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------- Model 4 Computer Graphics-------

To Our Customers ... 
The TRS-80® Compmer Graphic" p;1cber rrvnl111inni7t"S your Mt.'<fel a by letting you draw intric:uc- d1s:pfays from 
simple progrnm 11tstructions. With ,he highly Jcfincd Graphics Screen, the list of practical applications is nearly 
endless! 

The TRS-80 Computer Graphics package includes a: 

• Computer Graphics Diskette 
• Computer Graphics Operation Manual 

Howcvi:r. before you can use 1hi$ packugc.. your Mvdcl 4 mu:,t liuvc 64K uf RAM <Rane.lorn Ai.:ci.:ss Mcmor}) and 
one disk drive. Your computer must also be modified by a qualified Radio Shack service 1cchnici:m. 

JodudcJ 0 11 tin; OwjJhi\.:~ 1..fo,,k.e.uc an,:: 

• TRSDOS Version 6 
• Graphics BASIC (BASICO) 
• Graphics Subrou1inc Library (ORl'LIB) 
• Gl'aphits Utilitic,; 
• San1plc Programs in BASICG and FORTRAN 

To pnnt gr:aphic d isplay,:. you can uuc nny Radio Shnck prinact that ha~ graphic c.ip11bilicic:1 $UCh ,b Lint Priulc, VII 
(26-1167). Linc Primer \1111 (26-1168). OMP-100 (26-1 253), DMP-200126-1254). DMP-400 (26-1251), or 
DMP-500 (26-1252). 

• 

You can also u1ili1.e the Graphics Subrou1ine Library wi1h severJJ laoguage-s. including. bui 1101 Jimued to. • 
FORTRAN (26-2219). 

• 
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About This Manual ... 
for your convenience . we've divided this manual into five sections plus appendices: 

• Computer (jraphjcs Overview 
• Graphic, BASIC (BASICO) Language Descriplion 
• Graphics Utilitie:: 
• FORTRAN Description 
• Prograrnming the Graphics Boo.rd 
• Appendices 

This package contains 1wo separate (but s imilar~ methods for Grar,hics programming: 

• Graphics BASIC (l!ASICG) 
• Graphics Subromine Library 

If you·re familiar with Model 4 TRSDOS" and BASIC. you should have li11lc trouble in adapting 10 Graphics 
RA~JC- If ynu wan, tu ~view BASJC n:>.teme nts and syntax. sec your M()dcl ,f Disk System 0'1t'nCr'$ Alanual, 
Then read Chaplers I . 2 and 3. along with Appendixes A. B. D. and E of this manual. 

Jf i1•1; Graphics 2ppJicalions in FOHTRAN you're after. rcrcr tu the TrtS-80 FORTKAN manual. Thcu ,caJ CliaptcJ~ 
I. 2. 3. a nd 4 a, well a, Appendixes C. D. E. and F of this manual. 

Note: This manuaJ i~ written a., a rdcrcncc. manual fo,• the TRS·80 Cui llJJUlct 0 1c1.plnc:. packitgc. 11 I~ no1 1ntenc1ed 
as a teaching guide for graphics programming. 

Notational Conventions 
1'ltc folJowing, conven1ions are used to show syntax in 1his manual: 

CAPITALS 

lowfr<:ast> italics 

fi/espec 

punctuation 

delirnners 

An)' words or characters which are uppercase must be typed in exal11y as they 
tppc:U. 

Fields shown in Jowc.rcbc italics are variable infonna,ion 1ha1 you rm.1M substitute 
a va.luc for. 

Any word or chatactcr contained within a box represents a keyboard key tu be 
pre!>i:.ed. 

Ellipses indica1e tha, a field entry may be repeated. 

A field shown as tiJespec indicates: a ~tandard TRSOOS fi le specification of the 
fonn: filenamtlext .password:d 

Punc1Uation other than ellipses must be entered as show-n. 

Commands mus1 be separated from their operands by one or more blank spaces. 
Multiple operands. where allowed. may be sepamed from each other by a 
commll. a commta followed by one or more bJanks. or by one ot more blank~. 
Blanks and C(lftlmas may not appear wi1hin an operand . 
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------- Computer Graphics Overview-------

1/ Computer Graphics Overview 
Graphics 1s the prcscntmion of dimensional anwork. With TRS-80 Computer Graphics. the anworJ. i, disph1y~rl on r1 
1wo--dinicn~ional plane - your computer screen. Like an artist"s easeJ or a leacher·s btac~board. the scrc..-cn is a 
"drawing board" for your displ•ys. 

TRS-80 Compu1cr Graphics has two colors: 

• Block (Of.F) 

• White (ON) 

Gr.tphks programming is different from Olhcr types of programming becau~c your uU1m:,1c result 1s a p1c1onaJ 

display (bar graph. 11ie char1, etc.) rather than textual display (sum, equation, etc.). This is an rn11>0nam diMinctivn. 
Arrer workine wi1h e~rihir1o fnr :1 white. you·n find yourself 1hinking, .. vim:ally" :u: you 1.vr11e prottrlms.. 

In compu1cr-gcner;ucd grnphics. di~plays can include tables. C'hal1!>. graph~ . illus1ra1ions anJ 01her rypes of anwork. 
Once tJ1cy'ro created, you can "poin1" displays with 11 ·,·aricl)' of -.1ylcs and .shapes. 01• cvc1l :-.i111ul.i1c 11ni11kll1un. 

The Computer Graphics program uSc"s a "higlMesolulion" screen. The more addressable poin1s or dots ccalled 
.. i,i.,cb, ") vu u 1:0111µutcr·~ ~t'rL-cn, 1hc higher 1he rei.olutil)n, A lower TC$Cllution St'reen h<L'i fewer atldre~~able p1x.c)s. 

PIXEL s. 
-" 

--
Lower resolulton Htgher resolulion 

Figure 1. Resolution 

Since the TRS-SO has high-rcsolutoon - 640 pixels on the X-axtS (0 to 639) and 240 pixels on the Y-axis (0 to 239) 
- you c::ln druw displays tha1 have excellent clarity and detail. 

How TRS-RO Computer Graphics Works 
The concept of graphics is fairly :,implc. Each point on the screen can be tume<l ON (while) or OFF (black). 

When you clear the Graphics Screen . ::ill graphic points arc turned OFF. 

Therefore. by ~cmng various combinations of the pixels (usually with a single commandJ either ON or Ut+ . you can 
gcnerace lines. circles. geometric figures . pictures. etc . 

7 



Model 4 Computer Graphics-------. 

The Graphics Screen 
TRS·80 Computer Graphics has two "sc.rccns" - Text and Graphic~\ , (Wc"II call them screens . a.Jthough they are 
really modes,) Both screens c.an act independently of each other and make use of 1hc computer's e.mire tli~play area. 

The Tcx1 Scret:n, also refcl'T'C'd to as the .. Video Di~play;· ii the .. nonn;i.1" screen where you type in your 
programs. The Craphici Screen is where graphic re$uhs are displayed. Both screens c.an be cleared indcpcndcntJy. 
Note: The Graphics ScretJ'I will not 3utomatkaHy be c)e;;ired when you return 10 TRSOOS. h will be cleared when 
you re-enter BASICG. 

The Graphic, Screen cann◊I be di;pfayed at the same time as the Text Screen. 

Whik working with Computer Graphics, it might be helpful to imagine the scrun as a large Cartesian c()()('dinate 
pl:rn<- (\Ao1i1h ~ hori7"1nt:i f x. ~nd ~ vertl(',al Y-~xis) Howe-ver. unlike snme- C"oordinate S)'S:tem..:, TRS-80 Computer 
Graphics· coordinate numbering sta.ns in the uppcr-lcfl corner - (0.0) - and increases toward the lower-right 
comer- (639,239). The lower-leli comer is (0,2.19) and 1he upper-right comer is (639,0). 

Si,ncc the screen is divided into X-Y coordinates (like the Cartesian system), each pixel is dctined as a unique 
position. In TRS-80 Computer Graphics, you can directly reference these coordinates as you draw. 

About Ranges ... 
Snme TRS-~O C:01np111er Ciraphir.~ c-nmm.:intl~ :\N'..t:pl vatu~~ within 1ht- Mnrll•I 4 inr~er:r- r:ing~ ( - 1?76R ro '\'767). 
instead or just O to 639 for X and O 10 239 for Y. Since most of the points in 1he integer range are off 1he screen, • 
lhesc poinis are pa,, of what is caHed Graphics "imaginary'· Canesian sys1ern. 

/ ' 
(0,0) (639,0) 

(0,239) (639,239) 

Figure 2. Graphics Visible Screen 

• 
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• ------- Computer Graphics Overview-------

y (0, 32768) 

(- ,-) ( +,-) 

X (-32768.0)------- (0,0) --------- ( + 32767,0) 

• (- ,+) \+, +) 

(0, 32767) 

Figure 3. Graphic;a "Imaginary" Cartesian Syatem 
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------- Graphics BASIC (BASICG) -------

2/ Graphics BASIC 

Graphics BASIC (BASICG) vs. BASIC 
The Graphics BASIC file on the supplied diske1te is named BASIC<;. 

You can load and run a BASIC file from either BASICG or BASIC, You canno1 run progn.m.s that coo1am BASICG 
statements while in BASIC. 

Important Note: Dcc-nusc of memory limita1ions. some pro~mrrtj (i.e .• )Onie application pr0granu) will ,,01 run in 
RASICG. nASIC:G ui.es ttpprox;m;11ely 6 .6K more memory than 13AS IC. $()me Graphic~ Commands u~ Frei!' 
Memory. This means that the larp:cr your BASIC pro)?.tams are. 1he more limita11ons on y<>ur Graphic.:-. cap:1blli1ics. 

Each Graphici. program ~hltement hos a 8pecifo: ~yntax and in'-"Orporntes a Graphics BASIC command or func1ion. 

Table I gives a brief description of the BASJCG commands: Tahle 2 fo.ts the BASICG fu,u.•tion,. Thi:. ~clinfl of 1hc 
manual will describe each statement and func1ion in derail. 

BASICG Commands 

Command Description 

CIRCLE Oiaws a circle , cue, se, nici,d e , elc. 

CLR Clears the Graphics Screen. 

GLOCATE Sets the Graphics Cursor and the direction for puttm9 characiers on the Graphics 
Screen. 

GET Reads lhe contents of a rectangle on lhe Graphics Screen into an array tor tuture 
use by PUT. 

LINE Draws a line from the startpoint lo the endpoint n the S!)ecified line style and color 
Also creates a box 

PAINT Paints an area, starting from a specified point. Also pain1S a specified style. 

PRESET Sets an individual dot (pixel) OFF (0< ON). 

PRINT H-3 Writes c:ht:1.racters to the Graphics Screen 

PSET Sets an Individual dot (pixel) ON (O< OFF) . 

PUT Stores graphics from an array onto the Graphics Screen. 

SCREEN Seleels the Graphics o, T9xt Screen 

VIEW Creates a viewport which becomes the current Graphics Screen. 

Table 1 

II 
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BASICG Functions 

Funct ion Description 

&POINT Re1urns 1he OFF/ON color value or a pixel. 

&VIEW Returns the current \neWpOrt coordinates. 

Tablo 2 

Starting-Up 
Before using the dis.kcue inc:lud<XI with this package. he sure to make a .. safe copy" of it. See-your ft1od~l 4 
lnlroducti(}n to Your Disk S)'.flem !Or information on BACKUP. 

To load BAS/CG: 

I. vower up yoor ~ystem a:.·cordmg to the start~up procedure 10 your Model 4 lmroducrion to Yollr Disk Syntm. 

2. tnsen Ille ba,·kup dJSkcue into Drive 0. 

3. Initialize lhe System as described in your Mode/ 4 httroductio11 to Your Dil·k System. 

4. When TRSDOS Ready appe:,i,;, type· 

6ASICG (EfilIB) 

The Graphi<-s BASIC st,111-up pron>!)«£ . followed hy rhe READY prompr appear, and you are in Graphics BASIC. 
You ,an now be.~in BASICO pro~ramrninii. 

Remember that Mode.I 4 numi.:-ric values arc as follows: 

Model 4 Numeric Values 

Numeric Type Range Storage Requirement Example 

Integer -32768, 32767 2 bytes 240, 639, - 10 

Smgle-Predslon -1 •103', - ,.,o-118 4 bytes 22.50,3. 14259 
'1" 1.-10-, + 1.10- 39 -100.001 
Up to 7 significant cigtts 
(Prints six) 

Double-Precision -h1038,-h10- 38 8 bytes 1230000.00 
+ 1•1038,+1•10 36 3.1415926535897932 
Up to 17 significant digits 
(Prints 16) 

Table 3 
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-------Graphics BASIC (BASICG) -------

Wllh each BASICO c:ommand or function. there are various opcions which vou may or may not include in a proJZ.ram 
st:uement (depending on your needs). Each option is separated from the pre"ious option by a delimiter. usually a 
comma. When you tlo not specify an available option (e.g .. you use 1he default va1ue) and yoo specify subsequent 
opuons. you must still enter the dehmuer or a Syntax trror will result. (See your Model 4 V isk System O w11t r 's 
Manual (or more information.) 

Bcc:ause you are dealing with two <listinct ~crccns, the Graphics Scrocn and the Text Screen. we strongly urge you to 
read the description of the SCREEN command before continuing. 

CIRCLE 
Draws Circle, Semicircle, Ellipse, Arc, Point 

CIRCLE (x.,>,r.c.-,t,end,ar 

(X,J} epedfoea Ille comeipoint of lhe flguro. x 11nd r 11re 1nteger expreaa,ons. 
r specifies the radius ol lhe llgure in pixels and Is e,n Integer e,cpre9$Ion. 
c lll)eCifies the OFF/ON color of the figure end Is an lnteQer expression of either O (OFF,black) or I 

(ON/white). c is opllonal; n omitted, , is used. 
lfllrt spec,lles the atar1l)Olnt ol lhe figure and is a numeric eJ<Pression from Oto 6.283185 lfalt 1s 

opoonai; fl om1119d. o IS useo. 
end specifies the endpoint ol the figure and is a numeric elCpl'ession from Oto 6.283185 end is 

optional; ii omttt.d, 6.283185 It usad. 
a, apecilles the aspect ralio of the cirele, is a single-precision floating-point number > 0.0 (to 

1•1038) and detennines the major &MIS of the figure. ar is optional; If omitted, .5 is used and a 
c,rde is drawn. 

ll1c CIRCLE 1..uuu11au<l lcb yuu <lrnw live tyi,c:- ur fi,gu1 c:., 

C) 

0 V • 

Circle Ellipse Arc Pie-Slice Poim 

Figure 4. Types ol Displays with CIRCLE 

With CIRCLE. you can e111er values for Pl (and 2 x Pl) up to 37 sigmficant digit< w11hou1 geuing ao ovcrOow error. 
Howcve.r, only to digits are d1:-p1ayed. 

3.1 415926535897932384626433832795028841 
6.2831853071795864 769252867665590057682 

13 



-------Model 4 Computer Graphics-------

However, you'll probably only be ahle to visually detect a ctiange in the circle's scan and end when Pl ,s accurate to 
a few , ignifitanl digits (e.g., 3.1. 6.28. e1c.). The start and end value, can't be more than 2 x Pl (e.g .. 6.2832 will 
not work) or an HlcgaJ Function Call error will O<"(.'tlr. 

(x,y) 
Centerpoint 
The (.x.yJ coordinates in the CIRCLE statement specify the ccnterpoin1 or 1he figure . . t and )' are numetic expressions 
i11 the h1t~r,e1 11u111bc:1 1angc. 

Example 

r 
Radius 

CIRCLE (x,y),r 

CIRCLE (320.120),r 

Center 

• 

Figure 5. Center of Circle 

The radius of a circle is lneasured in pixels and is a numeric expression in the inte~er range. Radius is 1he distan.:e 
from the centerpoint to the edge of thee.figure, Although :.1 oeg:uive v:d1.1e will be cit."Cepred by BASICG, the resullt. of 
usmg a negat,ve value arc unpredictable. 

The radiU!I is ei1hcr on 1he X-axi:1 or Y-axi.,. depending on 1hc a~pec1 rativ (sec u, ). If the "~VC'-l 1"1io ill g1ca1c, lhau 
1, 1he radius is measured on the Y •axis. If the aSpe<'1 ratio is less: than or equal 10 I, the radius 1s measured oo the 
X-axis. 

Example 

10 CIRCLE(32<!d20) .!00 

This c:<.ampJc draws a circJc. The mdiu~ is 100 and ,he ccntcrpoint is (J20. I 20). 

C 

Color 
You can get the ONIOf'f ("'hitc/black) <:Olor of J. fig.urc·s border and radiu.s lines ($CC 1.hart/cnd) by !ipeCifying a 
nmnerk value of I or 0. 

ff you omit coior. 6ASJCG uses 1 1ON/ wh11eJ. 

14 
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Figure 6. Border of Circle 

stanlend 
Startpoint/Endpoint of Circle 
The range for starr and end is O to 6. 283185 (2 x PI). 

Border 

Jf you do not enter sran o.nd end. the default Yaluc:s of O and 6.28. 1espei.::1ively. are u~Ol.l. 

A ncgaLive star, or end value will cause the respective radius ro be drawn in addjt,on to the arc Ci .e .• ii \\.ill dmw a 
" JJit:"-t: of d,c pie"). The a1..·1ual :-.tan and endflOims are delermined by taking the abs0Ju1e value ot the spec1l ted s1an 
and endpoints. These values are measured in radian.s. 

Note: Kadtus Wlll not be drawn if sran or end is - 0. To dr1,1;w a radiu~ with srart or end as 0, you must use 
- 0.000 ... 0 1. 

12:00 

½'• 

9 :00 • ,. 3:00 

6:00 

Figure 7. Clock/Radian Equlvalents 

15 
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Degrees Radians Clock Equivalent 

0 0 3:00 
90 1.57 12:00 

180 3 .14 9.00 
270 4.71 6:00 
360 6.28 3:00 

Table 4. Degree/Radians/Clock Equivalents 

You can draw semicircl~ and arcs by varymg s,arr and end. If start and e11d are the same, a. poinl (one pi1'.el) w1II 
be displayed instead of a circle. 

Radius 't'-_.,,, 
e<>d 

start 

Figure 8. CIRCLE's (-) start, (-) and 

You can have a JX>Silive s1an and a ncgaltve emf (01 vic.:e. vt1~J as well as negati\le sraru and ends. In these cases. 
onJy cine radius Jine is drawn. 

Arc 

end 

Center ~ 
Radius 

Figure 9. CIRCLE'S (+)start, ( - ) end 
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------- Graphics BASIC (BASICG) -------

llinls and Tips aboul start and t 11d: 

• When using 1he defauh values for .start and end, you 111ust use commas as delimiters ir you wish to add more 
parame-te"'. 

• If you use PJ. it is not a reserved word 111 BASlCG and must be defined in your program. 

ar 
Aspect Ratio 
You can draw ellipses by \!arying lhc aspect ratio from the default value (.S) for a circle (and semicircle). 

Every cllip~c hitS a "ma~,r axi~" whi<..11 i~ the ellipse'.'\ longer. pn:dominam a1ei:s. With an ellip:sc (d.S with t1 circle), 
the two axe . ..'\ arc at right angles to each other. 

The n\alhcmatical equation for determining the aspect ratio is: 

ar • /tng1h of Y-axisl/tngth of X-a.,is 

• If the aspec1 r:uio is .5, a c ircle is drawn. 
• 1f the rati<' is Jess than .S. an ellipse wilh a maior a.xis on the X·axis is drawn. 
• If the nnio is gre..•uer than .5. an ellipse with a 1najor axi~ on the Y-ax is is: drawn. 

V 
y 

X 

X•Axls Ellipse (ar < .5) Y-AXIS Ellipse (a, > .5) 

Figure 10. CIACLE's Ellipse 

The range ror a,pec, ra1io is a siogle-p,ecisioo floating-point number grea1er than 0.0 (10 I• 10"). Although a 
negative value will be acccp1ed by BASICG. lhe results of using a ncga1ivc value are unpredictable. 

Hfllts and 7'ipr about aspect ro.ti(): 

• Entering .S as the rotio producet. a circle. 
• Numbel'S between O and .5 pr(x.h.1..:e an cll ip~ with a m;.-tjor ax.is on X. 
• Numbers over .S generate an ellipse with a majcr axis on Y. 
• Even though you c:an enter large aspect ratios, large numhers may produl'e ~tralght lines . 

17 
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Examples 

CI RCLE 1320,120> ,90,1 
TI,i:- t:A.ilmvlc J111w.:, a v.hitc•W1llcu:J \:iu.:lc with 1hc 1,,c111c1poiut ur (320. l 20) anJ i.tJiu) of 90, 

CIRCLE (320d20),90,1,. ., 7 
This staremcnl draws a white-bordered ellipse wi1h an origin of (320, 120) and radius of 90. The rnajor axi~ is tJle 
Y-axis. 

CIRCLE 1320.!20) , 90 ,i , -6 ,2,-5 
l"his sTalcment draws an arc with :i ven¢x r ·or(gin .. J of i320, 12.0) aod radius of 90 . . \·tart Is 6.2 and P11d Is j _ Radius 
lines <1rc drawn for s,art and ~nd, 

CI RCLE (320,120l ,90ol , , - 4 
This example draws an arc with a vertex of (320.120) and radius of 90 ,\'t(lrt is O Rnd end is 4 A radius line 1s 
drawn for tnd. 

110 PJ=3, 1415926 
20 CIRCLE (320,120) ,100,1 ,Pl ,Z•Pl ,.5 

A i=.cmicirclc is drawn. 

10 CIRCLE 11:;0, 100) ,1 00 ,i ,-S,-l 
2 0 CIRCLE <220ol00) , 100 d ,Sd 

Two arcs arc dmwn with the same J1an and e11<1 point. The arc wllh the negJtivc J'tart and <1nd has two radius lines 
dra1,1,•n to C.he venex. 1 he arc wnh a pos111ve 1wrr and end has no r.tdius Jines 

CIRCLE ( 320,120 ) .1110 .. -a,s . 1 
Thi~ ga1ement clraws an arc. with a verrex at (:'20.120) and a rad,m of 140. Starr is 4 and end is 6. 1. A radius line 
b, drawn for s1an, 

CIRCLE (320 o1 201 ,1a0,1,0 o1 ,, 5 
This example draws rui an, with o vcnex of (320.120) and radius of 140. 

Sample Progrrun 

~ SCREEN 0 
:5 CLR 
10 FOR X =10 TO 200 STEP 10 
20 CIRCLE <300ol00) , X ol ,., , 9 
30 NEXT X 
40 FOR Y=l0 TO 200 STEP 10 
50 CIRCLE 1300,100) ,Y ,t,", I 
60 NEXT Y 
70 FOR Z-10 TO 200 STEP 10 
80 CIRCLE (300 ,100> ,2 ,I," ,5 
90 NEXT 2 
100 GOTO 5 
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-------Graphics BASIC (BASICG) -------

A se, of 20 concen1rtC elJipses is dniwn with a major axis on Y, a sec of 20 concentric ellipse-s is drawn with a major 
4X.i.:i, on X. and a ~d l)[ 20 COH\.:Cflll'i t.: circle:.:, i~ J,..,wn. 11lc dlipjc!I aJh.l t i1..:.les in each of the llu-cc: ~•Oup~ ..1re 
concentric and the radius varies from IO to 200. 

CLR 
Clears the Graphics Screen 

CLR 

CLR clears the Graphics Screen. 

Example 

10 SCREEN 0 
20 CIRCLE(320, 120 ) , 100, 1 

This program line will draw a circle. Now type: 

CLR CEHilID 

and the Graphics Screen will be cleared bul 1he Text Screen will remain unchringed. This can be i,.een by typing: 

SCREEN 1 

GET 
Reads the Contents of Rectangular Pixel Area into Array 

GET(111,y1 )-(112,,z>,ana, name 

fllJ,yt) are 000R1na1ae or one 01 tne oppo11ng com8fS or a rectangUiar pixel araa x1 Is an Integer 
9lCl)fe$sion from o to 639. y1 Is an Integer e,ep,enon from o 10 239. 

(d.y2) are coordln- of the other come, of a -..gular pixel area. x2 la an integer •"P•••S1on 
from O 10 639. y2 is an Integer expression from O 10 239. 

arny - is the name you ll8Sign to the array that wll store the reclangular area's contents. anay 
name muat be specifled. 

Jm-,:,01'hU1l ~ oh: : .BASICO 1et:ug11itc::> two ::>)'llla>.C) vf 1l1c w11111nmJ Ot.1' - the: ))'Illa., t..'tst:rilJt(I u1 thi) 1111mual aiK.I 
che syncax described in the Model 4 Disk Sys,e,n Owner's Munuul. BASIC recognizes only the GET symax 
described in the 1\lodtl 4 Disk System 0Mt11t r•s Aafanual. 

Gti ,c.1ds d;e gravhii,; come,11.s of a reclatiguhu 1,ixel an:a inw a -!itorage arrny for futun: UM: by PUT (SC% PUT). 

A rcc1:angular pixel area is a group of piJcls which arc defined by the dingonal line coordinate:, in the GET 
Statement. 

The firs{ two bytes or orra)' nam,~ are set to the hori.zontal {X.a.xis) number of pixels in the pixel area~ the second 
two bytes are set m the vertical (Y•axis) number of pixels in the pixel area. The remainder of arrny mm,r represen1s 
the status of each pixel. either ON or OFF. In the pixel area. The darn. is stored an a row•t>y-row rorma1 . Tht data 1s 
scored 8 pixels per byte an<! eacll row starts on a bycc boundacy . 

19 
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>lrray Limits 

\VtlCn the array is created, BASJCG reserves spa,-e in memory for each e1emcn1 or the array. The size or the array is 
limited by the amount of incmory avniloblc for use by your program - each rent number in your s1orngc iuTti)' uses 
four memory locations (byres). 

The array musr be large enough 10 hold your graphic display nnc1 the recumgular area musr inclu<1e all rhe roinrs you 
wam 10 score. 

Your GET rectangular pixel area can include Ille entire screen (i.e .. GET(0.0) - (639.239).array name). if the array 
is dimensioned large enough, 

To dctem1inc the minimum array si1,e: 

I. Divide the number of X•ax.is pixels by 8 and roond up to the next hi2her integer. 

2. Multiply 1hc result by 1he number of Y•a.xis pixels. When counting the x.y axis pixels, be sure 10 include 1hc 

firs t and las, pixel. 

3. Add four to the total. 

4. Divtdc by four (for real numbers) or 1wo (for integers) rounding 111> to 1he nex1 higher integer. 

The ~iie- of rhe ree1ang11l::1r pi~~l .:in.:oa i'- dt>tt'rmin.P.d hy 1he ('t',.\') r no«tinare,; u~ed 'in nF--r• 

Positt<m: 11ppcr-lcfl corner = mnpoint = (X 1,y I) 
lo\,'Cr•left corner '=' endpoint = (x2,y2) 

Sire fin pixels): widlh a- x2 - xt+ 1 
leu~th = y2-yl + I 

Example 
GET( 10 ,10)-180 ,5~) ,V 

This blocl< is 71 pixds wide on the X-axis (10 through 80) and 41 loog on the Y-axis 00 through 501. 

• For r<'al: 
• For integer: 

11 /8 ~ 9 • 41 ~ )69 "- 4 = )73/4 = 94 
7118 = 9•41 = 369 + 4 = JB/2 = 187 

Depending on the type of ~rr:iy you use, you could set up yc,ur niinimum .. -.ilC dimension <1:-iten,enc 1his w.:iy· 

• Real 

or 

• Jnu!'gtr 

Examples 

D11'1 V<93l 

0111 V'tf\8f.l 

10 DIM 1Jl24Sl 
20 CIRCLE <85 ,451 ,20,1 
3 0 GET (1 0 ,t0l-<120,60l , V 

An array is creared, a .:irt:Je is drawn and s1ored in tl)e array via the GET statenienr's r'CClanaular f)ixel area·~ 
parameters (i.e .. 00.10) - (120.80)). 
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Calculate the dimensions of the array this way: 

Rectangular pixel area is 11 1 x 71 . That equals; 

111/8 = 14 • 71 = 994 + 4 = 99814 = 250 

(10,10) ~----------- (120,10) 

Rectangular 
Pixel 
Ar .. 

(10,80) 

(65,45) 

• 

Figure 11 

10 DIH V(30,30) 
20 CIRCLE < 50 , 50 l ,t 0 
30 GET ( 10 d 0 ) - ( B0 , B0 l , V 

( 120,80) 

A rwo•duncnsionaJ array is created, a circle is drawn and stored in 1he array via the GET statement's rectangular 
pixel area·s parameters {i.e •• I 10. I0J-tS0.80)). 

(10,10). __________ ~ 

R~tcf111,1Uhll 
Pixel -Area 

50,50 

• 

Figure 12 

10 DIM .V'tt564) 
20 CIRCLE <65 ,451 ,50,1 ,1 ,3 
30 GET<1 0ol0 l -(120,B0 l , V1. 

(80,80) 

A one--dimensional integer array is created. an arc is Jrawn and stored in lhe array via the GET statemenCs 
recurngular area'.s p~arneum, . 
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GLOCATE 
Sets the Graphics Cursor 

(Jr,p) IJIIIClltes 1tle IOal1lon ol 1118 Grapt,ics cu,- and II a pair of lntegef exJ)f8SSk)ns. 
dh,;Ot;,; apecllles lhe dllecllo,1 that the c:haracte,s wil be written to the Graphics Sc,-, and has 

In lnlegllr value of 0, 1, 2. or 3. dlnlction II opllonal: If omlttad, 0 is ueed. 

