rotmet(2,2)+zw1 (Iptr)*rotmat(2,3)
x2=xw2(Iptry*rotmet(1,1)+yw2(iptr)*rotmat(1,2)+2w2 (Iptr)*rotmet(1,3)
y2=xw2(Iptr)*rotmat(2, 1)+yw2(Iptr)*rotmat(2,2)+2w2 (Iptr)*rotmat(2,3)
®1=x1*scale:x2=x2%*gcale
yli=yl*scale:y2=y2*scale
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IF NOT persp THEN DrawlLine0
21=xw 1{Iptr)*rotmat(3, 1)+yw 1(Iptr)*rotmet(3,2)+zw 1 (Iptr)*rotmat(3,3)
Z2=xw2(Iptr)*rotmat(3, 1)+yw2(Iptr)*rotmet(3,2)+z2w2 (Iptr)*rotmet(3,3)
21=21%scale:22=22%sceale
11=250/(250+21):12=250/(250+22)
yl=y1*t 1:y2=y2*t2
K1=K1%t1:x2=x2%t2
DrawLine0:
LINE(xorg+x 1,yorg-y1)-(xorg+x2,yorg-y2),color
RETURN

build the rotation metrix

BuildMat:
rotmat(1,1)=C08(zrot)*C0OS(yrot)
rotmet(1,2)=SIN(zrot)*C0S(yrot)
rotmat(1,3)=-6IN(yrot)
rotmat(2,1)=-8IN(zrot)*COS(xrot)+
COS(zrot)*SIN(yrot)*6IN(xrot)
rotmat(2,2)=C0S(zrot)*C0OS(xrot)+
SIN(zrot)*SIN(yrot)*SIN(xrot)
rotmat(2,3)=C0S(yrot)*SIN(xrot)
rotmat(3,1)=81N(zrot)*6IN(xrot)+
CO8(zrot)*SIN(yrot)*COS(xrot)
rotmat(3,2)=-C0S(2rot)*SIN(xrot)+
SIN(zrot)*SiN(yrot)*COS(xrot)
rotmat(3,3)=C08(yrot)*COS(xrot)

RETURN

LoadData:
numlin=33
FOR i=1 TO numlin
READ xw 1(i),yw1(i),2wi(i)
READ xw2(i),yw2(i),2w2(i)
NEXT i
DATA -60,-40,-50,-30,-40,-50
DATA -30,-40,-50,-20,-40,-40
DATA -20,-40,-40,20,-40,-40
DATA 20,-40,-40,30,-40,-50
DATA 30,-40,-50,60,-40,-50
DATA 60,-40,-50,30,-40,40
DATA 30,-40,40,-30,-40,40
DATA -30,-40,40,-60,-40,-50
DATA -10,-40,-10,10,-40,-10
DATA 10,-40,-10,0,-40,20
DATA 0,-40,20,-10,-40,-10
DATA -60,30,-50,-30,30,-50
DATA -30,30,-50,-20,30,-40
DATA -20,30,-40,20,30,-40
DATA 20,30,-40,30,30,-50
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DATA 30,30,-50,60,30,-50
DATA 60,30,-50,30,30,40
DATA 30,30,40,-30,30,40
DATA -30,30,40,-60,30,-50
DATA -10,30,-10,10,30,-10
DATA 10,30,-10,0,30,20
DATA 0,30,20,-10,30,-10
DATA -60,-40,-50,-60,30,-50
DATA -30,-40,-50,-30,30,-50
DATA -20,-40,-40,-20,30,-40
DATA 20,-40,-40,20,30,-40
DATA 30,-40,-50,30,30,-50
DATA 60,-40,-50,60,30,-50
DATA 30,-40,40,30,30,40
DATA -30,-40,40,-30,30,40
DATA -10,-40,-10,-10,30,-10
DATA 10,-40,-10,10,30,-10
DATA 0,-40,20,0,30,20
RETURN

Viewm:
60SUB OpWin
MOVETO 10,15:PRINT "Scale:"
MOVETO 130,15:PRINT"X rot."
MOVETO 10,35:PRINT"Y rot.”
MOVETO 130,35:PRINT"Z rot:"
EDIT FIELD 4,6TR$(z2r),(180,25)-(235,40),1,3
EDIT FIELD 3,5TR$(yr),(60,25)-(115,40),1,3
EDIT FIELD 2,8TR$(xr),(180,5)-(235,20),1,3
EDIT FIELD 1,8TR$(scale),(60,5)-(115,20),1,3
BUTTON 2,2,"Perspective” (1,45)-(119,59)
BUTTON 1,2,"Isometric”,(120,45)-(239,59)
dial0=DIALOG(0):dial0=DIALOG(0)
i=1
Expano:
dial0=DIALOG(0)
IF (dial0=0) OR (dial0=2) THEN Expan0
IF dial0<5 THEN expan|
i=i+1+(i>3)%4
EDIT FIELD i
6070 Expan0
Expant:
IF (dialO=1) AND (DIALOG(1)=2) THEN persp=true ELSE persp=false
scale=VAL(EDIT$(1))
xr=VAL(EDIT$(2)):xrot=xr/57.3
yr=VAL(EDIT$(3)).yrot=yr/57.3
zr=VAL(EDIT$(4)):zrot=2r/57.3
60SUB buildmat
®0rg=256:yorg=160
WINDOW CLOSE 2
color=33
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CLS
IF numliin=0 THEN RETURN
FOR Iptr=1 TO numlin
608UB DrawLine
NEXT lptr
RETURN

open up the message window

OpWwin:
6ET (135,128)-(375,190),bitsav
WINDOW 2,,(135,150)-(375,210),3
RETURN

close message window

ClosWin:
WINDOW CLOSE 2
PUT(135,128),bitsav,PSET
RETURN

initielize the system at stertup

InitSys:
DEFINT a-n
DEFSNG 0-2
DIM xw 1(200),xw2(200),yw 1(200),yw2(200),2w 1(200)
DIM z2w2(200),rotmat(3,3),bitsav(1010)
true=-1:false=0
numlin=0:scale=1
WINDOW 1,,(0,20)-(511,341),3
RETURN

The Dralin routine draws a line. It begins by rotating and scaling
the x and y coordinates. If the user requests a perspective drawing, it
rotates and scales the z coordinates and uses them to adjust x and y,
creating the perspective effect. After all the calculations are com-
plete, it draws the line between the resulting x and y values.