Since the Text Screen and the Graphics Screen cann<M be displayed at the same time. you need an easy wav ro 
display te.:uual data on the Graphics Screen. GLOCATE provid~ J>arl of 1his function by allowing )'OU to spodfy 
where on the Graphics Screen to stan displaying the data, (x.y), and which direction to display it - d1rectio,1. 

The allowabJc values for cliu<.·tion arc; 

Examples 

() - 71"rt'I rir"S,rtt .\llgje 

I - 90 degre;, angle 
2 - IAO d¢grec angle 
3 - 270 degree angle 

10 CLOCA TE (320 , 120> ,0 
This program line will cause characters to be displayed st.aning in the center of the screen in nom1al lcft-to--,·igh1 
orientation. 

100 GLOCATE < 320 ,I 0 l ,I 
Th1s program line will calJ.)C 1,,;hwctl'.lt:1~ to be dh,playcd summg i n the center of 1hc top pon1011 of the screen ma 
venical oriemruion, going from the top of the screen 10 the bot101n of the s.crccn. 

200 GLOCA TE (630,120) ,2 
This program line will c:ause charaetcrs to be displayed upside down starting at the rifhl of 1he screen and eoin$!. 
towards the left. 

300 GLOCATE (320,230) ,3 
This progrom line will cause the characters co be displa)•cd Ycnically. starting al the center of 1hc lower portion of 
the screen tow:ml$; 1hr tnp of th.,. ~~" 
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LINE 
Draws a Line or Box 

LINE (x1,y1)-{x2,y2), c, B or BF, style 

(X'l,y1) specifies the starting coordinates of a line and Is a pair of Integer expressions. (x l ,yt) is 
optional; II omitted, the lasl ending coordinates of any previous command are used as the 
startpoint If a command has not been previously specified, (0.0) is used 

(x2,y2) specifies the ending coordinates of a line. (x2,y2) is a pair of integer expressions. 
c Sl)eclfies the color and Is a numeric expression of either O or 1. c Is optional ; if omitted, 1 is used. 
B or BF specifies drawing and/or shading (solid white or solid black) a box. B draws a box and BF 

fills a box with shading. 8/BF is optional; tt omitted, only a line is drawn. 
alyle ia the aettlng for the pattern of e lino and ia o numeric voluo in tho integer range. style io 

optional: if omitted, - 1 (solid line) is used. style must be omitted tt BF Is used. 

LINE draws a line from the staning point (xi .y// to the ending point (.,2.y2/ . 

rr 1hr xl:\rtinf point is nmitrecl . d 1hrr (0,0) h. used if a previous end conrdimue ha!>. nm been specified or 1he las1 
ending point of the previous co,nmand is used. 1r one o< bmh parnmeters are of( the screen, only the pan of lhe line 
which is visible is displayed. 

With over 65,500 line styles possible. each ~tyle is slightly difforcnt. You 'll find it's alnm!)t impossible to detect 
some of the differences since they arc so minute . 

• LINE with Box Option 

• 

The stem and 1;nd coon:tinMc:; arc the diagonal coordina1es of the box (either a square or rectangle). When you don't 
spcdfy lhc Bur Bf opt1011!), the .. dh1gon~I " line i!t drawn When you ,;pec,ry 1he 8 op1io11. the perimeter is drawn 
but not the diagonal hnc.. When you spec11y the ut· optton. lhe pen meter 1s drawn, rm<I the are.a boun(le<I by Ille 
peri n1e1e.- is shaded in 1he-specified color (C'). 

LI NE< 140 , 80 > - < S00, 200 > ol , B 

(140,80) ~--------~ 

(500,200) 

Figure 13 
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style 

scv{e sets 1hc pixel an·ane,emem in 16°bit erou1>s. 

For example. 0000 11 11 0000 1111 (binary), 0FOF (hex), or 3855 (decimal) • 

. uyle can be any number in the integer n1nge (negative or positi,·e). Using hexadecimal numbers, you can figure the 
exact line style you want, There wiJl 3Jways be four numbers in the hexadeci1nal oonst.an1. 

To use hexadecimal numbers for sryle: 

I f)peirlt- whiit piiel~ ynu w :1n1 OF'F (~i1.:e 0) :mrt ON (hi1;:; I) 

2. Choose the respective hexadecimal numbers (from the Base Com•ersion Chan. Appendix D). 

Example 

0000 111 1 0000 1111 ; &H0F0F 

Creates a da."hed line. 

Type Binary Numbers 

Long dash 000000001111 111 1 

Short dash 0000 111100001111 

"Short-short" dash 110011001 100 1100 

Solid Hne 1111 1111111111 11 

OFFtON 0101 0101 0101 0101 

'WICle"dols 0000 1000 0000 1000 

Medium dots 1000 1000 1000 1000 

Dot-duh 1000 1111 1111 1000 

Table 5. Sample Linc Styles 

Examples 

LINC - < 100,40 ) 

HeK Numbers 

&H00FF 

&HOF0F 

&HCCCC 

&HFFFF 

&IIG55G 

&H0808 

&H8888 

&H8Ff8 

This example dnni.•s a line in white (ON) startrng at the last endpoin1 used and ending a1 ( 100,40). 

LINE (0 ,0 J-(3 19 d99J 
This ~tatemem draw~ a white l ine starting a1 (0.0) and ending a1 C3 19.l99J. 

LI NE < 100 ,i 00 ) - C 200,200 l ,I , ,as 
111i:-i c.\itllllJk U1.1w!> d li11c flu111 (100. 100} to (200.200) u~111g liuc :)lyl~ 45 (&H002D) 
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------- Graphics BASIC (BASICG) -------

LINE 1100d00l -1300,200 )tl,,1'H00FF 
This LINE st,ncmenl d,aws a line with · ·Ju11g d~shcs. · · Etu.:h Ua~h is eight pj,:els long and I he.re are eight blank 
pixels between each d3sh. 

LI NE I 1-'0 , 100) - I 300,200 ) , 1 , , - 1000 
This statement draws a line from ( 100.100) 10 (300,200) using line style -l000. 

LINE (200,200) -1-1 00, 100) 
A line is drawn from the s1artpoin1 of (200,200) 10 ( - I00. l()(l). 

I 0 LI NE I 30 ,30 ) - / 180 ,I 20 l 
20 LINF -1 170 ,1801 
30 LINE -(30,30) 

This program dra\vs a triangle. 

10 LI NE -(50 ,50) 
20 LINE -1120,60> 
30 LI NE -1- 100,-1£0> 
40 LINE -<3000,1000) 

This program draws four line segments using each endpoint a.~ 1hc m npoin1 for the next segment. 

PAINT 
Paints Screen 

PAINT (x,y), ti/Ing, border, background 

(x,y / specifies the X· Y coordinates where painting is to begin. x Is a numeric expression from O to 
639 and y Is a numeric expression from o to 239. 

ti/Ing specifies the paint style and can be a string or a numeric expression. ti/Ing Is optional: If 
omitted, 1 is used. tiling cannot be a null string (" ") and no more than 64 bytes may be 
contained In th& tiling string. 

border specifies the OFF/ON color of the border where painting is to stop and is a numeric 
express,on of either O (OFF) or 1 (ON). border is optional: If omitted. 1 Is used. 

background specifies the color of the background that is beirig painted and ls a 1 ·byte string of 
either O (CHR$(&HOO)l or 1 (CHR$(&HFF)). background is optional; if omitted, CHR$(&HOO) is 
used. 

PAINT sh~ldes: Lhe- Graphics Sere.en with 1ilm9 s:t!lrtins :i.t the specified X-Y coordi,,ates . ptocecdin~ upw;ird and 
downward . 
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-------Model 4 Computer Graphics-------

x,y 
Paint Startpoint 

• Be instdc the area to be pa.inted. 
• Be on the working area of the sc£een. 

For example: 

10 C!RCI.E(320 t120l ,81! 
20 PAI NT(:320,120) d ,I 

A circle with a ceoterpoint of (320. 120) is drawn and painted in white. 

tiling 
Paint Style 

riling is 1he panern in a graphics di~play. By ~pccifying. each pixel. you can produce a multitude or tiling styles. 
,herrhy ~irnuf;:oing 1iiiferen1 shades of paint on lhe screen, 

1ifing is convenient to use in b.ir grnphs, pie ch~u1s, c-1c., or whcntver you want to shade wilh a defined panem. 

There are two type.s of tiling: 

• Numeric expressions 
• Strings 

Numeric Expressions. There are only two nut'l"leric expre.s5ions th.tt CM be U5ed fM the paint style - 0 nnd I. 
paints all pixels ON (solid white) and O paints ;di pixels OFF (solid black). 

To u~ n u11ic;1 ic CApte~~iu11~. t:11lt:1 cilht:, a O or I . For ~xc1mple: 

PAINT (320,120) ,I ,I 

Strings (Point-by-Point Painting). You can paint preci5e pt1t1ems using s1rings by <lefiniog a mulli•pixel grid. 
pixeJ.by.pixel, oo your screen as one <..-ontiguous pauem. 

Siring painiing is calk..-d "pixe1· · painting because you are li1erally pai11tin& I.he screen .. pixel-by-pixel" in a 
prcd<..-tcrmincd order. 

You can define the tile length as being one to 64 vcnical tiles, depending on how long you want your pattern . Tile 
wir1th, howe-"1er. it always eight horizontal pixel~ (8 pixels representing one 8-bii byte). Tbe dimensions of a tile 
pattern arc length by width . Tile patterns arc repeated as necessary to paint to the specified bOfders. 8-.:cause of it-s 
symrne1ry, you·n probably find equilaleral pixel grids most convenient. 
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-------Graphics BASIC (BASICG) -------

I 

I 

- -- - -

Figure 14. Example of an 8•by•8 Pixel Grid 

Smngs allow numerous graphic variations hccausc: or the many pi xd comhimuion~ you can define . 

lmponant Note: You cannot use more than two consecutive rows of tiles which match the background or an Illegal 
Function C:.111 em,r will occur. For example: 

PA INT ( I ,I ) ,CHRS(&,HFF)+CHRS (!.HF F) +CHRS(!.H00)+CHRS<!.H00> 
+CHR$(~H@0)+CHR$(f>H00) ,1 ,CHR$(&·H00) 

returns an Illegal Function Call error. 

Using Tiling 
You may want to use a sheet of graph paper to draw a style p:lttcm. This way. you'll be able to v1su:.lizt 1hc paucrn 
and calculate 1he binary and hexadecimal numbe~ needed. 

Note: Tiling c.hould only be done on either a toe.all} black or whi1e hackgmund; otherv,:ise. re:-:ult:-. arc unpredictable . 

Tn dr;1w an example or a 1ile on paper 

I. Take ;.t ~ilt';;: t ur p,11>e1 and t.h11w ,1 gric.l accordini lO the size you wan1 (8 x 8. 24 x 8. etc.). Each boxed arc.a on 
this srid. hypothetico.11)' . reprc..~rn ... i; one pixel on your screen. 

2. Uecide what type of pattern you want (zigzag, diagonaJ Jines, perpendicular li nes. etc .). 

3. Fill in c:ich grid in c;i.ch 8-pixcl-widc row or the tile if you want that pixel to be ON. accordrng co your paucrn. 
If you wam the pixel to be OFF. leave the grid representing the pix.cl blank. 

4. On yout paper grid, coun1 e.ach ON pixel as. 1 and each OFF pixel as 0. List the binary numbers for eas;h row to 
the side of the gt1d. For example, you rnigh1 ha\!e 0001 IOOCl on the first row . 01 11 001 1 on lhc second rnw, etc 

S. U~ing a hexadecimal conversion chan. cooven the binary numbers to hexadecimal numbers. (Each row equates. to 
a two-ditit hexdclecimal number.) 

6. Insert the hexadecimal numbers in a tile Mring and enter the string in yoor program. 

Note: For a listing of commonly used tiling styles. see Appendix e . 
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------- Model 4 Computer Graphics-------

Example 

For example. if you· re working on an 8 x 8 grid and want to draw ;,i plus (' ' + ,.)sign: 

Binary Bex 

/il /il /il l l /J /il /J /il/illll 1/il/il/il 18 

/il /il /J 1 1 /il /il /il /illllll l/il.0/il 18 

/il ll /il l l ll /il /il /Jll.01 1/il/illl 18 

1 l 1 1 1 1 1 l 1111 1111 FF 

1 l l l l l l l 1111 1111 Ff' 

/il /il /il l 1 /J /il /J /il/il/Jl 1 /il /il /il 18 

/il /il /il 1 1 /J /il /il /il/il/ill 1/il.0/il 18 

/il /il /il l 1 /il /il /il /il/il/ill 1/il/il/il 18 

Figure 15. 8 x 8 Grid 

T ile string: 

A$•CHR$(6H18)+CHR$(&H18 J +CHR• l&Hl81 +CHR$(IHFFl+CHR$1.HFFI 
+CHR S(6H IB )+CHR$16HIB )+CHRSl &H18l 

b 
Border 

Border is the OFF/ON color of the border ot a graphics design where painting 1s to s1op and 1s a numenc expression 
of e ither O or I. If omitted. I (ON) is used and all ~,c pixels on the border arc ,ct (solid white). 

background 
Background Area 
Background i.s a I -byte charrl(;ter which deS(..."l'ibe~ 1he hackg.r(lund of 1he area you are painting. CHR$(& HOO) 
specifie!'; ::i black bnckground ::ind CHRS(&HFF) 1S :t tot!llly white boc:kg:round. If b:lckground is not specified. 
BASICO use~ CHRS(&HOOl. 

Pai111i11g cuminuc~ urnil a I.Jonkr i:, re:n.:hOO ur until PAINT tlot.~ uul alter L11c ~l.1tc uf i111)' ViA~b iu 1:1 1vv. . Huwc,·t1, 
if pixe-ls in o given rqw are n01 ahered and the 1ile that was 10 be painted in that row rnacchcs the background tile. 
p:Jin1ing will c;Qnlinoc o n to lhc; next mw. 

Note: BASICO uses Froo Memory for tiling. 
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------- Graphics BASIC (BASICG) -------

Examples 

10 CIRCLE (300.t00> ,100 
20 PAINT ( 300,100 ) ,1,1 

Pain!'- the r irclc in wli<l whit¢. 

10 CIRCLE < 100 ol00) ,300 
20 PA I NT ( 100,100) ,t ,1 

Poims 1he circle. Only the visible portion of th¢ cirde i-: painted on the screen. 

4 CLR 
S A• I 
6 SCREEN 0 
10 CIRCLE (320 ol20) ol00 
20 crnCLC (100,100) ,50 
30 CIRCLE (400,200) ,60 
40 CI RCLE (500,70) ,50 
50 PAINT (320,120) ,Ad 
60 PA I NT ( 100,100 ) ,A , ! 
70 PAINT (a00,Z00l ,A ,J 

80 PAINT <500,70) , A ,I 

The tiling .-.1yle is assigned the value I in Jin(• 'i IA= I) fnr all PAINT statement:-. Four circles are drawn and pajnh:c.l 
in solid whilf.! . 

10 LINE < 1a0 ,80 1 - (500 ,200), I ,6 
20 PAINT (260,120) ,CHR$(&HEEl+CHR1>(1,H77)+CHR$(00) ,1 

P~llnt<: box in specified ailing styl~ usmg ~tn11~:-.. 

10 CIRCLE ( 300,100) ,112\l> 
20 PAINT (300d00l ,"D" ,1 

Thh. c.xampk use:. a character constant to paint the circle in vc11ical blank and white ~,ri1>e~. 'fhe character "D" 
(0100 0100) scl:s lhis vertical patt,m1: ooc vcrtkaJ row of pixels ON, chrec rows OFF. 

10 CIRCLE <320 d20 ) ,200 
20 PAINT <320,120 ) ,"3322 1 1 " ,t 
30 PA INT (11210,70) ,"EFEF" ,! 

This exontpk d1'3W!-- and painl1' :1 circle:, 1hcn pa1ms the area surrounding che c ircle wuh a diffcrcn1 pain1 ,1yle ()me 
30) . Thi~ PAINf statement's (line 30) startpoint mwn be outs ide- 1he border or the citcle . 

10 PA INT (320,120) ,CHR$!&.HFF ) .t 
20 CIRCLE (320.!Z0 l .tl't0,0 
30 PAINT (320,120) , CHRH0l-+CHR$(1,,HFFl ,0 ,CHIH (~HFF> 

P:1int.$ the ..:cn.-cn white. draw~ ~1 cirdl" ;ind p;lml,; th(• rirc;lc• wilh a pattern. 

10 PAINT (320,120 1 ,CHRs( UIFFl ,l 
20 CIRCLE (320 .t20) ,100,0 
30 PAINT ( 320,120) ,CHR$10)+CHR-.(~HAAl ,0,CHR$ ! &HFF ) 

Pamt,; the screen wh11c. draws a circle and paint~ 1hl' i..:in:h: with ii pa11i:111 
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-------Model 4 Computer Graphics-------

10 CIRCLE(3088O.!00) , l00 
20 A$ =CHRS(&H00)+CHR$ l &H7E>+CHR$ (&HIB)+CHRS !&Hi8 l +CHRS(&H I B) 

+CHR5 ( &HJB)+CHR$(&H l 8)+CHR$ ( &H00 ) 
30 PAINT( 300,l00l ,AS ol 

This draws the circle: and paints with lhe lener T wilhin the parameters of the circle. 

10 A$•CHRS(&H4 1 l +CHR$( &H 22> +CH R$ (&H!al +CHRS(&H08)+CHRS(&H14) 
+CHRS <lH22) +CHR $ (&H41 )+CHRS{&H00) 

20 PAll'IT ( 300.!00 ) ,A$, I 
This pamI5i Xi; over 1he enlire screen. 

CLEAR I 00 
3 r.1 R 
5 SCREEN 0 
10 TILE$ (0) =CHR$C &H22 )+CHR$(&H00) 
20 "IILES <l l • CHR$(8.HFF >+CHR $ <&H00) 
30 TILE$ ( 2 l•CHR$(&H99 1+CHRS<lHSG) 
£10 TILC1> (3l•Cltl1$(8. 1199 l 
50 TILES(4 )•CHRS(&HFF I 
60 TILES (5l•CHR$(&HF0 1+CHR$<&HF0)+CHR$(&H0F l+CHR$ 1&H0F ) 
70 TILE$(6 ) •CHRS !&H3C l +CHR$(lH3C)+CHR$(&HFF ) 
80 TILE$( 7) •CHR$ ! &H03 1+CHR$ (lH0C ) +CHR$(&H30 ) +CHRS ! &HC0 ) 
90 A$•T ILE$ C0)+T! LES( ! )+TILE$(Zl+TILE$ C3 ) +TlLE$(a J 

+TILE$(5 ) +TILE$( 6)+TILE$ ( 7 ) 
100 P<l!NT<3<'0.!00) ,AU 

This example pa1n1s the ~cnxn with a l'iling patten1 made up of eight individually d~fint'..d lilt. s1rings (0-7) 

&POINT (function) 
Returns Pixel Value 

&POINT(x,yJ 

• specifies an X-coordtnate and rs an Integer expression. 
r specifies a Y-coord,nate and is an integer expression. 
VAiot>$ rE1turned by &POINT are: 

0 (pixel OFF) 
1 (pixel ON) 

1 (pixel Is off the screen) 

The &J"OINT command lcb you read 1hc OPFION , c11uc of a pi.itd r,vm the ~1.;1~c11. 

Value, ro, &POINT ,ha, arc off 1he sa-een (i.e .. PRINT &POINT (800 .500)) re1um a - I. signifying 1hc pixel is off 
the screen . 
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------- Graphics BASIC (BASICG) -------

Example 

10 PSET(300.t00) ,t 
20 PR I NT &POINTl300,100) 

Reads and prints the value of the pixel •t the poin1·s coordi na1es (300.100) and di,plays iJs value· I. 

PRINT ~POINT(3000,L~00) 
Since the pixel is off the S<'reell, a - I i~ returnN.I 

PRINT &POINTl - 3000, 1000) 
Siooe the pixel is off the scrcc:n, a - I is returned. 

PSET ( 200 .t 00) , 0 
PR INT &PO!NT(200,100) 

Reads ond prints the valve o f tbe pixel :u the poim's coordin:ues (::?00, 100} :.md displ:.tys its value: 0 . 

10 PSET(300d00) ,1 
20 IF tPOINT(300, l 00)•1 THEN PRINT "CRAPH I CS BASIC ! " 

Sets the point ON. Since dtc point's value is I. line 20 is executed and Graphics llASIC is displayed: 

CRAPHICS BASIC ! 

S SCREEN 0 
10 PSET<RN0(6110.) ,RN0(240)) ol 
20 IF &POINT(320, 120 ) :1 THEN S TOP 
30 COTO 10 

Sets points r.mdomly until (320,110) is- set. 

S CLR 
10 Lll'IE<S0,80)-<120ol00>.t,BF 
20 PRINT &POINTtl00,80> 
30 PRINT &POINT(! l 0 ,80> 
40 PRINT &POI NT(IIS,90) 
50 PRIN T tPOINT l 50,a0l 
60 PRINT &POINT(t30,120l 

lbc firs1 three pixels are in ,he fi lled box . so the \ta]ue I (one) is displayed for each of the sta1cmcms in lines 20, 
30, and 40. The pixels specified in lines 50 and 60 arc not in the shn<kd box and Os arc returned . 
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PRESET 
Sets Pixel OFF (or ON) 

PRESET(x,y),-llch 

x speclfies an X-coordinate and is an Integer expression. 
y spe<:;lies a Y-coordlnat8 and is an Integer expression 
aw/lch specifies a pixel's OFrtON code and i• an integer of either O (Off) or 1 (ON), 

swlrch is optional; rt omlHed, O (OFF) Is used. 

PRESET seas • pixel ei1hcr OFF (0) or ON ( I). depending on swi1clr. If sw,rch is not ,pecifled, O (OFF) is u,ed. 

V:\hlc>'- for (r- .y) lhat :m~ l~rgtr than 1hr p::ir:nn,,frr~ of !ht· ~cW4'n {i P • grPatPr th:m f\3Q fnr r :md 234 for y) arr 
accepted. but these point~ are off the screen and th~rcfore are not PRESET. 

Note: The only choice for s1'·itd, is O or 1. If you enter ony other number, an Illegal Funcuon Call clTQr will n::11uh . 

Examples 

10 PRESET (50,50> ,I 
20 PRESET <50 ,50! ,0 

Tum, ON 1hc pixel locaacd ,u 1hc specified coord1m11es <in line IOi an~ ,urns 1he pt,d OFF (,n line 20). 

5 SCREEN 0 
10 PRESET (320,120 ) ,1 

20 PRESET (300, 1001 ,1 
30 PRESET (340,!a0> ,I 
40 FOR 1-1 TO 1000: NEX T 
50 PR ESET (320,120) 
60 PRESET ( 300 ,100) 
70 PRESET ( 340,1~0) 
B0 FOR I=l TO 1000: NEXT [ 

Sets the 1hree spec1hed pixels U.N (through 1he three PKl::..St l statement"'· pau ... es. :md 1hen wrn~ rh~ 1hr~r pixel, 
OFF. 

PRESET ( 3000 ,I 000) ,I 

The values for (.t . vJ arc accepted. but since t'hc coordinates are beyond the: pa.rnmeters or 1he screen. the p(lin1 is nOt 
PRESET. 
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PRINT #-3, 
Write Text Characters to the Graphics Screen 

PRINT #-3, Item 1141 

/fem /lat may be either stnng constants (messages enclosed ,n quotes). siring variables. numeric 
constMts (numbers), va~ables, or expressions Involving all of 1he preceding Items. The items to 
be prin1ed mey be sep«ra1ed by commas or semicolons. If eommao ate uoed, 1he Cursor 
au10matically advances to the next print zone before pmting 1he next I1em ti semico4ons are 
used. a space Is not Inserted be1Ween the items printed on the screen. In cases wtiere no 
amblgully would result all punclUStion can be omitted. 

PRINT # -3. is used to write text characters 10 !he liraphrcs Screen , I h is 1s the eru:1e$t way to d 1S~)l:ty tfxmal data 
on the Graphics Screen. Characters are ,foplaycd s1at1ing "' th~ c urreni Graphics Cursor ilnd going in the direction 
specified by the m<XC recc:?mly cxe-cuted GLOCATE commr1.nd, If a GLOCATE. c◊mm:ind was not exccut~d prior to 
the PRINT # - 3. command. a direction of O is as.s.ume-d. 

PRINT#-3. will only print text characters (sec Appendixes of the 1\lode.14 Di.Iii: Sy;1tcm, Own r:, •, Manual). L:ad1 
ch.iracter displayed in fhe O or 2 Jfr¢edon uses an 8 x 8 pixel g.nd: each charac.·ter displayed in the I or 3 direction 
uset- ::1 16 x 8 !,!rid. Execu1ing this command wdl position the Graphics Cursor to the end of 1hc la\1 character that 
'«.ts di!-playcd. 

l)i$.pl.aying text in llil"N'1ioo n C"ngl-lgt:" a wr<1p:lrnund fe:ltnrr If rh.- end nf a lint" is tt"~vhed, BASl(G w,11 C"(n11inue 

the di.spiny on the next line. If the encl t>f 1h~ scr~n is rcochcd, BASICG will continue the display at 1hc beginning 
of the screen withou1 ~mlling. Ir lhete is not enough room to di..,play at least one chara<.·ter at the c urrent Graphics 
Cursor. an Illegal Function Cal) e1Tor will ri!Sul1. When di~playing tex, in Of her directions. an attempt to display text 
oursick> of 1he curr~ntly dt!fined i.crcen will cause an llle.gal Function Call ermr to bl'" given 

PSET 
Sets Pixel ON (or OFF) 

PSET(x,y }.9wltcfl 

,r spectlies an X-coord,nate and Is an In1eger expression. 
y specifies a Y-coordlnate and is an integer expressloo. 
sw/lch specifies a pixel's OFF'ON color code and Is a numeric expression ol 0 (OFF) or 1 (ON). 

switch Is optional; ii omit1ed, 1 (ON) is used. 

PSET ~I~ a vixtl chhcr OPP (0) or ON ( I). depending on swuch. I f switch ii- nm speci fied . I 10N) is U)ecf. 

The only chc)iC:t for 3,1•1td1 with PSET is O an<l I. If you enter any other number. an Illegal Function Call win oc<.·ur. 

Values for fx.y) that arc larger than the parameters of the screen (i.e . . greater than 639 (or .x ,ind 239 for y) ate 
~~tccpted , but these points are off the screen and therefore are not PSET. 

Noce: The only distincllon between PRESET and PSET in BASICG is the defaoJt value for SU..'il(·h. The default ,:1lue 
for PRESIT is 0. while me value for PSt;T is I . 
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Examples 

10 A•! 
20 PSET 150,501 ,A 

Turns the pixd localed ;;1t 1hc )pctifieJ coort.linatec. ON. 

10 PSE T <RNO(640J ,RNO(240> > ,1 
20 CO TO 10 

Pixels are random!}' se1 10 I (ON) ovtr the defined area Hhe entire screen). 

PSET 1 - 300,-200) ,I 
The values for t:r.y) are accepted. bu1 since i 1 is beyood rhe p:uame,ers of the screen. the pixel 1,; no1 set. 

10 PSET (320 ,1 20) ,I 
?<II As :TNKFYS : Tl' A <,: "" THFN 7.0 
30 PSET l320 d 20) ,0 

Line 10 <eis ("1urn$ ON"') a pixel; line 30 ,,,,,el< (-- n,m.< Off") 1he <11me do1. 

PUT 
Puts Rectangular Pixel Area fron1 
Array onto Screen 

PUT (xl,yl), •rret n•"'-• action 

(ld,yl) are coordinates of the upper-left comer or the recta119ular pixel area which Is to contam a 
graphic display. xi is a numeric expression trom o to 639 and yl is a numeric expression from o 
ID 239 . 

.,,., name is the name of an array (previously specified by GET) lhat contains the data lo be 
written Into the rectangular pixel area. 

action detennines how the data Is written ,nto lhe rectangular pixel area and is one of the IOllowing. 
PSET Sets or lflets each point in the specified pixel area to the value in the specified 

array. 
PRESET SelS or reselS each pomt ,n the specified pixel area to the inverse of the value 1n 

the specified anay 
XOR Performs a logical exclusive-OR between the bits In the specified array and the 

pixels in the destination ar&11 and displays the result. 
OR Performs a logical OR between the bits in lhe specified array and the 1)1Xels In the 

destination area and displays lhe resul t. 
AND 1-'ertorms a logical AND between the bits in the specified array and the pixels In the 

destination area and displays lhe result. 
actk>n is optional; ti omitted. XOR is usad. 

Important Note: BA.SJCU 1ecognizes two li)'111::lXes or the command PUT - 1he ~ymax described in 1his m'9lual and 
1he syn1ax described in the A1odel 4 Disk S)'l ltrn Owner's Mattual , BASIC recognizes only 1he PUT syntax 
described in the Model 4 Disk System Owntr's Manual. 
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Graphics BASIC (BASICG) -------

The PUT funccion puls. a rec1~ngular pixel area stored in an array. and defined by GE.T. onl<.) 1hc screen. GE'r and 
PUT work jointly. Together. they allow you 10 "geC' a. rectangular pixel area whid1 rontains a graphic di~play, 
store ii in an army. then '"put .. <he array back on the screen la1er. 

Remember that before you GET or PUT. you have 10 create an atTay to s1ore 1hc bit contents of the display 
rectangular pixel area. The size of the am,y must match 1ha1 of 1he display rectangular pixeJ area . 

PUT moves your GET rec1angular pixel area 10 the stanpoint in your PUT ~,a1cmen1 and 1he sranpoint is ,he new 
upper-left comer of the rectangular pixel 1.1.rca. 

To illusu-.itc: 

5 DIM V(3l 
10 GET <2 ,3) -(7,7) ,V 
100 PUT 50 ,50) ,V ,PSET 

Afler GET1ing. PITT 1his rectangular pixel area io (50,50). The new coordinates arc: 

(50.50) (51.50) (52.50) (53.50) (54.50) (55.50) 
(50,51) (51,51) (52.51) (53.51) (54.51) (55.51) 
(50.52) (51.52) (52,521 (53.52) (54.52) (55.52) 
(S0.53) (S L .53) (52.531 (53.53) (54,53) (55.53) 
(50.54) (51.541 (52.541 c53.54) (54.54> (55.541 

11,e 1cc1.-10iular pixel area ((50.50)-(55.54)} 1s exactly the $-ilmc p1~d jjzc as (2.3} €7.71: only the !ocatlon i, 
ditTerent . 

(2,31 (7,3) 
~~- -------------

\2,7) 

-- --"GET" -
RECTANGULAR 
PIXEL 
AREA 

-- ---

-----
p ,7) -------

-- -- -- --- ------------ - --
Figure 16 

Wid> PUT. aciion can be PSET. PRESIIT, OR, AND. or XOR. 

--- - --- -(50.50) -- --
"PUT" 
RECTANGULAR -~ rIXEL -- -AREA - - -

(50.64) 

(55,501 

(55,54) 

The5c operator-; are used ,n OASICG 10 tc>I 1he Off/ON (or Oi l ) condi11ons of a pixel in 1he original pixel areu an~ 
the destination pixel area . 
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-------Model 4 Computer Graphics-------

For example (using PSi;T). 1he pixel is sec ON only if the bil in the PUT array is ~ , ON If the bit is OFF the pixel 
is 1umed OFF (rOS<I) 

With rRESET. the pixel is $ Ct ON only if rhc bit in the PUT army is r.ct Orf. If the bit i!\ ON . the pixel li turned 
OFF ( resei). 

Using OR. the pixel i s set ON if the bir in 1he PUT array is ON or lhe corre5ponding pixel in the destination area is 
ON . In all other cases, 1he pixel is tumed OFF' (reset). lo mher w<>rds: 

nA OFF ON 

OFF OFF ON 

ON ON ON 

W1th AND, the pixel is set ON, if both 1he bu Jn the l'Ul array and the corresponding pucel m the destination area 
di e ON. Ju ull u(hcJ w,,:,0, the pl.Ad b tu111ctl OFF (1e~d). 111 ut.lt~ word :,,. 

ANO. OFF ON 

OFF OFF OFF 
ON OFF ON 

• 

Using XOR , che pixel it) se1 ON if ci1hcr the bit in the PUT array or the corresponding pixel in the dc::itination area • 
(bu1 n04 bCllh) is ON, In all other ca..-..:s. 1hc pixel is turned OFF (rescl). In c')1hcr wonl~: 

--........ OFF ON 
OFF OFF ON 
ON ON OFF 

11,e following BASICG progmm will graphica11y illus1rate the differences be.1ween 1he ,•arious action op1ions. Since 
the program will give you a "hard,.copy' · pnntout or the aciu)o options, you' ll need to connL-CI your l'RS-MO to a 
graphic printer . .See •·Graphics l_;tilitief' hucr in 1his manu .. l for more dt1ails on using the: Comp1.11cr (.irophics 
package with a printtr. 
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------- Graphics BASIC (BASICG) --- ----

10 DATA "OR", "ANO•, " PRESET", 11 PSET 11
, 0 XOR 0 

20 CLR : SCREEN 0 
30 FOR Y= 10 TO 210 STEP 50 
Q0 FOR X• 0 TO 4~0 STEP 200 
50 LI NE {X+40,Y-5l-{X+l00 ,Y+ 25) ,I ,B 
80 NFXT X 
7 0 LINE ( 5 0 , Y ) - ( 9 0 , Y + I '1 l ,I , BF 
80 FOR X= 200 TO Q00 STEP 200 
90 LI NE (X+50 ,Y> - <X+70 ,Y+20) ,i ,BF 

100 NEX T X 
1 10 NEX T Y 
120 DIM V{ l00 > 
130 CET C50 d0 l-C 90,30> ,V 
1a0 FOR N=I TO S 
150 R= ( N- l l •S+l 
160 READ A$ 
165 GLOCAlE { 136 , R l! 0) ,0 
170 

175 
180 
190 
200 
:?10 
220 
230 
2a0 
250 

PRT!IIT •-3 , Atl. ; 
CLOCATE <36~,R • 10 l ,0 
PRI NT • -3 1 "':" ; 

ON N COTO 200, 21~, 220, 230, 
PUT (450 ol0 ) , V, OR : GOTO 
PUT (450,60), U,AND : GOTO 
PUT (450,110 1, U,PRESET : GOTO 
PUT (450, 16~1, U,PSET: GOTO 
PUT (450,210>, 1J,XOR 
NEXT N 

260 SYSTEM "GPRJNT" 
270 SCRE EN 1 

I I OR 

I I ANO 

I I PRESET 

I I PSET 

I I X OR 

iJ 
[] 
I] 
[iJ 
I] 

Figure 17 
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Model 4 Computer Graphics------- • 

Hints and Tips about PUT: 

• An Illegal Function Call error "''ill rcsull if you attcmp1 to PUT a reccangular pixel &J"C(i to a section of the screen 
wh1Ch is. totally or part13II}' beyond !he ,,aramece~ of 1he. screen. For example: 

CET<S0 ,S0)-( ! S0 o!50) ,V 
PUH200,200 l ,V ,PSE T 

rc1ums un cm.)r because 1hc rcc-raniutar pixel area cannot be physically rno,,cd to the. f>J)CCifiod rectangular pixel 
area (i .e. , (200.200) -(300.300)). 

• If you u~ PUT with a \rlt-wl'(ln {f.ee VIEW). all conn:lin~te~ must be within the parnmcters of the \'icwpon or 
you'll get an lllegol FuncLooo Call error. 

Examples 

Pl!f with PSET 

10 Oltl \11(63) 
I S SCREEl'I 0 

17 CLR 
20 C IRC LE C30 ,30) .! 0 
3 0 GET ( 10 '10) - ( 4 0 ,40) ,V:t 
40 F OR 1=1 TO 500: NEXT I 
50 CLfl 
6 0 PUT ( 1 10'1 10 1 , t l l ,PSET 
70 FOR 1=1 TO 500: NEXT I 

In 1his example, lhc circle i~ drawn. ~1orcd. moved and re-created. Firs• 1he white-bo,·Jel'td circle appea~ LO the 
urper ltft comet of the icr~n (position (30~30) - prc,gnm line 20). Af1er ~l couple of seconds (bec::i,use of 1he dctuy 
loop). ii disappe•rs and 1hen reappears on 1hc scrcc.n - ( I 10. 110) - program line 60 

Wha1 spccific.-J ly happened is: 

l. An OITOY was crca<cd (Line 10) . 

2. A circle was drJwn ()ine 20). 

3. G!iT The cfrclc "1, ich was within the source rccr• ngulor pixcl "°"'· as spc<ifi«I in the GET statcmcn:'s 
par•me1ers is , cored in 1he array (line 30\. 

4. l11c M,Tcon is cleared (line 50). 

5. PUT - The circle from the array was PUT into the des,ination rec1angular pixel area as specitied in 1he PUT 
s1a1emen< (line 60) with the PSET op1ion. 
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- ------ Graphics BASIC (BASICG) -------

:'.I SCP.EEN 0 
6 CLR 
10 O!M V'l.(700) 
20 LINE (20,20)-(20 ,80> 

30 LI NE C80,0l- (80,B0) 
a0 LINE (30,30)-(30,80) 
S0 LINE (10,S)- ( 10,B0 > 
60 GET (0,0)-( 100,100 ) ,VX 

'"' FO R I = l TO 1000: NEXT 
B0 PUT ( 160 .t 20) ,V'il:, PSET 
90 FO il [ = l TO 1000, NEX T 

I 

Draws four lines. GET s.tores che li nes in d1e rectangular plxel area. PUT mcwes the lines to :ino1hcr rcct::ingular 
pixel ar.:..--. 

SCREEN 
Selects Screen 

SCAEEN(ype 

lppe specifies which "'Screen" to use and Is a numeric e:,cpres91on of either o or 1. 
O a Graphics Screen 
1 • Text Screen 

SCREEN Ices you sec the proper screen. SCREEN O selects che Graphics Scre<n; SCRl;EN I selects the Text Screen. 
Any "'aluc mher 1han O nr I wi,h S\RP.FN elve~ ;.in errf'lr 

SCREEN b \'.<.mvc:.nicnt to use when you want m display either a Craphics Screen or a T ex1 Scroen. For example, 
you may hav<' run a progrnm und then added to it. With SCREEN, )'Ou con remove the graphics display. udd to the 
pmgram. and then re1um to the Graphics Screen . 

Wlicncv1.::1 8ASJC<J lJ iQ lu \li~play ,,1 \:h:t1Jl.'.tc1 ou the Tex( Scn,c;u <like i11 au JNPUT or PRINT M:th~meno, the 
screen is m.1t<:Hna11cally set to the Tex1 Screen. If the program is stHI running after execu1ing 1he statemen1. DASICG 
wi II revert to the scr<:e-n thal wa.s in effect prior 10 executing the statement. 

Examples 

10 SCREEN I 
20 L INE ( 150,150)- ( 200 ,200> 

The compu1er executes 1he short program but the Graphtcs Screen c,mno1 display the graphics becau1:::~ of 1he 
SCREEN I command. To display the line. type: SCREEN O (E!iff1I) 
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Model 4 Computer Graphics------- • 

10 CLI> 
20 SCREEN 
30 LIN E< l 0d0 l - (255,19 1 > 
40 LINE<0, 1911-(255,0) 
5 0 A$•JNKEY$: IF AS •""THEN 50 
C0 SCREEN 0 
70 A$•INKEY $ : I F As=• • THEN 70 
B0 GOTO 10 

The computer e.x.ecures the progrJm (dr.-t\VS two intersec1ing line~) but the sc:reen cannN dis1)lay 1hc gmphics l:xx-aust 
of SCRl.iEN 1. By pressing any key. the graphics are di,playc:d because of SCREF,N 0. 

5 CLR 
10 Clllr.l F (700'100J d i210 
20 PAINT (200,100} , "44" ,t 

Now run the progr~lm and type: 

SCREEN 0 (Diilil) 
Th,s command turns the <..,rap111cs Scr«n UN. l.ly entering the SCRl::l::N I and SCREJ;N O commands. you can 
aflcmately tum the Graphics Scrten OFF and ON without losing the: executt!U progrnm <.Jisplay. 

VIEW (Command) 
Redefines the Screen (Creates a Vicwport) 

VIEW (rl,11)-(112-,2}, c, b 

fld,111 are coordlnale8 of Iha uppar-left comer of a rectangular viewport area. Kl is an Integer 
..-111lon between O and 6311. yl la an lnlllger elCJ)l'Wlon between O and 239. 

{112.J21- coonllnatas of I.he lower-right comar of a raclangutar vlewport area. Jt2 Is an Integer 
eJllllBHlon >= to xi and< ~ 639. Y2 is an Integer expresskln >= y1 and <239. 

c specllles the color of the lntenor ol lhe vtewport and Is an Integer expreSllioo of either O or 1. c Is 
optional; w omitted, lhe vtewport Is not shaded. 

b epec:HIN lie border color ol the vtewport and la a numetic expressioo of ellhef O or 1. b Is 
optional; W omitted, a border is not drawn. 

VIEW crea1cs a "v1ewport" which redefines the screen parameters (0-639 ft'lr X :ind 0-239 for Y), This defined area 
then becomes the M ly place you can draw graphics displays. 

If you emer more lhan one \'iewport. you l'-an only draw displays in the last defined viewport. 

Since V JEW 1cUcfiuc~ 1ltt: SCREEN: 

• CLR clears 1he interior of·the vicwl)On only. 
• If you PSET or Pl<E~t::I poinu,. draw c1rcles. clc .• beyond the parameters ot the currently defined viewpon. only 

the portions that are in the vicwpon will be displayed. 
• If you try to read a point beyond the \1 ie-wport (with POINT), it will r~1um :i - I. 

• You can only GET and PUT arrays wi1hin the \•iewr>orl . 
• You can"t PA INT OUl$.ide the viewport. 

40 

• 

• 



• ------- Graphics BASIC (BASICG) 

The upper.left comer of 1he vie.wpon is read as (0.0} (1he " relmi\'C: origin") when creating i1ems inside the viewport. 
All the other coorJinatcs. are read rdaovc to this origin. However, the ··absolute coordinates·· of tile v!e¥.pc,n. a~ 
they arc acrually defined on the Graphics Cartesian system, are retafoe<l in memt)f')' and can be re.ad using VIEW .i.s 
a func:1ion, 

Every viewpon has absolute and relative coordinate~ and graphic displays ;-}~ drawn inside using the relative 
coordinaies. For examptc: 

10 llJEW (100 ,1 00)-(200,200) ,0,1 
20 LINE (30,15)-(80 ,60> d 

(100, 100) A. C. 
(0.0J R.C. 

( 100.200) A. c. 
(0, 100) A.C. 

(
3
~JA.C. 

A.C."" 
(80,60) 

Figure 18 

(200.100) A.C. 
(100.0) A.C. 

(200,200) A.C. 
(100,100) R.C. 

NOie: Af1er e.ich or the fol lo"ing examples. you'll ha\'e 10 redefine the entire sereen 10 VJtW <0.0) -(639.239) 
before performing any 01hcr Graphics funclions. 

• Examples 

• 

VIEW (100,!00> - <200,200) ,0,1 
Ornw'- ~ hl:ic-1: vi.,.wpnn (pix~I" OFF) rh~u is ou11ined in white (bon.Jer pi..xeh: ON). 

VI EW (100,100)-(200,200) ,1,1 
Drnws a while viewpon (pixels ON) th::it is outlined in whi1e (border pixels ON) . 

VI EW (50,50)-(100,100) ,1,0 
Dn•w" a white viC\\.port (pixels ON) that is ou1li1lec.l in bli11.:k (burder pixel<: Off). 

10 VIEW C 10 .!0) - (600 ,200) ,0 ,1 

20 \IIEW (50,50 ) -( 100,100 ) ,0.t 
30 LI NE ( R ND ( 500 l , R ND ( 190 l > - C R NO C 500 > , ll NO ( 1 90) ) 
110 GOTO 30 

l·irst you dcl med a large ,•1ewport 1.hat almost covered 1he en11re i,.cree.n. Next yc,u defined a smaller vicwport. The 
Random command d,aws lif1t.~ within 1he ~pecifial parameter.. but only lhc scgmcm~ of the l inQi 1hat are within the 
p:trameters of the smaUcr viewport arc visible s ince it w:i.s. specified l3&t. 

10 VIEWC80 ,80)- ( 1100 ,200) ,0, I 
20 VIEW< 100 ,90>- ( 300, 170 > ,0, 1 
30 VIEW(l20,i00 )-<200,200) ,0 , 1 
£10 VJEWC~0 ,:)0)-.(100d00J 10,1 

Draws four viewports, All funhcr drawing takes place in th<.: last viewpon SJ)ecified . 
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10 VIEl-1<210,80) - (Q20 d60) , 0,t 
20 CIRCLE c 300, 120 > ,180 ,1 

30 LI NE< 15, I 5) - C 80 , 80 > ,1 
Q0 CIRCLE:(90 ,~0) , SO , I 
50 LINEC ll0 ,30) - (:)00,30) ,I 

Dr'dws a viewpon. Draws a circle but only a r,onion is within the parameters of the v1¢wport. This circle's 
ce:nlel'poinl ii. rdalivc 10 the upper leO corner of the vtewpon and not t() the absolute coordinates of the graphics 
Cartesian system. A line is drown which is totally within the 1n1rame1crs or 1hc vicwpon. Another circk- j5 dmv.•n 
whic.h i~ tu1ally whhin lhc parameters of the vtewpo11. Another Unc is drawn which is. only pa.ruaJly within the 
parameteri. of the vicwpon. 

10 VIEW ( 190 ,70)-(4Q0, 180 ) ,0, I 
20 C IRC LE C300,lll0 ) ,170,1 
3 0 CIR CLE (100,230),400,1 
40 LINE Cl0,10)-C501il,230 ),1 

Drav.s a vtcwJ..('rt. A i..irdc: i.) <ltawu hu.1 only a punion Is Wi lhin the parameters of the vlewpon . Another circle 1s 

drawn and a larger portion is within the parame1ers of the "iewpon. A line is drawn but only a segment is within the 
ptlramcicrs of the vicwpon. 

& VIEW (function) 
Returns Viewport Coordinates 

{PJ apeclffea a coordinate on 1h11 X- or Y-exia and is an integer e,q,resalon between o- 3 o rerums 
Ile left X-coonllnale ol your vklWpOrt 1 r11111m1 Ille upper Y-coortlinate. 2 re1Urns the right 
X-cooidlnate. 3 returns Iha lower Y-<:OOl'dlnale. 

&VJE\V returns a corner coordinate of a v1cwpon. 11 is impo11mu lO n~e the parentheses are nm op1iom1I If you 
enter the &VIEW functio11 without the parentheses. a Syntax Error will result. 

To display one: c.lf the four vicwport coordinates. you must enter one of 1he following values for p: 

• O reo.1m~ lhe upper lel't X-coordin:ne 
• I returns the upper !efl Y •coordinate 
• 2 rrfum ~ rh,e lnwf'r righl. X.c,oordinate 

• 3 returns the lower right Y•c.oordinatc 

Jmportont Note: When you have dc:f'incd .several viewpo1ts. &VlEW uuly 1t!lU111~ tl,c coordinate:; of ,he last-denned 
vievtpon.. 
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• ------- Graphics BASIC (BASICG) -------

Examples 

Se1 up the following viewporc 

V!tWI UllD,80)-(220,1!50) ,0,1 

Now l)'P<. PRINT &VIEM(0) C001!I) 

Displays: 100 

Type: PR INT &VIEWIII (fflill!) 

Displays: 80 

Emer: PRINT &VIEW (2 ) CEJlIIII) 

Oi:-.ph:.y:-.: 220 

Type: PRINT &VIEM<3) mmID 
Displays: 150 

Set up the follo\-\ill8 vjewpvus: 

VIEW( 100 ,80) -( 220 , 150) ,0 ,I ~ 
V l EWl Z~0 ,l /0 )-t35~,220 ),0, l lllfilllJ 

Now enter: PR INT &VIEW(0 ) (W[il) 

• Displ•ys: 250 

Type:: PR I NT &VIEW(!) (mI!!) 

Oiplays: 170 

Now type PRINT &VIEM(2) (IBfil) 

Di~vhtJ'). 350 

Type: PRINT &VIEM(3) CElmlll 
Displays: 220 

• 
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---------Graphics Utilities---------

3/ Graphics Utilities 
There arc eight utilities included with the TRS-80 Computer Graphics package which are intended 10 b<; used as 
~1a1~d-alone progr.1ms. However. if you are an experienced programmer, you can use these with BASICG and 
FORTRAN. 1bc source-code for each utility. that illus1raH!s Graphics prog,rumming techniques, is listed later in thi~ 
section. 

The Graphics t:tilitics Jet y(ltt: 

• Sa,•e graphic displays to diskeue. 
• Load graphic displays from diskeue. 
• Prim graphic displays: on a graphics prin1er. 
• Tunt gtjphics display OFF or ON. 
• Cle.ar graphics memory. 

To use these utilities from l:IASIC:G. use the SYSTEM command followed by the name of the uulity in quotation 
marh (e.g .. SYSTEM"GC LS" <tRWI)) and control returns 10 BASIC Ready. From TRSOOS. enter the utility 
directly, without quotation marks (e.g .. GCLS (fflil!!)). 

To call these routines from FORTRAN. see the Subprogram Linkage section of your THS-80 M odel 4 FOHTHAN 
Manual (26-2219). 

Utilities 

Command Action 

GPRT3 

GRON Turns Graphic Screen ON. 

Table 6 

GCLS 
Clears Graphics Screen 

GCLS 

GCLS clears the Graphics Screen by cra .. ing th!! contents of graphics memory corresp0nding 10 1he visible Graphics 
:xreen. liCt.S erases gmph1cs memory by v.,r11ing 1,eroe ... (OM·) to every bit m memory. GCLS does not cleru- che 
Text Screen (video memory) • 
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Examples 

When TRSDOS Rcody is displayed . type: 

GCLS {ffim!) 

or when the BASICG Rf:ADY prompt is di,played. type: 

SVS TEtt"GC LS" (mm!) 
or 

100 SYSTEtl"GCLS" 

GLOAD 
Loads Graphics Memory from Diskette 

QLOAD fllMMM /ert .paH-d :d 

ff/eneme cONists of a name of up to eight characiCI<$. the first character onust be a letter. 
/exr Is an opt10na1 name-extens,011; ext Is a sequence-of up to three numbers or letters 
.P•Hu DI d ~ an aPtional password: password Is a name of up to eight characters: the first 

character must be a letter. 
:d Is an optional drive specification; d Is one of the digits O through 3. 

• 

Note: There c-.annot be spaces within a fiJe spccifica1ion. TRSDOS tenninates tht file spccdic-.ation at 1he ffrst space. • 

With GLOAD, you c3n load TRSDOS fi le~ that have graphic contents into graphic, memory, These files must ha\'c 
been previously s,ved to diskette using GSA VE, 

Examples 
When I KSW~ Ke3d)" ,s d1Splayea, ,ype: 

CLOAD PROCRAM/DAT,PAS SMORO :0 (fflllB) 

or when ohe BASICO READY prompo is displayed, type: 

SYSTEl1"GLOAO PROGRAM" (EillJl) 
or 

GPRINT 
Lists Graphic Display to Printer 

GPAIHT 

\,PRINT le,, you prin1 gmphir1; memor)' nn :1 3r:1phiC"1; (rln(-arlrlre~~:1hle) prinrc>r. ,urh !'I( R~rfio ~h,rk'..: HM P-1 no 
(26-1253) or DM P,200 (26-1254). Both of these printers have a 91/,'' carriage. However, distortion will occur when 
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--------- Graphics Utilities-------- -

Graphic rou1ines •re prir.1ed wi1h GPRINT. This is b<causc. GPRINT is not• true pixel-by-pixel "Screen Dump" 
since 1he pixel size ~nd spacing tlll the screen is different from the pixel size aod spacing on the t>rrn1cr. GPKINT 1s 

a point of departure for you 10 obrain hard-copy represcnlations of graphics. 

To print grt,phic displays. GPRll'<T turns the contents of the Graphic Screen clockwise 90 degrees and then prints. 

However . FORMS must be U'ied to $Cl printin.i;t paran:iete~. 

See your Mqdtl 4 Disk Systtm Owner'j• Manual and printer owner's manual for details on setting p-intlng 
parnmc:1er~. 

hnportant Note! Du not pre>s (ljjaKJ while GPRINT i; cxe<:uting. 

Examples 

Whe11 TRSOOS Redd)' ii,, J ii,,playcJ. type. 

GPR I NT (l'Jm:B) 

or when the BASICG READY prompt is displayed. type: 

SYSTCtl"GPRINT " ~ 
or 

10~ SYSTEM"GPRI NT'' 

For • complete GPR!NT sample session. sec Appendix D • 

GPRT2 
Print Graphics 

GPRT2 is similar to GPRINT but is designed for use with widc-c•rriage (15') printers such as the DMP-400 and 
f)MP-~00. 

GPRT2 is differcn, from GPRINT in that the image is not rotated 90 degrees and a different aspect rario is used. 

lf GPRT2 does not produce the quality or printoot you desire. try GPRT3 or GPRINT. 

Important Nole! Do not prt-ss OOEIK> while GPRT2 i!i executing. 

Examples 

When TRSDOS Ready is displayed, type: 

GPR T2 (mIID 

or when tl1e BASICG READY prompt is displayed. type: 

SYSTEM"GPRT2 " ~ 
or 

100 SYSTE~" GPRTZ" 

47 



-------Model 4 Computer Graphics-------

GPRT3 
Print Graphics (Double on the Y-Axis) 

GPRT3 

OPRTJ is ~irnilar 10 OPRINT bu1 is de)igned fo, u~ with widc .. carriagc (IS') prir1tc1·s such as 1hc OMP4 400 and 
DMP-500. 

GPRT3 is different from GPRINT in that the in"\sge is not rota1cd 90 degree~ and a diffe.rent aspecc ra1io is. U.(;ed. 

Jf GPRT3 d()('!. not prOOUC't" the qu:il ity of prin1-ou1 yoo desire , try GPRT2 or GPRINT. 

lmporlanl Note! Do not press (ij.Bill) whole GPRT3 i< executing. 

Examples 

When TRSDOS Ready is di1p1:iyed, type: 

CPRT3 CIH!EB) 

or when 1he BAJSCG READY prompl is displayed, 1ypc: 

5YSTEM"GPRT3" <a!m) 
or 

100 SYS TEM"CPRT3" 

GROFF 
Turns Graphics Display OFF 

OAOFI' 

GROFF 1urr..;; 1he Graphics St:reen OFF. GROFF i" different from GCLS since GROFF simpl}' removes the Graphics 
dtsplay withou1 erasing the contents at graphic memory. GCLS completely clears graphics memory by wriung zeroe'i • 
(Off-1 to t .vcry bn in memory. 

Examples 

When TRSDOS Ready is d i;played. 1ypc. 

GROFF rERIEl!i 
or when 1he BASICO READY pl'Omp1 is displayed. type:: 

SVSTEl1'GROFF " (fflil!l) 
or 

100 SVOTCH"GRor r" 
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--------- Graphics Utilities---------

GRON tum~ the Graphics Screen ON. 

Examples 

When TRSDOS Ready is displayed. 1ype: 

GRON !EililB} 

or when 1he BASICG READY prompl is displayed. lype: 

SYSTEM"CRON" cmil!!) 
or 

100 SYSTEM"CRON" 

GSAVE 
Saves Graphics Memory to Diskette ------------~~--~ 

GSAVE f/teneme /ut ,Pl 1--«f :d 
,,,.,_ consists al a name ol up to eight characters; the first character must be a lel1er. 
lftt la ., optional nam&-eXtenaion; ext Is a sequence of up to lhree numbers or letters. 
-41111--«f Is an opllonal passwo!d; password is a name of up to eight characters; the first 

characlar must be a letter. 
:d Is an opllonal drive specification; d is one Cl the digits o through 3. 

~otc: There conn~ b1:- :.p(tCe!. within !I file spcdftc:ilion. TRSOOS ttrminah?& the file ~pccific}ltim, (~I 1he firc:1 "f>C'e"' 

With OSAVE. the contents m graphics memory is lm\'e<I under 11 spec.ifiedfilenmne which follow'I; the sumdard 
TRSDOS forniat. Tv lv"t.1 tl1c lih::: bd1.I.. intv meull!lry, use CLOAD. 