The BuildMat routine computes the rotation matrix. The user
supplies the three rotation angles xrot, yrot, and zrot. BuildMat uses
these numbers to calculate nine values stored in the RotMat array.
The Dralin routine uses these values to rotate the x and y coordinates.

The Viewm routine builds an edit dialog box. It gets values from
the user and then calls the BuildMat and Dralin routines to rotate,
scale, and draw the figure.
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Computer-Aided Design Program

Computer-aided design (CAD) is the process of using computers to
assist in product design. The need for efficient ways to design every-
thing from nuts and bolts to automobiles and spacecraft has been one
of the primary driving forces in the development of computer
graphics. Traditionally, CAD programs reside on mainframes and
minicomputers because of memory and processing-speed require-
ments. Nevertheless, you can implement a simple CAD system on your
Macintosh by using —of all languages —BASIC.

Admittedly, our CAD program is not going to put any software
developers out of business. It does demonstrate, however, a vital appli-
cation of the routines and concepts developed in this chapter. Typing
a program of this length is not for the faint-hearted. If you wish to
save some typing time, you can send away for the program disk de-
scribed on page ix.

this progrem creates and displays 3D graphic images

GO6UB InitSys
60SUB UpDate
WHILE true
WHILE MOUSE(0)<1:MENU ON
IF (flagv=1 OR MOUSE(1)>256 AND MOUSE(2)<140 ) AND (numlin <> 0 ) AND
{updateview)THEN 60 SUB Scen
WEND
MENU STOP
608UB AddAPoint
MENU ON
WEND
END

‘ add another point

AddAPoint:
numlin=numlin+1
IF numlin=1 THEN MENU 5,2,1: MENU 5,3,1
xw 1(numlin)=xwl:yw 1 (numlin)=ywi:zw 1 (numlin)=zwi
606UD Get3d
IF cancel THEN numlin=numlin- 1:RETURN
xw2(numlin)=xwl:yw2(numlin)=ywi:2w2(numlin)=zw1
color=33:1strt=numlin:Istp=numlin
G0SUB UDatRenge

RETURN
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' update the screen

UpDate:

MENU 4,1,1

selected =false

updeteview=true

CLS

LINE(0,160)-(511,160)

LINE(256,0)-(256,321)

IF 1okflg THEN UpDate0

FOR dx=-120 TO 120 STEP 10

FOR dy=-80 TO 80 STEP 10
PSET(128+dx,80+dy)
PSET(128+dx,240+dy)
PSET(384+dx,240+dy)
NEXT dy

NEXT dx

UpDateO:

IF numlin=0 THEN RETURN

color=33

Istrt=1

Istp=numlin

60SUB UDatRange

RETURN

update a renge of line records

UDatRange:
persp=false
scale=1
xrot=0
yrot=0
2rot=0
xorg=128:yorg=60
606UB BuildMat
FOR Iptr=istrt TO 1stp

606UB DreLin
NEXT 1ptr
xrot=1.571
yrot:O
2rot=0
xorg=126:yorg=240
606UB BuildMeat
FOR Iptr=istrt TO Istp
606UB DraLin
NEXT ptr
xrot=1.571
yrot=0
2rot=1.571
xorg=384:yorg=240
608UB BuildMat
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FOR Iptr=istrt TO Istp
608UB Drelin

MNEXT Iptr

xrot=1.047

yrot=5.76

2rot=1.047

%org=384:yorg=80

608UB BuildMat

FOR Iptr=1strt TO Istp
605UB Dralin

NEXT Iptr

RETURN

drew a 3D-line to one quadrant

DraLin:
x1=xw 1(Iptr)*rotmat(1,1)+yw 1{Iptr)*rotmet(1,2)+2w 1(Iptr)*rotmat(1,3)
y1=xw 1(Iptr)*rotmat(2, 1)syw 1{Iptr)*rotmat(2,2)+2w 1 (Iptr)*rotmet(2,3)
x2=xw2(Iptry*rotmet(1, 1)+yw2(Iptr)*rotmet(1,2)+zw2(Iptr)*rotmat(1,3)
y2=xw2(Iptr)*rotmet(2, 1)+yw2(Iptr)*rotmat(2,2)+2w2(iptr)*rotmat(2,3)
K1=x1%scale:x2=x2%sceale
y1=y1*scale:y2=y2*scale
IF NOT persp THEN DraLin0
21=xw 1(Iptr)*rotmet(3,1)+yw 1(Iptr)*rotmat(3,2)+2w 1 (Iptr)*rotmet(3,3)
22=xw2(Iptr)*rotmat(3, 1}+yw2(iptr)*rotmat(3,2)+z2w2(Iptr)*rotmat(3,3)
21=21%gcale:22=22%*scale
t1=250/(250+21):t2=250/(250+22)
yl=y 1%t 1y2-y2*t2
K1=x1%t 1:x2=x2%t2

DraLin0:
LINE(xorg+x 1,yorg-y1)-(xorg+x2,yorg-y2),color

RETURN

build the rotation matrix

BuildMet:
rotmat(1,1)=C0O8(zrot)*C0O&(yrot)
rotmet(1,2)=61M(zrot)*C086(yrot)
rotmat(1,3)=-81N(yrot)
rotmat(2, 1)=-S1N(2rot)*C0OS(xrot)+C0O6(zrot)*SIM(yrot)*S1M(xrot)
rotmet(2,2)=C08(zrot)*COS(xrot)+SIN(zrot)*SIN(yrot)*SIN(xrot)
rotmet(2,3)=C08(yrot)*SIN(xrot)
rotmat(3,1)=61N(zrot)*S1N(xrot)+CO6(zrot)*S1N(yrot)*COS(xrot)
rotmat(3,2)=-C0O6(zrot)*SIN(xrot)+&IN(zrot)*61N(yrot)*COS(xrot)
rotmat(3,3)=C0O6(yrot)*CO6(xrot)

RETURN

* get a 3D cursor point
Get3d:

IF updeteview THEN Get3dA
GOSUB OpWin

247
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PRINT
PRINT “You must return to the update view"
PRINT ° before you can select a point”
cencel = true
FOR j=1 TO 20000 : NEXT j
608UB ClosWin
RETURN
Get3dA:
60SUB Get2d
i=true
FOR j=1TO3
IF NOT(setdpth(j) OR setcoor{(j)) THEN i=false
NEXT j :
IF i THEN Get3dB
60SUB Op¥in
PRINT" Point is ambiguous. Select depth”
PRINT ° in another quadrant and try again®
608UB ChkUsr
IF cancel THEN RETURN
WHILE MOUSE(0)<1:-WEND
60TO Get3d
Get3dB:
IF setcoor{1) THEN xwl=xw ELSE xwl=xdpth
IF setcoor(2) THEN ywl=yw ELSE yw)=ydpth
IF setcoor(3) THEN zwi=2w ELSE 2wl=2dpth
RETURN

‘MENU command

ProcessM:
menuid=MENU(0)
itemid=MENU(1)
FOR pmi=1 TO 5

MENU pmi 0,0
NEXT
MENU OFF

ON menuid 606UB FileM,ViewM,LockM,DepthM,PriM
FOR pmi=1 TOS
MENU pmi 0,1
NEXT
IF NOT updateview THEN MENU 4,0,0 : MENU 5,0,0
MENU ON
ON MENU 60S8UB ProcessM
RETURN

file commend

FileM:
ON itemid 60TO FilSay,FilLoad,FilQuit
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FilSav:
n$=FILES$(0,filnam$)
IF (numlin=0) OR (LEN(n$)=0) THEN FilSav0
filnam$=n$
OPEN filnem$ FOR OUTPUT AS 1
FOR iz1 TO numlin
PRINT* 1 xwi(i)
PRINT® 1, xw2(i)
PRINT® 1, ywi(i)
PRINT# 1, yw2(i)
PRINT® 1, 2wi(i)
PRINT® 1, 2w2(i)

NEXT i

CLOSE 1

FilSev0:

608UB UpDate

RETURN

FilLoad:

n$=FILES$(1)

IF LEN(n$)=0 THEN G0SUB UpDate:RETURN
filnam$=n$

OPEN filnem$ FOR INPUT AS 1

numlin=0

FilLoado:

IF EOF(1) THEN CLOSE 1:608UB UpDate: RETURN
numlin=numlin+1

INPUT* 1 xw 1(numlin)

INPUT® 1, xw2(numlin)

INPUT® 1 yw 1(numlin)

INPUT# 1 yw2(numlin)

INPUT# 12w 1(numlin)

INPUT?® 1,2w2(numlin)

GOTO FilLoed0

FilQuit:
608UB OpWin
PRINT °  Are sure that you *
PRINT ° want to stop?”
608UB ChkUsr
IF cencel THEN RETURN
MENU RESET

END

draw a view

ViewM:
ON itemid 60TO UpDate,Expand

Expand:
MENU 4,0,0: MENU 5,0,0

249
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flagv=1
60SUB Op¥in
MOVETO 10,15:PRINT "Scale:”
MOVETO 130,15:PRINT X rot.”
MOVETO 10,35:PRINT"Y rot.”
MOVETO 130,35:PRINT"Z rot:"
EDIT FIELD 4,8TR$(zr),(180,25)-(235,40),1,3
EDIT FIELD 3,5TR$(yr),(60,25)-(115,40),1,3
EDIT FIELD 2,STR$(xr),(180,5)-(235,20),1,3
EDIT FIELD 1,8TR$(scale),(60,5)-(115,20),1,3
BUTTON 2,2,"Perspective”,(1,45)-(119,59)
BUTTON 1,2,"Isometric”,(120,45)-(239,59)
dial0=DIALOG6(0):dial0=DIALOG(0)
i=1
updateview=false
Expan0:
diel0=DIALOG(0)
IF (die10=0) OR (dia10=2) THEN Expan0
IF diel0<S THEN Expant
i=i+14(i>3)*4
EDIT FIELD §
6070 Expan0
Expeni:
IF (diel0=1) AND (DIALOG(1)=2) THEN persp=true ELSE persp=false
scale=VAL(EDITS$(1))
xr=VAL(EDIT$(2)):xrot=xr/57.3
yr=VAL(EDIT$(3))yrot=yr/57.3
2r=VAL(EDIT$(4)):zrot=2r/57.3
608UB BuildMat
¥org=256:yorg=160
WINDOW CLOSE 2
color=33
CLS
IF numlin=0 THEN RETURN
FOR Iptr=1 TO numlin
60SUB DraLin
NEXT Iptr
RETURN

toggle the grid lock

LockM:
lokflg=1-itemid
MENU 3,itemid,2
MENU 3,2+10kflg,1

RETURN

* set new active depth

DepthM:
i=MOUSE(0)
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WHILE MOUSE(0)<1:WEND

60SUB Get2d

IF cancel THEN RETURN

FORi=1TO3

setdpth(i)=setcoor(i)

NEXT i

xdpth=xw:ydpth=yw:2dpth=2w
RETURN

* get 2D cursor point

Get2d:
cencel=false
®s=MOUSE(1):ys=MOUSE(2)
IF expeanded = 1 THEN 60SUB NoDrew: RETURN
IF ys> 160 THEN get2d1
IF xs¢<256 THEN get2d0
606UB Op¥in
PRINT " Sorry, you cen't click here.”
PRINT “This window is for display only.”
608UB ChkUsr
IF cancel THEN RETURN
WHILE MOUSE(0)< 1:WEND:60SUB Get2d:RETURN
Get2do:
setcoor({1)=true:xw=xs-128
setcoor{2)=true:,yw=80-ys
setcoor(3)=false
6070 get2dex
Get2d1:
setcoor(3)=true:zw=240-ys
IF x3¢<256 THEN get2d2
setcoor(1)=false
setcoor(2)=true:yw=xs-384
60TO0 Get2dEx
Get2d2:
setcoor{1)=true:xw=xs-128
setcoor(2)=false
Get2dEx:
IF 1okflg THEN RETURN
%w=INT{(xw+5)/10)*10
yw=INT((yw+5)/10)*10
2w=INT((2w+5)/10)*10

RETURN

perform a graphic primitive function

PriM:
ON itemid 60TO Prim0,DelLast,DelAll

PriMo:
WHILE MOUSE(0)<1:WEND
IF expended =1 THEN 60SUB NoDraw: RETURN
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60SUB Get3d
RETURN

delete the last line from the data base

DelLast:

IF numlin=0 THEN RETURN

Istrt=numlin

Istp=numlin

color=30

60SUB UDatRange

numlinznumlin-1

Awl=xw2(numlin):ywl=yw2(numlin):2wl=2w2(numlin)
RETURN

' delete the entire grephic dete base

DelAll:

608UB Op¥in

PRINT ° Do you want to delete

PRINT °  the entire picture?”