F.xamples 

When TRSDOS Ready is displayed. 1ype: 

CSAVE PROGRAM/ OAT ,PASSWOR0:0 illiill!) 

or when the BASICG READY prompt is displayed. type: 

SYSTEM"GSAVE PROGRAM" CE!lI£l!l 
or 

100 SYSTEM"GSAVE PROGRAM" 

49 



-------Model 4 Computer Graphics-------

Graphic Utilities Source Code Listings 

0000! 
00002 
00003 
00004 
00005 
0000b 
0000 ? 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
OOO!S 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00021. 
0002? 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
0003? 
00038 
00039 
00040 
00041 
00042 
00043 
00041. 
00045 
00046 
0004? 
0004B 
00049 
oooso 
00051 
00052 
00053 
00054 
oooss 
OOOS!, 

; Gt.OAO 

TRsoos, 

<lFSPEC• 
OOPEN i 
olREAO , 
cJCLOSE • 
oERROR• 
aOSPLY• 

x, 
y, 
OATA• 
STATUS• 

GLOAO• 

FOlV I 

PSECT 2600H 
PRI NT SHORT,NOHAC 

Moc;!""CS 

MACRO •1 
LO Adil 
RST 28H 
ENOM 

TRSOOS SVC Equat•s 

EQU 7B 
EOU 59 
EQU 6 7 
EQlJ bO 
EOU 26 
EOU 10 

Port Ecu,•t• • 

EOU 
EQU 
EOU 
EQU 

Ma i n 

PUSH 

LO 
OUT 
LO 
LO 

80H 
BIH 
B2H 
B3H 

Prosr em 

HL 

A , 10H 
(236) ,A 
BC,10B8H 
HL,CRTC+IS 

;Mode l 4 Overley a r ea 

;Tes t a ii lv spec 
;Op e n an e ,d s tin~ fi l e 
;Read a r•c;ord 
>Clo1e a ti la 
)Displ a y a n er ror ~es5 a g e 
;Di s pl a y a message 

iSa~ e poin t er fro• coama nd I ine 

;Turn on CRTC por ts 
iLoad 1& Re9s a nd po in t to co n t r o l po ~ t 
lload b a cl<.wardi 

1hi s cod • prO~ramt the CRTC Chi p for 60 x 24 Sc r •en 
On ly requirtd to r Mede l Jll Graph f cs Boards 

OUT 
LO 
OUT 
OEC 
OJNZ 

LO 
LO 
LO 
INC 
LO 
LO IR 

(C) ,B 
A, (HL) 
(137),A 
HL 
FOIV 

HL,FC8 
(~) ,OOH 
OE,HL 
DE 
BC,32 

POP HL 
LO A,OOH 
CP (HU 

;Stl•ct Oate R@gist@r in CRTC 
: Ge t the d a t a 
iStore t hat in the CRTC 
•Mov e to ~revlou5 entry 
•Decre ment coun t er 

!Point •t the FC8 
;zero the buf f er 
;Bui Id destinat ion pointer 
;Copy f• r st by te to second posit i on 

50 

• 

• 

• 



• 

• 

• 

00057 
00058 
00059 
OOObO 
0001>1 
OOOl>Z 
0001,3 
000 1,4 
0001,5 
0 006b 
0001,7 
0001,B 
0004.q 
00070 
00071 
00072 
00073 
00074 
0007S 
00071, 
00077 
00078 
00 079 
00080 
00081 
00082 
00083 
0006& 
cocas 
00081, 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
0009;. 
0 0097 
0 0098 
00099 
00100 
00101 
001.02 
00103 
00104 
0 0105 
00101, 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
0011.4 
001 IS 
00111, 

NXTf<EC• 

NC.R PM : 

EGRPH• 

EXlf· 

JR 
LO 
TRSOOS 
.IR 

LO 
LO 
LO 
TRSOOS 

'"' 
LO 
OIJ T 
XOR 
OUT 
OUT 
LO 
LO 
LO 
PUSH 
LO 
TRS005 
POP 
JR 
LO 
LO 
LO 
LO 
OUT 
lNC 
l"IC 

LO 
CP 
JR 
XOR 
LO 
OUT 
LO 
INC 

LO 
OUT 
OJNZ 
LO 
OJN Z 

LO 
TRSOOS 
LO 
OUT 
LO 
LO 
LO 
C P 
RET 

Error 

1.0 
lRSOOS 
JR 

Graphics Utilities---------

2 ,ERROR 
OE,fCB 
alfSPEC 
NZ,BONB 

HL ,BUFFER 
0£ ,FCB 
8,0 
alOPEN 
NZ ,SOMB 

A,D83H 
{ STATU S } ,A 
A 
(X) ,A 
(Y) ,A 
E,A 
0 ,80 
B,75 
OE 
OE ,fCB 
i1PE~0 
OE 
NZ,BOMB 
ML,BUFF~Q 
C,B 
8 , 0 
0., (HL) 

( QATA. ) , A 
HL 
E 
A,E 
a 
:,,,%,EGRPM 
A 
E,A 
00,A 
A, (YP0S1 
A 
(YPOS). t:,. 
(Y) ,A 
NGRPH 
s.c 
NXTREC 

0£,FCB 
clCLOSE 
A,OFCH 
( STATUS } ,/I 
A,(EFLAG) 
L ,A 
H,O 
H 

ox l ti-

M__ • ?/\RM 
aOSPLY 
EX IT 

;Hove ti I spec to FCB • nd doe s y ntax check 

i l nlt X & Y to te r o 

;ccunt•r ior X v•lues 
i80 X valuts 
:7~ ~•~~ ,~c ord • for -.nt lr • ,~reen 

:se"'e .. 0 .. 1 

: Ne ~t row S~t X tO ,erQ 

:Go read ntxt d i s k record 

>Status 

:Re\urn to TRS0OS or BAS IC 

: Ca"'r I• in 

SI 



Model 4 Computer Graphics • 
00117 
001 18 BOJ'IB• LO (EFLAG ) ,A 
00ll9 OR OCOH 
00120 LO C,A 
OOL21 TRS00S aERROR ;O i s,::il9y trror tnes sag• 
00122 JR EX!T 
00123 
OOL24 PARM1 OEFM ' f I l•SPI" r t qu Ired-' 
00125 EFLAG • OEFB 0 
00126 VPOS• OEFB 0 
00127 FCB• OEFS J2 
00128 BUFFER• OEfS 256 
00129 
001 30 CRTC• OEfB ,,,eo,es ,a,2s,, ,2~,o,~,o,o,o,o,o,o 
00131 
00132 ENO GLOAO 

• 

• 
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00001 
00002 
00003 
00001, 
00005 
00001> 
00007 
00008 
00009 
00010 
00011 
00012 
OOOll 
00014 
00015 
ooou. 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
0002,; 
00021> 
0002? 
0002e 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00031, 
00037 
00036 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
0004' 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00050 
00059 
00060 

GSAV-E 

TRSOOS , 

;.FSPEC, 
~IN!T • 
;:wRl TE, 
olCLOSE, 
GIER~OR 4 
aosPLY, 

x, 
V• 
DATA• 
STATUS, 

GSAVE• 

F"OlV1 

PSECT 
PRINT 

Macro, 

Z&OOH 
SHOJ.>T,NOHAt 

MACRO 11 
LO A ,tll 
~ST 28H 
ENOM 

TRSOOS SVC E~v a tes 

EC>U 
EOU 
EOU 
EOU 
~OU 
EOU 

7B 
ss 
75 
60 
2• 
10 

EOU BOH 
EOU eu-~ 
EOU 82H 
EOU 83H 

FUSH 

LO 
OUT 
LO 
LO 

ML 

A, lOH 
{231,) ,A 
BC, IOBSM 
HL ,CRTCtlS 

•Mode l 4 o~erlay a r ea 

: T• tt .I f i I ISP9C 
;Op e n .l!ll"I •v l <r.t i r.e tile , or c.-ta tt a ntw ont 
air- i te a ,-. ecor d 
;c10•• a +ii • 
:Oi•~lay al"I e~,.~~ ~•~••g• 
;Qisp l ay a ffletta9e 

;T~rn on CRTC po~t• 
;Load 10 Res• and point to co~trc l port 
•Loa:d b ackwa r-ch 

Thlt ~od• pr09rams the CRTC C~tp tor 80 ~ 74 •creen 
Onl~ requ lr•d for Hode l 111 Graph i cs Boardt 

OUT 
LO 
OUT 
OEC 
OJN2 

LO 
LO 
LO 
INC 
LO 
LOLR 

POP 
LO 
CP 
JI! 
LO 
TRSOOS 
JR 

(C) ,B 
A, (HL.) 
{1,~?),A 

HL 
FOIV 

HL,FCB 
(HL) ,OOH 
OE ,HL. 
OE 
BC,32 

HL 
4,0CH 
(HL) 
Z,ERROR 
OE, FC6 
i,FSFEC 
NZ ,SOMB 

:Se l ect O•ta ~•, i •ter In CRT( 
; Get the data 
~CLo r • th•t In t h • CRTC 
i Move to previous entry 
lOecrement counter 

;Poi nt •t Lhe FCS 
1Zero the c~ tfer 
;8ui Id d.--.L lnalto11 pcli nl• •· 
:Copy f l rst byte to second position 

iMove f i I spec to FCB and do a Syntax ch•ck 
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00061 
0001,2 
0001.3 
OOObL 
0006S 
0001,1, 
0006? 
OOOba 
00069 
oco;o 
0 0071 
ooon 
00073 
00074 
0007S 
0007l. 
00077 
00078 
0007'? 
00080 
00081 
00002 
00083 
00084 
oooes 
00081, 
00087 
00000 
00089 
0 0090 
OOO?l 
ooon 
00093 
000'f4 
0009S 
000 96 
0D0'f7 
00098 
0009'1 
00100 
0 0101 
0 0102 
001 0 3 
00104 
OOi.OS 
00106 
00107 
0~1 08 
00 10, 
00110 
0011 1 
00llZ 
00113 
00ll4 
00115 
00ll6 
001 17 
0011e 
00119 
0012 0 

NXTREC • 

NGRPH• 

EGRPH • 

EXl T1 

ERROR, 

BOM6 1 

LO 
LO 
LO 
TRSOOS 
JR 

LO 
OUT 
XOR 
OUT 
OUT 
LO 
LO 
LO 
LO 
LO 
LO 
I N 
LO 
INC 
INC 
LO 
CP 
JR 
XOR 
LO 
our 
LO 
!NC 
LO 
OUT 
OJNZ 
PUSH 
LO 
TRS0OS 
POP 
JR 
LO 
OJNZ 

LO 
TRS0OS 
LO 
OUT 
LO 
LO 
LO 
OR 
RET 

HL ,8UFFtR 
OE ,FCB 
8 , 0 
ol l Nl T 
NZ,B011B 

A,OE3h 
(STATUS) , A 
A 
(X) ,A 
(Y) ,A 
5 , A 
0,80 
B , ?5 
HL,8UFF£R 
C,8 
B,O 
A, ( OATA ) 
( HL) ,A 
HL 
E 
A,E 
0 
NZ ,CGRPl! 
A 
E,A 
(X),A 
A ,(YPOS ) 
A 
( Yf'OS ) , A 
( y) 'A 
NGRPH 
OE 
OE,FCB 
olWRlTE 
OE 
NZ,BOMS 
B,C 
NXTREC 

OE,FCS 
@CLOSE 
A, OFCH 
(STATUS) ,A 
A, (ff'L.AG) 
L,A 
H,O 
A 

El"l"ar e>iits 

LO 
TRSOOS 
JR 

LO 
OR 
LO 

HL ,PARM 
aoSPLY 
EXlT 

<Er'LAG) ,A 
OCOH 
C,A 

; ln l t X & Y ~o zer o 

;eo~n tc ~ f o r X v • l wc• 
lSO X v a l ues 
;7$ d i s k records tor ent i re &c~ • •~ 

i 2S& by te • p•r reco~d 
1Gct n•~ 1 ~ •ophl c~ byte 
; a nd put In but ter 

;Go ll 11 l.u.d t e r to, ne ,.;l r eco,· d 

;Sta t ui c graph i cs of t, no wait s , no I nes . 

; T•st Er ror b yte 
;R•turn to TRSOOS or 8AS1C 

; Co1t.p I a i n 
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00121 
00122 
00123 
00124 
0012s 
00126 
0 01 27 
00128 
00129 
00130 
00131 
00132 

PARM • 
EFLAG1 
YPOS • 
FCB• 
BUFFER • 

CRTC• 

TRSOOS ~ERROR 
JR EXIT 

OEFM 'F l leJpec r e qu i red-' 
OEFB 0 
OEFB 0 
OEFS 32 
OEFS 2So 

OEFB 99,80,8S,B,2S,4,24,0,9,0,0,0,0,0,0 

ENO GSAVE 
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0000'.t 
00002 
00003 
0000 6. 
oooos 
00001> 
00007 
ooooe 
00 009 
00010 
00011 
00012 
00 013 
00014 
OOOl S 
00 01b 
0 0017 
00018 
000 19 
00020 
00021 
00022 
00023 
00024 
0 0025 
00021, 
00027 
00028 
00029 
0 0030 
00031 
00032 
00033 
0 003lo 
00 03S 
00031, 
00037 
00 038 
00 039 
00 040 
000"1 

GRON 

PSECT 
PR l tJT 

Milcr01 

21>00H 
c;HORT, NOM.AC 

iMo de l ~ Overlay area 

TRSOOS• MACRO • 1 
LO A,Wl 
RST 28M 
ENOM 

STATUS• EOU 83H 

&RON• 

F'OlV1 

CRTC• 

Ma i n Prog,-affi 

L.0 
OUT 
LO 
LO 

A, 10 M 
( 231>) , A 
BC, 1068H 
HL, CRTC+l~ 

Tur" on CR TC ?O r t s 
Lead 10 Regs and po i nt to contro l pert 
Lo~d b;ic kw4 rd• 

Th is cede programs the CRTC Chi p tor 80 ~ 24 s cr een 
O" l y ro~M l r cd fe r No~e l Jll Gr••h ~c# 8oo rd• 

CUT 
LO 
OUT 
DEC 
OJ NZ 

LO 
OUT 
XOR 
LO 
RET 

(C ) ,8 
A, (HL) 
(137) , A 
HL 
F OlV 

A,OFFM 
(STATUS) ,A 
A 
HL,O 

; Sol•c:t Oat~ Q•~i 1;.te r in CRTC 
; Get t.1-.c d.:tta. 
>Sto re t~•t i n t ke CR TC 
•Move t o prov l out e ntry 
; Oec~cacnt cou" tcr 

iR•t.w, n to lm;oos o, DASI C 

OEFB qq ,80 ,8S ,8,2S,4,24,0,9,0,0,0,0,0,0 

ENO GRON 
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00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
000 20 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
0003S 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
000S0 
000S1 
000S2 
00053 
00054 
00055 
00056 
000S7 
000S8 
00059 
00060 

GPRlNT -- Print graphics 9 Cree~ to graph ic s pr i nter 

PSECT 
?RINT 

Mac. r--os. 

2600H 
SHORT,NOMAC 

T!;SOOS• MACRO • 1 
LO A .tH 
RST 28H 
ENOM 

TRS0OS SVC Equates 

oPRT• EQU 
aPRINT• EQU 
cilFLAGS• EOU 

x, 
y, 
OATA1 
STATUS• 

EQU 
eou 
eou 
EOU 

(, 

14 
101 

BOH 
81H 
82H 
83H 

Ha i n Prc9r aa 

GPRINT• LO 
OUT 
LO 
LO 

A,lOH 
( 236) ,A 
BC,15 
HL,CRTC 

;Print a character on th• printer 
1Prln\ a I i ne On lhe printer 
;Point to SYS'-e• cont,.ol fl ags 

;Turn on CR TC port5 

This code programs t h e CRTC Chip ior 80 A 24 screen 
Only required for Hode l 111 Graphics Boards 

FO IV• LO 
OUT 
LO 
OUT 
!NC 
INC 

LO 
CP 
JR 

LO 
OUT 

CALL 

XOR 
OUT 
LO 
LO 

A,B 
( 136) ,A 
A, (Ht..) 
(137),A 
HL 
B 
A,B 
C 
NZ,FOIV 

A,OOBH 
(STATUS) ,A 

INI TBF 

A 
(X) ,A 
<BPOS) ,A 
(XLOC) ,A 

;F,-osran CRTC chip f or BO by 24 

;Output• Control bvt• to cau1• 
i Y to automatically d ee . on a read 

Set A to a 
lni t i a l h• 

• 
" 

the X POlltlon 
,, b i t position 
» • locat i on counter 

Set t h e pr i nter to start graphics mode 

LO 
TRS□OS 
JP 

Ctl2H 
olPRT 
NZ,BOMB 

Bea i ~ Gr•Phics mod• 
O~lP~t Charaeler 
Printer Not Ready 
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00061 
00062 
00063 
00064 
00065 
00064. 
00067 
00068 
0001,9 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00 097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
OOlOi, 
00107 
00108 
on1n9 
00110 
00 111 
00112 
001 13 
00114 
0011,; 
00116 
0011 7 
00118 
00119 
00120 

TRSOOS 
LO 
LO 
RES 

FO!VI, LO 
LO 
LO 
DEC 
OUT 

COLUHN• LO 
IN 
ANO 
CALL 

LO 
PUSH 
LO 
!>IC 

OECJ • DEC 
JR 
RLC 
JR 

PASli POP 

SE TO• 

OR 
LO 
INC 
OJNZ 

LD 
INC 
CP 
CALL 

LO 
RRC 
LO 
CP 
JR 
LO 
CP 
JP 
INC: 

LO 
OUT 
J"' 

LO 
"ET 

Model 4 Computer Graphics-------

a!FLAGS 
A,( IH8) 
(OL O) , A 
l,, (!Yt8) 

lX,BUFFER 
8 , 240 
A,B 

"' (Y) ,A 
HL,MASK 
A.C0ATA) 
(HL> 
PO,SETO 

HL,BPOS 
ec 
B.CHL) 
B 
B 
Z, PAST 
A 
OEC J 
BC 
< I X) 
<IX> ,A 
IX 
COLUMN 

A,7 
(HU 
(HL) 

Z ,PRNORS 

HL ,HASK 
(HL) 
A,AOH 
(HL) 

NZ,FO!VI 
A, IXLOC> 
79 
Z,BY£ 
A 
(XLOC) ,A 
(X) ,A 
FOlVl 

A,I 

;Got !FLAGS 
;Save• copy ot the c u rr•nt t•ttln9~ 
;Turn oft b i t O (Jnt l. Translat i o n ) 

>point [X at th• pr i nter bvif•r 
i90 t h r ou9h • wh ole co l umn of bytes 
iPut v•lue i n A and decr•~ • nt 
, •o it can bt put out a, 

th• Y 11osit i on 
; Poi nt at cher6c ter ~•sk 
; i nput a grap~lc• byte 
ichcp off a 11 b u t Pl"OO ■ r- b it 
; i t r•~ult I s odd ~•rlty set b i t 0 
• ot herw i se b it A i s Q 
1aoi n t HL at the b i t aoait i on 
i sa ve rtgi ster a (for OJNZ l acp) 
iget. count 
;lncr••ent ( I n c.1tSlt i t 1 !ri n ) 

iftOVe bit le tt BPOS nu mbar of t l ~11 
; I f don• 1 move on, • , 
; ft0v• b i t h! ft On~ Otl'- If inn 
i r e peat I oop 
;ge t loop counter bac~ 
t n erg e A wi th byt• of orin~•r butf•r 
iput merged re~u l t i n bu tter 
I l ncreMe nt buffer Poi n te r 
;cont i nu• I 000 

•S•• If BPCS has gotte n to 8 . 
If I t h•• (pr , n\er u se~ 7 b l t 5) 

arint th• bufftr a nd rtstt 
BPOS to 0 

;After 9e t t i n9 a vertical row o t b i t~ 
; ~otatt tht ~•st right one position 
: Ct-.•c-lr t.Q ~q• I+ it• b ;11 c l( t.o 
; I t ' s or i 9 i na I Vil I UI , I f not 
; go 9tt another row of bits 
:ff •o, 9•t K ~os (to l n c roffle"t it ) 
;Check to see if we are at t ~• •nd .• , 

:otk•rw l ~• i ncr•~•"t tko X cownt•~ 
iand store i t b ack 
;also u pd•t• t h e port value 
:new ~o ~•t •nothtr row of b i t ~ 

ise t A to b i nary DODD 0001 
: ar1d rotwrn 

Th i s r outine ed i ts t h t print buf+•r t.O ra•ove tra l I I n~ blank • 
~nd then 5end• t ~• data tot~~ p~ i n~or 

PRNORS• LO 
LO 
!.O 
LO 

HL ,8UFFER+239 
O• OOM 
B,239 
A,80M 

15•t UP tht 
:P~ i ~~ tcr~i~~~o~ 
iSt.ilrt t85t l n9 
;lost aga i ~st noth l ns 
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00121 CLEAN, CP (HU iiOi nyth tn9 t h • r • ? 
001z:, JR Nl,STO~ ;Found ,-o,-ett-. 1 ng t o p,- int 

00123 LO (HL ) .o ;Tt-,en get ,Id ot I t 
00124 OEC ML 
001,/5 OJNl CLl.AN iSk Or t tn th• ll n • •• muc:k •1 o o s. s ib l e 
00126 SiOP1 LO HL, BUFFER :Point to <Se st a rt ot th• text 
00127 TRSOOS olPRINT ; p,. int t he c;on tents ot BUFFf:R a nd do • CIR 
00128 XOR A ;clea r A 
00129 LO (8POS) , A ; reset b It posit i on counttr 
00130 
0013 1 ln 1 ll al 1 :it t h e Pr int.er Butter 
00132 
00133 IN ITBF• LO Hl. ,8UFFER ; Po int at the buHtr 
UU 1~ 4 LO ( HL ) 160H iFi 11 t h• bu tter w i th x 'OO' 
00135 l. 0 OE,HL ;Btj i Id dt st i net i Or, i;o i ntar 
00136 INC DE ; Cooy fir st byte t o seco nd pot i t. !on 
UO l .37 LU BC,23o/ iZero 2 -.0 byte• 
00 138 LDJR 
00139 RET 
00140 
00 1.&l BYE , CALL PRNORS 
00i4Z LO C , IEH ;End Gr aph ic s Pr i nt Nodt 
00143 TRSOOS clPRT 
00144 
00 l4S BOM81 LO A, OFCH ;Stat'Llt c- 43r-apk i c1 OH• no u a I t s, no l nc: s 
00146 CXJT (STATUS> ,A 
00147 
DOUB TRSOOS clFLAGS :Po i nt to t y 5 t em t l a91 a 9 a 1n 

• 00149 LO A, l OLO) ;Get o l d c ontent• •• h·LA~~ 
00150 L.O ( IY+B) ,A :s,t th i"9s bac k t h e way t h e y "'•re 
OO ! Sl 
00152 LO HL.,O :Z•ro Return Cod e 
001S3 RET i~• turn to TRSOOS ., BAS IC 
00154 
00155 
00156 MASK, OEF8 BOH ; Mas k t o uu i n axt ract ing b lt s 
00157 BUFFEII • OEFS 240 ; Printer data bu Har 
001 56 OEFB OOH ;Te rminat or tor Print L i ne 
00159 BPos , OEfB 0 ; Bit po s i t i on in P" i n te ,- bu+ te .. 
0011>0 XLOC, OEF8 0 ; Cur r e nt X l ocat i o n va lue 
OOlol OLO , OEFB 0 :O l d cont•nt• o+ ! FLAG• 
00162 
OOU,3 c"rc , OEFB q9,ea,aS,8, 2S,4 ,24,24,0,9,0,0,0 , 0, 0 , 0 
0011,4 
OOloS ENO G?RtNT 

• 
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00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
0001 l 
00012 
00013 
00014 
00015 
00011, 
00017 
00018 
00019 
01(020 
00021 
00022 
00023 
00024 
00025 
0 0026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
0004J 
00044 
00045 
00041, 
00047 
00048 
00049 
00050 
00051 
00052 
00 0S3 
00054 
oooss 
000S1> 
000S? 
000S8 
00059 
0001>0 

GCLS - - Cl•ar g r aphics s creen 

PSECT 
PRINT 

Macr os 

21,00H 
SHORT ,NOMAC 

TRSOOS• MACRO •1 

X• 
Y• 
OAf A• 
STATUS1 

INCY1 
INCXY1 

GCLS, 

LO A,tn 
RST 28H 
ENOM 

EQU 
EQU 
EQU 
EQU 

EQU 
EQU 

LO 
OUT 
LO 
LO 

BOH 
81H 
82H 
B3H 

70H 
30H 

A,lOH 
( 231>) ,A 
BC, 1068H 
HL,CRTC+!S 

:Mode l 4 Over l ay area 

Turn on CRTC port, 
Lead Lb Rtgs •nd po in t to control port 
Load backward• 

Th i s cod• pro~r•ms the CRTC Ch i p ior 80 x 24 scretn 
On l y required tor Mod•I 111 Graph i cs Boardl 

FOIV • OUT 
LO 
OUT 
OEC 
OJNZ 

LO 
OUT 
XOR 
OUT 
OUT 
LO 

OUTER• LO 
LO 

INNER• OUT 
OJNZ 
LO 
OUT 
XOR 
OUT 
OUT 
LO 
OUT 
XOR 
LO 
OJNZ 
LO 
OUT 

<Cl ,8 
A, 0-L ) 
( 137> ,A 
HL 
FOLV 

A, I NCY 
(STATUS ) ,A 
A 
( Xl ,A 
< Yl ,A 
8,80 
C ,8 
B,239 
(CATA) ,A 
INNER 
A, lNCXY 
(STATUS) ,A 
A 
(OATA) ,A 
(Y) ,A 
A, lNCY 
(STATUS) ,A 
A 
B,C 
OUTER 
A ,OFCH 
(STATUS) ,A 

► Seltct Oa t a Resis t er i n CRTC 
;Get the d ata 
;Store that i n tht CRTC 
•Hove to prev i ous entry 
iOecrement counter 

•Set graphic, it•tui' 
i Graphi cs ott, ~ait• ot t , f nc Y 

iSet X ~ Y addr@li to 0 

iSO X •ddres1es 

; 239 Y •ddr ess11s . 240th dent> a-fte ,.. I OOP , 
•Zero graph i cs memory 
iGo c l •a r next Y 
; Set status to inc X & Y a t tfr wr Ste 

; a nd cltar l •s~ (240th) Y addrttl 
;Set Y back to zero 
;Reset status to i nc Y only 

;Go c lear ne~ t X 
;Set statusi ~reph i c~ of t, no val t• • no l ~c! 
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--------- Graphics Utilities---------

00061 
000 02 J<O~ 
00063 LO 
0006• RE,T 
00065 
0001,1, Ct.TC, OEFB 
00067 
00,068 ENO 

" HL, 0 
;Retur n to BASIC or lRSOOS 

qq,ao.aS,8,2S , 4,24,24,Q,q,o,o,O,O,O,O 

GCLS 
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Model 4 Computer Graphics • 0000, GROFF Turn graph i cs d i tPIBY oif vit.h W11 i t5 ott 
00002 
00003 PSECT 2oOOH ll1odal '- Over l e y are• 
00004 PRINT SHORT,NOl'IAC 
0000& 
00006 Macros 
00007 
□□□□6 TRSOQSI MACRO •1 
000 09 LO A1 W1 
00010 RST 28H 
0□□ 11 ENOM 
00012 
0001 3 Po r t Equatas 
00014 
0001$ STATUS• EQU 63H 
000 16 
00017 Ma i n Prcsr•R 
00018 
00 019 GROFF , LO A , tOH 
oo□zo OU I (236 ) ,A , I urn o n CRTC port• 
o□ozi LO BC, 1088H iLoad 10 Regs end po i ni. to cont,.o l port 
ooozz LO HL,CIHC♦ lS ;Load back war ds 
000 23 
00024 H d • cod• program, th• CRT( Chlo f o r 80 x 24 1cr1t•n 
00025 On l y requ ired for Mod•I I Jl Gr aphlct Soards 
UOOZo 
00027 FOJV• OUT <C > JS ;Se l ect O• t• Re9 i star I n CRTC 
0 0028 LO A, (HL ) ;Get th• da t• 
00029 OUT <13-1),A ;Store t h at i n th■ CRlC • 00030 OEC HL i No v • to prev , out e ntry 
00031 OJNZ FOIV ;Oe cl" e n ent c:ounter 
00032 
0 0033 LO A,OFCH 
00034 OUT (STATUS) ,A 
0003$ xos A 
00036 LO HL.,O 
0 0037 RET ; Return to fRS OOS or BASIC 
00038 
000 39 CRTC1 OEFB q~.ao ,as .e,2s,t,24,0 ,9,0,o,o,o,o ,o 
O□O•D 
0001..1 E.NO GROFF 

• 
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--------- Graphics Utilities----------

00001 
00002 
00003 
00004 
00005 
00001, 
00007 
00008 
0000'1 
00010 
00011 
00012 
00013 
00014 
00015 
DDOH, 
00017 
00018 
0001'1 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
000 27 
00028 
ODO~ 
00030 
00031 
00032 
00033 
00034 
0003$ 
00036 
00037 
00038 
0003'1 
00040 
00041 
00042 
00043 
00044 
0004$ 
00041> 
00047 
00046 
0006'9 
00050 
00051 
00052 
00053 
00054 
00055 
OOOSb 
00057 
noose 
000$9 
OOObO 

GPRTZ -- Print graphics X h o r-l zontal 

TRSOOS • 

alPRT1 
~PRINT• 
clFLAGS t 

x, 
y, 
DATA 1 
STATUS• 

PSECT 21>00H 
PRINT SHORT , NOMAC 

Macroe: 

MACRO •1 
LO A, lfl 
RST 28H 
ENON 

TRSOOS SVC Eciuat•1 

eau b 
EOU 14 
EQU 101 

Po r t Eq1Jates 

EQU BOH 
EOU 81H 
EQU 82H 
EQU 83H 

Me in Pr o9ra a 

tModel 4 Ov •r l ay ar •• 

;Pr i nt I character o n t h e p ri nter 
;Pr in t • I ine on th• pr i nter 
;Paint to svsteffl co ntro l tle91 

GPRT2• LO A,lOH 

FOIV; 

OUT 
LO 
LO 

( 2361 ,A 
BC, 1088H 
HL,CRTCtlS 

; Turn on C~TC ports 
;Load 1b Re9s •nd point to con trol port 
i L.oad backwards 

Th i s code pro9ra~, the CRTC Ch i p ¾or 80 x 2~ s c reen 
Only re~u i red tor Mode l l ll Gr aph i cs Boa rds 

OUT 
LO 
OUT 
DEC 
OJNZ 

(Cl , 8 
A, (HL) 
(137),A 
HL 
FOIV 

;Selec:t Oat• R1t9 i ster In CRTC 
i Get t h • deUI 
;St ore that In t h e CRTC 
;Mov~ to prev i ou, e nt r y 
iOecrenen t coun ter 

Set t he pri nt er to star t gr aphics ~Ode 

LO 
TRSOOS 
JR 

C, 12H 
mPRT 
NZ,BOMB 

:Beg in Grephi cs mod• 
lOutput Cherecter 
;Pr i nte r Not Ready 

Turn off i n ter nationa l c~•racte r t•t trans l at i on 

TRSOOS 
LO 
LO 
RES 

LO 
LO 
OUT 

;FLAGS 
Ad1 Yt5) 
COLO> ,A 
6 ,(IY+Bl 

c.o 
A,OE3H 
(STATUS ) ,A 

i Get l FLAG'$ 
i Save a cop~ of th e c ur rent ~•tt i n9& 
; Tur n of f b i t. 6 ( l n t I , Tr e n s I et t o n ) 

;G r aph l :s Y addr••• 
;Open RAM ~ith v ideo ~ •its 
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-------Model 4 Computer Graphics-------

DDOol 
00062 
00D63 
ODDo4 
OOOoS 
0001,6 
0D067 
0001,6 
OOOb'I 
00070 
00071 
0D072 
00D73 
00074 
00D75 
0D076 
00D77 
00D78 
ooon 
0D080 
00D81 
00D82 
00D83 

8888% 
00094 
D0087 
00D88 
0008'1 
00090 
00D'11 
000'12 
00D93 
0D094 
00095 
D0D91. 
0D097 
00098 
D009'1 
DDIDD 
00101 
001 02 
D0103 
00104 
00105 
00101, 
00107 
00108 
00109 
00110 
0D111 
OD! 12 
0011~ 
ODlU 
00115 
00111., 
00117 
00118 
001 1~ 
00120 

NEULN• 

BYTE!• 

B J 1f• 

OF'~ • 

OON£1 

PUSH 
LO 
LO 
LO 
INC 
LO 
LDIR 
POP 

LO 

LO 
OUT 
INC 
LO 
XOR 
OUT 
LO 

PUSH 
IN 

tB 
LO 
ANO 
JR 
LO 
OR 
LO 
INC 
SRL 
JR 
OJNZ 
POP 

LO 
CP 
J R 
OLA 
J P 

CA.LL 
JR 
JR 

CALL 

LO 
TRSDOS 

LO 
OUT 

TRCOOS 
LO 
LO 

LO 

BC 
HL ,BUFFER 
(HL) ,B0H 
OE,HL 
OE 
BC,639 

BC 

0, l 

A,C 
(Y) ,A 
C 
HL,BUFFER 
A 
(X) ,A 
8,80 

BC 
A, (OATA) 

E:ftoH 
A,C 
E 
2,0FF 
A,0 
(HI.) 

<HL ) ,A 
HL 
E 
N2,8IT 
BYTE! 
BC 

A,240 
C 
2,00N~ 
0 
P,NEURU 

Pl.! lNT 
NZ,80M8 
NEl.'LN 

PRINT 

C,lEH 
aPRT 

A ,or CH 
(STATUS) ,A 

arLAGS 
A,(OLO) 
(1Y+8),A 

HL,O 

;Sava BC 
;Po i nt at the buf f•~ 

1Fi 11 th e buHer 11,1ith )( 180 1 

:Sv l Id destinat i on pointer 
:Copy f ir st byte ~a second po~lt i on 
:Zero 6,40 byte9 

:Re$to ,. e BC 

:8it in buf to set 

;Update Y add r ess 

iRt•tart X addrest 
;Get 60 §raphics byt~ s 

i Save Y L l oop c o unter 

;Savebg r aphies byte in C 
i Get 1t1 lett to r19ht 

; Set bit in buffer 
; N•K~ buffer by~e 
; Ne xt b i t 

ilast Y address? 

INe ,t \. bti. I n but I•• 

1P.-l , 1L Luf f • r 
iAn error occurred. 

1End Greph i c • Print Hud~ 
P.Jt do not c:are H t h l t on• f• I I ~. 

J Po inL LU ,y,~wm fle9• •9•in 
JGet old ~ontent$ of !FLAG$ 
;Set thin~• bac~ th• w•Y t~ey uere 

;Zero Return Cod e 

64 

• 

• 

• 



• Graphics Utilities 

00121 RET : f.'et.urr, tc TR50O5 or BASIC 
00122 
00123 PRINT• PUSH BC 
00124 LO Hl. J8UFFC~ ♦ 0311 ♦ Point,. to ti.• ·"· •• t h o b vf fe r 
00 125 LO O,OOH iK.,y on t ho term i nator 
00126 LO BC,440 ;S•t cou n t•,. 
00127 PiC!V • LO A d llL) ;LooJ.. at a Uyt. e 
00128 CP 80H ; I s ; l • flOth in9'? 
00129 JR NZ,STOP ;Th e n stop 
OOlJO DEC BC • o.--.r.,uint. t..Oi.Jn1. e l" 

00131 DEC HL ,o.creni•nt poi nt er 
00132 LO A,8 ;Siu if WO .,. done 
OOlJJ c~ C i!Je I I'? 
00134 JR N2,PFOIV ; Loop fo, more 
00135 STOP1 INC HL ;Hove pointer back on• 
00131, LO (ML) ,00 11 ILO•d a t.-r mi tHt1.0i- a f te,. ,.~t ve I id b )'t. e-
00137 LO HL, Bl.FFER ; Po int al th• text lO bo pr in ted 
00138 TRSOOS .!PRINT tOi •p f ay It 
0013"7 POP BC 
001 40 RE T >OoneJ •>d t 
00141 
00142 CRTC• OEFB ~~,eo ,es ,e,2s,4,24,24,0,~,o,o ,o,o.o,o 
00143 
00144 CLO, OEFB 0 iOld c o ntitn ts of !FLAGS 
0014;) BUffER- CEfS 640 
00141> OEFB OOH lCer r I age rtturn 
0D147 
00141') END GPRT2 

• 

• 
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00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
0000" 
00010 
0 D011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
0001" 
00020 
00021 
00022 
00023 
00024 
00025 
0002 .. 
00027 
00028 
0002" 
00030 
00031 
00032 
00033 
00034 
00035 
00030 
0003 7 
00038 
0003" 
00040 
00041 
00042 
00043 
0004' 
00045 
00046 
00047 
00048 
0004 .. 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 
0005q 
00060 

PSECT 2600H 
PRINT SHORT,NOMAC 

Macros 

TRSOOS• MACRO • 1 
LO A, • 1 
RST 28H 
ENOM 

TRSOOS SVC Equa tes 

~PRT, EQU 
;PRINT• EQU 
iilFLAGS• EQU 

Port. 

X• EQU 
y, EQU 
OATA1 EQU 
STATUS , EQU 

Hein 

GPRT3, LO 
OUT 
LO 
LO 

6 
14 
101 

Equates 

BOH 
81H 
82H 
B3H 

Pro9ram 

A, lOH 
(236) , A 
BC, 1088H 
HL ,CRTCtl& 

: Pr i nt • character on t h e pr i nt er 
I Pr i n t a I tn• on t h e pri n t~r 
l Po , nt to sy•t•m control fl ags 

iTurn on CRTC pQr ts 
iload lb Re~s and po i n t to control pQrt 
iLoed b• clu1i1•r d s 

Thli c od- p rog ra~a the C~TC Chip ♦ or 60 x Z4 t cr een 
Onlv r lqui r e d t or Nadel lll Graph i c s Boa rds 

FOIV • OUT 
LO 
OUT 
DEC 
OJNZ 

<C> ,B 
A, (HL) 
( 137) ,A 
HL 
FO!V 

; Sel ect Oet a R19 i ster In CRTC 
fGet the da t • 
:Store that i n the CRTC 
► Move to p re vi ous e ntry 
;01cr••• nt coun t e r 

Set the pri nter to t tar t graphic s ■ode 

LO 
TRSDOS 
JR 

Cd2H 
ilPRT 
NZ,BOMB 

;St 5 l n Grap~ i c& mode 
iOu t put C~ ar•cter 
iPr i nter Not Re•dv 

Turn of ♦ internationa l cl-\•r•cter t•t tr a nal at Ion 

TRSDOS 
LO 
LO 
RES 

LO 
LO 
OUT 

ilFLAGS 
A,< IY+6) 
(OLO > ,A 
6,( ! Y+8) 

C,O 
A,OE3H 
(STATUS) ,A 

;Git JFLAGt: 
;Sav t • cOPv of the curr e nt set t l n9~ 
;Tul"'n oft b i t O <Int l , Trentlat l on) 

;Gr aph i cs Y • ddre1s 
;Qpe ~ RAM vith v i d t o u1 lt• 
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----------Graphics Utilities----------

00061 
00062 
00063 
00064 
0001>5 
0 0066 
00067 
00068 
0001>9 
00070 
00071 
ooon 
00073 
00074 
00075 
00076 
0 0077 
00078 
0 00?9 
00080 
0 0081 
OOORZ 
0 0083 
oooa, 
none,:, 
00086 
00087 
OOOAA 
00089 
00090 
000 91 
□□on 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
001 0 5 
0010 .. 
00107 
00108 
00 109 
00110 
00111 
00112 
001 13 
00114 
001 1s 
00116 
0011 7 
00118 
00119 
001 20 

NEi/LN • 

NF'tJ~1 1 

BYT~, 
BYTE 1 1 

SI T, 

OFF • 

lrli tia l ize the Pr i nte r Suff e r 

LO 

PUSH 
PUSH 
LO 
LO 
LO 
INC 
LO 
LOIR 
POP 
POP 

LO 
OUT 
LO 
CP 
JR 
INC 
LO 
XOR 
OUT 
LO 
LO 
CP 
.IR 
LO 

PUSM 
I N 
LO 
LO 
LO 
ANO 
JR 
LO 
OR 
LO 
INC 
SRL 
JR 
OJNZ 
POP 

LO 
CP 
JA 
SLA 
SLA 
JR 
JP 
LO 
ANO 
LO 
JR 
LO 
JR 

0,3 

BC 
OE 
HL,BUFFER 
(HL) ,80H 
OE,HL 
DE 
SC,639 

OE 
BC 

A,C 
(Y) ,A 
A,40H 
0 
Z , NE\JRI 
C 
HL ,8UfFER 
A 
(X) ,A 
R,AO 
A,4 
0 
N2 ,8YT£ 
D,6 

BC 
A,(OATA) 
C,A 
E,SOH 
A,C 
E 
2,0FF 
A,O 
(HL) 
( ML ) ,A 
HL 
E 
NZ ,Sil 
BYTE! 
BC 

A,240 
C 
! ,DONE 
D 
D 
2 , ENORU 
P,NEURU 
A,7FH 
D 
O,A 
NZ,NEWRW 
0 ,3 
ENOR2 

i 81da) In bu ♦ t o ••t 
iSave 8C 

; Point at t ~• bui+•r 
; Fi 11 t h e bv tfar wi th x 1 80' 
i 8u i Id d••tlnat i o n po i nter 
JCopy f i r st byte to second pCf l t i on 
:Ze ro 040 bytes 

; Re~t.ont BC 

;Update Y addr•~• 

ll f pr 1ntln9 row 1econd ti me 
Move to ~ext row 

;Rtttart X eddr••• 
•G•t eo v~~Dh i~~ bvt•~ 

: ~ -'\•P "I 8. l ooo rou n tpr 

;S~v• 9rap~ i c• by te in C 
:G •~ b i t• l •ft to ~ I Q~ t 

;s., b it i n bv +••r 
•Next butt• ~ byte 
lN•xt bit 
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00121 
00 122 
00123 
00124 
00125 
00126 
00127 
00128 
0012" 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
0014Z 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
ODIS• 
00155 
00156 
00157 
00158 
00159 
0011,0 
00161 
00162 
0011.3 
00164 
00165 
00161, 
00167 
0011,8 

ENORU1 
ENOR2• 

DONE• 

80NB• 

PFO IV • 

STOP• 

CRTC, 

OLOr 
BUFFER, 

LO 
PUSH 
CALL 
POP 
JR 
JR 

CALL 

LO 
TRSOOS 

LO 
OUT 

TRSOOS 
LO 
LO 

LO 
RET 

PUSH 
LO 
LO 
LO 
LO 
CP 
JR 
DEC 
DEC 
LO 
OR 
JR 
INC 
LO 
LO 
TRSOOS 
POP 
RET 

OEFB 

OEFS 
OEFS 
OEF8 

ENO 

0 , I 
OE 
PRINT 
OE 
N2,BOMB 
NEWLN 

PRINT 

C, lEH 
aPRT 

A,OFC>I 
( STATUS) ,A 

aFLAGS 
A, lOLO) 
( 1Yt6>,~ 

HL, 0 

BC 
HL,8UFFERt639 
O,OOH 
8C,b40 
A,(HL.) 
80H 
NZ ,STOP 
BC 
HL 
A, B 
C 
NZ,PFOIV 
HL 
<Hl.} ,OOH 
HL,RUFFER 
aPRINT 
BC 

;Prin t bu ff•,. 

l Pr inter- Err or 

;End Graph i cs Prlnt Hod• 
iU■ do not c•r• if this one ta i I s . 

;Status s graph i cs off, no w■ iti, no Inc• 

;Point to sv stem t l eqs again 
iGet o1d contents ot [FLAG• 
iSet t hin9s beck t h e way th ey were 

lZero Rwturn Cod■ 
;Return to TRSOOS or BASIC 

;Point to the and of th e buffer 
;Kev on t h e ter minator-
;Set counter 
;Look at a byte 
;I• i t• noth1n~1 
i Then $l0P 
;Oecr•~•nt counter 
;OecrR••nt Pointer 
•S•• If we are don• 
i\Je I 17 
;Lano tor- 1-or-• 
;Mov e point•~ b•ck one 
i L01d • ter,n i netor- aft•r la•t va ! id byt• 
<Po i nt • • t h • ••wf to 1,i, P"' ' "'t•,t 
iOispl e v i t 

'99 ,so ,es, e,2s ,4 ,2.4 ,24 ,o ,'9 ,o, o ,a ,o ,o, o 

0 
640 
OOM 

GPRT3 

;Ol d cont•nt• o t !FLAG• 
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• Graphics Subroutine Library (FORTRAN) -----

4/ Graphics Subroutine Library (FORTRAN) 
The Groph1cs Subroutine Library included on the Computer Graphic, diskeue leti: you u~e the funettOns of TRS-80 
Computer Graphics while programming in Model 4 FORTRAN (26-2219). This library (ORPLIB/REL) ,nust be 
linked 10 any FORTRAN program that accesses the Graphics Subroutines. 

BASICG vs. the Graphics Subroutine Library 
The Graphics SubroULinc Library con1ains subruu1in~ whkh 1,rovilk 11H: l,amt: capaltilitil-~ a~ tile 0 1 aphic.~ co,uuhmd.s 
and functions in BASICG. 1bc Graphics subroutines have basically the same names and parameters as the BASICO 
cnmmands. The major differences hetwec:n the Ubrnry subroutine:; and 1he BASICO co111111ands arc: 

• 1bc BASICO <1Jmmand UNE ha, three corresponding library subroutines: LINE. LINEB. and LINEBf. LINES 
nnd LINEBF provide 1hc functions of the BASICC command LINE with the par3mctcrs B a.nd BF rc1>pectively. 

• The BASICO command PAINT has 1wo corresponding library subroutines: PAINT and PAJNTT. PAINT is for 
painting solid black or while. and PAIN'rf is for painting with ttllng. 

• The Library subroutines that correspond tu BASICO commands that use (x.y) coordinates (except for VIEW) u,;c 

(x.y) coordrnates that have been previously set. Toe subrou1ines used to set the coordinates arc SETXY and 
SET)O'R. 

• Setting Points using SETXY and SETXYR 

• 

The coordinates specified by SETXY or SETXYR will be called the "current" and "ptcvious" coordinates. 
Subroutines that use one (x,y) coordm:ue pair use the ··current .. coordinates and subroutines that use two (x.y) pairs 
use both the "current" and the "previous" coordinates. each call to SETXY or SETXYR scL< the coordinates as 
follows; 

l . Assign the values of the ·•c,1rrcnt'' (x.y) coordinrucs to the "previous·· (x,y) coordinates. (discarding 1he old 
••previous'' coordinates). 

2. Assign new values for 1he ··current" (x,y) coordinates as specmed by the argumen1s supplied . SET:XY s,mply 
sets the "currenf· coordinates 10 the vafue-s of its arguments. SETXYR adds the values of 11s argumen1s 10 the 
· •c-un-ent .. coordin:nts to nbr:lin rhe new c-oorc1in:ltr1; 

Initialization 
Before any calls are made 10 Graphics, the Graphics library and hoard must be initiali)..ed A special inittalization 
routine (ORPJNIJ is included in the library. A call to ORPIN) must be made as the first access to the Graphics 
library. 

Example 

00100 C SAMPLE I NITIAL IZATION 
00150 
00200 

DIMtNSION VCJ0,J0) 
CALL GRPINI (0) 
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-------Model 4 Computer Graphics-------

Linking 
The library (GRPLl8iREL) muse be linkoo 10 any program< 1ha1 access 1he Graphics Subroutines. You muse use 1he 
hnker (L80) to gcnerace 1he load module. 

Example 

LB0 tEHIElll 
•SAHPLE:l•N 
• CRPHSAM ,CRPLIB-S,FORL IB-S,-U 
• -E 

This example Jinks b,~h the Graphics Library an.I 1he PORTRAN Subroucine Library 10 1he relocaiable file 
GRPHSAM/REL In this example. SAMPLE: 1- N is the file n:1me, drive spectfiaiition. and switch , rc.,pcc1tvcly; 
GRPHSAM , GRPLIB-S, FORLIB--S, and - U arc 1he names of 1he relucaiable modules 10 be hnke<I ancl their 
rcspectivt ~witches. -E ends the routine and creates the executable program S.4.MPLE. The •·s in the example arc 
prompu for ,he user - not data to be entered. 

Note: Ii there are unresol\•cd external references. the FORTRAN Lihrnry m.iy neccl in he- ~:inne,t ~ '4!C'nn,I 1ime 

Errors 
I( you enter incorrect parameters for any of the Graphics Subroutines. your ;)crctn will d i:iplay: 

CRAPHICS EllROR 

and return program control to TRSDOS Ready. This is the only error message- you·n get when ex.ec;.1.1t.ing lhc 
Subroutine.s . 

lmponant No1e. Free memory is utilized by the Graphic Routine for ccmporaf)' storage. Extreme care should he 
exercised if your program accesses this memory. 

Routines/Functions 
Most of the FORTRAN Subroutines and funct.Ons described in this section have a corrcsponc:hng command in the 
Gr:it.phics BASIC Language Retertnce. sec1ion or this manual. 
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• ----- Graphics Subroutine Library (FORTRAN) -----

FORTRAN Routines 

Routine Action 

CIRCLE Draws a circle. arc, semicird e, or ellipse. 
CLS Clears lhe Graphics Scree11. 
GET Reads the contents of a rectangular pixel area into an array. 
GPRINT Displays lextual data on the Graphics Sci-een. 
GRPINI Graphics ln~ialization routine. 
I INE Draws a line. 
U NEB Draws a box. 
LINEBF Draws a filled box. 
LOCATE Sets tne d1rect1on for dlsp1ay1ng textual data on the 

Graphics Screen. 
PAINT Paints the screen in specifiO<l OFF/ON color. 
PAINTT Paints the screen in a specified pattern. 
PRESET Sets pixel OFF/ON. 
PSET Sets pixel OFF/ON. 
PUT Puts the stored array on the screen. 
SCREEN Select~ the .$Crcen. 
SETXY Sets (x,y) coordinates (absolute). 
SETXYR Sets (x,y) coordinates (relative). 

• VIEW Sets up a vlewpon where graphics is displayed. 

Table 7 

FORTRAN Functions 

Function Action 

POINT Reads a pixel's value at a specified coordinate. 
FVIEW Reads a viewpon·s parameters. 

Table 8 

• 
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-------Model 4 Computer Graphics-------

CIRCLE 
Draws a Circle, Arc, Semicircle, Point or Ellipse 

(r~us,color,sfffl,end,arJ 

radlue is of INTEGER type and specifies the radius of the circle. 
COIOr Is of LOGICAL type. specifies the OFFiON COior ot the border of the circle and Is an integer 

exprenoon of either O or 1 • 
...,, is of REAL lype a,d specifies the star1p0lnt of the circle. 
111111 is of REAL l'/P8 and Sl)IICifies the endixllnl of lhe circle. 
ar Is 1he aspect ratio, is of REAL type and determines the major axls of lhe circle. If ar IS O 0.5 Is 

used. 

CIRCLE draws a circle. By varying start, ,:,id, i!nd aspea ratio, yoo can druw arc:;, :;.emkirclcs. or ellipses using 
current X- 2nd Y -coordin:ites as the centerpoint (set b)i SETXY or SETXYR). 

If start and end are 0 .0. a circle is drawn starting from the center right side of the circle. Note: Ln the CIRCLE 
statema u. ~nd is read 11s 2 x: r l even though )'OU hne entered 0.0. If you c:ntcr 0 .0 for aspcc.1 ra1io, a ~ymmctric 
circle is drawn. 

Example 
CAL L CIRCLE 1100,l ,0 , 0,0, 0 ,0,0J 

Sample Program 

This ex.ample <Jraws and paints a circle. 

000 10 C 
00020 
00030 
000 40 
0 00 50 
0 0060 
00070 
00080 
000 90 
0 0 100 

CLS 

SAMPLE PRO GRAM FD R C I RC LE 
LOGICAL COLOR , OPTION 
COLOR =! 
OPT ION• 0 
CALL GRPIN l( OPT I ON) 
CALL CLS 
CALL SETXV(J00,100 J 
CALL CIRCLE< l 00 , COL0~,0 . 0,0,0,0 ,0 l 
CALL PAINTICDLOR , COLOff> 

. ENO 

Clears Graphics Screen 
CLS 

Example 

Ctll.l Ci S 

Sample Program (see CIRCLE) 
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• -----Graphics Subroutine Library (FORTRAN)----­

GET 
Reads Contents of a Rectangular 
Pixel Area into an Array 

GET (arr•r.alu} 

array Is any type end is the name of the array you soec,ly. 
size is of INTEGER type and specifies the size of the array In terms of by18S. 

GtT read~ the coments or a rectangular pixel area mto an array for future use by f'UT. The pixel are..a is a group or 
pixels which arc defined by 1he cum:n1 x and y. and the previous X- and Y-coordina1es specified by rhe SETXY 
c3II. The firtl two bytei of array are $et to the horizontal (X-axi,) numbc-r of pixels in the pixel area: the ~cond 1\1.-0 
bytes are set to the venicaJ (Y-axis) number of pixels in the pixel area. The remainder of c.1rray rtprtscnts the s1a1us 
of each pixel (either ON or OFF) in 1he pixel area. The dala is stored in a row-by-row formal. T he data is stored 
eight pixels per byte and each row star1s on u byte. boundary. 

Array Limits 
When the array ts defined, space is reserved in memory for each elemem of the array. 'rhe s11.e of the array is 
limi1cd by the amount of memory available for use by )OUr program - each real number in your :storage array uses 
four memory Jocationi (bytei). 

• The array must be large enough to hold your graphic display and 1he rec1angular area defined must include all the 
points you want to store. 

• 

To dctt.m1inc the minimum array size: 

I. Dlvidt 1hc number of X-axis pixels by 8 and round up 10 1he next higher m1cger. 

2. Multiply tho res ult by the. number of Y axis pixels. 

When counting tht X-Y axis pixels, be ~ure to include the licst and la.s1 pixel. 

3. Add four to the 101al. 

4. Divide by fout (for re:il numhtr~) :rnd two (for integer!.} rounding up to the next higher integer. (Note: If you' re 
using a LOOI CAL arra1·, lhc resuh of S1ep #3 above will produce the desired array size.) 

When us ing a,,-uy~ the posi11on (!Rd sfzt~ of du: 1-eclaJl~u laJ ph1:I cm::a i~ dc1cr1Hillcd l,y the c.:urn:.1u <J!ld p,cvivus (~.y) 
ooordinates. 

f'osiuon: 

Size /in pixels); 

Eiample 

upper JeJI comer ;; stanpoml = (Xl,yl) 
lower left comer - endpoint • (x2.y2) 

Width - x2 - ,1+ I 
length = y2-y l + I 

CALL GET IA,4000 ) 
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Sample Program 

This example draws u circle, saves the circle inlo an array, !hen restores the arra)' to the graphic!\ ,~deo. 

00050 C 
00100 
00150 
00200 
00300 
00350 C 
00400 
00500 
00550 C 
0061/J<ll 

00700 
011750 C 

00B00 
00900 
01000 10 
0 1050 C 
0 1100 
01200 
01300 
0 1400 
0 1500 20 
01600 

GPRINT 

SAM PLE FOR GET ANO PUT 
LOGICAL V( 128 1 ,ACTION 

ACTION• 1 
CALL GRP INI (01 
CALL CL5 
DRAW A CIRCLE 
CALL SETXYt 30,30 J 
CALL CIRCLE(10,I ,0 .0,0,0 ,0 , 01 
SET COORDINATES FOR CET ARRAY 
CALL SETXYt l lll,10 1 
CALL SETXY(40,40 ) 
STORE CRA PH!CS INTO ARRAY WITH CET 
CALL GET<V ol2B> 
OD 10 I: 1 , 5000 
CONTINUE 
CLEAR SCREEN AND RES TORE GRPH FROM ARRAY 
CALL CLS 
CALL SETXY(l10,1 101 
CALL PUTtV ,ACTION> 
00 20 J :1 ,5000 
CONTINUE 
ENO 

Write Text Characters to the Graphics Screen 
a,_,.~ 

cnl ill al INTEGER type and epeclles lhe number o1 characleB to display . 
.,., la a one dkMt ISlonll LOGICAL array coruinlng lhe chatllClela to be displayed. 

<;PRINT is used to write rcxt characters to the Uraphics Screen. Thi!, is the easiest way to display textual data o n the 
Graphics Screen. Characters are displayed starting at the current (x.y) coordinates and going in the din.--ctioo specified 
by the mos1 recently executed L.OCATS call. ff no LOCATE. call was e xecuted prior to the OPRINT call. a direction 
of O is aswmed. 

OPRINT will uuly print tcM d1aiacu:~ (:,i.!C tJ1c ~fv.dd 4 Dh.A Sy.\lem O·wutr 0 1 Manual) . Each c.hz11aqcr d1~playc.d 
ln the O or 2 dfrccoon use~ an 8 x g pixel grid: each character d1~playcd in the I or 3 direction uses a 16 x 8 grid. 
Exccu1in2 chis command wil I sc, 11,c turrcm b.y) coordinates to the end of 1hc last character 1ha1 was displayed . 
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-----Graphics Subroutine Library (FORTRAN) -----

Displaying 1exr in the direction 0 engages a \\•raparoond feature. If the end of a line. is reached. the display will be 
,continued Ol'l che next line.. If the end of lhc s..:rcen is ,cached. the di~play wiU be coutinucd at the beginning of the 
screen without scrolling. If there is not enough room to display at )east QI~ chara('ter at the current (:< ,y) coordinates. 
a GRAPHICS ERROR will resul1. When displayin~ text in other directions. an a1temp1 10 display 1ex1 outside 11,e 
currcnlly defined screen will cause a GRAPHICS ERROR 10 be given. 

GRPINI 
Graphics Initialization Routine 

ORPINl{opllon) 

oplion Is of LOGICAL type. 0 cleara Ille Grei,hic:8 Screen, nun•zeto does no4 deal lhe GrlllJhlc;a 
Screen. 

GRPlNI is the graphics initializa1ion routine. This function musi be called before any other graphics calls are made 
in FORTRAN. 

Example 

CALL CRPINl { l ) 

Sample Program (see CI RCLE) 

LINE 
Draws Line 

LINE (COior, atyle) 

color is ol LOGICAL type, specifies the OFF10N COior ol a line and is an Integer elCl)r8SSion of 
eilher O (OFF. black) or 1 (ON, white). 

atrte Is al INTEGER type,~ the pattem of the ~ne and is a oomber In the integer range. -1 
irllJicales a solid line. 

I .INF. rlra"'" !I Jinp hP.lw«-n rhP. prPviow:. :md ronrn, N\C"lrrlin:11~s. ThMP. ronrrlinM?.li !Ir(' ~Pl hy thP .~F.TXY nr 
SETXYR subrou1ines. 

Example 

CALL LI NE ( I , • I > 
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Sample Program 

This example draws a d iagonal line connected 10 a box. which 1s connected 10 a filled hox. 

0001!,l 
00020 
00030 
000a0 
00050 
00060 
00070 
00000 
00090 
00100 
00110 
00120 
001 3111 
00140 
00150 

LINEB 
Draws Box 

LINEB fcolor, dyle) 

C: 

C 

C 

SAMl'LE ~OR LINE LI NE6 LJNECF 
LOGICAL COLOR 
COLOR=! 
CALL CRP JNll 0) 
CALL CLS 
CALL SETXY( I ,I) 

CAL L SET XV(2 10,80) 
CALL LINC<COLOR ,- 11 
CALL SETXY(420,1601 
COORDINATES ARE NOW (2 10,80) ( 420 ol 60 > 
CALL LINEB ( COLOR,-1 l 
CALL SETXY(639,239J 
COU~O lNAltS AR~ NOW ca20 .J 60J (639,239 ) 
CALL LI NEBF I COLOR) 
ENO 

colot Is ol LOGICAL type, specil1es the OFF ON color of a line and is an inlell8• expressio<'I ot 
either O (OFF. black) or 1 (ON white) 

dyle is of INTEGER type.. and spec~1es the pattern of tl'te line. - 1 1nd1ca1es a solid line. 

I.INEB is tlw )>!lllk.' !I~ UN E l'\\'1.'p1 UN En ,Ir.I\\:-' ,, l\i\\ NI" ('('11 llh.' j\q\ $,1,.'I:- ,,f \.'ll1lrJina11.·s :-t:l hr th\' SETXY ,,r 
s1 :TXYR suhnmtilk'S, 

F.xampl,· 

CALL LI NEil ( I ,-1 > 

Lin,· Prni:ram (~re I.INE) 

• 
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• ----- Graphics Subroutine Library (FORTRAN) -----

LINEBF 
Draws Painted Box 

LINEBF (color) 

c,o/or ,s of LOGICAL type, specifie3 the OFF/ON color of a line and is an integer expreo5ion of 
either O (OFF, black) or 1 (ON, wh1fe). 

LINEUF i~ lhC !>30\C a~ LINEB txcer1 I.INEBI--- fi ll-. lhc box (color-. in 1hc h,o,:) and the argument l-lyk ... llt)I u, ..... .t 

Example 

CALL L I NEOF I ll 

Sample Program (s« LINE) 

LOCATE 
Sets the Direction for Displaying Text 
on the Graphics Screen 

• LOCATE (direction) 

• 

direction is of LOGICAL type. specifies the direction that CLOCA TE will use to disp'ay textual data 
and is an integer expression of 0-3. 

Ex3mplcs 

fl • 1rrn •h·rrl"<' ~tn£ le" 
I - <JO degn::c anl!lc 
2 - 1 i,c.c I tlerrcc angle 
:\ 27(! dt:!!rce- uoglc 

CALL LOCATE (01 
rh1, r n,,;rnm line will c.iu-.c c; h:1r;ic1cr., l•l be d, ... pt:sy ... 'tl .11 the lUffcnt IX .} 1 ~11ordma1t.•, in n<1r1n;tl kit 10 ru.-ht 

l>rlCIII Jti1>n. 