6068UB ChkUsr

IF cancel THEN RETURN

numlin=0

606UB UpDate
RETURN

check with user before execution

ChkUsr:
BUTTON 2,2,"Cancel”,(130,40)-(199,59)
BUTTON 1,2,°0k",(200,40)-(239,59)
diel0=-DIALOG(0):dia10=DIALOG(0)
ChkUntil:
diel0=DIALGG(0)
IF dial0<>1 THEN ChkUntil
IF DIALOG(1)=2 THEN cancel=true ELSE cancel=false
608UB ClosWin
RETURN

open up the message window

OpWin:
GET (135,128)-(375,190),bitsav
WINDOW 2,,(135,150)-(375,210),3
RETURN

close message window

ClosWin:
WINDOW CLOGE 2
PUT(135,128) bitsav,PSET
RETURN
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initialize the system at startup

InitSys:
DEFINT a-n
DEFENG o-2
DIM xw 1(200),xw2(200),yw 1(200),yw2(200),2w 1(200),2w2(200)
DIM rotmet(3,3),bitsav(1010),setcoor(3),setdpth(3),cursor(33),color{200)
true=-1:false=0
filnam$=""
numlin=0:scale=1
selected = false
MENU 1,0,1,°File”
MENU 1,1,1,"save”
MENU 1,2,1,"108d”
MENU 1,3,1,"stop”
MENU 2,0,1,"View"
MENU 2,1,1,"update screen”
MENU 2,2,1,"expanded view"
MENU 3,0,1,"Lock”
MENU 3,1,2,°grid on”
MENU 3,2,1,°grid of{"
MENU 4,0,1,"Depth”
MENU 4,1,1,"active”
MENU 5,0,1,"Primitives”
MENU 5,1,1, new stream”
MENU 5,2,0,"delete last”
MERNU 5,3,0,"delete ol1”
WINDOW 1,,(0,20)-(511,341),3
ON MENU 608UB ProcessM
MENU ON
* Input Cursor:
FOR i=0 TO 33: READ cursor(i) : NEXT i
DATA 10752,7168,-128,7168,10752,18688,-30592,0,0,0,0
DATA 0,0,0,0,0,10752,7168,-2176,7168,10752,18688,-30592
DATA 0,0,0,0,0,0,0,0,0,2,4
RETURN

NoDepth:
60SUB Op¥in
PRINT “Sorry, you have to go to the updated”
PRINT ° screen to access this function.”
FOR j=1 TO 20000: NEXT j
608UB Clos¥in

RETURN

NoPriM:
608UB OpWin
PRINT "Sorry, you have to go to the”
PRINT “updeted screen to access this function”
FOR j=1T0 20000: NEXT j
608UB ClosWin

253
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RETURN

Scen:
MENU ON: MENU STOP
IF MOUSE(1)<257 OR MOUSE(2)>159 THEN INITCURSOR : RETURN
IF POINT(MOUSE(1),MOUSE(2))=33 THEN SETCURGOR VARPTR(cursor(0)) ELSE INITCURSOR
IF MOUSE(0)>=0 THEN Scen
mx = MOUSE(1) : my = MOUSE(2)
IF POINT(mx,my)=33 THEN INITCURSOR: 606UB UnWantedLine: 60TO Scen
6ET(240,1)-(420,30) bitsav
LOCATE 1,40
PRINT “not on line”
FOR 2=1 TO 500: NEXT 2
PUT(240,1)-(420,30),bitsav,PSET
6070 Scen
RETURN

*  Find coordinates of unwaented line
UnWentedLine:
cleardielog=DIALOG(0)
FOR ptr=1 TO numlin
G60SUB DraLin
Xi=xorg+x1: yi=yorg-y1
X2=X0org+x2: y2=yorg-y2
IF %2 <> x1 THEN notvertical
IF mx = x1 AND ABS(y1-my) < ABS(y1-y2) THEN 6OTO Remove ELSE CheckNext
NotVerticel:
vabs=ABS(my -y1 -(y2-y1)/(x2-x1)*(mx-x1))
IF vabs<1 THEN remove
CheckNext:
NEXT Iptr

6ET(240,1)-(420,30) bitsav

LOCATE 1,40

PRINT “not on line”

FOR 2=1 TO 500: NEXT 2

PUT(240,1)-(420,30) bitsav,PSET
RETURN

Erase hidden line)
Remove:
6ET(115,290)-(315,320) bitsav
BUTTON 1,2,"Delete?",(120,295)-(210,314)
BUTTON 2,2,"Leave slone?",(220,295)-(310,314)
Query:
FOR i=1 TO S00: NEXT i
LOCATE 1,1:
LINE(x1,41)-(x2,y2),30
FOR i=1 TO S00: NEXT i
LINE(x1,y1)-(x2,y2),33
IF DIALOG6(0)=0 THEN Query
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BUTTON CLOSE 1

BUTTON CLOSE 2

PUT (115,290)-(315,320),bitsav,PSET

IF DIALOG(1)=2 THEN RETURN

LINE(x1,y1)-(x2,y2),30

FOR i=lptr TO numlin-1
*w 1(i)=xw 1(i+1): xw2(i)=xw2(i+1)
yw 1i)=yw 1 (i+ 1): yw2(i)=yw2(i+1)
2w i(i)=2w1(i+1): 2w2(i)=2w2(i+1)

NEXT i

numlin=numlin-1

RETURN

The CAD program displays an orthogonal representation of a
wire-frame object of your design, as well as an isometric representa-
tion of the object in the upper-right quadrant. To start the program,
select Active from the Depth menu. The menu bar dims to let you
know that you should click a point in one of the three quadrants dis-
playing an orthogonal view —upper left (top view), lower left (front
view), or lower right (side view). This establishes two coordinate
values (for example, x and y) for a point in the upper-left quadrant.
Next, select New Stream from the Primitives menu. Now you are
ready to select points.