CA LL LOC ATE 111 
1 hi, J110::1 ,1111 fol\. "itl \.d\l'•C i. hM..a\.t'i:r"' 1u be 01,pl.i)ed .:1 1hc 1,. u r~n( r;,.. \ 1 .. i 11>:-J111.ir..:, Ill ..t , ..:rH..:JI "' 11..11l.1l11>1\ i,:, •111.:.: 

irr1m the 111p of :he ,t:n:c1l ((' chc honom ,1f chc "<.·teen 

CALL LOCA TE 42) 
11u-. pn,!!r.;m lini· ,1.1H 1..:ttJ\C c.h.11':tlft•r, 1P he 1h-,plJycd UJhah.' tl11\\ll '--1,Lmng ,ti 1h1,.• 11~hr ,,1 ~h~ "lfi'l'II ,1n;.I != un:: 
hl\\ :ml-. 1hi: kt 1 
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-------Model 4 Computer Graphics-------

CALL LOCATE ( 3) 
This prOgrJm line wilJ cau~c 1hc diameters 10 be displayed vcnica!ly Marting al the lower ,x>rtion of the sc,ccn going 
towards the top of the screen. 

PAINT 
Paints Screen in Specified Color 

PAINT (color, border) 

color is of LOGICAL type, specifies the OFFION colOr of p!ISlting and Is an integer ei<pressiOn of 
either O (OFF, black) or 1 (ON. white). 

bonlw Is of LOGICAL type. specifies the OFF'ON color of the border and IS an integer expres&IOn 
ol etther O (OFF. black) or 1 (ON, white). 

PAINT painls lhc screen in ohe speci fied OFFtON ,olor (black or white). II uses the current X- and Y. coordmaies 
(sec SETXYl as its taanpoint . 

Example 

CALL PAINT( l , J l 

Sample Program (see CfRCLE) 

PAINTT 
Paints Screen in Specified Pattern 

PAINTT (•rrayT, border, •mryS) 

a".-,T IS a byte array which defines a multi-pixel pattern to be used when painting (bl1ng). The firs! 
byte of errayT ndicates the length of the "tile" (number of bytes) 

border 1s of LOGICAL twe and speclffes the color ol lhe border. border is an integer ei<pressoon of 
etther o (blael() or 1 (while). 

arrays is a byte array that Is used to define the background. The first byte ,s always set 10 1, the 
second byte desc:nbes lhe background you are painting on (X' FF • whtte. x•oo· black). 

PAINTT Jers you paint a prcci:-c:ly defined JXIHcm using a graphics 1cchniquc called "tiling.·· You can p:iint with 
tmng by defining a mult1•pixe l grid rn an array and 1hen uc-;ing tha1 ~1Tay as 1he paim i-..u tcrn. 

Example 

CALL PAl NTT CA, ! ,U> 
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Sample Program 

00100 C 
00150 
00200 
00300 
003 ::10 C 
00a00 
00500 
00600 
00650 C 
00700 
00800 
00900 
0 1000 
01 100 
01200 
01300 
0 1600 

PRESET 

EXAMPLE FOR PA INT WI TH TILE 
LO GI CAL A,B,BDR DER 
Oil1ENS I DN ACS) 
0 111 ENSIO N 6( 2 ) 
DEF l NE TILE ARRAY HERE 
DATA A( l ) , A(2), A(3 ) / 8 , )1'81' , x• a:•1 
DATA A( Ol ,A( 5 ) ,ACG) /X ' ZO' ,X' l B' ,X'l8 / 
DAT A A ( 7) , A ( 8 ) , A < 9) / X '2 ll ' , X 'tJ = ' , }{ '8 1 ' / 
OEF IN E BACK GROUND ARRA Y HERE 
DATA ll<l),6( 2 ) /1 ,0 / 
CALL GRPI Nl (0 J 
C/\LL CLS 
CALL SETX Y(300 , l00 l 
CALL CI RCLE< 150, 1,0, 0,0.'1 , 0 .0 ) 
8DRDER• l 
CALL PAI NTTC A, BOROER ,6 > 
ENO 

Sets Pixel ON/OFF 
PRESET ( ,;olorJ 

color Is of LOGICAL type, specifies whether a pixel 1s to be sel ON or OFF and 1s an ,nteger 
expression ol either O (OFF) or 1 (ON) 

Example 
CALL PFIESET C0 ) 

Sample Pro~ram 

00100 C 
00200 
00311\'l 
00400 
IDID~ 00 
00600 C 
q, 0700 
008 00 
009 00 C 
01000 
01100 30 
11ft 200 3 ~ 
01 3 00 

PRESET EX A~PLE 
LOG ICAL COL OR 
COL Oll: 1 
CALL GtlP INI (0 > 
CALL CLS 
SET PI XEL TO ON 
CALL SETXYl300,l ~0 ) 
CALL PRES ETI COLO R> 
TEST PI XEL WH ETHER ON DR OFF 
K= POIN TCM > 
WRIT E r3 , J~lk 
r-or.- HAT ('~· , · r1HC L l,'ALUC l S' ,J.!J) 

ENO 



-------Model 4 Computer Graphics-------

PSET 
Sets Pixel ON/OFF 

PSET (color) 

color is of LOGICAL type, specifies whether a ptxel Is to be set ON or OFF and is an Integer 
expreSSion of either O (OFF) or 1 (ON), 

PSE'f sets 1he pixel defined by the cu1Tent (:c ,}') coordinates either ON or OFF. 

E~ample 

CAI. I PRFTl0 ) 

Sample Prngram 

00100 C 
00200 
00300 
00400 
00500 
006'00 
00700 C 
00B00 
00900 
01000 C 
01100 
0 1200 
01300 JS 
01400 

PUT 

PSET EXA11PLE 
LOGICAL COLOR 
LOGICAL POINT 
COLOR• I 
CALL GRPINI 10) 
CA LL CLS 
Stl f'lXEL TO ON 
CALL SETXY<300,120) 
COLL PSE T(COLOR> 
TEST PIXEL WHETHER ON OR OFF 
K•PO I NT<M) 
WRITE (3,3:i>K 
FORMAT I '2' ,'PI XEL VAL UE 15' ,14) 
END 

Puts Stored Array onto Screen 
PUT (1"11Y, action) 

,,,., Is usually LOGICAL type, although any type is permlSSible. Specifies the array (stored with 
GET) lo be restored. 

action IS of LOGICAL type and specifies how the data is to be written to the Video. Action may be 
one of Un:t following: 

1 - OR 
2 ~ ANO 

3 • PRESET 
4 = PSFT 
S = XOR 

PUT takes a rectangular pixel area that has been stored by GET and puts it on the screen at curren1 x and y 
coor<li1lale:,. set by calling SETXY. 
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• ----- Graphics Subroutine Library (FORTRAN)-----

Exnmplc 

CALL PUT < V d I 

Sample Program (see GET) 

SCREEN 
Selects Screen 

SCREEN (switch) 

switch is of LOGICAL type and specifies the type of screeo display and may be one of the 
following: 

O s Graphics Screen 
I m T exl Screen 

SCREEN lels you selecl 1he proper :-.cl'een . 

Example 

r.AI ) ~r.RFl'N !0 I 

• Sample Program 

• 

Thii,. example lum:-. off Lhc graphic~ display. draw~ a circle. then turns on the graphics display. The drdc i~ lhcn 
,bible 

00010 C 
00020 
000a0 
00050 
<b0~1;<b 

00070 
00080 
00090 
00100 
001 10 
00120 2"1 
00130 
01'! 1 a0 
00!50 

EXA MPLE l'OR SCREEN 
LOGICAL CM□ 
CMO= l 
CALL GRPINl{01 
lAL L CLS 
CA LL SCREEN(C MD> 
CALL SETXYC310 , l20> 
CALL CIRCLE l100,1 ,0,0,0,0,0,01 
CALL PAINT< I , 1) 
DO 20 l= l ,10000 
CO NT I NUE 
CM0•0 
CALL SCREEN(CMD) 
END 
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SETXY 
Sets Coordinates 

SETXY (x,yJ 

(x,yJ are INTEGER l)'pe and repreNnt coordlnates on the Graphics Screen. 

SETXY sc1s and bolds both current and previous X· and Y • coordinates. When a new coordinate is given. it is 
designooed as the "current coordinate .. and the last co(ndina1c is desig.na1ed as rhe "previous coordinate." If a ne,,., 
co..·n-dinatc is specified. the "'pft vious coordinate' ' is lost and 1hc "currcn1 coordinate:" becomes lhc .. ptcviou.s 
coordinate . ., 

Example 

CALL SETXV(l00,100J 

Sample Program (see LINE) 

SETXYR 
Sets Relative Coordinates 

SETXYII (pt .p2) 

(pt ,p2) a,e INTEGER type and represent Relative Coordinates on the Grapnles Screen 

SETXYR sets the currem (K,y) coordinates rela6ve 10 1hc pre\•iously set (x,yJ coordinates. For c.xamplc, ir the 
.. current" coordinates arc (100, 100), CALL SETXYR(IO, 10) will set 111<: .. ,urrcm·· coordinates to ( I 10, 110); the 
.. pre.vious .. coordinates will then be (100,100). 

Example 

CALL SET XY RC30,30 ) 

Sample Program 

00010 C 
00020 
00030 
000110 
00050 
00060 C 
0007 0 C 
00080 
00090 
00100 

DRAW TWO INTERSECTING CIRCLES 
CALL GRPINICJ ) 
CALL CLS 
CALL SETXY/1 00, 100 ) 
CALL ClRCLECS0 .! ,0 , 0,0.0,0 , 0 ) 
DRAW SECOND CIRCLE WITH CENTER 20 
PIXELS TO THE RI GHT OF F JRST CIRCLE 
CA LL 5ETXYRC20,0> 
CA LL CJRCLEC50,J ,0 , 0,0 , 0,0,0> 
END 
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VIEW 
Sets Viewport 

VIEW (leftX,leflY ,tlghlX,rlghtY,color,bonler) 

leflJC, leltY, rlghtX, rlghtY are INTEGER type and specity the viewport's parameters. 
left X and rlghlX ate numetic expressions from O to 639 and specify vlewport's comer 

x-coor<11nates. leftY and nghtY are numenc express,ons from o to 2all and speeify tne v1ewpon·s 
corner Y-coordinates. 

color ia of LOGICAL type, epeciflea the OFF10N color code and is a numeric expression of .;1her 0 
(OFF, black), 1 (ON. whtte), or - 1 (viewport IS not shaded). 

bonJer is of LOGICAL type, specilies the border color for the vlewport and Is an Integer expression 
of either O (OFF, black), 1 (ON. white), or -1 (border Is not drawn). 

VlE\V d1aws "'iC""J>Ofli oo you, S<:recn, (..if.1.phi.:s 15 d i~played only in the hut defined "·icwport. 

The upper.left comer of viewpon is read as {0.0) (lhe "rcl~th1e origin") when crea1ing irems inside the viewpon. 
All the other coordinates are read relative to th1~ ongm, Ho"cver. 1he .. absolu1e coordi11a1es" of 1he viewpon. as 
they are actually defined on the Graphics Cancsian sysccm. are retained in memory and can be read using VIEW as 
a function. 

Example 

CALL V!EW<100,100,200,200,0,ll 

Sample Program 

00100 C 
00200 
00300 
00a00 
00500 
00600 C 
00700 
00800 
00900 
0 1000 C 
011 0 0 
01200 
01300 
01400 20 
01500 C 
0 1600 
0 1700 
0181210 
01900 
02000 35 
02 100 40 
0220~ C 

SAMPLE VIEW PROGRAM 
LOGICAL COLOR,60ROER,K 
INTEGER FVIEW 
CALL GRPINl(I) 
CALL CLS 
SET UP U!EM PORT 
COLOR•0 
BORDER•! 
CALL VIE W(210,80,420, 160,COLOR,BOROER> 
DRAW MUL TI PLE CIRCLES 
CALL SETXY1105,40) 
00 20 1•10,150,10 
CALL CIRCLE<! .t ,0,0,0,0,0) 
CONTINUE 
DISPLAY VIEWPORT COORDINATES 
00 40 !=1 ,Q 

K= I -1 
J•Fl!IEWCK) 
WRI TE (3 ,35) I ,J 
FOR~AT C '2' , ' VIEW PORT COOROINATE ' ,14,' JS AT ' ,14) 
CONT I NUE 
PRINT EHPTY LJHES 
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02300 
02 4 00 
02500 50 
02800 80 
02700 

DD C0 l • I , G 
WRITE <3 ,50) 
F OR l'I AT (IHI) 
CONTI NUE 
END 

The following two descriptions are func1ion1 in the Graphics Subroutine Library and must be declared as LOGICAL 
and INTEGER, respectively. in any rou1ine that uses them. 

Functions 

POINT 
Reads Pixel Value at Current Coordinates 

Va POINT(X) 

X Is a dummy variable needed 10 sel up the proper FORTRAN linkage to the POINT rouline. 

POINT returns 1hc OFF/ON pi,cl value al current x and y coordinate as specified by SETXY or SETXYR. If the 
poinl is nor in 1hc cnrrcn1 viewpnn, POINT n-t11rnc. - 1 

Example 

K• POINHM> 

Sample Program (see PSET) 

FVIEW 
Reads Viewport's Parameters 

FVIEW (n} 

n is of LOGICAL type and is an Integer expression from O to 3. 

FVIEW returns lhe specified vicwpor1 parameter: 
0 ; returns the left X-coordinate 

Example 

I = returns the left Y-coordina1c 
2 = re1urns the righ1 x-coortlinatc 
3 = returns 1he right Y-coordinatc 

l•FVIEW<0l 

Sample Program (see VIEW) 
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Programming the Graphics Board------

5/ Programming the Graphics Board 
The \Jraphics Board provides 640 x 240 byte addressable pixels on a TRS-80 Model 4. The Graphics Board 
con11uns 32K of screen RAM to store video data consisting of four 64K RAMs which arc double accessed for 8 
byte..\ of <lata. Regular alphan'-!mcric dau1 is stored in the. stutic RAM on the V ideo Bourd . The Graphics Board use~. 
scp:.u.1tc hardware to generate .1 640 x 240 display, so only one screen may be displ~1y<:d at~, 1imc. If the ,•idco is 
switched from Text to Graphics Screen verv rapidly, the Video display may lose horizonrnllvertie:il synchronintion. 

LIO por1 mapping is used 10 read and write darn 10 the board. The Board is addressable at 80 - 83 Hex . 

There arc four intcrnaJ register~ which can be written to or re.ad on the board. They are as follows: 

I. X-Position - X-11ddrcss (0 to 127) for data write only. (0 to 79 for display.) 

2. Y-Po,ition - Y-address (0 to 255) for data write only. (0 10 238 for display.) 

3. Data - Graphics daia rn ··byte" torm. t:.ach byte tum:,, on or off g consecutive horizontal do1s. 

4. Options - 8 !lags which tum on or off the user programmable options (Write only). 

The 1/0 port mapping of the board is: 

• .rtl - X•Kcgostcr Wntc. \~OJ 
• .d - Y-Rcgister Write. (81) 
• ,\'2 - Video data read or write . (82) 
• x3 - Oplions write. 183) 

where x denote:, the upper nibble of the VO boundary CIS S<:I by the DIP Switches. Tbcy arc "ICt by the factory at 

80H. 

The Graphic:, Board usc:.s X-Y aUUrt:ssing io lvc.:.ill:: thi: ~uut vf a Gn.tphk-!> tlata hylc . Tl1t: upix:1 •ldt vf the !)l..'Jccu 
is (0.0) while •he lower-right is (079,239). If the bit is a I . 1he dOI will be ON. For example. if you wanted to 
ntm on rhe .'irh dnr on the 1or mw. rhe regisiers would contain: X POSITION • O. Y POSITION =0. 
DATA=(00001000)=08H. Note that in calculating poin1s 10 plot. the Y-position i,. correct for a single dot. Only 
the X-position must he correc1ed to compensate for the byte addressing. This can be acco1111ll ished in a simple 
subroutine. 

Line Drawing Options 
There arc two S..,bi1 counters which ac1 as larches for 1hc X- and v .. addrcss. You may select, duough the options 
1cgi~lc1. if ll 1cy a,c tu au1u 111alically LQUlll afli:1 '1 1\:-dtl rn w ti h:. to gusphi'-- 111cmv1y. Abu. the 1,,.vunteJ~ 111ay i1K1'1:lllCJ\l 

or decrement independently, These counters do not count to their rcspoctivc cndpoin1s and reset. lnstcnd. they will 
overflow past displayable l'ideo addresses. Therefore. the S<)flware should not allow the counters to go past 79 and 
239. However . these extrn memory locations may be used for d:1ta stornge . 
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Examples 

The following are brief examples on how to use the Graphks Board . 

Read 1he viden by1c a, X =0. Y =0 

XOR 
OUT 
OUT 
IN 

A 

(80H),A 
(81)-i) ,A 
Ad82H) 

!CLEAR A 
;OUTPUT X ADDRESS 
,OUTPUT Y ADDRESS 
;READ VI DEO BYTE 

Draw a line from X - O,Y-0 to X - 639, Y -0 U$ins the hardware line dr:1wing 

LOOP 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

LO 
LO 

OUT 
XOR 
OUT 
OUT 
LO 
OUT 
DJN2 

6,79 
A,00 1 H 

(83H),A 
A 
(80H),A 
I 81 HI , A 
A,0FFH 
(82H) ,A 

LOOP 

Option 

16 HAS CHARACTER COUNT 
; QPTIONS:l~CREMENT X AFTER WRITE 
, 1011000 1 Binary 

;our X ADDRESS STARTING 
iOUIPUI Y ADDRESS 
iLOAD A WITH AL L DOTS ON 
;ouTPUT DOTS 
;OUTPUT NUMBER IN 6 REGISTER 

Options Programming 

Description 

GRAPHICS/ALPHA• Turns graphics ON and OFF. 
"1" turns graphics ON. 

NOT USED 

XREG DEC/INC" 

YREG DEC/INC· 

X CLK AD• 

Y CLK RD" 

X CLK WA" 

YCLK WA" 

Selects whether X decrements or increments. 
"1" $8foctc dccromcnt. 

Selects whether Y decrements or increments. 
.. 1" se!eclS decrement. 

If address clocking is desired, a "O" clocks lhe X 
address up or down AFTER a Read depending on 
the status of BIT 2. 

If address clocking is desired, a "0" clocks the Y 
address up or down AFTER a Read depending on 
the status of BIT 3. 

A "0" clocks AFTER a Write. 

A "O" clocks AFTER a Write. 

Table 9. Options Programming 
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--- Appendix A/ BASICG/Utilities Reference Summary ---

Appendix A/BASICG/Utilities 
Reference Summary 

Argument ranges are indicated below by special letters and words: 

or is a single-precision floating point number > 0.0 (to 1 * 10~,:(). 

b 
R 
BF 
r 
II 

p 
r 
X 

)' 
ac·1ion 
background 
!,order 

is an inte)?er expression or either O or I. 
~pecifie.~ a box . 
specifies o shaded box. 
Is an integer cxprc.sion or o or I. 
is an integer expression from O 10 2. 
i~ an integer cxprexsion frnm O to 'l 
i-1 an in1cger expression from Oto 639. 
is an integer expression from O co 639. 
i'i an integer expres~ion from O 10 239. 
is either AND. PSET. PRESET. OR. or XOR. 
is n string of either O or I . 
is an i1u.ege.r expression of eilher O or 1. 

end 
:flurt 
switch 

is an e,pression from - 6.283185 10 6.2&31&5. 
j029is an expressio11from - 6.283/85 ro 6.28.l/85. 
i~ an integer expt'essio11 of O o,· I . 

tiliux 
rype 

i.'.) a :it1i11~ 01 uu i 11lc:g~1 t:1.pl~l)l)iou of O 01 I. 
i<: an integer expression of O or 1. 

CLRCLE(x,y)r,c,start 1er1d,ar Draws a circle. clhp~. semicirdc. arc. or poim. 

CIRCLE( 100, L00) ,25, 1 
CIRCLE (100,L00 l d00,P I , 2 • P I ,5 

CLS Clears the Text Screen and video memory 
CLS SYSTEM"CLS" 

CLR Clears the Graphics Screen. 
CLR 

GCl ,S Clears the Graphics Screen and memory. 
GCLS SYS TEM "GCLS" 

CIRCLE < 150 t1 S0> ,a0 d,, , ,6 
CIRCLE ( -50 ,-50) ,200 

100 SYSTEtt"GCLS" 

GET(x/,y/Hx2,y2),array r1arne Reads the coments of a rectongular pixel area into an array. 
GET! 10 , t 0 1 - c 50 ,50 l , ti 

GLOAD filenam,!,xt .pauword:d Loads gmrhics memory. 
CLOno PROC S VSTEM"CLOAD PRO C" 

GL-OCATE (x,y),direction Sets the Graphics Cursor 
GLOCATE <31:0, 120> ,0 
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GrJU NT Dumps graphic displa.y on the prlnt~r. 
GPRINT SYSTEM"GPRINT" 100 SYSTEM"GPRINT 

GPRT2 Dumps graphic displa)' on !he primer wllh0u1 rotaling 90 degrees. 
GPRT2 SYSTEM"GPRTZ" 100 SYSTEM"GPRT2" 

GPRT3 Dump.s graphics display on !he printer without ro1a1fog 90 degrees. 
GPRTJ SYSTEM"GPRTJ" 100 SYSTEM"GPRTJ" 

GROff Tums Graphics Display OFF. 
GROFF SYSTEM''GROFF" 

GRON Tums Graphics Display ON. 
GRON SYSTEM"GRON" 

CSAVEfi/tll(J,ne/ext.password:d Saves graphics memory. 
GSAVE PROG SYSTEM"GSAVE PROG" 

l, INE(x/ ,yl)-(x1,y2J,c,B or BF, style Draws a line/box. 
LINE -( 100,100) LINE( 100,100)-(200 ,200 ) tl ,fl ,115 
LINE(0 ,0) -( 100,100), I ,6F LINE(-200 ,-200)-( 100,100) 

PAINT (,Y,)'), ti/i11g,bor1/,r,b11L'kground J>!l,inl~ the screen. 
PAINT(320.t20> o! ,I PA!NT<320 ,120) ,"00000" t! 
PA!NT<J20 ,120) ,A$ ,I 
PA!NT<320 ,120) ,CHri$(0)+CHR$( 8.lffF) ,0 ,CHRHll<H00) 
PAI NT< 320,120 >. ,CHRf < E) +CHR$ < 77) +CHR$ < J l 

&POINT(x,y) A function. Tests grJphics point. 
PRINT &POINT<J20,120) IF ~POINT(J20,120)•1)THEN,,, 
PRINT 1,POINT<3Z0 ,120) ,-1 

PRESET (x,y),,witch Sets pixel OFF or ON. 
PRESET< 100 ,100) ,0 

PRINT #-3, item list Write 1ex1 characters to the Graphics Screen. 
PRINT •-J,"MONTHLY" 

PSET (:,._vJ.switc/1 Sets pixel ON or OFF. 
PSE T< 100 ol00) ol 

P UT ( .d ,yl),arrny 1'am,,<rC'tion Puts graphic:s frOltl an ~m1y onw tht>- S('ret"O 
PUT(l00,100 ) ,A,PSET PUT(100,100) ,A,ANO 
PUT ( A ,6) ,B 

SCREEN 1ype Sclc"<ts the screen, 
SCREEN 0 

VIEW (xl,yl)-{x2,y2),c,b Re<lefines the screen and crea1es a viewpon. 
IJTEWC 100, 1001 - I 150 ,1 50) VIEWI 100 .t00l- ( I S0 .!50) ,0 .! 

&VIE\\'(p) A funccion. Re1ums viewpon's coordinates. 
PR IN T $,IJIE:1-11 I ) 
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• --- Appendix B/ BASICG Error Codes and Messages 

Appendix B/ BASIC Error Codes 
and Messages 

Code Number Message 

NF 1 NEXT without FOR 

A variable in a NEXT statement does not correspond to any previously 
executed, unmatched FOR statement v;iri;ihtA. 

SN 2 Syntax error 

BASIC encountered a line that contains an Incorrect sequence ol 
characters (such as unmatched parenthesis, misspelled statement, 
incorrect punctuation, etc.). BASIC automatically enters the ed~ mode 
al the nne that caused the enor. 

RG 3 Return without GOSUB 

BASIC encountered a RETURN statement tor whlCl'l tnere ,s no 
matching GOSUB statement. 

• 00 4 Out of data 

BASIC er.countered a AEAO $\atement, but no OATA statements with 
unread items remain In the program. 

FC 5 Illegal function call 

A parameter that is out ol range was passed to a math or string 
function. An FC error may also occur as the result of: 

a. A negative or unreasonably large subscript. 

b. A negative or zero argument with LOG. 

C. A negative argument to SOU. 

d, A negative mantio3a with a nonintcgcr exponent. 

e. A call to a USR lunclion for which the staning address has not yet 
been given. 

f. An improper argument to MIDS, LEFT$, RIGHT$, PEEK, POKE, 
TAB, SPC, STRING$, SPACE$, INSTR, or UN ... GO ro. 

ov 6 Ovorilow 

The result of a calculation was too large to be represented in BASIC 
nur06fic format. If underflow occurs, the result is zero and execution 
continues without an em:ir . 

• 
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Model 4 Computer Graphics • 
OM 7 Out of memory 

A program is too large, or has too many FOR loops or GOSUBs. too 
many variables, or expressions that are too complicated. 

UL 8 Undefined line number 

A nonexlsrent line was referenced in a GOTO, GOSUB, 
IF .. THtN .. E:LSt, or OELtTE statement. 

BS 9 Subscript out of range 

An array element was referenced either with a subscript lhat is outside 
lhe dimensions of the array, or with the wrong number of subscripts. 

10 Redlmensloned Array 

Two DIM statements were given for the same array, or a DIM statement 
was given for en am,y alter the default dlmensl0'1 ot 10 has been 
established IOI that array. 

10 11 Division by zero 

An expression includes division by zero, or the operalion of involution 
results in zero being raised to a negative power. BASIC supplies • machine infinity wllh lhe sign of lhe numerator as the resull of the 
division. or It supplies posillve machine Infinity as the result of the 
Involution. Execu!lon then continues. 

ID 12 fflegaJ direct 

A eta1emo11t that Is Ulegal In dlrcci mode waa entered ao a direct modo 
command. 

TM 13 Type mismatch 

A string variable name was assigned a numeric value or vice versa A 
numeric funciion was given a string argument or vice versa. 

OS , .. Out ol string space 

String variables have caused BASIC to exceed the amount of tree 
memory remaining. BASIC allocates string space dynamically, until It 
runs out of memory. 

LS 15 String too long 

An attempt was made to create a string more than 255 characters long. 

ST 16 String formula too complex 

A string expression is too long or too compleK. The expression should 
be broken Into smaller exf)l'esslons. • 
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Appendix B/ BASICG Error Codes and Messages ---

17 

18 

19 

21 

22 

23 

26 

29 

30 

Disk Errors 

50 

Can't continue 

An attempt was made to continue a program that: 

a. Has halted due to an error. 

b. Has been modified during a break in execution. 

c. Does not exist. 

Undefined u&er function 

A USA functlon was called before providing a lllnction cleflnl1ion (DEF) 
statement. 

No RESUME 

An error-handling ruulim, was en1ered wilhout a matching RESUME 
statement. 

RESUME without error 

A RESUME staloment was oncountered prior to an error-handling 
routine. 

Undefined error 

An error message is not available for the error that occurred. 

Missing operand 

An expression contains an Ol)erator with no openn,d. 

Line buffer overflow. 

An attempt was made to Input a line with too many characters. 

FOR wtthOut NEXT 

A FOR statement was encountered withou1 a matching NEXT. 

WHILE without WEND 

A WHILE statement does not have a matching WEND. 

WEND without WHILE 

A WEND statement was encountered wtthout a matching WHILE. 

Field overflow 

A FIELD statement is attempting to allocate more bytes than were 
Sl)8cified for the rec0<d length of a direct-access file . 

9t 
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51 

52 

53 

54 

55 

57 

58 

61 

62 

63 

Internal error 

An lniernal error malfunction hllS occurred In BASIC. R&port to Radio 
Shack the conditions under which the message appeared. 

Bad lile number 

A statement or command references a file with a bulfer number that is 
not OPEN or Is out of the range of file numbers specified al 
inttializalion. 

File not found 

A LOAD, KILL, or OPEN s1a1emen1 references a file 1ha1 does no1 exist 
on the curren1 disk. 

Bad file mode 

An ~uempt was mach, 10 use PUT, GET, or LOF with a sequential file, 
to LOAD a direct file, or to execute an OPEN statement with a file 
morlA nthe.r lhAn I, 0 , R. F or n 

File already Open 

An OPEN statement for sequential outpul was issued for a hie that Is 
already open; or a KILL statement was grven ror a 1110 that 1s open. 

Device 110 error 

An lnpuVOutpUI error occurred. This is a lalal error; the operating 
system cannot recover it. 

File already exists 

The filespec specified in a NAME stalement Is identical lo a filespec 
already In use on the disk. 

Disk full 

All dtsk storage space Is In use. 

Input past end 

An INPUT statemenl was executed after au lhe data In lhe file had 
been INf'UT, or for Q null (empty) file To avoid this error, use lhc EOF 
fullciion to delect the end-of-file. 

Bad record number 

In a PUT or GET slatemenl. lhA rAcord number is either greater than 
the max,mum allowed (65,535) or equal 10 zero. 
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--- Appendix B/ BASICG Error Codes and Messages ---

66 

67 

Bad Ille name 

An Illegal Hlo:ipoc (file nan,o) was used with a LOAD, SAVE, KILL, or 
OPEN slatemenl (for example, a filespec with too many characters). 

Direct statement in file 

A direct statement w~~ P.ncountered while LOADlng an ASCII-format 
file. The LOAD is terminated. 

Too many files 

AA attempt was made to create a new file (using SAVE or OPEN) when 
all directory entries are lull . 
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-- Appendix C/ Subroutine Language Reference Summary --

Appendix C/ Subroutine Language 
Reference Summary 
C IRCLt: \radius, cowr,start,tnd,ar) Uraws c,rclc. ellipse, sem,circle. arc. or point. (x.y) coordinates se1 by 

SETXY. 
CALL CIRCLE (100,1 ,0,0,0) 

CLS Clears Screen. 
CALL CLSCZ) 

FVIEW (n) Returns viewpon parameter. 
l•FVI EW(0) 

GET (array,site) Reads the contents of a rectangular pixel area into an array for future use by PUT. 
CALL CET<A,4000) 

GPRlNl' (size.arr,o·) Displays textual data. 
CALL CPRINT (28,ARRAYI) 

C RPIN I (,:,ptfon) Graphics initiali-zation routine. 
CALL CRPIN l (0) 

LIN£ (col.or,s1yle) D-rows a line. 
Coordinates set by SETXY or SETXYR . 

CALL LINE ! I ,-1 > 

LINED (co/or ,stylt) Draws a box . 
Coordinates set hy SF.TXY or SF.TXYR. 

CALL LI NEB I I , -1 ) 

LINEBF (cofor ) Drows a lilied box . 
Coordinates set by SETXY or SETXYR. 

CA LL LI NEBF <I> 

LOCATE (n) Sets the direction for displaying 1c.iual data . 
CALL LOCATE 

PAINT (color,bordtr) Paints sc,een. 
CALL PA I NTCl,1) 

PAINTT (a"ayT,border,arrayS) Paints screen with defined paint style. 
CALL PA I NTT (A,1 ,V) 

POINT Retun1s pixel ,,alue at current coordinates. 
K•POINT<Hl 

PRF.SET (color) Sets pixel ON or OFF. 
CALL PRESET <0) 

PSET (color) Sets pixel ON or OFF. 
CA LL PSET ( 0 l 
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SCREEN (type) Sets Screen/graphics speed. 
CALL SCREEN (1) 

SETXY (X,Y) Sets coordinates (absolute). 
CALL SETXY(100,100) 

SETXYR(X,Y) Sets coordinates (relative). 
CALL SETXYR(50,50) 

VIEW (leftX,leftY,rightX,rightY,color,border) Sets viewport. 
CALL VIEW(100,100,200,200,0,1) 

-

-
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Appe11dix D/ Sa111ple Progran1s 

i0 
20 
30 
40 
50 ' 
60 ' 
70 
B0 
90 ' 
100 
110 
120 
130 
1a0 
150 
160 
170 
180 
190 

200 
210 
220 
230 
2~0 

250 
260 
270 
280 
z g~ 
300 
310 
320 
330 
340 
350 
:ic;0 
370 
380 
390 
1100 
ll I 0 
1120 
4 3" 
11 a 0 

Pie Graph ProiraM ( "PECANPIE/GRA ") 

Ob.iect 

' 

, 

' 

' 

' 
' 

' 
' 

The object of this Pro~raM is to dra w a pie iraPh o f th e 
expenses for a 1iven Month of eifht d epa rtme n t s o f a comPanY, 
~lo~1 wi~h ihc nuMctic~l value of eaoh Pie section 
rePresentat ion , 

Ru nn in f the ProfraM 
Th~ 1110 ,,t.h arid the anioun t.s spent. b Y each dePartment are 1,n P ut , 

and t he Pro1ram takes ove r from there, 

SPecia l fea t u re s 
The amounts sPent by each account as wel l as the total 
amount SPent are stored i n s tri n !s, The Pro1ram ~i l l 
stan d ardize each st r inf so t ha t it is 9 characters l on g 
and inc ludes two c h ar~ctQr ~ to t he r ifht of the dt c iMa l 

Poi nt , Th is al l o~s for inPut of va riable lenfth and an 
optional dec ima l Point, 

The v ario us coordinates used in the Pro§raM are found 
based on the f ollo~int e~u&tior.$: 

x • r • cos(the t a) 
Y ; r * sin( t heta) 

where x and y a re the cooro1nates, r 1s t h e rad 1us, and theta 
is the an1 le, (Note: The Y- coordinates are al~avs MultiPlied 
bv 0,5, Thi s is because the Y Pixels ~rP tuicP thP ~i7P nf thP 
K Pix els,) 

If an anfle t he ta is fenerate d b y a Percent less than tI , th• 
sec t ion i5 not fraPhed , and th e ne x t theta is calculat!d. 
llowever, 

Variables 
ACC T$ ( i ) 
BU0$1 il 
0$$ 
HXCOL 
HVRW 
I 

th e nuMber wil l ~till be li~tcd unde r ~h~ key . 

Oescri Ption of the a cc o unt 
AMoun t spent bY t he account 
Dollar sitn (used i n oUtPu t) 
ColuMn nuMber for the Pie section nuMber 
~ nw n11M hP r f n r thP P i P ~ectinn n uMber 
Coun ter 

97 



-------Model 4 Computer Graphics-------

450 ' 
460 ' 
470 ' 
480 
490 
500 ' 
510 ' 
520 
530 
540 
5:;0 
560 
570 
580 
590 
600 
610 

HN$ 
PER< i) 

R 
T0 
Tl 
TBU D$ 

THA LF 

T ILE$( i) 
TWOPI 
X0 

XP 
Y0 

G20 'Sat ini t i~l v~ lY o~ 
630 

Mont.h 
Percent va l ue of 8UOS(i l 
Radiu• of circ l e 
Angle va l ue l ine to be d,awn 
Anfle value o f t he next line 
Tot.~ 1 of ;:il 1 t. ht? BUOst i > '-; 
Angle halfway b etween T l a nd T0 <used for 
l ocation Position for sectlon nuMber) 
Paint str le for each section 
Two times t he value of Pi 
X-1.: u urdinc1 Lt' rur <lrcwinS' tht! line rePl't!'.:»t'll\.t!d 
br T0 
X-coo,dinate for painting a section 
¥- coordinate for dra~in~ t he li ne represented 
by T0 
V- coord1nate for Pa1nt1 n~ a section 

660 CLEAR 1000 '10 - JAN-84 
650 0111 TH ALF<ISl ,BU0 $ (15l ,ACCH(15l ,PER<IG) 
660 TW OPl=2• 3,14159 
C70 R•I00 
680 DSS::."$ 1

" 

690 ACC T$(L) • "Sales " 
700 ACC T$(2) • " Purchasing• 
7 10 ACCT$13) • "R&O 
720 ACCT~ l 4l • "Accoun•ln•· 
740 ACCTS(S) " Advertisinf • 
7SDJ Ar.r.rs.,~) "llt.i 1 i ti~c. 11 

760 ACCTSl7) "Securi t y " 
770 ACCTSl8) • " ExPansion" 
780 T ILE$(0)•CHRS(&H22l+CHRS<&H0l 
790 TILE$(ll•CHRS(~HFF)+CHR$(&H0) 
B00 T IL E$ (2l•CHRSl&H99)+CHRs(&H6G) 
B10 T ILES(3 l •CHRSl&H99l 
B20 TILE$(4 l •CHR$(&HFF> 
B30 TILES(5) ■CHR$(&HF0l+CHR$(6HF0)+CHR$ 1&HFl+CHRS(&HF > 

B40 TI LES(6 )•CHRS<&H3Cl+CHRt(H3Cl+CHRSl&HFFl 
e,0 TI LES(7 l-CHR$(&H3)+CHRt(&HC>+CHRS(&H30 ) +CHRt(&HC0) 
860 
870 Enter value~ to be ~raphed1 standardiz~ theM, and calculate 
880 the ,ercent the, represent 
890 
900 CLR 
910 CLS 
920 SCREEN 1 

930 PRINT @80,"Enter Month " 
940 PRINT @240,"Enter •Mount spent b•" 
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------- Appendix D/ Sample Programs-------

9S0 
960 

PRTNT fi32c.}," S" 
PRINT @0 ,"" 

970 
980 

LINE I NPUT "Enter month "iMNt 
FOR I=l TO 8 

990 
1000 

PRINT @265 ,ACCT$( I) i" 
PRINT e320,"$" 

1010 
1020 
1030 
1040 
I 11>::S0 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
I 1 ll0 
1150 
1160 
1170 
1180 
1190 
1200 
12 10 
1~20 
1230 
12110 

1250 
1260 
1270 

PRINT @240 ,"" 
LINE INPUT "f"iBU0$(l) 
IF INS TR (6U0$( I),".•> •0 THEN BUD$( I) =BUDS ( I)+" ,00" 
IF LEN(6U0$(11) (9 THEN 6U0$(ll•" "+BUOS(l):GOTO 10a0 
T6UO♦ •STRt(VAL(TDUDS)•VAL<OUO$(l)l) 

NEXT I 
IF INSTR<TBU0$,",")•0 THEN T6UOS=T6 U0$+",00" 
IF LEN IT6 U0$ 1(9 THEN T6U0$ • " "+TBUOS:GOTO 1080 
FOR I• 1 TO B 
PER< I J •VAL< OUU$ ( I J > /VAL< 1 OU0$ ) ltl00 

NEXT I 
SCREEN 0 

O~aw the c ircle and ca lculate the location of the lines and 
the li ne nuttibetS 

CIRCLE,425 ,1 20) ,R 
FOR 1•0 TD 8 
T0•TWOPI/100•PER<I>=T0 
1(0•42S+R•COS ( T0) 
V0 •120- R•SIN(T0l•,S 
1 1 • Ti->OP I/ I 00• PER < I• I I +T0 
THALF'< l) • (T0+T I )/2 
HXCOL:(a25+R•l,IS • COS! THAL~(Jl ll - 10 
HYRW•INT(l20-R•I ,IS•SI N<THALF(lll•,5 > 
IF PER(!)) ! THEN LI NE <a25,120>-IX0,Y0> 
GLOCATE <HXCOL,HYRW> ,0 

1280 IF 1(8 and PER(l+I ))I THEN PRINT • -3 ,1+1 
1200 NC>(T I 
1300 
1310 ' Paint the aPProPriate sections ot the Pie 
1320 ' 
1330 FOR 1•0 TO 7 
1Jao XP=az,+R• .~•COS ( THALF(I) 
1350 YP•l 20-R*,S*S I NtTHALF(l)J•,S 
1360 IF PFRf 1+1 ><• l THEN 1380 
1370 PAINT <XP,YP) ,TILE$(!) ,l 
1380 NEXT I 
1390 
1400 ' Print the ker for the fraPh 
1410 ' 
1a20 GLOCATE (0 ,10) ,0 
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Model 4 Computer Graphics------- • 

1430 
1440 
1450 
1460 
1470 

PRINT tt 3,"Exrcndi~ur~e for'' 
GLOCA TE(0,25) ,0 
PRINT •-3,MN$ 
GLOCATE<0 ,40 > ,0 
PRINT • -3 ,"• Descr1Pt1on 

1480 FO~ I-1 TO 8 
1490 CLOCATE(0,<a+IH15> ,0 
1500 PR I NT • -3 ,I 
1510 CLOCATE(40, (4+1 H, 15> ,0 
1520 PRINT •-3,ACCT$!1) 
1530 CLOCATEll30,ll+4l •1 5l,0 
1540 PRINT • - 3,0S$;8UOS(ll 
1550 OSf.: 11 

" 

1580 NEXT I 
1570 CLOCATE(0 .!95) ,0 
1580 PRINT •-3,STRINGS< ZG,"- ") 
1590 CLOCATE<D0,210) ,0 
1600 PRINT •-3,"1o~•l 
1610 FOR 1=1 TO 10000 
I 620 NEXT I 
1630 SCREEN 
1840 END 

"iTDU0$ 

AMount." 

• 
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-------Appendix DJ Sample Programs-------

10 "THREEDEE/CRA" 
20 
30 ' ObJect 
40 ' Th e object o f t his Pro1raM is to Produce a thre e 
50 ' diMensional bar fraPh rePrese ntat ion of the 1ro ss 
G0 ' inGOMe far a coM~anY o v er a 0 11~ redr ~~riud. 
70 
80 Variable s 
90 ' 
100 

A , 6MSC$ 
Vertical alPhanuMerio character 
6ottOM Messa1e 

110 
120 , CHARS 

GU 
OisK file l nPut r1eld 
C ro ss incoMe 

1 :rn , 
I Count or 

140 J Counter 
150 MN$ Month 
160 REC 
170 SU 
180 TILE:$ 

Recor d nuMber of vertical character 
Sin!le character of sertical Messa!e 
Tile ~attern fo r ~aintin1 

190 
200 

TTI NC 
)( 

To tal incoMe for the Year 
X-coordinate of bar 

2 10 y ( i) Y-coord i nate of bar 
220 
230 ' l n PUt/OUtP Ut 

2a0 ' The Protram PrOMPts You to enter the fross income, in millions• 
250 ' for rH1ch Month. ThP PT'n~r;iM rpq11J rflc. these v a1u t s to be bet ween one 
260 ' and nine . 
270 ' 
280 'Set ini tial oalues 
290 ' 
300 cu: 
3 10 0111 Y< 12) ,A(B ) ,MNS( 12) 
320 OEF!NT A 
330 VMSGS•" Millions of dollars • 
340 TMSG$• ''G r o s s I n c o ffl e F o r l 9 8 3" 
350 DMSG••"M o n \ h " 
360 MNS( l ) ■ "Jan u ary • 

370 MNS(2)= "Februar•• 
380 MNS(3)•"March" 
390 MNS(Q)•"APril' 
400 MNS(5)• "MaY" 
410 MNS(6)• "June • 
42~ HN•<?):"Jul~ • 
430 MNS(8); "Auiustfl 
440 HNS(9); "5ePtember" 
450 MNS( l0 >•"October" 
460 MNS(l!)="Nouember" 
470 NNS(12)-''O~ ~~mb ~r ~ 
480 TlLES•CHRS (& H99 ) +CHRS(&HGG> 

IOI 



Model 4 Computer Graphics------- • 490 K•-10 
500 
510 ' In~ut fro,~ incoMa, and c~lculate the Y-coordinate 
520 ' 
530 FOR l•l TO 12 
SIHl CL S 
550 PRIN T " Enter Hoss income in nii llions ( l-9) for ";MNS ( I) 
560 LINE INPUT "S"IG IS 
570 Y<l>•205- 20•VA L(GI$ ) 
580 TT INC•T T!NC+VAL(GIS) 
590 NEXT I 
600 CLR 
610 SCREEN 0 
620 
630 ' Ora~ ~h• f~aPh and b~rs 
640 ' 
650 FOR 1•1 TO 12 
660 CLS 
670 X=X+50 
680 LINE (X,Y(l l> - (X+20,205 l ,t ,llF 
690 LINE -(X+40,19Sl 
700 L INE -IX+40,Y(l) - l0) 
710 LINE -!X+Z0,Y( IJ-10 ) 
720 LINE - (X ,Y(ll ) 
730 
740 
750 
760 
770 
780 
790 
B00 
B10 

LINE IX+20,Yll>l-lX+40,Y(l)-10l 
PA I NTIX+21 ,YIIH2> ,TILES,! 
NEXT I 
GLOCATE(40,21Sl ,0 
PRINT •-3,"Jan Feb Mar A•• 
CLOCAT El290 ,230) ,0 
PRINT •-3,611SGs 
FOR l •I TD 10 
IF 1>9 THEN C•I ELSE C•2 

820 CLOCATE( IC•l0l-S,C20-1*2)•10l ,0 
B30 PRINT •-3,S[FIS(Jl I" •" 
840 NEXT I 
850 LINE ( 35,01 - 135,2051 
860 LINE -(639,2051 
870 CLOCATE(0,180),3 
880 PR IN T •-3,VMSG$ 
890 CLOCATEl220,0l ,0 
900 P~INT •-3,TMSC $ 
9 10 CLOCATE(260 ,10) ,0 

Jun~ Ju!Y 

920 PRINT •-3,"<Tota l incorie is"ITTINC:" Million)" 
930 FOR l=I TO 10000 
940 NEXT I 
8 50 $CRtEN I 
960 ENO 
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-------Appendix D/ Sample Programs-------

Printing Graphics Displays 
1l1cfc &Jc m.aoy wayl to use the stand•alone utilitic.s (described in Graphic Utilities). The following discussion 
demonstra1es one way 10 use the utilities with graphic displays genera1ed under BASICG. 

To pnnl graphics, t'ollow lhese steps: 

I . When TRSDOS Ready appears, set FORMS to allow 255 characters per line and 60 lines per page. (Sec your 
Model 4 Disk System Owner's Manual. ) 

2. Set the printer into Graphic Mode , if possible, and set the printer's other pa.rameters (elongation, non-elongated, 
elC.), if applicable, according to instructions in your printer owner"s manual. 

l wn,e, nm anci ~ave ynur program a~ a BASICO pmeram file. 

4. Save the graphics memory to diskette using GSA VE. 

5. Load 1he file into memory using GLOAD. 

6. Enter the print command GPRINT. 

Example 
I. Set FORMS with your prinler's printing pa.rame1ers. 

2. Load OASICC and type in thi• program: 

S SCREEN 0 
10 DEFD!lL Y 
20 CLR 
~0 LI NE 10, t201-1 Ga0, 1201 
40 LI NE 1320,0)- ( 320,240 ) 
S0 FOR X=0 TO 640 
60 P! =3,141259 
70 Xl=Xt6a0• 2• PI-Pl 
80 Y=SIN<Xt> • J00 
90 IF Y>100 THEN X=X+7 

100 PSET <X, - Y+IZ0) 
110 NEXT X 
120 GLOCA TE <0 ,0l ,0 
130 PRI NT ■ -J , " TH I S IS A SINE WAVE," 

3. RUN the program. 

TI1e program draws a sine wave on the Graphics Screen (graphics memory) and prints the statement in line 130 
("'THIS IS A SINE WAVE.") on the Graphics Screen. 

4. SINE (for sine wave) is the name we are giving this TRSDOS file. To save the contents of the graphics memory 
(which now includes 1he convened video memory) to diskette. type: SYSTEM" GS AVE SI NE• <E!!llID. 

5. The graphics memory is saved as a TRSDOS file on your diskette. 

6. Exi1 BASIC by typing: SYSTEM il!!IlID 
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------- Model 4 Computer Graphics-------

7. Type: CCL6 (iHilID 

17,e grdphics me!llory is now cleared. 

8. To load ,he fi le back into memo,y. typ,: 

CLOAO S I NE {EillB) 

The display is now on the Graphics Screen. 

9. To print, type: GPR I NT mB). 

FORTRAN Sample Programs 

JIJllJII C IIIGll RESOLUTION GRAPHICS TEST -
JIJl2JII C 
/J/13flJI CALL GRPINI(Jll 
SJl4JIS CALL SCREEN(Jll 
JIJIS.IJI C 
Jl/16/1/1 C C TRCT,F; 'r8S'1' 

!l!l1Jl!I C 
JIJISJl/1 CALL CTBST 
11/19111 C 
Jll /1/1/1 C LINE TEST 
!111/lfl C 
Jll2JIJI CALL LTEST 
Jl13JI/I C 
Jll 4/4/1 C T.TNRB TRST 

/llSJIJI C 
Jll6JIII CALL LBTST 
1111,11 C 
'118!1!1 C LI NEBF TEST 
'119/1/1 C 
Jl2JljJjJ CALL LBFTST 
!121!1/I C 
/12211/1 C PAINTT TEST 
!123!1!1 C 
Jl241l/l CALL PTTTST 
IJ25Jljl C 
.f26jlJI C GET AND PUT TEST 
JI 2 7 JIJI C 
jJ28JI/I CALL GPTST 
Jl29JIJI C 
/1311/111 C PSBT/POINT TEST 
JI 3l!IJI C 
Jl32JIJI CALL PPTST 
1133/Hl (; 

JI 3 4!1/1 C PRESET/POINT TEST 
S351llJ C 
l!36JI/I CALL PRETST 
/1 37JI/I C 

I 04 
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j38jj C 
j39jj C 
j4jjj 
j41JS c 
j42$JS c 
J43JJ c 
j44jj 
j45JS 
J46JS 

SCREEN TEST 

CALL SCRTST 

VIEW/FVIEW TEST 

.CALL VTEST 
CALL CLS(2) 
END 
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Model 4 Computer Graphics • JHll/lJI SUBROUTINE CTEST 
IJ/iJ2/iJJI C 
/iJ/iJ3/iJ/iJ C THIS SUBROUTINE TESTS CIRCLE, Sl'!'l'lCY , lt.N0 Plt.INT 
jJJJ4JJ/iJ C 
/iJJJSJJJJ LOGICAL MSGC29 J 
/iJ/66/iJ/6 CALL CLS 
/iJ/iJ7/iJ/iJ ENC0DECMSG,lll'/iJl 
/1/18/iJ/iJ 1/IIJ FORMATC'TEST CIRCLE, SETXY, AND PAINT') 
/1/19/iJ/6 CALI, St;TXY (Jl, Jl l 
/iJl/iJ/6JJ CALL LOCATE( jJ) 
IHl/iJJJ CALL GPRINT(29 ,MSG l 
1112/iJ/iJ CALL WAIT 
/iJl 3Jlll CALL VIl!W(/iJ,3/1,639,239,/iJ,/ll 
JJHJJ/6 00 ljJ I • l,lJJI! 
/llSIJ/6 IX=M0DCI*l7,64jJ) 
/61 61J/I IY=MODCI*lJ,21/iJl 
/11 71Jjl IR•I*l.5 
lflSB/iJ START=M0D(I,13)-6.jJ 
1/1 9/iJ/I END=MODC I *J,13) -6./iJ 
/iJ2/iJjJ/I IP (START. LT.END) GOTO l 
/iJ21/6/6 T=START 
/iJ 22JJI! START=END 
/iJ2 3/iJB EN0=T 
/iJ24/iJ/iJ l CONTINUE 
JJ25Jlf/ RA1'l0•M0D( I •J ,1/iJjl) 
/iJ26/l/iJ IF (RATIO.GT .jll RATIO=RATI0/4/l. • f§2 7jJ/iJ CALL SETXYCIX,IY l 
jJ28/iJ/iJ CALL CIRCLE(IR ,l,START,END,RATIO) 
IJ291HI ljJ CONTINUE 
/iJ3flJl/t C 
/iJ3l/iJ/iJ C RAN DOMLY PILL IN THI! AREAS 
IJ32/iJ/iJ C 
jJHjJJl 00 11 I•l, Sil 
/iJ3OjJ IX•MODCI*23,64jJ ) 
/iJ35/iJ/iJ IY=MODC I*l I, ?.HI) 
/iJ36/iJ/iJ CALL SETXY(IX,IY) 
jJJ 7JJ/l CALL PAINTCl,ll 
IJ38Jlll 11 CONTINUE 
/1391/iJ CALL WAIT 
/iJ4/iJlf/iJ CALL VIEWC/iJ,jJ,639,239,-1,-ll 
jJHJJJl RETORN 
IJ 4 2/ljJ END 

• 
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------- Appendix D/ Sample Programs-------

SUBROUTINE LTEST 
C 
C THIS ROUTINE EXERCISES LINE 
C 

LOGICAL MSG Cl 9) 
CALL CLS (,0 l 
ENCODE( MSG, 199) 

lJlJl FORMAT('LINE AND PAINT TEST') 
CALL SETXY(,0,/Jl 
CALL LOCATE(Jl) 
CALL GPRINT(l9,MSG) 
CALL WAIT 
J•1Jll1 
DO 1/1 Isl,639,2 
CALL SETXY(I,151 
CALL SETXYCI,239) 
CALL LINE!l,J l 
J=J-1 

111 CONTINUE 

C 

CALL WAIT 
CALL VIEWC,0,15,639,239,Jl,Jl) 
CALL CLS 

C DRAW WHITE LINES AND FILL IN RANDOMLY 
C 

IXsMOD(I*l9,639) 
IY=MOD! I *l7,223) 
CALL SETXYCIX,IY) 
DO ll I•l, lJlJl 
IXeMOD(I*23,639) 
IYaMOD(I*29,223) 
CALL SETXY(IX,IYl 
CALL LINE(l,-1> 

11 CONTINUE 
DO 12 I=l,51! 
IX=MOD(I*31,639) 
IY•MOD(I*37,223) 
CALL SETXY(IX,IYl 
CALL PAINT Cl, ll 

12 CONTINUE 
CALL WAIT 

C 
C WHITE OUT SCREEN, DRAW BLACK LINES, PAINT BLACK RANDOMLY 
C 

CALL VIEW<9,15,639,239,1,ll 
DO 15 I•l, 1/1/1 
IX•MOD(I*ll,639) 
IY•MOD(I*l3,223) 
CALL SBTXY (IX, IY) 
CALL LINE(,0,-l) 

15 CONTINUE 
DO 16 I=l, 5.0 
IX•MOD(I*17,639l 
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-------Model 4 Computer Graphics-------

/il54/il/il 
/ilSS/il!I 
/il56/il!I 
/il57JIJI 16 
J/58!1!1 
J/5911!1 
J/6/il!IJI 
J/61/il!I 

IY• MOD(I*l9,223) 
CALL SETXY(IX,IY) 
CALL PAINT(jJ,JJ) 
CONTINUE 
CALL WAIT 
CA.LL VIEW<l,Jl,639,239,/il,.Sl 
RETURN 
END 
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• Appendix 0/ Sample Programs 

fffll/116 SUBROUTINE L81'TST 
/l/12j!fJ C 
/1/13/11 C LINEBF TEST 
jJjJ4JajJ C 
/1/15/1/1 LOGICAL MSGCll) 
ff/16/611 CALL CLS 
11,a1,a,a ENCODE( MSG, 1,11/1) 
.11.118.11.11 1/1/1 FORMAT('LINEBF TEST') 
/1fJ9/lfJ 
/11.11.11/1 

CALL St:'l'XY!jJ ,jJ) 
CALL LOCATE(.11) 

.lll l JJ.11 CALL GPRINT(ll,MSG) 
/112/1/1 CALL WAIT 
11131111 rxP=639 
.111 411/1 ICLR=l 
111511/1 DO ljJ IX=IJ, l 2jJ 
,1116/ljJ CALL SETXY(IX*2,IX+3Ja) 
,11,,a CALL SETXY(IXP,IXP-4/ljJ ) 
jl18jjJ CALL LINEBF(ICLR) 
Jal 9.11 /I IXP=IXP-J 
i2/JII/I ICLRsICLR-1 
/621IIJ1 IF (ICLR.LT./J) ICLR•l 
/122/611 1/1 CONTINUE 
S23/IS CALL WAIT 
,a2,,a,a RETURN 
Jl25/IS J:lNI) • 

• 
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11/1111/1 
/1/12/1/1 C 
l1/J3/J/1 C 
/J/J4/1/J C 
11/15/1/1 
11/161111 
/1/17/l/1 C 
/1118/1/1 
lf/19lfl1 
/1111/1/1 C 
/111/1/1 
/112/JII C 
/113/1/1 
J§Hi/11 
lll5i/JI C 
1116/J/6 
jfl 7/1/1 
1'1811/1 C 
/119/1/l 
g2ggg 
/J21/1/1 C 
i/221111 
/623/6i/ C 
J/241Jl1 
112 514/1 C 
/1261!/6 
IJ27 /Jl1 C 
IJ28/l/6 
/129/111 C 
113141111 
IJJl/111 C 
IJJ211/1 
1133/111 C 
1134/J/I 
J;J3Slfll C 
/136/111 
IJ3711/J C 
/1381111 
/J39l111 
1141111/1 C 
1141/lll 
11421111 C 
/14 311JJ 
114411(<1 
IJ 45l1r,I 
1146/4/l 
/14 7/411 
114 81111 
114 91111 
JJ51Jl11J 1JJl1 
/1511111 
11 521111 
11 531111 