Choose a point in one of the other two orthogonal-view quadrants
(not the one you clicked after you activated the Depth menu). Let’s
say you click a point in the xz quadrant (lower left). That sets the x
and z values for a three-dimensional point (x,y,z). The y value is sup-
plied by the y coordinate of the point that you clicked for the active
depth. Continue clicking more points in that quadrant. The program
draws a line for each new point. It connects all the lines until you
select New Stream from the Primitives menu. New Stream starts a
new stream of connected points:

1 y A

,
+
v
v




256 Macintosh Graphics and Sound

When you are ready to work in a different plane, simply select a
new Depth plane and a New Stream. If you don't like the line you
have just drawn, select Delete Last from the Primitives menu. If you
decide to scrap it all, select Delete All from the Primitives menu.

You can also delete a selected line by using the mouse. Move the
cursor into the upper-right quadrant and position it over the line you
wish to delete. Click the button when the cursor changes shape. The
program tests each pair of points in your data base to see if the point
you clicked is approximately on one of the lines. If a match is made,
the line flashes. You can then click Delete to delete it or Leave to
leave it in the data base.

The Lock menu lets you disable the grid so you can position the
points more precisely. If the screen gets messed up in any way, select-
ing Update Screen from the View menu redraws the object.

If you wish to view the object on the whole screen, select
Expanded View from the View menu. Expanded View displays a
dialog box that you may recognize from the previous program. You
can scale the figure, set rotation values for each of the three axes, and
choose either an isometric or perspective view. You can select
Expanded View several times to try different view angles and scale
factors.

When you are ready to continue editing the figure, select Update
Screen again from the View menu. This will return you to the pre-
viously displayed orthogonal representation.

When your creation is ready to be immortalized, select Save from
the File menu. The Load option of the File menu lets you load your
creations from disk.

Summary

The programs developed in this chapter demonstrate transforma-
tions of objects on the computer screen. The transformations include
translations, rotations, and scaling. Transformation of three-
dimensional objects requires the additional consideration of how to
project the objects onto a two-dimensional screen. Orthogonal, iso-
metric, and perspective representations of three-dimensional objects
have been discussed in this chapter.

In the next chapter, we will explore some techniques for writing
efficient programs. You will learn how to ‘shoehorn’ an overgrown
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BASIC program into a 128K Mac and how to speed up those sluggish
bits of code.

BASIC Statements
SUB...STATIC
END SUB



Desivgning Efficient
Programs

Coding a computer program is not an exact science. Although a pro-

grammer must follow the basic rules of the language, program

design is largely a matter of personal style. The way you write a pro-

gram also depends on the results you want: you may want one pro-

gram to be a model of structured design and well-documented code,
another to use the least possible memory, and another to be optimized

for fast execution. It is not always possible for a program to do all

three equally well, so you must analyze your needs and establish

priorities. In this chapter we discuss ways to design programs with

efficient use of memory and increased program speed.

259
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Working with Limited Memory

Manipulating complex graphics images can require large amounts
of memory. If you use a 128K system, you may find your programs
severely restricted unless you pay close attention to memory usage.
Fortunately, there are several tools and techniques you can use to
work within the memory limitations of your system.

MEMORY PARTITIONS

We'll start with a brief look at how the Mac uses memory. Microsoft
BASIC on the Macintosh separates available memory into three dis-
tinct areas, called the stack, the data segment, and the heap.

The stack keeps track of program flow when you use nested loops
and calls to subprograms and subroutines. The deeper the level of
nesting in your programs, the more stack space they will require.

The data segment contains the program text, along with string
variables, numeric variables, and file buffers for opened files.

The heap, as its name implies, contains a heap of goodies. First
and foremost, it contains the active segments of the BASIC program
itself. Instead of all of the more than 80K of BASIC code being loaded
into memory at once, sections of the language are loaded into memory
as they are needed. This can slow down program execution when new
segments are loaded into memory, but it keeps the net amount of
memory required by BASIC to a tolerable level. The heap also con-
tains a 1024 byte SOUND buffer, image data recorded by the PIC-
TURE statement, and storage for such user interface structures as
buttons, edit fields, and active desktop objects.

CONTROLLING MEMORY ALLOCATION

Each of these sections is allocated a predetermined amount of
memory, depending on how much memory your Macintosh has. On a
512K system, Binary BASIC 2.0 allocates around 52K bytes for the
heap, 14K for the stack, and 334K for the data segment. On a 128K
system, Binary BASIC allocates 13K for the heap, 6K for the stack,
and 20K for the data segment.

If you want to change these default values, BASIC provides a
means to control memory allocation via the CLEAR statement. This
statement completely resets the stack and all variables, functions,
and string space to null or zero status. The format is

CLEAR,data,stack
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where data is the number of bytes reserved for BASIC’s data seg-
ment and stack is the number of bytes reserved for the stack. Both
the data and stack parameters are optional; if not supplied, a
parameter defaults to its current value. The heap space is whatever
is left over after the data and stack areas are set. If you are doing a
lot of bit image array manipulation in a program, you may need to
increase the size of the data segment and decrease the size of the
stack.

MONITORING MEMORY ALLOCATION

To help you monitor the amount of available memory, BASIC pro-
vides the function FRE(x). This function returns the amount of
unused heap space if x is —1, the amount of unused stack space if x is
—2, and the amount of unused memory in the data segment if x is any
other number. If you have large amounts of data and you are pushing
the limits of available memory, use the FRE function to monitor the
memory demands made by your program.

Keep in mind that the values returned by FRE give an instanta-
neous assessment of free memory; these values change continuously
while your programs run, as demonstrated by this listing:

h=FRE(-1): PRINT “hesp:";h
PRINT FRE (0)

8=FRE(-2): PRINT “stack:";s
PRINT FRE (0)

d=FRE(0): PRINT “data:";d
PRINT FRE (0)

tzhes+d: PRINT “totel:";t
PRINT FRE (0)

Z: IF INKEY$="" THEN 2

Each time your program introduces a new variable, it reduces the
data segment memory by a minimum of eight bytes:

heap: 13490
20820
stack: 6323
20812
dota: 20804
20804
total: 40617
20796

Remember, the default data type for Binary BASIC is single-
precision, which requires four data bytes per variable plus extra
memory for the variable’s name and other overhead. (Integers con-
" sume two data bytes, and double-precision variables take eight.)
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Designing for Limited Memory

There are several ways to condense a program so that it takes up
less room. Users with 128K Macs may be forced to sacrifice some
program readability to make the most of the memory available.