SUBROUTINE PTTTST 

PAINT WITH TILES TEST 

LOGICAL A(65 l ,8( 4) ,IS(l6l,MSG (23) 
01\Tl\ l\(l) /8/ 
X 
DATA A(2),AC3),A( 4),AC5l/X' 41 ' ,X'22',X'l4',X'l18' / 
DATA A(6 ),A( 7),A(8),A(9)/X'l4',X'22',X ' 41 ',X'/ll1'/ 
FINE HORIZONTAL LINES 
DATA A(l/1 ),A(lll,A(l2l/2,X'FF',X'l1/I'/ 
MEDIUM HORIZONTAL LINES 
DATA A(l3)/4/ 
01\Tl\ l\ (l4 ) ,l\( l5) ,l\(l6 ) ,A(l7)/X'FF',X'FF',X'l111',X'/ll1' / 
DIAGONAL LINES 
DATA ACl8 l/4/ 
DA'l'A A(l9) ,A(211> ,A< 21) ,A< 22 )/X '113' ,X' /IC' ,X' 311' ,X 'C/1' / 
LEFT TO RIGHT DIAGONALS 
DATA A(23)/4/ 
DATA AC24l,A(25) ,A(26l,A<27l/X'Cl1',X'3/1',X'/JC',X'IJ3' / 
FINE VERTICAL LINES 
OAT/\ 1\(28), 1\(29)/l,X'AA' / 
MEDIUM VERTICAL LINES 
DATA A( 311 l,A( 31)/l,X' CC'/ 
COARSE VERTICAL LINe5 
DATA A(32l,A(J3l/l ,X'Fil' / 
ONE PIXEL DOTS 
DATA A(34),A(35),A(36)/2 , X'22',X'/111'/ 
TWO PIXEL DOTS 
Dl\Tl\ l\(37 ) 1 A(J8),l\ (3? ) / 2,X 1 ??',X'66' / 
PLUSES 
DATA A( 4IJ ),A( 4ll,A( 42),A(43)/3,X'3C',X'3C',X'FF'/ 
SOLID 
DATA A( 44 ),A( 45)/l,X'FF' / 
BROAD CROSS HATCH 
DATA A(46),A( 47),A(48),A(49l/3,X'92',X'92 ' ,X'FF' / 
THICK CROSS HATCH 
DATA A(S/1)/4/ 
DATA A(Sll ,A(52) ,A(53J ,A(54 )/X'FF' ,X'FF ' ,X'DB' ,X'DB'/ 
FINE CROSS HATCH 
DATA A(54),A(55),A(56J/2 ,X'92' ,X'¥F'/ 
ALTERNATING PIXELS 
DATA AIS7),A(58),A(59J/2,X'55',X'AA ' / 
DATA 8(1J,B(2J,B(J),8( 4 )/l,l1,l,X'FF'/ 
DATA 1S(l> ,IS(2l ,IS<3 J ,IS( 4J , IS(5J ,IS (6)/l , l l1,13,18,23, 28/ 
DATA IS(7l,IS(8l,IS(9),IS(l l1 ),ISC11)/311, 32,34,37,411/ 
DATA IS(l2J,1S(l3J,1S(l4) , IS(l5l,IS<l6>/44 , 46,51J , 54,57/ 
CALL CLS 
ENCODE(MSG, 111/1) 
FORMAT( ' PAINTT AND SETXYR TESTS' ) 
CALL seTXY(lf,11) 
CALL LOCATB(l1) 
CALL GPRINT(2J ,MSGJ 
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S54SS CALL WAIT 
sssss C 
Ss6SS C PAINT ON A BLACK BACKGROUND 
Ss7SS C 
sssss 00 lS I=l,16 
S59SS CALL SETXY(S,4i) 
S6SSS CALL SETXYR(639,199) 
S61SS CALL LINEB(l,-1) 
S62SS CALL SETXYR(~3SS,-1SS> 
S63SS ITMP=IS(I) 
S64SS CALL PAINTT(A(ITMP),1,B) 
S65SS CALL WAIT 
S66SS CALL VIEW(S,4S,639,239,S,S> 
S67SS CALL VIEW(S,S,639,239,-1,-1) 
S6BSS lS CONTINUE 
S69SS C 
s1sss C PAINT ON A WHITE BACKGROUND 
snss C 
s12gg 00 11 I=l,16 
S13SS IF(I.EQ.12) GOTO 11 
S74SS CALL VIEW(i,4S,639,239,S,S> 
s1sss CALL VIEW(S,S,639,239,-1,-1) 
J76SS CALL SETXY(i,4S) 
s11ss CALL SETXYR(639,199) 
s1ass CALL LINEBF(l) - S19SS CALL SETXYR(-3SS,-1SS> 
sasss ITMP=IS(I) 
sa1gg CALL PAINTT(A(ITMP),S,B(3)) 
sa2ss CALL WAIT 
SB3SS 11 CONTINUE 
S84SS RETURN 
sssss END 

• 
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------- Model 4 Computer Graphics-------

SUBROUTINE GPTST 

GET AND PUT TEST 

LOGICAL A(1ggg),MSG(l6) 
CALL CLS 
ENCODE(MSG,1gg) 
FORMAT('GET AND PUT TEST') 
CALL SETXY(g,j) 
CALL LOCATE(j) 
CALL GPRINT(l6,MSG) 
CALL VIEW(g,3g,639,239,f,f) 
CALL SETXY(1gg,1gg) 
CALL SETXYR(Jg,3g) 
CALL LINEBF(l) 
CALL GET(A,1ggg) 
CALL CLS 
CALL WAIT 
CALL SETXY(1gg,1gg) 
CALL PUT(A,1) 
CALL WAIT 
CALL VIEW(g,S,639,239,S,-l) 
RETURN 
END 
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------- Appendix 0 / Sample Programs -

/J/Jl/JJJ 
/111211/J C 
11113/1/1 C 
jJJJ4jfjJ C 
/J/151111 
JJlf6JJjJ 
/Jl/711/J 
IJIISll/1 1/1/J 
JJll9IIJJ 
jJl/J/1jJ 
/111/1jJ 
/1 12/JjJ 
/113/111 
jJJ4JIII C 
/11SjJ/I C 
/116/1/1 C 
Ill 7/111 
/1181111 
JJl 91111 
/J21J/11J 
/J2ljJjJ 
Jl2211/1 
jJ23(1/1 11 
l124jJ/I ljJ 
11251/JJ C 
/12611/J C 
/J27jHJ C 
jJ28/1/J 
/J29/1jJ 
/1311/111 
jJJl/1/J 
jJ) 2!1/J 
/13 JjJ/1 
J;l34jJJ;l 13 
/J3SjJJ;l 12 
J;l36jJ/I 
J;l37J;l/1 
jJ38/1/1 ljJl 
jJJ9jJJJ 
jJ4J;!J;l/J 
/J4ljJjJ 
J;l4 2jJJ;l 
J;l 4 3/J/J 99 9 
/J Hllfl 
J;l45(1/J 1J;l2 
/1461111 
JJ 4 7JJJJ 
/J48JJJJ 
/14911/1 lJ;!JJJJ 
/JSJ;l/lJJ 
JJSIJJJJ 

SUBROUTINE PPTST 

PSET AND POINT TEST 

LOGICAL POINT,MSG(2ll 
CALL CLS 
BNCODE(MSG, lJ;l/1 l 
FOR.MAT( 'PSET AND POINT TEST') 
CALL SETXY(jJ,jJ) 
CALL LOCATE(/1) 
CALL GPR I NT(l9,MSGJ 
CALL WAIT 
CALL CLS 

SET AND CHECK ALL PIXELS 

00 1/1 I=/J,639 
oo 11 J=II, 239 
CALL SETX'l<I,J) 
CALL PS ET ( ll 
I<•POINTIL) 
lF(K.EQ . JJ) GOTO 999 
CONTINUE 
CONTINUE 

RESET AND CHECK ALL PIXELS 

00 12 I•/J,639 
oo 13 J•II, 239 
CALL SETlCY(I,J> 
CALL PSET( II) 
K•POINT(Ll 
IF (I<.EQ. ll GOTO 999 
CONTINUE 
CONTINUE 
CALL CLS 
ENCODE ( MSG, 1(11) 
!>OR.MAT( 1 PSET AND POINT PASSED') 
CALL S ETX'l ( /1, J;l l 
CALL LOCATE(/J) 
CALL GPRINT(2l, MSG) 
GOTO lJJJJll 
CALL CLS 
ENCODE( MSG, 1/12) 
FORMAT('PSET AND POINT FAILED') 
CALL SETlCY(/1,/l) 
CALL LOCATE(/1) 
CALL GPRINT(21, MSG) 
CALL WAIT 
RETURN 
END 
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1111111/1 
fljJ2JHl C 
fljJJjljJ C 
j!fl4fl/l C 
flflSS/1 
'1/16S/I 
flfl7Sfl 
flfl8/ljl lfljl 
jJfl9fl/6 
/.flflfl/1 
fll Hlfl 
/112/.ff.f 
/ll3fl/l 
11141111 C 
fllSI.S C 
Jll 6jljl C 
/611/1/6 
111811.S 
Ill 911fl 
fl2SII/I 
/121111 
1122/1/1 
1123/lfl 11 
/12 4.S/I 111 
fl25jJ/6 C 
1!26/1/1 C 
fd27.Sfl C 
128'111 
/129fl/l 
113111111 
Jl3lfl/l 
/132fl/l 
lJ33fHI 
fl34fl/l 13 
fl35/61l 12 
/136'1/6 
lJ3 71/1 
g3e1111 1.n 
jl3 9fl/! 
/141!/III 
/6 41/6/6 
1142/1/1 
1143/611 999 
flHll/1 
jJ45fll1 1112 
fH6llfl 
fl4 7fl/l 
fl48fljJ 
/6 49JJjJ l/6fl/6 
jJ5/l/ljJ 
Jl5l/l/l 

SUBROUTINE PRETST 

PRESET AND POINT TEST 

LOGICAL POINT,MSG(23 J 
CALL CLS 
ENCODE(MSG, 1/1/1) 
FORMAT( 'PRESET AND POINT TEST' J 
CALL S~'l'XHJ/, /! J 
CALL LOCATE( jJJ 
CALL GPRINT ( 23,MSG) 
CALL WAIT 
CALL CLS 

SET AND CKECK ALL PIXELS 

DO lfl l•jJ, 639 
DO ll J=fl, 239 
CALL SETXY(I,J) 
CALL PRESET<l l 
K•POINT(L) 
IP(K.EQ.jJ) COTO 999 
CONTINUE 
CONTINUE 

RESET AND CHECK ALL PIXELS 

00 12 I=/1,639 
DO 13 JEfl, 239 
CALL SETXY ( I,.J) 
CALL PRESET(/!) 
K=POINT ( Ll 
IF !K.EQ . l) GOTO 999 
CONTINUE 
CONTINUE 
CALL CLS 
ENCODE( MSG, 1/11) 
FORMAT('PRESET AND POINT PASSED ') 
CALL SETXY ( /1, /1 l 
CALL LOCATE(/!) 
CALL GPRINT(23,M~G) 
GOTO l/1/1/1 
CALL CLS 
ENCODE(MSG, 1JJ2 l 
PORMAT('PRESET AND POINT FAILED') 
CALL S ETX Y ( jJ , /Jl 
CALL LOCATE(/!) 
CALL GPRINT(23,MSG) 
CALL l!AIT 
RETURN 
END 
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• Appendix 0 / Sample Programs 

lllfUIJl SUBROUTINE SCRTST 
llll211Jl C 
lllf31fjl C SCREEN TEST 
l111411Jl C 
Jll151111 LOGICAL MSG(ll) 
111161111 CALL CLS 
Jll17JlJl ENCOOE(MSG,lJllll 
JlJl8/IJl 11111 FORMAT ( 1 SCREEN TEST' ) 
f1Jl9f111 CALL SETXY(fl,lll 
111111111 CALL LOCATE(lll 
l111Jll1 CALL GPRINT(ll,MSG) 
Jll21111 CALL WAIT 
1131111 CALL SETXY(3lll1,121fl 
Jll4lll1 CALL CIRCLE(1Jll1,l,l1.l1,6.28,Jl.5l 
Jll5lll1 CALL CIRCLE(ll111,1,Jl./l,6.28,Jl.25l 
11161111 CALL CIRCLE(5/l,l,11.ll ,6.28,ll.5 l 
111 71111 CALL PAINT 11, l l 
1118/111 C 
/119/111 C GRAPHICS SCREEN 
12111111 C 
11211111 CALL SCREEN(lll 
1122/llf CALL WA IT 
112 311 Jl CALL WAIT 
112411/1 CALL WAIT 
11251111 C 

• 11261111 C TEXT SCREEN 
Jl27jll1 C 
Jl2811Jl CALL SCREEN (l) 
Jl291fll CALL WAIT 
11311111 CALL WAIT 
Jl 31/flf CALL WAIT 
Jl321fJl C 
113311/f C GRAPHICS SCREEN 
1!341111 C 
/1351111 CALL SCREEN(l1l 
/13611/f CALL WAIT 
l137Jllf CALL WAIT 
Jl38Jllf CALL WAIT 
f139JlJl RETURN 
ll41fl116 END 
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Model 4 Computer Graphics • 111111111 SUBROUTINE VTEST 
/8/12J!J! C 
/8/83/1/1 C VIEW IINO PVIEW TEST 
/8/14/1/1 C 
/1/15/1/1 INTEGER FVIBW 
llil6JI/I WGlCAL MSG ll 9 ) 
Jlll7/III CALL CLS 
1111811/1 ENCODE(MSG,llllll 
11/1911/1 1/JS FORMAT( 'VIEW AND l"VI BW TEST' l 
1§1111111 CALL SETXY (/I, /6 ) 
/111/1/1 CALL LOCATE(/1) 
/11211/6 CALL GPRINT(l9,MSG) 
ll13/l/1 CALL WAIT 
/114/1/1 C 
/§15/§11 C DRAW VIEWPORT AND CIRCLES 
Sl 6Sf8 C 
/11 7 /1!8 CALL VIEW(/1,411,639,239,ll,ll 
lll8/III CALL OCIRCL(l) 
/119(1/1 C 
ll21lll/l C DRAW VIEWPORT AND LINES 
/121/1/1 C 
/I 22jJ/1 CALL Vl~W(2jJ,~IJ,bl9,229,l,jJl 
/12311/1 CALL DLINE(/Jl 
/124'HJ C 
/12511'1 C DRAW VIEWPORT AND CIRCLES 
/626/1/1 C • '121/1/1 CALL VIEW(4/l,6/l,599,2/19,/l,/I) 
1128/1/1 CALL DCIRCL(l ) 
/129/1/! C 
/lllfll/1 C OKAW VlEWPURT AND LINES 
I/ 311/ll C 
1132/1/1 CALL VIEW(6/J,7/8,579,199,l,ll 
(133/1/1 CALL DLINE(JI l 
/134/1/1 C 
!835/IIJ C CLEAR SCREEN 
'136/1/1 C 
1837/1/1 IXl•FVIEW(/ll 
113 8/IIJ ru•FVIEW(l ) 
IIH/111 IX2aPVIEW(2 ) 
(14/11111 IY2:sPVIBW(3 ) 
1641/IIJ CALL VIBW(6/I-IXl,7jJ-IYl,6jJ+IX2,4/l+IY2,/l,l ) 
!842/111 CALL CLS 
II 431111 RETOI\N 
/644/8/1 END 
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-------Appendix 0/ Sample Programs-------

)145)1)1 
J46FJJJ 
)147jJ/f 
.0'48JJJ' 
Jf49JfJJ' ,, 
S5JJ'MI 
jl'51Jl'JJ' 
fs 2ll/l 

jJ'53Jf/J 
)fSHHf 
JJ'SSJJ';I 
Jl'56SJJ 
S57Md 
Jf58Jl"JJ n 
/159fJfd 
;16JJJJJJ' 
Jl'61JHl' 

SUBROUTINE DCIRCL ( ICLR) 
CALL SETXY(lJJ')l,lJJ'JJ') 
DO llf l-'S,3ji!Jl,5 
CALL CIRCLE{l,ICLR,JJ'.)1,6.2B,JJ'.5) 
CONTINUE 
CALL WAIT 
RETURN ,,w 
SUBROUTINE DLINE(ICLR) 
DO 11 I-'2, 2jfjl', 4 
CALL SETXY(-1)1,-lJJ'l 
CALL SETXY(r+2JJ'j1,I) 
CALL LnlE( ICLR,-1 l 
CONTINUE 
CALL WAIT 
RETURN 
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-------Model 4 Computer Graphics-------

JlJllJ!Jl 
J!Jl2J!Jl C 
llJl3llJl c 
J!Jl 4Jl/l C 
Jl/lSJ!Jl 
J/1161111 
/lll7ll/l lll 
Jljl8J!Jl 11 
llJl9f/iJ 
Jllllllll 

SUBROUTINE WAIT 

THIS SUBROUTINE INTRODUCES A TIME DELAY 

00 ll J=l , 2ll 
00 l ll I=l, llJJ!l!Jl 
CONTINUE 
CONTINUE 
RETURN 
ENO 
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• Appendix E/ Base Conversion Chart 

Appendix E/ Base Conversion Chart 

DEC, HEX , BINARY DEC, HEX, 6 'INARY 

------ --------------- ---------------------
0 00 00000000 110 28 00101000 
I 01 ,rn000001 II I 29 00101001 
2 0 2 00000010 42 2A 00101010 
J 03 00000011 43 26 0010101 1 
4 04 00000100 44 2C 001 0 1100 
5 05 00000 10 1 4 5 20 00101101 
6 06 000001 10 46 2E 00101110 
7 07 00000111 47 2F 0010111 1 
8 08 00001000 4 8 30 001 10000 
9 09 000e1001 49 31 0011000 1 

10 0A 00001010 50 32 00110010 
I I 06 ,>0001011 :ll 33 00110011 
12 0C 00001100 52 34 00110100 
13 00 0000 1101 53 35 001 1010 1 
14 0 E 00001110 54 36 00110110 
15 0F 00001111 55 37 00110111 
16 10 000 1000 0 56 3B 00111000 

• 17 11 00010001 57 39 0011100 1 
1B 12 00010010 58 3A 00111010 
19 13 00010011 59 36 00111011 
20 111 00010100 60 JC 00111 100 
2 1 15 00010101 61 30 00111101 
22 IG 00010110 62 3E 00 1111 1 0 
23 17 00010111 63 3F 00 11 1 111 
20 18 00011000 6 4 110 01000000 
25 19 00011001 65 11 1 01000001 
26 IA 00011010 66 11 2 01000010 
27 I fl 00011011 67 113 0100001 I 
28 lC 00011 100 68 aa (1)1(1)0(1)11<>0 
29 1D 000 1110 1 69 45 0 1000101 
30 IE 000 1 1110 70 OG 01000110 
31 I F 00011111 7 1 47 01000 1 11 
32 20 00100000 72 48 0100 1000 
33 21 00100001 73 as 01001001 
3 0 22 00100010 74 4A 01001010 
:15 2:1 00 10001 1 75 4 B 01001011 
36 24 00100100 76 4C 0 1001 100 
37 25 00100101 77 40 01001 101 
3B 26 00 100110 78 4E 01001110 
39 27 00100111 79 II F 01001111 

• 
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Model 4 Computer Graphics • DEC, Ii EX, &!NARY DEC. HEX , BINARY 

---- --- -- -- ---------- ------- ------------- -
B0 S0 010 10000 120 7B 0 11 11000 
Bl SI 1"1010001 12 1 79 01111001 
B2 52 01010010 122 7A 011110 10 
BJ 53 010 10011 123 76 01 11 10 11 
ea sa 0 1010 100 1211 7C 01 111100 
8 5 55 01010101 125 7D 01lll101 
86 ,s 01010110 126 7E 01 11 11 10 
87 57 010 1011 1 127 7F 01111111 
88 SB 0101 1000 12B B0 10000000 
8 9 59 0101100 1 129 8 1 1000000 1 
90 SI\ 0101101'1 130 82 10000010 
91 56 0101 1011 131 83 10000011 
92 SC 01011100 132 ea 10000100 
93 5D 0101 110 1 133 BS 10000101 
9a SE 010111 10 1311 86 10000110 
95 SF 010 11 11 1 135 87 10000111 
96 60 0 1100000 136 BB 10001000 
97 6 1 011 00001 137 89 10001 001 
9B 62 01100010 138 BA 10001010 
99 63 01100011 139 SB 1000 1011 

100 sa 01100100 1a0 BC 10001100 
101 65 01100101 1111 80 10001101 • 102 GS 01100110 1112 BE 10001110 
103 67 0 11 001 1 1 1113 BF 10001111 
1011 68 01101000 111 a 90 10010000 
105 69 0 110 100 1 1'15 91 10010001 
106 6A 0110 10 10 146 92 10010010 
107 BD 01101011 147 9:J 1001001 1 
l 08 SC 01 101 100 148 94 100 10100 
109 6D 01101101 1119 95 10010 101 
1 10 BE 011011 10 150 96 100 10 110 
I I 1 SF 011011 11 151 97 10010111 
11 2 70 01110000 152 96 100 1 1000 
113 7 1 0111€10\H 153 99 100 11001 
1 111 '72 01 110010 154 9A 100110 10 
11 5 73 01 110011 155 96 10011011 
1 16 74 0111 0 100 158 9C 100 11100 
I 17 75 011 10101 157 9D 10011 101 
118 76 011101 10 1S8 9E 10011110 
119 77 011101 11 159 SF 1001 11! 1 
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• Appendix E/ Base Conversion Chart -

DEC, HEX. I) INAR'/ DEC , HE:)(, BINARY 

---- ----------------- ---------------------
160 A0 10100000 200 CB 11001000 
161 Al 10100001 201 cs 1100100 1 

162 A2 10100010 202 CA 11001010 

163 A3 10100011 'Z~J co 1100 1011 

I Gil All 10100100 2011 cc 1 1001100 

165 /IS 10100101 205 co 11001101 

166 A6 10 100110 206 CE 11001110 

167 A7 10100111 207 CF 11001111 
168 AB 10 101000 208 00 110 10000 

169 AS 10101001 209 DI 11010001 
170 AA 101010 10 z1e 02 11 010010 

171 AB 10101011 211 03 11010011 

172 AC 1010 1100 212 Oil 110101 0 0 
173 AD 10101101 213 OS 11010101 
174 AE 10 101110 21 11 06 110101 10 
175 AF 1111101111 2 I :i 07 ll0101 11 
1 78 60 10110000 ZIG 08 11011000 
177 Bl 10110001 217 O!'i 1101 1001 
178 82 10110010 218 DA 11011010 
179 83 101100 11 219 06 1101 1011 
180 64 10110 100 220 DC I 1011100 • 181 65 10110101 221 DD ll011101 
182 06 10 1101 10 222 DE 11011110 

183 67 101 1011 1 223 OF 11011111 
184 68 10111000 2211 E0 11100000 
185 69 101 l 1 001 225 El 1 11 00001 

186 BA 10111010 226 E2 11100010 
187 BB 1011 10 11 Z.27 EJ 111000 11 

188 BC 101 11 100 228 Ell 1 1100100 
189 BO 101 11101 229 ~5 l 11 00 l 0 I 
190 BE 1011 11 10 230 EG 11100 110 

191 EIF 1011 1111 231 E7 I 1 100 1 I 1 
192 C0 11000000 232 EB 1110 10 00 

193 Cl 11000001 233 ES 11101001 
1sa C2 11 000010 234 El\ 1110 1010 

195 C3 1 1000011 235 EB 11101011 

196 ca 1 1000100 236 EC 1110 11 00 
197 cs 1 1000101 237 ED 11101 101 

198 CG 11000110 238 EE 11101110 

199 C7 11 01110111 23S EF 1 11011 1 1 

• 
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DEC, HEX, BINARY 
---------------------
2£10 F0 11110000 
2£11 Fl 11110001 
2£12 FZ 11110010 
2£13 F3 11110011 
2 £111 Fll 11 110 100 
2115 F5 1 1 11 '11 101 
246 F6 11110 110 
2117 F7 1 1110111 
248 FB 1 1111000 
2119 F9 11111001 
250 FA 11111010 
251 F6 1111101 1 
252 FC 1111 1 100 
253 FD 11111101 
254 FE 11111110 
z:;:; FF 1111 1 111 

• 
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------ Appendix F/ Pixel Grid Reference------

Appendix F / Pixel Grid Reference 

The following hexadecimal J1umbcrs include commonly used tiling designs. 

lmportanl Note: You canum use more lhan two empty rows of tiles when tiling or youll get an Illegal Fullction 
Call error. 

Example (four rows of empty tiles): 

CHR$ t l<HFF l +CHR S ( t,HFF > +CHRS ( !.1100 > 1 CUR$ ( ~H00 > +CHRS < 6.H00) +CHR $ ( 8.H00 > 

gives you an Illegal Function Call error. 

I. .. x .. 
Cllll$ ( !,Hll 1 > +CHR$ I ~H22 l+CHRS I 8.H Ill > +CMR $ I 8.H08 l-+CHIH <!,,H I II> 
+CHR~C~H22)+CHRSl&Ha1)+CHR$ l&H00) 

Hex , l , I , fl fl l 41 

fl fl 1 fl fl fJ 1 fl 22 

fl fl fl 1 I 1 ,. fl 14 

I fl fl I l I fl fl 08 

fl I fl l fl l fl fl 14 

fl fl l fl fl fJ l I 22 

fl l I , fl fl fl l 4 1 

fl I I fJ I I I fJ 00 

2 . ••fine .. horizontal lines 

CHR$l&HFF)+CHRS(~H00) 

Decimal 

GS 

34 

20 

8 

20 

34 

65 

0 

Hex Decimal 

123 

FF 

00 

255 

0 



-------Model 4 Computer Graphics-------

3. "Medium" horizontal lines 
CHRS(lHFF)+CHR$(lHFFl+CHR$(lH00 l +CHR$(lH00 l 

l l l l l l l l 

1 1 l 1 l 1 l 1 

s , s , , , , , 
, , , , g , s , 

4. Diagonal lines 

(Right 10 left) 
CHRS(&H03l+ CHR$(&H0Cl+CHR$(&HJ0 1+CHR$(&HC0l 

, g , , , s l l , g s s l 1 s s 
s s l l s s s jJ 

l l s ~ s s , , 

(Left to right) 
CHRS(&HC0)+CHR$(&HJ0) +CHR$(&H0Cl+CHR$(&H03) 

l l , , , , , , 
s B l l B B B B 

s s s s l l , s 
s B , , B s 1 1 

)24 

Hex Decimal 

FF 255 

FF 255 

00 0 

00 0 

Hex Decimal 

03 3 

oc 12 

30 40 

CO 192 

Hex Decimal 

CC 192 

30 48 

oc 12 

03 3 

• 
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5 . .. fine" vcrti<.·al liocs 
CHRS C6-HAA ) 

I I 1 I I J 

6 "'Me-dium .. ,•crtir;tl lilw-.: 
CHRS (~HCC) 

l I 1 

7. "Coarse" venical lines 
CHR$(&HF0l 

8. One-pixel dO<S 
CHR$(&H22l +CHR$(&H00l 

9. Two-pixel dob 
CHR$(&HSS>+CHR$C&HG6> 

l I l s s I 

s 1 , I s I s 

125 

Hex Decimal 

AA 170 

Hex Decimal 

cc 204 

Hex Decimal 

FO 

Hex 

22 

00 

240 

Decimal 

34 

0 

Hex Oeclmal 

99 

66 

153 

102 



-------Model 4 Computer Graphics-------

10. Plu,c, (" + ") 
CHR$(11,HJC)+CHRSC&H3C)+CHRS(lHFF) 

, , 1 , , 1 

1 1 1 

11. Solid (all pixels ON) 
CHR$(6,HFF ) 

1 1 1 

1 1 1 

1 1 l 

1 l 1 

12. "Broad" cros,-ha1ch 
CHRSC&H92)+CHR$C~H92)+CHRS(&HFF) 

1 ll /J 1 , , 
1 /J , l , , 
1 1 1 1 l l 

13. "Thick" cross-ha1ch 

/J , 
, , 
l l 

1 1 

l ll 

l , 
1 l 

CHR• ( 11,HFF > +CHR• ( &HFr > +CIIRH &I IDB> • CIIR• ( &.IIOS) 

1 1 1 1 1 l ~ l 

1 1 1 1 1 1 1 1 

1 1 , 1 l , l 1 

1 l , 1 1 /J 1 1 

126 

Hex Decimal 

3C 60 

3C 60 

FF 255 

ttex Decimal 

FF 255 

Hex Oecimel 

92 146 

92 146 

FF 255 

Hex Decimal 

FF 255 

FF 255 

OB 219 

DB 219 

• 
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------ Appendix F/ Pixel Grid Reference----

14, .. Fini;:" u~~~lmtdt 

CHRS ( ~H9Z l +CHRS ( ~HFF) 

15. Allemating pixels 
CIIIH ( 8.1155 > + CHIH ( 1.HAA > 

127 

Hex Decimal 

92 

FF 

146 

255 

Hex Decimal 

55 

AA 

85 

170 





• ------ Appendix G/ Line Style Reference------

Appendix F / Line Style Ref ere nee 

Tvne Binarv Numbers Hex Decimal 
Long dash 000000001111 1111 &H00FF 255 
Short dash 111100001111 0000 &HF0F0 -3856 
··short-short" dash 1100110011001100 &HCCCC -1 3108 
Solid line 1111 11 11 11 11 1111 &HFFFF -1 
OFF/ON 0101 0101 0101 0101 &HSS55 21845 
"Wide" do1s 0000 1000 0000 1000 &HOBOS 2056 
"Medium" do1s 1000 1000 1000 1000 &H6686 ·30584 
"Dot-dash" 1000 111 1 11 11 1000 &H8FF8 ·28680 

• 
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absolu1e coc..-din.atei> 40-42,83 
ANO 34. 35. 80. 87 
,I.CC IJ. 18 
array 19-21. 34. 35. 40. 72-74. 80. 89-90 
at1"3>' limhs :!O. 73. 74 
array ruune l9. 20. 34. 87. 88 
aspect raxio 13, 14. 17, 7:? 
B,\SIC 5. II. 19. 34-35. 70 
BASICG 7. I l. 12. 28. 33. 34. 35. 69. 97, 103 
lli\SICG <ommand II , I 3 
BASICG etror 011."!>i,.tlgci. 89-93 
BASICG funcoion, 12. 13 
hift3r')' numhl""'- 24 :n -lQ. 12() 

Cancsian s)srcm 8. 12. 40. 82, 83 
CIRCLE 11. I 3-19. 71. 72. 87. 95 
CLR 11,87 
CLS 71.87.95 
commu.nicalion driwrs 
curren1 coott1i,1ate.s 
DEBUG 45 
DO 73-74, Sl. 83 
double-pttti~ion 12 

45 
69. 70. 72-73. 82 

ellipse 5. 17-19. 7 1. 87 
FORM~ 41, IU3 
FORTRAN 5. 45. 69-71. 75. 104, 105 
free mcmorv II . 28. 70 
FV IF.W 7 l. 84, 95 
GCLS 45. 48. 87 
GET 11. 1'>-21. 3:S. 40, 7 1. 71-7.,. 95 
GLO\D 45. 46. 49, 87-88 
GLOCATE 11 . 21. 22, 31, 87-88 
GPRINT 45. 47. 71. 74. 75. 88. 95 
GPRT 2 45. 48. 88 
OPRT 3 4i, 47«4K. 1{X 

graphics bo,rd 85. 86 
GRAPHICS ERR~ 70. 75 
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