Keep the use of line numbers, labels, and remarks to an absolute
minimum (see Figure 9-1). Use short variable names. You can also
place multiple statements on a single line and remove indentations

(as in nested loops).

ILISTING A:

10 REM: INITIALIZING VARIABLES

20 RANDOMIZE TIMER

30 DIM POINTER(20): REM STORES POINTER INFO FOR DRAW ROUT INE
40 FOR COUNTER=1TO 20

50 READ POINTER(COUNTER)

60 NEXT COUNTER

70 PSTART=10

80 PMIDDLE=210

90 PEND=400

DRAWROUTINE: REM DRAWS RANDOM DOTS GUIDED BY POINTER ARRAY .
100 XCOORDINATE=0

XLOOP:

110 XCOORDINATE=XCOORDINATE+ 1

120 PSET(XCOORINATE+POINTER(RND*20),200)

130 IF XCOORDINATE<20 THEN GOTO XLOOP

LISTING B:

RANDOMIZE TIMER: DIM P(20)

FOR C=1TO 20: READ P(C): NEXT C

PS=10: PM=210: PE=400

FOR X=1 TO 20: PSET(X+P(RND*20),200): NEXT X

Figure 9-1.
Examples of ways to condense programs
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Sometimes you can reuse the same variable for several purposes,
rather than introducing a flock of new variables (see Figure 9-2).
This cuts down on variable storage.

Another trick is not to use the optional verb CALL when using
ROM routines (see Figure 9-3).

Remember, use these techniques only as a last resort. Eliminating
comments and reusing variables can make a program exceedingly
difficult to understand, especially if the program sits idle for a month
or two.

CHAINING AND OVERLAYING PROGRAMS

Another way you can make room for variable storage is to decrease
the instantaneous size of your program. For example, assume you
have written a magnificent music composition tool. Suppose it con-
sists of two main sections: one helps the user compose, and the other
plays the resulting music. You can take advantage of the fact that
these two program sections need not be in memory at the same time.
The composition section merely passes control to the playing section
when necessary. When the playing section is finished, it passes con-
trol back to the composition section. In BASIC, progam control is
passed from one segment to the next with the CHAIN statement.

O==a==u List ﬁl

[FOR a=50 TO 100
CIRCLE(200,150),8

NEXT &

INPUT "next number”;a

PRINT "The boss wants ";8;" of them”

scan: a=MOUSE(0): IF a>=0 THEN scan

ON ABS(a) GOSUB quit, draw

Figure 9-2.
Reusing variables
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|BEFORE:
CALL FRAMEROUNDRECT (VARPTR(rect%(1)),w,h))

CALL TEXTMODE(9)
CALL MOVETO(x,y)

AFTER:

FRAMEROUNDRECT VARPTR(rect®(1)),w,h)
TEXTMODE 9
MOVETO x,y

Figure 9-3.
Do not use CALL

When BASIC executes a CHAIN statement, it merely replaces the
current program with a new one and begins executing it. If the pro-
gram segments need to share certain variables, include the variable
names in a COMMON statement at the beginning of both segments.
You can also tell BASIC to share all variables with CHAIN’s All
option.

A related technique is called overlaying. Overlays are used when
several sections of your program share some code. When you use
overlays, the same program continues to run, but you replace parts of
it as necessary. The CHAIN MERGE statement helps you do this.
You specify the range of statements to replace, and BASIC does the
rest. Figure 9-4 contains a skeletal version of an overlayed program.
The main program replaces labels s through e with overlay “inside”
or “outside” as necessary.

RECLAIMING ARRAY MEMORY

Array variables allow programmers to reference a group of variables
of the same type with a single variable name. Before using an array,
you must reserve memory by using the DIM statement. If your pro-
gram uses an array for one portion of the program run and never
uses it again, you can reclaim the space it occupied with the ERASE
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Main Program

file "inside"

file "outside”

(ON MENU GOSUB int,ext
RETURN

int:
CHAIN MERGE "inside", ALL, DELETE s-e
RETURN

4 S s N
s: 'Draw interior

ext:
CHAIN MERGE "outside”, ALL, DELETE s-e | fe: RETURN e: RETURN
RETURN
s: ‘'routines go here
Le: N V “ %

f z . A
s: 'Draw exterior

Figure 9-4.

Using CHAIN MERGE to overlay sections of a program

statement. You can then use the memory for other purposes or reuse
it with the same array after redimensioning it:

GET (1,t)-(r,b),arrey
PUT (1+20,%),array,PSET

ERASE array

DIM array(30,12)

REPLACING CONSTANTS

Another way to save memory is to replace often-used constants (both
numbers and strings) with variables. For example, a variable named
pi consumes less memory than the constant 3.1415926. This is one
technique that can actually improve the readability of your programs:

pi=3.1415927
FORi=11t05S

FOR j=1to S STEP .1
%x=200+cos(2*j*pi)*sin(i*pi/2)
y=100+cos(2*j*pi)*cos(i*pi/2)

NEXT j
NEXT i
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Designing for Speed

In many graphics applications, the primary consideration is not
how short you can make your program, but how fast you can display
the graphies on the screen. Display speed is a function of both pro-
gram design and the language used. The best language for fast pro-
gram execution is the machine code of the computer’s central pro-
cessing unit (CPU). Programs written in machine code can take full
advantage of the inherent speed of the computer. Another option is to
write the majority of your program in BASIC, but code the speed-
intensive routines in machine code and call them from the BASIC
program. This technique uses both languages to their best advantage.

For many BASIC programmers, however, neither option is attrac-
tive. Machine code is difficult to learn, and programming with it
requires heroic levels of concentration and patience. BASIC, on the
other hand, is easy to learn, and Microsoft BASIC allows access to
many of the routines in ROM that execute at machine-language
speed.

Even so, BASIC programmers are handicapped by the fact that
Microsoft BASIC on the Macintosh is an interpreted language; that
is, each BASIC statement or function must be translated (inter-
preted) into 68000 machine code before it can be executed. This
translation process is time-consuming, and it slows program execu-
tion considerably. Interpreted programs typically run ten times
slower than their machine-language counterparts.

Fortunately, there are several ways to improve program execution
speed. For example, consider that programs typically spend a good
portion of their execution time processing a small portion of the code.
You can speed execution by coding these high-use areas carefully.

CONDENSING CODE

Condensing the program code, as shown earlier in this chapter, not
only saves memory but can also make your programs run faster. This
means removing remarks and shortening variable and label names,
removing all labels and line numbers not used by GOTOs and
GOSUBSs, and using multiple statements per line whenever possible.
These changes will make your program less readable, but they will
execute faster because the interpreter has less to read.

CONTROLLING VARIABLE TYPES

Another way to speed up a program is to choose variable types care-
fully. The default variable type for the decimal version of BASIC is
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double-precision, and the default for the binary version is single-
precision. You can change these defaults either by defining variable
types with DEFINT, DEFSNG, DEFDBL, and DEFSTR statements,
or by explicitly specifying each variable type with the symbols %, !, #,
and $, respectively. Defining variable types with DEF statements
eliminates the need for these extra symbols and thus shortens vari-
able names:

DEFINT a-1: DEFSNG m-y: DEFSTR 2
FORi=z1to 5
READ e(i)
DATA 3,5,2,7,5
NEXT i
p=3.1416: t=sin(p/2)
INPUT "Enter your name”;znam

Of the three numeric variable types, BASIC processes integer vari-
ables most quickly because the Macintosh CPU can directly move
and perform arithmetic on integers. The CPU requires more instruc-
tions to work with single- or double-precision variables. Remember,
integer variables require only two bytes of storage, as compared to
four bytes for single-precision and eight bytes for double-precision.
The program simply has less data to manipulate with integer vari-
ables. Thus, you can speed up your programs considerably by using
integer variables for loop counters, flags, and anything else in which
decimal accuracy is not required.

HANDLING SUBROUTINES

Subroutines are very useful programming devices. They can cut
down on program size by minimizing duplicated code. You can also
use them to break large tasks into smaller units and organize pro-
grams logically, as in structured languages like Pascal. Unfortu-
nately, heavy use of subroutines tends to slow down program execu-
tion. When calling a subroutine, the BASIC interpreter must save the
current program location and find the destination label. Then it must
restore the original program location at the end of the subroutine. All
this overhead takes extra time.

You can eliminate jumps to short subroutines by replacing the
GOSUB statement with a copy of the subroutine code. Figure 9-5
illustrates this technique.

CONTROLLING VARIABLE ORGANIZATION

The order in which you define and use string and array variables can
be extremely important when you are using large arrays. If you ha-
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BEFORE: AFTER:
GOSUB TRANS | x=x+h: y=y+K
GOSUB TRANS x=x+h: y=y+k
TRANS:
X=x+h: y=y+Kk
RETURN

\ y \ J

Figure 9-5.
Replacing GOSUB statements with subroutine code

bitually define your arrays before your string variables, you are ask-
ing for trouble. BASIC likes to store the names for all string vari-
ables in low memory before the array variables. Each time a program
uses a new string variable, BASIC moves all the array variables
higher in memory to make room for the new string. This is not meant
to be devious; it is simply the way BASIC handles its variable stor-
age. If you have a 512K or larger Macintosh, try this program:

Ditt m$(30000)

PRINT “Verisble Relocation Demonstretion™
83="006a": PRINT a$

b$="dbbb": PRINT b$

c$="ccec”™: PRINT c$

PRINT a$;b$;c$

e: IF INKEY$="" THEN o

The delay between print lines results from BASIC moving the
array. Imagine how surprised an unsuspecting programmer would
be to see his or her program suddenly pause right in the middle of a
carefully choreographed graphics routine.

Now that you know the cause, what is the cure? Just mention each
of the string variables to be used in your program before you dimen-
sion any arrays. Add this line to the beginning of the previous
program:

08="": b$="": c$=""
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Note that the effect is more pronounced on programs with large
amounts of data, particularly on Macintoshes with more than 128K of
memory. As long as your program declares string variable names
before dimensioning arrays, BASIC need not move the arrays.

You may also experience unexpected program delays when the
computer accesses the disk to bring in new segments of the BASIC
interpreter. Minimize this delay by allocating more heap space, so
that more of BASIC is resident in memory (or increase your Macin-
tosh’s memory to 512K or more).

Speed Versus Memory

Execution speed and efficient use of memory are often conflicting
factors in program design. In most cases, a program designed to exe-
cute quickly requires lots of memory. For example, to produce fast
animation in BASIC, you need to prepare frames in advance, load
them all into memory, and then display them rapidly by using PUT
or PICTURE. Storing all these frames can put significant demands
on memory. .

If you change the program orientation to conserve memory, speed
is likely to suffer. In the above example, you could store the frames on
disk, load them one at a time into the same area of memory, and then
display them on the screen. This requires less memory, but the
transfer rate from disk to memory limits the display rate.

Summary

In this chapter, we covered several tips on how to get programs to
run with limited memory and how to improve program speed. Don’t
try to use all these techniques in every program. Let necessity be
your guide. You'll soon learn which methods work well with your
programming style and which to use as a last resort.

Statements
CHAIN
CLEAR
ERASE

Function
FRE



Trademarks

The following italicized names are trademarked products of the cor-

responding companies.

The Finder
MacPaint
MacDraw
MacWrite

Chart

MacVison
Animation Toolkit 1
Paint Mover

Apple Computer, Inc.
Apple Computer, Inc.
Apple Computer, Inc.
Apple Computer, Inc.
Microsoft Corporation
Koala Technologies, Inc.
Ann Arbor Softwork, Inc.
Macinsoft, Inc.
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ANIMATE command, 217
Animation
multiple-frame, 203-12
on a background pattern, 203
program examples, 212-21
rotation, 208-09
single-frame, 200-03
ARC call, 58, 71, 74
Arcs, 64-66
Arrays
defined, 22
to store images, 168-69
to store points, 23-24
transferring from a screen,
169-70
transferring from MacPaint,
218-21
transferring to a screen, 170-71
using to reclaim memory,
264-65

Index

BACKPAT statement, 47-48, 79

BACKSPACE command, 9-10

Bar charts, 81-83

BASIC, uses in graphics, 2-8

BEEP statement, 142-43, 144,
145, 150

Beeps, 142-43

BREAK ecall, 107

BUTTON statement, 114

Buttons, 114-15

CALL statement, 36, 263

Cartesian coordinate system,
37-38

CHAIN MERGE statement, 264
CHAIN statement, 263-64

CHRS$ function, 30

CIRCLE statement, 60, 63, 64,
68, 71, 85

CIRCLE STEP statement, 61
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Circles, 60-63
CLEAR statement, 260-61
CLIP:PICTURE command, 177
CLS (clear screen) statement,
17, 48

COMMAND-, 75
COMMAND-R, 52
Commands

cursor, 105-07

draw, 173-74

print, 89, 10-11, 14-15, 181-85
Computer-aided design (CAD)
program, 245-56
COS statement, 40-41, 155, 229
Cubes, 83-85
Cursor

commands, 105-07

defining, 100-01

mask, 101-05

positioning, 107

DATA statement, 47
DEFINT statement, 25
Dialog box, 113-14

DIALOG ecall, 107, 112, 114-15
DIM statement, 264

EDITFIELD statement, 114
ERASE statement, 68, 70, 76, 265
Event trapping, 107-08

FILES$ function, 179
FILL call, 76, 79, 83
Filling in shapes, 68-80
Fonts
described, 26-28
transferring, 31-33
FOR/NEXT loop, 21, 22, 60
FRAME call, 58, 60
FRE function, 261
Function plots, 38-40, 86-87

GET statement, 15, 168, 169-70,
171, 176
GETPEN function, 112

HIDECURSOR -call, 106
HIDEPEN command, 173-74

Image manipulation examples,
185-96

Image storage
comparison, 174-76
in arrays, 168-71, 180-81
in strings, 171-73, 179-80
on disk, 178-79, 205-08
Image transfer, 176-78
INITCURSOR call, 105-06
INKEY$ function, 30-31,
161-62, 208
INPUT command, 112
INSTR function, 153
Interactive programming
examples, 115-34
INVERT ecall, 75
INVERTRECT statement, 98

LINE statement, 52, 66-67,
85, 87

Lines, 52-53

LLIST command, 9

LOAD FILE command, 217
LOADFRAME statement, 217
LOCATE statement, 30

Logo creation, 41-42, 90-91

MacPaint
FatBits, 186-87
transferring into array format,
218-21
Memory
controlling, 260-61
design, 262-65
monitoring, 261
partitions, 260
MENU ecall, 107, 108"
Menu creation, 108-12
MENU RESET command, 110
Microsoft BASIC
getting started, 9-11
numeric variables, 25
MOD function, 23
MOUSE funection, 95-97, 99, 107
Mouse usage, 95-99
MOVETO statement, 30

OBSCURECURSOR call, 106-07
ON/GOSUB command, 108, 109
ON TIMER statement, 148,

150, 157



Output window
changing sizes, 15-17
described, 14
user interaction, 112-13
OVAL call, 58, 70
Ovals, 63-64

PAINT call, 68, 71, 74, 76
PENPAT call, 79
PICTURE OFF statement, 172
PICTURE ON statement, 172,
178, 176, 179 .
PICTURE statement, 172-73
PICTURES statement, 172, 179
Pixels
absolute positioning, 21
defined, 8, 14
relative positioning, 21
Plotted points
color options, 20-21
controlling patterns, 24
examples, 18-19, 42-48,
85-86, 87-90
Macintosh coordinate system,
17-18
randomness, 20, 21-22
speeding, 25-26
storing, 22-24
POINT function, 25
Polar functions, 40
POLY call, 58
Polygons, 53-57
PRESET statement, 21
PRINT statement, 19
PSET statement, 19, 20-21,
37, 40, 170, 200, 202
PUT statement, 15, 168, 170-71,
178, 187, 202, 205

QuickDraw graphics package,
8, 36

RANDOMIZE TIMER statement,
20, 55
Read-only memory (ROM)

stored statements, 36

using to fill shapes, 67-80
RECT call, 58, 83
Rectangles, 57

rounded, 57-60
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RESTORE function, 144, 165
RETURN command, 9, 109
ROUNDRECT eall, 58, 60
RND function, 20, 55

SAVE FILE command, 217
SAVE FRAME statement, 217
SETCURSOR call, 100-01
SHIFT-COMMAND-3, 186
SHIFT-COMMAND-4, 8, 10, 11,
14, 181
SHOWCURSOR call, 106-07
SHOWPEN command, 173-74, 176
SIN statement, 40-41, 151,
155, 229
Sound
defined, 138-39
program examples, 156-65
terminology, 139-42
with graphics, 147-51
SOUND RESUME statement,
142, 153
SOUND statement, 142, 143-44,
145, 148
SOUND WALIT statement, 142, 153
Speed design
condensing code, 266
controlling variable
organization, 267-69
controlling variable types,
266-67
handling subroutes, 267, 268
Square wave tones, 143-45
defining your own, 154-55
STEP option, 21
String/array conversion, 192-95
SUB statement, 228-29
System requirements, viii

Text

face, 26, 34

mode, 26, 34-36

position, 28-31

selection, 31-33

size, 33-34

spacing, 26-28
TEXTFACE call, 34
TEXTFONT -call, 32-33
TEXTMODE ecall, 34
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TEXTSIZE call, 33-34
Three-dimensional objects
defined, 237-40
manipulating, 241-44
storing, 240, 241-44
TIMER call, 107
Transformation
fixed points, 230-37
rotation, 227
scaling, 226
subprograms, 228-30
three-dimensional, 241
translations, 224-25

User dialog, 112-13

VARPTR call, 58, 70
Voices
multiple, 152-54
single, 145-47

WAVE statement, 142, 151,
154-55

WINDOW OUTPUT
command, 9, 182-84

WINDOW OUTPUT #
statement, 14

XOR statement, 170-71,
176, 200
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